
J  
~ "   '  MM  II  II  II  Ml  Ml  II  II  II  Ml  II  I  II 
European  Patent  Office  _  _  _  _  _  _  
_„.  ©  Publication  number:  0  2 3 5   5 0 7   B 1  
Office  europeen  des  brevets 

©  E U R O P E A N   PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification:  22.07.92  ©  Int.  CI.5:  H03K  19/082,  H03K  19/00,  
H03K  3 / 2 8 8  

©  Application  number:  87100344.8 

@  Date  of  filing:  13.01.87 

©  Dotted  or  function  for  current  controlled  gates. 

00 

o  
m  
m  
00 
CM 

®  Priority:  10.02.86  US  827391 

@  Date  of  publication  of  application: 
09.09.87  Bulletin  87/37 

©  Publication  of  the  grant  of  the  patent: 
22.07.92  Bulletin  92/30 

©  Designated  Contracting  States: 
DE  FR  GB  IT 

©  References  cited: 
EP-A-  0  013  710 

IBM  TECHNICAL  DISCLOSURE  BULLETIN,  vol. 
24,  no.  11  A,  April  1982,  pages  5613-5618,  New 
York,  US;  A.H.  DANSKY  et  al.:  "Active  pull- 
down  circuit  for  current-controlled  gate" 

IBM  TECHNICAL  DISCLOSURE  BULLETIN,  vol. 
24,  no.  6,  November  1981,  pages  3031-3034, 
New  York,  US;  A.H.  DANSKY  et  al.: 
"Current-controlled  gate  push-pull  dotting" 

(73)  Proprietor:  International  Business  Machines 
Corporation 
Old  Orchard  Road 
Armonk,  N.Y.  10504(US) 

@  Inventor:  Dansky,  Allan  H. 
18,  Saddle  Rock  Drive 
Poughkeepsle  New  York  12603(US) 
Inventor:  Savalle,  Martlne  Marie  Frangolse 
699,  Chemln  Celestin  Frelnet 
F-06140  Vence(FR) 
Inventor:  Schettler,  Helmut 
Jaegerstrasse  23 
W-7405  Dettenhausen(DE) 

©  Representative:  Schuffenecker,  Thierry 
Compagnle  IBM  France,  Departement  de 
Proprlete  Intellectuelle 
F-06610  La  Gaude(FR) 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person 
may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition 
shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee 
has  been  paid  (Art.  99(1)  European  patent  convention). 

Rank  Xerox  (UK)  Business  Services 



EP  0 235  507  B1 

IBM  TECHNICAL  DISCLOSURE  BULLETIN,  vol. 
26,  no.  3A,  August  1983,  pages  1088-1090, 
New  York,  US;  J.  BALYOZ  et  al.:  "Microwatt 
CCG  logic  circuit  with  JFET  feedback  loop" 

IBM  TECHNICAL  DISCLOSURE  BULLETIN,  vol. 
26,  no.  9,  February  1984,  pages  4515-4517, 
New  York,  US;  LB.  FREEMAN  et  al.:  "In-phase 
and  out-phase  push-pull  latch  off-chip  drlv- 

IEEE  PROCEEDINGS  OF  THE  26TH  COMPUT- 
ER  SOCIETY  INTERNATIONAL  CONFERENCE, 
San  Francisco,  28th  February  -  23rd  March 
1983,  pages  380-383,  IEEE;  E.B.  EICHELBER- 
GER:  "Latch  design  using  "level  sensitive 
scan  design" 

IBM  TECHNICAL  DISCLOSURE  BULLETIN,  vol. 
26,  no.  8,  January  1984,  pages  4041-4042, 
New  York,  US;  J.  BALYOZ  et  al.:  "Microwatt 
current-controlled  gate  circuit  using 
swltchable  bypass  network" 

2 



EP  0  235  507  B1 

Description 

Background  of  the  Invention 

5  The  present  invention  pertains  to  semiconductor  digital  circuits  known  as  current  controlled  gates. 
The  capability  of  a  logic  circuit  to  drive  heavy  loads,  e.g.  high  fan-out  and/or  output  capacitance,  is 

highly  desirable.  A  push-pull  driver  has  been  frequently  used  in  the  art  to  efficiently  provide  this  capability. 
One  such  circuit,  a  current  controlled  gate  (CCG)  circuit,  comprises  an  emitter  follower  and  an  AC 

coupled  pull-down  output  used  in  a  push-pull  configuration.  Such  a  CCG  circuit  is  disclosed  in  an  article 
w  entitled  "Active  Pull-Down  Circuit  For  Current-Controlled  Gate"  by  A.H.  Dansky  and  J.  P.  Norsworthy,  IBM 

Technical  Disclosure  Bulletin,  Vol.  24  N°  11A  April  1982,  pp.  5613-5618  and  in  U.S.  Patent  US-A-4,605^70 
filed  March  25,  1983  and  published  on  August  08,  1986. 

A  highly  desirable  feature  for  a  logic  circuit  to  possess  is  the  "dot",  also  known  as  the  "dot  or",  logic 
function.  The  "dot"  is  the  merging  of  two  levels  of  logic  into  one  level  of  logic  by  simply  connecting  the 

75  outputs  of  two  or  more  circuits  together  to  provide  the  logical  "or"  of  the  outputs.  The  logic  power  of  CCG 
circuits  would  be  increased  if  such  circuits  could  be  dotted.  Without  the  dot,  one  would  require  an  additional 
level  of  logic  to  merge  logic  states.  In  addition,  the  "dot"  is  needed  to  build  a  latch  from  CCG  circuits. 

Unfortunately,  push-pull  circuits  such  as  the  CCG,  operate  poorly  when  the  outputs  of  two  or  more 
circuits  are  dotted.  In  particular,  when  CCG  outputs  are  dotted,  transitions  between  certain  input  states 

20  cause  an  active  pull-up  to  work  against  an  active  pull-down.  When  this  occurs,  high  levels  of  current  flow  in 
the  CCG  circuits  and  unaffordably  high  amounts  of  power  are  dissipated.  Furthermore,  in  the  case  of  the 
CCG  circuit,  spikes  on  the  output  occur  during  transitions  between  certain  input  states  when  the  output 
should  not  change. 

