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TZRMINOLOGY AND MiTHODS OF MEASURE"l FOR BISTABLE SWCONDUCTOR MICROCIRCUITS  

I! Guide to the Use of EIA Format MED-32-3A, "Registration Data 
fo r  Semiconductor Integrated Bistable Logic Circuits"  

This b u l l e t i n  e x p l a i n s  t h e  terminology  an2  methods  o f measurement fo r  b i s t a b l e  

s emiconductor  m i c r o c i r c u i t s ,  I t  is  al so  i n tended  t o  b e  used  w i th  t h e  E I A  Reg- 

i s t r a t i o n  Data Format f o r  S emiconductor I n teg rated .  B i s t a b l e  Log ic  C i r c u i t s .  

The ptirpose  o f t h i s  b u l l e t i n  i s  t o  p rov ide  gu idance  a t  each  s e c t i o n  of th e  for- 

mat.  

u l a r  s e c t i o n  r e fe ren c ed  and d i r e c t i o n  i n  u s i ng  t h e  p a r t i c u l a r  s e c t i o n ,  

Th i s  guidanca  2s  g iven  as  an  ex p l ana t i o n  as  t o  t h e  i n ten t  of t h e  p a r t i c -  

6 
1 .0 Gefieral 

This format i s  intended f o r  the  reg i s tration  of semiconductor in te -  

grated b i s tab le  l og ic  c i rc - dta  including  .monolithic,  multichip,  fi h l  

0 and hybrid b i s tab le  c i rcu i ts ,  

A semiconductor integrated  l og ic  c i r c u i t  is a s ingle  package c i r c u i t  in 

vrhich:  

a. No external  elements a re  required t o  perform th e  reg is tered  

f mction;  

b, The contained elements are inseparably associated;  

C, The contained elements  a r e  te s ted  and used as l og ic  c i rcu i ts .  
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I. O General (continued)  

A bis tab le  l og ic  c i r c u i t  i s  defined as one having an output which can be 

a t  e i ther  of two levelg  (an output which is  s tab le  i n  two s tates ) .  Its  

output i s  indefin i te ly  s tab le  after removal o f the  input  signal whioh 

caused it t o  go t o  that level , ,  

c i rc u i t  whose output has  two . possible  l eve l s  but  which requires  the  re- 

This differentiates it from a logic  gating 

tention  of the  input signals t o  re ta i n  the  output level ,  mis  a l s o  dif -  
ferentiates  the  b i s tab le  c i r c u i t  fmm the  monostable and as tab le  circilits.  

The s ta te  of a bis tab le  re fe rs  t o  a parti cular  and specified  p in  (Para.  2.1 

of format).  This pin  cdn,  under normal operation,  be at  one of twu levels.  

The voltage  ( o r  current)  a t  th a t  p in  is  normally and di s c re te ly  at  a high 

o r  low level .  I n  pos i tive  log ic  the  "HIGH (H)" voltage ( o r  current)  l e v e l  

is the  more pos itive  than the  tlLOW (IL)" voltage ( o r  current) level .  If the  

pin  specified  i n  Para.  2. 1  is  at  the  "H1Gi-P l evel ,  then the  b i s tab le  i s  i n  

the  l l i i ïG€I tt  s tate .  

I n  the  fo rmat  when reference  is made t o  the  s tate  o f  the  bistable the  

pin specified  in Para.  2.1  of the format i s  considered  

having an output which must be gated so that the  state of th e  bistab le  

In b i s tab les  
O 

can be determined,  where reference  i s  made .t;O the  s t a t e  of the  b i s tab le ,  

i t  is assumed th a t  the c ircuit  is  gated so th z t  the  s ta te  o f the  b i s tab le  

w i l l  be reflec ted  at the  output.  

This format i s  written  t o  include ail log ic al  fo rms  of bis table  c i rcui ts .  

It i s  a l s o  intended t o  be used f o r  reg i s tration  of all c i r c u i t  configura- 

t ions  used t o  achieve the  variety  of log ic al  forms  of b i s t k b b  c i rcui ts .  
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1.0 Qcnor;il (continuod)  

Thoroforo,  oomo p;ircunotora a r o  n o t  qp l i c nb l o  t o  SOMO forms of bist; iblo  
O 

circuito .  

cnblo t o  bí3tables  having only asynchronouo inputs , )  

paramoixr i 3  not appLicable t o  a paZrt;icubr circuit bo- rogiaterod  A t  

should bo so s tatod  on tho  registration and eound t o cM c&  $ xMfic at i on  

sup.sliod with  tho  roquost fo r  registration*  "tioro a c i r c u i t  t o  bo rÖ&.otarod 

has tomiincdLs which am  not s pac ific al ly  covered by this  fomat,  Miose  

terninalc mst still be specifiod  usi ng  W . 8  format ~9 a guido, 

(For examplo;  clock and o y n c h r omo  pnrcmotors  *aro no t  appl i-  

l n  ca3ea &ora a 
t 

. .  

LL Type of device 

The type of semiconductor mziterial  usod should be  registered,  

L2 Type of l o g i c  function  and polaxity  

'  The format is intondcd to covor reg i s t ra t i on  of sulg le  'and multip le  

c b i s tab le  logic circuits ín  a shg ì e  package.  

are includod in one packwe they  should bo  specifiod  soparatdy  if 

Where multiple  ci xcu ít i s  

the  bistables have d i ffe ren t  logic,  function  o r  c i rc u i t ,  If aU 

b i s tab le  c i rc u i t s  in the  package are of the same type' i t  s h o U  be  

so noted in s ec tions  2.0 and 5.0 wiiich parameters apply  to each 

dovice and which parameters  apply  t o  Mie to tal .  package.. 

