
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number  :  0  5 9 6   637   A 1  

EUROPEAN  PATENT  A P P L I C A T I O N  

©  Application  number  :  93308503.7 

@  Date  of  filing  :  26.10.93 

©  int.  ci.5:  H03K  19/003,  H03K  17 /16  

©  Priority:  02.11.92  US  970266 

@  Date  of  publication  of  application 
11.05.94  Bulletin  94/19 

@  Designated  Contracting  States  : 
DE  FR  GB  IT 

©  Applicant  :  SGS-THOMSON 
MICROELECTRONICS,  INC. 
1310  Electronics  Drive 
Carrollton  Texas  75006  (US) 

©  Inventor  :  McClure,  David  Charles 
3701  Elizabeth,  Carrollton 
Denton  County,  Texas  75007  (US) 

©  Representative  :  Palmer,  Roger  et  al 
PAGE,  WHITE  &  FARRER  54  Doughty  Street 
London  WC1N  2LS  (GB) 

LU 

©  Input  buffer  circuit. 

©  The  present  invention  provides  an  input  buf- 
fer  circuit  for  reducing  false  transitions  within  a 
circuit.  The  input  buffer  circuit  includes  an 
input  pad  (10)  for  receiving  an  input  voltage,  an 
input  buffer  having  an  input  and  a  circuit  (12,14) 
for  modifying  a  voltage  (Vin)  entering  the  input 
buffer  to  track  changes  in  a  power  supply  volt- 
age  (Vcc)  relative  to  a  voltage  at  the  input  pad 
(10).  The  circuit  is  connected  in  series  between 
the  input  pad  and  the  input  the  input  buffer. 
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The  present  invention  relates  generally  to  the 
field  of  integrated  circuits  and  in  particular  to  a  circuit 
for  reducing  the  effects  of  noise  in  an  integrated  chip. 
Still  more  particularly,  the  present  invention  is  direct- 
ed  towards  a  circuit  for  reducing  false  transitions  in  an 
input  buffer  on  an  integrated  chip. 

Inductance  and  current  transients  can  cause  sig- 
nificant  power  supply  bounce  within  circuits  on  an  in- 
tegrated  chip.  Simulations  of  integrated  circuits  have 
demonstrated  that  positive  supply  voltages,  Vcc,  are 
strongly  coupled  to  ground  voltages,  Vss.  Simulations 
also  demonstrate  that  these  voltages  tend  to  remain 
in  phase  with  each  other.  The  magnitude  of  the  Vcc 
and  Vss  bounce,  although  coupled  to  each  other,  can 
be  quite  extreme.  Although  this  type  of  noise  is  typi- 
cally  undesirable,  circuitry  within  an  integrated  circuit 
can  function  as  long  as  the  difference  between  Vcc 
and  Vss  remains  relatively  constant.  Such  functioning 
is  possible  since  both  Vcc  and  Vss  remain  more  or 
less  in  phase  with  each  other. 

On  the  other  hand,  problems  may  occur  at  the  in- 
puts  to  an  integrated  circuit.  The  input  voltages  pre- 
sented  to  the  integrated  circuit  may  be  voltages  that 
are  independent  from  the  supply  voltage  noise  within 
the  integrated  circuit.  The  fluctuations  of  the  input  vol- 
tages  may  not  match  those  of  the  power  supply  vol- 
tages.  Consequently,  the  integrated  chip  may  func- 
tion  improperly. 

Figure  1  depicts  a  graph  of  signals  resulting  from 
the  above  described  conditions.  Basically,  Figure  1  il- 
lustrates  false  transitions  in  the  output,  Vout,  of  an  in- 
put  buffer  due  to  fluctuations  between  supply  voltag- 
es,  Vcc  and  Vss,  and  an  input  voltage,  Vin,  that  do  not 
track  each  other.  The  magnitude  of  power  supply  vol- 
tages,  Vcc  and  Vss,  that  power  the  input  buffer  both 
fluctuate,  or  bounce,  in  a  similar  manner.  As  a  result 
the  difference  between  Vcc  and  Vss  remains  fairly 
constant.  Vin  is  the  signal  entering  an  input  buffer 
from  the  input  pad  and  is  equivalent  to  a  logic  high. 
Normally,  when  Vin  is  a  logic  high,  Vout,  the  signal  out 
of  the  input  buffer,  is  low.  Vin,  as  illustrated  in  Figure 
1  ,  however,  does  not  fluctuate  or  bounce  in  a  manner 
that  tracks  Vcc  and  Vss.  As  a  result,  the  difference 
between  Vin  and  Vss  changes  as  may  be  seen  from 
Figure  1. 

