
(19) J  

(12) 

Europaisches  Patentamt  | | |   | |   1  1|  | |   | |   | |   | |  | |   | |   ||  | | |   | | |   | |  
European  Patent  Office 

Office  europeen  des  brevets  (11)  E P   0  9 6 4   5 2 0   A 1  

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

(43)  Date  of  publication:  (51)  int.  CI.6:  H03K  19/003,  G06F  1/10, 
15.12.1999  Bulletin  1999/50  H03K  19 /017  

(21)  Application  number:  99108740.4 

(22)  Date  of  filing:  03.05.1999 

(84)  Designated  Contracting  States:  (72)  Inventors: 
AT  BE  CH  CY  DE  DK  ES  Fl  FR  GB  GR  IE  IT  LI  LU  •  Loeffler,  Steffen 
MC  N  L  PT  SE  Essex  Junction,  VT  05452  (US) 
Designated  Extension  States:  •  Poechmuller,  Peter  Rudolf 
AL  LT  LV  MK  RO  SI  81730  Munchen  (DE) 

(30)  Priority:  09.06.1998  US  93797  (74)  Representative: 
Patentanwalte 

(71)  Applicant:  Westphal,  Mussgnug  &  Partner 
SIEMENS  AKTIENGESELLSCHAFT  Waldstrasse  33 
80333  Munchen  (DE)  78048  Villingen-Schwenningen  (DE) 

(54)  Integrated  circuit  with  off  chip  drivers 

(57)  An  array  of  multiple  off  chip  drivers  on  an  inte- 
grated  circuit  (IC)  chip  has  reduced  synchronous 
switching  output  timing  error  (TSSO)  at  high  speeds  of 
operation.  The  array  includes  a  pair  of  low  resistance 
buses  to  provide  charge  and  discharge  paths  for  the 
outputs,  a  plurality  of  terminals  connecting  the  respec- 
tive  drivers  between  the  buses,  the  resistance  of  each 
terminal  being  substantially  greater  than  the  resistance 
of  either  bus,  and  a  plurality  of  capacitors  connected 
internally  of  the  respective  drivers.  Each  driver  has  an 

input  for  receiving  binary  data  from  a  memory  unit  and 
an  output  terminal  which  is  switched  in  accordance  with 
the  binary  input  data  to  a  higher  or  lower  voltage  level. 
There  are  a  plurality  of  transistor  switches  within  each 
driver  which  selectively  couple  a  capacitor  to  the  output 
terminal  when  it  is  driven  high  and  at  the  same  time 
couple  another  capacitor  to  one  of  the  buses,  and  vice 
versa  when  the  output  terminal  is  driven  low. 
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Description 

Field  of  the  Invention 

[0001  ]  This  invention  relates  to  improved  circuitry  and 
power  bus  connections  thereof  for  multiple  off  chip  driv- 
ers  (OCDs)  of  an  integrated  circuit  (IC)  to  enable  these 
drivers  to  provide  synchronized  multiple  binary  output 
signals  (ones,  "1's",  and  zeros,  "0's")  from  an  electronic 
memory  unit,  such  as  dynamic  random  access  memory 
(DRAM),  with  minimal  synchronous  switching  output 
timing  (TSSO)  errors  at  very  high  clock  rates. 

Background  of  the  Invention 

[0002]  Dynamic  random  access  memories  (DRAMs) 
contain  many  millions  of  memory  cells  on  a  single  inte- 
grated  circuit  (IC)  chip  and  are  capable  of  operating  at 
very  high  clock  rates.  It  is  customary  to  provide  on  a 
separate  integrated  circuit  an  array  of  input  receivers 
and  output  drivers  to  provide  input  binary  signals  to  be 
stored  in  the  memory  and  subsequently  to  output  these 
binary  signals  to  other  circuitry  as  desired.  In  order  to 
take  full  advantage  of  the  high  switching  speed  capabil- 
ity  of  a  DRAM,  the  drivers,  which  are  denoted  as  off  chip 
drivers  (OCDs),  need  to  be  capable  of  operating  at  very 
high  clock  rates,  for  example,  at  hundreds  of  mega- 
hertz. 
[0003]  Each  of  the  off  chip  drivers  on  an  IC  chip,  which 
itself  is  connected  via  pins  and  bond  wires  to  other  cir- 
cuitry,  is  connected  between  at  least  two  voltage  supply 
buses  on  the  chip  which  power  the  drivers.  But  because 
of  physical  constraints  and  space  considerations  in  the 
layout  of  the  drivers  on  the  chip,  some  of  the  drivers  are 
connected  closer  to  the  input  ends  of  the  voltage  supply 
buses  and  other  are  connected  much  further  away. 
Even  though  distances  can  be  very  short  (e.g.,  a  few 
millimeters  or  less),  the  inherent  electrical  inductances 
of  the  chip  pins  and  bond  wires  and  the  electrical  resist- 
ances  of  the  buses  become  significant  as  clock  rates 
are  pushed  higher  and  higher.  Resistive  voltage  drops 
along  a  power  supply  bus  from  one  driver  to  the  next, 
and  cumulatively  along  the  length  of  a  bus  can  become 
large  enough  to  cause  undesirable  noise  effects  and 
troublesome  differences  in  speeds  or  times  of  operation 
of  the  respective  drivers  on  a  circuit  chip.  These  differ- 
ences  in  speed  are  particularly  marked  when  almost  all 
of  the  off  chip  drivers  are  outputting  binary  "1's",  for 
example,  and  only  one  or  a  few  are  outputting  binary 
"O's"  (or  vice  versa).  As  clock  rates  are  pushed  higher 
and  higher  in  order  to  realize  the  full  benefits  of  high 
speed  DRAMs,  the  respective  times  of  switching 
amongst  previously  known  off  chip  drivers  on  a  chip  dif- 
fer  more  and  more  and  this  results  in  greater  and 
greater  "TSSO"  errors.  Such  a  situation  can  seriously 
limit  proper  operation  of  a  computer,  for  example.  It  is 
important  therefore  to  eliminate,  or  at  least  significantly 
reduce  such  noise  effects  and  timing  errors. 

[0004]  It  is  thus  desirable  to  reduce  the  above 
described  problems  of  integrated  circuit  off  chip  drivers 
and  thus  to  facilitate  high  speed  operation. 

