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Description 

[0001]  The  present  invention  relates  to  memory  de- 
vice  in  accordance  with  the  preamble  of  claim  1  . 
[0002]  Memory  devices  always  comprise  at  least  one  s 
cell  matrix  comprising  a  plurality  of  rows,  a  plurality  of 
columns  and,  in  correspondence  with  each  crossing  be- 
tween  the  rows  and  columns,  a  more  or  less  complex 
memory  cell.  The  rows  and  columns  consist  generally 
of  electrical  conductors  made  of  silicide  or  polysilicon  10 
which  are  materials  with  relatively  low  conductivity. 
[0003]  Since  memories  have  ever  growing  capacities 
and  must  meet  stringent  specifications  as  regards  ac- 
cess  time,  many  manufacturers  have  elected  memory 
devices  where  the  rows  are  provided  conventionally  15 
while  the  columns  are  provided  of  metallic  materials 
having  relatively  high  conductivity  and  making  them 
from  a  first  metallic  layer  (metal-1). 
[0004]  To  make  the  devices  still  faster  it  has  been  nec- 
essary  to  reduce  the  series  resistance  of  the  rows.  This  20 
was  achieved  by  means  of  another  plurality  of  electrical 
conductors  running  parallel  to  and  superimposed  on  the 
conductors  of  the  rows  and  contacted  therewith  by 
means  of  the  opening  of  VIAs  every  certain  number  of 
memory  cells  as  may  be  seen  in  FIG.  1  .  The  conductors  25 
of  said  additional  plurality  are  made  of  metallic  materials 
having  relatively  high  conductivity  and  making  them 
from  a  second  metallic  layer  (metal-2). 
[0005]  The  process  for  making  from  the  second  me- 
tallic  layer  the  additional  plurality  of  conductors  is  sub-  30 
ject  to  even  large  defects  for  a  variety  of  reasons  one  of 
the  many  of  which  is  the  difficulty  of  planarisation  of  the 
underlying  structure.  Said  defects  result  in  short 
circuiting  of  two  or  more  adjacent  conductors  depending 
on  the  size  of  the  defect  as  may  be  seen  in  FIG.  1  .  35 
[0006]  It  is  common  practice  to  obviate  said  defects 
by  providing  redundant  rows.  In  general  redundancy  is 
limited  to  short  circuits  between  two  adjacent  rows  for 
reasons  of  failure  frequency  and  redundancy  manage- 
ment  circuitry  simplicity  and,  for  flash  EPROM  memo-  40 
ries,  the  space  occupied  by  the  row  and/or  column  de- 
coding  circuitry. 
[0007]  Indeed,  flash  EPROM  memory  devices  can  be 
erased  only  in  their  entirety  while  they  can  be  written 
one  cell  at  a  time.  If  a  cell  were  never  written  but  repeat-  45 
edly  erased  (together  with  the  others)  it  would  be  "emp- 
tied"  in  a  short  time  and  this  would  lead  to  read  errors 
for  the  cells  located  in  the  same  column.  To  obviate  this 
shortcoming,  before  any  erasing  phase  of  the  device 
there  is  a  "preconditioning"  phase  affecting  individually  so 
all  the  cells  of  the  device  (those  of  the  perfectly  operating 
rows,  the  defective  ones  and  also  the  redundant  ones) 
and  consisting  of  writing  the  cells  not  already  written  by 
injecting  charges  in  the  insulated  gate  of  the  MOS  tran- 
sistor  which  makes  them  up.  When  a  write  operation  is  55 
executed  in  a  row  exhibiting  a  short  circuit  it  is  necessary 
anyway  that  the  cells  making  it  up  be  actually  written  so 
as  to  avoid  future  read  errors.  To  do  this  there  are  need- 

ed  stronger  and  more  cumbersome  generators  in  pro- 
portion  to  the  stronger  current  needed  to  pilot  the  row 
despite  the  short  circuit  and  this  depends  on  the  number 
of  short  circuited  rows  and  the  size  of  the  defect.  Present 
integration  levels  do  not  allow  dedicating  to  said  gener- 
ators  a  very  big  area  on  the  chip.  Consequently  only 
short  circuits  between  two  adjacent  rows  are  made  re- 
dundant.  The  short  circuit  of  multiple  rows  constitutes 
an  obstacle  to  operation  of  the  entire  device  and  cannot 
be  accepted  nor  managed  by  means  of  software  or 
firmware  avoiding  the  use  of  such  defective  rows  (this 
is  naturally  true  only  for  flash  EPROM  memory  devices) 
and  hence  results  in  rejection  of  the  device. 
[0008]  A  known  prior  art  solution  is  disclosed  in  US 
Patent  No.  4,827,449  which  relates  an  integrated  circuit 
of  the  type  comprising: 

