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lithography  is  required  to  fabricate  components 
having  geometries  of  less  than  about  2  um.  But 
these  techniques  are  very  expensive  and  are  still 
in  the  experimental  stage.  Compensating  for  elec- 

5  tron  scattering  and  proximity  effects  still  needs 
further  work,  for  example. 

Also,  undercutting  during  any  etching  process 
is  a  major  problem.  This  is  because  since  lateral 
dimensions  are  small  to  begin  with,  the  slightest 

10  undercutting  will  aggravate  any  narrow  width 
electronic  phenomena—  such  as  bird-beak  for 
example.  And  this  in  turn  can  render  the  device 
inoperable. 

Further,  reducing  the  area  of  circuit  com- 
15  ponents  also  requires  that  they  be  scaled  in  the 

vertical  direction.  Junction  depths,  for  example, 
need  to  be  shrunk.  But  this  further  limits  the 
processing  temperatures  —  otherwise  the  junction 
depths  will  increase  through  diffusion. 

20  Another  problem  which  the  IC  industry  also 
spends  millions  of  dollars  on  each  year  is  how  to 
increase  the  operating  speed  of  the  circuits  on  the 
chips.  Again,  many  factors  limit  this  speed  of 
operation.  But  they  include,  for  example,  the 

25  existence  of  parasitic  capacitances  between  the 
circuit  components  and  the  substrate,  and  high 
resistivities  of  various  doped  regions  in  the  sub- 
strate.  These  limitations  are  developed  herein  in 
greater  detail  in  the  Detailed  Description. 

30  Still  another  problem  that  is  particularly  asso- 
ciated  with  mask-programmable  read-only 
memories  and  digital  computers  incorporating 
the  same  is  how  to  reduce  the  time  that  is 
required  to  fill  a  particular  customer's  order.  This 

35  is  a  problem  because  since  the  chips  are  mask- 
programmable,  their  fabrication  process  varies 
for  each  customer.  Thus,  the  chips  cannot  be 
fabricated  until  an  order  is  received;  and  also,  the 
fabrication  process  becomes  longer  as  chip  areas 

40  get  larger  and  circuit  components  get  smaller. 
Therefore,  the  primary  object  of  this  invention 

is  to  provide  an  improved  architecture  for  digital 
memories  and  digital  computers  as  integrated  on 
a  single  semiconductor  substrate  which  avoids  all 

45  of  the  above  problems. 
EP—  A—  0  013  603  teaches  to  provide  a  PROM 

with  the  features  mentioned  in  the  pre-charac- 
terizing  part  of  claim  1.  The  diodes  are  formed  by 
doped  regions,  linking  to  conductive  lines  of 

so  polycrystalline  silicon  material. 
The  article  by  F.  H.  Gaensslen  in  IBM  TDB  14, 

No.  1,  June  1971,  p.  252,  teaches  to  construct 
Schottky  barrier  diodes  for  a  ROM.  These  are 
formed  by  contacting  N-conductivity  type  lines  in 

55  an  epitaxial  silicon  layer  with  a  metal  layer.  The 
epitaxial  layer  is  per  definition  monocrystalline 
and  can  only  be  grown  on  a  suitable  monocrys- 
talline  substrate.  It  cannot  be  grown  on  an 
amorphous  or  polycrystalline  substrate.  This  type 

60  of  Schottky  barrier  diodes  can  thus  only  be 
realized,  if  the  substrate  is  monocrystalline  sili- 
con,  since  otherwise,  the  epitaxial  layer  cannot  be 
grown. 

Since  the  context  of  EP—  A—  0  013  603  the 
65  Schottky  barrier  diodes  must  be  provided  on  an 

Description 

Background  of  the  invention 
This  invention  relates  to  a  programmable  read- 

only  memory  of  the  kind  mentioned  in  the  pre- 
characterizing  part  of  claim  1. 

A  continual  problem  which  the  integrated  cir- 
cuits  (IC)  industry  faces  year  after  year  is  how  to 
integrate  more  and  more  circuitry  onto  the  sub- 
strate.  Each  year,  millions  of  dollars  in  research 
are  spent  by  the  industry  on  this  problem.  And  as 
a  result,  digital  memories  have  advanced  over  the 
years  from  64  bits/chip  to  65,000  bits/chip;  and 
digital  computers  —  the  smallest  of  which  was 
once  comprised  of  thousands  of  chips  —  are  now 
packaged  on  a  single  chip. 

Two  techniques  have  been  utilized  to  achieve 
this  advancement  in  the  art.  They  are  making  the 
area  of  the  chips  larger,  and  making  the  individual 
circuit  components  (e.g.  transistors)  smaller.  Over 
the  last  ten  years  for  example,  chip  areas  have 
increased  from  150x150  mils2  to  300x300  mils2; 
and  FET  transistor  channel  lengths  have 
decreased  from  8  um  to  less  than  2  um. 

Presently,  the  IC  industry  is  spending  additional 
millions  of  dollars  on  research  to  further  increase 
the  amount  of  circuitry  on  a  chip  by  further 
increasing  chip  size.  But  as  chip  size  is  increased, 
yield  rapidly  decreases  in  a  nonlinear  fashion.  For 
example,  a  process  with  200x200  mils2  chips 
having  a  20%  yield  could  be  expected  to  have  a 
yield  of  near  0%  on  chips  of  400x400  mils2. 

This  is  because  non-defective  chips  occur  ran- 
domly  in  a  wafer.  Thus,  doubling  the  sides  of  a 
200x200  mil2  chip  in  a  particular  process  is 
equivalent  to  accepting  only  sets  of  four  non- 
defective  200x200  mil2  chips  that  occur  side  by 
side.  But  since  the  defect-free  200x200  mils2 
chips  occur  at  random,  the  probability  of  having 
four  of  them  occur  side  by  side  is  near  0%. 

To  overcome  this  problem,  the  IC  industry 
traditionally  attempts  to  reduce  the  source  of  the 
defects.  But  this  is  a  very  complex  and  expensive 
approach  because  there  are  so  many  different 
defect  sources.  Also,  the  techniques  for  further 
reducing  various  particular  defect  sources  are 
already  being  pushed  to  their  limits. 

For  example,  the  typical  number  of  crystalline 
defects  in  a  substrate  has  already  been  reduced 
over  the  last  ten  years  from  1,000  defects/cm2  to 
50/cm2.  Also,  impurity  concentrations  for  various 
chamicals  have  been  refined  to  99.999%.  Foreign 
particles  in  clean  rooms  have  been  reduced  from 
1,000  particles  of  less  than  3  um  diameter  per  ft3 
to  100  particles  of  less  than  1  um  diameter  per  ft3. 
Processing  temperatures  have  been  lowered  from 
over  1,000°C  to  less  than  900°C  to  reduce  stress- 
induced  defects.  And  projection  aligners  have 
been  developed  to  replace  contact  printing  to 
reduce  mask-induced  defects. 

Similarly,  the  IC  industry  is  also  spending  mil- 
lions  of  dollars  each  year  on  reducing  the  size  of 
individual  circuit  components.  But  these  efforts 
are  also  frustrated  by  multiple  limitations.  For 
example,  electron-beam  lithography  or  x-ray 
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Figure  16  is  a  greatly  enlarged  cross-sectional 
view  of  still  another  embodiment  of  the  invention. 

Figure  17  is  a  greatly  enlarged  cross-sectional 
view  of  still  another  embodiment  of  the  invention. 

5 
Detailed  description  of  the  invention 

Referring  now  to  Figure  1,  the  details  of  one 
preferred  embodiment  of  the  invention  will  be 
described.  This  embodiment  includes  a  semicon- 

10  ductor  substrate  10  having  a  surface  1  1  on  which  a 
plurality  of  interconnected  field  effect  transistors 
are  fabricated.  These  field  effect  transistors  and 
their  interconnections  are  indicated  in  general  in 
Figure  1  by  reference  numeral  12;  and  they  are 

15  also  indicated  in  greater  detail  in  Figure  2. 
Overlying  this  plurality  of  interconnected  tran- 

sistors  is  an  insulating  layer  13;  and  on  top  of 
layer  13  is  a  read-only  memory  14.  Memory  14  is 
comprised  of  components  14a,  14b,  14c,  and  15. 

20  Component  14a  is  a  plurality  of  spaced-apart 
semiconductor  lines  which  lie  directly  on  insulat- 
ing  layer  13.  Component  14  is  an  insulating  layer 
which  covers  lines  14a.  And  component  14c  is  a 
plurality  of  spaced-apart  metal  lines  which  lie  on 

25  insulating  layer  14b.  These  semiconductor  lines 
and  metal  lines  serve  as  select  lines  for  the  cells  in 
memory  14. 

To  program  memory  14,  a  plurality  of  Schottky 
diodes  15  are  selectively  made  between  lines  14a 

30  and  14c.  These  diodes  are  indicated  in  Figures  2 
and  3.  Each  diode  is  formed  by  a  contact  between 
lines  14a  and  14c;  and  the  presence  or  absence  of 
a  diode  indicates  the  information  which  is  stored 
in  the  memory. 

35  In  other  words,  each  crossing  of  one  semicon- 
ductor  line  14a  and  one  metal  line  14c  forms  one 
cell  of  memory  14.  And  the  information  in  that  cell 
is  programmed  by  forming  a  selectable  contact 
(i.e.,  forming  a  selectable  Schottky  diode)  at  the 

40  crossing.  Then,  depending  upon  whether  positive 
or  negative  logic  is  used,  the  presence  of  a 
contact  indicates  either  a  logical  1  or  a  logical  0 
while  the  absence  of  a  contact  indicates  just  the 
opposite. 

45  Information  is  read  from  memory  14  by  selec- 
tively  addressing  the  memory  cells.  A  decoder  for 
these  addresses  is  formed  by  the  plurality  of 
interconnected  transistors  12.  They  include  both 
depletion  mode  transistors  TD  and  enhancement 

so  mode  transistors  TE  as  illustrated  in  Figure  2. 
Reference  numerals  12a,  12b,  12c,  12d,  and  12e 
respectively  indicate  the  source-drain,  gate  oxide, 
polysilicon  gate,  insulating  layer  between  polysili- 
con  and  metal,  and  metal  interconnects  for  these 

55  transistors. 
Interconnections  between  these  transistors  and 

memory  14  are  made  through  a  plurality  of 
apertures  16  which  penetrate  insulating  layer  13. 
In  the  illustrated  preferred  embodiment  of  Figure 

60  1,  the  apertures  16  extend  around  the  perimeter 
of  substrate  10.  This  leaves  the  interior  portion  of 
substrate  10  open  for  other  logic—  that  is,  logic  in 
addition  to  the  memory  address  decoder—which 
is  also  formed  by  the  interconnected  transistors 

65  12. 

amorphous  SiO2  insulating  layer,  the  Schottky 
barrier  diodes  of  Gaensslen  cannot  be  used,  since 
the  above-mentioned  necessary  monocrystalline 
substrate  is  not  available  to  construct  them  on. 

If  a  layer  corresponding  to  the  epitaxial  layer  in 
Gaensslen  was  grown  on  the  amorphous  insulat- 
ing  layer  according  to  EP—  A—  0  103  603,  this 
layer  would  necessarily  become  amorphous  too, 
since  the  layer  would  mimic  the  structure  of  the 
material  on  which  it  is  grown.  Such  an  amorph- 
ous  layer  together  with  a  metal  contact  does  not 
form  a  Schottky  diode.  So  much  leakage  current 
occurs  on  the  grain  boundaries  of  the  amorphous 
layer,  that  the  contact  acts  as  a  resistor. 