CCG  circuits  in  general  are  particularly  known  from  IBM  Technical  Disclosure  Bulletin  vol.  26,  n°  3A, 
25  August  1983  pp.  1088-1090  and  also  US-A-3,505,535.  The  latter  document  particularly  discloses  how 

connecting  CCG  circuits  directly  to  one  another  such  that  they  provide  a  dotted  logic  function. 

Summary  of  the  Invention 

30  CCG  circuits  can  advantageously  be  dotted  in  accordance  with  embodiments  of  the  present  invention  in 
such  a  manner  as  to  prevent  high  currents  and  spikes  on  the  output  during  transitions  between  certain  input 
states. 

In  accordance  with  the  present  invention,  Schottky  diodes  are  coupled  between  dotted  CCG  circuits. 
Specifically,  a  Schottky  diode  is  connected  between  the  base  of  the  base-to-collector  coupling  diode  of  one 

35  CCG  circuit  to  the  emitter  of  the  input  transistors  of  another  CCG  circuit  and  vice  versa. 
The  so  coupled  Shottky  diodes  discharge  the  diffusion  capacitance  of  the  base  to  collector  diodes.  This 

in  turn,  prevents  the  active  pull-down  devices  from  operating  during  the  transition  between  certain  input 
states.  As  a  result,  high  currents  are  not  coupled  into  active  pulldowns  and  the  dotted  output  has  no  spikes. 

In  addition,  in  accordance  with  the  present  invention,  a  latch  circuit  comprising  dotted  CCG  circuits 
40  includes  a  Schottky  diode  to  discharge  the  diffusion  capacitance  of  base-to-collector  diodes. 

Brief  Description  of  the  Drawing 

A  complete  understanding  of  the  present  invention  may  be  gained  by  considering  the  following  detailed 
45  description  in  conjunction  with  the  accompanying  drawing,  in  which: 

FIG.  1  shows,  in  pictorial  form,  a  circuit  diagram  of  a  CCG  circuit; 
Fig.  2  shows,  in  pictorial  form,  a  circuit  diagram  of  dotted  CCG  circuits  fabricated  in  accordance  with  the 
present  invention;  and 
FIG.  3  shows,  in  pictorial  form,  a  circuit  diagram  of  a  latch  comprising  dotted  CCG  circuits. 

50  To  facilitate  reader  understanding,  identical  reference  numerals  are  used  to  designate  elements 
common  to  the  figures. 

Detailed  Description 

55  Before  describing  the  inventive  dotted  CCG  circuit,  we  will  briefly  describe  the  CCG  circuit  itself  to 
provide  a  framework  for  understanding  the  present  invention. 

Fig.  1  shows  an  embodiment  of  a  CCG  circuit.  We  will  first  describe  operation  of  this  CCG  circuit  in  its 
two  DC  states.  After  that  we  will  describe  the  operation  of  the  circuit  during  transitions  between  these  DC 
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states. 
For  purposes  of  the  following  discussion,  assume  that  an  UP  level  or  a  logical  "1  "  corresponds  to  a 

voltage  of  approximately  1.35v,  a  DOWN  level  or  a  logical  "0"  corresponds  to  a  voltage  of  approximately 
0.55v,  and  the  power  supply  voltage  for  the  circuit,  Vcc,  corresponds  to  a  voltage  of  approximately,  2.1  v.  It 

5  should  be  clear  to  those  skilled  in  the  art  that  these  particular  values  are  merely  chosen  for  the  convenience 
of  the  discussion  and  can  be  varied  by  suitable  circuit  design. 

In  addition,  to  simplify  the  discussion,  the  input  level  applied  to  transistors  T2A  and  T2AA,  in  all  cases, 
will  be  taken  to  be  a  DOWN  level.  Because  of  this,  since  the  CCG  circuit  performs  a  NOR  logical  function,  it 
will  act  as  an  inverter  with  respect  to  the  input  level  applied  to  the  base  of  transistor  T1A. 

io  Thus,  the  input  to  T1  A  will  determine  the  circuit  output  level  at  node  A4. 

DC  State  for  Input  =  UP  Level. 

When  the  input  level  applied  to  transistor  T1A  is  an  up  level,  i.e.  1.35v,  the  circuit  output,  i.e.  voltage 
75  VA4  at  node  A4,  will  be  a  DOWN  level,  i.e.  0.55v.  Since  the  input  at  the  base  of  transistor  T1A  is  1.35v,  T1A 

is  "on".  Taking  the  base-to-emitter  voltage  of  T1  A  to  have  a  value  of  0.75,  voltage  VA2  at  node  A2  is  0.6v. 
The  anti-saturation  clamp  network  comprising  resistors  R1A  and  R2A,  and  transistor  T6A  is  described  in 

U.S.  Patent  US-A-3,505,535.  This  clamp  carries  the  same  current  as  T1A  and  voltage  VA1  at  node  A1  is 
1.1v. 

20  In  this  CCG  circuit,  resistor  R3A  ~  typically  R4A  is  of  the  order  of  ten  times  as  large  as  R3A.  As  an 
example,  let  us  choose  R4A  equal  to  64,000  ohms  and  R3A  equal  to  6,400  ohms. 

Since  the  circuit  output  at  node  A4  is  a  DOWN  level,  voltage  VA4  at  node  A4  is  a  DOWN  is  0.55v.  This 
causes  the  collector  current  through  transistor  T4A  to  be  approximately  0.09u.a  (Such  a  value  results 
because  npn  transistors  of  the  type  used  herein  have  the  property  that  their  collector  current,  Ic,  drops  by 

25  approximately  half  for  every  drop  of  20mv  in  the  base-to-emitter  voltage  and  approximately  doubles  for 
every  increase  of  20mv  in  the  base-to-emitter  voltage.  For  the  transistors  used  herein,  Ic  =  100u.a  when  the 
base-to-emitter  voltage  is  approximately  0.75mv.  Thus,  when  the  base-to-emitter  voltage  drops  from  0.75mv 
to0.55mv,  Ic  drops  from  100u.a  to  approximately  0.09u.a). 