5  Summary  of  the  Invention 

[0005]  The  present  invention,  in  one  illustrative 
embodiment,  is  directed  to  an  integrated  circuit  having 
multiple  off  chip  drivers  connected  to  a  pair  of  short 

10  length,  higher  and  lower  voltage  buses  by  respective 
pairs  of  terminals,  each  terminal  being  fabricated  on  the 
chip  with  a  resistance  considerably  greater  than  the 
resistance  of  either  voltage  bus.  The  respective  resist- 
ances  of  the  terminals  are  substantially  equal  to  each 

15  other.  In  a  typical  embodiment  each  driver  comprises  an 
n-channel  and  a  p-channel  field  effect  transistor  with 
their  gates  connected  in  common  to  a  binary  data  input 
and  their  drains  connected  in  common  to  an  output  for 
corresponding  binary  data.  The  respective  source  of  the 

20  p-channel  transistors  is  coupled  to  a  higher  voltage  bus 
and  the  source  of  the  n-channel  transistor  is  coupled  to 
a  lower  voltage  bus.  A  first  capacitor,  also  fabricated  on 
the  IC  chip  is  connected  from  the  source  of  one  transis- 
tor  to  the  source  of  the  other  and  serves  along  with  the 

25  resistances  of  the  pair  of  terminals  connecting  the  driver 
to  the  buses  to  decouple  to  a  considerable  extent  the 
operation  of  this  driver  from  the  operations  of  the  other 
drivers  on  the  chip.  A  second  capacitor  and  a  third 
capacitor  are  also  fabricated  on  the  chip  along  with 

30  switching  means  connected  to  them.  Thus,  for  example, 
when  the  output  is  being  driven  positive  by  the  driver  the 
second  capacitor,  which  had  previously  been  charged 
from  the  higher  voltage  bus  is  connected  by  the  switch- 
ing  means  to  the  output.  At  the  same  time  this  takes 

35  place,  the  third  capacitor  is  connected  by  the  switching 
means  to  the  lower  voltage  bus  and  is  pre-set  with  a 
lower  voltage  charge.  When  the  output  is  next  driven 
negative  by  the  driver,  the  third  capacitor  is  connected 
by  the  switching  means  to  the  output,  and  the  second 

40  capacitor  connected  to  the  higher  voltage  bus  and  is 
pre-set  with  a  higher  voltage  charge.  This  equal  and 
opposite  charging  and  discharging  (and  vice  versa)  of 
the  second  and  third  capacitors  substantially  reduces 
switching  interactions  and  timing  differences  amongst 

45  the  multiple  off  chip  drivers.  This  permits  reliable  opera- 
tion  at  higher  speeds  than  would  otherwise  be  possible. 
[0006]  From  one  aspect  the  present  invention  is 
directed  to  an  integrated  circuit  comprising  first  and  sec- 
ond  power  supply  buses  with  a  plurality  of  circuits  cou- 

50  pled  via  conductors,  which  each  have  a  resistance, 
between  the  first  and  second  power  supply  buses.  The 
resistance  of  each  of  the  conductors  between  the  cir- 
cuits  and  the  first  power  supply  bus  are  essentially 
equal  and  are  substantially  greater  than  the  resistance 

55  of  the  first  power  supply  bus.  The  resistance  of  each  of 
the  conductors  between  the  circuits  and  the  second 
power  supply  bus  are  essentially  equal  and  are  sub- 
stantially  greater  than  the  resistance  of  the  second 
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power  supply  bus. 
[0007]  From  an  other  aspect,  the  present  invention  is 
directed  to  an  integrated  circuit  comprising  first  and  sec- 
ond  power  supply  buses  with  a  plurality  of  circuits  cou- 
pled  via  conductors,  which  each  have  a  resistance, 
between  the  first  and  second  power  supply  buses.  Each 
circuit  comprises  an  input  and  an  output  and  first  and 
second  capacitors.  The  first  capacitor  has  a  first  termi- 
nal  coupled  between  the  output  terminal  of  the  circuit 
and  a  first  terminal  of  the  circuit  which  is  coupled  to  a 
conductor  which  couples  the  circuit  to  the  first  power 
supply  bus.  The  second  capacitor  has  a  first  terminal 
coupled  between  the  output  terminal  of  the  circuit  and  a 
second  terminal  of  the  circuit  which  is  coupled  to  the 
conductor  which  couples  the  circuit  to  the  second  power 
supply  bus. 
[0008]  From  still  an  other  aspect,  the  present  invention 
is  directed  to  an  integrated  circuit  comprising  first  and 
second  power  supply  buses  with  a  plurality  of  circuits 
coupled  via  conductors,  which  each  have  a  resistance, 
between  the  first  and  second  power  supply  buses.  The 
resistance  of  each  of  the  conductors  between  the  cir- 
cuits  and  the  first  power  supply  bus  is  essentially  equal 
and  is  substantially  greater  than  the  resistance  of  the 
first  power  supply  bus.  The  resistance  of  each  of  the 
conductors  between  the  circuits  and  the  second  power 
supply  bus  is  essentially  equal  and  is  substantially 
greater  than  the  resistance  of  the  second  power  supply 
bus.  Each  circuit  comprises  an  input  and  an  output  and 
first  and  second  capacitors.  The  first  capacitor  has  a 
first  terminal  coupled  between  the  output  terminal  of  the 
circuit  and  a  first  terminal  of  the  circuit  which  is  coupled 
to  a  conductor  which  couples  the  circuit  to  the  first 
power  supply  bus.  The  second  capacitor  has  a  first  ter- 
minal  coupled  between  the  output  terminal  of  the  circuit 
and  a  second  terminal  of  the  circuit  which  is  coupled  to 
the  conductor  which  couples  the  circuit  to  the  second 
power  supply  bus. 
[0009]  A  better  understanding  of  the  invention 
together  with  a  fuller  appreciation  of  its  many  advan- 
tages  will  best  be  gained  from  a  study  of  the  following 
description  and  claims  given  in  conjunction  with  the 
accompanying  drawings. 

Brief  Description  of  the  Drawings 

[0010] 

FIG.  1  is  a  schematic  illustration  of  a  prior  art  array 
of  multiple  off  chip  drivers  as  fabricated  on  an  IC 
chip; 
FIG.  2  is  a  schematic  circuit  diagram  of  the  off  chip 
driver  array  of  FIG.  1  ; 
FIG.  3  is  a  schematic  circuit  diagram  of  one  of  the 
prior  art  off  chip  drivers; 
FIG.  4  is  a  graph  schematically  illustrating  ideal  tim- 
ing  conditions  for  multiple  off  chip  drivers; 
FIG.  5  is  a  block  diagram  of  an  array  of  multiple  off 

chip  drivers  fabricated  on  an  IC  chip  in  accordance 
with  the  present  invention; 
FIG.  6  is  a  partial  schematic  circuit  and  block  dia- 
gram  of  multiple  off  chip  drivers  of  the  array  of  FIG. 

5  5  provided  in  accordance  with  the  present  inven- 
tion; 
FIG.  7  is  an  illustrative  circuit  diagram  of  an  off  chip 
driver  in  accordance  with  the  present  invention;  and 
FIG.  8  is  a  graph  schematically  illustrating  various 

10  signals  and  their  time  relationship  pertaining  to  the 
off  chip  driver  of  FIG.  7. 