Brief  summary  of  the  invention 
The  invention's  objects  are  accomplished  by 

programmable  read-only  memory  according  to 
claim  1. 

Brief  description  of  the  drawings 
Various  features  and  advantages  of  the  inven- 

tion  will  best  be  understood  with  reference  to  the 
following  detailed  description  and  the  accom- 
panying  drawings  wherein: 

Figure  1  is  a  pictorial  view  of  a  memory  which 
comprises  one  embodiment  of  the  invention. 

Figure  2  is  a  greatly  enlarged  cross-sectional 
view  of  a  portion  of  the  Figure  1  memory. 

Figure  3  illustrates  a  preferred  structure  for  the 
plurality  of  selectable  electrical  contacts  in  the 
memory  of  Figures  1  and  2. 

Figure  4  is  a  detailed  circuit  diagram  of  the 
memory  of  Figures  1—3  with  one  preferred 
addressing  means. 

Figure  5  is  a  detailed  circuit  diagram  of  the 
memory  of  Figures  1—3  with  another  preferred 
addressing  means. 

Figure  6  illustrates  a  digital  computer  with  a 
stacked  control  section  that  is  constructed  in 
accordance  with  Figures  1  —  5. 

Figure  7  is  a  detailed  circuit  diagram  of  an 
arithmetic  section  of  a  digital  computer  which  is 
constructed  in  accordance  with  Figures  1  —  3. 

Figure  8  is  a  pictorial  view  of  a  digital  computer 
having  a  stacked  arithmetic  section  which  is 
constructed  in  accordance  with  Figure  7. 

Figure  9  illustrates  a  digital  computer  having  a 
stacked  programmable  interconnect  matrix  which 
is  constructed  in  accordance  with  Figures  1  —  3. 

Figure  10  is  a  detailed  circuit  diagram  of  a 
preferred  embodiment  for  the  stacked  inter- 
connect  matrix  of  Figure  9. 

Figure  11  is  a  greatly  enlarged  cross-sectional 
view  of  another  embodiment  of  the  invention. 

Figure  12  is  an  equivalent  circuit  diagram  of  the 
embodiment  in  Figure  11. 

Figure  13  is  a  set  of  curves  illustrating  the 
operation  of  the  Figure  11  embodiment. 

Figure  14  is  a  detailed  circuit  diagram  of  the 
Figure  11  embodiment  and  a  preferred 
addressing  means. 

Figure  15  is  a  detailed  circuit  diagram  of  the 
Figure  11  embodiment  and  another  preferred 
addressing  means. 
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A  plurality  of  metal  bonding  pads  17  also  lie 

over  the  perimeter  of  substrate  10.  They  are  used 
as  I/O  pins  for  sending  external  signals  to  and 
receiving  signals  from  memory  14  and  the  other 
additional  logic.  Preferably,  memory  14  together 
with  this  additional  logic  form  a  densely  packaged 
digital  computer,  as  will  be  described  shortly  in 
conjunction  with  Figures  6—10. 

Turning  now  to  Figure  3,  a  preferred  structure 
for  each  cell  in  memory  14  is  illustrated  in  greater 
detail.  In  this  structure,  insulating  layer  13  is 
comprised  of  SiOz  and  is  7,000A—  1O,000A  thick. 
This  relatively  large  thickness  is  preferred 
because  it  tends  to  smooth  out  surface  13a  on 
which  memory  14  is  fabricated;  and  also,  any 
capacitances  between  memory  14  and  the  under- 
lying  interconnected  plurality  of  transistors  12  are 
essentially  eliminated. 

Each  of  the  spaced-apart  semiconductor  lines 
14a  in  the  Figure  3  structure  is  formed  by  a 
polycrystaliine  layer  of  N~  semiconductor 
material  in  direct  contact  with  a  polycrystaliine 
layer  of  N+  semiconductor  material.  The  impurity 
concentrated  of  the  N"  layer  is  1014—  1017  dopant 
atoms/cm3;  and  the  impurity  concentration  of  the 
N+  layer  is  anything  greater  than  1020  atoms/cm3. 
These  N"  and  N+  layers  suitably  are  each  4,000A 
thick. 

Preferably,  these  N~  and  N+  layers  are  fabri- 
cated  by  depositing  either  silicon  or  germanium 
which  is  doped  in  situ  as  deposited  on  surface 
13a.  Arsenic,  phosporous,  and  antimony  are  suit- 
able  dopant  impurity  atoms.  These  N"  and  N+ 
layers  are  annealed  at  temperatures  above  600°C 
to  activate  the  dopant  atoms.  That  is,  the  anneal- 
ing  causes  the  dopant  atoms  to  take  substitu- 
tional  positions  in  the  silicon/germanium  poly- 
crystaliine  lattice  network. 

Each  of  the  spaced-apart  metal  lines  14c  also 
preferably  has  a  multilayered  structure.  The 
bottom  layer,  that  is  the  layer  closest  to  semicon- 
ductor  lines  14a  is  comprised  of  a  nobie  metal- 
—  such  as  platinum  for  example.  Suitably,  this 
layer  is  250A  thick.  After  the  noble  metal  is 
deposited,  it  is  heated  to  600°C  to  form  a  com- 
pound  (e.g.,  platinum  silicide)  with  the  underlying 
N"  semiconductor  layer,  as  indicated  by  the 
vertical  Crosshatch  lines  in  Figure  3. 

That  portion  of  the  noble  metal  which  lies  on 
insulating  layer  14b  does  not  form  a  compound; 
and  instead  it  is  subsequently  removed.  Then  a 
barrier  metal,  such  as  titanium  tungsten,  is 
deposited  in  its  place.  Suitably,  the  thickness  of 
this  barrier  metal  is  1,000A.  Thereafter,  a  conduc- 
tive  metal,  such  as  aluminum,  is  deposited  on  the 
titanium  tungsten.  Suitably,  the  thickness  of  this 
conductive  metal  is  8,000A. 

With  this  structure,  the  conductive  metal 
operates  to  minimize  the  resistance  of  the  lines 
14a.  The  barrier  metal  operates  to  prevent  the 
conductive  metal  from  diffusing  through  the 
semiconductor  lines  14a.  And  the  junction 
between  the  silicide  of  the  noble  metal  and  the 
underlying  N"  layer  forms  the  Schottky  diode  15. 

Through  experimental  testing,  Schottky  diodes 

formed  by  the  above  structure  have  been  found  to 
have  a  turn-on  voltage  of  0.41  ±0.02  volts,  a 
leakage  current  of  15x10"9  amps,  and  a  reverse 
breakdown  voltage  of  10  volts.  Also,  the 

5  resistance  of  the  semiconductor  lines  14a  and  the 
metal  lines  14c  have  been  found  to  be  15  ohms 
per  square  and  0.04  ohms  per  square  respec- 
tively.  An  even  lower  resistivity  of  the  semicon- 
ductor  lines  14a  may  be  achieved,  as  an  alterna- 

w  tive,  by  adding  a  layer  of  molybdenum  silicide 
between  the  N+  semiconductor  layer  and  the 
insulating  surface  13a. 

Turning  now  to  Figure  4,  one  preferred  means 
for  reading  information  from  memory  14  will  be 

15  described.  In  that  Figure,  reference  numerals  14a, 
14c,  and  15  again  respectively  indicate  the 
spaced-apart  semiconductor  lines,  metal  lines, 
and  selectable  diodes  as  described  above. 

Also  illustrated  in  Figure  4  are  a  plurality  of 
20  transistors  20  and  21.  These  transistors  lie 

beneath  insulating  layer  13  and  are  a  portion 
of  the  previously  described  interconnected 
transistors  12.  Transistors  20  are  depletion 
devices  (such  as  transistors  TD)  whereas  transis- 

25  tors  21  are  enhancement  devices  (such  as  transis- 
tors  TE). 

Also  lying  beneath  insulating  layer  13  as  a 
portion  of  the  interconnected  transistors  12  is  an 
X  address  decoder  and  a  Y  address  decoder.  Each 

30  semiconductor  line  14a  is  driven  by  an  inverted 
output  of  the  X  address  decoder;  and  the  gate  of 
each  of  the  transistors  21  is  driven  by  a  nonin- 
verted  output  of  the  Y  address  decoder.  One 
suitable  circuit  for  these  decoders  is  indicated  by 

35  reference  numeral  22  as  an  example.  Its  outputs 
couple  to  memory  14  through  the  apertures  16. 

To  read  information  from  a  particular  memory 
cell  the  X  address  decoder  generates  a  low  logic 
level  on  the  semiconductor  line  16  which  forms 

40  that  cell;  and  the  Y  address  decoder  simul- 
taneously  generates  a  high  logic  level  on  the  gate 
of  the  transistor  21  connected  to  the  metal  line 
14c  which  forms  that  cell.  If  a  diode  is  present  in 
that  cell,  then  current  will  flow  through  the  diode 

45  thereby  causing  a  voltage  drop  across  the  deple- 
tion  transistor  20  which  connects  to  that  diode, 
thus  forcing  the  memory  output  signal  OUT  1  low. 
Conversely,  if  no  diode  is  present,  no  current  will 
flow;  and  thus  the  memory  output  signal  OUT  1 

so  will  be  high. 
An  alternative  preferred  means  for  reading 

information  in  memory  14  is  illustrated  in  Figure 
5.  There,  depletion  transistors  23  couple  to  one 
end  of  the  semiconductor  lines  14a;  and  enhance- 

55  ment  transistors  24  couple  to  the  opposite  ends  of 
those  lines.  Also,  each  of  the  metal  lines  is  driven 
by  a  noninverting  output  of  an  X  address 
decoder;  and  the  gate  of  each  of  the  transistors  24 
is  driven  by  a  noninverting  output  of  a  Y  address 

60  decoder  —  one  of  which  is  indicated  by  reference 
numeral  25  as  an  example. 

To  read  information  from  a  particular  memory 
cell,  a  high  logic  level  is  generated  by  the  X 
address  decoder  on  the  metal  line  14c  which 

65  forms  a  portion  of  that  cell;  and  a  high  logic  level 
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Number  087,666.  All  of  the  teachings  of  that 
patent  application  are  incorporated  herein  by 
reference. 

Briefly,  the  computer  of  Figure  6  is  divided  into 
5  an  arithmetic  section  and  a  control  section.  One 

preferred  physical  layout  for  the  arithmetic  sec- 
tion  in  a  semiconductor  chip  is  given  in  Figure  8  of 
the  above  reference;  and  that  layout,  along  with 
the  reference  numerals,  is  here  reproduced  as  the 

10  bottom  portion  of  Figure  6.  In  addition  here 
however,  a  preferred  physical  layout  for  the  con- 
trol  section  is  also  illustrated  as  the  top  portion  of 
Figure  6. 