If  all  the  current  flowing  through  transistor  T4A  also  flowed  through  resistor  R4A,  the  drop  across  R4A 
30  would  be  about  0.064mv.  Thus,  voltage  VA3  at  node  A3  would  be  approximately  0.55mv.  Since  voltage  VA2 

at  node  A2  is  0.6v  and  voltage  VA3  at  node  A3  is  0.55v,  base-to-collector  diode  T3A  is  "off".  As  a  result  the 
capacitance  of  base-to-collector  diode  T3A  is  low,  being  due  to  junction  capacitance  alone,  and  has  a  value 
on  the  order  of  0.1  pf.  Since  voltage  VA3  is  about  0.55v,  transistor  T5A  is  "off".  In  addition,  Schottky  diode 
LA  is  "off"  because  voltages  VA3  and  VA4  at  nodes  A3  and  A4,  respectively,  are  approximately  equal  to 

35  0.55v. 

DC  State  for  Input  =  DOWN  level 

When  the  input  level  applied  to  transistor  T1A  is  a  DOWN  level,  i.e.  0.55v,  the  circuit  output  at  node  A4 
40  will  be  an  UP  level,  i.e.  1.35  v.  Since  the  input  at  the  base  of  transistor  T1A  is  0.55  v,  T1A  is  "off"  and  no 

current  flows  therethrough.  Thus,  voltage  VA1  at  node  A1  is  equal  to  Vcc,  i.e.  2.1  v.  Since  no  current  flows 
through  transistor  T1A,  node  A2  is  at  ground.  In  addition,  transistor  T4A  is  "on"  and  the  base-to-emitter 
voltage  thereof  is  slightly  less  than  0.75v,  i.e.  approximately  0.725v.  This  results  in  the  output  at  node  A4 
being  equal  to  1.35  v.  In  accordance  with  the  Ic  and  base  to  emitter  voltage  rule  explained  above,  the 

45  collector  current  through  transistor  T4A  is  approximately  30u.a. 
Voltage  VA3  at  node  A3  is  0.7v.  Thus  the  base-to-emitter  voltage  of  transistor  T5A  is  0.7v.  As  a  result, 

T5A  is  at  the  edge  of  conduction,  i.e.  it  is  barely  on.  This,  in  turn,  provides  that  the  current  flowing  through 
T5A  is  approximately  20u.a,  in  accordance  with  the  Ic  and  base-to-emitter  voltage  rule  explained  above. 

The  current  through  register  R4A  is  approximately  10u.a,  i.e.  (1  .35-0.7)/64,000.  A  "current  mirror"  is 
50  formed  by  R4A,  T3A  and  R3A  in  one  leg  and  T5A  in  the  other  leg.  The  base-to-collector  voltage  of  T5A 

equals  the  base-to-collector  voltage  of  T3A  plus  the  voltage  drop  across  R3A.  Since  R4A  is  much  larger 
than  R3A,  there  is  a  negligible  voltage  drop  across  R3A.  By  using  the  voltage-current  rule  discussed  above, 
if  the  voltage  drop  across  R3A  is  approximately  0.05v.,  the  current  flowing  through  T5A  is  four  to  five  times 
that  flowing  through  resistor  R4A.  This  10ua  current  flowing  through  the  base-to-collector  junction  of  T3A 

55  forward  biases  it  so  that  it  has  a  diffusion  capacitance  in  the  range  of  2-1  Opf. 
Now  let  us  examine  the  transitions  of  the  CCG  circuit  between  the  two  dc  states  we  have  just 

described. 
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DOWN  level  to  Input  =  UP  level. 

As  the  input  switches  from  a  DOWN  level  to  an  UP  level,  voltage  VA1  at  node  A1  drops  from  2.1  mv  to 
1.1  mv  and  voltage  VA2  at  node  A2  rises  from  0  to  0.6mv. 

5  Voltage  VA3  at  node  A3  rises  from  0.7v  to  0.83mv  as  a  result  of  coupling  the  voltage  rise  at  node  A2 
through  base-to-collector  diode  T3A.  Schottky  diode  LA  is  initially  "off"  since  voltage  VA3  is  initially  0.7v 
and  output  voltage  VA4  is  initially  1  .35v.  However,  voltage  VA4  drops  as  voltage  VA1  drops.  At  the  point 
that  voltage  VA4  drops  to  approximately  0.3v,  Schottky  diode  LA  turns  "on"  because  voltage  VA3  has 
climbed  to  approximately  0.83mv.  Now,  the  base-to-emitter  voltage  for  transistor  T5A  is  0.83mv.  As  a  result, 

io  and  in  accordance  with  the  above  discussed  relationship,  there  is  over  1ma  flowing  through  T5A,  i.e.  it  has 
turned  "on"  hard. 

Since  Schottky  diode  LA  is  now  "on",  as  voltage  VA4  drops,  Schottky  LA  drags  voltage  VA3  along  and 
thus  lowers  it.  As  voltage  VA3  is  dragged  lower,  in  accordance  with  the  above-discussed  rule,  the  current 
through  transistor  T5A  is  reduced  and  T5A  starts  to  turn  "off".  As  T5A  starts  to  turn  "off",  voltage  VA4 

is  slowly  rises  toward  0.55v.  As  a  result  of  the  rise  of  voltage  VA4  to  0.55v,  T3A  turns  "off"  and  further  current 
flow  occurs  through  R4A  until  T5A  is  "off".  At  this  point  the  capacitance  of  base-to-emitter  diode  T3A  has 
been  reduced  and  the  circuit  looks  like  the  DC  Input  =  UP  level  described  hereinabove. 