1.3 Inputs  

For the  purpose of reg i s tration ,  b i s tab le  c i rc u i t s  are considercd 

t o  hova throe  t y p o  .of inputs  into which c~ignáLa m a y  bo introducoda 

Airthor expansion of the  foUowing clecliion i s  recommended if there  

is a var i e ty  of any one type of input.  

L3.1 Clock 

That t em i i n a l . ( o )  uhoae amd i t i o n  or change of conclition is In- 

i;orrtlod t o  oonlrol  the  aoiPrrip.f;anao OP rej eotim of o3.gndl.s appUed 

t o  the synchronous t e rm i n a ( a )  anci/& the output s ta te  of thc  

O 

~ 

~~  
~~  
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L3.1 Clock (con.tinued) 

b is tablo .  

L 3.2 Synchronoua 

That input(o)  whoao data is  Accopbd and affec ts  t h o  output  otirto  ,  

of the  b i s tab le  by the  condition  o r  c h q e  of conditionri on t h o  

t o m a  (8 )  goes  through  t h e  r e g i s  t e r e d  s equence  

1.3.3 Asynchronous 

That  input(s)  which is  intendoù  ta affect  tho output  s tn ta  of tho .  

bistable device indepondont of the  condition  o r  change of co&t i on  

on  tho  clock tenninal(s ) .  Asynchr.onous inputs may  require that 

the clock texmina( s )  be at a prescribed level but  onco thi.8  

l.euoJ. Ss obtained the asynchronous inputs can change the bistable 

output state without further regami t o  the clock.  

L3.4 AdditionaJ.  Inputs  

ïf the  b i s tab le  has  h p u t s  which fit nine of the  categories  of 

1.3.1, 1.3.2, L3.3, such as, gating  functions;.  then they eh0d.d 

be noted here and their function  described,  

.I Outputb)  

Every teqnb a2  from t h o  b i s tab le  logic circuit  which is used t o  àri vo  

o r  provide s ignals  t o  other  logic' elemonts  o r  devicoa  shal l  be  clarrsi-  

f i o d  as an output.  The b t e n t  of WS soctd.on is t o  define how t h c m  

outwts may be 'used logically. .  Tho reg i s tration  shU  ca l l .  ou$ those 

outputs  which can  be connected with similar outputs  to  do log ic r  If t h e  

s ta te  of t h e  b i s t a b l e  l o g i c  c i r c u i t  c an  b e  changed by  ap p ly ing  s i g n a l s  t o  

the  o u tp u t s  t h i s  s hould  a l s o  be  c a l l e d  ou t ,  

Copyright Sol id  State Technology Association  

Reproduced by IHS under l icense with  JEDEC

Full document details: JEDEC JEB15-1969 scan

http://www.avadocuments.com/doc/jedec-jeb15-1969-scan
http://www.avadocuments.com/doc/jedec-jeb15-1969-scan


I 

'  E I A  J EBLS  b ï  m 3234600  0 0 0 2 ïb L  O m 

5 

l e b  Output (5)  (continued)  

This indicates  the  degree o f i s o l a t i o n  between the  output and the  

bis tab le  pmtion  of the  b i s tab le  l og ic  c i rcui t .  

2.0 LOGIC  -  GZNEiUL 
\ 

The 1 i)gi.c D f  switching  c i rc u i t s  deals  with  variables  which can take  on 

only  one of two s tates .  

s i g na l  l i n e  s ha l l  be referred  to as. the  

A ci.rci2i.t can be characterized  e i the r  u i th  pos i tive  log ic  or negative  

l o g i c ;  ac tual ly  both can be applied t o  any device.  

intended t o  be used predominantly with  one o r  the  other  l o g i c  conventions  

The s tates  which can ex i s t  on a t emi n a l  o r  a 

s ta te  and the  HIGH state.  

But,  ii"  a c i rc u i t  i s  

then it  should be reg is tered  i n  that  fashim.  

logic could (not  must)  be res tated  f o r  the  opposite  log ic  convention.  

If a i l  s ignal  Une  temina l s  in a l og ic  diagram of a device have the  

sane p a i r  of physical  s ta te s  and i f  the  more pos i tive  po tential  (current)  

i s  cons is tently  seleoted  as th e  HIGH l evel ,  the  l o g i c  description  of th e  

.device is s aid  t o  have pos itive  logic ,  

It should be noted Chat the 

I f the  less  pos itive  p o ten t id ,  (current)  3 s  cons is tently  s elec tad  as the 

WIGii  XVXL,  the  device i s  said  t o  have negative  logic ,  

i s  assurned fo r  this  format.  

it  must be so stated.  

Pos itive  l og ic  

If negative  l o g i a  is reqpîred  by application,  

2.1 Logic.  Xagram -  Qoneral  

Logic diagrais  are  graphicai  symbols which descfibe  devices  o r  systems 

which contain  o n l y  two-state variables. 

mie purpose o f providing- : a l o g i c  diagram 5s this  fonnat is t o  assist th e  

user i n  imderstmdlng  the  opepation of the  device  without need2ng t o  r e fe r  

t o  o r  completely understand the  elec tricc il  equivalent  c i rc u i t ry  Involved  

i n  inplementing the  device.  

is  the  subj eck of reg i s tration  by this f o r k t  ra%her than 

Note t h a t  the  b i s tab le  device a black box 
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2.1 h c i o  DFqrm -  Gonord. (continuoù)  

tho c ircui try  uood t o  implomont Lho doVLco. A l o g i a  àinfirm  ahouîd 

proviùo tho  u30r tbth  ~ L Q  much infomt.Lm regwdj ng  clovico w o  a3 i a  ‘  

po 3 s i b l e ,  

X l o ~ L c a l  Sub -hnc tiono  

in many biotab lo  dovico  somo 1  g i o d .  8 uu- fwo tion  i s  porfonn d cm the 

synchronous ( o r  o ther)  inputs.  