That  control  section  includes  a  control  memory 
is  CM,  an  X  address  decoder  XD,  and  a  Y  address 

decoder  YD.  Memory  CM  and  decoders  XD  and 
YD  are  fabricated  as  described  above.  Thus, 
decoders  XD  and  YD  are  fabricated  in  the  semi- 
conductor  substrate  along  with  the  arithmetic 

20  section;  while  control  memory  CM  is  fabricated 
on  an  insulating  layer  which  overlies  the  sub- 
strate.  Several  large  arrows  27  in  Figure  6  indicate 
that  in  the  actual  physical  computer,  control 
memory  CM  is  flipped  over  to  cover  everything 

25  below  decoder  YD. 
Outputs  from  decoder  XD  which  carry  signals 

to  select  a  particular  memory  cell  come  out  of  the 
plane  of  Figure  6;  and  thus  they  are  indicated  as  a 
circle  with  an  internal  dot.  Conversely,  inputs  to 

30  decoder  YD  come  from  control  memory  CM  into 
the  plane  of  Figure  6,  and  thus  they  are  indicated 
as  a  circle  with  an  internal  X.  These  inputs  and 
outputs  of  the  decoders  couple  to  memory  CM 
through  the  apertures  16. 

35  Also  included  in  the  control  portion  of  the 
Figure  6  computer  is  a  present  address  register 
PA.  This  register  holds  the  address  which  is  sent 
to  the  above-described  decoders  XD  and  YD. 
Various  control  logic,  such  as  that  described  in 

40  the  above  reference,  may  be  utilized  to  generate 
the  address  in  register  PA;  and  the  physical  space 
occupied  by  this  control  logic  is  indicated  in 
Figure  6. 

Output  signals  OUT  1,  OUT  2,...  from  the 
45  addressed  cells  in  the  control  memory  are  sent 

through  decoder  YD  to  several  control  memory 
registers  36a  —  36d.  The  actual  number  of  output 
signals  may  vary  in  any  particular  design, 
depending  upon  how  the  information  in  control 

so  memory  CM  is  encoded.  In  one  preferred  embodi- 
ment,  a  total  of  32  output  signals  exists.  Thus, 
decoder  YD  is  portioned  into  32  portions,  each  of 
which  is  as  illustrated  in  Figure  4  and  5. 

One  significant  feature  of  the  above-described 
55  computer  architecture  is  its  high  packing  density. 

By  overlying  the  arithmetic  section,  the  PA  control 
logic,  and  decoders  XD  and  YD  with  control 
memory  CM,  the  number  of  cells  in  control 
memory  CM  is  substantially  increased  over  that 

60  which  is  feasible  when  control  memory  CM  is 
fabricated  in  the  semiconductor  substrate. 

In  one  preferred  embodiment  for  example, 
substrate  10  is  310  mils  by  310  mils.  Also  in  this 
embodiment,  semiconductor  lines  14a  are  4  urn 

65  wide;  their  spacing  is  2  urn;  metal  lines  14c  are  2 

is  simultaneously  generated  by  the  Y  address 
decoder  on  the  gate  of  the  transistor  24  connected 
to  the  semiconductor  line  which  forms  a  portion 
of  that  cell.  If  a  diode  exists  in  that  cell,  then 
current  flows  through  that  diode  and  generates  a 
voltage  drop  across  the  depletion  transistor  23, 
which  in  turn  forces  the  memory  output  signal 
OUT  1  to  a  high  logic  level.  Conversely,  if  no 
diode  exists  in  the  cell,  then  the  ground  voltage 
level  to  which  the  depletion  transistors  23  are 
connected  becomes  the  memory  output  signal. 

A  multiple  output  memory  may  also  be  con- 
structed  in  accordance  with  Figures  4  and  5.  In  a 
Figure  4  type  version,  respective  sets  of  metal 
lines  14c  exist  for  each  output;  while  a  single  set 
of  semiconductor  lines  14a  is  shared  by  all  of  the 
outputs.  That  is,  the  metal  lines  14c  which  extend 
across  the  chip  as  illustrated  in  Figure  1  are 
partitioned  into  N  groups  where  N  is  the  number 
of  memory  outputs.  Each  partitioned  group  of 
metal  lines  then  has  its  own  separate  set  of 
transistors  20  and  21  for  addressing  cells  within 
those  groups  in  parallel.  By  comparison,  in  a 
Figure  5  type  version,  respective  sets  of  semicon- 
ductor  lines  14a  exist  for  each  output;  a  single  set 
of  metal  lines  14c  is  shared  by  all  of  the  outputs; 
and  each  set  of  semiconductor  lines  has  its  own 
set  of  transistors  23  and  24. 

For  those  memories  having  a  relatively  large 
number  of  outputs,  care  must  be  taken  to  insure 
that  the  X-decoder  is  able  to  supply  the  total 
current  needed  to  generate  a  high  voltage  at  each 
output.  For  example,  if  the  memory  has  thirty 
outputs  OUT  1  through  OUT  30;  and  the  Y 
decoder  has  ten  outputs  (M=10),  then  each  X- 
decoder  output  could  possibly  connect  to  300 
diodes. 

In  such  a  case,  the  drive  current  of  the  X- 
decoder  can  be  reduced  by  a  factor  of  M  by 
duplicating  the  selection  transistors  21  between 
the  load  transistors  20  and  the  +V  source  in  the 
Figure  4  version,  and  by  duplicating  the  selection 
transistors  24  between  the  load  transistors  23  and 
the  +V  source  in  the  Figure  5  version.  Then,  the  X- 
decoder  would  only  need  to  supply  current  to  one 
diode  for  each  memory  output. 

Alternatively,  the  same  result  could  be  achieved 
with  a  "push-pull"  type  of  address  decoder, 
wherein  only  one  metal  line  is  driven  high  and 
one  semiconductor  line  is  simultaneously  driven 
low  in  each  partitioned  group  that  forms  a 
memory  output.  That  is,  unselected  metal  lines 
would  have  a  low  voltage  impressed  on  them; 
and  unselected  semiconductor  lines  would  have  a 
high  voltage.  Then  only  the  one  diode  that  is 
located  at  the  intersection  of  the  metal  line  with, 
the  high  voltage  and  the  semiconductor  line  with 
the  low  voltage  could  turn-on. 

Referring  now  to  Figure  6,  a  densely-packaged 
digital  computer  which  incorporates  the  above- 
described  memory  will  be  described.  Basically, 
this  computer  is  an  improvement  over  an  inven- 
tion  entitled  "Digital  Computer  Having  a  Pro- 
grammable  Structure"  by  Hanan  Potash  et  al, 
filed  October  24,  1979  and  assigned  Serial 
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the  implanted  atoms  always  stops  in  the  N 
region,  which  raises  the  doping  concentration 
there. 

But  the  doping  concentration  in  the  N~  region 
must  stay  below  approximately  4x1017  atoms/ 
cm3;  otherwise,  any  contact  that  it  makes  with  a 
metal  layer  will  beohmic.  It  follows  therefore  that 
the  doping  concentration  which  forms  the  N+ 
region  must  also  be  limited;  and  this  in  turn  raises 
its  resistivity. 

Another  important  feature  of  the  above- 
described  invention  is  that  since  memory  14  is 
formed  on  an  insulating  layer  above  the  sub- 
strate,  the  diodes  in  that  memory  are  not  subject 
to  failure  due  to  faults  in  the  underlying  substrate 
lattice.  Ideally,  a  semiconductor  substrate  is 
single  crystalline;  but  as  a  practical  matter,  crystal 
defects  do  occur  in  commercially  available  sub- 
strates.  And  if  a  diode  is  formed  in  a  substrate 
where  these  faults  occur,  that  diode  will  leak 
under  a  reverse  bias. 

Also,  the  diodes  15  are  highly  insensitive  to 
crystalline  defects  in  the  spaced  apart  semicon- 
ductor  lines  14a.  Thus,  the  previously  described 
typical  electrical  characteristics  of  the  diodes  15 
occur  even  though  the  semiconductor  lines  14a 
are  polycrystalline.  P  —  N  junction  diodes  by  com- 
parison,  are  so  leaky  that  they  are  inoperable 
when  formed  in  a  polycrystalline  material. 

Still  another  important  feature  of  the  invention 
relates  to  the  interconnecting  of  the  array  14  to 
the  underlying  address  decoders  XD  and  YD.  As 
illustrated  in  Figures  1  and  6,  the  apertures  16 
through  which  these  interconnections  occur  pre- 
ferably  are  located  only  at  the  perimeter  of  sub- 
strate  10,  and  only  in  a  regular  sequence.  This  is 
important  because  it  means  that  nearly  all  of  the 
interconnected  transistors  12  (i.e.  —  all  of  them  at 
the  chip's  interior)  can  be  formed  with  minimal 
dimensions  and  without  regard  to  the  overlying 
diode  array;  while  only  a  very  small  fraction  of  the 
interconnected  transistors  12  (i.e.  —  those  at  the 
chip's  perimeter)  might  possibly  need  to  be 
enlarged  to  avoid  any  misalignment  problems 
with  the  apertures  16. 

Turning  next  to  Figures  7  and  8,  the  details  of 
another  embodiment  of  the  invention  will  be 
described.  Basically,  in  this  embodiment,  a  sub- 
stantial  portion  of  the  arithmetic  section  of  the 
Figure  6  computer  is  formed  by  several  read-only 
memories  which  lie  on  insulating  layer  13  above 
semiconductor  substrate  10;  while  the  remaining 
portion  of  the  computer,  including  control 
memory  CM,  lies  in  substrate  10. 

That  portion  of  the  arithmetic  section  which  is 
formed  on  insulating  layer  13  is  the  plurality  of 
memories  30-1  through  30-N.  As  described  in  the 
above-reference  copending  application  S.N. 
087,666,  each  of  these  memories  has  first  address 
inputs  C1—  C4,  second  address  inputs  C5—  C8, 
and  four  outputs  D1  —  D4.  Inputs  C1  —  C4  receive 
four  data  bits  of  like  power  from  four  different 
registers;  inputs  C5  —  C8  simultaneously  receive 
control  signals  specifying  transformations  to  be 
performed  on  the  data  bits;  and  in  response, 

1/2  um  wide;  and  their  spacing  is  2  1/2  um.  Thus, 
the  total  number  of  cells  in  this  control  memory 
exceeds  1  ,000,000;  and  the  total  number  of  32-bit 
wide  control  words  exceeds  30,000.  By  compari- 
son,  a  full  two  page  ad.  by  Texas  Instruments  in  s 
the  September  8,  1980  Electronic  News  describes 
their  single  chip  TMS9940  computer  as  having 
"evolutionary  computing  power"  but  the 
TMS9940  contains  only  2048  control  words  which 
are  each  only  16  bits  wide.  10 

Another  important  feature  of  the  disclosed 
computer  is  that  since  control  memory  CM  is  the 
topmost  physical  structure,  its  programming 
occurs  later  in  the  fabrication  process.  Thus,  the 
Figure  6  computer  can  be  processed  up  to  the  is 
stage  where  the  plurality  of  spaced  apart  metal 
lines  14c  are  to  be  formed;  and  at  that  point,  it  can 
be  stockpiled.  Then  at  some  later  date,  the  stock- 
piled  device  can  be  programmed  to  meet  the 
particular  needs  of  a  customer.  20 

This  programming  is  carried  out  by  simply 
fabricating  the  metal  lines  14c  and  tailoring  their 
contacts  to  the  underlying  semiconductor  lines 
14a.  Clearly,  this  ability  to  program  late  in  the 
fabrication  process  significantly  reduces  the  lead  25 
time  which  is  required  to  fill  a  customer's  order. 

