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@  Microprocessor  equipped  with  parity  control  unit  on  same  chip. 

(g)  A  microprocessor  having  a  on-chip  redundant  control  unit 
is  disclosed.  This  processor  includes  a  set  of  data  terminals,  an 
execution  unit  and  a  data  bus  buffer  coupled  between  the  set  of 
data  terminals  and  the  execution  unit,  and  the  data  bus  buffer 
fetches  data  on  the  set  of  data  terminals  in  response  to  a  first 
timing  signal  and  transfers  the  fetched  data  to  the  execution 
unit  in  response  to  a  second  timing  signal.  The  on-chip 
redundant  control  unit  receives  the  fetched  data  and  redundant 
information  and  checks  the  validity  of  the  fetched  data  in 
response  to  the  redundant  information  before  the  generation  of 
the  second  timing  signal,  so  that  an  effective  memory  access 
time  is  not  prolonged. 
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Description 

Microprocessor  Equipped  With  Parity  Control  Unit  On  Same  Chip 

and  703  by  means  of  the  control  and  address  buses 
704  and  705  and  transferred  data  to  be  written  onto 
the  data  bus  706.  This  data  is  written  into  the 
accessed  address  of  the  memory  702  and  further 
supplied  to  the  parity  control  circuit  708.  The  circuit 
708  calculates  a  syndrome  of  the  data  and  produces 
parity  bit  information  which  is  in  turn  written  into  the 
accessed  address  of  the  memory  703  through  the 
line  707.  During  the  syndrome  calculation,  the  circuit 
708  supplied  the  inactive  level  ready  signal  710  to  the 
microprocessor  701. 

Thus,  a  high  reliability  system  can  be  structured. 
As  apparent  from  the  above  description,  however, 
an  effective  memory  access  time  is  determined  by 
the  summation  of  an  access  time  required  by  the 
memory  702  and  a  syndrome  calculation  time 
required  by  the  parity  control  circuit  708.  For  this 
reason,  the  microprocessor  cannot  performs  a  data 
processing  operation  at  a  high  speed  to  reduce  the 
performance  of  the  system. 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention: 
The  present  invention  relates  to  a  microprocessor 

and,  more  particularly,  to  a  microprocessor  for 
structuring  a  high  reliability  data  processing  system. 

10 

Description  of  Related  Art: 
As  one  of  techniques  for  structuring  a  high 

reliability  data  processing  system,  it  is  known  in  the  15 
art  to  add  redundant  information  to  data.  In  a  system 
employing  a  parity  bit  as  redundant  information,  data 
read  out  of  a  memory  is  checked  to  be  valid  or  not 
from  that  data  and  the  parity  bit  information  added 
thereto,  whereas  data  processed  by  the  micropro-  20 
cessor  is  written  into  the  memory  together  with  the 
parity  bit  information  produced  from  the  data  to  be 
written. 

Referring  to  Fig.  1,  there  is  shown  such  a  data 
processing  system  according  to  prior  art.  A  micro-  25 
processor  701  is  interconnected  through  a  system 
control  bus  704,  a  system  address  bus  705  and  a 
system  data  bus  706  to  a  program/data  memory  702 
storing  a  program  and  operand  data  to  be  executed 
and  processed.  The  program  and  data  stored  in  the  30 
memory  702  are  called  hereinafter  "data".  There  are 
further  provided  a  parity  bit  memory  703  and  a  parity 
control  circuit  708.  The  memory  703  is  connected  to 
the  system  control  and  address  buses  704  and  705, 
and  the  control  circuit  708  is  connected  to  the  35 
system  control  and  data  buses  704  and  706.  The 
memory  703  and  the  control  circuit  708  are  intercon- 
nected  through  a  parity  bit  line  707.  The  control 
circuit  708  supplies  a  data  valid/invalid  indication 
signal  709  and  a  ready  signal  710.  40 