Detailed  Description 

15  [001  1  ]  Referring  now  to  FIG.  1  ,  there  is  shown  a  sche- 
matic  representation  of  a  conventional  (prior  art)  array 
10  of  multiple  off  chip  drivers  (OCDs)  12  (numbered  "1" 
to  "n")  fabricated  on  an  integrated  circuit  (IC)  chip  (not 
shown).  An  associated  memory  unit  (e.g.,  DRAM)  is 

20  also  not  shown  but  as  is  well  known  in  the  art,  is  inter- 
connected  to  the  respective  drivers  1  2.  Each  of  the  driv- 
ers  12  is  connected  directly  between  a  pair  of  local 
voltage  supply  buses  14  and  16  which  are  labeled 
VDDQ  and  VSSQ  respectively.  Off  chip  driver  number 

25  OCD  "1  "  is  connected  closest  to  the  input  or  source  end 
of  the  buses  14  and  16  and  off  chip  driver  "n"  is  con- 
nected  at  the  far  or  right  end  of  these  buses.  Each  bus 
14  and  16  has  an  resistance  comprised  primarily  of 
resistance  per  unit  length,  the  values  of  which  though 

30  small  are  cumulative  along  the  lengths  of  the  buses  14 
and  16.  The  buses  14  and  16,  for  example,  are  of  alumi- 
num  and  are  fifty  (50)  microns  in  width. 
[001  2]  Referring  now  to  FIG.  2,  there  is  shown  a  sche- 
matic  circuit  diagram  20  of  the  driver  array  10  (FIG.  1), 

35  each  driver  12  (numbered  "1"  to  "n")  being  connected 
between  the  buses  1  4  and  1  6.  The  bus  1  4  has  an  input 
terminal  22  and  the  bus  16  an  input  terminal  24,  which 
terminals  are  connected  respectively  to  main  voltage 
supply  buses  (not  shown).  The  first  driver  1  2,  numbered 

40  off  chip  driver  OCD  "1",  is  connected  to  the  buses  14 
and  16  closely  adjacent  to  the  input  terminals  22  and 
24.  The  short  lengths  of  the  buses  14  and  16  between 
the  terminals  22  and  24  and  the  driver  OCD  "1"  have 
respective  resistances  R1  corresponding  to  these  short 

45  lengths  of  the  buses.  Similarly,  the  short  lengths  of  the 
buses  between  successive  drivers  12  (e.g.,  from  driver 
OCD  "1"  to  driver  OCD  "2",  and  so  on)  have  similar 
resistances  26  (R1),  these  resistances  R1  being  cumu- 
lative  to  the  last  driver  OCD  "n".  By  way  of  example, 

so  there  may  be  twenty  drivers  1  2  (n=20)  on  the  IC  chip. 
Thus  during  high  speed  operation  of  the  multiple  drivers 
1  2  a  supply  voltage  "V2"  as  seen  by  the  last  driver  OCD 
"n"  can  be  somewhat  different  from  a  supply  voltage 
"Vi  "  as  seen  by  the  first  driver  OCD  "1  ".  This  condition, 

55  caused  by  the  voltage  drops  due  to  the  resistances  R1  , 
causes  undesirable  synchronous  switching  output  tim- 
ing  (TSSO)  errors  amongst  the  various  drivers  12  as 
rates  of  operation  are  pushed  high  enough  to  realize  the 
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full  benefits  of  state-of-the-art  memories  (e.g.,  present 
day  DRAMs). 
[0013]  Referring  now  to  FIG.  3,  there  is  shown  a  well 
known  schematic  circuit  diagram  of  one  of  the  drivers  1  2 
(shown  here  within  a  dashed  line  rectangle).  The  driver  5 
1  2  comprises  a  p-channel  field  effect  transistor  and  an 
n-channel  field  effect  transistor  34  connected  serially 
between  a  first  supply  voltage  terminal  36  and  a  second 
supply  voltage  terminal  38.  Driver  12  is  typically 
denoted  as  a  CMOS  inverter  circuit.  A  terminal  36  is  to 
connected  to  the  supply  bus  14  (shown  only  in  FIG.  2) 
at  some  point  along  its  length,  and  the  terminal  38  to  the 
bus  16  (shown  only  in  FIG.  2)  at  some  point  along  its 
length.  While  not  shown  here,  but  shown  in  FIG.  2,  there 
are  one  or  more  of  the  resistances  R1  connected  ts 
between  these  terminals  36  and  38  and  the  respective 
buses  1  4  and  1  6,  depending  on  position  of  the  driver  1  2 
from  left  to  right  along  these  buses  1  4  and  1  6  and  the 
number  ("1  "  to  "n")  of  the  particular  driver  1  2.  The  resis- 
tive  values  of  each  of  the  R1  's  can  vary.  20 
[001  4]  The  gates  of  transistors  32  and  34  are  coupled 
together  to  an  input  terminal  40  to  which  an  input  signal 
denoted  a  "b-data"  is  applied  during  operation  of  the 
driver  12.  The  drains  of  transistors  32  and  34  are  cou- 
pled  together  to  an  output  terminal  44  at  which  an  out-  25 
put  signal  denoted  as  "OUTPUT  DATA"  is  generated 
during  operation  of  driver  12.  When  an  input  signal  (a 
binary  "1"  or  a  binary  "0")  is  applied  to  its  input  terminal 
40,  driver  12  generates  at  output  terminal  44  a  signal 
which  is  the  logical  inversion  of  that  applied  to  input  ter-  30 
minal  40.  But,  as  will  be  explained  in  greater  detail  here- 
inafter,  a  given  driver  12,  depending  on  its  position 
along  the  length  of  the  buses  14  and  16  and  on  how 
many  of  the  resistances  R1  (see  FIG.  2)  are  in  circuit 
with  that  driver  12,  may  reach  its  specified  output  signal  35 
levels  to  its  respective  output  terminal  44  sooner  or  later 
than  do  other  drivers  1  2  in  the  array  1  0  in  switching  sig- 
nals  onto  their  outputs.  This  can  result  in  timing  errors  in 
circuitry  coupled  to  the  drivers  12. 
[001  5]  Referring  now  to  FIG.  4,  there  is  shown  an  ide-  40 
alized  graph  50  with  horizontal  direction  representing 
time  and  vertical  direction  representing  positive  and 
negative  amplitude  voltage  indicated  by  a  double 
beaded  arrow  51  .  The  graph  50  represents  the  timing  of 
output  signals  of  the  multiple  off  chip  drivers  12  under  45 
ideal,  not  actual  conditions.  The  graph  50  schematically 
illustrates  a  first  alternating  timing  wave  52  and  a  sec- 
ond  alternating  timing  wave  54,  these  waves  being  ver- 
tically  symmetrical  about  a  horizontal  dashed-line  axis 
55  with  amplitudes  as  indicated.  The  wave  52  has  a  so 
negative  going  or  downward  sloping  edge  56  and  a  pos- 
itive  going  upward  sloping  edge  57.  And  similarly  the 
wave  54  has  a  positive  going  upward  sloping  edge  58, 
and  a  negative  going  downward  sloping  edge  59.  The 
sloping  edges  56  and  58  intersect  each  other  and  the  55 
horizontal  axis  55  at  a  common  point  60,  and  the  slop- 
ing  edges  57  and  59  intersect  each  other  and  the  hori- 
zontal  axis  55  at  a  common  point  62.  The  sloping  edges 