As  can  be  seen,  the  differences  between  Vin  and 
Vss  may  lessen  to  about  delta  2,  delta  4,  and  delta  6. 
These  differences  between  Vin  and  Vss  cause  the  in- 
put  buffer,  which  may  be  an  inverter,  to  interpret  Vin 
as  a  logic  low.  In  turn,  Vout  transitions  to  a  high  signal 
until  the  difference  between  Vin  and  Vss  becomes 
great  enough  to  cause  the  input  buffer  to  interpret  the 
signal  as  a  high  logic  signal  and  output  a  low  signal. 
Vin  in  actuality  also  would  fluctuate  due  to  noise  from 
a  source  separate  from  the  supply  voltages.  A  con- 
stant  Vin  is  depicted  in  order  to  clearly  illustrate  the 
problem  of  false  transitions.  In  addition,  Vout  does  not 
change  as  sharply  during  false  transitions  as  illustrat- 

ed  in  Figure  1.  In  actuality,  Vout  would  show  a  gradual 
transition. 

These  false  transitions  are  undesirable  since 
they  may  be  interpreted  as  data  changes,  causing  in- 

5  correct  chip  operations.  As  a  result,  it  would  be  desir- 
able  to  have  a  circuit  system  to  compensate  for  supply 
bounce  to  reduce  occurrences  of  false  transactions. 

The  present  invention  is  an  input  buffer  circuit  for 
reducing  false  transitions  within  a  circuit.  The  input 

10  buffer  circuit  includes  an  input  pad  for  receiving  an  in- 
put  voltage,  an  input  buffer,  and  a  circuit  for  modifying 
a  voltage  entering  the  input  buffer  to  track  changes  in 
a  power  supply  voltage  relative  to  a  voltage  at  the  in- 
put  pad.  The  circuit  is  connected  in  series  between 

15  the  input  pad  and  the  input  buffer. 
The  circuit  may  be  an  RC  network  including  a  re- 

sistor  having  one  end  connected  to  the  input  pad  and 
the  other  end  connected  to  the  input  of  the  input  buf- 
fer.  The  RC  network  also  includes  a  capacitor  having 

20  one  end  connected  to  the  second  end  of  the  resistor 
and  the  other  end  connected  to  a  power  supply  in  ac- 
cordance  with  a  preferred  embodiment  of  the  present 
invention. 

The  novel  features  believed  characteristic  of  the 
25  invention  are  setforth  in  the  appended  claims.  The  in- 

vention  itself  however,  as  well  as  a  preferred  mode  of 
use,  and  further  objects  and  advantages  thereof,  will 
best  be  understood  by  reference  to  the  following  de- 
tailed  description  of  an  illustrative  embodiment  when 

30  read  in  conjunction  with  the  accompanying  drawings, 
wherein: 

Figure  1  is  a  graph  of  signals  illustrating  false 
transitions  in  the  output  of  an  input  buffer  due  to 
fluctuations  between  supply  voltages  and  an  in- 

35  put  voltage  that  do  not  track  each  other; 
Figure  2  is  a  schematic  diagram  of  an  input  buffer 
circuit  for  prevent  false  transitions  within  an  inte- 
grated  circuit  in  accordance  with  a  preferred  em- 
bodiment  of  the  present  invention; 

40  Figure  3  is  a  diagram  of  a  layout  for  an  input  buf- 
fer  circuit  of  the  present  invention;  and 
Figure  4  is  a  graph  of  signals  illustrating  the  lack 
of  false  transitions  during  the  operation  of  an  in- 
put  buffer  circuit  of  the  present  invention. 

45  The  present  invention  provides  an  input  buffer  cir- 
cuit  that  causes  the  input  signal  into  the  input  buffer 
to  more  or  less  track  the  bounce  of  supply  voltages, 
Vcc  and  Vss,  to  avoid  false  transitions  within  the  in- 
tegrated  circuit.  In  other  words,  the  present  invention 

so  providesacircuittocauseorforcetheinputsignal  into 
the  input  buffer  to  fluctuate  in  a  manner  that  more 
closely  tracks  the  supply  voltage  fluctuations.  The  cir- 
cuit  of  the  present  invention  achieves  this  result  by 
providing  a  decoupling  mechanism  between  the  input 

55  signal  and  the  input  buffer  and  a  coupling  mechanism 
between  the  input  buffer  and  Vss  or  Vcc. 