In  a  data  read  operation,  the  microprocessor  701 
accesses  to  desired  addresses  of  the  memories  702 
and  703  by  means  of  the  control  and  address  buses 
704  and  705.  The  data  read  out  of  the  accessed 
address  is  transferred  via  the  data  bus  706  to  the  45 
microprocessor  701  and  further  to  the  parity  control 
circuit  708.  Moreover,  parity  bit  information  added  to 
the  data  read  out  of  the  memory  702  is  read  out  from 
the  parity  bit  memory  703  and  transferred  to  the 
control  circuit  708  via  the  line  707.  The  parity  control  50 
circuit  708  calculates  a  syndrome  of  the  data 
supplied  thereto  and  compares  the  calculation 
resultant  with  the  parity  bit  information.  During  the 
calculation,  the  control  circuit  708  changes  the  ready 
signal  710  to  an  inactive  level  to  inform  the  55 
microprocessor  701  of  the  circuit  708  being  calculat- 
ing.  When  the  calculation  is  completed,  the  control 
circuit  708  changes  the  ready  signal  710  to  an  active 
level  and  informs,  by  the  signal  709,  the  micropro- 
cessor  701  whether  or  not  the  data  read  out  of  the  60 
memory  702  is  valid. 

In  a  data  write  operation,  the  microprocessor  701 
accesses  desired  addresses  of  the  memories  702 

SUMMARY  OF  THE  INVENTION 

Therefore,  an  object  of  the  present  invention  is  to 
provide  a  microprocessor  having  an  on-chip  redun- 
dant  information  control  unit  for  shortening  an 
effective  memory  access  time. 

Another  object  of  the  present  invention  is  to 
provide  a  microprocessor  in  which  a  redundant 
information  control  unit  is  fabricated  as  an  on-chip 
unit  together  with  a  control  circuit  for  controlling 
activation/inactivation  of  the  redundant  information 
control  unit. 

A  microprocessor  according  to  one  aspect  of  the 
present  invention  comprises,  on  a  single  semicon- 
ductor  chip,  a  set  of  data  terminals,  a  redundant 
information  terminal,  an  internal  data  bus,  first 
means  coupled  to  the  set  of  data  terminals  and 
responsive  to  a  first  timing  signal  for  fetching  data  on 
the  set  of  data  terminals,  second  means  coupled 
between  the  first  means  and  the  internal  bus  for 
transferring  the  data  from  the  first  means  to  the 
internal  bus  in  response  to  a  second  timing  signal 
which  is  generated  after  the  first  timing  signal,  and  a 
redundant  information  control  unit  coupled  to  the 
redundant  information  terminal  and  the  first  means 
for  checking  the  data  from  the  first  means  to  be  valid 
or  not  on  the  base  of  redundant  information  applied 
to  the  redundant  information  terminal  and  for 
outputting  the  checking  resultant. 

Accordingly,  the  redundant  information  control 
unit  can  check  the  validity  of  thd  data  fetched  in  the 
microprocessor  before  the  data  appears  on  the 
internal  data  bus,  so  that  the  data  checking  time  of 
the  control  unit  does  not  influence  an  effective 
memory  access  time. 

According  to  another  aspect  of  the  present 
invention,  there  is  provided  a  microprocessor  com- 
prising,  on  a  single  semiconductor  chip,  a  set  of  data 
terminals,  a  redundant  information  terminal,  an 
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and  processed  which  are  called  simply  "data" 
hereinafter.  The  microprocessor  1  is  further  inter- 
connected  through  the  system  control  and  address 
buses  4  and  5  and  a  parity  bit  line  7  to  a  parity  bit 

5  memory  3  storing  parity  bit  information  as  redundant 
information.  The  parity  bit  line  7  is  connected  to  a 
parity  terminal  51  of  the  processor  1.  The  micropro- 
cessor  1  includes  an  instruction  execution  unit  10  for 
executing  instructions  for  the  program  and  perfor- 

10  ming  read/write  operations  of  operand  data.  The  unit 
10  outputs  a  set  of  control  signal  onto  the  system 
control  bus  4  vaa  an  internal  control  bus  70  and  a 
control  bus  buffer  20  and  a  set  of  address  signals 
onto  the  system  address  bus  5  via  an  internal 

15  address  bus  80  and  an  address  bus  buffer  30.  A  data 
bus  buffer  40  and  an  internal  data  bus  90  are  of  a 
bidirectional  type  and  interconnect  the  execution 
unit  10  and  the  system  data  bus  6.  The  data  bus 
buffer  40  is  supplied  with  control  signals  R/W,  RDL, 

20  RDO,  WDL1  and  WDL2  for  data  read/write  operation 
via  the  internal  control  bus  70  and/or  directly  from 
the  execution  unit.  The  signal  R/W  is  a  data 
read/write  signal  for  designating  a  data  read  oper- 
ation  or  a  data  write  operation.  The  signal  RDL  is  a 