56,  57,  58  and  59  (sloping  rather  than  vertical)  illustrate 
that  in  an  actual  driver  circuit  (such  as  in  FIG.  3)  a  finite 
time  is  required  for  the  output  signal  to  go  from  low 
amplitude  to  high  (or  vice  versa).  As  seen  here  the 
waves  52  and  54  are  synchronous  in  time  with  each 
other  since  they  intersect  each  other  and  the  horizontal 
axis  55  at  the  common  points  60  and  62.  As  will  be  fur- 
ther  explained  hereinafter,  this  time  synchronization  of 
the  waves  52  and  54  is,  in  effect,  skewed  or  degraded 
because  the  drivers  12  actually  reach  their  output  levels 
("1's"and/or  "O's")  at  different  instants.  These  differ- 
ences  in  timing  result  from  differing  supply  voltages  to 
the  multiple  drivers  12  in  turn  resulting  from  the  resist- 
ances  R1  in  the  supply  buses  14  and  16,  as  was  previ- 
ously  explained. 
[0016]  In  the  idealized  case  illustrated  in  FIG.  4,  there 
is  a  time  window  63  during  which  each  of  the  multiple 
drivers  12  (see  FIG.  1)  is  able  to  switch  onto  its  output 
terminal  44  (FIG.  3)  a  signal  corresponding  to  a  binary 
signal  (either  "1"  or  "O")  occurring  at  its  input  40.  The 
window  63  may  be  thought  of  as  representing  an  ideal- 
ized  interval  of  time  during  which  all  of  the  binary  sig- 
nals  ("1's"  and  "O's")  on  the  outputs  44  of  the  multiple 
drivers  12  occur  simultaneously  in  parallel  at  the  same 
instant  and  have  the  same  duration.  This  ideal  condition 
gives  as  much  time  as  possible  (for  a  given  clock  rate) 
for  these  signals  to  be  properly  recognized  by  the  cir- 
cuits  to  which  they  are  applied.  But  in  fact,  as  was 
explained  above,  some  of  the  drivers  12  in  an  actual 
array  10  (FIG.  1)  will  generate  correct  output  signals 
later  and  others  sooner  relative  to  each  other.  This 
skewing  in  the  times  of  switching  of  the  drivers  12  in 
effect  shortens  to  a  greater  or  less  extent  the  duration  of 
the  idealized  window  63.  This  shortening  of  the  window 
should  be  minimized  to  the  extent  possible  in  order  to 
facilitate  high  speed  operation. 
[001  7]  The  window  63  has  a  time  duration  indicated  at 
65.  The  window  63  is  defined  by  its  four  corners  indi- 
cated  by  points  66,  67,  68  and  69  on  the  respective 
sloping  edges  56,  57,  58  and  59  of  the  waves  52  and  54. 
The  points  66,  67,  68  and  69  are  all  approximately  at  the 
90%  amplitude  levels  of  the  respective  waves  52  and 
54,  such  levels  being  normally  considered  as  those  at 
which  switching  of  a  driver  12  is  completed.  It  should  be 
noted  that  the  duration  65  of  the  window  63,  even  with 
the  idealized  condition  of  synchronization  illustrated  in 
FIG.  4,  is  substantially  less  than  the  time  interval 
between  the  points  60  and  62.  Thus  for  example,  for  a 
clock  rate  of  500  megahertz,  the  time  interval  between 
the  points  60  and  62  (representing  one-half  clock  cycle) 
is  only  one  nanosecond  (1  ns),  and  the  duration  65  of 
the  window  63  is  substantially  less  than  a  nanosecond. 
Therefore  even  small  amounts  of  skewing  (measured  in 
fractions  of  a  nanosecond)  in  the  synchronized  switch- 
ing  of  the  drivers  12  can  appreciably  narrow  in  time  the 
window  63  and  result  in  TSSO  errors.  The  present 
invention  significantly  reduces  this  problem,  as  will  now 
be  explained. 
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[0018]  Referring  now  to  FIG.  5,  there  is  shown  an 
array  100  of  multiple  off  chip  drivers  102  (numbered 
respectively  "1"  to  "n")  coupled  between  power  supply 
buses  106  and  108  in  accordance  with  the  present 
invention.  Array  100  and  power  supply  buses  106  and  5 
108  are  typically  formed  as  part  of  an  integrated  circuit 
(not  shown)  which  comprises  a  plurality  of  circuitry  that 
is  coupled  to  the  off  chip  drivers.  Each  off  chip  driver 
has  an  input  and  an  output  but  for  simplicity  same  are 
not  shown  in  FIG.  5.  Each  driver  102  at  its  position  on  jo 
the  IC  chip  is  connected  by  one  of  terminals  104-1  U 
through  104-nU  (upper  104  terminals)  to  power  supply 
bus  1  06  and  by  one  of  terminals  1  04-1  L  through  1  04-nL 
(lower  104  terminals)  to  a  power  supply  bus  108.  The 
power  supply  buses  106  and  108  are  shown  coupled  to  75 
terminals  126  and  128,  respectively,  to  which  are  cou- 
pled  voltage  sources  (not  shown)  providing  output  volt- 
age  levels  of  VDDQ  and  VSSQ,  respectively.  Each  of 
the  upper  1  04  terminals  are  fabricated  with  an  appropri- 
ate  length  and  width  by  well  known  techniques  so  that  20 
the  respective  resistances  of  these  terminals  are  all 
essentially  equal  to  each  other.  Each  of  the  lower  1  04 
terminals  are  fabricated  with  an  appropriate  length  and 
width  by  well  known  techniques  so  that  the  respective 
resistances  of  these  terminals  are  all  essentially  equal  25 
to  each  other.  The  bus  106  is  designed  such  that  the 
resistance  thereof  is  much  smaller  (typically  by  about  an 
order  of  magnitude  or  even  smaller)  than  the  resist- 
ances  of  each  of  the  upper  104  terminals  .  The  bus  108 
is  designed  such  that  the  resistance  thereof  is  much  30 
smaller  (typically  by  about  an  order  of  magnitude  or 
smaller)  than  the  resistances  of  each  of  the  lower  104 
terminals. 
[001  9]  Referring  now  to  FIG.  6,  there  is  shown  a  sche- 
matic  and  circuit  diagram  120  of  the  driver  array  100  35 
(FIG.  5)  in  accordance  with  the  present  invention.  Each 
of  the  off  chip  drivers  102  ("1"  to  "n")  is  shown  con- 
nected  to  bus  1  06  through  the  terminals  1  04-1  U  through 
104-nU  (the  upper  104  terminals)  and  to  bus  108 
through  terminals  1  04-1  L  through  1  04-nL  (the  lower  1  04  40 
terminals).  Each  of  the  upper  1  04  terminals  has  a  resist- 
ance  R3  and  the  bus  106  has  a  resistance  R2.  The 
resistances  R3  are  all  essentially  equal  to  one  another, 
as  was  mentioned  previously,  and  each  is  substantially 
greater  than  the  resistance  R2  of  bus  106,  the  latter  45 
being  relatively  small  because  of  the  short  length  of  the 
bus  106.  Each  of  the  lower  104  terminals  has  a  resist- 
ance  R4  and  the  bus  108  has  a  resistance  R5.  The 
resistances  R4  are  all  essentially  equal  to  one  another, 
as  was  mentioned  previously,  and  each  is  substantially  so 
greater  than  the  resistance  R5,  the  latter  being  relatively 
small  because  of  the  short  length  of  the  bus  108.  The 
buses  1  06  and  1  08  are  coupled  at  respective  terminals 
1  26  and  1  28  to  voltage  sources  (supplies)  having  volt- 
age  levels  VDDG  and  VSSQ,  respectively.  As  will  be  fur-  ss 
ther  explained  hereinafter,  the  resistances  R3  and  R4 
inserted  according  to  one  aspect  of  the  invention  in 
series  with  the  off  chip  drivers  102  and  the  buses  106 

