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Description 

This  invention  relates  generally  to  floating  gate 
memory  devices  such  as  an  array  of  flash  electrically 
erasable  programmable  read-only  memory  (EEPROM) 
cells.  More  particularly  the  present  invention  relates  to 
an  improved  positive  power  supply  for  generating  and 
supplying  a  regulated  positive  potential  to  control  gates 
of  selected  memory  cells  via  wordlines  in  an  array  of 
flash  EEPROM  memory  cells  during  programming. 

In  our  U.S.  Patent  No.  5,077,691  which  forms  the 
basis  of  the  preamble  of  present  claim  1  there  is  dis- 
closed  a  flash  EEPROM  array  which  includes  a  positive 
voltage  charge  pump  206.  During  a  sector-program- 
ming  mode  of  operation,  the  charge  pump  206  in  Figure 
2B  of  the  '691  patent  generates  a  relatively  high  positive 
potential  (i.e.,  +12  volts)  which  is  applied  to  the  control 
gates  via  the  wordlines  of  the  selected  sectors  while  ze- 
ro  volts  are  applied  to  the  control  gates  of  memory  cells 
in  the  non-selected  sectors.  Further,  the  source  regions 
of  all  transistors  in  the  selected  sectors  are  pulled  to  a 
ground  potential  of  zero  volts,  and  the  drain  regions 
thereof  are  raised  to  a  high  positive  level  of  approxi- 
mately  +6.5  volts. 

In  Figure  5B  of  the  '691  patent,  there  is  shown  a 
schematic  circuit  diagram  of  the  positive  charge  pump 
circuit  formed  of  four  single-stages  502  for  generating 
the  high  positive  potential  of  approximately  +12  volts  to 
+1  5  volts.  The  positive  charge  pump  circuit  of  Figure  5B 
is  used  for  the  charge  pump  block  206  shown  in  Figure 
2B  of  the  '691  patent.  Further,  in  Figure  4C  there  is  de- 
picted  a  low  negative  charge  pump  circuit  formed  of  a 
single  stage  402  for  generating  a  relatively  low  level 
negative  voltage  of  approximately  -2.0  volts.  The  nega- 
tive  pump  circuit  of  Figure  4C  is  used  for  the  charge 
pump  block  208  shown  in  Figure  2B. 

In  our  U.S.  Patent  No.  5,126,808  there  is  disclosed 
a  flash  EEPROM  array  with  page  erased  architecture 
which  also  includes  a  positive  voltage  charge  pump.  In 
Figure  7E  of  the  '808  patent,  there  is  shown  a  schematic 
circu  it  diagram  of  the  positive  voltage  charge  pump,  sim- 
ilar  to  Figure  5B  of  the  '691  patent,  for  generating  the 
high  positive  potential  of  approximately  +12  V.  Further, 
in  Figure  7B  there  is  illustrated  a  -1  3  volt  charge  pump 
565  consisting  of  five  interconnected  single  stage 
charge  pumps  560.  The  output  of  the  first  stage  560-1 
of  the  charge  pump  565  is  about  -2.0  volts. 

Our  US  Patent  5,059,81  5  discloses  a  charge  pump 
circuit  which  is  used  to  keep  or  regulate  a  node  at  a  con- 
stant  voltage  despite  varying  current  requirements  of  a 
current  source  drawing  time-varying  current.  If  the  volt- 
age  at  the  node  falls  too  low  due  to  increased  current 
demand,  a  comparator  enables  an  oscillator  to  pump  the 
gate  terminal  of  a  transistor  higher  so  that  the  transistor 
can  supply  the  required  current  at  its  source  terminal  to 
maintain  the  node  at  the  required  voltage. 

According  to  the  present  invention  there  is  provided 
a  positive  power  supply  for  generating  and  supplying  a 

regulated  positive  potential  to  control  gates  of  selected 
memory  cells  via  word  lines  in  an  array  of  flash  EEP- 
ROM  memory  cells  during  programming,  the  positive 
power  supply  comprising:  charge  pump  means  respon- 

5  sive  to  an  external  power  supply  voltage  and  to  non- 
overlapping  clock  signals  for  generating  a  high  positive 
voltage;  negative  protect  circuit  means  for  generating  a 
small  negative  protection  voltage  on  its  output  terminal 
to  pull  down  the  word  lines  coupled  to  control  gates  of 

10  non-selected  memory  cells  to  the  ground  potential;  and 
row  decoder  means  coupled  to  the  word  lines  and  re- 
sponsive  to  the  high  positive  voltage,  the  small  negative 
protection  voltage,  and  decoded  signals  for  selectively 
applying  the  high  positive  voltage  to  the  control  gates  of 

is  the  selected  memory  cells  and  for  selectively  applying 
the  ground  potential  to  the  control  gates  of  the  non-se- 
lected  memory  cells;  characterised  by 
regulation  means  responsive  to  the  h  igh  positive  voltage 
and  a  reference  potential  for  generating  a  positive  com- 

20  parator  signal  which  is  either  at  a  low  level  so  as  to  allow 
the  charge  pump  means  to  increase  the  high  positive 
voltage  or  is  at  a  high  level  so  as  to  decrease  the  high 
positive  voltage  such  that  the  h  igh  positive  voltage  forms 
a  regulated  positive  potential  independent  of  the  power 

25  supply  potential;  and 
in  that  the  regulation  means  comprises  a  differential 
comparator  having  a  non-inverting  input,  an  inverting  in- 
put  and  an  output,  and  an  N-channel  pull-down  transis- 
tor,  the  differential  comparator  having  its  inverting  input 

30  coupled  to  the  high  positive  voltage,  its  non-inverting  in- 
put  coupled  to  the  reference  potential,  and  its  output 
coupled  to  the  gate  of  the  N-channel  pull-down  transis- 
tor,  the  source  of  the  N-channel  pull-down  transistor  be- 
ing  coupled  to  a  ground  potential,  and  the  drain  of  the 

35  N-channel  pull-down  transistor  being  coupled  to  the 
charge  pump  means  to  provide  the  regulated  positive 
potential. 

In  the  accompanying  drawings,  by  way  of  example 
only: 

40 
Figure  1  is  a  simplified  block  diagram  of  a  positive 
power  supply  for  use  with  a  row  decoder  circuit  and 
embodying  the  present  invention; 

45  Figure  2(A)  is  a  timing  diagram  indicating  the  state 
of  various  signals,  useful  in  understanding  the  op- 
eration  of  the  present  invention; 

Figure  2(b)  is  a  timing  diagram  indicating  the  state 
so  of  various  signals  at  certain  internal  nodes  in  Figure 

4,  useful  in  understanding  the  operation  of  the  pos- 
itive  pump  circuit; 

Figure  3  is  a  detailed  schematic  circuit  diagram  of 
55  the  negative  protect  pump  circuit  of  Figure  1  ; 

Figure  4  is  a  detailed  circuit  diagram  of  the  positive 
pump  circuit  of  Figure  1  ; 

2 
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Figure  5  is  a  detailed  circuit  diagram  of  the  positive 
voltage  regulator  circuit  of  Figure  1; 

Figure  6  is  a  detailed  schematic  circuit  diagram  of 
the  positive  comparator  circuit  of  Figure  5;  and 

Figure  7  is  a  circuit  diagram  of  the  row  decoder  cir- 
cuit  of  Figure  1  . 