Still  another  feature  of  the  above-described 
computer  is  the  high  speed  at  which  information 
may  be  read  from  control  memory  CM.  In  part, 
this  speed  is  due  to  the  very  small  parasitic  30 
capacitance  which  exists  between  the  control 
memory  and  the  underlying  active  devices. 

This  small  capacitance  is  due  to  the  presence  of 
the  previously  described  thick  insulating  layer  13. 
Typically,  the  capcitance  between  memor  CM  and  35 
the  underlying  active  devices  is  only  4x103  pf/ 
cm2.  By  comparison,  if  memory  CM  were  formed 
in  a  semiconductor  substrate,  the  typical  capaci- 
tance  between  each  diode  in  that  memory  and  the 
substrate  would  by  70x70  pf/cm2.  40 

In  addition,  the  high  speed  with  which  infor- 
mation  can  be  read  from  control  memory  CM  is 
due  to  the  low  resistivity  (15  ohms  per  square)  of 
the  spaced-apart  semiconductor  lines  14a  which 
results  when  they  are  fabricated  as  described  45 
above.  This  low  resistivity  is  due  to  the  high 
concentration  of  dopant  impurity  atoms  in  the  N+ 
layer  (greater  than  1020  atoms/cm3). 

By  comparison,  the  N+  layer  which  is  formed 
beneath  an  N~  layer  in  a  semiconductor  substrate  so 
typically  has  a  resistivity  of  greater  than  100  ohms 
per  square.  This  high  resistivity  is  in  part  due  to 
the  fact  that  the  concentration  of  the  N+  layer  in  a 
semiconductor  substrate  must  be  limited;  other- 
wise,  the  parasitic  diode  that  is  formed  between  55 
the  N+  layer  and  the  substrate  becomes  leaky. 
This  is  not  a  problem  in  the  present  invention 
because  here,  the  N+  layer  forms  no  P  —  N 
junction  with  any  substrate. 

Also,  when  an  N+  region  is  formed  under  an  N~  60 
region  in  a  semiconductor  substrate,  that  N+ 
region  can  only  be  formed  by  high  energy  ion 
implantation.  With  that  technique,  dopant  atoms 
are  implanted  through  the  N~  region  to  the 
underlying  N+  region.  However,  some  portion  of  65 
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accompanying  reference  numerals,  is  reproduced 
here  as  Figure  9.  In  that  Figure,  reference  numeral 
40  indicates  a  programmable  interconnect  matrix. 
And  in  the  present  invention  matrix  40  is  fabri- 

5  cated  on  insulating  layer  13  above  semiconductor 
substrate  10;  while  all  of  the  remaining  com- 

'  ponents  in  Figure  9  are  fabricated  beneath 
insulating  layer  13  in  substrate  10. 

Preferably,  interconnect  matrix  40  is  con- 
10  structed  on  insulating  layer  13  as  illustrated  in 

Figure  10.  In  that  Figure,  reference  numerals  14a, 
14c  and  15  again  respectively  indicate  pluralities 
of  spaced-apart  semiconductor  lines,  metal  lines, 
and  Schottky  diodes  between  the  semiconductor 

15  and  metal  lines.  Component  14a,  14c,  and  15  are 
formed  as  was  previously  described  in  conjunc- 
tion  with  Figures  2  and  3. 

Figure  10  is  symmetrically  divided  into  two 
halves.  The  left  half  of  Figure  10  illustrates  that 

20  portion  of  matrix  40  which  interconnects  bits  of 
the  2°  power;  while  the  right  half  of  Figure  10 
illustrates  that  portion  of  matrix  40  which  inter- 
connects  bits  of  the  21  power.  In  a  32  bit  com- 
puter,  the  left  half  portion  of  Figure  10  (or  equiva- 

25  lently  the  right  half  portion)  is  repeated  32  times. 
Signals  IA1,  IA2  ...  IE1  respectively  indicate 

signals  of  the  2°  power  on  input  buses  41a, 
41b,  ...41f.  Similarly  signals  IA2,  IB2  ...  IF2 
represent  signals  of  the  21  power  on  those  input 

30  buses.  Also,  signals  OA1  ...  OE1  represent 
signals  of  the  2°  power  on  output  buses 
42a  ...  42e;  and  signals  OA2  ...  OE2  represent 
signals  of  the  21  power  on  those  output  buses. 

In  operation,  signals  on  the  input  buses  are 
35  selectively  transferred  to  the  output  buses  in 

response  to  control  signals  on  control  lines  38. 
One  control  line  exists  for  each  selectable  trans- 
fer;  and  in  Example  10,  three  control  lines  are 
illustrated  as  an  example. 

40  Diodes  15  are  symmetrically  disposed  between 
the  control  lines  38  and  semiconductor  lines  14c. 
That  is,  these  diodes  are  not  selectably  placed; 
but  instead,  they  are  always  placed  as  illustrated. 
Similarly,  the  diodes  15  between  output  lines 

45  42a—  42e  and  metal  lines  14c  are  not  selectably 
placed;  but  instead,  they  also  are  always  placed 
as  illustrated. 

By  comparison,  the  location  of  the  diodes  15 
between  the  semiconductor  lines  which  form 

so  input  buses  41a—  41f  and  the  metal  lines  14c  is 
selectable.  Also,  only  one  diode  can  be  placed 
between  any  one  particular  metal  line  14c  and  the 
input  buses  41a  —  41f.  In  other  words,  each  metal 
line  14c  interconnects  one  input  bus  line,  one 

55  control  line,  and  one  output  line  through 
respective  diodes.  And  signals  on  that  one  input 
bus  line  are  transferred  to  the  one  output  line  in 
response  to  a  high  logic  signal  on  the  one  control 
line. 

60  When  low  logic  levels  are  generated  on  all  of 
the  control  lines  38,  the  voltage  level  on  all  of  the 
metal  lines  14c  will  be  low.  Thus,  a  logical  low  will 
also  be  generated  on  output  lines  42a  —  42e.  But 
when  a  high  logic  level  is  generated  on  one 

65  control  line,  such  as  line  38a,  the  diodes  1  5  which 

output  signals  D1  —  D4  are  generated  to  represent 
the  transformed  data  bits. 

A  preferred  embodiment  of  one  of  the 
memories  30-1  through  30-N  is  illustrated  in 
Figure  7.  This  memory  is  similar  to  that  described 
above  in  conjunction  with  Figures  1  through  5; 
and  in  particular,  reference  numerals  14a,  14c, 
and  15  again  respectively  indicate  pluralities  of 
spaced-apart  semiconductor  lines,  metal  lines, 
and  diodes  formed  by  contacts  between  those 
lines.  But  the  selectable  diodes  15  in  these 
memories  represent  transformations  of  the  data 
bits  that  are  applied  to  address  inputs  C1—  C4. 

The  number  of  semiconductor  lines  14a  in  each 
of  the  memories  30-1  through  30-N  is  equal  to  the 
number  of  different  combinations  of  input  signals 
on  the  first  address  inputs  C1—  C4  times  the 
number  of  outputs  D1—  D4.  Also,  the  number  of 
metal  lines  in  each  of  the  memories  30-1  through 
30-N  is  equal  to  the  number  of  different  combina- 
tions  of  input  signals  on  the  second  address 
inputs  C5—  C8.  All  of  these  lines  are  arranged  as 
illustrated  in  Figure  7. 

In  operation,  decoded  first  address  input 
signals  are  respectively  applied  to  the  gates  of  the 
transistors  26.  Similarly,  decoded  second  address 
signals  are  respectively  applied  to  the  metal  lines 
14c.  Thus,  each  control  code  that  is  received  on 
the  scond  address  inputs  C5—  C8  generates  a  high 
logic  level  on  a  particular  one  of  the  metal  lines 
14c.  And  a  diode  15  selectively  connects  between 
that  one  metal  line  and  a  semiconductor  line 
depending  upon  whether  the  transformation  of 
the  first  address  bits  which  select  that  metal  line  is 
a  1  or  a  0. 

A  pictorial  view  of  how  the  Figure  7  memories 
preferably  are  disposed  over  insulating  layer  13  is 
illustrated  in  Figure  8.  The  number  of  memories 
which  are  there  is  disposed  is  equal  to  the 
number  of  bits  in  the  data  words  that  are  operated 
on  by  the  arithmetic  section  of  the  computer.  In 
the  illustrated  preferred  embodiment,  there  are  32 
bits  per  data  word;  and  thus,  32  of  the  Figure  7 
memories  are  required.  Memory  30-1,  for 
example,  is  one  of  the  Figure  7  memories. 

Also  in  Figure  8,  that  portion  of  the  semicon- 
ductor  substrate  which  is  occupied  by  the 
remainder  of  the  arithmetic  section  is  labeled  and 
enclosed  by  a  dashed  line.  Registers  50-1  through 
50-N,  adders  31  and  32,  and  shifter  33  are 
included  in  this  section.  All  of  the  remaining 
portion  of  the  semiconductor  substrate  is  then 
available  for  implementing  control  memory  CM  in 
its  accompanying  control  logic. 

With  reference  now  to  Figures  9  and  10,  still 
another  embodiment  of  the  invention  will  be 
described.  Basically,  this  embodiment  is  an 
improvement  on  a  digital  computer  described  in  a 
copending  patent  application  entitled  "Digital 
Device  Having  Programmable  Interconnect  Mat- 
rix"  by  Hanan  Potash  et  al,  filed  June  23,  1980  and 
assigned  Serial  Number  162,057.  All  of  the  teach- 
ings  of  this  application  are  herein  incorporated  by 
reference. 

Figure  3  of  that  reference,  along  with  the 
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processing  temperatures  above  600°C.  Arsenic 
and  phosphorous  are  suitable  N-type  dopants. 

With  these  constraints  imposed  on  material 
50,  either  alone  or  in  combination,  that  material 

5  exhibits  a  relatively  high  resistance  so  long  as 
the  voltage  across  it  (as  supplied  by  leads  14a 
and  14c)  does  not  exceed  a  threhold  level.  As  an 
example,  that  threshold  level  in  one  preferred 
embodiment  of  the  material  is  10  volts.  Then, 

10  when  the  threshold  voltage  across  material  50  is 
exceeded,  it  irreversibly  switches  from  its  rela- 
tively  high  resistance  state  to  a  relatively  low 
resistance  state. 

Thus  an  equivalent  circuit  for  the  Figure  11 
15  embodiment  is  as  illustrated  in  Figure  12;  and 

the  operation  of  that  embodiment  is  as  illus- 
trated  in  Figure  13.  In  Figure  12,  a  pair  of 
spaced-apart  leads  for  receiving  a  voltage  to  be 
applied  across  the  memory  cell  are  provided  by 

20  components  14a  and  14c;  a  Schottly  diode  for 
isolating  the  memory  cell  from  other  memory 
cells  which  are  also  connected  to  leads  14a  and 
14c  is  provided  by  component  15;  and  the  infor- 
mation-containing  element  in  the  memory  cell  is 

25  provided  by  the  electrically  alterable  resistance 
material  50.  Typically,  the  resistance  through 
material  50  is  on  the  order  of  107  to  102  ohms 
depending  upon  whether  the  threshold  voltage 
across  that  material  has  ever  been  exceeded. 

