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SUIfPL4RY: 	 This  repml describes t h e  canstmrctian and t e s t  results of a s i x  
b i t  transis-Lorizcd ssynchran.aus adder and subtracter, utilizing
496 SB-100 aur facc  'barrierLranwistors and 1.73 zener diodes e 
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PURPOSE: 

The model was constructed, using a logical scheme of J. Pornereat;, 
In  order t o  evaluate t h e  millimicrosecond non-saturating t r a n s i s t o r  
switching c i r c u i t s  , 

LOGICAL LAYOUT 

Die logical scheme wed ,  in t h i s  model, is one by which t he  addition. 
o r  subtraction operation is not coizrplete u n t i l  t h e  sum o r  difference 
has been obtafned and checked. 

ADDICTION: 

Each o f  the  registers are equipped with EL S,P,D,T, switch, by means 
of which a one o r  zero  can be inser ted  into it, The augend and 
addend numbers are summed w i t h  the  carry nmiber i n  t h e  adder, and 
the resul-tant number, whlch is the adder's answer, is propagated t o  
the subLracter where it is  swmned with  the complement of t h e  addend 
register, !Phe difference number should be the  same as t h e  number 
I n  the augend register, These two numbers are then fed into a 
comparing c i r cu i t  which gives an indicat ion as t o  whether the operation 
was performed correctly 

SUI3'TRACTLON : 

The subtracter,  i n  t h i s  model, is a two's cmnplement s u b t r a c t e r ,  which 
glvea a difference by t h e  addition o f  the  minuend number with %he 
conrplement of t h e  subtrahend number, This number is propagated La the 
adder where i t  is summed with the subtrahend number, The resulting
number should be equal t o  the number in the minuend, 

The black 'bayout o f  t he  logical  network i s  shown In Figure 1, 

CIRCUITS 

I n  the  ari thmetic section, %hemodel c o n s i s t s  of t h r e e  basic circuits: 

complemented "excJusive or"  

complemented "and" 

einitter follower pull-over reset triggers 
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ADDER KND SUBTRACTER: 

The adder and subtracter sec t ions  are e n t i r e l y  constmctly with t h e  
complemented "exclusive or'' c i r c u i t  as shown i n  Figure 2 .  I n  t h i s  . 
c i r c u i t ,  8 rm ,, Plotring out of the four coimnon c o l l e c t o r  branch, 
den.otes EI one. One un i t  of curren t ,  It m., denotes a zero,  
I n  t h e  t w o  col'nmon c o l l e c t o r  branches, one u n i t  of current ,  flowing 
out,  denotes n one, and no units of current denotes a zero. By the  
use of t h i s  p r inc ip le ,  ~2 F u l l  adder o r  subt rac te r  can be reduced t o  
three  "exclusive o r "  c i r c u i t s  , The b2oclc layout of these sec t ions  
is siiown i n  Figures 3 and 4. 

AUGEND AND MINUEND REGISTERS: 

!These regesters arc constructed with  emitter folloircr pull-over 
t r iggers  con.[;~olledby the coinplerflented "exclusive or" c i r c u i t  as 
shown in. Figure 5.  

The "exclusive or" cont ro l  c i r c u i t  i n  the augend register operates 
t h i s  stage i n  t he  fallowing manner Dm5n.g the addi t ion  t i m e ,  the  
input of one sec t ion  I s  fed by a S.P.D.T. switch which w i l l  i n s e r t  
a one o r  zero i n t o  the  regis ter ,  This sec t ion  is  also fed by a posi t ive
s i g n a l ,  G+, from klic main cont ro l  panel. The other section,is fed 
by the difference output and a negative signal, G', from the main 
control  panel. Therefore, t he  positLon of the switch w i l l  determine 
whether a one o r  zero I s  inserted i.n the r e g i s t e r .  

During the  subtraction cycle, the cc" s igna l  is negative. and the  G' 
s i g n a l  is pos i t ive ;  therefore, the  number i n  %lieaugend r e g i s t e r  is  
detei.mined by the  difference o'Litpt.t, number The block layouts of 
the augend and minuend re@.s-l;ersare shown i n  Figures 6 and 7 .  