Referring  now  in  detail  to  the  drawings,  there  is 
shown  in  blockdiagramform  in  Figure  1  a  positive  power 
supply  1  0  for  generating  and  supplying  a  regulated  pos- 
itive  potential  to  control  gates  of  selected  memory  cell 
transistors  to  the  wordlines  during  the  programming 
mode  of  operation,  which  is  constructed  in  accordance 
with  the  principles  of  the  present  invention.  The  positive 
power  supply  1  0  is  formed  as  part  of  a  single  integrated 
circuit  chip  (not  shown)  which  contains  an  array  having 
a  large  number  of  flash  EEPROM  memory  cells  ar- 
ranged  in  an  N  x  M  matrix.  An  external  or  off-chip  power 
supply  potential  VCC  (also  not  shown),  which  is  typically 
at  +5.0  V,  is  supplied  to  the  integrated  circuit  chip  and 
is  fed  to  the  input  of  the  positive  power  supply  10. 

The  array  of  the  flash  EEPROM  memory  cells  is 
formed  on  a  substrate  to  define  columns  and  rows, 
where  the  substrate  includes  a  common  source  line  ex- 
tending  along  at  least  one  of  the  rows  and  a  plurality  of 
bit  lines  extending  along  respective  columns.  Each  of 
the  memory  cells  includes  an  N-type  source  region  cou- 
pled  to  the  common  source  line,  a  control  gate,  a  floating 
gate,  a  channel  region  and  an  N-type  drain  region  cou- 
pled  to  a  respective  one  of  the  bit  lines.  Further,  each  of 
the  memory  cells  is  programmable  predominately  by 
transferring  hot  electrons  into  its  floating  gate  and  is 
erasable  predominately  by  tunneling  electrons  from  its 
floating  gate  to  its  source  region. 

The  positive  power  supply  1  0  generates  a  relatively 
high  positive  voltage  VPP  and  a  relatively  low  negative 
voltage  VNP  which  are  coupled  to  the  wordlines  WLn 
via  a  row  decoder  circuit  1  4.  The  row  decoder  circuit  op- 
erates  to  supply  the  high  positive  voltage  to  the  control 
gates  of  the  selected  memory  cell  transistors  through 
the  wordlines  during  programming.  The  row  decoder  cir- 
cuit  also  causes  the  wordlines  coupled  to  the  control 
gates  of  the  non-selected  memory  cell  transistors  to  be 
pulled  down  to  a  ground  potential  VSS  (zero  volts).  The 
positive  or  VPP  power  supply  includes  a  negative  pro- 
tect  pump  circuit  1  6  which  is  used  to  generate  a  negative 
protection  voltage  VNP  so  as  to  prevent  the  forward  bi- 
asing  of  the  substrate  diode  of  the  N-channel  pull-down 
device  in  the  row  decoder  circuit  14  during  erase.  This 
protection  voltage  also  allows  the  deselected  wordlines 
to  be  pulled  to  ground  during  the  programming  as  well 
as  providing  the  proper  voltage  to  protect  the  oxide  of 
the  VNP  P-channel  transistor  itself  (during  program- 
ming). 

The  VPP  power  supply  also  includes  a  high  level 
positive  charge  pump  circuit  18  for  generating  the  high 

positive  voltage  and  a  positive  regulator  circuit  20  for 
adjusting  the  high  positive  voltage  with  respect  to  the 
internal  reference  voltage  VREF  (+2.0  volts).  The  posi- 
tive  regulator  circuit  includes  means  for  regulating  the 

5  high  positive  voltage  VPP  to  +6.0  volts  during  the  pro- 
gram  verify  mode  of  operation.  Further,  the  VPP  power 
supply  includes  a  read  level  VPP  generator  circuit  22  for 
pulling  the  high  positive  voltage  VPP  to  the  power  supply 
potential  VCC  during  a  read  mode  of  operation. 

10  The  operation  of  the  VPP  power  supply  10  of  Figure 
1  will  be  generally  described  with  reference  to  the  timing 
diagrams  of  Figure  2(a).  Specific  circuitry  suitable  for 
use  in  the  blocks  14,  16,  18,  20  and  22  of  Figure  1  so 
as  to  implement  the  functions  described  will  be  present- 

's  ed  with  reference  to  the  schematic  circuit  diagrams  of 
Figures  3  through  7. 

With  reference  again  to  Figure  1  ,  the  positive  pump 
circuit  1  8  receives  four  input  signals  consisting  of  a  pro- 
gram  verify  signal  PGMV,  an  enable  data  bar  polling  sig- 

20  nal  ENPOLL,  an  enable  programming  signal  PGM,  and 
a  20  MHz  clock  signal  OSC  on  respective  lines  24,  26, 
28  and  30.  The  positive  pump  circuit  18  is  used  to  gen- 
erate  the  high  positive  voltage  VPP  on  line  32  which  is 
approximately  +1  2  volts.  This  positive  voltage  is  passed 

25  to  the  wordlines  WLn  on  line  34  via  the  row  decoder  cir- 
cuit  14. 

The  programming  field  (the  voltage  on  the  floating 
gate)  is  regulated  by  the  positive  regulator  circuit  20, 
which  controls  the  node  36  so  that  it  is  independent  of 

30  the  external  power  supply  potential  VCC.  Prior  to  enter- 
ing  the  programming  mode,  the  signal  INITIALIZE  is 
made  high  so  as  to  allow  the  reference  voltage  VREF 
of  approximately  +2.0  volts  to  charge  the  capacitors  Cn 
and  Cp.  During  the  programming  mode,  the  signal  INI- 

35  TIALIZE  is  made  low  so  as  to  isolate  the  reference  volt- 
age  VREF.  A  positive  comparator  38  is  used  to  compare 
the  voltage  VPPDIV  at  node  40  with  the  reference  volt- 
age  VREF  at  node  42.  When  the  voltage  VPPDIV  is  larg- 
er  than  the  voltage  VREF,  the  output  voltage  VOUT  of 

40  the  comparator  38  is  high  which  turns  on  the  pull-down 
transistor  44  so  as  to  pull  down  the  high  positive  voltage 
at  the  node  36  towards  the  power  supply  potential  VCC. 
On  the  other  hand,  when  the  voltage  VPPDIV  is  smaller 
than  the  reference  voltage  VREF,  the  output  voltage 

45  VOUT  will  be  low  which  turns  off  the  pull-down  transistor 
44,  thereby  allowing  the  high  positive  voltage  to  be 
pumped  up. 

