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Description 

The  present  invention  relates  to  a  semiconductor 
integrated  circuit,  and  more  particularly  to  a  single- 
chip  microcomputer  (hereinbelow,  sometimes  termed 
"MC").  It  is  greatly  effective  to  reduce  the  number  of 
components  in  the  case  of  constructing  a  system, 
and  is  well  suited  to  make  common  the  operations  of 
writing  data  into  a  built-in  nonvolatile  memory  or  ver- 
ifying  data. 

As  described  in  Japanese  Patent  Application 
Laid-open  No.  285567/1986  (patent  family  member 
US-A-5  142  625),  a  prior-art  apparatus  has  been  so 
constructed  that  an  MC  and  a  PLA  (Programmable 
Logic  Array)  are  brought  into  the  shape  of  one  chip, 
and  that  the  PLA  operates  in  response  to  external  in- 
puts  without  regard  to  the  program  of  the  MC,  where- 
upon  various  functions  are  fulfilled  with  the  outputs 
of  the  PLA  so  as  to  start  the  MC  in  accordance  with 
the  results  thereof. 

The  PLA  is  a  logic  circuit  having  a  variable  logical 
construction  wherein  the  logical  functions  of  the  cir- 
cuit  can  be  constructed  at  will  by  electrically  writing 
data  into  nonvolatile  semiconductor  memory  ele- 
ments. 

Meanwhile,  an  improved  PLA  utilizing  EPROM 
technology  is  disclosed  in  U.  S.  Patent  No.  4,609,986. 

In  addition,  Japanese  Patent  Application  Laid- 
open  No.  198667/1985  (patent  family  member  EP-A- 
0  159  548)  is  known  as  teaching  a  semiconductor  in- 
tegrated  circuit  device  wherein  a  data  processing  unit 
such  as  CPU  and  a  nonvolatile  memory  block  for  stor- 
ing  software  are  held  in  an  identical  chip. 

On  the  other  hand,  electrically-programmable 
logic  devices  are  discussed  in  the  product  catalog  of 
Altera  Corporation,  p.  12,  and  "Electronic  Design," 
Aug.  7,  1986,  pp.  94-97. 

Although  the  apparatus  of  Japanese  Patent  Ap- 
plication  Laid-open  No.  285567/1986  exhibits  the  ef- 
fect  of  reducing  the  number  of  components  in  certain 
sorts  of  applications,  it  has  had  the  problem  that  ver- 
satility  is  not  considered  sufficiently,  so  a  wide  range 
of  applications  cannot  be  covered.  Besides,  U.  S.  Pa- 
tent  No.  4,609,986  merely  discloses  the  PLA  itself, 
and  it  has  not  given  any  consideration  to  a  contri- 
vance  in  which  the  PLA,  namely,  a  programmable  log- 
ic  circuit,  and  an  MC  are  fabricated  into  one  chip  in  or- 
der  to  enhance  the  versatility  of  a  single-chip  micro- 
computer. 

Meanwhile,  Japanese  Patent  Application  Laid- 
open  No.  198667/1985  merely  discloses  that  the 
memory  block  for  storing  a  program  which  is  the  soft- 
ware  of  a  single-chip  microcomputer  is  constructed  of 
a  nonvolatile  memory,  into  which  data  is  written  from 
outside  the  chip  by  a  user  oneself,  whereby  a  desired 
single-chip  microcomputer  is  offered  to  the  user  in  a 
short  period  of  delivery.  It  has  not  given  any  consid- 
eration  to  a  contrivance  in  which  the  user  oneself 

freely  constructs  a  logic  device  for  realizing  the  hard- 
ware  of  the  single-chip  microcomputer. 

The  software  (program)  of  the  single-chip  micro- 
computer  is  developed  by  the  user  oneself,  and  the 

5  developed  software  is  written  into  the  ROM  (Read 
Only  Memory)  of  the  memory  block  of  the  single-chip 
microcomputer.  Accordingly,  the  user  can  obtain  the 
single-chip  microcomputer  having  the  desired  soft- 
ware  in  the  short  period  in  such  a  way  that  the  ROM 

10  is  constructed  of  the  nonvolatile  memory  and  that  the 
user  oneself  writes  data  from  outside  the  chip  into  the 
nonvolatile  memory  at  will. 

On  the  other  hand,  regarding  the  hardware  of  sin- 
gle-chip  microcomputers,  individual  users  often  have 

15  various  prescribed  specifications,  and  hence,  the  re- 
spective  prescribed  specifications  of  the  users  can- 
not  be  simultaneously  satisfied  by  unified  hardware. 
Accordingly,  each  user  has  heretofore  added  a  ran- 
dom  logic  circuit  or  the  like  as  the  external  circuit  of 

20  the  single-chip  microcomputer  in  order  to  realize  the 
prescribed  specifications  of  the  user  oneself.  This 
has  led  to  the  problem  that  the  number  of  components 
of  the  whole  system  is  large. 

The  hardware  of  the  single-chip  microcomputer 
25  as  to  which  each  user  has  the  peculiar  prescribed 

specifications,  includes  various  units  such  as  a  key 
input  encoder  (an  encoder  by  which  input  information 
from  a  keyboard  is  converted  so  as  to  be  accepted  by 
the  single-chip  microcomputer),  a  display  decoder  (a 

30  decoder  by  which  the  output  information  of  the  single- 
chip  microcomputer  is  converted  so  as  to  drive  a  dis- 
play  unit),  and  a  time-keeping  timer. 

Summary  of  the  Invention 
35 

It  is  accordingly  an  object  of  the  present  invention 
to  construct  a  logic  device  (a  random  logic  circuit) 
comprising  the  hardware  of  a  single-chip  micropro- 
cessor,  within  the  microprocessor,  and  to  establish 

40  the  logical  functions  of  the  logic  device  at  will  in  ac- 
cordance  with  write  information  afforded  from  outside 
the  microprocessor. 

According  to  one  aspect  of  the  present  invention, 
a  logic  device  constructed  within  a  single-chip  micro- 

45  processor  is  made  of  nonvolatile  semiconductor 
memory  elements  which  are  electrically  programma- 
ble. 

Data  is  externally  written  into  the  nonvolatile 
semiconductor  memory  which  constructs  the  logic 

so  device,  whereby  the  logical  functions  of  the  logic  de- 
vice  can  be  established  at  will  so  as  to  satisfy  the  pre- 
scribed  specifications  of  a  user. 

Since  the  logical  functions  of  the  logic  devices 
can  be  established  at  will  in  accordance  with  the  in- 

55  formation  written  from  outside,  the  various  prescri- 
bed  specifications  of  users  can  be  met  by  the  logical 
functions  established  at  will. 

It  is  executable  in  a  short  time  to  write  the  infor- 
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mation  into  the  nonvolatile  semiconductor  memory 
elements  which  construct  the  logic  device.  Therefore, 
each  user  can  obtain  in  a  short  period  a  single-chip 
microcomputer  which  has  the  hardware  of  the  pecu- 
liar  prescribed  specifications. 

Accordingly,  the  present  invention  is  well  suited 
to  obtain  single-chip  microcomputers  of  small  quanti- 
ty  and  multikind  production  in  short  periods. 

Other  objects  and  features  of  the  present  inven- 
tion  will  become  apparent  from  embodiments  to  be 
described  later. 

The  invention  is  defined  according  to  claim  1  (ap- 
paratus)  and  claim  7  (method). 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  block  diagram  of  a  single-chip  micro- 
computer  according  to  the  first  embodiment  of 
the  present  invention; 
Fig.  2  is  a  detailed  block  diagram  of  a  PLA  in  Fig. 
1; 
Figs.  3  and  4  are  circuit  diagrams  for  explaining 
the  circuit  arrangement  of  the  PLA  in  Fig.  1  in 
more  detail; 
Figs.  5(A)  -  5(D)  are  diagrams  for  explaining  the 
functions  of  the  embodiment  in  Fig.  1; 
Fig.  6  is  a  block  diagram  of  a  single-chip  micro- 
computeraccording  to  the  second  embodiment  of 
the  present  invention; 
Fig.  7  is  a  detailed  block  diagram  of  a  subproces- 
sor  in  Fig.  6; 
Fig.  8  is  a  block  diagram  of  a  single-chip  micro- 
computer  according  to  the  third  embodiment  of 
the  present  invention  in  which  a  nonvolatile  mem- 
ory  block  for  storing  software  is  further  built  in  a 
chip; 
Fig.  9  is  a  detailed  block  diagram  of  a  control  sig- 
nal  generating  circuit  in  Fig.  8; 
Fig.  10  is  a  detailed  block  diagram  of  a  program- 
mable  logic  circuit  in  Fig.  8; 
Fig.  11(A)  is  a  diagram  showing  the  address 
space  of  the  single-chip  microcomputer  in  an  ex- 
ample  of  the  present  invention,  while  Fig.  11(B)  is 
a  diagram  showing  the  timing  chart  of  the  data 
write  and  test  read  operations  of  the  single-chip 
microcomputer  in  an  example  of  the  present  in- 
vention; 
Fig.  12  is  a  block  diagram  of  a  single-chip  micro- 
computer  according  to  the  fourth  embodiment  of 
the  present  invention; 
Fig.  13  is  a  block  diagram  of  a  single-chip  micro- 
computer  according  to  the  fifth  embodiment  of 
the  present  invention;  and 
Fig.  14  is  a  block  diagram  of  a  single-chip  micro- 
computer  according  to  the  sixth  embodiment  of 
the  present  invention. 

Detailed  Description  of  the  Preferred 
Embodiments 

Now,  embodiments  of  the  present  invention  will 
5  be  described  with  reference  to  the  drawings. 

Shown  in  Fig.  1  is  the  architecture  of  a  single-chip 
microcomputer  in  the  first  embodiment.  The  micro- 
computer  is  constructed  on  an  identical  semiconduc- 
tor  substrate  1  and  of  a  processor  5  which  is  conf  ig- 

10  ured  of  a  CPU  (central  processing  unit)  2,  a  RAM  3, 
and  a  ROM  4;  a  PLA  (Programmable  Logic  Array)  6 
which  serves  as  a  logic  circuit  of  variable  logical  con- 
struction;  and  an  input/output  port  (I/O)  7;  the  respec- 
tive  blocks  being  coupled  by  a  common  bus  8.  In  ad- 

15  dition,  the  PLA6  is  directly  connected  to  the  I/O  7  and 
the  CPU  2  by  signal  lines  9  and  10,  respectively. 

The  ROM  4  serves  to  store  the  software  (pro- 
gram)  of  the  single-chip  MC.  The  PLA  6  operates  as 
the  logic  device  for  realizing  the  hardware  of  the  sin- 

20  gle-chip  MC,  and  it  includes  nonvolatile  memory  ele- 
ments  which  are  electrically  programmable. 