25  read  data  latch  signal  used  as  a  first  timing  signal  for 
fetching  read-data  on  the  system  data  bus  6  into  the 
microprocessor  1,  and  the  signal  RDO  is  a  read  data 
output  signal  used  as  a  second  timing  signal  for 
transferring  the  fetched  read-data  onto  the  internal 

30  data  bus  90.  The  signal  WLD1  is  a  first  write  data 
latch  signal  used  for  fetching  write-data  on  the 
internal  data  bus  90  into  the  data  bus  buffer  40,  and 
the  signal  WDL2  is  a  second  write  data  latch  signal 
used  for  transferring  the  fetched  write-data  onto  the 

35  system  data  bus  6.  The  read-data  fetched  into  the 
buffer  40  by  the  timing  signal  RDL  is  transferred  via  a 
set  of  read-data  lines  41  to  an  on-chip  parity  control 
unit  50.  This  unit  50  calculates  a  syndrome  of  the 
fetched  read-data  and  produces  a  data  validity 

40  indication  signal  52  in  response  to  a  parity  bit 
information  supplied  from  the  terminal  51  ,  the  signal 
52  being  in  turn  supplied  to  a  parity  enable  control 
circuit  60.  The  unit  50  is  further  supplied  with  the 
control  signals  R/W,  RDL  and  WDL2.  The  control 

45  circuit  60  is  also  supplied  with  a  parity  enable  signal 
REC  from  a  terminal  61.  When  a  redundant  control 
function  is  employed,  the  signal  REC  is  fixed  to  logic 
"0"  as  an  active  level.  On  the  other  hand,  in  case 
where  the  redundant  control  function  is  not  em- 

50  ployed,  the  signal  REC  is  fixed  to  logic  "1"  as  an 
inactive  level.  A  signal  62  derived  from  the  enable 
control  circuit  60  is  supplied  to  the  execution  unit  10. 
The  write-data  fetched  into  the  buffer  40  by  the 
control  signal  WDL1  is  transferred  to  the  control  unit 

55  50  via  a  set  of  write-data  lines  42.  The  unit  50 
calculates  a  syndrome  of  the  write-data  to  produce 
parity  bit  information  which  is  in  turn  transferred 
onto  the  line  7  via  the  terminal  51  . 

Referring  to  Fig.  3,  the  data  bus  buffer  40  includes 
60  N  pieces  of  buffer  units  40-1  to  40-N  for  implement- 

ing  the  interface  between  the  system  data  bus  5 
consisting  of  N  bus  lines  6-1  to  6-N  and  the  internal 
data  bus  90  consisting  of  N  bus  lines  90-1  to  90-N. 
Since  each  of  the  buffer  units  40-1  to  40-N  has  the 

65  same  construction  as  one  other,  only  the  first  unit 

execution  unit  for  processing  data  fetched  from  the 
set  of  data  terminals,  a  redundant  information 
control  unit  coupled  to  the  set  of  data  terminals  and 
the  redundant  information  terminal  for  checking 
validity  of  the  fetched  data  in  response  to  informa- 
tion  from  the  redundant  information  terminal  and 
producing  a  checking  resultant  signal,  and  means 
coupled  between  the  control  unit  and  the  execution 
unit  and  supplied  with  a  redundant  enable  signal  for 
transferring  the  checking  resultant  signal  to  the 
execution  unit  when  the  redundant  enable  signal 
assumes  an  active  level  and  for  supplying  a  signal 
representing  that  the  fetched  data  is  valid  to  the 
execution  unit  irrespective  of  the  checking  resultant 
signal  when  the  redundant  enable  signal  assumes  an 
inactive  level. 

Accordingly,  in  the  application  of  this  micropro- 
cessor  to  a  system  employing  no  redundant  informa- 
tion,  it  is  sufficient  to  supply  the  redundant  enable 
signal  of  the  inactive  level,  so  that  no  external  control 
circuit  for  the  redundant  information  terminal  is 
required. 