The  read  level  VPP  generator  circuit  22  receives  as 
its  inputs  the  program  verify  signal  PGMV  on  line  46,  the 

50  VPP  pump  enable  signal  ENVPP  on  line  48,  the  20  MHz 
clock  signal  OSC  on  line  50,  and  a  power-down  signal 
PD  on  line  52.  Further,  the  read  level  VPP  generator  cir- 
cuit  22  receives  as  its  inputs  a  lowfrequency  clock  signal 
OSCLF  on  line  54,  a  program  reset  signal  PGMR  on  line 

55  56,  a  pump  enable  signal  VPEON  on  line  58,  and  the 
reference  voltage  VREF  on  line  60.  The  read  generator 
circuit  22  is  used  to  pull  up  the  high  positive  voltage  VPP 
at  the  node  36  to  the  positive  potential  VCC  (+5.0  volts) 

3 
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during  the  read  mode  of  operation.  The  read  generator 
circuit  also  provides  a  program  reset  bar  signal  PGMR 
on  output  line  62. 

The  negative  protect  pump  circuit  16  receives  as  its 
inputs  the  low  frequency  clock  signal  OSCLF  on  line  64, 
a  negative  protection  enable  signal  VNPOK  on  line  66, 
the  power-down  signal  PD  on  line  68,  the  20  MHz  clock 
signal  OSC  on  line  70,  and  a  program  signal  PGM  on 
line  72.  The  negative  protect  pump  circuit  further  in- 
cludes  as  its  inputs  a  test  signal  HTRB  on  line  74,  and 
an  erase  control  signal  ER  on  the  line  76.  The  negative 
protect  pump  circuit  generates  the  negative  protection 
signal  VNP  on  line  78  which  is  maintained  at  approxi- 
mately  -2.0  volts  so  that  the  wordlines  coupled  to  control 
gates  of  the  non-selected  memory  cells  are  pulled  down 
to  zero  volts  during  programming.  During  erase,  the 
wordlines  coupled  to  the  control  gates  of  the  selected 
memory  cells  are  required  to  be  applied  with  -12  volts. 
Thus,  the  negative  protection  signal  VNP  will  be  pulled 
to  the  ground  potential  so  as  to  prevent  the  substrate 
diode  on  the  N-channel  pull-down  transistor  from  for- 
ward  biasing  and  discharging  the  negative  wordline  volt- 
age. 

Referring  now  to  Figure  2(a),  there  are  shown  the 
output  waveforms  of  each  stage  of  the  positive  pump 
circuit  18  and  are  labeled  PMPA,  PMPB,  PMPC  and 
PMPD.  With  the  positive  pump  circuit  working  between 
the  times  t1  and  t2,  the  positive  voltage  VPP  will  be 
pumped  to  slightly  higher  than  +1  0  volts.  At  the  time  t2, 
the  positive  regulator  circuit  20  will  begin  its  operation 
so  as  to  control  the  voltage  on  the  wordline  WLn  to  be 
maintained  at  approximately  +10  volts.  If  the  positive 
voltage  VPP  goes  above  +10.1  volts,  the  positive  com- 
parator  signal  VOUT  (VPPCOMP)  will  go  high,  such  as 
at  time  t3,  so  as  to  pull  down  or  decrease  the  positive 
voltage  VPP  as  well  as  the  voltage  on  the  wordline. 
Then,  the  positive  comparator  signal  will  go  low,  such 
as  at  the  time  t4,  so  as  to  allow  the  positive  voltage  VPP 
to  increase  or  go  high  again.  This  cycle  is  repeated  over 
and  over  again  so  as  to  provide  the  regulated  positive 
potential  on  the  wordline  WLn. 

A  detailed  circuit  diagram  of  the  negative  protect 
pump  circuit  16  of  Figure  1  is  depicted  in  Figure  3.  The 
negative  protect  pump  circuit  16  is  formed  of  a  main 
VNP  pump  section  16a,  a  standby  VNP  pump  section 
1  6b,  and  a  VNP  clamp  section  1  6c.  The  main  VNP  pump 
section  1  6a  includes  a  pump  clock  generator  80  formed 
by  a  NOR  logic  gate  G1  ;  NAND  logic  gates  G2,  G3;  and 
inverter  gates  G4  through  G8.  The  pump  clock  genera- 
tor  80  receives  the  20  MHz  clock  signal  OSC  on  the  line 
70  and  an  enable  signal  GNDVNP  on  line  82  and  pro- 
duces  in  response  a  pair  of  biphase  clock  signals  at 
nodes  c  and  a,  respectively.  These  clock  signals  are 
connected  to  one  side  of  the  respective  capacitors  C301 
and  C302.  The  other  side  of  the  capacitors  are  connect- 
ed  to  the  gates  of  a  pair  of  pass  transistors  P301  and 
P303.  An  initialization  transistor  P302  serves  to  pre- 
charge  the  node  pmpgate  and  to  provide  cancellation  of 

the  threshold  drop  Vtp  across  the  pass  transistor  P301  . 
It  should  be  noted  that  the  N-wells  of  the  transistors 
P301  and  P303  are  tied  to  the  node  a  so  as  to  define  a 
switchable  well.  This  serves  to  reduce  the  body  effect 

5  on  the  pass  transistors  and  increase  the  efficiency  of  the 
pump  section  16a.  The  voltage  VNP  on  the  line  78  is 
quickly  pumped  by  the  pump  section  16a  to  approxi- 
mately  -4  volts  due  to  the  loss  of  a  threshold  drop  across 
the  pass  transistor  P303. 

10  The  main  VNP  pump  section  16a  also  includes  an 
enable  logic  circuit  16d  formed  of  a  NOR  logic  gate  G9 
and  an  inverter  gate  G10.  During  a  test  mode  of  opera- 
tion,  a  signal  HTRB  on  the  line  74  will  be  high  and  during 
the  erase  mode  the  erase  control  signal  ER  on  the  line 

is  76  will  be  high.  This  causes  the  enable  signal  GNDVNP 
to  be  high,  thereby  disabling  the  negative  protect  pump 
circuit  16. 

The  standby  VNP  pump  section  16b  is  a  second 
pump  which  is  connected  in  parallel  with  the  main  VNP 

20  pump  section  16a.  The  pump  section  16b  includes  a 
clock  pump  generator  84  formed  of  a  NAND  logic  gate 
G11  ;  an  inverter  G  12;  and  transmission  gates  G  13,  G14. 
The  transmission  gate  G13  is  formed  of  a  P-channel 
transistor  P304  and  an  N-channel  transistor  N301  .  The 

25  transmission  gate  G1  4  is  formed  of  a  P-channel  transis- 
tor  P305  and  an  N-channel  transistor  N302.  The  pump 
section  1  6b  receives  the  low  frequency  clock  signal  OS- 
CLF  (approximately  100  KHz)  on  the  line  64,  the  nega- 
tive  protection  enable  signal  VNPOK  on  the  line  66,  and 

30  the  power-down  signal  PD  on  the  line  68.  The  input  of 
the  transmission  gate  G1  3  receives  the  signal  VNPOSC 
from  the  output  of  the  NOR  gate  G1  of  the  pump  section 
16a.  The  outputs  of  the  transmission  gates  G13  and 
G14  are  connected  together  and  to  a  node  86  which  is 