Figure  2  is  a  schematic  diagram  of  an  input  buffer 
circuit  for  reducing  false  transitions  within  an  integrat- 
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ed  circuit.  Input  pad  10  is  connected  to  one  end  of  re- 
sistor  12,  while  the  otherend  of  resistor  12  is  connect- 
ed  to  node  N.  Capacitor  14  is  also  connected  to  node 
N.  The  other  end  of  capacitor  14  is  connected  to  the 
ground  supply  voltage,  Vss,  in  accordance  with  a  pre- 
ferred  embodiment  of  the  present  invention.  Depend- 
ing  on  the  application  capacitor  14  may  be  connected 
to  some  other  supply  voltage.  The  input  of  input  buffer 
16  also  is  connected  to  node  N.  In  accordance  with  a 
preferred  embodiment  of  the  present  invention,  input 
buffer  16  is  an  inverter. 

Resistor  12  should  be  placed  as  close  as  possible 
to  the  input  gate  of  input  buffer  16  to  maximize  the  ra- 
tio  of  capacitor  14  to  the  parasitic  capacitance  at  node 
N  in  accordance  with  a  preferred  embodiment  of  the 
present  invention.  Such  a  placement  of  resistor  12  will 
provide  for  optimal  coupling  efficiency  and  minimize 
RC  delay.  As  resistor  12  is  placed  farther  away  from 
the  input  gate  of  input  buffer  16  and  closer  to  input 
pad  10,  the  parasitic  capacitance  from  the  line  form- 
ing  the  connection  to  buffer  16  increases.  In  such  a 
situation,  the  value  of  capacitor  14  must  be  increased 
to  optimize  coupling  between  the  power  supply  vol- 
tage  and  the  input  of  input  buffer  16,  which  results  in 
increases  in  RC  delay  because  of  increased  capaci- 
tance  at  node  N  since  capacitor  14  and  parasitic  ca- 
pacitance  has  been  increased. 

Resistance  used  for  electrostatic  discharge 
(ESD)  in  a  input  pad  is  insufficient  for  decoupling  the 
voltage  at  the  input  pad  in  accordance  with  a  prefer- 
red  embodiment  of  the  present  invention  for  the  rea- 
sons  stated  above. 

Resistor  12  provides  the  decoupling  mechanism 
between  the  input  buffer  and  Vss,  while  capacitor  14 
provides  a  coupling  mechanism  between  input  buffer 
16  and  Vss  in  accordance  with  a  preferred  embodi- 
ment  of  t  he  present  invention  .  Wit  hout  resistor  1  2,  t  he 
voltage  at  node  N  would  not  significantly  fluctuate 
with  Vss  because  of  the  relatively  large  capacitance 
at  input  pad  10. 

In  accordance  with  a  preferred  embodiment  of 
the  present  invention,  an  n-channel  capacitor  is  em- 
ployed  for  capacitor  14.  An  n-channel  capacitor  is  em- 
ployed  since  ground  bounce,  the  bouncing  of  Vss,  af- 
fecting  VIH  levels  is  a  typical  problem.  A  p-channel  ca- 
pacitor  connected  to  Vcc  instead  of  Vss  may  be  used 
if  fluctuations  or  bounce  in  Vcc  is  a  concern.  Further- 
more,  both  an  n-channel  capacitor  and  a  p-channel 
capacitor  may  be  employed  to  reduce  effects  from 
Vcc  and  Vss  in  accordance  with  a  preferred  embodi- 
ment  of  the  present  invention.  Such  a  configuration, 
however,  may  increase  the  RC  delay  of  the  circuit  for 
normal  input  transitions.  Although  the  depicted  em- 
bodiment  shows  a  p-channel  or  n-channel  capacitor, 
those  skilled  in  the  art  will  realize  that  any  type  of  ca- 
pacitor  may  be  employed  in  accordance  with  a  prefer- 
red  embodiment  of  the  present  invention. 