ADDEND AND SUUTRAHXT\TD €UtGJST.ER: 

T h i s  register is constructed w i t h  t he  erlzittcr follower pull-over 
t r i gge r ,  control led by -the complem?.Esn.ted''and"c i r c u i t  as shown i n  
Figure 8. In  t h i s  regls-ter a cnc or ze ro  is in.scrtcd in to  t h e  
r eg i s t e r ,  during the  addition o r  sub-traction cycle, through the  
connection of the S.P.D.T. switch applied t o  one input of the 
coniplernented "and" c i r c u l t  . A reset pulse,  from the main control  
panel, which is p o s i t i v e  during the  add. an.d subt. cycles and 
negative during the reset; cycle is  connected to the other  input .
The 'block layout of t h i s  register is shown i n  Figure 9 .  

mailto:re@.s-l;ers
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COTPARING CIRCUIT: 

The c~mparingc i r c u i t  is  constructed w i t h  the complemented "exclusive 
or"  and t he  coixpleriien.ted "and" cj.rcu:ils as shown i n  PLgure 10. This 
c i r c u i t  i~ used t o  give an ind ica t ion  when the f i n d  addi t ion  o r  
subbrac-tion cycle has bcen completed The co~iqlemen.ted"and" c i r c u i t  
has twelve inputs,  two from each b i t  Each, o f  these inputs,  is s e t  
.by t he  ou'tpu% of a coxplementcd "e:xcJusive or" c i r c u i t ,  %hat i s  i n  a 
posi t ive s t a t e  if the machine operation is  cor rec te  If there is a 
machine error ,  one o r  more of t he  "exclusive orr '  outpri-bs will 'be 
negative, therefore,  s e t t i n g  the coriplcmen.ted ltai:d'' c i r c u i t  l s output
in a nega-bive s t z t e .  Tfie block layout of t h i s  acc-bion is shown i n  
Figure 11. 

MAIN CONWOL PANEL: 

The main control  panel has t o  be capable 09 instructing t he  model t o  
reset, dump, and add QY subt rac t ,  This system c o n s i s t s  of a s i n e  
wave osc iI.laL;or, overd-rive a i@iP ie r  binary tr igger and two 
co~i~ler;lCi~,dCed This uni t  has t o  be capable of drivingI'aiiCj-"circuits. 
s ix  reset tt;emiiials, twelve G" terminals and twelve G- terminals In 
order to o'btain this driviilg poi~cr',t he  circuit shown i n  Pi&mre 12 
vas used as drivers f o r  the reset, G' and. C" O U Q ~ % S ~  

The output of the s ine imve oscill1,ator is Fed In to  the overdrive 
amplifier, producing a _squarewave, i~l.iic11is used as t he  reset pulse 
and the dr iv ing  s i g n a l  f o r  the binary trigcer and one input of each 

a of the coriiplemen-bcd "md" c i r c u i t s  ,, The outpuks of the binary t r i gge r  
arc used as the- o the r  ixpxbs of' the "and" c i rcu i t s . Zlicrcfore, a 
posit ive s igna l  is obtained a% t h e  output 0%t he  complemented tttcniL'l 
circuits when their  iiiputs are both posi%ive. The timing chart of 
thc resetJ G" and G- signals are shown in Figure 33 , The block diagrm 
of t h i s  sys-bcrfl is s h o w  in Figure and %'fie sc1ienwti.c is sham in 
Fighre 15. 

Zl?e various t r ans i s to r  c i r c u i t s  were con.strucle& on individual copper
phenolic p a n d s ,  wi-th three ' b i t s  l;o each panel. By joining thc panels 
a coiimon grotin& bus is avaiZa,bl.e f o r  the en-biltre IflocXcZ, thereby
minirnizinz the ef ' f cc ls  of ground ciurren-ts, 'x"ric cn.tire model lay-out 
is s h a m  in Fippre 26, e miis arx*:lau~~enicn:t;inin,imi.zes the lead length 
coupling the various stages 
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In this made1 the control  c i r e u l t s ,  for the A and T registers, 
have tw0 loglcczl b'kocks, while the  B mgistem h v e  QEXL, The 
to-bab delay, in one biL, between the D signals and %he A T 
lgllgmls i a  appmx, 30 millbiicroseconds, Figure 29,, %!his delay 
C ~ U B Q S%he 38 kegisker %t;o begh  switching the aadexo or subtracter 
before the  signa& from %heA or T registem arrive, In the add 
cycle, when the signal. from the A register arrives the wider i s  
then switched, Lo i t s  true at&%el thua producing a jkogfcak noice 
pulse on %;he output af b i t  Qndsadder, In the hdtlitlon case ,
of A = 31, B = 1, the  noise pulse i s  propagated to the aublxacter 
of b i t  1,' !Fherefcme, the subtracter, of b i t  2, w i l l .  have at i t s  
input tarninals,  the eigw3. from %he B register and the  noise 
pulse Prom Lhe adder, Figwe 20, These isrigrrals will praduae a 
oarry s%gnaI, Figure 21, in the subtracter, This carry bsignal.
increases the total subtracter propagatlorn time by a~grox 20 
m%21~icrosecondsa The total. add t h e  can be reduced by %he time 
delay caused by t he  presence o f  the nesisa pulse in ?;be subtractergs
Carry a 