Fig.  2  is  a  detailed  diagram  centering  round  the 
configuration  of  the  PLA6  in  Fig.  1.  The  PLA6  is  con- 
figured  of  the  circuits  of  an  AND  (logical  product)  cir- 

25  cuit  20,  an  OR  (logical  sum)  circuit  21  ,  an  output  latch 
22,  an  input  latch  23  and  a  selector  24;  and  wiring  for 
connecting  the  circuits.  The  processor  5  and  the  PLA 
6  are  connected  by  a  control  signal  line  8a  for  supply- 
ing  the  input  latch  23  of  the  PLA6  with  a  control  signal 

30  generated  in  the  processor  5,  an  address  bus  8b,  and 
a  data  bus  8c.  The  communications  between  the 
semiconductor  substrate  1  and  the  exterior  thereof 
are  carried  out  through  an  output  port  7a,  an  in- 
put/output  port  7b  and  an  input  port  7c  which  are  con- 

35  nected  with  the  data  bus  8c.  The  details  of  connec- 
tions  will  be  described  below: 

Inputs  to  the  input  latch  23  of  the  PLA  6  are  the 
signal  of  the  control  signal  line  8a,  the  address  of  the 
address  bus  8b,  the  data  of  the  data  bus  8c,  the  output 

40  70c  of  the  input  port  7c  and  the  output  9b  of  the  output 
selector  24,  and  they  are  converted  into  the  input  of 
the  AND  circuit  20  by  the  input  latch  23.  The  output  of 
the  AND  circuit  20  becomes  the  input  of  the  OR  circuit 
21,  the  output  of  which  is  input  to  the  output  latch  22. 

45  The  output  22a  of  the  output  latch  22  is  input  to  the 
selector  24,  and  the  partial  signal  22b  thereof  is  input 
to  the  AND  circuit  20.  Among  the  outputs  of  the  selec- 
tor  24,  ones  9a  and  9b  are  respectively  input  to  the 
output  port  7a  and  the  input/output  port  7b,  and  the 

so  other  9c  is  applied  to  the  data  bus  8c. 
Fig.  3  shows  an  example  in  which  the  AND  circuit 

20  in  Fig.  2  is  constructed  of  electrically-programma- 
ble  nonvolatile  memory  (EPROM)  elements  of  the  ul- 
traviolet  light-erasable  type.  This  example  is  illustrat- 

55  ed  as  an  arrangement  in  which  the  AND  circuit  has 
four  inputs  (l0  -  l3)  and  produces  four  independent 
AND  outputs  (Aq  -  A3).  An  element  matrix  40  is  con- 
figured  of  EPROM  elements  M(0,  0)  -  M(7,  3)  in  8 
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rows  and  4  columns.  The  EPROM  element  is  a  well- 
known  element,  and  shall  be  omitted  from  the  de- 
tailed  description.  Here,  a  case  where  the  element 
has  a  threshold  voltage  Vte  of  low  level  (about  1  V)  is 
defined  as  an  erase  state,  and  a  case  where  it  has  a 
threshold  voltage  Vtw  of  high  level  (5  V  or  above)  is  de- 
fined  as  a  write  state. 

Data  is  written  into  the  elements  in  column  (4-bit) 
unit  as  follows:  Data  items  to  be  written  are  applied  to 
data  inputs  (D0  -  D3),  and  one  of  select  lines  S0  -  S3 
is  selected  (is  set  at  a  level  "1").  Also,  a  write  enable 
signal  WE  is  set  at  the  level  "1",  and  a  writing  electric 
terminal  Vp  at  a  write  voltage  (for  example,  about  12 
V).  On  this  occasion,  whether  positive  logic  or  nega- 
tive  logic  is  written  is  determined  by  the  state  of  the 
input  I;.  More  specifically,  when  the  input  l0  is  taken 
as  an  example,  a  word  line  W0P  is  selected  for  l0  =  "1  ", 
and  a  word  line  W0n  is  selected  for  l0  =  "0".  The  word 
line  (the  gates  of  the  memory  elements)  selected  at 
this  time  has  its  voltage  raised  to  the  potential  Vp 
through  a  resistor  Rj  (j  =  0  -  7).  Besides,  in  accordance 
with  the  data  items  applied  to  the  inputs  D0  -  D3,  vol- 
tage  converters  W0  -  W3  generate  0  in  case  of  the  data 
items  of  "0"  and  a  drain  voltage  VD  necessary  for  the 
writing  operations  of  the  memory  elements  in  case  of 
the  data  items  of  "1  ",  so  as  to  supply  the  write  voltage 
to  the  memory  elements  through  respective  data 
lines  d0  -  d3.  Thus,  the  threshold  voltage  Vth  of  the 
memory  element  which  is  initially  in  the  erase  state  is 
held  at  the  threshold  voltage  Vte  of  the  erase  state 
when  "0"  has  been  applied  to  the  data  input  D  with  re- 
spect  to  the  selected  word  line  W,  and  it  becomes  the 
threshold  voltage  Vtw  of  the  write  state  when  "1"  has 
been  applied  to  the  data  input  D. 

By  executing  the  above  operations  for  all  the 
rows,  the  program  of  the  whole  area  M(0,  0)  -  M(7,  3) 
of  the  matrix  is  completed. 

In  a  case  where  the  AND  circuit  20  is  operated  for 
reading  data,  namely,  for  taking  the  logical  products, 
the  voltage  Vp  is  set  at  a  main  power  source  voltage 
Vc  or  a  ground  voltage,  and  the  write  enable  signal  WE 
is  set  at  "0". 

Besides,  all  the  select  lines  S0  -  S3  are  set  at  "1", 
whereby  unit  AND  data  according  to  the  values  of  the 
inputs  l0  -  13  is  detected  by  sense  amplifiers  SA0  -  SA3 
through  the  data  lines  d0  -  d3  and  is  output  as  the  log- 
ical  products  (A0  -  A3). 

Fig.  4  shows  the  arrangement  of  the  logical  sum 
(OR)  circuit  21  in  Fig.  2.  The  OR  circuit  is  configured 
of  an  OR  gate  OR1  which  receives  the  AND  outputs 
A0  and  A  ̂ an  OR  gate  OR2  which  receives  the  AND 
outputs  A2  and  A3,  an  OR  gate  OR3  which  receives 
the  outputs  of  the  OR  gates  OR1  and  OR2,  and  an 
output  selecting  circuit  50  which  selects  the  output  of 
the  OR  gate  OR1  or  that  of  the  OR  gate  OR3. 

When  "1  "  is  applied  to  the  input  51  of  the  selecting 
circuit  50,  a  transistor  T1  turns  "on"  and  a  transistor 
T2  "off,  and  the  following  logical  expressions  are  ob- 

tained  at  the  respective  outputs  of  this  circuit: 
O0  =  Aq  +  Ai 

=  A2  +  A3 
On  the  other  hand,  when  "0"  is  applied  to  the  input 

5  51  ,  the  transistor  T1  turns  "off  and  the  transistor  T2 
"on",  and  the  following  logical  expressions  are  ob- 
tained  at  the  respective  outputs: 

O0  =  Aq  +  A!  +  A2  +  A3 
=  A2  +  A3 

10  According  to  this  embodiment,  several  ways  of 
use  as  illustrated  in  Figs.  5(A)  -  5(D)  are  permitted  by 
changing  the  input  latch  23  and  selector  24  shown  in 
Fig.  2: 

(A)  Inputs  to  the  input  latch  23  in  Fig.  2  are  set  to 
15  be  the  signals  of  the  buses  8a  -  8c,  and  an  output 

from  the  selector  24  is  applied  to  the  port  7a  or 
7b,  whereby  an  output  from  the  processor  5  can 
be  converted  and  then  delivered  out  of  the  sem- 
iconductor  substrate  1  by  the  PLA  6. 

20  (B)  An  input  to  the  input  latch  23  is  set  to  be  the 
signal  of  the  port  7b  or  7c,  and  an  output  from  the 
selector  24  is  selected  to  be  the  output  9c,  where- 
by  the  signal  from  outside  the  semiconductor 
substrate  1  can  be  converted  and  then  applied  to 

25  the  processor  5  by  the  PLA  6. 
(C)  The  inputs  of  the  input  latch  23  are  set  to  be 
the  signals  of  the  buses  8a  -  8c,  and  the  output 
of  the  selector  24  is  also  applied  to  the  bus  8c, 
whereby  the  output  signal  of  the  processor  5  can 

30  be  converted  and  then  applied  to  the  processor 
5  again  by  the  PLA  6. 
(D)  The  input  of  the  input  latch  23  is  set  to  be  the 
signal  of  the  port  7b  or  7c,  and  the  output  of  the 
selector  24  is  set  to  be  the  output  9a  or  9b,  where- 

35  by  irrespective  of  the  processor  5,  the  signal  from 
outside  the  semiconductor  substrate  1  can  be  ap- 
plied  to  the  PLA6,  and  the  signal  obtained  by  the 
conversion  of  the  PLA  6  can  be  delivered  out  of 
the  semiconductor  substrate  1. 

40  By  the  way,  it  is  also  possible  to  employ  two  or 
more  of  the  above  aspects  (A)  -  (D)  in  combination. 
For  example,  in  the  combination  between  the  aspects 
(A)  and  (B),  the  inputs  of  the  PLA6  can  be  divided  into 
two  groups,  one  of  which  consists  of  the  outputs  (8a 

45  -  8c)  of  the  processor  5  and  the  other  of  which  con- 
sists  of  the  inputs  (7b,  7c)  from  outside  the  semicon- 
ductor  substrate  1  ,  and  also  the  outputs  of  the  PLA  6 
can  be  divided  into  two  groups,  one  of  which  consists 
of  the  input  (8c)  of  the  processor  5  and  the  other  of 

so  which  consists  of  the  outputs  (7a,  7b)  out  of  the  sem- 
iconductor  substrate  1. 

Moreover,  since  the  PLA  is  configured  of  the  elec- 
trically-programmable  ROM  elements  of  the  ultravio- 
let  light-erasable  type,  it  can  also  be  repeatedly  util- 

55  ized  in  such  a  way  that  the  elements  are  housed  in  a 
package  with  a  window  and  that  logical  information  is 
electrically  written  anew  after  old  information  has 
been  erased  by  projecting  ultraviolet  light  through  the 

4 
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window. 
Further,  it  is  needless  to  say  that  the  PROM  ele- 

ments  of  the  PLA  can  be  constructed  of  EEPROM 
(electrically  erasable  and  programmable  ROM)  ele- 
ments. 

The  first  embodiment  thus  far  described  employs 
the  PLA  (Programmable  Logic  Array)  as  the  program- 
mable  logic  circuit.  The  PLA  operates  to  respond  to  in- 
put  data  D|  and  to  afford  the  functions  of  outputs  D0 
=  F(D|)  in  the  forms  of  logical  products  and  logical 
sums. 