35  in  turn  joined  to  one  side  of  the  capacitor  C303.  The  oth- 
er  side  of  the  capacitor  C303  is  connected  to  the  gate 
of  the  diode-connected  pass  transistor  P304a.  Again,  it 
can  be  seen  that  the  N-well  of  the  transistor  P304a  is 
tied  to  the  node  86  so  as  to  define  a  switchable  well, 

40  thereby  reducing  its  body  effect. 
The  enable  signal  VNPOK  on  the  line  66  will  be  low, 

when  the  negative  protection  signal  VNP  is  not  negative 
enough,  which  causes  the  signal  VNPOSC  (fast  oscil- 
lator)  to  drive  the  node  86  so  as  to  charge  the  voltage 

45  VNP  quickly  negative.  When  the  voltage  VNP  is  suffi- 
ciently  negative,  the  signal  VNPOK  will  go  high.  Then, 
during  power-down  the  signal  PD  will  also  be  high.  As 
a  result,  the  left  side  of  the  standby  pump  section  16b 
is  disabled  and  the  node  86  will  be  driven  by  the  low 

so  frequency  clock  signal  OSCLF,  thereby  maintaining  the 
voltage  VNP  at  approximately  -2  volts  and  reducing  the 
power  consumption  of  the  circuits. 

The  VNP  clamp  section  16c  includes  a  pump  clock 
driver  88  formed  of  a  NOR  logic  gate  G15,  NAND  logic 

55  gate  G16,  and  an  inverter  gate  G17.  The  clock  driver  88 
receives  the  signal  GNDVNP  on  line  90,  the  program 
signal  PGM  on  the  line  72,  and  the  20  MHz  clock  signal 
OSC  on  line  92.  The  signal  OSCERSL  at  the  output  of 

4 
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the  NAND  gate  G1  6  is  fed  to  one  side  of  capacitor  C304. 
The  other  side  of  the  capacitor  C304  is  connected  to  the 
gate  of  the  diode-connected  transistor  P306.  The  gate 
and  source  of  a  pre-charge  transistor  P305  is  connected 
to  the  output  of  the  NOR  gate  G15.  The  output  signal 
VNPCLMP  at  node  94  is  fed  to  the  gates  of  a  non-pro- 
gramming  mode  clamping  transistor  P307  and  a  pro- 
gramming  mode  clamping  transistor  P308.  The  source 
of  the  clamping  transistor  P307  is  connected  to  the 
ground  potential  (VSS)  and  its  drain  is  connected  to  the 
line  78.  A  diode-connected  transistor  P309  is  connected 
between  the  drain  of  the  clamp  transistor  P308  and  the 
line  78.  During  erase,  the  signal  GNDVNP  will  be  high 
and  the  node  94  will  be  pumped  to  approximately  -2 
volts.  This  turns  on  the  clamp  transistor  P307,  thereby 
pulling  the  line  78  (VNP)  to  the  ground  potential.  During 
programming,  the  signal  PGM  will  be  high  and  the  node 
94  will  still  be  pumped  to  approximately  -2  volts.  This 
enables  the  large  clamp  transistor  P308  to  clamp  the 
VNP  line  to  approximately  -2  volts  since  the  pump  sec- 
tions  16a  and  16b  are  turned  on. 

Figure  4  is  a  circuit  diagram  depicting  circuitry  for 
the  VPP  pump  circuit  18  of  Figure  1.  The  pump  circuit 
1  8  is  formed  of  an  enable  logic  circuit  1  8a,  a  pump  clock 
driver  circuit  18b,  and  a  positive  charge  pump  circuit 
18c.  The  enable  logic  circuit  18a  includes  NAND  logic 
gates  G18,  G19  and  an  inverter  gate  G20.  The  logic  cir- 
cuit  18a  receives  the  signal  PGMV  on  the  line  24,  the 
signal  ENPOLL  on  the  line  26,  and  the  signal  PGM  on 
the  line  28.  The  circuit  18a  generates  an  enable  signal 
VPPEN  on  the  line  96  which  is  fed  to  the  clock  driver 
circuit  18b  and  the  charge  pump  circuit  18c. 

The  pump  clock  driver  circuit  1  8b  includes  a  NAND 
logic  gate  G21  ;  NOR  logic  gates  G22,  G23;  and  inverter 
gates  G24  through  G28.  The  driver  circuit  1  8b  receives 
the  clock  signal  OSC  on  the  line  30  and  the  internal 
pump  enable  signal  VPPEN  on  the  line  96  from  the  logic 
circuit  18a.  The  driver  circuit  18b  produces  a  pair  of  non- 
overlapping  clock  signals  OSCVP1  and  OSCVP2  at  the 
respective  outputs  of  the  inverter  gates  G26  and  G28. 

The  charge  pump  circuit  1  8c  is  a  conventional  four- 
stage  charge  pump  formed  of  a  chain  of  diode-connect- 
ed  pass  transistors  N401-N404  and  capacitors 
C401-C404  connected  in  parallel  between  the  pass 
transistors.  The  clock  signal  OSCVP1  is  connected  to 
one  side  of  the  capacitors  C401  andC403,  and  the  clock 
signal  OSCP2  is  connected  to  one  side  of  the  capacitors 
C402  and  C404.  The  other  side  of  the  capacitors  C401 
and  C403  are  connected  to  respective  nodes  PMPA  and 
PMPC.  The  other  side  of  the  capacitors  C402  and  C404 
are  connected  to  respective  nodes  PMPB  and  PMPD. 
A  charging  transistor  N405  has  its  drain  connected  to 
the  power  supply  potential  VCC,  its  gate  connected  to 
receive  the  internal  pump  enable  signal  VPPEN,  and  its 
source  connected  to  the  node  PMPA.  The  pump  circuit 
18c  provides  the  high  positive  voltage  VPP  on  the  line 
32. 

The  operation  of  the  positive  pump  circuit  18  will 

now  be  described.  The  charge  pump  circuit  1  8c  is  start- 
ed  by  the  internal  pump  enable  signal  VPPEN  going 
high  so  as  to  allow  the  positive  potential  VCC  to  charge 
up  the  node  PMPA.  It  is  assumed  that  the  node  PMPA 

5  will  have  been  charged  to  a  voltage  VCC  -  Vtp  by  the 
transistor  N405.  Thus,  when  the  clock  signal  OSCP1 
makes  the  transition  from  $  volts  to  VCC  volts,  the  node 
PMPA  is  also  raised  in  potential  and  would  reach  2VCC 
-  Vtp  except  for  the  fact  that  the  pass  transistor  N401  will 

10  turn  on,  causing  the  charge  on  the  node  PMPA  to  be 
shared  with  the  node  PMPB.  Similarly,  when  the  clock 
signal  OSCP2  makes  the  transition  from  $  volts  to  VCC 
volts,  the  node  PMPB  will  be  raised  in  potential  and  its 
charge  will  be  shared  with  the  node  PMPC.  In  this  man- 

's  ner,  the  line  32  (VPP)  is  gradually  pumped  to  the  high 
voltage  throughout  the  duration  of  the  pump  enable  sig- 
nal  VPPEN.  The  limiting  potential  which  can  be  reached 
by  using  this  conventional  charge  pump  design  is  4VCC 
-  5Vtp.  Since  the  threshold  voltage  Vtp  may  be  as  high 

20  as  +1  .5  volts,  the  high  positive  voltage  VPP  is  limited  to 
approximately  +12.5  volts  for  the  power  supply  potential 
VCC  of  +5.0  volts. 