Transition  from  Input  =  UP  level  to  Input  =  DOWN  level. 
20 

As  the  input  switches  from  an  UP  level  to  a  DOWN  level,  voltage  VA1  at  node  A1  rises  from  1.1v 
toward  2.1  mv  and  voltage  VA2  at  node  A2  drops  from  0.6  towards  Ov.  Since  the  diffusion  capacitance  of 
transistor  T3A  was  initially  0.1  pf,  there  is  very  little  coupling  between  node  A2  and  node  A3.  Thus,  transistor 
T5A  remains  "off".  As  voltage  VA1  rises  from  1.1v  to  2.1  v,  the  output  voltage  VA4  at  node  A4  rises  from 

25  0.55v  to  1.35v  as  transistor  T4A  turns  "on"  and  draws  more  current. 
Now  we  will  describe  the  inventive  dotted  CCG  circuit  shown  in  FIG  2.  As  shown  in  FIG.  2,  there  are 

three  inputs  to  each  CCG  circuit;  T1A,  T2A,  T2AA  and  T1B,  T2B  and  T2BB,  respectively.  For  ease  of 
understanding,  and  without  loss  of  generality,  we  will  take  two  of  the  inputs  on  each  CCG  circuit  to  be  a 
DOWN  level,  i.e.  the  inputs  to  T2A,  T2AA,  T2B  and  T2BB  will  all  be  taken  to  be  a  DOWN  level.  In  this  case, 

30  the  third  input  to  each  CCG  circuit  determines  the  output  of  each  CCG  circuit.  In  addition,  for  the  sake  of 
having  a  concrete  example  with  which  to  frame  the  discussion,  and  without  loss  of  generality,  as  before  we 
will  assume  a  DOWN  level  corresponds  to  approximately  0.5v,  an  UP  level  corresponds  to  approximately 
1.35v,  and  the  power  supply  voltage,  VCC,  corresponds  to  approximately  2.1  v. 

For  the  dotted  CCG  circuits  shown  in  FIG.  2,  Table  1  indicates  the  logical  levels  of  the  inputs  and  the 
35  output,  the  operating  condition  of  cross-coupled  Schottky  diodes  D1A  and  D1B,  and  the  capacitances  CDA 

and  CDB  of  base-to-collector  diodes  T3A  and  T3B,  respectively.  In  Table  1,  IN1A  and  IN1B  are  inputs  to 
transistors  T1A  and  T1B  of  CCG  circuits  A  and  B,  respectively.  D1A  and  D1B  are  cross-coupled  Schottky 
diodes  from  CCG  circuit  B  to  A  and  vice  versa,  respectively;  CDA  and  CDB  are  the  capacitances  of  base- 
to-collector  diodes  T3A  and  T3B  of  CCG  circuits  A  and  B,  respectively;  and  OUT  is  the  "dotted  or"  output 

40  of  the  inventive  circuit. 

TABLE  1 

STATE  IN1A  IN1B  DIA  DIB  CDA  CDB  OUT 

(a)  DOWN  DOWN  ON  ON  0.1  pf  0.1  pf  UP 
(b)  DOWN  UP  ON  OFF  5pf  0.1  pf  UP 
(c)  UP  DOWN  OFF  ON  0.1  pf  5pf  UP 
(d)  UP  UP  OFF  OFF  0.1  pf  0.1  pf  DOWN 

50 

As  will  be  explained  hereinbelow,  the  dotting  of  CCG  circuits  without  cross-coupled  Schottky  diodes 
produces  high  current  flows  during  the  following  transitions:  the  transition  from  state  (a)  where 
IN1A  =  DOWN  and  IN1B  =  DOWN  to  state  (b)  where  IN1A  =  DOWN  and  IN1B  =  UP;  and  the  transition  from 
state  (a)  where  IN1A=DOWN  and  IN1B  =  DOWN  to  state  (c)  where  IN1A=UP  and  IN1B  =  DOWN.  Note  that 
these  two  transitions  occur  from  an  initial  state  which  has  DOWN  level  inputs,  one  to  each  circuit,  to  a  final 
state  where  one  of  the  DOWN  level  inputs  has  changed  to  an  UP  level. 

We  will  fist  describe  the  problem  that  occurs  when  CCG  circuits,  like  that  shown  in  FIG.  1,  are  merely 
dotted,  i.e.  the  output  nodes  connected,  without  the  cross-coupled  Schottky  diodes  of  the  present  invention. 
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Assume  the  following:  IN1A  and  IN1B  are  initially  0.55v,  i.e.  in  a  DOWN  level  and  then  IN1A  goes  to  1.35v, 
i.e.  a  transition  to  an  UP  level.  These  conditions  correspond  to  a  transition  from  state  (a)  to  state  (c)  of 
Table  1  . 

In  accordance  with  the  previous  discussion  of  the  CCG  circuit,  when  IN1A  and  IN1B  are  DOWN, 
5  transistors  T1A  and  T1B  are  both  "off"  and  voltages  VA1  and  VB1  at  nodes  A1  and  B1,  respectively,  are 

Vcc  or  2.1v.  When  IN1A  is  switched  to  an  up  level,  transistor  T1A  turns  "on"  and  voltage  VA1  drops  from 
2.1  v  to  1.1v,  as  explained  hereinabove.  As  a  result,  transistor  T4A  turns  "off". 

Voltage  VA2  at  node  A2  rises  as  the  result  of  being  the  output  of  the  emitter  follower  formed  by 
transistor  T1A.  As  explained  above,  CDA,  the  capacitance  of  base-to-collector  diode  T3A  has  a  value  of 

io  approximately  5pf  in  order  to  couple  voltage  VA2  at  node  A2  to  the  input  of  active  pull-down  transistor  T5A. 
Thus,  as  voltage  VA2  rises,  voltage  VA3  at  node  A3  rises  from  0.7v  to  0.83v  due  to  the  coupling  provided 
by  the  capacitance  CDA  of  base-to-collector  diode  T3A.  In  turn,  as  voltage  VA3  at  node  A3  rises,  transistor 
T5A  is  turned  "on"  hard  and  a  substantial  amount  of  current  flows  through  T5A.  Note  that  Schottky  LA  does 
not  conduct  current  and  thereby  lower  voltage  VA3  at  node  A3  because  voltage  VA4  is  higher  than  the 

is  0.83v  of  voltage  VA3.  Voltage  VA4  is  higher  than  0.83  because  the  output  is  high  and,  as  a  result,  Schottky 
diode  LA  is  "off". 