30  In  Figure  13,  curve  51  illustrates  the  I  —  V 
characteristics  of  material  50  when  its  threhold 
voltage  has  not  been  exceeded.  This  curve  is 
also  essentially  the  same  as  the  I  —  V  curve  for 
the  series  combination  of  material  50  and 

35  Schottky  diode  15.  Also  in  Figure  13,  curve  52 
gives  the  I  —  V  characteristics  of  material  50  after 
the  threshold  voltage  across  that  material  has 
been  exceeded.  A  dashed  line  53  shows  how 
the  characteristics  of  material  50  irreversibly 

40  switches  from  curve  51  to  52.  This  switching 
occurs  rapidly,  and  is  complete  within  several 
microseconds.  Finally,  in  Figure  13,  curve  54 
gives  the  I  —  V  characteristics  of  the  series  com- 
bination  of  material  50  in  its  low  resistance  state 

45  and  diode  15. 
During  a  normal  read  operation  of  the  Figure 

11  memory  cell,  the  voltage  across  leads  14a 
and  14c  is  limited  to  always  be  less  than  the 
threshold  voltage,  and  the  current  through  the 

so  memory  cell  is  also  limited  to  always  be  less 
than  some  preselected  value.  Thus  if  material  50 
is  in  a  high  resistance  state  and  voltage  across 
leads  14a  and  14c  is  limited  to  5  volts,  then  the 
memory  cell  will  operate  at  point  51a  or  curve 

55  51.  Alternatively,  if  material  50  is  in  a  low 
resistance  state  and  the  current  through  the  cell 
is  limited  to  50  microamps,  then  the  cell  will 
operate  at  point  54a  on  curve  54. 

At  point  51a,  the  current  through  and  voltage 
so  across  the  memory  cell  respectively  are  0.2 

microamps  and  5  volts;  and  at  point  54a,  the 
current  through  and  voltage  across  the  memory 
cell  respectively  are  50  microamps  and  0.25 
volts.  These  different  voltages  and  currents  are 

65  sensed  on  lines  14a  and  14c  as  information 

are  connected  to  that  control  line  turn  off.  Thus, 
the  metal  lines  14c  which  connect  to  those 
turned  off  diodes  are  able  to  charge  to  a  high 
logic  level.  This  charging  either  will  or  will  not 
occur  depending  upon  the  signal  or  the  input 
bus  which  connects  to  that  metal  line  through  a 
selectable  diode. 

Suppose  for  example  that  selectable  diode 
15a  is  placed  as  illustrated.  Then,  if  input  signal 
IB1  is  low,  output  signal  OA1  will  also  be  low 
because  the  metal  line  14c  which  connects  to 
diode  15a  will  be  pulled  low  through  that  diode. 
Conversely,  if  input  signal  IB1  is  high,  then 
diode  15a  will  be  turned  off;  metal  line  14c 
connected  to  diode  15a  will  charge  through  a 
depletion  transistor  29;  and  output  signal  OA1 
will  go  high. 

Thus  in  this  embodiment  of  the  invention,  the 
matrix  of  diodes  on  top  of  insulating  layer  13 
are  not  interconnected  as  a  memory;  but 
instead,  they  are  interconnected  to  form  a  plu- 
rality  of  AND-OR  gates.  Each  gate  is  comprised 
of  one  metal  line  14c  and  three  diodes  15  which 
connect  to  it.  One  of  those  three  diodes  con- 
nects  to  one  of  the  output  lines  42a  —  42e,  and  it 
performs  the  OR  function;  while  the  other  two 
diodes  connect  to  one  control  line  and  one  input 
line,  and  they  perform  the  AND  function. 

Referring  now  to  Figure  11,  still  another 
embodiment  of  the  invention  will  be  described. 
This  embodiment  is  somewhat  similar  in  struc- 
ture  to  the  embodiment  of  Figures  1,  2,  and  3; 
and  like  components  are  indicated  by  like  ref- 
erence  numerals. 

In  particular,  the  Figure  11  embodiment 
covers  a  read-only  memory  that  is  fabricated  on 
an  insulating  layer  13  which  overlies  a  semicon- 
ductor  substrate  on  which  a  plurality  of  inter- 
connected  field  effect  transistors  are  fabricated, 
such  as  was  previously  described  in  conjunction 
with  Figures  1  and  2.  However,  each  memory 
cell  in  the  Figure  11  embodiment  is  electrically 
programmable;  whereas  each  cell  in  the  pre- 
viously  described  embodiments  of  Figures  1  —  3 
is  mask  programmable. 

That  is,  information  is  written  into  the 
memory  cell  of  Figures  1  —  3  during  the  fabrica- 
tion  process  by  selectively  forming  or  not  form- 
ing  the  Schottky  diode  15  in  the  memory  cell. 
But  by  comparison,  in  the  Figure  11  embodi- 
ment,  a  schottky  diode  15  is  always  formed  in 
every  memory  cell  during  the  fabrication  pro- 
cess.  And  information  in  the  Figure  11  memory 
cell  is  represented  by  the  resistive  state  of  a 
material  50  whose  resistance  is  electrically  alter- 
able  after  the  fabrication  process  is  complete. 
Material  50  lies  between  leads  14a  and  14c,  as  is 
in  series  with  Schottky  diode  15. 

Preferably,  the  material  50  consists  essentially 
of  a  single  element  semiconductor  selected 
from  the  group  of  Si,  Ge,  C,  and  a-Sn.  Also 
preferably,  material  50  has  a  doping  concen- 
tration  of  less  than  1017  dopant  atoms/cm3,  a 
smaller  crystalline  grain  size  than  that  of  lead 
14a,  and  during  fabrication  is  never  subjected  to 
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of  the  details  of  the  above  steps  may  be  modified 
accordingly.  For  example,  the  threshold  voltage 
Vt  can  be  lowered  by  decreasing  the  thickness  of 
layer  50.  Also,  the  current  corresponding  to  V, 

5  increases  as  the  maximum  temperature  to  which 
material  50  is  subjected  increases. 

This  dependence  of  Vt  on  processing  tempera- 
ture  is  highly  nonlinear.  And,  as  an  example,  a 
sample  of  material  50  that  is  processed  to  a 

10  maximum  temperature  of  600°C  might  require 
only  10  micromps  to  switch  resistive  states; 
whereas  that  same  sample  processed  to  a  maxi- 
mum  temperature  of  750°C  might  require  several 
milliamps  to  change  resistance  states. 

15  Turning  now  to  Figures  14  and  15,  there  is 
illustrated  detailed  circuit  diagrams  of  memory 
arrays  of  the  Figure  11  memory  cell.  These 
memory  arrays  are  similar  to  those  previously 
described  in  conjunction  with  Figures  4  and  5; 

20  and  like  components  are  indicated  by  like 
reference  numerals. 

One  primary  difference  between  the  memory 
arrays  of  Figures  14  and  15,  and  the  memory 
arrays  of  Figures  4  and  5,  is  that  in  the  former  an 

25  electrically  alterable  resistance  50  and  Schottky 
diode  15  is  provided  at  each  and  every  inter- 
section  of  leads  14a  and  14c.  In  Figures  14  and  15, 
the  electrically  alterable  resistor  50  is  indicated  as 
an  "x"  for  simplicity. 

30  Also  in  Figures  14  and  15,  programming  means 
are  provided  for  selectively  applying  a  program- 
ming  voltage  VP  across  the  memory  cells.  Voltage 
VP  is  a  voltage  that  is  somewhat  greater  than  the 
threshold  voltage  Vt. 

35  Considering  first  Figure  14,  this  programming 
means  includes  transistors  60,  61,  and  62  which 
are  interconnected  to  the  memory  array  as  illus- 
trated.  Control  signals  are  applied  to  these  tran- 
sistors  via  a  pair  of  external  pins  63. 

40  During  a  normal  read  operation,  an  externally 
supplied  Program  signal  (PROG)  is  false;  and  thus 
transistor  62  is  turned  on  while  transistors  60  and 
61  are  turned  off.  Under  this  condition,  the 
memory  array  of  Figure  14  behaves  exactly  as 

45  was  previously  described  in  conjunction  with 
Figure  4. 

Conversely,  when  signal  PROG  is  true,  tran- 
sistor  62  is  turned  off  while  transistors  60  and  61 
are  turned  on.  Under  this  condition,  program- 

so  ming  voltage  Vp  is  applied  to  the  lead  carrying 
signal  OUT  1;  and  from  there,  voltage  Vp  is 
selectively  applied  across  the  memory  cells  by 
means  of  the  X  and  Y  select  signals.  For  example, 
to  apply  voltage  Vp  across  the  memory  cell  indi- 

55  cated  by  reference  numeals  64,  signals  X=1  and 
Y=2  are  both  forced  true  by  means  of  the  address 
signals  2°,  21,  ...,  etc. 

Similarly,  in  the  Figure  15  memory  array,  tran- 
sistors  70,  71,  72,  and  73  are  provided  as  a  means 

60  for  selectively  programming  the  memory  cells; 
and  control  signals  are  applied  to  these  tran- 
sistors  via  external  pins  74.  When  signal  PROG  is 
false,  transistors  71  and  73  are  turned  off  and 
transistors  70  and  72  are  turned  on.  Under  that 

65  condition,  the  memory  array  of  Figure  15  behaves 

stored  in  the  cell. 
One  preferred  method  for  constructing  the 

memory  cell  of  Figure  11  is  as  follows:  Initially,  a 
4000A  thick  N+  layer  of  semiconductor  material  is 
deposited  on  surface  13a.  Dopant  atoms  in  this 
N+  layer  have  a  concentration  of  at  least  1020 
atoms/cm3.  Thereafter,  a  4000A  thick  layer  of  N~ 
semiconductor  material  is  deposited  on  the  N+ 
layer.  Dopant  atoms  in  this  N~  layer  have  a 
concentration  of  1014—  1017  atoms/cm3.  There- 
after,  the  N"  and  N+  layers  are  masked  and  etched 
to  form  lead  14a. 

Subsequently,  a  silicon  diode  layer  is  formed 
over  surface  13a  and  lead  14a.  This  silicon  dioxide 
layer  is  then  masked  and  etched  to  form  insulator 
14b  having  a  contact  hole  over  semiconductor 
14a  as  illustrated  in  Figure  11.  Thereafter,  the 
resulting  structure  is  annealed  at  900°C.  This 
annealing  step  increases  the  crystalline  grain  size 
and  "activates"  the  dopant  impurity  atoms  in  lead 
14a.  By  "activate"  is  herein  meant  it  causes  the 
dopant  atoms  to  move  from  interstitial  to  sub- 
stitutional  positions  in  the  lattice. 

Thereafter,  a  250A  thick  layer  of  platinum  is 
formed  over  insulator  14b  and  the  exposed  por- 
tion  of  lead  14a.  This  platinum  layer  is  heated  to 
450°C  to  form  a  compound  (e.g.  —  platinum  sili- 
cide)  with  the  exposed  portion  of  lead  14a.  This 
compound  is  indicated  by  the  vertical  Crosshatch 
lines  in  Figure  11;  and  it  is  the  junction  between 
this  compound  and  the  underlying  N~  layer  which 
form  Schottky  diode  15. 

Thereafter,  that  portion  of  the  platinum  on 
insulating  layer  14b  which  does  not  form  a  com- 
pound  is  removed.  And  an  N~  layer  of  2000A 
thickness  is  deposited  over  insulator  14b  and 
diode  15.  This  N"  layer  contains  dopant  impurity 
atoms  of  less  than  1017  atoms/cm3.  For  example,  it 
can  be  completely  undoped.  Thereafter,  this  N~ 
layer  is  masked  and  etched  to  form  the  variable 
resistor  50. 