As  the  second  embodiment,  there  will  now  be  ex- 
plained  an  example  of  a  semiconductor  integrated  cir- 
cuit  in  which  the  second  programmable  logic  circuit  (a 
subprocessor)  of  processor  structure  is  added  to  the 
programmable  circuit,  and  functions  being  more  com- 
plicated  than  those  of  the  first  embodiment  can  be  re- 
alized.  The  semiconductor  integrated  circuit  shown  in 
Fig.  6  is  so  constructed  that  the  subprocessor  100 
connected  to  a  common  bus  8,  a  PLA  6  and  an  I/O  7 
is  added  to  the  arrangement  in  Fig.  1  . 

Fig.  7  illustrates  the  configuration  of  the  subpro- 
cessor  100  and  the  connectional  relationships  among 
the  subprocessor  100,  PLA  6,  I/O  7  and  common  bus 
8. 

The  subprocessor  100  is  configured  of  a  ROM 
101  for  storing  an  instruction,  a  control  circuit  102  for 
generating  a  control  signal  on  the  basis  of  the  infor- 
mation  of  the  ROM  101,  an  address  latch  103  for  stor- 
ing  the  next  address  of  the  ROM,  an  ALU  (arithmet- 
ic/logic  unit)  107  which  is  connected  to  first,  second 
and  third  data  buses  104,  105  and  106,  a  register  file 
108,  a  status  register  (ST)  110  which  is  connected  to 
the  ALU  and  which  is  controlled  by  a  programmable 
sequence  generator  (PSG)  109,  and  a  bus  interface 
circuit  (IF)  111  for  connecting  the  subprocessor  and 
the  common  bus  8. 

The  PLA  6  is  connected  to  the  common  bus  8  by 
wiring  112a,  and  to  the  I/O  7  by  wiring  112b.  Also,  it  is 
supplied  by  wiring  112c  with  the  control  signal  102a 
generated  by  the  control  circuit  102  of  the  subproces- 
sor100,  by  wiring  112dwith  the  output  110a  of  the  sta- 
tus  register  110,  and  by  wiring  112e  with  a  signal  107a 
to  be  applied  from  the  I/O  7  to  the  ALU  107. 

In  this  embodiment,  the  PSG  109  and  the  ROM 
101  are  constructed  using  ROM  elements  which  are 
electrically  programmable. 

Naturally,  the  PLA  6  is  configured  of  ROM  ele- 
ments  which  are  electrically  programmable. 

Fig.  8  shows  a  block  diagram  of  a  single-chip  mi- 
crocomputer  in  which  a  built-in  nonvolatile  memory 
block  4  for  storing  software  is  further  comprised  in  a 
chip. 

Referring  to  Fig.  8,  numeral  1  indicates  a  semi- 
conductor  integrated  circuit  being  the  single-chip  mi- 
crocomputer,  numeral  2  a  data  processor  such  as 
CPU,  numeral  4  the  nonvolatile  memory  block  in  the 
form  of  a  software  storing  ROM,  numeral  41  an  ad- 

dress  bus,  numeral  42  a  data  bus,  numeral  500  a  con- 
trol  signal  generating  circuit,  numerals  61  -  63  and  66 
switching  elements,  numerals  525  and  527  three- 
state  inverters,  numerals  526  and  528  three-state 

5  drivers,  and  numerals  81  and  82  inverters.  Each  of 
the  data  processor  2,  the  nonvolatile  memory  block 
4,  and  a  programmable  logic  circuit  900  such  as  PLA 
or  subprocessor  employing  nonvolatile  memory  ele- 
ments  is  connected  with  the  address  bus  41  and  the 

10  data  bus  42  directly  or  through  the  switching  element. 
The  address  bus  41  and  data  bus  42  are  also  connect- 
ed  with  the  exterior  of  the  chip  by  signal  lines  518  and 
519  so  as  to  receive  and  deliver  data.  Signals  5101  - 
5104  are  control  signals  for  data  transfer  as  gener- 

is  ated  by  the  data  processor  2,  signals  5111  -  5122  are 
control  signals  afforded  from  outside  the  chip,  and 
signals  520  -  528  are  control  signals  for  controlling 
the  signal  transfer  timings  between  the  address  bus 
41  as  well  as  the  data  bus  42  and  the  CPU  2,  the  non- 

20  volatile  memory  block  4,  the  programmable  logic  cir- 
cuit  900  and  the  external  input/output  signals  518, 
519.  A  signal  514  is  a  data  load  signal  from  outside 
the  LSI  1  ,  a  signal  51  5  is  a  write  signal  out  of  the  LSI 
1  ,  the  signal  51  8  is  the  external  data  signal,  the  signal 

25  519  is  the  external  address  signal,  and  a  signal  516 
is  a  high  voltage  signal  which  is  required  for  the  writ- 
ing  or  erasing  operation  of  the  nonvolatile  elements 
of  the  nonvolatile  memory  4  and  the  programmable 
logic  circuit  900. 

30  In  the  embodiment  of  Fig.  8,  the  nonvolatile  mem- 
ory  block  4  and  the  programmable  logic  circuit  900 
which  are  connected  to  the  common  data  bus  42  and 
address  bus  41  have  their  addresses  arranged  in  the 
same  space.  By  designating  the  respectively  allocat- 

35  ed  addresses,  therefore,  write  and  verify  processes 
can  be  executed  with  an  identical  data  format  and  in 
an  identical  sequence.  As  a  result,  different  write  se- 
quences  are  not  needed  for  the  nonvolatile  memory 
block  4  and  the  programmable  logic  circuit  900,  but  a 

40  common  write  device  is  usable.  Also  in  cases  of  exe- 
cuting  write  and  verify  processes  by  the  use  of  the 
built-in  data  processor  2,  access  is  possible  in  the 
same  sequence. 

Fig.  9  shows  an  embodiment  which  constructs 
45  the  control  signal  generating  circuit  500  in  Fig.  8,  and 

which  is  configured  of  an  AND  circuit  51  and  an  OR 
circuit  52.  Numerals  5101  -  5104  indicate  the  group  of 
signals  which  are  generated  by  the  CPU  block  2  built 
in  the  LSI  1,  and  numerals  5121,  5122  and  513  the 

50  group  of  signals  which  are  afforded  from  outside  the 
chip.  Numerals  514-528  indicate  the  group  of  signals 
which  are  produced  by  the  control  signal  generating 
circuit  500.  Now,  the  operation  of  the  control  signal 
generating  circuit  500  will  be  described.  When  the 

55  signal  513  designating  an  external  operation  is  low, 
the  inverted  signal  5131  thereof  becomes  high  to  va- 
lidate  the  group  of  signals  5101  -  5104  from  the  CPU 
block.  When,  under  this  state,  the  signals  5101  and 

5 
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5104  are  high,  a  signal  5291  for  the  read  mode  of  a 
device  outside  the  LSI  becomes  high,  and  the  load 
signal  514  out  of  the  chip  becomes  high.  Further,  the 
signals  520  and  528  become  high,  and  an  address 
signal  201  from  the  CPU  block  2  causes  the  external 
address  signal  51  9  to  be  output  via  the  switch  61  ,  the 
address  bus  41  and  an  output  driver  72.  External  data 
having  responded  to  the  load  signal  514  and  the  ad- 
dress  signal  519  is  loaded  into  the  CPU  block  2  via  the 
signal  line  518,  the  input  gate  81,  an  internal  bus  driv- 
er  64  and  data  buses  422,  423  when  the  control  signal 
527  turns  "on".  Since,  on  this  occasion,  the  control 
signal  524  is  in  the  low  state,  the  mixing  of  data  from 
the  nonvolatile  memory  4  and  the  programmable  log- 
ic  circuit  900  connected  to  the  internal  bus  42  does 
not  take  place. 

In  a  case  where  the  signal  51  31  is  high  and  where 
the  signals  5102  and  5104  are  high,  a  signal  5292  for 
an  external  device  write  mode  becomes  high.  As  a  re- 
sult,  the  write  signal  515outofthe  LSI  becomes  high, 
and  further,  the  signals  520,  521  ,  526  and  528  be- 
come  high.  In  consequence,  the  address  signal  201 
from  the  CPU  2  is  transmitted  to  the  signal  line  519 
via  the  portions  61,41  and  72,  while  at  the  same  time, 
data  202  from  the  CPU  2  is  transmitted  to  the  signal 
line  518  via  the  switch  62,  a  data  bus  425,  the  internal 
bus  42,  a  data  bus  421  and  an  output  driver  71  ,  where- 
by  the  writing  operation  of  an  external  device  is  exe- 
cuted. 

In  a  state  in  which  the  signal  5131  is  high  and  in 
which  the  signals  5101  and  5103  are  high,  a  signal  for 
an  internal  device  load  mode,  5293  from  the  CPU  2 
becomes  high,  and  the  control  signals  520,  522  and 
524  turn  "on".  As  a  result,  the  address  signal  201  from 
the  CPU  2  is  delivered  via  the  portions  61  and  41  so 
as  to  send  an  address  signal  426  for  the  nonvolatile 
memory  block  4  and  an  address  signal  5172  for  the 
programmable  logic  circuit  900,  and  the  load  signal 
522  is  simultaneously  afforded.  By  allocating  the  dif- 
ferent  addresses  on  the  identical  address  space  to 
the  nonvolatile  memory  block  4  and  the  programma- 
ble  logic  circuit  900  beforehand,  read  data  is  sent 
from  either  addressed  circuit  to  the  data  bus  42  via  a 
path  consisting  of  a  bus  302  and  the  switch  63  or  via 
a  path  consisting  of  a  bus  5173  and  the  switch  66,  and 
it  is  loaded  as  the  data  signal  423  for  the  CPU  2. 

On  the  other  hand,  when  the  signal  513  is  high, 
the  signal  5131  becomes  low.  Therefore,  the  signals 
520  and  521  become  low,  and  the  transmission  of  the 
signals  from  the  CPU  2  to  the  address  bus  41  and  the 
data  bus  42  is  inhibited,  so  that  the  CPU  block  2  is  op- 
eratively  disconnected  from  the  internal  buses.  When 
the  signal  5121  becomes  high  under  this  state,  a  sig- 
nal  5294  for  a  mode  of  read  from  an  external  terminal 
becomes  high,  and  the  control  signals  522,  524,  525 
and  526  are  generated.  As  a  result,  the  address  signal 
51  9  from  the  external  terminal  is  fed  via  the  input  gate 
82  and  an  internal  address  driver  65  so  as  to  transmit 

the  address  426  for  the  nonvolatile  memory  block  4 
and  to  transmit  the  address  51  72  for  the  programma- 
ble  logic  circuit  900,  while  at  the  same  time,  the  load 
signal  522  is  applied  to  the  nonvolatile  memory  4  and 

5  the  programmable  logic  circuit  900.  Consequently,  in 
response  to  the  addressing  from  the  external  terminal 
519,  a  read  signal  from  either  of  the  circuits  4  and  900 
is  transmitted  to  the  data  bus  42  via  the  portions  302 
and  63  or  via  the  portions  5173  and  66,  and  it  is  read 

10  out  as  the  data  signal  51  8  via  the  portions  42,  421  and 
71. 