and  108  help  in  substantially  reducing  noise  and  other 
undesirable  interactions  amongst  the  multiple  drivers 
102  during  operation. 
[0020]  Referring  now  to  FIG.  7,  there  is  shown  a  circuit 
150  in  accordance  with  the  present  invention.  Circuit 
150  is  a  preferred  embodiment  of  off  chip  driver  102  of 
FIGS.  5  and  6.  Circuit  150  comprises  p-channel  field 
effect  transistors  152,  156,  and  158,  n-channel  field 
effect  transistors  154,  160,  162,  and  capacitors  164, 
166,  and  168. 
[0021  ]  The  gates  of  the  transistors  1  52  and  1  54  are 
connected  together  to  an  input  terminal  1  70  to  which 
binary  signals  ("b-Data")  from  a  memory  (not  shown) 
are  applied.  The  drains  of  the  transistors  152,  154,  158, 
and  1  60  are  connected  together  and  to  a  common  out- 
put  terminal  172  ("Data").  The  transistor  152  has  its 
source  connected  via  a  terminal  104-1  L  and  its  associ- 
ated  resistance  R3  to  the  bus  1  06  and  a  voltage  source 
VDDQ.  Because  the  resistance  R2  (See  FIG.  6)  of  the 
bus  106  is  so  small  relative  to  R3,  the  former  can  be 
neglected  and  is  not  shown.  In  similar  fashion,  the  tran- 
sistor  1  54  has  its  source  connected  via  another  terminal 
104-1  U  and  its  associated  resistance  R4  (see  FIG.  6)  to 
the  bus  108  and  voltage  source  VSSQ.  The  resistance 
R5  (shown  in  FIG.  6)  of  the  bus  108  is  small  compared 
to  that  of  resistance  R4  and  is  not  shown  since  it  can  be 
neglected. 
[0022]  A  first  terminal  of  capacitor  1  64  is  coupled  the 
sources  of  transistors  1  52  and  1  56,  and  to  a  terminal 
174.  A  second  terminal  of  capacitor  164  is  coupled  to 
the  drains  of  transistors  1  54  and  1  62  and  to  a  terminal 
176.  The  sources  of  transistors  160  and  162  are  cou- 
pled  to  a  first  terminal  of  capacitor  1  68  and  to  a  terminal 
184.  The  sources  of  transistors  156  and  158  are  cou- 
pled  to  a  first  terminal  of  capacitor  1  66  and  to  a  terminal 
178.  Second  terminals  of  capacitors  166  and  168  are 
coupled  to  a  reference  voltage  which  is  typically  ground 
when  the  voltage  applied  to  bus  106  is  positive  and  the 
voltage  applied  to  bus  108  is  negative.  The  gate  of  tran- 
sistor  156  is  coupled  to  a  terminal  190  to  which  is 
applied  a  signal  01.  The  gate  of  transistor  158  is  cou- 
pled  to  a  terminal  194  to  which  is  applied  a  signal  03. 
The  gate  of  transistor  160  is  coupled  to  a  terminal  196 
to  which  is  applied  a  signal  04.  The  gate  of  transistor 
162  is  coupled  to  a  terminal  192  to  which  is  applied  a 
signal  02. 
[0023]  When  the  input  terminal  1  70  receives  a  binary 
signal  ("b-Data"),  a  corresponding  output  signal  (but 
reversed  in  phase)  is  generated  on  the  output  terminal 
172  ("Data"),  as  is  well  known  in  the  art.  The  provision 
in  the  circuit  150  of  each  driver  102  of  the  capacitor  164 
and  the  respective  resistances  R3  and  R4  in  series  with 
it  and  with  the  buses  1  06  and  1  08  provides  a  consider- 
able  degree  of  decoupling  amongst  the  multiple  drivers 
1  02  of  the  array  1  00  (Figs.  5  and  6)  when  they  begin 
switching  and  thus  helps  reduce  unwanted  interactions 
and  noise  interference.  In  addition  ,  as  will  now  to  be 
explained,  the  capacitors  166  and  168  are  selectively 
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connected  in  circuit  during  a  switching  operation  of  each 
respective  driver  1  02  to  further  reduce  these  effects. 
[0024]  Referring  now  to  FIG.  8,  there  is  shown  by  way 
of  example  a  graph  200  schematically  illustrating 
related  signals,  here  designated  "b-Data",  63,  64,  62,  s 
61,  and  "Data",  pertaining  to  each  driver  102.  The  hori- 
zontal  axis  of  the  graph  200  represents  time  and  the 
vertical  axis,  respective  voltages  (not  to  scale)  of  the 
signals  with  relative  polarities  as  indicated.  By  way  of 
simplifying  the  following  explanation,  it  is  assumed  that  10 
the  higher  and  lower  voltages  VDDQ  and  VSSQ  applied 
respectively  to  the  buses  1  06  and  1  08  are  referenced  to 
ground  at  zero  volts,  that  is,  the  midpoint  of  the  voltage 
difference  between  the  higher  and  lower  buses  is  held 
at  ground  potential  (zero  volts).  is 
[0025]  The  signal  "b-Data",  as  illustrated  in  the  graph 
200,  is  applied  to  the  input  terminal  1  70  of  the  driver  1  02 
(FIG.  7),  the  signal  "Data"  is  generated  on  the  output 
terminal  172,  the  signal  63  is  applied  to  the  terminal 
1  94,  the  signal  64  is  applied  to  the  terminal  1  96,  the  sig-  20 
nal  62  is  applied  to  the  terminal  192,  and  the  signal  61 
is  applied  to  the  terminal  190.  These  respective  signals 
are  related  in  time  as  indicated  in  the  graph  200  by  the 
vertical  dashed  lines. 
[0026]  The  signal  "b-Data"  is  shown  here  by  way  of  25 
example  as  having  a  level  (+V)  202  which  then  falls 
along  a  negative  going  edge  204  to  a  level  (-V)  206 
which  has  a  duration  indicated  at  207.  This  interval  207 
represents  the  duration  of  a  binary  signal  applied  to  the 
input  terminal  170  from  a  memory  (not  shown)  and  is  30 
equivalent  to  the  duration  65  of  the  window  63  (FIG.  4). 
It  is  to  be  understood  that  the  respective  binary  signals 
inputted  to  others  of  the  drivers  102  in  the  array  10  may 
be  different  in  sequence  of  "1's"  and  "O's"  from  those 
shown  in  the  graph  200.  35 
[0027]  The  "b-Data"  signal  rises  from  the  level  206 
along  a  positive  going  edge  208  to  another  positive  level 
210  and  then  after  another  interval  207  falls  along  a 
negative  going  edge  212  to  a  level  214.  In  the  illustration 
here,  the  "b-Data"  signal  remains  at  the  level  214  for  a  40 
number  (not  explicitly  shown)  of  the  intervals  207  indi- 
cating  that  during  this  extended  time  binary  "1's"  are 
continuously  being  applied  to  the  input  1  70  of  the  driver 
102.  Thereafter,  the  level  214  rises  along  a  positive 
going  edge  216  to  a  level  218  (binary  "0").  The  "b-Data"  45 
signal  (in  the  illustration  here)  remains  at  the  level  218 