BRIEF  DESCRIPTION  OF  THE  INVENTION 

The  above  and  other  objects,  advantages  and 
features  of  the  present  invention  will  be  more 
apparent  from  the  following  description  taken  in 
conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  block  diagram  representative  of  a 
data  processing  system  according  to  prior  art; 

Fig.  2  is  a  block  diagram  representative  of  a 
data  processing  system  employing  a  micropro- 
cessor  according  to  an  embodiment  of  the 
present  invention; 

Fig.  3  is  a  detailed  block  diagram  representa- 
tive  of  a  data  bus  buffer,  a  parity  control  unit  and 
a  parity  enable  control  circuit  of  the  micropro- 
cessor  shown  in  Fig.  1  ; 

Fig.  4  is  a  timing  chart  representative  of  a 
data  read  operation  of  the  microprocessor 
shown  in  Fig.  1  ; 

Fig.  5  is  a  timing  chart  representative  of  a 
data  write  operation  of  the  microprocessor 
shown  in  Fig.  1  ; 

Fig.  6  is  a  block  diagram  representative  of 
another  embodiment  of  the  present  invention; 
and 

Fig.  7  is  a  timing  chart  representative  of  an 
address  output  of  the  microprocessor  shown  in 
Fig.  6. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Referring  to  Fig.  2,  a  microprocessor  1  according 
to  an  embodiment  of  the  present  invention  is 
fabricated  as  a  monolithic  semiconductor  integrated 
circuit  device  and  is  interconnected  through  a 
system  control  bus  4,  a  system  address  bus  5  and  a 
system  data  but  6  to  a  program/data  memory  2 
storing  a  program  and  operand  data  to  be  executed 
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40-1  is  shown  in  Fig.  2.  A  latch  circuit  413  latches 
write-data  on  the  internal  bus  line  90-1  in  response 
to  the  signal  WDL1  and  a  latch  circuit  412  latches  the 
output  of  the  latch  circuit  413  in  response  to  the 
signal  WDL2.  An  output  buffer  circuit  411  is 
controlled  by  the  signal  R/W  and  transfers  the 
output  of  the  latch  circuit  412  onto  the  system  data 
bus  line  6-1  in  the  data  write  operation  mode.  The 
ouput  of  the  circuit  411  is  brought  into  a  high 
impedance  state  in  the  data  read  operation  mode. 
An  input  buffer  circuit  414  is  activated  in  the  data 
read  mode  and  deactivated  in  the  data  write  mode 
under  the  control  of  the  signal  R/W.  A  latch  circuit 
415  latches  the  output  of  the  input  buffer  circuit  41  1  , i.e.  read-data  on  the  system  data  bus  line  6-1,  in 
response  to  the  signal  RDL.  An  output  buffer  circuit 
416  transfers  the  output  of  the  latch  circuit  415  onto 
the  internal  data  bus  line  90-1  in  response  to  the 
signal  RDO.  The  output  of  the  latch  circuit  415  is 
derived  as  one  bit  read-data  RD1  and  the  output  of 
the  latch  circuit  413  is  derived  as  one  bit  write-data 
WD1.  The  read-data  of  N  bits  RD1  and  RDN  and  the 
write-data  of  N  bits  WD1  and  WDN  are  supplied  to  a 
multiplexer  501  in  the  parity  control  unit  50  via  the 
data  lines  41  and  42,  respectively.  The  multiplexer 
501  is  controlled  by  the  signal  R/W  and  selects  the 
read-data  RD1  and  RDN  in  the  data  read  mode  and 
the  write-data  WD1  and  WDN  in  the  data  write  mode. 
The  selected  data  from  the  multiplexer  501  is 
supplied  to  a  syndrome  calculator  503  to  calculate 
syndrome  thereof.  Since  the  construction  and 
operation  of  the  calculator  502  are  well  known  in  the 
art  and  the  present  invention  does  not  relate  directly 
to  the  calculator  502,  detailed  description  thereof  is 
omitted  in  order  to  avoid  the  complexity  of  the 
drawing.  The  calculation  resultant  signal  53  of  the 
calculator  52  is  supplied  to  one  input  of  an  exclusive 
NOR  gate  (EX-NOR  gate)  503  and  is  latched  into  a 
latch  circuit  504  in  response  to  the  signal  WDL2.  The 
output  of  the  latch  circuit  504  is  transferred  onto  the 
line  7  in  the  data  write  mode  by  an  output  buffer 
circuit  505  controlled  by  the  signal  R/W.  An  input 
buffer  circuit  506  is  activated  by  the  R/W  signal  in  the 
data  read  mode  to  transfer  the  parity  bit  information 
to  an  latch  circuit  507.  This  circuit  507  latches  the 
parity  bit  information  in  response  to  the  signal  RDL 
and  supplied  the  same  to  the  other  input  of  the 
EX-OR  gate  503.  The  output  of  the  EX-OR  gate  503 
is  derived  as  the  data  validity  indication  signal  52 
representing  whether  or  not  the  read-data  is  valid. 
The  parity  enable  control  circuit  60  consists  of  an  OR 
gate  601.  As  mentioned  hereinbefore,  the  enable 
signal  REC  is  fixed  to  logic  "0"  in  the  case  of 
employing  the  redundant  control  function,  and 
therefore  the  OR  gate  52  transfers  the  data  validity 
indication  signal  52  to  the  execution  unit  10  as  the 
signal  62.  In  the  case  of  employing  no  redundant 
control  function,  the  enable  signal  REC  is  fixed  to 
logic  "1  ",  so  that  the  output  signal  62  of  the  OR  gate 
61  is  held  at  logic  "1"  irrespective  of  the  signal  52. 
Accordingly,  the  execution  unit  10  .regards  all  the 
read-data  as  being  valid.  No  control  circuit  for 
controlling  the  parity  bit  terminal  51  is  therefore 
required. 