sub-Âwctiona as outlinad  5.n 

S t m d d  graphical  symbols for  t h em  
USAS1  

Y32.l.b should be usod (tho  r0c”Cungular 

bio& used herqin t o  represont 1~ bistable device iEI in accordance With 

this doCumont).  Consider a b is tab le  dovicc in which a two  input M’D 

function is porformod at the synchronous inputs,  

be bgrarnod as shown below, 

Such a caso  c m  beet  

Inputs applied here 

I  BISTABLE DEVICE 

u 
Outputs shara here 

Conponónt Symbols 

Use of component symbols ($ransistore, oapacitoro,  eta, )  to clarify  .  

the diagram i s  admissible only *&en the  opration  cannot be doocribod 

by slmàanì l o g i o  ap b o l s  alono.  

Pin NunbodnL of Terminals  

In order .t;O make the lo& diagraine fu3l.y roproaenhtive  of tho  dovice,  

p ln  numbers should bo Given for  äil.  l o g i a  inpute and outputs,  

V O ~ ~ O  p h  

Supply 

and ground p h  nmbors as mU  as numboro of unused 

(no c o ~ ~ c t i d  PMO fo r  completeness,  
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1 - 1  I l  13 -  No Connection 
114 -  No Conmction 

Not6 that Lc tte r  .oymboï.o roprescnting l o g i c  functions  have been added 

within  the dBvioa.  Since agreomont haß not bßcn rencliad recarcìiq 

sLmdan3ioation o f  thooo oymbols, u30 of thorn i s  no$ required, If 

symbol.s are  used, t h y  sh6uld bo among thosa l~commonly usad" if 

pooaib le .  A he1 p. U  reference in tho deteri-g of symbols i s  

ttLogic,2'L Design of D i g i t a l  CornpuixrsI@ by M. Phister. in genoral,  

uns  of differont print t o  distinguish between synchronous and asynchron- 

ous i n p i i t s  would be  he lp fu l  if poss ib le .  Upper and lover cam have 

been used horein t o  àistin&Uieh  eynohronous and asynchronous inputs 

re spoctively.  

O 

2 Truth Table(s)  -  General 

Tho truth tabla i s  a chart kbich tabulatos  aU tho  cambinations of 

possible states of the l o g i o  vacLables of the devico.  

is to placo  the combination of input s ta t es  on  tho loft of a double  line 

and the  res ul t ing  output da t e s  on tho  right of a double. llneo 

Standard fom 

Tlio purpose of the $ruth table 3.8 t o  provide the user tdth l o g i o  input- 

output infomation  a% a glmcm. 

Copyright Sol id  State Technology Association  

Reproduced by IHS under l icense with  JEDEC

Full document details: JEDEC JEB15-1969 scan

http://www.avadocuments.com/doc/jedec-jeb15-1969-scan
http://www.avadocuments.com/doc/jedec-jeb15-1969-scan


E I A  J EBLS  69 M 3234600  O002964  6 M 

8  

2, 2  Tm+h TabLe(st)  ûeneraï.  (continued)  

Pi,n Des5,gnatt;ians 

A i l  pertinent 10gj.c: temin6i. s  should  be identified with respec t  t o  

p i n  number, It is  &so useful i f  the  tenliinaï.  LOGIC SYMBOL is umd, 

the  l o g i c  àiagram is 

8. Reset (r)  (Asynchronous) 

9. Open 

10. vcc 
31. GND 

12. S et  (s)  ( Asynchmnous) 

aie t ru l h  %able heading should  be:  

a 
Logical  Inputs  jiogical  Conditions on o the r  p ins  for I/ Outputs  :  which the  t ru th  table is 

i l  val id  * 

-::-See Sections 2,2,5,  and 2.2.2 

9 N. C o  

10 6, 0 Vo l t s  

u. @ID 

n refers  t o  RrodacLiviating condition of the  do&. 
L 

Note that P h  3 (clock)  is  no t  considered .to bo a logical input 
but  rather an aotiivating bput.  
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o m  mny ìm ~ v n L l n i ) h ) ,  it i o  not  mcosmry t o  o hm  tho  n tn t o  of both  

on the  t ru th  table.  Iimco the  o o l im  hended pin  6, fo r  exmple,  could-  

b û  omitted H j . thOU t  1033 O f  Clarity,  

2, 2*1 & 
2*2.2 DLstínctíon botmen  Synchronoue and Asynchronous TabLos 

A hnsio  difforcnco  betwoen %e synchronoua And arrynchmnous modos; 

of operation is that tho  aaynchronous inputs  caum as w e l l  as  

dotonnino tho  s t o t o  of a doVi,coo wlioroae tho  synohronoiio input3  

dstsnalno  tho  s t a b  of the  output only  aftw  a clock sigiii,  has 

becn app l i sd .  Hcnco the  t i m o  do l ay  betwoen aspchronoun input  

variations  and output variations  is  determinod by Mie qeod  of 

th e  circuit and 13,  fo r  &u hntontsr and purposos,  insignificant.  

I n  t h o  caco of the  synchronous mode aU one can oay  is  that 

thore  is,  of necess ity,  somo time d i ffo ren t i d ,  betwoon tho  

a r r i v a l  of synchronous i nput  information,  tho  establishment of 

the  ac tivating  condition  of U is  dock,  and the  time a t  wldch 

tho  output,  takes on the  s t a t e  determinad by the riynchronoua 

input,  

t ru th  table,  i t  is recomendod t h a t  Ulis tilne differentiaJ.  be  

S ince  c l a r i ty  is of u tmost  concern in ekab l i sh ing  the 

expressed part  of the  functionXL symbol.  