Next,  Figure  3  depicts  a  layout  for  the  schematic 

diagram  of  the  input  buffer  circuit  of  Figure  4.  Input 
pad  20  lies  on  the  field  oxide  18  and  is  connected  to 
an  input  buffer  (not  shown)  at  point  22.  The  connec- 
tion  is  achieved  utilizing  metal  line  24.  The  resistor  is 

5  located  between  lines  26a  and  26b,  and  is  formed  us- 
ing  known  techniques.  For  example,  poly  could  be 
used  for  the  resistor  on  line  26  between  lines  26a  and 
26b  or  the  resistor  may  be  formed  by  suitably  mask- 
ing  the  region  between  lines  26a  and  26b  during  do- 

10  pant  implant  or  silicidation  of  line  26. 
The  capacitor  is  formed  over  n-diffusion  28  with 

a  section  of  poly  line  25.  Acontact30  to  n-diffusion  28 
connects  to  a  Vss  line  (not  shown)  grounding  one  ter- 
minal  of  the  capacitor.  The  capacitor  is  basically  a 

15  field  effect  transistor  with  the  drain  and  the  source 
connected  to  each  other.  The  layout  depicted  in  Fig- 
ure  3  is  for  illustrative  purposes  and  is  not  drawn  to 
scale.  Those  of  ordinary  skill  in  the  art  will  realize  that 
other  layouts,  may  be  utilized  to  construct  an  input 

20  buffer  circuit  of  the  present  invention. 
Turning  now  to  Figure  4,  a  graph  is  depicted  of 

signals  illustrating  the  operation  of  an  input  buffer  cir- 
cuit  constructed  in  accordance  with  a  preferred  em- 
bodiment  of  the  present  invention.  This  graph  results 

25  from  an  input  buffer  circuit  constructed  with  the  sche- 
matic  diagram  depicted  in  Figure  2.  In  this  graph,  Vcc 
and  Vss  fluctuate  or  bounce  in  roughly  the  same 
manner  as  illustrated  in  Figure  1.  Vnode  is  the  vol- 
tage  at  node  N,  and  fluctuates  in  a  manner  closely 

30  tracking  the  fluctuations  in  Vcc  and  Vss.  Vnode  also 
is  the  voltage  sent  into  the  input  buffer.  Consequently 
the  input  voltage  into  the  input  buffer  also  fluctuates 
in  a  manner  closely  tracking  the  fluctuations  of  Vcc 
and  Vss.  As  a  result,  false  transitions  are  not  seen  in 

35  Vout,  the  output  voltage  of  the  input  buffer.  The  pres- 
ent  invention  is  not  intended  to  adjust  the  voltage  at 
the  input  pad,  but  at  node  N. 

Consequently,  immunity  to  noise  from  the  supply 
voltages  is  increased  utilizing  an  input  buffer  circuit  in 

40  accordance  with  a  preferred  embodiment  of  the  pres- 
ent  invention.  Although  the  depicted  embodiment  em- 
ploys  an  input  buffer,  the  present  invention  may  be 
applied  to  other  types  of  buffers  by  those  skilled  in 
the  art. 

45  Another  advantage  of  the  present  invention  is 
that  the  input  buffer  circuit  may  be  operated  with  the 
outputs  switching  faster  since  noise  immunity  is  in- 
creased.  Prior  to  the  present  invention,  some  circuits 
were  speed  limited  because  of  switching  (bounce)  ef- 

50  fects.  With  the  present  invention,  this  problem  may 
be  partially  ignored.  Consequently,  a  faster  device 
with  the  same  input  levels  as  a  device  without  the  in- 
put  buffer  circuit  may  be  constructed. 

The  present  invention  may  be  implemented  in  all 
55  integrated  circuits  that  are  sensitive  to  input  levels  or 

supply  voltage  noise.  Such  integrated  circuits  include, 
for  example,  memories  such  as  DRAMs,  SRAMs, 
PROMs;  logic  chips  such  as  microprocessors;  appli- 
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cation  specific  integrated  circuits;  and  many  other  de- 
vices.  The  present  invention  may  be  utilized  in  com- 
modity  devices  or  high  speed  devices  to  improve 
speed  and/or  input  level  margins. 

An  added  advantage  of  present  invention  is  that 
the  input  buffer  circuit  requires  very  little  layout  area 
on  an  integrated  chip. 

While  the  invention  has  been  particularly  shown 
and  described  with  reference  to  a  preferred  embodi- 
ment,  it  will  be  understood  by  those  skilled  in  the  art 
that  various  changes  in  form  and  detail  may  be  made 
therein  without  departing  from  the  spirit  and  scope  of 
the  invention. 

Claims 

1  .  A  buffer  circuit  for  reducing  false  transitions  with- 
in  a  circuit,  the  buffer  circuit  comprising: 

a  pad  for  receiving  a  voltage; 
a  buffer  having  an  input;  and 
a  circuit  for  modifying  a  voltage  entering 

the  buffer  to  track  changes  in  a  power  supply  vol- 
tage  relative  to  a  voltage  at  the  pad,  the  circuit  be- 
ing  connected  in  series  between  the  pad  and  the 
buffer. 