a  first  plurality  of  polycide  first  conductors  1  3  each 
having  a  plurality  of  first  electrical  connection  points 
16  arranged  along  itself,  and 
a  second  corresponding  plurality  of  aluminium  sec- 
ond  conductors  1  4  each  having  a  plurality  of  second 
electrical  connection  points  1  4c  along  itself  and  said 
plurality  of  first  points  being  electrically  connected 
to  said  plurality  of  second  points  respectively  in 
such  a  manner  as  to  reduce  the  series  resistance 
of  the  first  conductors. 

[0009]  However,  in  such  a  reference  integrated  circuit 
there  isn't  a  redundant  conductor  arrangement  taking 
care  of  larger  defects  or  improving  the  fault  coverage  of 
short  circuits  of  adjacent  conductors. 
[0010]  The  purpose  of  the  present  invention  is  to  pro- 
vide  a  memory  device  having  a  structure  such  as  to  be 
tolerant  of  large  manufacturing  defects. 
[0011]  Said  purpose  is  achieved  by  means  of  the 
memory  device  of  the  above  mentioned  type  having  fur- 
thermore  the  characteristics  set  forth  in  the  characteris- 
ing  part  of  claim  1  .  Further  advantageous  features  of  the 
present  invention  are  set  forth  in  the  dependent  claims. 
[0012]  By  having  the  second  conductors  interrupted 
between  some  second  consecutive  points  in  such  a 
manner  as  to  leave  relatively  large  areas  of  the  integrat- 
ed  circuit  not  traversed  by  the  second  conductors  the 
probability  that  a  defect  would  affect  two  conductors 
causing  a  short  circuit  between  them  is  reduced  and  for 
three  conductors  it  is  reduced  even  further. 
[0013]  The  resulting  increase  in  the  series  resistance 
is  acceptable  for  memory  devices.  Furthermore,  thanks 
to  the  use  of  redundant  rows  for  said  devices  rejects  due 
to  manufacturing  defects  and  in  particular  those  linked 
to  the  second  metallic  layer  are  practically  eliminated. 
[001  4]  The  invention  is  clarified  by  the  description  set 
forth  below  considered  together  with  the  annexed  draw- 
ings  wherein: 

FIGS.  1,2  and  4  show  top  views  of  second  conduc- 
tors  in  accordance  with  the  known  art, 
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FIG.  5  shows  a  top  view  of  first  and  second  conduc- 
tors  in  accordance  with  the  present  invention,  and 

FIG.  3  shows  a  cross  section  view  along  plane  of 
cut  A-A  of  the  conductors  of  FIG.  2.  s 