Uy choooing n t o  con not^ the  e t a t o  of a s i gnd .  l i n e  a t  t i m o  n 
œ -  

baforo th e  ocourronco of an ac tivating  (o r  clock)  signal and 

C ~ O O S Q  n+J. to COM& the s tate  of a signd. lho  afte r  the  -  
activating s i g n n l  has affootod the  d e ~ o e ,  a diatinctiion  be- 

twoon the  sjmahronous and aspchrûnaüs  tnith tab2ee7amr be 
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2.2.1 8c 
2.2.2 Distj actLon between Synchronous and Asynchronous Tables (continued)  

Considei -  a synchronous R-S fl ip - flop  (Ph i s te r )  with asynchronous 

p res et  and c l e ar  inputs  which will be referred to as u and v 

mrpectively,  Assume üie c i rc id try  used i n  implementing t h i s  

1  5 

device  is that  sliawn belaw,  

09 

n., -aaLmtion of the  operation of such a device serves t o  h i g h i i g h t  

same important consiâerations  i n  developing a cornpisle t ru th  table.  

'Ithe device is activated  by the negative going t rans i t i o n  of th e  

clock.  If a HIGH hve l  ex i s t s  on S and 3,  the clock t rans i t i o n  

has no effec-b.  If a Lûll level e-uists  on e i th e r  S o r  R, the  

negative tmns i t í o n  of the clock s te a l s  base current  f r o m  one of 

the,  gates  and t h a t  gate must go t o  the  HIGIl  l eve l  releas ing  the  

%npu5 &I th e  bther gate  which &Lims i t  ía go t o  the  ïDI1 level ,  

Xo te  that u and v must be in the  LOW l eve l  for this t o  occur*  

If bc th  It &d S are i n  the  LOW level  when t h e  clock negative 

trawit&on  occnrs,  an equivalent Low l eve l  is  applied  dynamicfly 

t o  both NAND gate fnputs  forcing both  outputs  in the  HIGH Level 

but  when the  current s tops  fJxwing throwh  the  capadt;ors ,  t h e  LUd l e v e l s  

a m  released and the HIGH l evels  (cross-coupled f m m  the  wbput)  
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I .  0 2.2'1 & 
2,2.2 Distinction between Synchronous and Aspchronous  Tables  (continued)  

at  t h  input.3  t r y  t o  force  the outputs  t o  LW,  For ra the r  obvious 

reasons ,  the  output levels  o f two  cross-coupled 1U';JD gates  cannot 

vn ! I  Q Q n n  

L L H H  

H L L H  -  

exist in the  LOI1 l eve l  sirnultmeously;  a race  occurs  and it  cannot 

5e predicted which o u t p t  w i l l  reach the  LOU l e v e l  first anci.  the  

s ta te  6f the  outgmt is  inde.t;emdnate.  

the  e ffec t  i s  given below:  

The tru th  tab le  which describes  

cìi ange) 

I n  most c a s e s  i t  i s  assumed t h a t  t h e  l a s t  l e v e l .  on  t h e  synchronous  i n p u t s  
j u s t  b e f~ o re  t h e  a c t i v a t i n g  edge  of t h e  c l o ck  i s  t h e  one  t h a t - w i l l  b e  rec-  
ognized.  
i n g  a t  t h e  c l o c k  edge  may b e  recognized .  I n  t h e  c i r c u i t  shown on  Page  1 0 ,  
i f  t h e  c l o ck  goes  h i g h  and t h e  S o r  R te rminal  momentari ly  oges  t o  "L" t h e  
c ap ac i to r  'ill charge  and may n o t  d i s c harg e  b e fo re  t h e  c l o c k  edge  even  though  
the  i n p u t  goes  back to ' " B "  and t h e  c l o c k  w i l l  rec ogn i z e  t h e  "L".  The t r u t h  
t a b l e  s hould  n o te  t h i s  by a fo o tno te  which  s ayc ' " w i l 1  s t o r e  a momentary "L" 
( o r  ' 'H1' )  l e v e l ,  I'  '  

However,  i n  some b i s t a b l e  d e s i g n s  some l e v e l  p r i o r  t o  t h a t  e x i s t -  

Rsync'hronous Mode 

For  t'ne asynchmrnous Node of operatj .on,  the  t r u th  tab le  describing  

th e  operat im  is given  Scltw:  

(&es  not ciiange) 
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2.2.1  & 
2,2.2 B sLinction  between Synchronous and Asynchronous Tables  (continued)  

A subtlotgwhich  exists,  however, is that  the  sequential  comldnation 

of I+, = L, vn 3. L to 
much i n  the same way t'nat an indeterminate s t a t e  resulted  from the  

-  -  H, vn = H leads t o  an indeterminate  state  

appl5ca'ttons  of S, = H, % = H in the synchronous mode.  
denonstrated in tru th  %able form 'the following  way: 

This  can be 

Such a condition should be specified i n  

a footnote  t o  the  truth table because i t  is  the purpose o f  the  t m t h  

t ru th  table  form o r  as 

t&i,es  t:, show -  a l l  poss ib le  l o g i c  combinations  even (and perhaps  

es s ential ly )  those ntiich r e fl e c t  l imi tations  of the  device.  

Sub-Function Truth Tables  
I _ .  