In  a  case  where  the  signal  51  3  is  high  and  where 
the  signal  5122  is  high,  a  signal  5295  for  a  mode  of 
writing  data  from  an  external  terminal  becomes  high, 

15  and  the  control  signals  525  and  527  become  high.  As 
a  result,  the  address  signal  519  is  applied  to  the  non- 
volatile  memory  block  4  and  the  programmable  logic 
circuit  900  via  the  same  path  as  in  the  read  mode, 
while  at  the  same  time,  the  write  data  518  becomes 

20  a  data  signal  424  for  the  nonvolatile  memory  block  4 
and  a  data  signal  5171  for  the  programmable  logic  cir- 
cuit  900  via  the  input  gate  81,  internal  bus  driver  64 
and  data  bus  42.  Under  this  state,  the  write  signal  516 
is  afforded  from  the  external  terminal  to  the  circuits 

25  4  and  900,  whereby  the  data  is  written  into  the  non- 
volatile  memory  block  4  or  the  programmable  logic 
circuit  900  in  accordance  with  the  designated  ad- 
dress.  The  voltage  of  the  write  signal  516  is  usually 
set  at  a  voltage  of  about  10  -  25  V  sufficient  for  the 

30  writing  operation  in  correspondence  with  the  nonvo- 
latile  devices  which  are  used  for  the  nonvolatile  mem- 
ory  block4  and  the  programmable  logic  circuit  900.  In 
case  of  employing  electrically-programmable  devic- 
es,  in  the  state  in  which  the  signal  513  is  high,  an  ad- 

35  dress  is  afforded  along  the  same  path  as  in  the  write 
mode,  and  an  erase  voltage  is  applied  from  an  exter- 
nal  terminal  to  the  circuits  4  and  900,  or  an  erase  vol- 
tage  is  generated  within  the  LSI  and  then  applied  to 
the  circuits  4  and  900.  Thus,  the  writing  and  erasing 

40  operations  can  be  realized. 
In  the  state  in  which  the  signal  5131  is  high  and 

in  which  the  signals  5102  and  5103  are  high,  a  signal 
5296  for  a  mode  of  writing  data  from  the  CPU  into  an 
internal  device  becomes  high,  and  the  control  signals 

45  520,  521  and  523  become  high.  As  a  result,  an  ad- 
dress  from  the  CPU  2  is  transferred  to  the  program- 
mable  logic  circuit  900  via  the  portions  201,  61,  41 
and  5172.  In  addition,  data  from  the  CPU  2  is  trans- 
ferred  to  the  circuit  900  via  the  portions  202,  62,  42 

so  and  5171,  and  the  write  signal  523  is  simultaneously 
afforded.  Thus,  the  data  is  written  into  the  designated 
address  of  the  programmable  logic  circuit  900. 

Next,  an  embodiment  of  the  arrangement  of  the 
programmable  logic  circuit  900  is  shown  in  Fig.  10. 

55  Referring  to  the  figure,  numeral  91  indicates  a  NOR 
array  constructed  of  a  nonvolatile  device,  numerals 
961  -  963  logic  modules,  numerals  9461  -  9463  selec- 
tors,  numeral  9433  a  sense  amplifier,  numeral  9434 
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a  write  circuit,  numerals  9431  and  9432  address  de- 
coders,  numeral  941  a  data  register,  numeral  942  an 
address  register,  and  numeral  9435  a  multiplexer.  The 
logic  module  961  is  configured  of  a  NOR  gate  922,  a 
flip-flop  921  ,  selectors  923,  924,  an  output  driver  925, 
and  AND  gates  926,  927.  This  logic  module  961  is  of 
variable  construction  logic  according  to  which  the 
combination  of  the  logical  expressions  of  the  NOR  ar- 
ray  91  is  altered  by  writing  data  into  the  nonvolatile 
elements,  and  the  selection  conditions  of  the  selec- 
tors  923  and  924  of  the  logic  module  961  are  deter- 
mined  in  advance,  whereby  various  logical  construc- 
tions  can  be  afforded.  The  circuits  961  -  963  are  con- 
nected  with  the  data  bus  42  and  address  bus  41  via 
the  signal  lines  5171  -  5173,  and  can  transfer  data 
from  and  to  the  exterior  of  the  chip  through  terminals 
991  -  993.  In  the  case  where  the  signal  51  3  is  low,  that 
is,  the  internal  operation  is  designated,  the  input/out- 
put  of  data  is  directed  to  the  logic  module  961  and  the 
flip-flop  921  included  therein,  and  in  the  case  where 
the  signal  513  is  high,  that  is,  the  external  operation 
is  designated,  data  is  written  into  and  read  out  of  the 
nonvolatile  elements  constituting  the  NOR  logic  of 
the  NOR  array  91.  Now,  the  operation  of  this  embodi- 
ment  will  be  described.  In  the  mode  of  reading  data 
out  of  the  CPU  block  2,  the  signal  513  becomes  low, 
an  address  is  transferred  to  the  signal  line  5172,  and 
the  read  signal  522  becomes  high.  Accordingly,  the 
address  applied  from  the  signal  line  5172  is  set  in  the 
address  register  942  and  is  thereafter  decoded  by  an 
AND  gate  951  as  well  as  the  address  decoder  9432. 
The  decoder  9432  allocates  a  specific  address  every 
bit  width  corresponding  to  the  bit  width  of  the  data  bus 
42,  for  the  series  of  logic  modules  961  -  963.  The  data 
of  the  flip-flop  921  is  delivered  via  the  AND  gate  926 
of  the  logic  module  selected  byadecodersignal  5310, 
and  the  data  corresponding  to  the  bit  width  of  the  data 
bus  42  is  read  out  onto  the  signal  line  5173  through  a 
signal  line  5311  and  the  selector  9435.  In  writing  data 
from  the  CPU  2,  the  signal  513  becomes  low,  an  ad- 
dress  and  the  data  are  respectively  transferred  to  the 
signal  lines  5172  and  5171,  and  the  write  signal  523 
becomes  high.  Accordingly,  the  data  becomes  the  in- 
put  of  the  AND  gate  927  of  the  logic  module  961  via 
an  AND  gate  953,  and  it  is  written  into  the  flip-flop  cor- 
responding  to  the  selected  address  in  synchronism 
with  the  write  signal. 

On  the  other  hand,  when  the  signal  513  is  high, 
that  is,  the  programmable  logic  circuit  900  is  ac- 
cessed  through  an  external  terminal,  the  output  of  the 
address  register  942  is  supplied  via  an  AND  gate  952 
and  the  address  decoder  9431  so  as  to  select  any  of 
the  word  lines  986  -  989  of  the  NOR  array  91.  In  the 
writing  operation,  data  transferred  to  the  signal  line 
5171  is  set  in  the  data  register  941  and  is  input  to  the 
write  circuit  9434  through  an  AND  gate  954.  The  write 
data  becomes  the  inputs  of  the  selectors  9461  -  9463 
in  synchronism  with  the  write  signal  of  high  voltage 

516  applied  from  outside  the  chip,  and  bit  lines  cor- 
responding  to  the  bit  width  of  the  data  bus  42  are  se- 
lected  by  a  selector  selection  signal  5312from  the  ad- 
dress  decoder  9431,  whereby  the  data  is  afforded  to 

5  the  selected  ones  of  the  bit  lines  981  -  985  of  the  NOR 
array  91,  and  the  writing  operation  of  the  nonvolatile 
device  is  performed  every  bit  width  of  the  data  bus  42. 
On  this  occasion,  the  selector  924  in  the  logic  module 
961  has  its  output  held  in  a  high  impedance  state  by 

10  the  signal  51  3,  and  the  mixing  of  any  signal  from  the 
logic  module  to  the  word  lines  986  -  989  is  inhibited. 
In  reading  out  data  through  an  external  terminal,  the 
bit  line  data  of  the  NORarray  91  designated  by  the  ad- 
dress  decoder  9431  is  fed  via  the  selectors  9461  - 

15  9463  as  in  the  writing  operation  and  is  read  out  by  the 
sense  amplifier  9433  so  as  to  be  delivered  to  the  sig- 
nal  line  5173  through  the  selector  9435. 

As  thus  far  described,  the  programmable  logic 
circuit  900  is  operated  depending  upon  the  states  of 

20  the  external  mode  designation  signal  513,  in  such  a 
manner  that  data  is  input  to  or  output  from  the  flip-flop 
921  in  the  logic  module  961  when  the  signal  513  is 
low,  and  that  data  is  written  into  or  read  out  of  the 
NOR  array  91  constructed  of  the  nonvolatile  device 

25  when  the  signal  is  in  the  high  state.  Moreover,  the 
length  of  the  data  can  be  handled  as  being  equal  to 
the  width  of  the  internal  data  bus  42.  In  a  case  where 
an  electrically-erasable  device  is  employed  as  the 
NOR  array  91,  an  erasing  operation  can  be  realized 

30  with  the  same  circuit  arrangement  as  for  the  writing 
operation  by  adding  an  erase  circuit. 

With  this  embodiment,  as  regards  the  writing  and 
erasing  operations  of  the  nonvolatile  device  of  the 
NOR  array  91  ,  the  address  space  of  the  programma- 

35  ble  logic  circuit  900  is  shared  by  the  nonvolatile  mem- 
ory  4,  and  different  addresses  are  allocated  to  these 
portions  900  and  4,  whereby  the  writing  and  erasing 
operations  through  the  external  terminal  of  the  LSI 
can  be  made  common.  Besides,  when  the  signal  513 

40  is  in  the  high  state,  the  lines  for  transmitting  the  sig- 
nals  from  the  CPU  2  are  operatively  disconnected  by 
the  gates  61  and  62  in  Fig.  8,  so  that  the  portions  900 
and  4  become  electrically  equivalent  to  a  single  non- 
volatile  memory. 

45  The  method  taught  by  this  embodiment  can  be 
applied  to  accesses  from  the  CPU  within  the  chip  and 
the  external  terminal  of  the  chip  even  in  cases  where 
the  arrangement  of  the  programmable  logic  circuit 
changes,  for  example,  in  a  case  where  a  plurality  of 

so  NOR  arrays  exist,  in  a  case  where  the  construction  of 
logic  within  the  logic  modules  differs,  in  a  case  where 
the  number  of  flip-flops  differs,  and  in  a  case  where 
the  signal  lines  991  -  993  laid  from  the  logic  modules 
to  the  external  terminals  do  not  exist. 