for  several  intervals  207  and  then  falls  along  a  negative 
going  edge  220  to  a  level  222  (binary  "1  ").  The  "b-Data" 
signal,  along  with  the  other  signals,  is  not  shown  beyond 
the  right  and  left  sides  of  the  graph  200.  so 
[0028]  The  level  202  of  the  "b-Data"  signal  applied  to 
the  input  170  to  the  driver  102  results  in  a  level  230 
"Data"  signal  being  generated  on  the  output  terminal 
172.  Similarly,  the  "b-Data"  levels  206,  210,  214,  218 
and  222  result  in  corresponding  levels  232,  234,  236,  55 
238  and  240  in  the  "Data"  signal. 
[0029]  During  each  switching  operation  of  the  driver 
102,  that  is,  when  its  input  170  is  driven  to  a  level  (e.g., 
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the  "b-Data"  level  206)  and  its  output  1  72  switched  to  a 
level  (e.g.,  the  "Data"  level  232),  or  vice  versa,  the 
capacitors  166  and  168  are  selectively  (and  momentar- 
ily)  connected  to  the  output  terminal  172  ("Data")  by 
turning  on  the  transistor  158  or  the  transistor  160.  This 
selective  connecting  to  the  terminal  172  is  accom- 
plished  by  the  signal  63  applied  to  the  terminal  194  of 
the  transistor  1  58,  or  by  the  signal  64  applied  to  the  ter- 
minal  196  of  the  transistor  160. 
[0030]  As  will  be  explained  shortly,  the  capacitor  1  66, 
before  being  momentarily  connected  by  the  signal  63 
and  the  transistor  158  to  the  output  terminal  172,  has 
been  pre-set  or  conditioned  with  an  electric  charge. 
Thus  for  a  brief  instant  during  which  the  capacitor  1  66  is 
so  connected  to  the  terminal  172,  the  energy  then 
stored  in  the  capacitor  166  helps,  along  with  power 
drawn  from  the  buses  106  and  108,  to  drive  the  output 
terminal  172  to  a  level  (e.g.,  the  level  232  of  the  "Data" 
signal).  A  corresponding  effect  takes  place  when  the 
capacitor  168  (also  pre-set)  is  connected  momentarily 
to  the  terminal  1  72  when  the  latter  is  being  driven  by  the 
driver  102  to  negative  level  (e.g.,  the  "Data"  level  234). 
[0031]  The  timing  of  the  63  signal  relative  to  the  "b- 
Data"  signal  is  illustrated  in  the  graph  200.  During  each 
negative  going  edge  204,  212,  220  of  the  "b-Data"  sig- 
nal,  a  short  duration  pulse  244  is  generated  as  the  63 
signal.  Each  such  pulse  244  in  turn  momentarily 
switches  on  the  transistor  158  thereby-connecting  the 
capacitor  166  to  the  output  terminal  172.  Similarly,  dur- 
ing  each  edge  208,  216  of  the  "b-"Data"  signal  a  short 
duration,  positive  going  pulse  246  is  generated  as  the 
64  signal.  Each  such  pulse  246  in  turn  momentarily 
switches  on  the  transistor  160  thereby  connecting  the 
capacitor  168  to  the  output  terminal  172.  The  pre-set 
negative  charge  on  the  capacitor  168  helps  drive  the 
terminal  172  to  a  level  (e.g.,  the  "Data"  level  234). 
[0032]  It  will  be  seen  in  the  graph  200  that  the  signal 
62  has  a  positive  going  pulse  248  occurring  in  time 
along  with  each  negative  going  pulse  244  of  the  63  sig- 
nal.  Similarly,  The  61  signal  has  a  negative  going  pulse 
250  occurring  in  time  with  each  positive  going  pulse  246 
of  the  64  signal.  Thus,  when  a  63  pulse  244  occurs  and 
the  transistor  158  is  turned  on  thereby  connecting  the 
capacitor  166  to  the  terminal  172,  as  was  previously 
explained,  a  62  pulse  248  turns  on  the  transistor  162 
thereby  connecting  the  capacitor  168  through  the  resis- 
tor  R4  to  the  bus  108  to  which  VSSQ  is  applied.  This 
puts  a  negative  charge  on  the  capacitor  168  and  condi- 
tions  or  resets  it  for  the  next  time  that  the  output  terminal 
172  is  driven  to  the  "Data"  level  234.  Thus,  while  the 
capacitor  1  66  is  helping  pull  the  output  terminal  1  72  to  a 
level  (e.g.,  "Data"  level  232),  the  capacitor  168  is  being 
charged  and  is  thus  pre-set  or  ready  to  be  connected  to 
the  output  terminal  172  when  the  driver  102  switches 
the  latter  again  to  a  "Data"  level  234,  as  was  explained 
previously.  In  similar  fashion,  the  capacitor  166  is 
recharged  from  the  VDDQ  bus  106  through  the  resistor 
R3  and  the  transistor  156  by  a  61  pulse  250  at  the  same 
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time  that  the  capacitor  168  is  connected  through  the 
transistor  1  60  to  the  terminal  1  72  as  it  is  being  driven  to 
the  "Data"  level  234.  This  equal  and  opposite  charging 
and  discharging  (and  vice  versa)  of  the  capacitors  1  66 
and  168  substantially  reduces  switching  interactions  5 
and  timing  differences  amongst  the  multiple  drivers  102 
of  the  array  100.  This  permits  reliable  operation  at 
higher  speeds  than  would  otherwise  be  possible.  Cir- 
cuits  for  generating  the  signals  61,  62,  63,  and  64  are 
well  known  in  the  art  and  are  not  shown.  The  capacitors  w 
164,  166  and  168  are  easily  fabricated  by  known  tech- 
niques.  These  capacitors  can,  for  example,  be  a  field 
effect  transistor  with  the  gate  serving  as  one  terminal 
and  the  drain  and  source  coupled  together  and  serving 
as  a  second  terminal.  Another  possible  capacitor  is  sim-  15 
ply  a  conductor  separated  from  a  semiconductor  region 
by  an  insulator  such  as  silicon  dioxide.  In  an  illustrative 
example,  each  of  resistances  R3  and  R4  are  about  1  0 
ohms,  resistances  R2  and  R5  are  about  0.3  ohms  each 
and  capacitors  1  64,  1  66,  and  1  68  are  each  about  1  50  20 
picofarads. 
[0033]  The  above  description  is  intended  in  illustration 
and  not  in  limitation  of  the  invention.  Various  changes  in 
the  driver  and  array  of  the  invention  as  described  above 
and  as  shown  in  the  drawings  may  occur  to  those  skilled  25 
in  the  art,  and  these  changes  may  be  made  without 
departing  from  the  spirit  or  scope  of  the  invention  as  set 
forth  in  the  accompanying  claims.  For  example,  the 
invention  is  not  limited  to  a  given  number  of  drivers  in  an 
array,  or  to  particular  values  of  terminal  resistance,  or  30 
values  of  capacitance,  or  a  particular  frequency  of  oper- 
ation. 