If the dev i ce  can be broken down i n to  a basic logical c e l l  o r  groups 

of cells,  much confusion i n  in terp re tation  of the  tab l e s  can be 

avoided, Consider again  the exainple given i n  paragraph 2.2.1 

7 r) 
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2.2. 1  G 
2 2.2 D i  s tinc tton  between Synchronous and Asynclwsnous Tables ( continued)  a 

Sub-Truth Tables such as these:  

2 . 3  

Replace the  l-iore Cumbersome 

' L 
* L  
L 
1, 
1, 

Logic Equations  -  General 
Logic equations  must be interpreted  by the  Boolean Algebra.  Tile 

number of l e v e l s  a logic variable  may W e  an i s  two. 

coninonly referred  t o  as ZERO (O)  and ONE (1)9 and have been standardized 

as LOW (L)  and HIGH  (H). 

Thse  are 

A function  is sa3.d t o  be HIGH i f  the  equation 

which characterizes  it  equals  HIGH.  

are given in many tex ts  and so  will no t  be re l ated  here.  

Rules f o r  manipulating th e  equations  

The purpose 

af the  l og ic  equation is  t o  a id  the  user i n  es ta3 l i s h ing  those  

i n teme l a t ims h i p s  between inputs  and out-ts  which determine a 

~~  -  
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2 . 3  Logi'c Kcpations  -  General (continued)  

specified  Level of the  outFut.  Boolean ALgebra '  

d3es not  recognize time as a variable;  hence,  i n  the  algebra the  afore- 

mentioned sj tmbds  €+, ard may be treated  as di ffe ren t  functions  

wen  though the  function  refe rs  to t h e  same t e rm i n a l  o r  signai Ene.  

2.3.1 The Logic Equatton and t'ne Truth Table 

The l o g i c  equation supports  the  trut ' n  table  i n  a s s e r t h g  the con- 

ditions  required t o  ob ta in  a HIGH (H)  at the  output e i the r  at  

timo (n- tl)  i n  the case of synchronous operation,  o r  at  time n i n  

the  case of asynchronous operation,  

describe  the  " dm l t  care"  condi.ti.ons such as i l l o g i c a l  en tr i e s  o r  

entries which lead t o  indeteminate  putputs.  

sxpport 5he trt i th  tab le,  therefore,  equations  which define  input  

I  

Separate  logic  eqyations  should 

in order ta f i l l y  

re s tr i c t i o ns  should aLso be provided.  

Conside' r the  synchronous mode of operation- of the b is tab le  device  

discussed i n  Section 2,2,1 /2,2.2, The t ru th  tab le  is:  

Tim loF$.c equation which speo l f i ee  
when Qn+l a 1  is - -  

R+l a s ñ  %'a + sn 

&+l -%*%I  + Sn 
L which reduces  to H 

(Simple s t Form)  

If we plug  i n  the  vaLues Rn = H, S =: B into t h i s  equation,  it  

wou l d  appear that becames HIGH  f o r  t h i s  cordition.  The 

e F a t ì o n  which i s  reqdimd  t o  fu ï ï y  support the  tm t h  tab le  

n 
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2.3. 1  The Logic  equation and the  t ru th  tab le  (cmtinued)  

i s  given as IXPiiT iXSTHICTI9It:  
-  

S, -  Rn 2 L 
N d x  th a t  log ic  equations  i n  th e i r  s implest form are most useful 

t o  the  logic designer.  &tai l s  of the  device axe available  t o  

him from the  l o g i c  diagram and the  tm t h  table.  

Consider nm  the asynchronous mDde of operation fo r  which the  

t ru th  ta3 les  are:  

un 
c -  

L 

ti 

L 

If 

'n 

L 

L 

H 

I I  

H L 

Il 

(  coinbinational)  

Wo.te tb at  mtpu' cs  are  drirectly  dependent on inputs whereas tab le  

an the  r i g h t  i s  dependent on the  sequence of input  s ignals ,  

L0gi-c quat i o n s  supporting  these  t ru th  tables  are:  

pi - 7  + u  v \ n n n n  

The input re s t r i c t i o n  may be  expes s ed  i n  a n  equation as follows:  

Recognizing th a t  the  firsti l i n e  Qf the  t ru th  table  shws  both 

outputs  t o  be i n  .the saxe level a t  the  same time,  the  rather  e 
cominoii practice  of nain:  these  two  o=lt?uts iJith  the  sane l e t t e r  

synbol ,  except  fxe  the  cmpleinent bas  3n the  me,  mst be used 

with  caution,  

~  ~  ~~  
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2.3.2 Functiond.  Designntions  

Use of p in  numbers i n  l o g i c  equations could conceivably cause 

d i fficti l ty ,  fo r  example, &+.I 6,  + 2n,  2, 3n 9 L i s  

meaningful  to the  logical.  designer than Qn+l  & Qn.  + S,, Sn -  E 
Hence i t  i s  recommended Urat l o g i c  equations  be given in term8 of 

commonly used symbology for  i0gi.c functions,  If possible.  

2.3 .3  Multiple Inputs ta Flip-Flops 

Consider the case where there are  two  i npu t  AND gates d r i v i n g  th 

J-K inputs  to t~ fl ip - flop .  

L e .  ,  

%+i Qn Jin J2n + Qn K K  in  2n 

are acceptable 

Of course th i s  should be  done in a similar fashion to the way the 

t ru th  tab les  are structured.  
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2.3.4 Distinguishing Betweon Mocìes of Opration  

Since synchronous and asynchronous refer to two  different  modes 

of operation,  separate l og ic  equations should be used.  

thetd.caï example i s  given belm:  

A h w  

Synchronous Asynchronous 

3.0 Mechanical Data (Na Comments)  
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3 

A maximum l i m i t  i o  a Iinitcinp; vaïuo of voltago,  curront mù/or tmpraturo  

wh i c h  i a  to  bo axcoodod onìy at tho  riok of po rmanontly ’ d l tárl ry :  tho chwac- 

toririticri of tho bictablo.  A combination of TocudJMLm l i m i t s i  caruzol normally 

4.1.1 S t o r q e  Temporaturo Range defines  the range of enwonment in which 

a bistable m y  be storad with no e loatr ica l  aonnoatîone to the 

devi ce  .  
4.1.2 Tam;iorature Range undor Bias definos  the temperature range which 

tho b i s tab le  may’be operated whcn it is i n  a n o i n d  operating mode. 