55  Fig.  11(A)  shows  an  address  map  in  the  write  and 
test  read  modes  of  a  circuit  configured  of  nonvolatile 
memory  elements  in  the  case  where  a  processor  2 
and  an  EPROM  unit4  shown  in  Fig.  1  3  are  respective- 
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ly  employed  as  the  data  processor  2  and  the  nonvo- 
latile  memory  block  4  in  Fig.  8,  in  other  words,  the 
modes  of  a  micro-EPROM  (nEPROM)  600,  the 
EPROM  4  and  the  programmable  logic  circuit  900.  In 
this  example,  the  address  bus  41  and  the  data  bus  42 
are  shared  by  the  above  circuit  configured  of  the  non- 
volatile  memory  elements,  and  the  EPROM,  ^E- 
PROMand  programmable  logic  circuit  are  arranged  in 
the  same  address  space.  That  is,  the  EPROM  corre- 
sponds  to  addresses  A0  -  AE,  the  ^EPROM  to  ad- 
dresses  B0  -  BE,  and  the  programmable  logic  circuit  to 
addreses  C0  -  CE.  The  portions  2,  4  and  900  are  ar- 
ranged  in  the  identical  address  space  in  this  manner, 
and  further,  the  voltage  levels,  timings,  etc.  of  ad- 
dresses,  data  and  control  signals  necessary  for  the 
write  and  test  read  modes  are  conformed  to  a  stan- 
dard  single  EPROM,  whereby  the  write  and  test  read 
modes  can  be  executed  using  the  same  write  device 
as  that  of  the  single  EPROM. 

Fig.  11(B)  shows  a  timing  chart  of  the  data  write 
and  test  read  modes.  Terminals  required  for  the  write 
and  test  read  modes  are  a  main  supply  voltage  termi- 
nal  (Vcc),  an  address  input  terminal,  a  data  input/out- 
put  terminal,  a  OE/VPP  terminal  for  a  high  voltage 
(about  12  V)  serving  both  to  control  the  direction  of 
data  input/output  and  to  write  data,  and  a  chip  enable 
terminal  CE.  The  number  of  address  inputs  is  set  at 
a  number  covering  the  address  space  illustrated  in 
Fig.  11(A),  namely,  at  15  in  the  case  of  32  kilobytes 
(data  width:  8  bits  =  1  byte). 

After  applying  a  predetermined  voltage  (about  5 
V)  to  the  terminal  Vcc,  address  information  is  afforded 
to  the  address  terminal,  and  the  terminal  OE/VPP  is 
changed  from  0  V  to  about  12  V,  while  write  data  is 
afforded  to  the  data  terminal,  and  the  terminal  CE  is 
changed  from  5  V  to  0  V.  Then,  it  is  started  to  write 
the  data  into  the  EPROM  element  selected  by  the  ad- 
dress  information.  The  period  of  time  during  which  the 
terminal  CE  is  held  at  0  V  is  determined  by  the  char- 
acteristics  of  the  EPROM  elements,  and  it  is  about  1 
msec.  When  the  terminal  CE  is  changed  from  0  V  to 
5  V  and  the  terminal  OE/VPP  is  restored  to  0  V,  the 
write  mode  ends. 

Regarding  whether  or  not  the  written  data  is  nor- 
mal,  the  address  information  is  held,  and  the  terminal 
CE  is  brought  to  0  V  with  the  terminal  OE/VPP  held  at 
0  V.  Then,  the  data  of  the  element  selected  by  the  ad- 
dress  can  be  read  out  to  the  data  terminal.  That  is,  the 
read  test  can  be  carried  out.  Whether  or  not  the  nor- 
mal  writing  operation  has  been  performed,  can  be 
known  from  the  agreement  or  disagreement  between 
the  write  data  and  read  data  at  the  identical  address. 

In  a  case  where,  as  the  result  of  the  above  test, 
the  normal  writing  operation  has  been  acknowledged, 
the  single-chip  microcomputer  is  permitted  to  execute 
a  data  process  dependent  upon  the  data  written  into 
the  nonvolatile  memory  element  of  the  logic  circuit 
thereof. 

As  the  third  embodiment,  Fig.  12  shows  an  exam- 
ple  of  a  semiconductor  integrated  circuit  1  which  has 
a  processor  2,  an  EPROM  4,  and  a  plurality  of  pro- 
grammable  logic  circuits  801  and  802  each  including 

5  nonvolatile  memory  elements,  all  the  aforementioned 
constituents  being  coupled  to  a  bus  8.  The  first  logic 
circuit  801  and  the  second  logic  circuit  802  are  re- 
spectively  coupled  to  I/O  units  803  and  804,  so  as  to 
communicate  with  the  exterior  of  the  integrated  cir- 

10  cuit.  Also  the  bus  8  can  communicate  with  the  exterior 
of  the  integrated  circuit  through  another  I/O  unit  805. 
A  control  circuit  800  controls  the  modes  of  the  semi- 
conductor  integrated  circuit  1  ,  namely,  the  normal  op- 
eration  thereof  and  the  write  and  read  test  modes 

15  thereof  for  the  built-in  nonvolatile  memory  element, 
and  it  controls  the  integrated  circuit  on  the  basis  of 
control  information  afforded  to  a  control  input  line 
813. 

In  the  normal  mode,  the  semiconductor  integrat- 
20  ed  circuit  1  performs  ordinary  operations  with  normal 

operation  signals  applied  to  control  lines  806  -  812. 
On  the  other  hand,  as  regards  writing  data  into 

any  of  the  devices  of  the  EPROM  4  including  nonvo- 
latile  memory  elements,  and  the  logic  circuits  801 

25  and  802,  when  the  test  mode  is  designated  on  the 
control  input  line  813,  the  output  of  the  processor  2  to 
the  bus  8  is  inhibited,  whereupon  the  integrated  circuit 
operates  as  follows: 

(1)  Case  where  the  EPROM  4  and  the  I/O  unit  805 
30  have  been  selected  by  the  control  input  line  81  3: 

The  bus  8  is  supplied  with  outputs  by  only 
the  EPROM  4  and  the  I/O  unit  805.  In  the  write 
mode,  the  address  and  write  data  of  the  EPROM 
4  are  sent  from  an  external  line  816,  the  informa- 

35  tion  required  for  the  writing  operation  is  transmit- 
ted  to  the  EPROM  4  through  the  I/O  unit  805  as 
well  as  the  bus  8,  and  the  control  input  81  3  is  sup- 
plied  with  a  write  signal,  for  example,  the  control 
signal  (CE  orOE/VPP)  illustrated  in  Fig.  11(B).  In 

40  the  test  read  mode,  a  read  signal  is  applied  to  the 
control  line,  and  the  data  is  read  out  of  the  I/O  unit 
805  through  the  bus  8. 
(2)  Case  where  the  EPROM  4  and  the  I/O  unit  803 
have  been  selected  by  the  control  input  line  813: 

45  The  bus  8  is  supplied  with  outputs  by  only 
the  EPROM  4  and  the  logic  circuit  801.  In  the 
write  mode,  information  required  for  the  writing 
operation  is  applied  from  the  I/O  unit  803  and  is 
written  into  the  EPROM  4  through  the  logic  circuit 

so  801  as  well  as  the  bus  8.  The  read  test  is  similar, 
and  the  data  of  the  EPROM  4  is  read  out  to  an  ex- 
ternal  line  814  through  the  bus  8,  logic  circuit  801 
and  I/O  unit  803. 
(3)  Case  where  the  logic  circuit  801  or  802  and 

55  the  I/O  unit  805  have  been  selected  by  the  control 
input  line  813: 

The  bus  8  is  supplied  with  outputs  by  only 
the  I/O  unit  805  and  the  logic  circuit  801  or  802. 

8 
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Data  is  written  into  the  logic  circuit  801  or  802 
through  the  I/O  unit  805  as  well  as  the  bus  8.  In 
the  read  test  mode,  the  data  is  read  out  of  the  log- 
ic  circuit  801  or  802  through  the  bus  8  as  well  as 
the  I/O  unit  805.  5 
(4)  Case  where  the  logic  circuit  801  or  logic  circuit 
802  and  the  I/O  unit  803  or  I/O  unit  804  have  been 
selected  by  the  control  input  line  813: 

The  write  mode  is  performed  in  such  a  way 
that  information  necessary  for  the  writing  opera-  10 
tion  of  the  nonvolatile  memory  element  is  afford- 
ed  from  the  external  line  814  or  an  external  line 
81  5  directly  to  the  logic  circuit  801  or  logic  circuit 
802  through  the  I/O  unit  803  or  I/O  unit  804,  and 
that  the  write  signal  is  applied  to  the  control  input  15 
line  813  as  in  the  case  (1).  Also  in  the  test  read 
mode,  the  data  is  read  through  the  I/O  unit  803  or 
804  from  the  logic  circuit  801  or  802  directly  with- 
out  passing  it  through  the  bus  8. 
Next,  an  example  of  a  processor  employing  a  mi-  20 

croprogram  control  method  will  be  described  with  ref- 
erence  to  Fig.  13.  In  this  embodiment,  the  micropro- 
gram  storing  EPROM  (hereinbelow,  briefly  termed 
"micro-EPROM")  600  and  program  storing  EPROM 
624  referred  to  before  are  constructed  on  an  identical  25 
semiconductor  substrate  as  devices  which  include 
nonvolatile  memory  elements. 

The  micro-EPROM  600  constructing  the  CPU  2 
in  the  processor  is  connected  to  a  write  circuit  601 
which  is  connected  to  an  address  bus  41  and  a  data  30 
bus  42  for  writing  the  data  of  the  micro-EPROM  by  re- 
spective  wiring  lines  653  and  652,  a  test  read  circuit 
603  which  is  connected  to  the  address  bus  41  and  the 
data  bus  42  by  respective  wiring  lines  651  and  650  in 
order  to  test  the  written  data,  and  an  instruction  latch  35 
602  which  is  connected  to  the  data  bus  42  by  a  wiring 
line  649.  Further,  the  micro-EPROM  is  connected  to 
a  read  circuit  604  for  reading  the  data  thereof  in  a  nor- 
mal  operation.  The  output  of  the  read  circuit  604  is 
connected  to  a  control  circuit  607  which  is  connected  40 
to  the  instruction  latch  602  as  well  as  an  address  gen- 
erating  circuit  606  for  generating  the  address  of  the 
memory  and  connected  to  the  address  bus  41  by  a 
wiring  line  648,  and  it  is  then  connected  to  a  process- 
ing  circuit  605  which  is  connected  to  the  data  bus  42  45 
by  a  wiring  line  646.  Further,  the  read  circuit  604,  con- 
trol  circuit  607  and  processing  circuit  605  are  connect- 
ed  to  a  clock  0  at  numeral  670. 