The  increased  current  drawn  by  transistor  T5A  is  supplied  by  transistor  T4B  in  CCG  circuit  B.  Since 
T5A  is  turned  "on"  hard  and  draws  a  large  current,  a  correspondingly  large  current  flows  through  T4B.  As  a 
result,  since  voltage  VB3  at  node  B3  is  2.1  v  because  transistor  T1B  is  "off",  the  base-to-emitter  voltage  for 

20  transistor  T4B  must  increase  in  order  for  T4B  to  supply  the  increased  current  for  T5A.  As  a  result  of  the 
increase  in  the  base-to-emitter  voltage  for  T4B,  the  dotted  output  voltage  decreases.- 

The  final  result  is  that  a  large  current  flows  through  the  circuit  and  the  output  voltage  of  the  circuit 
decreases,  even  though,  as  an  examination  of  the  OUT  column  of  Table  1  shows,  the  circuit  output  voltage 
should  remain  steady  at  1.35v,  i.e.  an  UP  level  or  a  logical  "1".  The  same  problem  occurs  for  the  transition 

25  from  state  (a)  to  state  (b)  for  the  same  reasons  just  discussed  for  the  transition  from  state  (a)  to  state  (c). 
In  essence,  the  problem  is  caused  by  the  fact  that  the  capacitance  of  either  base-to-collector  diode  T3A 

or  T3B  has  a  large  value  when  the  transition  between  these  states  occurs.  This  capacitance  couples  to  the 
respective  active  pull-down  transistor  T5A  or  T5B  and  turns  it  "on"  hard. 

The  above-described  problem  is  alleviated  by  the  inventive  circuit  shown  in  FIG.  2.  Cross-coupled 
30  Schottky  diodes  D1A  and  D1B  provide  a  discharge  path  for  charge  stored  within  base-to-collector  diodes 

T3B  and  T3A,  respectively,  whenever  that  diode  is  nonconducting. 
In  state  (a)  of  Table  1,  both  Schottky  diodes  LA  and  LB  are  "on"  and  conducting.  This  reduces  the 

capacitances  CDA  and  CDB  of  base-to-collector  diodes  T3A  and  T3B,  respectively,  to  low  values,  for 
example  0.1  pf  as  shown  in  Table  1.  Schottky  diodes  LA  and  LB  are  "on"  because  of  the  following  reasons. 

35  IN1A  and  IN1B  are  both  at  a  DOWN  level,  i.e.,  0.55v.  As  a  result  transistors  T1A  and  T1B  are  "off"  and 
voltages  VA2  and  VB2  at  nodes  A2  and  B2,  respectively  are  at  ground.  Output  voltage  VA4  at  node  A4  is 
1.35v  and  approximately  10  ua  of  current  flows  at  node  A4.  Transistor  75A  is  "off".  Thus,  approximately 
10ua  will  flow  through  resistor  R4A  and  from  there  through  Schottky  D1B.  This  will  cause  Schottky  D1B  to 
raise  voltage  VA3  of  node  A3  to  approximately  0.55v.  Thus  transistors  T3A  and  T3B  will  have  their  base-to- 

40  collector  voltage  below  conduction.  As  a  result,  capacitances  CDA  and  CDB  will  be  small. 
Now  we  will  describe  the  circuit  operation  during  the  transition  where  IN1A  goes  from  a  DOWN  to  an 

UP  level,  i.e.  from  0.55  V  to  1.35  v.  Voltage  VA1  at  node  A1  level,  i.e.  from  0.55v  to  1.35v.  Voltage  VA1  at 
node  A1  goes  down  from  2.1  v  toward  1.1  v.  As  before,  this  drop  in  voltage  suffices  to  turn  transistor  T4A 
"off".  Voltage  VA2  at  node  A2  rises  to  approximately  0.6v  as  transistor  T1A  turns  "on"  and  draws  current. 

45  This  rise  in  voltage  VA2  suffices  to  turn  Schottky  diode  D1A  off.  This  rise  in  voltage  VA2  suffices  to  turn 
Schottky  diode  D1A  off.  Voltage  VA3  at  node  A3  is  0.55v  because  Schottky  diode  D1B  is  on.  Capacitance 
CDA  is  0.1  pf  and  this  is  insufficient  to  substantially  couple  the  rise  in  voltage  VA2  at  node  A2  to  the  base  of 
active  pull-down  transistor  T5A.  Thus,  T5A  remains  "off". 

Voltage  VB1  at  node  B1  is  2.1  v  since  transistor  T1B  is  "off".  As  a  result,  Transistor  T4B  is  "on"  and  the 
50  base-to-emitter  voltage  of  T4B  is  0.75v.  Thus,  the  output  voltage  VB4  at  node  B4  is  approximately  1  .35v, 

i.e.  the  output  remains  at  an  UP  level  or  a  logical  "1  "  state. 
Transistor  T5B  was  initially  "off".  Hence,  the  current  flowing  through  T4B  flows  through  resistor  R4B, 

then  through  base-to-collector  diode  T3B,  and  finally  through  resistor  R3B  to  ground.  This  current  flow 
raises  voltage  VB3  at  node  B3  from  0.55v  to  0.7v.  In  so  doing,  active  pull-down  transistor  T5B  is  brought  to 

55  the  edge  of  conduction  and  the  capacitance  CDB  rises  to  5pf. 
The  circuit  operation  during  the  transition  from  state  (a)  to  state  (b)  is  the  same  as  has  been  explained 

above  and  results  in  the  configuration  delineated  in  Table  1  . 
In  state  (b),  voltage  VA1  at  node  A1  is  2.1  v  since  the  input  at  transistor  T1A  is  0.55v,  i.e.  a  DOWN  level. 

6 



EP  0  235  507  B1 

T1  A  is  therefore  "off"  and  T4A  is  "on". 
Transistor  T1B  is  "on"  because  input  IN1B  is  1.35v,  i.e.  an  UP  level.  In  this  case,  voltage  VB1  at  node 

B1  is  1.1v  and  transistor  T4B  is  "off".  Voltage  VB2  at  node  B2  is  approximately  0.6v  since  the  base-to- 
emitter  voltage  for  transistor  T1A  is  0.75v. 