One should be oognizant of the fact that %f operating temperature 

r q o  i s  c p c i fi e d ,  e l e c tr i ca l  characteristics  mutt be registered 

at tho  temperature =tremes. 

4.2 T e m &  Voltage and/or Currént  defines %ho m&um voltage  and/or CUT- 

rent  that  may be safely ap$ied  Lo ohch terminal  of tho  b i s t . lG  over 

the  sp ec i fi ed  temperature range.  

indapcndonCLy of a î l  others.  

Bach of these  max imun ~  values aro  dofined 

For example,  if n mrodmum outpub eUpplY 

voltage  i s  s poc i fi eà  to be 8 vo l t s  and a rnaxhum output currenti  5,s 

spocifio i i  to  be 30 mA, the 8 volt and 3G  RA  conditions oannot be Wpliecl  

o i m u l m o  OUEJSy. 
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In t h i s  portion  of tho  fonnat tiia parntrtotcirn and tho  ch,wactoriotic8  

o f  t ì i e  rog i i tered  o i r o u i t  aro cbfinctd undor apocificid oonditims ,  Esch 

c ì o a r l y  definod  fo r  each t o s t ,  It cihould bo noted t h a t  there  is no 

inference o r  requirement that the  t e s t s  be performed by  the  reg io trant  

o r  pthcir  mannfacburers of tho  reg is tered  dovice.  The fo m - b  meroby sayo 

that ono wotild expact the e l e c t r i c a l  charac terl s tioe  of tho dovico t o  be 

eqiml t o  o r  botter than the  individucü parameter b d . t s  sh ow  under the  

condi tions  sliotni.  

Tho e l e c t r i c a l  c hàmc te r i s t i c s  a re  divided  i n t o  fou r  broad seotiona.  

5.1 Operating coiirìitions  f o r  n o m d  use 

5.2 S ta t i c  cìiaractci+i,stìcs  

5 . 3  Dynninic c h a r a c t o ~ s t h o  

5.4 Power c i iarac teris  tics 

Current and Voltage Convention fo r  reg ietering  b i s tab le  circuits 

A. Currents 

Direction and Sign 

Curront is c a e d  pos i t ive  \h en  owir0n.t; flaws i n t o  a L o w  

Thio i s  true  regard2eeo of whether it 18 an or  an outiput. 
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The  following diagram shows pos i tive  current  

I- 

__-  -- 
. /-  -  -- 

+ II d + I o  
r. 

The fnl low j ng  diagram shows negative current  

Magnitude  -  For  niii*poses of reg i s tration  the  magnitude only  i s  

considered when comparing a current,  Therefore,  a maximum current  

w! iich  i s  negative  is  i t s  greates t  magnituder 

t.han - lmA) ,  

(-1ûm;A is  l arg er  

i4here a parameter limit is  a maximum negative current,  

B. Vo I t~ g e  

Direc tion  and Sign 

A voltage is  a l w a y s  measured i n  re l a t i on  t o  a reference  po inte  

T h i a  i3  generally  ground o r  a common pin.  The po s i t ive  terminal  

is  that  one i n to  which e lec trons  flow when the  two terminals  me 
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B. Voltago (continuod)  

c umc tad  togothor.  

i n  ro lation  t o  tho  q x ~ c i fi e d  tominal  o r  reference.  

A v o l t q o  rxan thon bo pos i tive  or nogative  

h i s t  as  i n  ourront,  . s i g n  i s  not  oonoidarad  when ranking 

ûsarating  Condltions  

T ; ~ G  saotion describes  the  powor supply vol tqps  and teqe rq tu ro  for 

which ogeration is  cl;Limod, In additrton it deaoribes  the  t e s t  techniquo  

used t o  ver i fy  proper operation.  

5.21 Noininal. Supply Voltages  

W i l e  a circuit may operate  over a range of powor supply voltages,  

i t . i s  generally t rue  that optimum operation ocours  a t  a specific 

voltage.  

and denote the  pin t o  which it  i s  applied.  

the voltages be referonced t o  a common ground pin;  if this  is 

not true,  it should be  d a r i f i e d  h&e. 

o.t;her defini% ions  suoh as percent o r  magnitude varLation  perinissiblo,  

Show here  the  nominal.  supply v o l t a s s  t o  be cqplied  

It i s  intended t h a t  

The reg i s t ran t  may add 

S . l . 2  ûpo r  ating  Temperature 

n* w i l l  define  the  re s t r i c t i o no  an .the devices uapnbzUty to 

o p r a t o  trithin the  tanperaturo  spootrum.  

5.1.2.1 l 7a í8  dosoribes  the  d o f k t i o n  of the  2 5 O C  conùitiion ao  

t;O whQthQr it is ambient or oaso.  Either  oonb i t im  may 

be usod t o  dafino- the  e l e O t r i O 8 l  aharaotoriatics.  
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r,m@ then s t a t i o  I  charactori&i,oo  muet be  

dofined for that to inp raturo  range.  

provide good defini tion  of %he registored device a 

mi%led,  l ~ c h e v e r  1s used  raust be defined t0 pe23d.t;  

D.C, S tab i l i z ed  t a s t s  are made after  d.2. transients  

induced by oporatine  oonditions  have ondcd. Eleatricd.  

and Themcd.  stabiîdty  have beon reachad, 

Adcedithe  elec.t;rical conditions  for tx s t i n g  tho param- 

stor have been  applied long enough 'Ki 

s tab i l i ty  bu$ , the themal.  condition  may  not  have 

reach  e l o o t r h d .  

stabilj_aed.  