Tha maximum subtractlan, t i n e  is lor the case of Fp - and B = 16,
In t h i s  case, the toLaX " t e  is determined from the time a I. appears
in the~u'btraheazdo f  b i L  5 until the comparing ou-bput goes eo i t a  
final. $"&aZ;e, This ~8x38canst$Stutesa prapagatian of the carry 
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s i g n a l  t h r u  5 'bits In t he  sub-tracter and produces an answer 
at the subt rac te r  output of ' b i t  6. Since tho  system of the 
subtracter is a t w d 3  coqlexnent, t h e  to-taltime is reduced 
by the delay tinie of one logical block, approx. 20 milli-
microseconds . The to t a l .  time is 160 mill.irr~icrosceonds Figure 
2 2 .  This *I;imeis also incscaacd due t o  a noise pulse in t he  
adder's propagative l i n e  , 

B. 	 The t o t a l  aitdition. and. sLibtraction. %l ines ,  through one b i t ,  are 
f o r  the cases where A = 1 B = 0 and 'I!= 1 B = On The time for 
%he addi t ion  case is  shom in Figure 23 and the subt rac t ion  
case In Figure 24. These t i m e s  represent the fastest t i m e  i n  
which an operation can 'be coiq3I-e-ted in the model, which is 
~ P P ~ O X130 millLrnicroseconds na 

C, 	 In  d e t e m i n h g  the  propagation time of a carry signal through 
t he  system, a -bj.rnin.g measurement at the outputs of bits one 
through f ive  was ta1w.m. f o r  t h e  add. case of A = 31, B = 2 .  The 
per  b i t  times arc as follows: 

l$ to carry aut of ' b i t  1 = 18 millimicroseconds ~ 

A 1  to carry out of b i L  2 = 39 m f l l ~ m ~ c r o s e c o n ~ s  
A1 t o  carry out of b l t  3 = 58 millimicroseconds 
A1 t o  carry out of bit IC = lj0 mill.imicroseconds 
Al t o  carry out of b i t  5 = 100 millimicroseconds 

This measurement Gives an average propngation %ime of the carry 
of 20 mi2limicroseeonds per bit 

D. 	 The average logical delay times i n  the system can be determined 
by t he  number of Logical bloc:ks and t r iggers  n.ocessary t o  
produce an output. The average time a s ignal  is switclied th ru  
an individual  logical black is 20 millimicroseconds and 25 
millimicroseconds for the total trigger c i r c u i t  i .e ., the emitter 
follower p u l l  over reset t r igger  and it con t ro l  c i r c u i t ,  

PROBLEMS 

The following pra'blenn were en.c Juntered i n .  - b e  niodel: 

(a) 	During the i n i t i a l  clieclring of the model, it was Found 
that f o r  various addition and subtract ion s e t t i n g s ,  t h e  
model ~aouLdnot respond c o r r c c t l y ,  I n  thcse cases, if 
t he  power sixpplles were adjusted, t h e  model would then. 
respond correctly, T h i s  prdblerii was due Lo several of 
the rc@sters * outpuf; st.rinll;s not beln.6 sufficient t o  
cause the circu-its tlia-t they are driving,  -to switch. By 
t h e  natxzrc of t he  construction of t he  emitter, fd-.lowcr, 