5  Transistor  T5A  is  at  the  edge  of  conduction  and  voltage  VA3  at  node  A3  is  0.7v.  Thus  Schottky  diode 
D1B  is  off.  As  a  result,  the  charge  cannot  be  drained  from  base-to-collector  diode  T3A  and  capacitance 
CDA  has  a  value  of  5pf. 

However,  voltage  VA2  is  at  ground  since  transistor  T1A  is  "off".  Voltage  VB3  at  node  B3  is 
approximately  0.55v  and  Schottky  diode  D1A  is  "on",  therefore  the  charge  is  drained  from  base-to-collector 

io  diode  T3B  and  capacitance  CDB  has  the  small  value  of  0.1  pf. 
Now  we  will  describe  the  circuit  operation  during  the  transition  from  state  (b)  to  state  (d).  Input  IN1A  to 

T1A  rises  to  1.35v.,  i.e.  the  transition  to  an  UP  level  and  voltage  VA1  at  node  A1  drops  from  2.1  v  toward 
1.1v.  Voltage  VA2  at  node  A2  rises  from  ground  to  approximately  0.6v  and  is  coupled  through  the 
capacitance  cda  of  base-to-collector  diode  T3A  to  node  A3.  As  a  result,  voltage  VA3  rises  from  0.7  to  0.83v. 

is  The  rise  in  voltage  VA2  at  node  A2  shuts  off  Schottky  D1A.  Current  starts  flowing  through  transistor  T5A 
which  is  desirable  since  the  objective  is  to  switch  the  output  rapidly  from  1.35v  to  0.55v.  The  dotted 
configuration  performs  in  its  intended  manner,  similar  to  a  single  CCG  circuit. 

In  the  case  that  both  inputs  IN1A  and  IN1B  are  switched  to  an  UP  level  simultaneously,  capacitances 
CDA  and  CDB  both  have  low  values.  Therefore,  both  active  pull-down  transistors,  T5A  and  T5B,  are  turned 

20  "on"  lightly  and  the  circuit  does  not  react  as  quickly  as  it  does  for  the  transitions  from  state  (b)  to  state  (d) 
and  from  state  (c)  to  state  (d). 

A  latch  circuit  comprising  dotted  CCG  circuits  in  which  can  be  embodied  the  coupling  diods  and  the 
discharging  schottky  diods  according  to  the  present  invention  is  shown  in  FIG.  3.  The  latch  functions  so 
that,  in  conjunction  with  appropriate  clock  signals  the  DATA  IN  signal  applied  to  CCG1  is  stored  in  the  latch. 

25  This  means  that  1)  when  DATA  IN  is  applied  to  CCG1,  the  latch  output,  i.e.  OUTPUT,  is  equal  to  DATA  IN 
and  2)  that  if  DATA  IN  is  removed  from  CCG1,  CCG2  will  operate  so  that  OUTPUT  remains  equal  to  the 
applied  value  of  DATA  IN.  Thus,  the  latch  operates,  in  conjunction  with  appropriate  clock  signals,  so  that 
DATA  IN  is  "stored"  in  the  circuit  combination  comprising  CCG2  and  CCG3. 

The  nomenclature  used  in  FIG.  3  is  such  that  -C  clock  is  a  down  going  clock  signal,  i.e.  it  goes  from  a 
30  "1  "  to  a  "0"  and  then,  after  an  interval,  back  to  a  "1  ". 

We  will  now  discuss  the  two  latch  input  operations:  1)  write  a  "1"  into  the  latch  and  2)  write  a  "0"  into 
the  latch.  First  note  that  CCG3  in  FIG.  3  acts  as  an  inverter,  i.e.  OUTPUT  is  merely  the  complement  of  the 
dotted  output  of  CCG1  and  CCG2,  Vdot. 

35  Write  "1  " 

When  -C  clock  is  applied  to  CCG1,  the  -C  clock  input  goes  to  a  "0".  As  a  result  the  output  of  CCG1  is 
the  complement  of  DATA  IN.  Since  we  are  writing  a  "1  ",  DATA  IN  goes  to  a  "1  ". 
As  a  result,  in  accordance  with  the  above-described  operation  of  CCG  circuits,  T2A  is  "on"  and  voltage  VA2 

40  is  higher  than  ground.  Thus,  Schottky  diode  D1A  is  "off"  and  base-to-collector  diode  T3B  has  a  capacitance 
of  approximately  5pf. 

At  CCG2,  +C  clock  goes  to  a  "1"  when  -C  goes  to  a  "0".  (This  operation  assumes  that  the  -C  clock 
goes  to  a  "0"  before  the  +C  clock  goes  to  a  "1").  Therefore,  the  high  diffusion  capacitance  of  base-to- 
collector  diode  T3B  causes  Vdot  to  switch  rapidly  to  a  "0"  state  in  accordance  with  the  normal  behavior  of 

45  a  CCG  circuit.  Now  we  examine  the  '"store"  of  the  "1  "  in  CCG2.  OUTPUT,  which  equals  "1  ",  is  fed  back  to 
transistor  T2B  of  CCG2.  -C  clock  goes  back  to  a  "1"  and  +C  clock  goes  to  a  "0".  (This  operation  assumes 
that  the  -C  clock  is  now  a  "1"  after  the  +C  clock  goes  to  a  "0").  Thus,  the  output  of  CCG2  is  determined 
by  the  input  to  T2B,  which,  in  this  case,  is  a  "1  ".  Also  since  -C  clock  is  now  a  "1  ",  the  output  of  CCG1  is 
not  dependent  on  DATA  IN.  In  this  manner,  the  "1  "  was  written  into  the  latch  because  DATA  IN  may  be 

50  removed  and  the  latch  output  will  remain  "1  ". 