'true,  that is,  the  thermal oondi tiûns  are considered 

t o  be the  same as they  were before  any eleoLdcaJ,  

conditd.ons were introduced.  

applied  f o r  automatio,  high speed testing.  

In fao t ,  tho  converae is often  considered 

T l d s  concept 18 g e n e rqw  

It i s  obvious  

that fo r  repeatab i ï i ty  and interchangeabil i ty  the  timo 

and dutg cyole of tho  applied  voltageo a ro  very i m po r tq p t  

and mu s t  be defined hero. Even though t b . m e a s u r e m o n $  

tochnique is  definou a s . p d a e d  the parameters  m a w e d  

are s t U  oonsidered t o  be  the s t a t i o  oharaoterlstioer 

T ' d s  motion  :  defines  parameters which are measured at the  t ime  the 
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5.  2 S tat i c  Characteris tics  (continued)  

b i s tab le  device is i n  a s tab le  e lectrical .  l o g i c a l  s tate.  This 
O 

s tab le  s t a t e  ~ t l l  be the  re s u l t  of a s t a t i c  input  and output applied 

e l e c tr i c a i  conditions.  To achieve khe required s ta te  may have taken 

a sequence of e l e c t r i c a l  cmdi tions  (pulses)  o r  it  may have been 

achieved by s t a t i c a l l y  forcing  t h e  condition  through input  o r  output 

terniinais.  Regardless  of the  technique used,  t - he  i s  not considered a 

variable;  the  parameter measurement i s  uneffected by time (except as 

described i n  5.1.2.3) .  
The i n t ro duc tq r  paragraph i n  Uie fo rn n t  for t h i s  sec tion  provides  

expansion of i t s  h t e n t .  

5.2.1  & s4 2.2 These s ections  are input  logic voltage  l e v e l  defirri. tions.  

Th i s  i s  the  s tar t i ng  point  of the  reg i s tration  of a l l  

e l e c t r i c a l  paraïneters.  

of the  maximum and mi n imum  LoIi (L)  and HIGH  (H) voltage  

Thq  am,  by nature,  defin i t ions  

l eve l s  which w i l l .  be accepted and recognized by the  

reg is tered  device.  

the forna$.  

using them as conditions  and verifying  t h a t  they do r e s u l t  

i n  proper l og ic al  operation accoräing  to the  t ru th  tab les  

of paragraph 2.2. They are  used the  s t a t i c  and Dynamic 

charac teris  t i c  sections ,  

These do no> appear as parameters  i n  

The v a l id i ty  of the  defin i t ions  is proven by  

Care should be taken not to confuse the  defin i t ions  i n  

these  paragraphs  [s. 2.1 (VIL MAX and VIL MIN)  ard 5.2.2 

(Vm MAX and VIH MINU with the  output parameters  of 

paragraphs  5.2.4 (VOL )  and 5.2.5 (V,,). The defin i t ions  

i n  s42. 1 and 5.2.2 when applied as described i n  5.2.4 
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9.2.3. k 5 2 . 2  (contLnued) àynnmSc chwaotnris tlcs )  w i l l  remilt i n  the 

spec i f i ed  output  levels .  

of 5 . 2, l  and 5.2.2 are  the range o f  input  conditions  and 

w i l l  re ,mlt  in the range of ciutprt l e e a l a  ehown in 5.2.4 

and 5.2.5. 

GeneralLìg the output l e v e l s  of a b is tab le  are intended 

to  be compatible w2th its  input mcpirements, 
i s  intended t o  drive other bistables 
like i ts e l f or other l o g i a  elements i n  the same fa d 4  

having the same input IXqUi.r~eh8.  

relationship  generdlg  exi s ts  as depioted In the  fou -  

I t \ c m  be m i d  that üia definition8  

The bistable  

Therefore, a 

Input definitions 
mqnired in para- 
g r a p h  52, ï  aná 
5.2.2 .  

i 

i  
i 
.I J 

4 Output reFults 
as defined in 

P 
It i s  possible  that  different w s  of inputs  (paragraph 1.3) 

may have different ranges  of pennissible Ugica l  input 

voltaples, 

synchronous,  eta,  

must b e  show by pin  #, 

The asynchronous may be different th an  the 

Wheh tM8 is %rue the  defintima 

5.2.3 Reference Vo l t e e  

if  tho  registered b is tab le  d a r b e  requires a referenoe voltage,  

i t .  will be  defined  here, The registran% has  the option of defining 

a referenue voltage (and i t a  tolerance)  fo r  all t e a t s  at  each 

temperatw  or 8peaif;JlnCt the refemnoe vol tage at eaah parameter 
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5.2.3 Reference Voltage (continued)  

e If the l a t t e r  choice i s  made then the  tolerance fo r  these  reference  

This  c harac teri s t i c  i s  . intended t;o define  the  maximum (5.2,4,1 ) 

and min imum  (5.2.k.Z)  Wí Level of the  b is tab le  oiit,put(s)  under 

Worst caso conditions  of input  l eve l s  and output loading.  

a 5.2*4*1# .va OL xu .  i s  defined fo r  two  conditions.  F i r s t ,  

in ! L2.k.1 . i8  v . 0 ~  

s tab le  conditions,  

maximum i s  determihed under n o d  internal 

All inputs (asynchronous and synchronous) are  

at  worst case levels fo r  this  s tab le  s ta te ,  b u t  are not intended 

t o  force  the  s tate ,  

held  by asynchronous inputs  which are then a t  th e i r  worst case 

in ! k L ì ! . A 2 ,  the  output s t a t e  i s  forced and 

levels .  Par% s , Z , k . l . l  applies  t o  any type of b i s tab le  c i r c u i t  

and must be spec ified  whoreas 5020401...2 may o r  may not  be applicable  

depending on the  p arti cular  type  of c i r c d L  Figure  5.2.4,I shows 

two examples of applying 5 . 2 , b l . l  and 5.2.k.l.2  to basic W L  and 

LI’7.L b i s tab le  circuits.  