The  data  read  operation  and  data  write  operation 

of  the  processor  1  will  be  described  below  with 
reference  to  Figs.  2  and  3  and  further  to  Figs.  4  and  5 
representing  the  data  read  and  write  timing  charts, 
respectively.  In  the  present  microprocessor  1  ,  each 

5  bus  cycle  for  the  data  read/write  operation  is 
composed  basically  of  two  clocks  (T1  and  T2  states) 
of  a  system  clock  signal  (p.  Based  upon  this  clock 
signal  9,  two  timing  clock  signals  (p1  and  q>2  different 
in  phase  from  each  other  are  produced  to  generate 

10  the  above  timing  signals  RDL,  RDO,  WDL1  and 
WDL2. 

In  the  data  read  operation  (Fig.  4),  the  micropro- 
cessor  1  outputs  a  set  of  address  signals  on  the 
system  address  bus  5  and  a  set  of  data  read  control 

15  signal  on  the  system  control  bus  4  to  access  desired 
addresses  of  the  memories  2  and  3  at  the  beginning 
of  the  data  read  bus  cycle.  The  data  read  out  of  the 
accessed  address  of  the  memory  is  transferred  to 
the  system  data  bus  6  and  the  parity  bit  information 

20  read  of  the  accessed  address  of  the  memory  3  is 
transferred  to  the  line  7.  The  execution  unit  10 
generates  the  read  data  latch  signal  RDL  in 
synchronism  with  the  timing  clock  <p2  in  the  T2  state, 
so  that  the  read-data  on  the  system  data  bus  6  is 

25  fetched  in  the  latch  circuit  415  and  transferred  to  the 
syndrome  calculator  502.  The  parity  bit  information 
on  the  line  7  is  fetched  in  the  latch  circuit  507.  By  the 
falling  of  the  signal  RDL  to  logic  "0",  the  latch  circuit 
415  closes  the  input  gate  thereof  to  hold  the 

30  read-data  therein.  In  synchronism  with  the  timing 
clock  <p2  occurring  in  the  T1  state  after  the  T2  state, 
the  execution  unit  10  produces  the  read  data  output 
signal  RDO,  so  that  the  data  ouput  buffer  416 
transfers  the  read-data  from  the  latch  circuit  415 

35  onto  the  internal  data  bus  90.  On  the  other  hand,  the 
syndrome  calculator  502  receives  the  read-data  at 
the  timing  of  the  generation  of  the  signal  RDL  and 
calculates  the  syndrome  thereof.  The  calculated 
resultant  in  compared  by  the  EX-OR  gate  503  with 

40  the  parity  bit  information  from  the  latch  circuit  507 
and  the  comparison  resultant  52  is  supplies  to  the 
execution  unit  10  via  the  OR  gate  601  .  There  is  a  time 
period  corresponding  to  one  clock  of  the  clock 
signal  <p  from  a  time  point  at  which  the  data  bus 

45  buffer  40  fetches  the  read-data  on  the  system  data 
bus  6  to  a  time  point  at  which  the  data  bus  buffer  40 
transfers  the  fetched  read-data  onto  the  internal 
data  bus  90.  During  this  time  period,  the  parity 
control  unit  50  can  check  the  validity  of  the 