The  EPROM  device  4  is  constructed  of  the 
EPROM  624  connected  to  a  read  circuit  621,  a  write  50 
circuit  622  and  a  test  read  circuit  623  which  are  re- 
spectively  connected  to  the  address  bus  41  and  data 
bus  42.  In  addition,  the  read  circuit  621  is  connected 
to  the  control  circuit  607  of  the  processor  2.  The  ad- 
dress  bus  41  and  data  bus  42  are  respectively  con-  55 
nected  by  wiring  lines  654  and  655  to  a  bus  precharge 
circuit  671  which  is  controlled  by  the  clock  0  670.  Fur- 
ther,  the  address  bus  41  is  connected  by  a  wiring  line 

612  to  an  input  circuit  608  which  is  connected  to  a  wir- 
ing  line  611  laid  from  outside  the  semiconductor  inte- 
grated  circuit,  while  the  data  bus  42  is  connected  by 
a  wiring  line  614  to  an  input/output  circuit  609  which 
receives  and  delivers  data  from  and  to  an  external 
wiring  line  613. 

The  outputs  630  -  639  of  a  control  signal  gener- 
ating  circuit  500,  which  is  connected  to  a  control  sig- 
nal  line  610  laid  from  outside,  are  connected  to  the 
aforementioned  circuits  in  order  to  control  the  normal 
operation  and  write  test  operations  for  the  EPROMs 
600  and  624. 

Now,  the  operation  of  the  embodiment  will  be  de- 
scribed. 

In  writing  data  into  the  micro-EPROM  600,  a  write 
mode  signal  is  applied  to  the  control  signal  input  line 
610.  Under  this  state,  among  the  outputs  630  -  639 
of  the  control  signal  generating  circuit  500,  only  the 
control  signal  636  for  the  write  circuit  601,  the  control 
signal  638  for  the  input  circuit  608  and  the  control  sig- 
nal  639  for  the  input/output  circuit  609  are  validated, 
and  the  other  signals  are  controlled  into  inhibit  states. 
That  is,  outputs  from  the  processor  2,  EPROM  device 
4  and  bus  precharge  circuit  671  to  the  data  bus  42  and 
address  bus  41  are  inhibited,  and  the  respective  bus- 
es  are  used  only  for  writing  the  data  into  the  micro- 
EPROM  600  through  the  write  circuit  601.  The  exter- 
nal  connection  line  61  1  of  the  input  circuit  608  is  sup- 
plied  with  address  information  for  selecting  an  ele- 
ment  from  among  the  group  of  nonvolatile  memory 
elements  constituting  the  micro-EPROM  600,  the  ex- 
ternal  connection  line  613  of  the  input/output  circuit 
609  controlled  into  an  input  direction  is  supplied  with 
the  data  to  be  written  into  the  memory  element  select- 
ed  by  the  address,  and  the  control  input  line  610  is 
supplied  with  a  write  signal.  In  testing  whether  or  not 
the  written  data  is  proper,  a  signal  for  the  test  read  of 
the  micro-EPROM  600  is  applied  to  the  control  input 
line  610.  Then,  among  the  outputs  630  -  639  of  the 
control  signal  generating  circuit  500,  the  control  sig- 
nal  635  for  the  test  read  circuit  603,  the  control  signal 
638  for  the  input  circuit  608  and  the  control  signal  639 
for  the  input/output  circuit  609  are  validated. 

Underthis  state,  the  external  inputline611  is  sup- 
plied  with  address  information,  and  the  control  input 
line  610  is  supplied  with  a  test  read  signal  for  the  mi- 
cro-EPROM  600.  Then,  the  input/output  circuit  609  is 
controlled  into  an  output  direction,  and  the  addressed 
content  of  the  micro-EPROM  600  is  delivered  to  the 
external  connection  line  613  through  the  test  read  cir- 
cuit  603,  connection  line  650,  data  bus  42,  connection 
line  614  and  input/output  circuit  609. 

Likewise  to  the  write  and  test  read  modes  of  the 
micro-EPROM  600  as  stated  above,  those  of  the 
EPROM  elements  624  of  the  EPROM  device  4  are 
performed  by  controlling  the  write  circuit  622,  the  test 
read  circuit  623  and  the  input  circuit  608  as  well  as  the 
input/output  circuit  609  by  means  of  the  control  sig- 
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nals  from  the  control  signal  generating  circuit  500. 
The  operation  of  the  semiconductor  integrated 

circuit  in  the  normal  mode  proceeds  in  synchronism 
with  the  clock  0  670,  as  follows: 

Address  information  generated  by  the  address 
generating  circuit  606  of  the  CPU  2  is  sent  to  the  read 
circuit  621  of  the  EPROM  device  4  through  the  ad- 
dress  bus  41  ,  while  data  in  the  EPROM  elements  624 
is  read  out  on  the  basis  of  the  signal  of  a  read  signal 
line  671  laid  from  the  control  circuit  607  of  the  CPU  2 
and  is  loaded  in  the  instruction  latch  602  of  the  proc- 
essor  2  through  the  data  bus  42.  The  information  held 
in  the  instruction  latch  602  is  applied  to  the  micro- 
EPROM  600,  and  on  the  basis  of  the  information,  the 
element  of  the  micro-EPROM  600  is  selected.  The  in- 
formation  of  the  selected  element  is  read  out  by  the 
read  circuit  604. 

The  information  read  out  serves  as  control  infor- 
mation  for  the  processor  and  the  semiconductor  inte- 
grated  circuit. 

More  specifically,  the  data  of  the  micro-EPROM 
600  read  out  by  the  read  circuit  604  is  input  to  the  con- 
trol  circuit  607  so  as  to  control  the  processing  circuit 
605,  address  generating  circuit  606,  instruction  latch 
602,  memory  read  circuit  621  ,  etc.  Besides,  in  the  nor- 
mal  operation,  the  data  bus  42  and  address  bus  41 
operate  after  being  precharged  by  the  bus  precharge 
circuit  671  which  operates  in  synchronism  with  the 
clock  0  670. 

Thus,  the  series  of  operations  of  the  semiconduc- 
tor  integrated  circuit  proceed  in  synchronism  with  the 
clock  which  is  supplied  to  the  processor.  By  the  way, 
the  numbers  of  the  parallel  output  bits  of  the  test  read 
circuit  603  and  the  read  circuit  604  of  the  CPU  2  need 
not  be  equal.  Besides,  in  this  embodiment,  the  num- 
ber  of  the  parallel  output  bits  from  the  test  read  circuit 
603  is  equalized  to  the  number  of  bits  of  the  data  bus 
42. 

As  another  embodiment,  Fig.  14  shows  an  exam- 
ple  of  construction  in  which  the  write  and  read  test 
modes  of  a  built-in  EPROM  or  programmable  logic  cir- 
cuit  are  performed  by  a  processor  built  in  an  integrat- 
ed  circuit. 

Referring  to  the  figure,  a  processor  2  which  is 
controlled  by  a  control  input  circuit  701  connected  to 
a  control  input  line  700  and  serving  to  control  the 
mode  of  a  semiconductor  integrated  circuit  1,  a  ROM 
702  which  serves  to  store  a  write  program  and  a  test 
program,  an  EPROM  4,  and  a  programmable  logic  cir- 
cuit  900  which  is  configured  of  nonvolatile  memory 
elements,  are  each  connected  to  a  data  bus  42  and 
an  address  bus  41  . 

An  input/output  circuit  7  which  is  controlled  by  the 
processor  2  for  the  communications  of  data,  address- 
es  etc.  between  the  semiconductor  integrated  circuit 
1  and  the  exterior  thereof,  is  also  connected  to  the 
data  bus  42.  Further,  a  control  output  circuit  703  for 
affording  control  information  to  the  external  device  of 

the  semiconductor  integrated  circuit  1  is  controlled  by 
the  processor  2.  When  the  control  input  line  700  is 
supplied  with  a  signal  for  the  write  mode  of  the 
EPROM  4  having  PROM  elements  or  the  logic  circuit 

5  900,  information  is  transmitted  to  the  processor  2 
through  the  control  input  circuit  701  ,  and  the  proces- 
sor  2  is  operated  according  to  the  write  program  stor- 
ed  in  the  ROM  702,  as  follows: 

The  processor  2  requests  the  exterior  of  the  inte- 
10  grated  circuit  1  through  the  control  output  circuit  703 

so  as  to  send  information  items  necessary  for  the 
writing  operation,  namely,  address  information  and 
data,  and  it  controls  the  input/output  circuit  7  into  an 
input  direction  and  loads  the  information  items  therein 

15  through  the  data  bus  42.  Subsequently,  the  processor 
2  identifies  the  EPROM  4  or  the  logic  circuit  900  and 
executes  the  writing  operation  on  the  basis  of  the  in- 
formation  items.  After  the  end  of  the  writing  operation, 
the  processor  2  reads  out  the  written  data  and  loads 

20  the  read  data  therein,  and  it  compares  the  written 
data  with  the  write  data  so  as  to  decide  whether  the 
writing  operation  has  been  normal  or  abnormal.  The 
result  of  the  decision  is  delivered  to  the  exterior  of  the 
integrated  circuit  1  through  the  control  output  circuit 

25  7  03.  If,  in  this  case,  the  writing  operation  has  been  ab- 
normal,  the  processor  2  is  stopped  and  the  write  pro- 
gram  is  suspended  after  the  delivery  of  the  result. 

In  contrast,  if  the  normal  writing  operation  has 
been  executed,  a  request  signal  forobtaining  informa- 

30  tion  required  for  a  writing  operation  is  output  again. 
Thenceforth,  such  operations  are  repeated. 

The  operating  example  described  above  is  a 
mere  example,  and  various  write  and  test  systems 
can  be  realized  depending  upon  the  ways  of  setting 

35  the  programs  of  the  ROM  702. 
As  described  in  detail  in  conjunction  with  the  fore- 

going  embodiments,  according  to  the  present  inven- 
tion,  the  versatility  of  a  single-chip  MC  can  be  en- 
hanced,  so  that  the  number  of  components  to  con- 

40  struct  the  MC  and  the  peripheries  thereof  can  be  re- 
duced.  Moreover,  since  users  can  write  logical  infor- 
mation  by  themselves,  circuit  alterations  having  aris- 
en  can  also  be  coped  with  promptly,  and  hence,  the 
effect  of  curtailing  cost  is  great. 