-V 
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t h i s  portion of the c i r c u i t  must have an 0.3 volt and 
-0,g vo l t  swing at its input i n  order to malntain a 
0.6 t o  -0.6 v o l t  level at i ts  output. The input swings, 
i n  the f au l ty  registers were approximately 0.3 volts 
too pos i t ive  sn.d were corrected by clzmging the  r e s i s t o r  
connected t o  the  p o s i t i v e  supply, at t h e  jLxnctj.on of the  
diode and the peaking c o i l ,  

A s  vas prev1.ously stated, the t o t a l  adclition and subtraction 
times were increased due t o  a logical noise pulse, 3kis 
problem can be elirflinatcd by making the  B-register slower 
L e . ,  eliminating the  emitter follower output and using 
the output of the c o l l e c t o r  of the  adjacent inverter, 

The sub*l;racteri n i % i a l l y'was a one's cowp1emen.t. During 
the  reset cycle, a one was propadated -621ru the subt rac te r ' s  
carry causing t h e  l i n e  t o  o s c i l l a t e .  To cor rec t  t h i s  fault, 
the two Is coiilp1enien.t system was employed . 

-U 

The t o t a l  d-c powx- required by t he  arithmetic sect ion is approx, 
114 watts, of which the posi t ive supply provides 52 w a b t s  and the. 
negative supply 62watts . m e  main control panel requires approx (I 
10.9 watts of which 4.3 watts is supplied by t he  posi t ive supply
and 6.6 wat ts  by the  neGative supp,'l-,y. 

POWER SUPPLY VmUTIONS 

I n  order t o  determine t he  reliability and effects, of t he  model, due 
t o  power supply) vollnGe var ia t ions,  investigations were made of different 
power supply setkings. It was found that t he  optimum power supply
voltages were plus 40 and minus 43. With these  setkings, the model. 
exhibited i ts  fasteat propagatLon t l m e .  If the signs of the power 
supplies were disregarded, the same time propagation was attained as 
long as there was a three v o l t  s e t t i n g  between the two suppl ies  foe . ,  
i f  t h e  posi t ive supply decreased t o  plus  38, the negative supply should 
be set  a t  ininus 4.1, This e f fec t  seem t~ sugpxrt t h a t  t he  power supplies 
used, i n  the Gystem, should be constmxted so t h a t  they will vary 
sirnutaneously . 
TCP the supplies do not rriain%t;ainthe t h r e e  volt difference, there w i l l  
be a decrease i n  the pmpagatlon time. When the  negative supply was 
kept at a const;arm:tpoten-t;ial and t h e  p o s i t i v e  supply was varled in, 
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both a positive and nezative directpion, the  model failed when the 
constant emitter current  ‘became 3.5; and 5 millfaxips respect ively 
o r  a 12.5:: decrease and a 25% increase. This is shown i n  the 
following table %or t he  case of A=31 and Bd. 

-1-	 SUPPZY - SLIpply Propagation Time 
(vol ts ) ( volts ) ( P  set) 

4.3 	 Failed 
270 
260 
240 
196 

200 
2Go 
270 
290 
3x0 

Failed 
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33 = addend or subtrahend register 
A = augend o r  minuend regis ter
T = teqporary reEister 
+ = adder- = subtracter 
C = coiqnrLnf; c i r c u i t  
@ =  ~;a*t;copen throughaut add cyclea = Gate open -throughout sub% cycle 
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-Corrrp1emen:l;ed "exclusive or" 
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Subtracter 
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Augend and Uinuend.Registem 

G” 
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Addend and Sxib-brahendReGister 
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Figure 3.2 

Driver 

G" 

Figure 13 

Timing C h a r t  

Figure 314 
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Adder 


Augend 

Addend or Stibtrahend 

Compasiw 

Minuend 

Subtracter 


Control 

Figure 16 
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Time = 0.1 vsec/cm 

Figure 17 

A =5 OllLll 
B = 00c001 

Adder output 
A ~ g e n & ~output 
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A = 000001 
B = 000001 

Addend1 output;
Mder outputa 

T ~ U E= 0.1 psec/cm \ 

A = O l l J 1 3 .  
B tJ 000003. 
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A = 800001 
B = 000000 

Comparing output Time 3 0.1 psec/crnMinuend 0ui;;pu-ta. 

Figure 24 
V 