Claims 
35 

1  .  An  integrated  circuit  comprising: 

2.  The  integrated  circuit  of  claim  1  wherein  each  cir- 
cuit  has  an  input  terminal  and  an  output  terminal 
and  each  circuit  further  comprises:  ss 

a  first  capacitor  having  a  first  terminal  coupled 
between  the  output  terminal  of  the  circuit  and  a 

first  terminal  of  the  circuit  which  is  coupled  to 
the  conductor  which  couples  the  circuit  to  the 
first  power  supply  bus;  and 
a  second  capacitor  having  a  first  terminal  cou- 
pled  between  the  output  terminal  of  the  circuit 
and  a  second  terminal  of  the  circuit  which  is 
coupled  to  the  conductor  which  couples  the  cir- 
cuit  to  the  second  power  supply  bus. 

3.  The  integrated  circuit  of  claim  2  wherein  each  first 
capacitor  is  coupled  to  the  first  terminal  by  a  first 
switching  device  and  is  coupled  to  the  output  termi- 
nal  by  a  second  switching  device,  and  each  second 
capacitor  is  coupled  to  the  second  terminal  by  a 
third  switching  device  and  is  coupled  to  the  output 
terminal  by  a  fourth  switching  device. 

4.  The  integrated  circuit  of  claim  3  wherein  each  cir- 
cuit  further  comprises  a  third  capacitor  having  a  first 
terminal  coupled  to  the  first  terminal  of  the  circuit 
and  having  a  second  terminal  coupled  to  the  sec- 
ond  terminal  of  the  circuit. 

5.  The  integrated  circuit  of  claim  1  wherein  each  cir- 
cuit  further  comprises  a  third  capacitor  having  a  first 
terminal  coupled  to  the  first  terminal  of  the  circuit 
and  having  a  second  terminal  coupled  to  the  sec- 
ond  terminal  of  the  circuit. 

6.  The  integrated  circuit  of  claim  3  wherein  each  of  the 
switching  devices  is  a  transistor. 

7.  The  integrated  circuit  of  claim  6  wherein  each  tran- 
sistor  is  an  field  effect  transistor  having  first  and 
second  output  terminals  and  a  gate  terminal. 

8.  The  integrated  circuit  of  claim  6  wherein  each  of  the 
plurality  of  circuits  is  an  input-output  driver. 

9.  The  integrated  circuit  of  claim  8  wherein  each  input- 
output  driver  is  an  inverter. 

10.  The  integrated  circuit  of  claim  9  wherein  each 
inverter  comprises  a  p-channel  field  effect  transis- 
tor  serially  coupled  to  an  n-channel  field  effect  tran- 
sistor. 

11.  The  integrated  circuit  of  claim  9  wherein  all  transis- 
tors  are  insulated  gate  field  effect  transistors. 

12.  An  integrated  circuit  comprising: 

first  and  second  power  supply  buses  with  a  plu- 
rality  of  circuits  coupled  via  conductors,  which 
each  have  a  resistance,  between  the  first  and 
second  power  supply  buses;  and 
each  circuit  comprising: 

first  and  second  power  supply  buses  with  a  plu- 
rality  of  circuits  coupled  via  conductors,  which 
each  have  a  resistance,  between  the  first  and  40 
second  power  supply  buses; 
the  resistance  of  each  of  the  conductors 
between  the  circuits  and  the  first  power  supply 
bus  being  essentially  equal  and  being  substan- 
tially  greater  than  the  resistance  of  the  first  45 
power  supply  bus;  and 
the  resistance  of  each  of  the  conductors 
between  the  circuits  and  the  second  power 
supply  bus  being  essentially  equal  and  being 
substantially  greater  than  the  resistance  of  the  so 
second  power  supply  bus. 
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an  input  and  an  output; 
a  first  capacitor  having  a  first  terminal  cou- 
pled  between  the  output  terminal  of  the  cir- 
cuit  and  a  first  terminal  of  the  circuit  which 
is  coupled  to  a  conductor  which  couples  s 
the  circuit  to  the  first  power  supply  bus; 
and 
a  second  capacitor  having  a  first  terminal 
coupled  between  the  output  terminal  of  the 
circuit  and  a  second  terminal  of  the  circuit  10 
which  is  coupled  to  the  conductor  which 
couples  the  circuit  to  the  second  power 
supply  bus. 

1  3.  The  integrated  circuit  of  claim  1  2  wherein  the  resist-  is 
ance  of  each  of  the  conductors  between  the  circuits 
and  the  first  power  supply  bus  being  essentially 
equal  and  being  substantially  greater  than  the 
resistance  of  the  first  power  supply  bus,  and  with 
the  resistance  of  each  of  the  conductors  between  20 
the  circuits  and  the  second  power  supply  bus  being 
essentially  equal  and  being  substantially  greater 
than  the  resistance  of  the  second  power  supply 
bus. 

25 
14.  The  integrated  circuit  of  claim  13  wherein  each  first 

capacitor  is  coupled  to  the  first  terminal  by  a  first 
switching  device  and  is  coupled  to  the  output  termi- 
nal  by  a  second  switching  device,  and  each  second 
capacitor  is  coupled  to  the  second  terminal  by  a  30 
third  switching  device  and  is  coupled  to  the  output 
terminal  by  a  fourth  switching  device. 

15.  The  integrated  circuit  of  claim  14  wherein  each  cir- 
cuit  further  comprises  a  third  capacitor  having  a  first  35 
terminal  coupled  to  the  first  terminal  of  the  circuit 
and  having  a  second  terminal  coupled  to  the  sec- 
ond  terminal  of  the  circuit. 

16.  The  integrated  circuit  of  claim  12  wherein  each  cir-  40 
cuit  further  comprises  a  third  capacitor  having  a  first 
terminal  coupled  to  the  first  terminal  of  the  circuit 
and  having  a  second  terminal  coupled  to  the  sec- 
ond  terminal  of  the  circuit. 