For  a  more  complete  discussion  of  the  conventional 
voltage  multiplier,  reference  is  made  to  the  article  by 

25  John  F.  Dickson,  "On-Chip  High-Voltage  Generation  in 
MNOS  Integrated  Circuits  Using  An  Improved  Voltage 
Multiplier  Technique,"  IEEE  Journal  of  Solid-State  Cir- 
cuits,  Vol.  SC-11,  No.  3,  June  1976,  pp.  374-378.  The 
initial  cycles  of  the  waveforms  of  the  clock  signals 

30  OSCP1  and  OSCP2  and  of  the  voltages  at  the  various 
nodes  PMPA  through  PMPD  of  the  charge  pump  circuit 
1  8c  are  depicted  in  Figure  2(b),  illustrating  the  operation 
of  the  pump  circuit  18  for  pumping  up  the  high  positive 
voltage  VPP. 

35  The  programming  level  VPP  generator  and  regula- 
tor  circuit  (positive  regulator  circuit)  20  and  the  read  lev- 
el  VPP  generator  circuit  22  of  Figure  1  are  illustrated  in 
the  schematic  circuit  diagram  of  Figure  5.  The  read  gen- 
erator  circuit  22  is  used  to  pull  up  the  high  positive  volt- 

40  age  VPP  on  the  node  36  to  the  power  supply  potential 
VCC  (+5.0  volts)  during  the  read  mode  of  operation.  The 
read  generator  circuit  includes  a  clock  driver  section  98 
and  a  charge  pump  section  1  00  driven  by  the  driver  sec- 
tion  98.  During  the  read  mode,  a  node  VBG2  will  be 

45  pumped  up  to  approximately  +8  volts  by  the  high  fre- 
quency  clock  signal  OSC.  When  in  the  powered-down 
condition,  the  signal  PD  will  be  high  so  that  the  pump 
section  100  will  be  driven  by  the  low  frequency  clock 
signal  OSCLF  so  as  to  maintain  the  voltage  at  the  node 

50  VBG2.  As  a  result,  the  pull-up  transistor  N501  will  be 
turned  on  so  as  to  pull  the  node  36  (VPP)  to  the  power 
supply  voltage  potential  VCC.  When  the  external  high 
voltage  pump  enable  signal  (VPEON  =  1)  or  the  enable 
signal  ENVPP  is  high  (i.e.,  during  non-programming), 

55  the  node  VBG2  will  be  pulled  to  the  ground  potential  via 
the  transistor  N502. 

The  positive  regulator  circuit  20  is  used  to  regulate 
the  programming  field  by  controlling  the  node  36  (VPP) 

5 
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so  that  it  is  independent  of  the  external  power  supply 
potential  VCC.  The  regulator  circuit  consists  of  a  refer- 
ence  voltage  VREF,  a  pre-charge  circuit  501  ,  a  differen- 
tial  comparator  502,  a  pull-down  transistor  503,  and  an 
isolation  transistor  504.  The  reference  voltage  is  applied 
on  the  line  60  and  is  at  approximately  +2.0  volts.  The 
pre-charge  circuit  501  includes  pre-charge  transistors 
N501  ,  N502,  N503;  an  N-well  type  capacitor  Cp;  a  MOS 
capacitor  Cn;  a  sensing  transistor  P501  ;  and  discharge 
transistors  P502,  N503,  N504.  Before  the  programming 
mode,  the  signal  ENVPPB  will  be  made  high  initially  so 
as  to  pre-charge  the  node  VPPDIV  to  the  ground  poten- 
tial  VSS  (ty  volts)  and  to  pre-charge  the  node  VPPCAP 
to  the  reference  voltage  of  +2.0  volts.  Then,  the  signal 
ENVPP  will  be  made  low  so  as  to  isolate  the  reference 
voltage.  As  can  be  seen,  the  capacitor  Cn  is  connected 
between  the  nodes  VPPCAP  and  VPPDIV  and  will  be 
turned  on.  The  capacitor  Cp  is  connected  between  the 
nodes  VPPDIV  and  the  ground  potential.  Thus,  the  volt- 
age  at  the  node  VPPCAP  will  be  divided  down  by  the 
capacitive  divider  formed  by  the  capacitors  Cn  and  Cp 
so  as  to  provide  a  smaller  voltage  at  node  102.  During 
program  reset,  the  transistors  P502,  P503and  N504are 
used  to  discharge  the  line  36. 

In  operation,  the  differential  comparator  502  com- 
pares  the  voltage  at  the  node  102  (VPPDIV)  to  the  ref- 
erence  voltage  on  the  node  104  and  generates  a  posi- 
tive  comparator  output  signal  VPPCOMP  on  line  106. 
The  sizes  of  the  capacitors  are  ratioed  so  that  the  trip 
point  of  the  comparator  is  at  approximately  +10  volts.  If 
the  high  positive  voltage  VPP  rises  above  +10  volts,  the 
sensing  transistor  will  be  turned  on  so  as  to  raise  the 
voltage  at  the  node  VPPCAP  and  thus  the  voltage  at  the 
node  1  02.  Since  the  voltage  at  the  node  VPPDIV  will  be 
greater  than  the  reference  voltage  at  the  node  104,  the 
output  signal  VPPCOMP  will  be  high  so  as  to  turn  on 
the  transistor  503,  thereby  pulling  down  the  voltage  VPP 
towards  the  positive  supply  potential  VCC.  On  the  other 
hand,  if  the  high  positive  voltage  VPP  drops  below  +10 
volts,  the  sensing  transistor  will  be  turned  off  so  as  to 
lower  the  voltage  at  the  node  VPPCAP  and  at  the  node 
1  02.  Since  the  voltage  VPPDIV  will  now  be  less  than  the 
reference  voltage  at  the  node  1  04,  the  output  signal  VP- 
PCOMP  will  be  low  so  as  to  turn  off  the  transistor  503. 
As  a  consequence,  the  voltage  VPP  on  the  line  38  is 
allowed  to  be  pumped  higher. 

In  Figure  6,  there  is  shown  a  detailed  circuit  diagram 
of  the  differential  comparator  502  of  Figure  5.  The  dif- 
ferential  comparator  includes  current  source  transistors 
P601,  P602;  input  transistors  P603,  P604;  and  load 
transistors  N601  ,  N602.  The  gate  of  the  input  transistor 
P603  is  connected  to  the  node  1  02,  and  the  gate  of  the 
input  transistor  P604  is  connected  to  the  node  1  04.  The 
output  node  108  of  the  comparator  502  is  coupled  via 
inverter  gate  601  to  the  line  106.  The  output  of  the  in- 
verter  601  is  the  positive  comparator  output  signal  VP- 
PCOMP. 