Preferably,  throughout  the  fabrication  process, 
the  temperatures  to  which  the  material  50  is 
exposed  are  less  than  600°C.  This  constraint  has 
the  effect  of  insuring  that  the  crystalline  grain  size 
in  material  50  is  substantially  smaller  than  the 
crystalline  grain  size  in  the  N"  layer  of  lead  14a 
and  of  insuring  that  any  dopant  atoms  in  material 
50  are  interstitial  in  the  lattice  as  opposed  to  being 
substitutional.  These  physical  features  distingu- 
ish  material  50  from  the  N"  layer  in  lead  14a,  and 
they  are  indicated  in  Figure  11  by  an  asterisk. 

Following  the  masking  and  etching  of  material 
50,  a  1000A  thick  layer  of  titanium  tungsten  is 
formed  on  insulator  14b  and  material  50;  and  an 
8000A  thick  layer  of  aluminum  is  formed  on  the 
titanium  tungsten  layer.  Titanium  tungsten  is 
included  to  provide  a  barrier  to  the  aluminum; 
that  is,  it  prevents  the  aluminum  from  migrating 
into  the  material  50.  These  two  layers  are  then 
masked  and  etched  to  form  lead  14c. 

By  following  the  steps  of  the  above  method,  the 
resulting  embodiment  will  have  the  I  —  V  charac- 
teristics  of  Figure  13.  But  if  it  is  desired  to 
somewhat  alter  those  characteristics,  then  some 
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exactly  as  the  previously  described  memory  array 
of  Figure  5. 

Conversely,  when  signal  PROG  is  true,  tran- 
sistors  71  and  73  are  turned  on,  while  transistors 
70  and  72  are  turned  off.  Under  that  condition,  5 
voltage  Vp  is  selectively  applied  to  one  of  the  X 
lines  through  decoder  24;  and  from  there,  voltage 
Vp  is  applied  across  one  of  the  memory  cells 
connected  to  that  X  line  by  turning  on  one  of  the 
transistors  24.  For  example,  to  apply  voltage  Vp  10 
across  the  memory  cell  indicated  by  reference 
numerals  75,  signals  X=0  and  Y=o  are  both  made 
true  by  appropriately  selecting  the  address 
signals  2°,  2\  ...,  etc. 

Both  of  the  memory  arrays  in  Figures  14  and  15  15 
may  also  be  expanded  to  have  multiple  outputs 
as  was  previously  described  in  conjunction  with 
Figures  4  and  5.  And  those  multiple  output 
memories  may  then  be  configured  in  accordance 
with  the  invention  as  a  control  memory  within  the  20 
control  section  of  a  digital  computer  as  was 
described  above  in  conjunction  with  Figure  6,  as 
an  arithmetic  section  for  a  digital  computer  as 
was  described  above  in  conjunction  with  Figures 
7  and  8,  and  as  an  interconnect  matrix  for  a  digital  25 
computer  as  was  described  above  in  conjunction 
with  Figures  9  and  10. 

These  embodiments  of  the  invention  have  all  of 
the  features  and  advantages  that  were  previously 
pointed  out  in  conjunction  with  description  of  30 
Figures  6  —  10.  But  in  addition,  they  have  the 
attractive  feature  of  being  electrically  pro- 
grammable  —  which  occurs  after  the  fabrication 
process  is  entirely  complete.  Thus,  each  cell  of  the 
control  memory  of  Figure  6  and  the  arithmetic  35 
section  of  Figures  7  and  8  is  initially  fabricated  as 
illustrated  in  Figure  12;  and  thereafter  the 
resistance  of  material  50  is  selectively  altered  in 
the  individual  cells.  Similarly,  each  crossing  of  the 
input  buses  IA1  ...  IF1,  IA2  ...  IF2,  etc.,  and  lines  40 
14c  in  the  select  matrix  of  Figure  10  is  initially 
fabricated  as  illustrated  in  Figure  12;  and  there- 
after  the  resistance  of  material  50  at  the  crossings 
is  selectively  altered. 

Turning  now  to  Figures  16  and  17,  two  other  45 
additional  embodiments  of  the  invention  will  be 
described.  Both  of  these  embodiments  are  similar 
to  the  above-described  Figure  11  embodiment  in 
that  they  comprise  electrically  programmable 
read-only  memory  cells  and  they  both  have  I  —  V  so 
characteristics  similar  to  those  illustrated  in 
Figure  13. 

As  illustrated  in  Figure  16,  that  embodiment 
includes  a  patterned  N+  layer  14a'  which  forms 
one  lead  to  the  memory  cell  similar  to  the  pre-  55 
viously  described  lead  14a.  Suitably,  lead  14a'  is 
4000A  thick.  Then  lying  on  lead  14a'  is  a  500A 
thick  layer  of  platinum  silicide  80;  and  lying  on  it 
is  a  4000A  thick  layer  of  N~  semiconductor 
material  81.  Layer  81  has  a  doping  concentration  go 
of  1014—  1017  atoms/cm3  and  is  annealed  at  800°C 
to  form  a  Schottky  diode  15  at  the  junction 
between  it  and  layer  80. 

Then  lying  on  layer  81  is  a  layer  of  the  pre- 
viously  described  electrically  alterable  resistive  65 

material  50.  This  material  is  indicated  in  Figure  16 
as  an  N"  region  followed  by  an  asterisk,  which 
indicates  that  it  is  subject  to  the  same  processing 
constraints  as  was  material  50  in  the  Figure  11 
embodiment.  Accordingly,  material  50  in  Figure 
16  has  the  I  —  V  characteristics  of  Figure  13. 

To  complete  the  structure,  the  second  lead  14c 
to  the  memory  cell  is  fabricated.  It  includes  a  layer 
of  titanium  tungsten  in  contact  with  material  50, 
and  a  layer  of  aluminum  lying  on  top  of  the 
titanium  tungsten.  This  completed  structure  has 
an  equivalent  circuit  similar  to  the  previously 
described  Figure  12  with  the  exception  being  that 
the  direction  of  diode  15  is  reversed.  That  is, 
conduction  through  diode  15  occurs  when  the 
electric  potential  on  lead  14a'  is  positive  with 
respect  to  the  electric  potential  on  lead  14c. 

Considering  now  the  Figure  17  embodiment,  it 
includes  layers  14a',  80,  and  81  as  does  the  Figure 
16  embodiment.  But  lying  on  layer  81  in  the 
Figure  17  embodiment  is  a  2000A  thick  layer  of 
N~*  material  50;  and  lying  thereon  is  a  second 
500A  thick  layer  of  platinum  silicide  82.  Then  to 
complete  the  structure,  lead  14c  is  fabricated  in 
contact  with  layer  82. 

With  this  structure,  each  memory  cell  includes  a 
pair  of  back-to-back  Schottky  diodes  15  and  15'. 
Diode  15  is  formed  at  the  junction  between  layers 
80  and  81;  whereas  diode  15'  is  formed  at  the 
junction  between  layers  50  and  82.  And  the  cell's 
high  resistance  state  is  supplied  by  the  reverse 
bias  resistance  of  diode  15'  in  series  with  the 
resistance  of  material  50. 

This  memory  cell  is  programmed  by  applying  a 
voltage  across  leads  14a'  and  14c  which  exceeds 
the  threshold  voltage  of  material  50  in  the  reverse 
bias  direction  of  Schottky  diode  15'.  This  voltage, 
in  addition  to  greatly  lowering  the  resistance  of 
material  50  as  described  above,  also  greatly 
reduces  the  reverse  bias  resistance  of  diode  15'. 
Thus,  the  low  resistance  state  of  the  cell  is 
essentially  reduced  to  the  forward  resistance  of 
diode  15.  Consequently,  the  I  —  V  characteristics 
are  as  illustrated  in  Figure  13. 

Both  the  Figure  16  memory  cell  and  the  Figure 
17  memory  cell  can  be  incorporated,  in  accord- 
ance  with  the  invention,  into  the  memory  arrays 
of  Figures  14  and  15.  And  those  memory  arrays 
can  further  be  incorporated  in  accordance  with 
the  invention,  into  a  digital  computer  as  a  control 
memory,  an  arithmetic  section,  or  an  interconnect 
matrix  as  was  described  above  in  conjunction 
with  Figures  6  —  10.  All  of  these  various  combina- 
tions  are  deemed  to  be  different  embodiments  of 
the  present  invention. 

Several  preferred  embodiments  of  the  inven- 
tion  have  now  been  described  in  detail.  In  addi- 
tion,  however,  many  modifications  and  changes 
may  be  made  to  these  details  without  departing 
from  the  nature  and  spirit  of  the  invention.  For 
example,  the  N-type  semiconductor  layers  in  the 
above-described  embodiments  can  be  replaced 
with  P-type  semiconductor  layers.  These  include 
layers  14a,  14',  and  50.  Accordingly,  it  is  to  be 
understood  that  the  invention  is  not  limited  to 

10 
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includes  a  layer  forming  a  compound  with  said 
N~  polycrystalline  layer  so  as  to  create  a  Schottky 
barrier  junction  at  the  interface  therebetween, 
and  conductive  means  electrically  connecting 

5  said  compound  to  the  respective  other  line  at  the 
crossing. 

7.  A  memory  according  to  claim  6,  wherein  said 
conductive  means  (14a,  14c)  includes  a  barrier 
metal  layer  provided  between  said  compound 

w  and  said  other  line. 
8.  A  memory  according  to  claim  7,  wherein  the 

concentration  of  dopant  material  in  said  N~  poly- 
crystalline  layer  is  1014—  1017  dopant  atoms/cm3 
and  wherein  an  N+  polycrystalline  layer  having  a 

15  dopant  concentration  of  about  1019  atoms/cm3 
adjoins  said  N~  layer. 

9.  A  method  of  making  a  PROM  according  to 
claims  1  —  8,  comprising  the  steps  of: 

a)  providing  a  first  insulating  layer; 
20  b)  forming  a  plurality  of  first  conductors  of 

polycrystalline  material  on  said  first  insulating 
layer,  said  polycrystalline  material  comprising  an 
N+  layer  formed  on  said  insulating  layer  and  an 
N"  layer  formed  on  said  N+  layer,  said  N+  layer 

25  having  a  relatively  high  concentration  of  dopant 
material  and  said  N~  layer  having  a  relatively  low 
concentration  of  dopant  material; 

c)  providing  a  second  insulating  layer  on  said 
first  insulating  layer  covering  said  first  conductors 

30  except  at  predetermined  locations; 
d)  depositing  a  compound  on  the  N"  layer  at 

each  predetermined  location  so  as  to  create  a 
Schottky  diode  barrier  junction  therebetween; 
and 

35  e)  forming  a  plurality  of  second  conductors  on 
said  second  insulating  layer  so  that  particular 
ones  thereof  cross  particular  ones  of  said  first 
conductors  at  said  predetermined  locations  and 
make  electrical  contact  with  the  respective  com- 

40  pound  formed  thereat. 
10.  A  method  in  accordance  with  claim  9, 

including  the  step  of  forming  a  barrier  metal  layer 
between  said  compound  and  said  conductor  at 
each  predetermined  location. 

45  11.  A  method  in  accordance  with  claim  10, 
including  the  step  of  forming  a  silicide  layer 
between  said  N+  polycrystalline  layer  and  said 
first  insulating  layer. 