45 
17.  The  integrated  circuit  of  claim  14  wherein  each  of 

the  switching  devices  is  a  transistor. 

18.  The  integrated  circuit  of  claim  17  wherein  each 
transistor  is  an  field  effect  transistor  having  first  and  so 
second  output  terminals  and  a  gate  terminal. 

19.  The  integrated  circuit  of  claim  12  wherein  each  of 
the  plurality  of  circuits  is  an  input-output  driver. 

55 
20.  The  integrated  circuit  of  claim  19  wherein  each 

input-output  driver  is  an  inverter. 

21.  The  integrated  circuit  of  claim  20  wherein  each 
inverter  comprises  a  p-channel  field  effect  transis- 
tor  serially  coupled  to  an  n-channel  field  effect  tran- 
sistor. 

22.  The  integrated  circuit  of  claim  21  wherein  all  tran- 
sistors  are  insulated  gate  field  effect  transistors. 

23.  An  integrated  circuit  comprising: 

first  and  second  power  supply  buses  with  a  plu- 
rality  of  circuits  coupled  via  conductors,  which 
each  have  a  resistance,  between  the  first  and 
second  power  supply  buses; 
the  resistance  of  each  of  the  conductors 
between  the  circuits  and  the  first  power  supply 
bus  being  essentially  equal  and  being  substan- 
tially  greater  than  the  resistance  of  the  first 
power  supply  bus; 
the  resistance  of  each  of  the  conductors 
between  the  circuits  and  the  second  power 
supply  bus  being  essentially  equal  and  being 
substantially  greater  than  the  resistance  of  the 
second  power  supply  bus;  and 
each  circuit  comprising: 

an  input  and  an  output; 
a  first  capacitor  having  a  first  terminal  cou- 
pled  between  the  output  terminal  of  the  cir- 
cuit  and  a  first  terminal  of  the  circuit  which 
is  coupled  to  a  conductor  which  couples 
the  circuit  to  the  first  power  supply  bus; 
and 
a  second  capacitor  having  a  first  terminal 
coupled  between  the  output  terminal  of  the 
circuit  and  a  second  terminal  of  the  circuit 
which  is  coupled  to  the  conductor  which 
couples  the  circuit  to  the  second  power 
supply  bus. 

8 



EP  0  964  520  A1 

F I G .   1  
(PRIOR  ART) 

-14 12 r  
10 

VSSQ V  
16 

,  ,  ,  
^ >   

,  ,  , 
OCD  OCD  OCD  OCD  OCD  OCD 

1  2  3  4  '  '  *  
n-1  "n" 

VDDQ 

22  14 

20 

Rl 

12 

Rl 

12 

F I G .   2  
(PRIOR  ART) 

Rl 

12 

Rl 
W r /  

14 

12 12 

Rl  Rl  Rl 
1  \ m J   W V ± —   W r *  

OCD  OCD  OCD  OCD  OCD 
1  2  3  4  "  '  '  "n" 

•16 

F I G .   3  

"b-DATA 

3L  44 
46  i 

^ O U T P U T  
"DATA" 

- 3 4  

9 



'  U  SOt  D̂ U  Ml 

l b .   4  

)4-iU 
04-2U  i°°  ^   I 

i  i 
04-3U  I 
_! 

OCD  OCD  OCD 
1  2  3 

—  i  —   1  '  —  i  —   1  '  —  i  —   1 

UD 
jq-  im-ij  u 

4 

7 ^  
L04-1L 

I04-2L  
W ^ L -  

4  . 

U4-4L 

r  

U4  MIU 

OCD  OCD 
n-1  "n" 

i  1 

106 
VDDQ  V. 

p  —  *- 

2 8 ~ U v S S Q   108 

F I G .   6  
1UU 

R3^  R3^  R 3 i  

104-1L- 

OCD  OCD  OCD  OCD  " 
1 2   3  4 

>  R4^  R4^  R 4 ^  

\ J r $   I ,   h  
1  inn  \  1  V 

H4; 

vssu 

V°  R5 10s  v104- [n - l )L  

IU 



cr  0  964  520  A1 

-DATA 

/  } d a t a  
40 

lMt 



EP  0  964  520  A1 

European  Patent 
Office 

EUROPEAN  SEARCH  REPORT Application  Number 
EP  99  10  8740 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, 
of  relevant  passages 

Relevant 
to  claim 

CLASSIMCA  I  ION  Ul-  I  Hfc APPLICATION  (lnt.CI.6) 

US  5  428  311  A  (MCCLURE  DAVID  C) 
27  June  1995  (1995-06-27) 
*  column  1,  line  6  -  column  3,  line  59; 
figures  1A,1B,2,3  * 

WO  96  41443  A  (YOUNG  IAN  A  ;  INTEL  CORP 
(US))  19  December  1996  (1996-12-19) 
*  page  7,  line  6  -  line  23;  figure  3  * 

1,8-11 H03K19/003 
G06F1/10 
H03K19/017 

JS  4  812  684  A  (YAMAGIWA  AKIRA 
14  March  1989  (1989-03-14) 
*  the  whole  document  * 

ET  AL) 

TECHNICAL  FIELDS 
SEARCHED  (lnt.CI.6) 

H03K 
G06F 

The  present  search  report  has  been  drawn  up  for  all  claims 
Place  of  search 

THE  HAGUE 
Date  of  completion  of  the  search 
23  September  1999 

Lxaminer 
Feuer,  F 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  oategory A  :  technological  background O  :  non-written  disclosure 
P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or after  the  filing  date 
D  :  document  cited  in  the  application L  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding document 

12 



EP  0  964  520  A1 

ANNEX  TO  THE  EUROPEAN  SEARCH  REPORT 
ON  EUROPEAN  PATENT  APPLICATION  NO. EP  99  10  8740 

This  annex  lists  the  patent  family  members  relating  to  the  patent  documents  cited  in  the  above-mentioned  European  search  report. 
The  members  are  as  contained  in  the  European  Patent  Office  EDP  file  on 
The  European  Patent  Office  is  in  no  way  liable  for  these  particulars  which  are  merely  given  for  the  purpose  of  information. 

23-09-1999 

Patent  document 
cited  in  search  report 

Publication 
date 

Patent  family 
member(s) 

Publication 
date 

US  5428311 

WO  9641443 

A 

A 

27-06-1995 

19-12-1996 

NONE 

AU 
EP 

6164296  A 
0830761  A 

30-12-1996 
25-03-1998 

US  4812684 14-03-1989 JP  2095561  C 
JP  8003773  B 
JP  63205720  A 
CN  1009520  B 

02-10-1996 
17-01-1996 
25-08-1988 
05-09-1990 

w  For  more  details  about  this  annex  :  see  Official  Journal  of  the  European  Patent  Office,  No.  1  2/82 

13 


	bibliography
	description
	claims
	drawings
	search report