[0015]  FIG.  1  shows  a  second  plurality  made  up  of  six 
second  metallic  conductors  C02  which  exhibit  various 
electrical  connection  points  opposite  positions  CP.  Said 
conductors  could  be  word  lines  of  a  memory  matrix.  Be-  10 
neath  the  second  conductors  C02  and  along  their  entire 
length  there  is  a  corresponding  first  plurality  made  up  of 
six  first  conductors  COI  (not  shown  in  FIG.  1),  e.g.  sil- 
icide,  exhibiting  various  electrical  connection  points  op- 
posite  the  positions  CP.  Again  opposite  the  positions  CP  15 
there  are  provided  VI  As  permitting  electrical  connection 
between  the  conductors  COI  and  the  conductors  C02. 
FIG.  1  shows  a  defect  D-O  such  as  to  short  circuit  two 
adjacent  conductors  C02. 
[0016]  FIG.  2  shows  the  second  conductors  C02  of  20 
FIG.  1  as  modified  in  accordance  with  US-A-4  827  449. 
As  may  be  seen  these  are  interrupted  every  two  con- 
secutive  points  CP  and  the  breaks  are  in  alternating  po- 
sitions.  In  the  areas  where  the  conductors  C02  are  in- 
terrupted  are  visible  the  conductors  COI  which  are  how-  25 
ever  hidden  by  the  conductors  COI  in  the  remaining  ar- 
eas.  In  this  way  there  remain  relatively  large  integrated 
circuit  areas  not  traversed  by  conductors  C02.  This 
means  for  example  that  the  defect  D-O  no  longer  causes 
any  short  circuit  between  the  conductors  C02.  30 
[0017]  As  mentioned  above  the  positions  of  the 
breaks  in  the  conductors  C02  are  determined  in  such  a 
manner  as  to  leave  relatively  large  areas  of  the  integrat- 
ed  circuit  not  traversed  by  the  second  conductors  C02. 
These  depend  thus  on  the  mutual  positions  of  the  con-  35 
ductors  and  the  size  of  the  defects  which  it  is  intended 
to  tolerate.  FIGS.  2  and  5  show  two  of  the  many  possible 
choices. 
[0018]  In  the  case  of  memory  devices  the  positions 
CP  are  found  in  general  at  a  constant  distance  every  40 
certain  number  of  memory  cells,  e.g.  512.  In  other  ap- 
plications  this  might  not  be  the  optimal  choice.  In  general 
the  positions  CP  are  determined  on  the  basis  of  consid- 
erations  on  the  electrical  signal  propagation  time  in  the 
conductors  COI  and  hence  depend  also  on  the  type  and  45 
number  of  electronic  devices  connected  thereto. 
[0019]  FIG.  3  shows  a  cross  section  view  along  plane 
of  cut  A-A  of  the  conductors  of  FIG.  2  as  if  these  be- 
longed  to  a  memory  device. 
[0020]  In  the  cross  section  of  FIG.  3  are  shown  the  so 
first  conductors  COI  which  act  as  word  lines  of  a  mem- 
ory  device  and  are  arranged  above  a  substrate  BU  and 
separated  therefrom  by  insulating  layers  IS.  In  the  sub- 
strate  BU  are  made  pockets  SO  and  DR  which  act  as 
source  and  drain  areas  respectively  for  MOS  devices  55 
constituting  memory  cells.  Above  said  structure  is  a  di- 
electric  layer  DL  in  which  are  arranged  third  metallic 
conductors  C03  acting  as  bit  lines  of  the  memory  device. 

Above  the  dielectric  layer  DL  are  second  conductors 
C02  opposite  some  of  the  first  conductors  COI  . 
[0021]  The  present  invention  concerns  memory  de- 
vices.  With  the  aid  of  FIGS.  4  and  5  the  invention  is  ex- 
plained  below. 
[0022]  As  mentioned  at  the  beginning,  it  is  common 
practice  to  provide  in  memory  devices  redundant  rows 
to  obviate  short  circuits  between  two  adjacent  rows  due 
to  manufacturing  defects. 
[0023]  FIG.  4  shows  a  plurality  of  rows  of  such  a  mem- 
ory  device  and  three  defects  D-1  ,  D-2  and  D-3  caused 
by  the  process  for  making  the  rows  in  a  metallic  layer. 
[0024]  The  defect  D-2  results  in  a  short  circuit  be- 
tween  two  adjacent  rows  and  hence  could  be  recovered 
by  making  use  of  redundancy.  The  defects  D-1  and  D- 
3  would  cause  rejection  of  the  device  since  they  involve 
a  short  circuit  between  four  and  six  adjacent  rows  re- 
spectively. 
[0025]  Using  the  lesson  of  the  present  invention  the 
rows  of  FIG.  4  were  interrupted  at  several  points  giving 
rise  to  the  rows  of  FIG.  5.  In  practice,  pairs  of  rows  were 
taken  into  consideration,  the  rows  of  each  pair  were  in- 
terrupted  at  the  same  positions,  and  adjacent  pairs  were 
interrupted  in  alternating  positions. 
[0026]  As  may  be  seen  in  FIG.  5  now  the  defect  D-2 
no  longer  causes  problems  because  it  does  not  affect 
any  row  and  the  defects  D-1  and  D-3  affect  a  short  circuit 
of  only  two  adjacent  rows  and  hence  can  be  redundant 
without  causing  rejects. 
[0027]  In  this  manner  there  can  be  achieved  a  statis- 
tical  reduction  of  rejects. 