45  Besides,  in  a  semiconductor  circuit  which  in- 
cludes  a  programmable  logic  circuit  including  nonvo- 
latile  elements,  a  nonvolatile  memory,  and  a  data 
processor  (such  as  CPU),  addressing  and  how  to  af- 
ford  data  can  be  made  identical  for  the  writing  and 

so  erasing  operations  of  the  nonvolatile  elements  in  the 
programmable  logic  circuit.  As  regards  the  writing  and 
erasing  operations  of  a  nonvolatile  device,  usually  the 
writing  or  erasing  period  of  time  is  longer  as  com- 
pared  with  the  writing  or  reading  period  of  time  of  a 

55  memory,  for  example,  RAM  configured  of  volatile 
semiconductor  elements,  and  a  higher  voltage  is  re- 
quired.  In  some  cases,  the  nonvolatile  device  needs 
to  be  processed  in  a  specified  sequence.  Adedicated 
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write  or  erase  circuit  for  the  writing  or  erasing  opera- 
tion  needs  to  be  prepared.  In  contrast,  according  to 
the  present  invention,  the  nonvolatile  device  included 
in  the  programmable  logic  circuit  are  interfaced  with 
the  same  address  and  data  control  signals  as  those 
of  the  nonvolatile  memory,  thereby  to  bring  forth  the 
effect  that  the  write  or  erase  circuit  of  the  nonvolatile 
device  can  be  shared  with  the  nonvolatile  memory. 
Especially  in  executing  a  writing  or  erasing  operation 
from  an  external  terminal,  a  write  device  conforming 
to  the  specifications  of  the  nonvolatile  memory  has 
heretofore  been  used  for  the  writing,  erasing  or  test- 
ing  operation.  According  to  the  present  invention, 
there  is  the  effect  that  the  same  write  device  can  be 
used  even  for  the  built-in  programmable  logic  circuit. 

Claims 

claim  1  ,  further  including  a  RAM  (3)  coupled  to 
said  data  bus  (8c,  42)  and  said  address  bus  (8b, 
41)  for  storing  data. 

5  3.  The  single-chip  microcomputer  according  to 
claim  1  or  2,  wherein  said  logic  circuit  (6,  900)  in- 
cludes  a  logical  product  execution  unit  (20),  a  log- 
ical  sum  execution  unit  (21)  and  input  selection 
means  (23)  connected  between  said  logical  prod- 

10  uct  execution  unit,  said  address  bus  (8b,  41  )  and 
said  data  bus  (8c,  42). 

4.  The  single-chip  microcomputer  according  to 
claim  3,  wherein  said  logic  circuit  (6,  900)  further 

15  comprises  output  selection  means  (24)  to  which 
an  output  of  said  logic  sum  execution  unit  (21), 
said  data  bus  (8c,  42)  and  said  ports  (7a,  7b,  7c) 
are  connected. 

1.  A  single-chip  microcomputer  (1)  comprising:  20 
a  data  bus  (8c,  42)  for  transferring  data  or 

programs  of  a  predetermined  bit  width; 
an  address  bus  (8b,  41)  for  transferring  an 

address  in  an  address  space  corresponding  to 
the  bit  width;  25 

a  CPU  (2)  coupled  to  said  data  bus  and 
said  address  bus  for  processing  program  data; 

a  non-volatile  memory  block  (4)  coupled  to 
said  data  bus  and  said  address  bus  for  storing 
programs  to  operate  the  single-chip  microproces-  30 
sor(1); 

a  logic  circuit  (6,  900)  coupled  to  said  data 
bus  and  said  address  bus  having  a  plurality  of 
non-volatile  memory  elements  and  a  program- 
mable  variable  logical  construction,  said  pro-  35 
grammable  variable  logical  construction  being 
programmed  by  electrically  writing  information 
into  said  plurality  of  non-volatile  memory  ele- 
ments;  and 

one  or  more  ports  (7a,  7b,  7c)  coupled  to  40 
said  data  bus  for  communicating  with  an  external 
device,  said  ports  being  connected  to  said  logic 
circuit  via  said  data  bus; 

characterised  in 
that  said  ports  (7a,  7b,  7c)  are  also  cou-  45 

pled  to  said  address  bus  (8b,  41)  and  are  con- 
nected  to  said  logic  circuit  (6,  900)  also  via  said 
address  bus  ;  and 

that  writing  and  erasing  operations  per- 
formed  by  said  external  device  in  said  plurality  of  50 
non-volatile  memory  elements  of  said  logic  cir- 
cuit  are  executed  by  designating  an  allocated  ad- 
dress  in  said  address  space  for  said  logic  circuit, 
said  address  space  being  shared  between  said 
non-volatile  memory  block  (4)  and  said  logic  cir-  55 
cuit. 

2.  The  single-chip  microcomputer  according  to 

5.  The  single-chip  microcomputer  according  to  any 
of  claims  1  to  4,  further  comprising 

first  signal  transmission  means  connected 
between  said  address  bus  (8b,  41),  said  data  bus 
(8c,  42)  and  said  CPU  (2); 

second  signal  transmission  means  con- 
nected  between  said  address  bus,  said  data  bus 
and  said  non-volatile  memory  block  (4); 

third  signal  transmission  means  connect- 
ed  between  said  address  bus,  said  data  bus  and 
said  logic  circuit  (6,  900); 

fourth  signal  transmission  means  con- 
nected  between  said  address  bus,  said  data  bus 
and  said  external  device;  and 

control  signal  generation  means  (500)  for 
producing  internal  control  signals  so  as  to  sus- 
pend  signal  transmission  functions  of  any  of  said 
first  to  fourth  signal  transmission  means  in  re- 
sponse  to  external  control  signals  from  said  ex- 
ternal  device. 

6.  The  single-chip  microcomputer  according  to  any 
of  claims  1  to  5,  wherein  said  logic  circuit  (6,  900) 
constructs  a  micro-ROM  in  said  CPU  (2). 

7.  A  data  processing  method  for  use  with  a  single- 
chip  microcomputer  (1)  and  comprising  the  steps 
of: 

(a)  electrically  writing  first  data  into  a  plurality 
of  non-volatile  memory  elements  of  a  logic 
circuit  (6,  900)  to  form  a  programmable  vari- 
able  logical  construction; 
(b)  reading  out  said  first  data  electrically  writ- 
ten  in  step  (a)  and  testing  whether  or  not  said 
first  data  has  been  normally  written;  and 
(c)  causing  said  single-chip  microcomputer 
(1  )  to  execute  step  (a)  for  a  second  data  when 
the  result  of  step  (b)  is  normal  ; 

and  characterised  in  that  : 
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writing  and  erasing  operations  performed 
by  an  external  device  in  said  plurality  of  non-vol- 
atile  memory  elements  of  said  logic  circuit  are 
executed  by  designating  an  allocated  address  in 
an  address  space  for  said  logic  circuit,  said  ad-  5 
dress  space  being  shared  between  a  non-volatile 
memory  block  (4)  in  said  single-chip  microcom- 
puter  and  said  logic  circuit. 

3.  Ein-Chip-Microcomputer  nach  Anspruch  1  oder 
2,  wobei  die  Logikschaltung  (6,  900)  eine  Aus- 
ftihreinheit  (20)  fur  ein  logisches  Produkt,  eine 
Ausftihreinheit  (21)  fur  eine  logische  Summe  und 
eine  zwischen  die  Ausfuhreinheitfurdas  logische 
Produkt,  den  Adressenbus  (8b,  41)  und  den  Da- 
tenbus  (8c,  42)  eingeschaltete  Eingangs-Wahl- 
einrichtung  (23)  aufweist. 

Patentanspruche 

1.  Ein-Chip-Microcomputer  (1),  umfassend 
einen  Datenbus  (8c,  42)  zur  Ubertragung 

von  Daten  oder  Programmen  vorgegebener  Bit- 
breite, 

einen  Adressenbus  (8b,  41)  zur  Ubertra- 
gung  einer  Adresse  in  einen  der  Bitbreite  ent- 
sprechenden  Adressenbereich, 

eine  mit  dem  Datenbus  und  dem  Adres- 
senbus  gekoppelte  Zentraleinheit  (2)  zur  Verar- 
beitung  von  Programmdaten, 

einen  mit  dem  Datenbus  und  dem  Adres- 
senbus  gekoppelten  nicht-fltichtigen  Speicher- 
block  (4)  zur  Speicherung  von  Programmen  fur 
den  Betrieb  des  Ein-Chip-Microprozessors  (1), 

eine  mit  dem  Datenbus  und  dem  Adres- 
senbus  gekoppelte  Logikschaltung  (6,  900)  mit 
einer  Vielzahl  nicht-fltichtiger  Speicherelemente 
und  programmierbarem,  variablem,  logischem 
Aufbau,  der  durch  elektrisches  Einschreiben  von 
Informationen  in  die  Vielzahl  nicht-fltichtiger 
Speicherelementen  programmiert  wird,  und 

einen  oder  mehrere  mit  dem  Datenbus  ge- 
koppelte  Anschlusse  (7a,  7b,  7c)  zur  Verbindung 
mit  einem  externen  Gerat,  wobei  die  Anschlusse 
uber  den  Datenbus  mit  der  Logikschaltung  ver- 
bunden  sind, 

dadurch  gekennzeichnet, 
dali  die  Anschlusse  (7a,  7b,  7c)  auch  mit 

dem  Adressenbus  (8b,  41)  gekoppelt  und  auch 
uber  diesen  mit  der  Logikschaltung  (6,  900)  ver- 
bunden  sind,  und 

dali  von  dem  externen  Gerat  in  der  Viel- 
zahl  nicht-fltichtiger  Speicherelementen  der  Lo- 
gikschaltung  vorgenommene  Schreib-  und 
Loschoperationen  dadurch  ausgeftihrt  werden, 
dali  in  dem  Adressenbereich  fur  die  Logikschal- 
tung  eine  zugeordnete  Adresse  bestimmt  wird, 
wobei  sich  der  nicht-fltichtige  Speicherblock  (4) 
und  die  Logikschaltung  in  den  Adressenbereich 
teilen. 

2.  Ein-Chip-Microcomputer  nach  Anspruch  1  ,  ferner 
umfassend  einen  mit  dem  Datenbus  (8c,  42)  und 
dem  Adressenbus  (8b,  41)  gekoppelten  RAM- 
Speicher  (3)  zur  Speicherung  von  Daten. 

10  4.  Ein-Chip-Microcomputer  nach  Anspruch  3,  wobei 
die  Logikschaltung  (6,  900)  ferner  eine  Aus- 
gangs-Wahleinrichtung  (24)  aufweist,  mit  der  ein 
Ausgang  der  Ausftihreinheit  (21)  fur  die  logische 
Summe,  der  Datenbus  (8c,  42)  und  die  Anschlus- 

15  se  (7a,  7b,  7c)  verbunden  sind. 