Referring  now  to  Figure  7,  there  is  illustrated  a  cir- 

cuit  diagram  of  the  row  decoder  circuit  1  4.  The  row  de- 
coder  circuit  14  provides  the  appropriate  voltage  to  the 
wordlines  WLn  based  upon  the  high  positive  voltage 
VPP,  the  negative  protection  voltage  VNP,  and  decoded 

5  address  signals  XT,  X!N.  The  decoded  address  signal 
X|N  is  generated  by  the  addressing  circuitry  701  ,  and  the 
decoded  address  signal  XT  is  generated  by  similar  ad- 
dressing  circuitry  (not  shown).  It  should  be  understood 
that  where  the  memory  array  is  physically  arranged  in 

10  the  matrix  of  1024  rows  by  1024  columns,  each  row  in 
the  memory  array  is  driven  by  its  own  row  decoder  cir- 
cuit.  Thus,  the  row  decoder  circuit  14  represents  only 
one  of  the  1024  row  decoder  circuits.  The  row  decoder 
circuit  14  is  formed  of  a  left  side  decoder  112  and  a  right 

is  side  decoder  114.  Since  both  the  left  and  right  side  de- 
coders  are  identical,  it  will  be  sufficient  to  describe  only 
the  left  side  decoder  112. 

The  left  side  decoder  1  1  2  includes  a  pass  transistor 
N701,  an  input  transistor  P701,  a  pull-up  transistor 

20  P702,  a  pull-up  transistor  P703,  a  negative  protect  tran- 
sistor  P704,  and  a  pull-down  transistor  N502.  During  the 
programming  mode,  the  decoded  signal  XT  will  be  high 
and  the  decoded  signal  X!N  will  be  low  for  the  selected 
rows.  Further,  in  the  selected  rows  the  signal  VPX  will 

25  be  equal  to  the  high  positive  voltage  VPP  (+10  V)  and 
the  signal  VNP  will  be  at  -2  volts.  Thus,  the  node  116 
will  be  low  so  as  to  turn  off  the  pull-down  transistor  N702 
and  turn  on  the  pull-up  transistor  P703,  thereby  applying 
the  high  voltage  VPP  to  the  wordline  WLn  (line  34).  The 

30  negative  protect  transistor  P704  serves  to  protect  the 
substrate  diode  of  the  N-channel  pull-down  transistor 
N702  when  the  wordline  has  a  high  negative  voltage  ap- 
plied  thereto  during  erase. 

However,  the  decoded  signal  XT  will  be  low  and  the 
35  decoded  signal  X!N  will  be  high  for  the  non-selected 

rows  during  the  programming  mode.  As  a  result,  the 
node  1  1  6  will  be  high  since  the  input  transistor  P701  will 
be  turned  on.  This  causes  the  pull-up  transistor  P703  to 
be  turned  off  and  turns  on  the  pull-down  transistor  N702. 

40  The  voltage  VNP  being  at  -2  volts  will  cause  the  negative 
protect  transistor  P704  to  also  turn  on,  thereby  pulling 
the  wordline  WLn  (line  34)  all  the  way  to  the  ground  po- 
tential  VSS. 

From  the  foregoing  detailed  description,  it  can  thus 
45  be  seen  that  the  present  invention  provides  an  improved 

positive  power  supply  for  generating  and  supplying  a 
regulated  positive  potential  to  control  gates  of  selected 
memory  cells  via  wordlines  in  an  array  of  flash  EEPROM 
memory  cells  during  programming.  The  positive  power 

so  supply  includes  charge  pumping  means  for  generating 
a  high  positive  voltage  and  regulator  means  responsive 
to  the  high  positive  voltage  and  a  reference  voltage  for 
generating  the  regulated  positive  potential  to  be  inde- 
pendent  of  the  power  supply  potential  VCC. 

55  While  there  has  been  illustrated  and  described  what 
is  at  present  considered  to  be  a  preferred  embodiment 
of  the  present  invention,  it  will  be  understood  by  those 
skilled  in  the  art  that  various  changes  and  modifications 

6 
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may  be  made,  and  equivalents  may  be  substituted  for 
elements  thereof  without  departing  from  the  true  scope 
of  the  invention.  In  addition,  many  modifications  may  be 
made  to  adapt  a  particular  situation  or  material  to  the 
teachings  of  the  invention  without  departing  from  the 
central  scope  thereof.  Therefore,  it  is  intended  that  this 
invention  not  be  limited  to  the  particular  embodiment 
disclosed  as  the  best  mode  contemplated  for  carrying 
out  the  invention,  but  that  the  invention  will  include  all 
embodiments  falling  within  the  scope  of  the  appended 
claims. 

Claims 

1  .  A  positive  power  supply  for  generating  and  supply- 
ing  a  regulated  positive  potential  to  control  gates  of 
selected  memory  cells  via  word  lines  in  an  array  of 
flash  EEPROM  memory  cells  during  programming, 
the  positive  power  supply  comprising: 

charge  pump  means  (1  8c)  responsive  to  an  ex- 
ternal  power  supply  voltage  (VCC)  and  to  non- 
overlapping  clock  signals  (OSCVP1  ,  OSCVP2) 
for  generating  a  high  positive  voltage  (VPP); 
negative  protect  circuit  means  (16)  for  generat- 
ing  a  small  negative  protection  voltage  (VNP) 
on  its  output  terminal  to  pull  down  the  word  lines 
coupled  to  control  gates  of  non-selected  mem- 
ory  cells  to  the  ground  potential;  and 
row  decoder  means  (14)  coupled  to  the  word 
lines  and  responsive  to  the  high  positive  volt- 
age,  the  small  negative  protection  voltage,  and 
decoded  signals  (XIN,XT)  for  selectively  apply- 
ing  the  high  positive  voltage  to  the  control  gates 
of  the  selected  memory  cells  and  for  selectively 
applying  the  ground  potential  to  the  control 
gates  of  the  non-selected  memory  cells; 

coupled  to  a  ground  potential  (VSS),  and  the  drain 
of  the  N-channel  pull-down  transistor  being  coupled 
to  the  charge  pump  means  (1  8c)  to  provide  the  reg- 
ulated  positive  potential. 

5 
2.  A  positive  power  supply  as  claimed  in  claim  1, 

wherein  said  regulated  positive  potential  is  approx- 
imately  +10.5  volts. 

10  3.  A  positive  power  supply  as  claimed  in  claim  1  ,  fur- 
ther  comprising  read  level  generator  means  (22) 
coupled  to  the  charge  pump  means  (1  8c)  for  pulling 
down  said  high  positive  voltage  to  said  power  sup- 
ply  potential  (VCC)  during  a  read  mode  of  opera- 

's  tion. 

4.  A  positive  power  supply  as  claimed  in  claim  1, 
wherein  the  regulation  means  (20)  further  includes 
means  for  regulating  the  high  positive  potential  to 

20  approximately  +6.0  volts  during  a  program  verify 
mode  of  operation. 

5.  A  positive  power  supply  as  claimed  in  claim  1, 
wherein  the  negative  protect  circuit  means  (16)  in- 

25  eludes  main  charge  pump  means  (16a)  responsive 
to  a  high  frequency  clock  signal  for  quickly  pumping 
the  said  output  to  the  said  small  negative  protection 
voltage. 