12.  A  method  in  accordance  with  claim  10, 
so  wherein  the  steps  of  forming  said  first  and  second 

conductors  produces  an  array  in  which  spaced- 
apart  first  conductors  cross  spaced-apart  second 
conductors. 

13.  A  method  in  accordance  with  claim  12, 
55  wherein  the  concentration  of  dopant  material  in 

said  N"  polycrystalline  layer  is  1014—  1017  dopant 
atoms/cm3  and  the  concentration  of  dopant  in 
said  N+  polycrystalline  layer  is  greater  than  about 
1019  atoms/cm3. 

60  14.  A  method  in  accordance  with  claim  12, 
including  the  steps  of  forming  said  first  insulating 
layer  on  a  semiconductor  substrate  containing  an 
integrated  circuit  and  forming  interconnection 
conductors  passing  through  said  insulating  layers 

65  to  electrically  interconnect  particular  ones  of  said 

said  details  but  is  defined  by  the  appended 
claims. 

Claims 

1.  A  programmable  read-only  memory  having 
memory  cells  (14,  15)  stacked  above  a  semicon- 
ductor  substrate  (10)  comprised  of: 

a)  address  decode  means  (12)  integrated  into  a 
surface  (11)  of  said  substrate  (10)  for  addressing 
said  ceils  (14,  15)  in  said  memory; 

(b)  a  first  insulating  layer  (13)  covering  said 
address  decode  means  (12)  and  said  surface  (11); 

c)  an  array  of  spaced-apart  memory  cell  select 
lines  on  said  first  insulating  layer  (13)  including: 

i)  a  first  plurality  of  spaced-apart  polycrystalline 
semiconductor  conductive  lines  (14a)  formed  on 
said  first  insulating  layer  (13); 

ii)  a  second  insulating  layer  (14b)  formed  over 
said  conductive  lines  (14a);  and 

iii)  a  second  plurality  of  spaced-apart  conduc- 
tive  lines  (14)c  formed  over  said  second  insulating 
layer  (14b)  and  arranged  orthogonal  to  said  first 
plurality  of  conductive  lines  (14a); 

each  cell  (14,  15)  of  said  memory  being  formed 
at  an  intersection  of  said  conductive  lines  (14a, 
14c)  of  said  array  by  providing  or  non-providing 
diodes  representative  of  the  information  in  said 
cell  (14,  15); 

d)  outputs  from  said  address  decode  means 
(12)  respectively  coupled  through  said  first 
insulating  layer  (13)  to  said  conductive  lines  (14a, 
14c); 

characterized  in  that  said  second  plurality  of 
conductive  lines  consists  of  metal  lines  (14c),  said 
diodes  being  mask  selectable  Schottky  diodes 
(15)  at  select  ones  of  said  intersections  of  one  of 
said  semiconductor  lines  (14a)  and  one  of  said 
metal  lines  (14c),  wherein  each  of  said  semicon- 
ductor  lines  (14a)  includes  an  N~  polycrystalline 
semiconductor  layer,  and  wherein  said  mask 
selectable  Schottky  diodes  (15)  are  formed  by 
respective  metallic  junctions  in  said  N  layer. 

2.  A  memory  according  to  claim  1  wherein  each 
of  said  metal  lines  (14c)  includes  consecutive 
layers  of  a  noble  metal  compound,  a  barrier 
metal,  and  a  conductive  metal;  with  said  noble 
metal  compound  forming  a  portion  of  said  mask 
selectable  Schottky  diode  (15)  in  each  cell  (14,  15). 

3.  A  memory  according  to  claim  1  wherein  said 
address  decode  means  (12)  includes  means  for 
sensing  voltage  levels  on  said  metal  lines  (14c)  as 
output  signals  of  said  memory. 

4.  A  memory  according  to  claim  1,  wherein  said 
address  decode  means  (12)  includes  means  for 
sensing  voltage  levels  on  said  semiconductor 
lines  (14a)  as  output  signals  of  said  memory. 

5.  A  memory  according  to  claim  1  ,  wherein  said 
integrated  circuit  in  said  semiconductor  substrate 
includes  addressing  and  sensing  circuitry  for  said 
memory,  and  wherein  said  electrical  connection 
means  provides  interconnections  between  said 
lines  and  said  addressing  and  sensing  circuitry. 

6.  A  memory  according  to  claim  1,  wherein 
each  Schottky  diode  (15)  provided  at  a  crossing 
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first  and  second  conductors  to  particular  portions 
of  said  integrated  circuit. 

Patentanspriiche 
5 

1.  Programmierbarer  Festwertspeicher  mit  auf 
einem  Halbleitersubstrat  (10)  angebrachten  Spei- 
cherzellen  (14,  15),  bestehend  aus: 

a)  in  einer  Oberflache  (11)  des  Substrates  (10) 
integrierten  Adressendekodiereinrichtungen  (12)  10 
zur  Adressierung  derZellen  (14,  15)  im  Speicher; 

b)  einer  ersten  isolierenden  Schicht  (13),  die  die 
Adressendekodiereinrichtungen  (12)  und  die 
Oberflache  (11)  bedeckt; 

c)  einer  Anordnung  beabstandeter  Speicherzel-  is 
len-Wahlleitungen  auf  der  ersten  isolierenden 
Schicht  (13),  umfassend: 

i)  eine  erste  Mehrzahl  beabstandeter  polykristal- 
liner  Halbleiter-Leitungsbahnen  (14a),  die  auf  der 
ersten  isolierenden  Schicht  (13)  ausgebildet  sind;  20 

ii)  eine  zweite  isolierende  Schicht  (14b),  die  auf 
den  Leitungsbahnen  (14a)  ausgebildet  ist;  und 

iii)  eine  zweite  Mehrzahl  beabstandeter  Lei- 
tungsbahnen  (14c),  die  auf  der  zweiten  isolieren- 
den  Schicht  (14b)  ausgebildet  und  orthogonal  zu  25 
der  ersten  Mehrzahl  von  Leiterbahnen  (14a)  ange- 
ordnet  sind; 

wobei  jede  Zelle  (14,  15)  des  Speicher  an  einer 
Kreuzungsstelle  der  Leiterbahnen  (14a,  14c)  der 
Anordnung  durch  Erzeugung  oder  Nichterzeu-  30 
gung  von  Dioden  ausgebildet  ist,  welche  die 
Information  in  der  Zelle  (14,  15)  reprasentieren; 

d)  wobei  die  Signale  der  Adressendekodierein- 
richtungen  (12)  jeweils  durch  die  erste  isolierende 
Schicht  (13)  zu  den  Leiterbahnen  (14a,  14c)  durch-  35 
gekuppelt  werden; 

dadurch  gekennzeichnet,  daft  die  zweite  Mehr- 
zahl  von  Leiterbahnen  aus  Metallbahnen  (14c) 
besteht  und  die  die  Dioden  maskenprogrammier- 
bare  Schottky-Dioden  (15)  ausgewahlten  Kreu-  40 
zungsstellen  einer  Halbleiterbahn  (14a)  und  einer 
Metallbahn  (14c)  sind,  wobei  jede  der  Halbleiter- 
bahnen  (14a)  eine  N~-polykristalline  Halbleiter- 
schicht  umfaSt  und  worin  die  maskenprogram- 
mierbaren  Schottky-Dioden  (15)  jeweils  von  45 
metallischen  Verbindungsstellen  in  der  N~- 
Schicht  gebildet  werden. 

2.  Programmierbarer  Festwertspeicher  nach 
Anspruch  1,  worin  jede  der  Metallbahnen  (14c) 
aufeinanderfolgende  Schichten  einer  Edelmetall-  so 
Verbindung,  eines  Sperrmetalles  und  eines  leit- 
fahigen  Metalles  umfalSt,  wobei  die  Edelmetall- 
Verbindung  einen  Teil  des  maskenprogrammier- 
baren  Schottky-Diode  (15)  in  jeder  Zelle  (14,  15) 
bildet.  55 

3.  Programmierbarer  Festwertspeicher  nach 
Anspruch  1,  worin  die  Adressendekodiereinrich- 
tungen  (12)  Mittel  zur  Erfassung  von  Spannungs- 
niveaux  an  den  Metallbahnen  (14c)  als  Abgabe- 
signale  des  Speichers  umfassen.  60 

4.  Programmierbarer  Festwertspeicher  nach 
Anspruch  1,  worin  die  Adressendekodiereinrich- 
tungen  (12)  Mittel  zur  Erfassung  von  Spannungs- 
niveaus  an  den  Halbleiterbahnen  (14a)  als  Abga- 
besignale  des  Speichers  umfassen.  65 

5.  Programmierbarer  Festwertspeicher  nach 
Anspruch  1,  worin  die  integrierte  Schaltung  im 
Halbleitersubstrat  Adressier-  und  Erfassungs- 
schaltungen  fur  den  Speicher  umfafct  und  worin 
die  elektrischen  Verbindungsmittel  Querverbin- 
dungen  zwischen  den  Bahnen  und  den  Adressier- 
und  Erfassungsschaltungen  bilden. 

6.  Programmierbarer  Festwertspeicher  nach 
Anspruch  1,  worin  jede  an  einer  Kreuzungsstelle 
vorgesehene  Schottky-Diode  (15)  eine  Schicht 
aufweist,  die  mit  der  N~-polykristallinen  Schicht 
eine  Verbindungsstelle  bildet,  urn  so  eine 
Schottky-Sperrverbindung  an  der  Grenzflache 
zwischen  beiden  auszubiiden,  und  mit  leitfahigen 
Einrichtungen,  um  die  Verbindungsstelle  an  der 
Kreuzungsstelle  mit  der  jeweiligen  anderen  Bahn 
elektrisch  zu  verbinden. 

7.  Programmierbarer  Festwertspeicher  nach 
Anspruch  6,  worin  die  leitfahigen  Einrichtungen 
(14a,  14c)  eine  Sperrmetallschicht  umfassen,  die 
zwischen  der  Verbindungsstelle  und  der  anderen 
Bahn  vorgesehen  ist. 

8.  Programmierbarer  Festwertspeicher  nach 
Anspruch  7,  worin  die  Konzentration  an  Dotie- 
rungsmaterial  in  der  N~-polykristallinen  Schicht 
1014  —  1017  Dotierungsatome/cm3  betragt  und 
worin  eine  N+-polykristalline  Schicht  mit  einer 
Dotierungskonzentration  von  1019  Atomen/cm3 
auf  die  N~-Schicht  folgt. 