5.  Ein-Chip-Microcomputer  nach  einem  der  Ansprti- 
che  1  bis  4,  ferner  umfassend: 

eine  zwischen  den  Adressenbus  (8b,  41), 
20  den  Datenbus  (8c,  42)  und  die  Zentraleinheit  (2) 

eingeschaltete  erste  Signalubertragungseinrich- 
tung, 

eine  zwischen  den  Adressenbus,  den  Da- 
tenbus  und  den  nicht-fltichtigen  Speicherblock 

25  (4)  eingeschaltete  zweite  Signalubertragungs- 
einrichtung, 

eine  zwischen  den  Adressenbus,  den  Da- 
tenbus  und  die  Logikschaltung  (6,  900)  einge- 
schaltete  dritte  Signalubertragungseinrichtung, 

30  eine  zwischen  den  Adressenbus,  den  Da- 
tenbus  und  das  externe  Gerat  eingeschaltete 
vierte  Signalubertragungseinrichtung,  und 

eine  Steuersignal-Erzeugungseinrichtung 
(500)  zur  Erzeugung  von  internen  Steuersigna- 

35  len,  die  die  Signaltibertragungsfunktionen  jeder 
derersten  bis  vierten  Signalubertragungseinrich- 
tungen  bei  Auftreten  externer  Steuersignale  von 
dem  externen  Gerat  auf  heben. 

40  6.  Ein-Chip-Microcomputer  nach  einem  der  Ansprti- 
che  1  bis  5,  wobei  die  Logikschaltung  (6,  900)  in 
der  Zentraleinheit  (2)  einen  Micro-Festspeicher 
bildet. 

45  7.  Datenverarbeitungsverfahren  zur  Verwendung 
in  Verbindung  mit  einem  Ein-Chip-Microcompu- 
ter  (1),  mit  folgenden  Schritten: 

(a)  in  eine  Vielzahl  nicht-fltichtiger  Speicher- 
elemente  einer  Logikschaltung  (6,  900)  wer- 

50  den  erste  Daten  elektrisch  eingeschrieben, 
urn  einen  programmmierbaren,  variablen,  lo- 
gischen  Aufbau  zu  bilden, 
(b)  die  im  Schritt  (a)  elektrisch  eingeschriebe- 
nen  ersten  Daten  werden  gelesen,  und  es 

55  wird  getestet,  ob  die  ersten  Daten  normal  ein- 
geschrieben  sind  oder  nicht,  und 
(c)  sofern  das  Ergebnis  des  Schrittes  (b)  nor- 
mal  ist,  wird  bewirkt,  dali  der  Ein-Chip-Micro- 
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computer  (1)  den  Schritt  (a)  fur  zweite  Daten 
ausfuhrt, 

dadurch  gekennzeichnet, 
dali  die  von  einen  externen  Gerat  in  der 

Vielzahl  nichtfltichtiger  Speicherelemente  der 
Logikschaltung  vorgenommenen  Schreib-  und 
Loschoperationen  dadurch  ausgefuhrt  werden, 
dali  in  einem  Adressenbereich  fur  die  Logikschal- 
tung  eine  zugeordnete  Adresse  bestimmtwird,  in 
die  sich  ein  nicht-fltichtiger  Speicherblock  (4)  in 
dem  Ein-Chip-Microcomputer  und  die  Logik- 
schaltung  teilen. 

Revendications 

1.  Micro-ordinateur  monopuce  (1)  comprenant  : 
un  bus  de  transmission  de  donnees 

(8c,42)  pour  transferer  des  donnees  ou  des  pro- 
grammes  ayant  une  largeur  de  bits  predetermi- 
nee; 

un  bus  de  transmission  d'adresses  (8b,41  ) 
pour  transferer  une  adresse  dans  un  espace 
d'adresses  correspondant  a  la  largeur  de  bits; 

une  unite  centrale  (2)  couplee  audit  bus  de 
transmission  de  donnees  et  audit  bus  de  trans- 
mission  d'adresses  pour  traiter  des  donnees  de 
programme; 

un  bloc  de  memoire  non  volatile  (4)  couple 
audit  bus  de  transmission  de  donnees  et  audit 
bus  de  transmission  d'adresses  pour  memoriser 
des  programmes  pour  faire  fonctionner  le  micro- 
processeur  monopuce  (1); 

un  circuit  logique  (6,900)  couple  audit  bus 
de  transmission  de  donnees  et  audit  bus  de 
transmission  d'adresses  et  possedant  une  plura- 
lity  d'elements  de  memoire  non  volatile,  et  un 
agencement  logique  variable  programmable,  le- 
dit  agencement  logique  variable  programmable 
etant  programme  au  moyen  de  I'enregistrement 
electrique  d'une  information  dans  ladite  pluralite 
d'elements  de  memoire  non  volatile;  et 

un  ou  plusieurs  ports  (7a,7b,7c)  couples 
audit  bus  de  transmission  de  donnees  pour  la 
communication  avec  un  dispositif  exterieur,  les- 
dits  ports  etant  raccordes  audit  circuit  logique  par 
I'intermediaire  dudit  bus  de  transmission  de  don- 
nees; 

caracterise  en  ce 
que  lesdits  ports  (7a,7b,7c)  sont  egale- 

ment  couples  audit  bus  de  transmission  d'adres- 
ses  (8b,41)  et  sont  connectes  audit  circuit  logique 
(6,900)  egalement  par  I'intermediaire  dudit  bus 
de  transmission  d'adresses;  et 

que  des  operations  d'enregistrement  et 
d'effacement  executees  par  ledit  dispositif  exter- 
ne  dans  ladite  pluralite  d'elements  de  memoire 
non  volatile  dudit  circuit  logique  sont  executees 

au  moyen  de  la  designation  d'une  adresse  affec- 
tee  dans,  ledit  espace  d'adresses  pour  ledit  cir- 
cuit  logique,  ledit  espace  d'adresses  etant  parta- 
ge  entre  ledit  bloc  de  memoire  non  volatile  (4)  et 

5  ledit  circuit  logique. 

2.  Micro-ordinateur  monopuce  selon  la  revendica- 
tion  1  ,  comportant  en  outre  une  memoire  RAM  (3) 
couplee  audit  bus  de  transmission  de  donnees 

10  (8c,42)  et  audit  bus  de  transmission  d'adresses 
(8b,41)  pour  la  memorisation  de  donnees. 

3.  Micro-ordinateur  monopuce  selon  la  revendica- 
tion  1  ou  2,  dans  lequel  ledit  circuit  logique 

15  (6,900)  cmprend  une  unite  d'execution  de  produit 
logique  (20),  une  unite  d'execution  de  somme  lo- 
gique  (21)  et  des  moyens  de  selection  d'entree 
(23)  branches  entre  ladite  unite  d'execution  de 
produit  logique,  ledit  bus  de  transmission 

20  d'adresses  (8b,41)  et  ledit  bus  de  transmission 
de  donnees  (8c,42). 

4.  Micro-ordinateur  monopuce  selon  la  revendica- 
tion  3,  dans  lequel  ledit  circuit  logique  (6,900) 

25  comprend  en  outre  des  moyens  de  selection  de 
sortie  (24),  auxquels  est  raccordee  une  sortie  de 
ladite  unite  d'execution  de  somme  logique  (21), 
ledit  bus  de  transmission  de  donnees  (8c,42)  et 
lesdits  ports  (7a,7b,7c). 

30 
5.  Micro-ordinateur  monopuce  selon  I'une  quelcon- 

que  des  revendications  1  a  4,  comportant  en  ou- 
tre 

des  premiers  moyens  de  transmission  de 
35  signaux  branches  entre  ledit  bus  de  transmission 

d'adresses  (8b,41),  ledit  bus  de  transmission  de 
donnees  (8c,42)  et  ladite  unite  centrale  (2); 

des  seconds  moyens  de  transmission  de 
signaux  branches  entre  ledit  bus  de  transmission 

40  d'adresses,  ledit  bus  de  transmission  de  donnees 
et  ledit  bloc  de  memoire  non  volatile  (4); 

des  troisiemes  moyens  de  transmission 
de  signaux  branches  entre  ledit  bus  de  transmis- 
sion  d'adresses,  ledit  bus  de  transmission  de 

45  donnees  et  ledit  circuit  logique  (6,900); 
des  quatriemes  moyens  de  transmission 

de  signaux  branches  entre  ledit  bus  de  transmis- 
sion  d'adresses,  ledit  bus  de  transmission  de 
donnees  et  ledit  dispositif  externe;  et 

so  des  moyens  de  production  de  signaux  de 
commande  (500)  pour  produire  des  signaux  de 
commande  interne  de  maniere  a  interrompre  des 
fonctions  de  transmission  de  signaux  de  I'un 
quelconque  desdits  premiers  a  quatriemes 

55  moyens  de  transmission  de  signaux  en  reponse 
a  des  signaux  de  commande  externes  provenant 
dudit  dispositif  externe. 

13 
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6.  Micro-ordinateur  monopuce  selon  I'une  quelcon- 
que  des  revendications  1  a  5,  dans  lequel  ledit  cir- 
cuit  logique  (6,900)  est  constitue  par  une  memoi- 
re  ROM  de  micro-instructions  dans  ladite  unite 
centrale  (2).  5 

7.  Precede  de  traitement  de  donnees  destine  a  etre 
utilise  avec  un  micro-ordinateur  monopuce  (1)  et 
comportant  les  etapes  consistant  a  : 

(a)  enregistrer  electriquement  des  premieres  10 
donnees  dans  une  pluralite  d'elements  de 
memoire  non  volatile  d'un  circuit  logique 
(6,900)  pour  former  un  agencement  logique 
programmable  variable; 
(b)  lire  lesdites  premieres  donnees  enregis-  15 
trees  electriquement  lors  de  I'etape  (a)  et  tes- 
ter  si  lesdites  premieres  donnees  ont  ete  ou 
non  enregistrees  normalement;  et 
(c)  commander  ledit  micro-ordinateur  mono- 
puce  (1)  pourqu'il  execute  I'etape  (a)  pour  des  20 
secondes  donnees  lorsque  le  resultat  de  I'eta- 
pe  (b)  est  normal; 

et  caracterise  en  ce  que 
des  operations  d'enregistrement  et  d'effacement 
effectuees  par  un  dispositif  externe  dans  ladite  25 
pluralite  d'elements  de  memoire  non  volatile  du- 
dit  circuit  logique  sont  executees  par  designation 
d'une  adresse  affectee  dans  un  espace  d'adres- 
ses  pour  ledit  circuit  logique,  ledit  espace 
d'adresses  etant  partage  entre  un  bloc  de  me-  30 
moire  non  volatile  (4)  situe  dans  ledit  micro-ordi- 
nateur  monopuce,  et  ledit  circuit  logique. 

35 
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