The V 09i, 

l o g i c  gates )  this  charac teri s t i c s  is  primarily  intended fo r  ECL 

type c i rc u i t s  although it  is  eqyal3.y applicable  t o  other  types.  

minimum i s  defined in 5.2,k,2 aaid (as  i s  the  case fo r  

However, i n  cases  such as MIL it  i s  recommended t o  specify  Ulis 

charac teri s t i c  as zero volts rather  Uian determine the a c tua l  

minhum.  

which w i l l  make the  output l e v e l  in quas tim  a min imum,  e i th e r  

holding or no t  -  holding the  b i s tab l e  in t h i s  state,  whichever is 
worse,  For a s pec ific  ECL c i r c u i t  example,  see  Figure S,2.4.2, 

in any case,  all inputs  must be a t  t h a t  mrst case leve&  

- - ~  ~ ~~  
~ 
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5.245  v i  

This charac teris tic  i s  intended t o  define the maximum (502.502)  

and minimum (s.%.!!~.l) HIBI l e u  of the  b i s tab le  ou. tput(s)  under 

worst case conditions  of input levels  and output loading.  

For (5.2.5.1) VoH minimum i s  again defined fo r  two conditions  

i n  a s imilas  manner as i n  5.2.4.1. The firs t  (5.2.5.1.1) is nor- 

m a l  in ternal  s table  condition.  

forced and held by asynchronous inputs .  

"he other  (5.2.5.1.2) i s  the  s tate  

Parao  5.2.5.1.1 app l ies  

t o  any type of b i s tab le  c i r c u i t  and must be specified.  But 

5.2.5.1.2 may  or may not  be applicable  depending on t h e  part i c u l ar  

c i rcui t .  

Figure 5.2.5.1 

Para.  5.2.5.2 i s  the  VoH maximum  and here  a l s o  i s  primarily  

intended fo r  ECL type circuits.  For t h i s  case ail asynchronous 

An example of application  t o  a bas ic  TI'L c i rc u i t  i s  given i n  

inputs  must be a t  th e i r  worst case levels t o  make the ouQu%' ''€3" 

level  in  question a maximum  ,  either  holding o r  -P not  holding  the 

b is table  i n  this s tate ,  whichever i s  worse.  * See Figure  5.2.4.2 
fo r  application  to a bas ic  ECL c i rcui t .  

5.2.6 ro 
The purpose of this  charac teris tic  i s  t o  define  the output current  

c apab i l i ty  of th e  b i s tab le  when it is i n  the  s tate  &II which,  und@ 

normal conditions,  it i a  not  required to supply current.  The in- 

Cent i s  t o  define the type of c i r c u i t  output,  emitter  follower,  

re s i s to r  pull-up,  etc .  

in 5.2.6.1 Io is  defined a t  V O L  Vm 

i n  t h a t  s ta te  which would normally product a "Ltl  output*  or 

w i t h  the  b i s tab le  -  
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5.2.6 Io (continued)  

aq.zx9wonous inputs  a t  VIL o r  Vm t o  force  the output t o  a 
the ItLt' level .  A i l  other inputs  and outputs  are  t o  be a t  the i r  

worst case  values.  I n  the  case of ECL type b i s tab le  c i rcui ts ,  

tkis charac teri s t i c  would determine the  min imum  and/or maximum 

value of the  output emitter follower r e s i s to r  5 shown in Fig.  5.2.4.2r 
This  charac teri s tic  would not  be applicable  to'RTL,  D!FL,, or TTL type  

c i rc u i t  s. 

For 5.2.6.2 I is defined a t  Vo.  =L, VIL MAa with the b i s tab le  in 

that state which would  normally produce a I tHH  output,  Or asynchronous 

inputs  a t  Vu & 
This i s  applicable  t o  RTL and DTL type c i rc u i t s  would d i s t l n g u i ah  

O 

t o  force  the output to the  nH" level .  
Or vlH MAX 

the  type of c i rc u i t  output,  eOg.,  re s i s to r  p u l l  up, emitter follower 

pull- in,  etc .  This c h aa c t e r i s t i c  would not  be applicable  fo r  the 

ECL bis table,  because t h i s  i s  covered i n  t;,2,5.l where the  Ia Bm 

i s  used.  For other types  of c i rcui ts  this  i s  referred  t o  as  short  
I 

.  c i r c u i t  current.  

"his charac te r i s t i c  defines  all (asynchronous and synchronous and 

clock)  input  currents fo r  both HIW and Wd  levels.  A maximum must 

be specified  and a minimum be specified  fo r  each input.  

Parao 5.2.7,l defines . 1  fo r  VI f VIL w i t h  w o r s t  case a 
levels  on all other inputs  and worst case output loadingo  I n  some 

cases  it may be necessary  t o  force  output levels  with asynchronous 

inputs  t o  o b t d n  the worst case.  SeveraJ. examples of application  

t o  spec ific  types  of c i rc u i ts  are given h Figure  5.2,7. 
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