9.  Verfahren  zur  Herstellung  eines  programmier- 
barern  Festwertspeichers  gemaB  einem  der 
Anspriiche  1  bis  8,  umfassend  folgende  Schritte: 

a)  eine  erste  isolierende  Schicht  wird  vorgese- 
hen; 

b)  eine  Mehrzahl  erster  Leiter  aus  polykristalli- 
nem  Material  wird  auf  der  ersten  isolierenden 
Schicht  ausgebildet,  wobei  des  polykristalline 
Material  eine  N+-Schicht  umfalSt,  die  auf  der 
isolierenden  Schicht  ausgebildet  ist,  und  eine  N~- 
Schicht,  die  auf  der  N+-Schicht  ausgebildet  ist,  und 
wobei  die  N+-Schicht  eine  relativ  hohe  Konzentra- 
tion  von  Dotierungsmaterial  und  die  N"-Schicht 
eine  relativ  niedrige  Konzentration  von  Dotie- 
rungsmaterial  aufweist; 

c)  eine  zweite  isolierende  Schicht  wird  auf  der 
ersten  isoiierenden  Schicht  ausgebildet,  so  daft  sie 
die  ersten  Leiter  aulSer  an  vorbestimmten  Stellen 
bedeckt; 

d)  eine  Verbindung  wird  auf  der  N"-Schicht  an 
jeder  vorbestimmten  Stelle  aufgetragen  um  so 
eine  Schottky-Dioden-Sperrverbindung  dazwi- 
schen  auszubiiden;  und 

e)  eine  Mehrzahl  zweiter  Leiter  wird  auf  der 
zweiten  isolierenden  Schicht  so  ausgebildet,  daB 
bestimmte  einzelne  dieser  Leiter  bestimmte 
andere  der  ersten  Leiter  an  den  vorgewahlten 
Stellen  kreuzen  und  elektrischen  Kontakt  mit  der 
dort  gebildeten  Verbindung  herstellen. 

10.  Programmierbarer  Festwertspeicher  nach 
Anspruch  9,  welches  den  weiteren  Schritt  ein- 
schlielSt,  eine  Sperrmetallschicht  zwischen  der 
Verbindung  und  dem  zweiten  Leiter  an  jeder  der 
vorbestimmten  Stellen  auszubiiden. 

11.  Programmierbarer  Festwertspeicher  nach 
Anspruch  10,  welches  den  Schritt  umfaGt,  eine 
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chacune  des  lignes  semi-conductrices  (14a)  etant 
constitute  d'une  couche  semi-conductrice  poly- 
cristalline  de  type  1ST  et  les  diodes  Schottky  (15) 
selectionnees  par  masque  sont  formees  par  les 

5  jonctions  metalliques  respectives  dans  la  couche 

2.  Memoire  selon  la  revendication  1,  caracte- 
risee  en  ce  que  chacune  des  lignes  metalliques 
(14c)  comprend  des  couches  conductrices  d'un 

10  compose  d'un  metal  noble,  d'un  metal  barriere  et 
d'un  metal  conducteur,  le  compose  du  metal  noble 
formant  une  partie  de  la  diode  Schottky  (15) 
selectionnee  par  masque  dans  chaque  cellule  (14, 
15). 

is  3.  Memoire  selon  la  revendication  1,  caracte- 
risee  en  ce  que  le  moyen  de  decodage  d'adresses 
(12)  comprend  un  moyen  pour  detecter  les 
niveaux  de  tension  des  lignes  metalliques  (14c) 
comme  signaux  de  sortie.de  la  memoire. 

20  4.  Memoire  selon  la  revendication  1,  caracte- 
risee  en  ce  que  le  moyen  de  decodage  des 
adresses  (12)  comprend  un  moyen  pour  detecter 
des  niveaux  de  tension  sur  les  lignes  semi- 
conductrices  (14a)  comme  signaux  de  sortie  de  la 

25  memoire. 
5.  Memoire  selon  la  revendication  1,  caracte- 

risee  en  ce  que  le  circuit  integre  du  substrat 
semiconducteur  comprend  un  circuit  d'adressage 
et  de  detection  pour  la  memoire  et  le  moyen  de 

30  connexion  electrique  assure  les  interconnexions 
entre  les  lignes  et  le  circuit  d'adressage  et  de 
detection. 

6.  Memoire  selon  la  revendication  1,  caracte- 
risee  en  ce  que  chaque  diode  Schottky  (15)  prevue 

35  a  une  intersection  comprend  une  couche  formee 
d'un  compose  avec  la  couche  polycristalline  N~  de 
maniere  a  creer  une  jonction  a  barriere  Schottky  a 
I'interface  et  un  moyen  conducteur  reliant  electri- 
quement  le  compose  a  I'autre  ligne  respective  de 

40  I'intersection. 
7.  Memoire  selon  la  revendication  6,  caracte- 

risee  en  ce  que  le  moyen  conducteur  (14a,  14c) 
comprend  une  couche  de  metal  formant  barriere 
entre  le  compose  et  I'autre  ligne. 

45  8.  Memoire  selon  la  revendication  7,  caracte- 
risee  en  ce  que  la  concentration  en  dopant  de  la 
couche  polycristalline  N"  et  de  1014—  1017  atomes 
dopants/cm3  et  la  couche  polycristalline  N+  a  une 
concentration  en  dopants  de  I'ordre  de  1019 

so  atomes/cm3  adjacente  a  la  couche  N~. 
9.  Procede  de  fabrication  d'une  memoire  PROM 

selon  les  revendications  1  a  8,  caracterise  en  ce 
qu'il  comprend  les  etapes  suivantes: 

a)  on  realise  une  premiere  couche  isolante; 
55  b)  on  forme  un  ensemble  de  premiers  conduc- 

teurs  sur  le  materiau  polycristallin  de  la  premiere 
couche  isolante,  ce  materiau  polycristallin  ayant 
une  couche  N+  formee  sur  la  couche  isolante  et 
une  couche  N"  formee  sur  la  couche  N+,  la  couche 

60  N+  ayant  une  concentration  relativement  elevee 
en  dopants  et  la  couche  N"  ayant  une  concentra- 
tion  relativement  faible  en  dopants; 

c)  on  realise  une  seconde  couche  isolante  sur  la 
premiere  couche  isolante  couvrant  les  premiers 

65  conducteurs  sauf  en  des  endroits  predetermines; 

Silizidschicht  zwischen  der  N+-polykristallinen 
Schicht  und  der  ersten  isolierenden  Schicht  auszu- 
bilden. 

12.  Programmierbarer  Festwertspeicher  nach 
Anspruch  10,  bei  welchem  die  Ausbildungs- 
schritte  der  ersten  und  zweiten  Leiter  eine  Anord- 
nung  erzeugen,  in  welcher  beabstandete  erste 
Leiter  beabstandete  zweite  Leiter  kreuzen. 

13.  Programmierbarer  Festwertspeicher  nach 
Anspruch  12,  bei  dem  die  Konzentration  von 
Dotierungsmaterial  in  der  N~-polykristallinen 
Schicht  1014  —  1017  Dotierungsatome/cm3  betragt 
und  die  Konzentration  von  Dotierungsmaterial  in 
der  N+-polykristallinen  Schicht  grofcer  als  unge- 
fahriO19  Atome/cm3  ist. 

14.  Programmierbarer  Festwertspeicher  nach 
Anspruch  12,  welches  den  Schritt  einschliefct,  die 
erste  isolierende  Schicht  auf  einem  Halbleitersub- 
strat  auszubilden,  das  eine  integrierte  Schaltung 
enthalt,  und  Querverbindungsleiter  auszubilden, 
die  durch  die  isolierenden  Schichten  hindurchfuh- 
ren,  urn  einzelne  der  ersten  und  zweiten  Leiter 
elektrisch  mit  bestimmten  Bereichen  der  integrier- 
ten  Schaltung  zu  verbinden. 

Revendications 

1.  Memoire  morte  programmable  comportant 
des  cellules  de  memoire  (14,  15)  au-dessus  d'un 
substrat  semi-conducteur  (10)  comprenant: 

a)  un  moyen  de  decodage  d'adresses  (12)  inte- 
gre  a  la  surface  (1  1  )  du  substrat  (10)  pour  adresser 
les  cellules  (14,  15)  de  la  memoire; 

b)  une  premiere  couche  isolante  (13)  couvrant  le 
moyen  de  decodage  d'adresses  (12)  et  la  surface 
(11); 

c)  un  reseau  de  lignes  de  selection  de  cellules  de 
memoire,  lignes  espacees  sur  la  premiere  couche 
isolante  (13)  et  comprenant: 

i)  un  premier  ensemble  de  lignes  (14a),  conduc- 
trices,  polycristallines,  espacees  les  unes  des 
autres  et  realisees  sur  la  premiere  couche  isolante 
(13), 

ii)  une  seconde  couche  isolante  (14b)  formee  sur 
les  lignes  conductrices  (14a)  et; 

iii)  un  second  ensemble  de  lignes  conductrices 
(14c)  espacees  formees  sur  la  seconde  couche 
isolante  (14b)  et  disposees  perpendiculairement 
au  premier  ensemble  de  lignes  conductrices  (14a); 

chaque  cellule  (14,  15)  de  la  memoire  etant 
formee  a  I'intersection  des  lignes  conductrices 
(14a,  14c)  du  reseau  en  constituant  ou  en  ne 
constituant  pas  de  diode  representant  I'informa- 
tion  a  la  cellule  (14,  15); 

d)  les  sorties  du  moyen  de  decodage  d'adresses 
(12)  etant  couplees  respectivement  par  la  premiere 
couche  isolante  (13)  sur  les  lignes  conductrices 
(14a,  14c); 

memoire  caracterisee  en  ce  que  le  second 
ensemble  de  lignes  conductrices  est  forme  de 
lignes  metalliques  (14c),  les  diodes  etant  des 
diodes  Schottky  (15)  susceptibles  d'etre  selection- 
nees  par  un  masque  au  niveau  des  intersections 
choisies  de  I'une  des  lignes  semiconductrices 
(14a)  et  de  I'une  des  lignes  metalliques  (14c), 

13 
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premiers  et  seconds  conducteurs  donnant  un 
reseau  dans  lequel  les  premiers  conducteurs 
espaces  croisent  les  seconds  conducteurs 
espaces. 

13.  Procede  selon  la  revendication  12,  caracte- 
rise  en  ce  que  la  concentration  en  dopant  de  la 
couche  polycristalline  N"  est  de'  1014  —  1017 
atomes  dopants/cm3  et  la  concentration  en 
dopants  de  la  couche  polycristalline  N+  est  supe- 
rieure  a  environ  1019  atomes/cm3. 

14.  Procede  selon  la  revendication  12,  caracte- 
rise  en  ce  qu'il  comprend  les  etapes  consistant  a 
realiser  la  premiere  couche  isolante  sur  un  subs- 
trat  semi-conducteur  contenant  un  circuit  inte- 
gree  et  a  former  des  conducteurs  d'intercon- 
nexion  traversant  les  couches  isolantes  pour 
interconnecter  electriquement  certains  des  pre- 
miers  et  seconds  conducteurs  a  des  parties 
choisies  du  circuit  integre. 

d)  on  depose  un  compose  sur  la  couche  N  a 
chaque  endroit  predetermine  de  maniere  a  creer 
une  jonction  a  barriere  formant  une  diode 
Schottky; 

e)  on  realise  un  ensemble  de  seconds  conduc-  5 
teurs  sur  la  seconde  couche  isolante  de  maniere 
que  certains  des  conducteurs  croisent  certains 
des  premiers  conducteurs  a  des  endroits  prede- 
termines  et  etablissent  le  contact  electrique  avec 
le  compose  respectif  forme.  10 

10.  Procede  selon  la  revendication  9,  caracterise 
en  ce  qu'on  realise  une  couche  metallique  de 
barriere  entre  le  compose  et  le  second  conducteur 
a  chaque  emplacement  predetermine. 

11.  Procede  selon  la  revendication  10,  caracte-  is 
rise  en  ce  qu'on  forme  une  couche  de  siliciure 
entre  la  couche  polycristalline  N+  et  la  premiere 
couche  isolante. 

12.  Procede  selon  la  revendication  10,  caracte- 
rise  en  ce  que  ies  etapes  de  formation  des  20 
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