30  6.  A  positive  power  supply  as  claimed  in  claim  5, 
wherein  the  negative  protect  circuit  means  further 
includes  standby  charge  pump  means  (16b)  re- 
sponsive  selectively  to  the  high  frequency  clock  sig- 
nal  and  a  low  frequency  clock  signal  for  facilitating 

35  pumping  of  the  said  output  to  the  said  small  nega- 
tive  protection  voltage  and  for  maintaining  the  said 
output  at  the  said  negative  protection  voltage  during 
power-down. 

characterised  by  regulation  means  (20)  re- 
sponsive  to  the  high  positive  voltage  (VPP)  and  a 
reference  potential  (VREF)  for  generating  a  positive 
comparator  signal  (VOUT)  which  is  either  at  a  low 
level  so  as  to  allow  the  charge  pump  means  to  in- 
crease  the  high  positive  voltage  or  is  at  a  high  level 
so  as  to  decrease  the  high  positive  voltage  such  that 
the  high  positive  voltage  forms  a  regulated  positive 
potential  independent  of  the  power  supply  potential 
(VCC); 
and  in  thatXhe  regulation  means  (20)  comprises  a 
differential  comparator  (502)  having  a  non-inverting 
input,  an  inverting  input  and  an  output,  and  an  N- 
channel  pull-down  transistor  (503),  the  differential 
comparator  having  its  inverting  input  coupled  to  the 
high  positive  voltage,  its  non-inverting  input  coupled 
to  the  reference  potential,  and  its  output  coupled  to 
the  gate  of  the  N-channel  pull-down  transistor,  the 
source  of  the  N-channel  pull-down  transistor  being 

40  7.  A  positive  power  supply  as  claimed  in  claim  6, 
wherein  the  negative  protect  circuit  means  (16)  fur- 
ther  includes  negative  clamping  means  (16c)  cou- 
pled  to  the  said  output  for  clamping  the  said  small 
negative  protection  voltage  to  a  predetermined  lev- 

45  el. 

Patentanspriiche 

so  1.  Positive  Energieversorgungzum  Erzeugen  und  Lie- 
fern  eines  geregelten  positiven  Potentials  an  Steu- 
ergates  ausgewahlter  Speicherzellen  iiber  Wortlei- 
tungen  in  einer  Anordnung  von  Flash-EEPROM- 
Zellen  wahrend  des  Programmierens,  wobei  die  po- 

55  sitive  Energieversorgung  aufweist: 

eine  auf  eine  externe  Energieversorgungs- 
spannung  (VCC)  und  nicht  uberlappende  Takt- 

7 
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signale  (OSCVP1,  OSCVP2)  reagierende  La- 
dungspumpeneinrichtung  (18c)  zum  Erzeugen 
einer  positiven  Hochspannung  (Vpp); 

eine  negative  Schutzschaltungseinrichtung  s 
(16)  zum  Erzeugen  einer  geringen  negativen 
Schutzspannung  (VNP)  an  ihrem  Eingangsan- 
schluB,  urn  die  mit  Steuergates  der  nicht  ge- 
wahlten  Speicherzellen  verbundenen  Wortlei- 
tungen  auf  das  Massepotential  herunter  zu  zie-  10 
hen;  und 

eine  mit  den  Wortleitungen  verbundene  und  auf 
die  positive  Hochspannung,  die  geringe  nega- 
tive  Schutzspannung  und  dekodierte  Signale  15 
(XI  N,  XT)  reagierende  Reihendekodiererein- 
richtung  (14)  zum  selektiven  Anlegen  der  posi- 
tiven  Hochspannung  an  die  Steuergates  der 
gewahlten  Speicherzellen  und  zum  selektiven 
Anlegen  des  Massepotentials  an  die  Steuerga-  20 
tes  der  nicht  gewahlten  Speicherzellen; 

Volt  betragt. 

3.  Positive  Energieversorgung  nach  Anspruch  1,  fer- 
ner  mit  einer  mit  der  Ladungspumpeneinrichtung 
(18c)  verbundenen  Lesepegelerzeugungseinrich- 
tung  (22)  zum  Herabziehen  der  positiven  Hoch- 
spannung  auf  das  Energieversorgungspotential 
(VCC)  wahrend  eines  Lesebetriebsmodus. 

4.  Positive  Energieversorgung  nach  Anspruch  1,  bei 
der  die  Regeleinrichtung  (20)  ferner  eine  Einrich- 
tung  zum  Regeln  des  hohen  positiven  Potentials 
auf  ungefahr  +6,0  Volt  wahrend  eines  Programm- 
verifizierungsbetriebsmodus  aufweist. 

5.  Positive  Energieversorgung  nach  Anspruch  1,  bei 
der  die  negative  Schutzschaltungseinrichtung  (16) 
eine  auf  ein  hochfrequentes  Taktsignal  reagierende 
Haupt-Ladungspumpeneinrichtung  (16a)  zum 
schnellen  Pumpen  des  Ausgangs  auf  die  geringe 
negative  Schutzspannung  aufweist. 

gekennzeichnet  durch 

eine  auf  die  positive  Hochspannung  (Vpp)  und  25 
ein  Referenzpotential  (VREF)  reagierende  Re- 
geleinrichtung  (20)  zum  Erzeugen  eines  positi- 
ven  Komparatorsignals  (Vout),  das  entweder 
einen  niedrigen  Pegel  innehat,  urn  der  La- 
dungspumpeneinrichtung  das  Erhohen  der  po-  30 
sitiven  Hochspannung  zu  ermoglichen,  oder  ei- 
nen  hohen  Pegel  innehat,  urn  die  positive 
Hochspannung  zu  verringern,  so  dal3  die  posi- 
tive  Hochspannung  ein  geregeltes  positives 
Potential  bildet,  das  von  dem  Energieversor-  35 
gungspotential  (VCC)  unabhangig  ist; 

und  dadurch  gekennzeichnet,  da!3 

6.  Positive  Energieversorgung  nach  Anspruch  5,  bei 
der  die  negative  Schutzschaltung  ferner  eine  wahl- 
weise  auf  das  hochfrequente  Taktsignal  oder  ein 
niederfrequentes  Taktsignal  reagierende  Standby- 
Ladungspumpeneinrichtung  (16b)  zum  Erleichtern 
des  Pumpens  des  Ausgangs  auf  die  geringe  nega- 
tive  Schutzspannung  und  zum  Halten  des  Aus- 
gangs  auf  dieser  negativen  Schutzspannung  wah- 
rend  des  Power-Down-Zustands  aufweist. 