Claims 

1  .  Memory  device  comprising  a  plurality  of  word  lines 
each  consisting  of: 

a)  a  first  conductor  (COI  )  of  a  first  material  with 
relatively  low  conductivity  and  having  a  plurality 
of  first  electrical  connection  points  (CP)  ar- 
ranged  along  itself,  and 

b)  a  second  conductor  (C02)  made  of  a  second 
material  with  relatively  high  conductivity  and 
having  a  plurality  of  second  electrical  connec- 
tion  points  (CP)  along  itself  corresponding  in 
spacing  to  that  of  said  first  connection  points, 
said  plurality  of  first  points  being  electrically 
connected  to  said  plurality  of  second  points  re- 
spectively  in  such  a  manner  as  to  reduce  the 
series  resistance  of  the  first  conductor,  said 
second  conductors  being  interrupted  between 
alternate  pairs  of  consecutive  points  ;  charac- 
terised  in  that  the  word  lines  form  a  plurality  of 
groups  of  neighbouring  word  lines,  each  com- 
prising  at  least  a  pair  of  word  lines,  the  second 
conductors  within  each  group  of  word  lines  be- 
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ing  interrupted  between  adjacent  pairs  of  con- 
nection  points  so  that  the  portions  of  uninter- 
rupted  second  conductor  an  neighbouring  word 
lines  lie  directly  next  to  each  other  so  as  to  be 
aligned  completely  over  their  length,  the  sec- 
ond  conductors  in  adjacent  groups  of  word  lines 
being  interrupted  between  alternate  pairs  of 
connection  points  so  that  the  uninterrupted  por- 
tions  of  second  conductor  in  these  adjacent 
groups  are  in  staggered  arrangement  so  as  to 
have  no  overlap  along  their  length. 

2.  Memory  device  in  accordance  with  claim  1  in  which 
the  distances  between  first  and  second  consecutive 
points  are  equal. 

3.  Memory  device  in  accordance  with  claim  1  in  which 
said  first  and  second  points  are  electrically  connect- 
ed  together  by  means  of  vias. 

4.  Memory  device  in  accordance  with  claim  1  in  which 
said  first  material  is  polysilicon  or  silicide  and  said 
second  material  is  metallic. 

5.  Memory  device  in  accordance  with  claim  1  in  which 
said  first  conductor  and  said  second  conductor  are 
superimposed. 

6.  Memory  device  in  accordance  with  claim  1  in  which 
the  memory  cells  are  of  the  flash  EPROM  type. 

Patentanspriiche 

1.  Speichervorrichtung  mit  einer  Mehrzahl  von  Wort- 
leitungen,  deren  jede  besteht  aus: 

a)  einem  ersten  Leiter  (COI)  aus  einem  ersten 
Material  mit  relativ  geringer  Leitfahigkeit,  der 
eine  Mehrzahl  von  ersten  elektrischen  Verbin- 
dungspunkten  (CP)  aufweist,  die  diesen  ent- 
lang  angeordnet  sind,  und 
b)  einem  zweiten  Leiter  (C02)  aus  einem  zwei- 
ten  Material  mit  relativ  hoher  Leitfahigkeit,  der 
eine  Mehrzahl  von  zweiten  elektrischen  Verbin- 
dungspunkten  (CP)  aufweist,  die  diesen  ent- 
lang  mit  einer  Beabstandung  entsprechend  der 
ersten  Verbindungspunkte  angeordnet  sind, 
wobei  die  Mehrzahl  der  ersten  Punkte  mit  der 
Mehrzahl  der  zweiten  Punkte  jeweils  derart 
elektrisch  verbunden  sind,  dal3  der  Reihenwi- 
derstand  des  ersten  Leiters  reduziert  wird,  wo- 
bei  die  zweiten  Leiter  zwischen  abwechselnd 
aufeinander  folgenden  Paaren  von  aufeinan- 
derfolgenden  Punkten  unterbrochen  sind, 

dadurch  gekennzeichnet, 
da!3  die  Wortleitungen  eine  Mehrzahl  von  Gruppen 

von  einander  benachbarten  Wortleitungen  bilden, 
von  denen  jede  wenigstens  ein  Paar  Wortleitungen 
aufweist,  wobei  die  zweiten  Leiter  innerhalb  jeder 
Gruppe  von  Wortleitungen  zwischen  einander  be- 

5  nachbarten  Paaren  von  Verbindungspunkten  unter- 
brochen  sind,  so  dal3  die  nicht  unterbrochenen 
zweiten  Leiterbereiche  an  benachbarten  Wortlei- 
tungen  direkt  nebeneinander  liegen,  so  dal3  sie 
iiber  ihre  Lange  vollstandig  ausgefluchtet  sind,  wo- 

10  bei  die  zweiten  Leiter  in  einander  benachbarten 
Gruppen  von  Wortleitungen  zwischen  abwechselnd 
aufeinander  folgenden  Paaren  von  Verbindungs- 
punkten  unterbrochen  sind,  so  dal3  die  nicht  unter- 
brochenen  zweiten  Leiterbereiche  in  diesen  einan- 

15  der  benachbarten  Gruppen  in  einer  versetzten  An- 
ordnung  derart  vorliegen,  dal3  sie  keine  Uberlap- 
pung  entlang  ihrer  Lange  aufweisen. 