2.  The  buffer  circuit  of  claim  1  ,  wherein  the  voltage 
modifying  circuit  is  an  RC  network  including  a  re- 
sistor  having  a  first  end  connected  to  the  pad  and 
a  second  end  connected  to  the  input  of  the  buffer 
and  a  capacitor  having  one  end  connected  to  the 
second  end  of  the  resistor  and  another  end  con- 
nected  to  a  power  supply  terminal. 

3.  The  buffer  circuit  of  claim  2,  wherein  the  capaci- 
tor  is  an  n-channel  capacitor. 

4.  The  buffer  circuit  of  claim  2,  wherein  the  RC  net- 
work  further  includes  a  second  capacitor  having 
a  first  end  connected  to  the  second  end  of  the  re- 
sistor  and  a  second  end  connected  to  a  second 
power  supply  terminal. 

5.  The  buffer  circuit  of  claim  4,  wherein  the  capaci- 
tor  is  an  n-channel  capacitor. 

6.  The  buffer  circuit  of  claim  5,  wherein  the  second 
capacitor  is  a  p-channel  capacitor. 

7.  The  buffer  circuit  of  claim  5,  wherein  the  first 
power  supply  terminal  is  connected  to  ground 
and  the  second  powersupply  terminal  is  connect- 
ed  to  Vcc. 

8.  An  input  buffer  circuit  for  reducing  false  transi- 
tions  within  a  circuit,  the  input  buffer  circuit  com- 
prising: 

an  input  pad; 
a  resistor  having  a  first  end  connected  to 

the  input  pad  and  a  second  end  connected  to  a 
node; 

5  a  capacitor  having  a  first  end  connected  to 
a  power  supply  terminal  and  a  second  end  con- 
nected  to  the  node;  and 

an  input  buffer  having  an  input  connected 
to  the  node. 

10 
9.  The  input  buffer  circuit  of  claim  8,  wherein  the  ca- 

pacitor  is  an  n-channel  capacitor. 

10.  The  input  buffer  circuit  of  claim  8,  wherein  the  ca- 
rs  pacitor  is  a  p-channel  capacitor. 

11.  The  buffer  circuit  of  claim  2  or  claim  8,  wherein 
the  power  supply  terminal  is  connected  to 
ground. 

20 
12.  The  buffer  circuit  of  claim  2  or  claim  8,  wherein 

the  power  supply  terminal  is  connected  to  Vcc. 

13.  The  buffer  circuit  of  claim  2  or  claim  8,  wherein 
25  the  resistor  is  located  closer  to  the  input  of  the 

buffer  than  to  the  pad. 

14.  The  input  buffer  circuit  of  claim  9  further  compris- 
ing  a  second  capacitor  having  one  end  connected 

30  to  the  node  and  a  second  end  connected  to  a  sec- 
ond  power  supply  terminal. 

15.  The  input  buffer  circuit  of  claim  14,  wherein  the 
capacitor  is  an  n-channel  capacitor  and  the  sec- 

35  ond  capacitor  is  a  p-channel  capacitor. 

16.  The  input  buffer  circuit  of  claim  15,  wherein  the 
first  power  supply  terminal  is  connected  to 
ground  and  the  second  power  supply  terminal  is 

40  connected  to  Vcc. 

1  7.  A  method  for  reducing  false  transitions  in  a  buffer 
circuit  having  a  powersupply  comprising: 

connecting  a  signal  at  an  input  pad  to  a 
45  buffer  input;  and 

in  response  to  fluctuations  in  the  voltage 
of  the  powersupply  for  the  input  buffer,  changing 
a  voltage  at  the  buffer  input  to  track  the  voltage 
of  the  powersupply. 

50 
18.  The  method  of  claim  20,  wherein  the  step  of 

changing  the  voltage  at  the  buffer  input  to  track 
the  voltage  of  the  power  supply  includes  tracking 
Vss. 

55 
19.  The  method  of  claim  20,  wherein  the  step  of 

changing  the  voltage  at  the  buffer  input  to  track 
the  voltage  of  the  power  supply  includes  tracking 

4 



EP  0  596  637  A1 

Vcc. 

20.  A  method  for  reducing  false  transitions  in  a  buffer 
circuit  having  a  powersupply  comprising: 

decoupling  a  signal  travelling  from  an  input 
pad  to  a  buffer  input;  and 

coupling  the  powersupply  to  the  buffer  in- 
put. 
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