7.  Positive  Energieversorgung  nach  Anspruch  6,  bei 
der  die  negative  Schutzschaltungseinrichtung  (16) 
ferner  eine  mit  dem  genannten  Ausgang  verbunde- 
ne  Negativ-Halteeinrichtung  (16c)  zum  Halten  der 
geringen  negativen  Schutzspannung  auf  einen  vor- 
bestimmten  Pegel  aufweist. 

die  Regeleinrichtung  (20)  einen  Differential-  40 
komparator  (502)  mit  einem  nicht-invertieren- 
den  Eingang,  einem  invertierenden  Eingang 
und  einem  Ausgang  und  einen  n-Kanal-Pull- 
down-Transistor  (503)  aufweist,  wobei  der  in- 
vertierende  Eingang  des  Differentialkompara-  45 
tors  mit  der  positiven  Hochspannung,  der  nicht- 
invertierende  Eingang  mit  dem  Referenzpoten- 
tial  und  der  Ausgang  mit  dem  Gate  des  n-Ka- 
nal-Pull-down-Transistors  verbunden  ist,  wo- 
bei  die  Source  des  n-Kanal-Pull-down-Transi-  so 
stors  mit  dem  Massepotential  (VSS)  und  der 
Drain  des  n-Kanal-Pull-down-Transistors  mit 
der  Ladungspumpeneinrichtung  (1  8c)  zum  Lie- 
fern  des  geregelten  positiven  Potentials  ver- 
bunden  ist.  55 

2.  Positive  Energieversorgung  nach  Anspruch  1,  bei 
der  das  geregelte  positive  Potential  ungefahr  +1  0,5 

Revendications 

1.  Alimentation  positive  pour  generer  et  fournir  un  po- 
tentiel  positif  regule  a  des  grilles  de  commande  de 
cellules  de  memoire  selectionnees  par  I'interme- 
diaire  de  lignes  de  mots  dans  un  reseau  de  cellules 
de  memoire  flash  EEPROM  pendant  la  programma- 
tion,  I'alimentation  positive  comprenant  : 

des  moyens  de  pompage  de  charge  (18c)  re- 
pondant  a  une  tension  d'alimentation  externe 
(VCC)  et  a  des  signaux  d'horloge  sans  recou- 
vrement  (OSCVP1  ,OSCVP2)  pour  generer 
une  tension  positive  elevee  (VPP)  ; 
des  moyens  de  circuit  de  protection  negative 
(1  6)  pour  generer  une  faible  tension  de  protec- 
tion  negative  (VNP)  sur  sa  borne  de  sortie  pour 
ramener  les  lignes  de  mots  couplees  aux  grilles 
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de  commande  de  cellules  de  memoire  non  se- 
lectionnees  au  potentiel  de  terre  ;  et 
des  moyens  decodeurs  de  rangee  (1  4)  couples 
aux  lignes  de  mots  et  repondant  a  la  tension 
positive  elevee  ,  a  la  faible  tension  de  protec-  s 
tion  negative,  et  a  des  signaux  decodes  (X!N, 
XT)  pour  appliquer  selectivement  la  tension  po- 
sitive  elevee  aux  grilles  de  commande  des  cel- 
lules  de  memoire  selectionnees  et  pour  appli- 
quer  selectivement  le  potentiel  de  terre  aux  10 
grilles  de  commande  des  cellules  de  memoire 
non  selectionnees  ; 

caracterisee  par  des  moyens  de  regulation 
(20)  repondant  a  la  tension  positive  elevee  (VPP)  15 
et  a  un  potentiel  de  reference  (VREF)  pour  generer 
un  signal  de  comparaison  positif  (VOUT)  qui  est, 
soit  a  un  niveau  bas  de  facon  a  permettre  aux 
moyens  de  pompage  de  charge  d'augmenter  la  ten- 
sion  positive  elevee  ,  soit  a  un  niveau  haut  de  facon  20 
a  diminuer  la  tension  positive  elevee  de  telle  sorte 
que  la  tension  positive  elevee  forme  un  potentiel  po- 
sitif  regule  independant  du  potentiel  d'alimentation 
(VCC)  ;  et 

25 
en  ce  que  les  moyens  de  regulation  (20)  com- 
prennent  un  comparateur  differential  (502) 
comportant  une  entree  non  inverseuse  ,  une 
entree  inverseuse  et  une  sortie,  et  un  transistor 
de  charge  decroissante  a  canal  N  (503),  le  30 
comparateur  differentiel  presentant  son  entree 
inverseuse  couplee  a  la  tension  positive 
elevee  ,  son  entree  non  inverseuse  couplee  au 
potentiel  de  reference,  et  sa  sortie  couplee  a  la 
grille  du  transistor  de  charge  decroissante  a  ca-  35 
nal  N,  la  source  du  transistor  de  charge  decrois- 
sante  a  canal  N  etant  couplee  a  un  potentiel  de 
terre  (VSS)  ,  et  le  drain  du  transistor  de  charge 
decroissante  a  canal  N  etant  couple  aux 
moyens  de  pompage  de  charge  (18c)  pour  40 
fournir  le  potentiel  positif  regule. 

Alimentation  positive  selon  la  revendication  1  ,  dans 
laquelle  ledit  potentiel  positif  regule  est  de  +10,5 
volts  environ.  45 

Alimentation  positive  selon  la  revendication  1  ,  com- 
prenant,  de  plus,  des  moyens  generateurs  de  ni- 
veau  de  lecture  (22)  couples  aux  moyens  de  pom- 
page  de  charge  (1  8c)  pour  faire  decroTtre  ladite  ten-  so 
sion  positive  elevee  vers  ledit  potentiel  d'alimenta- 
tion  (VCC)  pendant  un  mode  de  lecture  du  fonction- 
nement. 

Alimentation  positive  selon  la  revendication  1  ,  dans  55 
laquelle  les  moyens  de  regulation  (20)  compren- 
nent,  de  plus,  des  moyens  pour  reguler  le  potentiel 
positif  eleve  a  +  6,0  volts  environ  pendant  un  mode 

de  verification  de  programme  du  fonctionnement. 

5.  Alimentation  positive  selon  la  revendication  1  ,  dans 
laquelle  les  moyens  de  circuit  de  protection  negati- 
ve  (16)  comprennent  des  moyens  principaux  de 
pompage  de  charge  (16a)  repondant  a  un  signal 
d'horloge  de  haute  frequence  pour  pomper  rapide- 
ment  ladite  sortie  a  ladite  faible  tension  de  protec- 
tion  negative. 

6.  Alimentation  positive  selon  la  revendication  5,  dans 
laquelle  les  moyens  de  circuit  de  protection  negati- 
ve  comprennent  des  moyens  d'attente  de  pompage 
de  charge  (16b)  repondant  selectivement  au  signal 
d'horloge  de  haute  frequence  et  a  un  signal  d'hor- 
loge  de  basse  frequence  pour  faciliter  le  pompage 
de  ladite  sortie  a  ladite  faible  tension  de  protection 
negative  et  pour  maintenir  ladite  sortie  a  ladite  ten- 
sion  de  protection  negative  pendant  la  decharge. 

7.  Alimentation  positive  selon  la  revendication  6,  dans 
laquelle  les  moyens  de  circuit  de  protection  negati- 
ve  (16)  comprennent,  de  plus,  des  moyens  de  blo- 
cage  negatifs  (1  6c)  couples  a  ladite  sortie  pour  blo- 
quer  ladite  faible  tension  de  protection  negative  a 
un  niveau  predetermine. 
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