Write  "0" 

When  -C  clock  is  applied  to  CCG1,  the  -C  clock  goes  to  a  "0".  As  a  result  the  output  of  CCG1  is  the 
55  complement  of  DATA  IN.  Since  we  are  writing  a  "0",  DATA  IN  goes  to  a  "0".  As  a  result,  in  accordance 

with  the  above-described  operation  of  CCG  circuits,  T2A  goes  "off"  and  voltage  VA2  goes  down  towards 
ground.  This  turns  Schottky  diode  D1A  "on"  and  discharges  the  diffusion  capacitance  of  base-to-collector 
diode  T3B.  As  a  result  the  capacitance  may  have  a  value  in  the  range  of  0.1  pf.  Therefore,  when  the  +C 
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clock  goes  to  a  "1  ",  Vdot  stays  a  "1  "  and  the  large  current  condition  caused  by  transiently  turning  on  pull- 
down  transistor  T5B  is  avoided  because  Schottky  diode  D1A  is  "on".  (This  operation  assumes  that  the  -C 
clock  goes  to  a  "0"  before  the  +  C  clock  goes  to  a  "1  ")  Also,  Vdot  is  "1  "  because  DATA  IN  is  "0"  and  as  a 
result,  OUTPUT  is  a  "0". 

5  Now  we  examine  the  "store"  of  the  "0"  in  CCG2.  OUTPUT,  which  equals  "0",  is  fed  back  to  transistor 
T3B  of  CCG2.  -C  clock  goes  back  to  a  "1"  and  +C  clock  goes  to  a  "0".  (This  operation  assumes  that  the 
-C  clock  goes  to  a  "1"  after  the  +C  clock  goes  to  a  "0".  Thus,  the  output  of  CCG2  is  determined  by  the 
input  to  T2B,  which,  in  this  case,  is  a  "0".  Also  since  -C  clock  is  now  a  "1  ",  the  output  of  CCG1  is  not 
dependent  on  DATA  IN.  In  this  manner,  the  "0"  was  written  into  the  latch  because  DATA  IN  may  be 

io  removed  and  the  latch  output  will  remain  "0". 

Claims 

1.  A  current  controlled  gate  (CCG)  logic  circuit  which  comprises: 
is  at  least  a  first  (A)  and  a  second  (B)  CCG  circuit,  each  comprising  an  input  section  which  includes  at 

least  one  input  transistor  (T1),  an  output  section,  and  a  coupling  diode  (T3)  for  coupling  the  input 
section  to  the  output  section,  said  coupling  diode  having  a  capacitance  (CD),  and 
a  first  and  a  second  discharging  Schottky  diodes  (D1A,  D1B),  the  first  Schottky  diode  (D1A)  being 
connected  at  one  end  to  the  coupling  diode  (T3A)  of  the  first  CCG  circuit  and  at  the  other  end  to  the 

20  emitter  of  the  at  least  one  input  transistor  (T1  B)  of  the  second  CCG  circuit  (B),  the  second  Schottky 
diode  (D1  B)  being  connected  at  one  end  to  the  coupling  diode  (T3B)  of  the  second  CCG  circuit  and  at 
the  other  end  to  the  emitter  of  the  at  least  one  input  transistor  (T1A)  of  the  first  CCG  circuit,  whereby 
the  CCG  logic  circuit  performs  the  dotted  OR  logic  function. 

25  2.  A  current  controlled  gate  (CCG)  logic  circuit  which  comprises: 
at  least  one  first  CCG  circuit  (CCG1)  comprising  an  input  section  which  includes  at  least  two  input 
transistors  (T2A)  and  an  output  section, 
a  second  CCG  circuit  (CCG2)  comprising  an  input  section  which  includes  at  least  two  inputs,  an  output 
section  and  a  coupling  diode  (T3B)  for  coupling  the  input  section  to  the  output  section  ,  the  coupling 

30  diode  having  a  capacitance,  the  output  sections  of  the  CCG  circuits  being  dot  ORed  to  provide  a  first 
output, 
the  first  output  being  input  to  an  inverter  (CCG3)  to  provide  a  second  output  (OUT),  the  second  output 
being  connected  to  one  of  at  least  two  inputs  of  the  second  CCG  circuit,  and 
a  discharging  Schottky  diode  (D1A)  being  connected  at  one  end  to  the  coupling  diode  (T3B)  of  the 

35  second  CCG  circuit  (CCG2)  and  at  the  other  end  to  the  emitter  of  one  of  the  at  least  two  input 
transistors  (T2A)  of  the  at  least  one  first  CCG  circuit  (CCG1),  whereby  the  CCG  logic  circuit  performs  a 
latch  function. 

3.  A  current  controlled  gate  logic  circuit  in  accordance  with  claim  1  or  2  wherein  the  diode  is  the  base-to- 
40  collector  junction  of  a  transistor  (T3A;  T3B)  which  has  its  base  and  emitter  short-circuited. 

4.  A  current  controlled  gate  logic  circuit  in  accordance  with  claim  2  or  3  wherein  the  inverter  is  a  CCG 
circuit. 

45  Revendications 

1.  Circuit  logique  a  portes  a  courant  controle  (CCG)  qui  comprend  : 
au  moins  un  premier  (A)  et  un  second  (B)  circuits  CCG,  chacun  comprenant  une  section  d'entree 

qui  comprend  au  moins  un  transistor  d'entree  (T1),  une  section  de  sortie  et  une  diode  de  couplage  (T3) 
50  pour  coupler  la  section  d'entree  a  la  section  de  sortie,  ladite  diode  de  couplage  ayant  une  capacite 

(CD),  et 
une  premiere  et  une  seconde  diodes  Schottky  de  decharge  (D1A,  D1B),  la  premiere  diode 

Schottky  (D1A)  etant  connectee  a  une  extremite  a  la  diode  de  couplage  (T3A)  du  premier  circuit  CCG 
et  a  I'autre  extremite  a  I'emetteur  du  transistor  d'au  moins  un  transistor  d'entree  (T1B)  du  second 

55  circuit  CCG  (B),  la  seconde  diode  Schottky  (D1B)  etant  connectee  a  une  extremite  a  la  diode  de 
couplage  (T3B)  du  second  circuit  CCG  et  a  I'autre  extremite  a  I'emetteur  d'au  moins  un  transistor 
d'entree  (T1A)  du  premier  circuit  CCG,  si  bien  que  le  circuit  logique  CCG  rempli  la  fonction  logique  de 
OU  cable. 
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2.  Circuit  logique  a  portes  a  courant  controle  (CCG)  qui  comprend  : 
au  moins  un  premier  circuit  CCG  (CCG1)  comprenant  une  section  d'entree  qui  comprend  au  moins 

deux  transistors  d'entree  (T2A)  et  une  section  de  sortie, 
un  second  circuit  CCG  (CCG2)  comprenant  une  section  d'entree  qui  comporte  au  moins  deux 