2.  Speichervorrichtung  nach  Anspruch  1, 
20  wobei  die  Abstande  zwischen  ersten  und  zweiten 

aufeinander  folgenden  Punkten  gleich  sind. 

3.  Speichervorrichtung  nach  Anspruch  1, 
wobei  die  ersten  und  zweiten  Punkte  mittels  Durch- 

25  kontaktierungen  elektrisch  zusammengeschaltet 
sind. 

4.  Speichervorrichtung  nach  Anspruch  1, 
wobei  das  erste  Material  Polysilizium  oder  Silizid  ist 

30  und  das  zweite  Material  metallisch  ist. 

5.  Speichervorrichtung  nach  Anspruch  1, 
wobei  der  erste  Leiter  und  der  zweite  Leiter  iiber- 
einander  angeordnet  sind. 

35 
6.  Speichervorrichtung  nach  Anspruch  1, 

wobei  die  Speicherzellen  vom  Flash-EPROM-Typ 
sind. 

40 
Revendications 

1.  Memoire  comprenant  une  pluralite  de  lignes  de  mot 
consistant  chacune  en  : 

45 
a)  un  premier  conducteur  (COI  )  fabrique  dans 
un  premier  materiau  de  conductivity  relative- 
ment  faible  et  ayant  une  pluralite  de  premiers 
points  de  connexion  electrique  (CP)  disposes 

so  dans  sa  longueur,  et 
b)  un  second  conducteur  (C02)  fabrique  dans 
un  second  materiau  de  conductivity  relative- 
ment  elevee  et  ayant  une  pluralite  de  seconds 
points  de  connexion  electrique  (CP)  disposes 

55  dans  sa  longueur  correspondant  en  espace- 
ment  a  celui  desdits  premiers  points  de  con- 
nexion  (CP),  ladite  pluralite  de  premiers  points 
etant  connectees  electriquement  a  ladite  plura- 
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lite  de  seconds  points  respectivement  de  ma- 
niere  a  reduire  la  resistance  serie  du  premier 
conducteur,  lesdits  seconds  conducteurs  etant 
interrompus  entre  des  paires  alternees  de 
points  consecutifs  ;  caracterisee  en  ce  que  les  s 
lignes  de  mot  torment  une  pluralite  de  groupes 
de  lignes  de  mot  voisines,  chacun  comprenant 
au  moins  une  paire  de  lignes  de  mot,  les  se- 
conds  conducteurs  a  I'interieur  de  chaque 
groupe  de  lignes  de  mot  etant  interrompus  en-  10 
tre  des  paires  adjacentes  de  points  de  con- 
nexion  afin  que  les  portions  de  second  conduc- 
teur  non  interrompu  sur  des  lignes  de  mot  voi- 
sines  se  trouvent  les  unes  a  cote  des  autres  de 
maniere  a  etre  completement  alignees  sur  leur  15 
longueur,  les  seconds  conducteurs  dans  les 
groupes  adjacents  de  lignes  de  mot  etant  inter- 
rompus  entre  des  paires  alternees  de  points  de 
connexion  de  maniere  a  ce  que  les  portions  non 
interrompues  de  second  conducteur  dans  ces  20 
groupes  adjacents  soient  disposees  en  quin- 
conce  de  maniere  a  ce  qu'il  n'y  ait  pas  de  re- 
couvrement  le  long  de  leur  longueur. 

2.  Memoire  selon  la  revendication  1  ,  dans  laquelle  les  25 
distances  entre  premier  et  second  points  consecu- 
tifs  sont  egales. 

3.  Memoire  selon  la  revendication  1  ,  dans  laquelle  les- 
dits  premier  et  second  points  sont  connectes  en-  30 
semble  electriquement  au  moyen  de  ponts. 

4.  Memoire  selon  la  revendication  1  ,  dans  laquelle  le- 
dit  premier  materiau  est  du  polysilicium  ou  du  sili- 
ciure  et  ledit  second  materiau  est  metallique.  35 

5.  Memoire  selon  la  revendication  1  ,  dans  laquelle  le- 
dit  premier  conducteur  et  ledit  second  conducteur 
sont  superposes. 

40 
6.  Memoire  selon  la  revendication  1  ,  dans  laquelle  les 

cellules  memoire  sont  du  type  flash  EPROM. 
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