5  entrees,  une  section  de  sortie  et  une  diode  de  couplage  (T3B)  pour  coupler  la  section  d'entree  a  la 
section  de  sortie,  la  diode  de  couplage  ayant  une  capacite,  les  sections  de  sortie  des  circuits  CCG 
etant  en  ou  cable  pour  delivrer  une  premiere  sortie, 

la  premiere  sortie  etant  appliquee  a  un  inverseur  (CCG3)  pour  delivrer  une  seconde  sortie  (OUT)  la 
seconde  sortie  etant  connectee  a  I'une  au  moins  de  deux  entrees  du  second  circuit  CCG,  et 

io  une  diode  Schottky  de  decharge  (D1A)  etant  connectee  a  une  extremite  a  la  diode  de  couplage 
(T3B)  du  second  circuit  CCG  (CCG2)  et  a  I'autre  extremite  a  I'emetteur  de  I'un  des  au  moins  deux 
transistors  d'entree  (T2A)  du  au  moins  premier  circuit  CCG  (CCG1)  si  bien  que  le  circuit  CCG1  remplit 
la  fonction  de  bascule. 

is  3.  Circuit  logique  a  portes  a  courant  controle  selon  la  revendication  1  ou  2,  dans  lequel  la  diode  est  la 
jonction  base/collecteur  d'un  transistor  (T3A  ;  T3)  dont  la  base  et  I'emetteur  sont  court-circuites. 

4.  Circuit  logique  a  portes  a  courant  controle  selon  la  revendication  2  ou  3,  dans  lequel  I'inverseur  est  un 
circuit  CCG. 

20 
Patentanspruche 

1.  Logische  Schaltung  mit  stromgesteuerten  Toren  (CCG),  die  folgendes  aufweist: 
zumindest  eine  erste  (A)  und  eine  zweite  (B)  CCG-Schaltung,  wobei  jede  folgendes  besitzt:  einen 

25  Eingangsteil,  der  zumindest  einen  Eingangstransistor  (T1)  aufweist,  einen  Ausgangsteil  und  eine 
Koppeldiode  (T3),  urn  den  Eingangsteil  an  den  Ausgangsteil  zu  koppeln,  wobei  die  Koppeldiode  eine 
Kapazitat  (CD)  aufweist  und 
eine  erste  und  eine  zweite  Schottky-Diode  (D1A,  D1B)  zum  Entladen,  wobei  die  erste  Schottky-Diode 
(D1A)  an  einem  Ende  mit  der  Koppeldiode  (T3A)  der  ersten  CCG-Schaltung  und  an  dem  anderen  Ende 

30  mit  dem  Emitter  des  zumindest  einen  Eingangstransistors  (T1B)  der  zweiten  CCG-Schaltung  (B) 
verbunden  ist  und  die  zweite  Schottky-Diode  (D1B)  an  einem  Ende  mit  der  Koppeldiode  (T3B)  der 
zweiten  CCG-Schaltung  und  an  dem  anderen  Ende  mit  dem  Emitter  des  zumindest  einen  Eingangs- 
transistors  (T1A)  der  ersten  CCG-Schaltung  verbunden  ist,  wodurch  die  logische  CCG-Schaltung  die 
logische  Funktion  eines  verdrahteten  ODER-Gliedes  durchfuhrt. 

35 
2.  Logische  Schaltung  mit  stromgesteuerten  Toren  (CCG),  die  folgendes  aufweist: 

zumindest  eine  erste  CCG-Schaltung  (CCG1),  die  einen  Eingangsteil  mit  zumindest  zwei  Eingangstran- 
sistoren  (T2A)  und  einen  Ausgangsteil  besitzt, 
eine  zweite  CCG-Schaltung  (CCG2),  die  folgendes  besitzt:  einen  Eingangsteil  mit  zumindest  zwei 

40  Eingangen,  einen  Ausgangsteil  und  eine  Koppeldiode  (T3B),  urn  den  Eingangsteil  mit  dem  Ausgangs- 
teil  zu  koppeln,  wobei  die  Koppeldiode  eine  Kapazitat  aufweist  und  die  Ausgangsteile  der  CCG- 
Schaltungen  der  Bildung  eines  verdrahteten  ODER-s  unterworfen  sind,  urn  einen  ersten  Ausgang  zu 
liefern, 
der  erste  Ausgang  einem  Inverter  (CCG3)  eingegeben  ist,  urn  einen  zweiten  Ausgang  (OUT)  zu  liefern 

45  und  der  zweite  Ausgang  mit  einem  der  zumindest  zwei  Eingange  der  zweiten  CCG-Schaltung 
verbunden  ist  und 
eine  Schottky-Diode  (D1A)  zum  Entladen  an  einem  Ende  mit  der  Koppeldiode  (T3B)  der  zweiten  CCG- 
Schaltung  (CCG2)  und  an  dem  anderen  Ende  mit  dem  Emitter  des  einen  der  zumindest  zwei 
Eingangstransistoren  (T2A)  der  zumindest  einen  ersten  CCG-Schaltung  (CCG1)  verbunden  ist,  wodurch 

50  die  logische  CCG-Schaltung  eine  Latch-Funktion  durchfuhrt. 

3.  Logische  Schaltung  mit  stromgesteuerten  Toren  nach  Anspruch  1  oder  2,  bei  welcher  die  Diode  der 
Basis-Kollektor-Ubergang  eines  Transistors  (T3A;  T3B)  ist,  dessen  Basis  und  Emitter  kurzgeschlossen 
sind. 

55 
4.  Logische  Schaltung  mit  stromgesteuerten  Toren  nach  Anspruch  2  oder  3,  bei  welcher  der  Inverter  eine 

CCG-Schaltung  ist. 
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CCG  CIRCUIT  A 

CCG  CIRCUIT  B 

CURRENT  CONTROLLED  GATE  CIRCUIT  (CCG) 

F I G .   2  
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