50  read-data.  Accordingly,  the  checking  time  required 
by  the  unit  50  does  not  appear  in  the  read  data  bus 
cycle.  If  the  signal  52  from  the  unit  indicates  the 
invalidity  of  the  read-data,  the  execution  unit  10 
restarts  the  read-data  bus  cycle  or  suspends  the 

55  data  processing  operation. 
In  the  data  write  operation  (Fig.  5),  the  execution 

unit  10  transfers  data  to  be  written,  i.e.  write-data, 
onto  the  internal  data  bus  90  in  synchronism  with  the 
timing  clock  <p2  occurring  in  the  T2  state  just  before 

60  the  data  write  bus  cycle  to  be  executed,  and  further 
generates  the  data  latch  signal  WDL1  .  In  response  to 
the  signal  WDL1,  the  latch  circuit  413  fetches  the 
write-data  on  the  internal  data  bus  90  and  supplies 
the  same  to  the  syndrome  calculator  502.  The 

65  calculator  502  starts  to  calculates  the  syndrome 
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transfers  the  same  to  the  syndrome  calculator  112. 
The  execution  unit  10  thereafter  generates  the  signal 
AL2  in  synchronism  with  the  timing  clock  (p1 
occurring  in  the  T1  state.  As  a  result,  the  address  is 
fetched  in  the  latch  circuit  302  and  transferred  onto 
the  system  address  bus  5  via  the  output  buffer  303. 
Since  a  time  period  from  the  generation  time  of  the 
signal  AL1  to  that  of  the  signal  AL2  corresponding  to 
one  clock  time  period  of  the  clock  signal  <p,  the 
calculator  112  completes  the  calculation  of  the 
address  syndrome  during  that  time  period.  The 
address  parity  bit  information  115  is  thus  fetched  in 
the  latch  circuit  113  in  response  to  the  signal  AL2 
and  transferred  onto  the  line  112  via  the  buffer  114 
and  the  terminal  111. 

The  microprocessor  1  shown  in  Fig.  6  is  further 
different  from  that  shown  in  Fig.  2  in  that  a  parity 
enable  control  flag  1  1  is  provided  in  the  execution 
unit  10  and  the  set/reset  signal  thereof  is  utilized  as 
the  parity  enable  control  signal  REC  in  place  of  the 
externally  supplied  signal  shown  in  Fig.  2.  The  set 
state  of  the  flag  1  1  disables  the  data  parity  control 
function,  whereas  the  reset  state  thereof  enables 
this  function.  The  parity  enable  control  signal  REC 
can  be  supplied  to  the  microprocessor  1  from  the 
outside  thereof,  similarly  to  Fig.  1.  Inversely,  the 
parity  enable  control  flag  1  1  can  be  provided  in  the 
microprocessor  shown  in  Fig.  1. 

In  the  above  embodiments,  the  parity  bit  is 
employed  as  the  redundant  information,  but  other 
type  redundant  information  may  be  employed. 
Moreover,  two  or  more  redundant  information 
control  units  of  different  types  from  each  other  may 
be  provided  in  a  microprocessor  and  one  of  them 
may  be  selectively  activated  in  accordance  to  a 
system  to  be  structured. 

The  present  invention  is  not  limited  to  the  above 
embodiments,  but  may  be  modified  and  changed 
without  departing  from  the  scope  and  spirit  of  the 
invention. 

thereof.  At  the  beginning  of  the  data  write  bus  cycle, 
a  set  of  write-address  data  is  transferred  onto  the 
system  address  bus  5.  The  execution  unit  10 
generates  the  signal  WDL2  in  synchronism  with  the 
timing  clock  cp2  occurring  in  the  T1  state.  In  5 
response  to  the  signal  WDL2,  the  latch  circuit  412 
fetches  the  write-data  from  the  latch  circuit  413  and 
transfers  the  same  onto  the  system  data  bus  5  via 
the  output  buffer  circuit  411.  Since  a  time  period 
from  the  generation  of  the  signal  WDL1  to  that  of  the  10 
signal  WDL2  corresponds  to  one  clock  time  of  the 
clock  signal  <p,  the  calculator  502  completes  the 
calculation  of  the  syndrome  of  the  write-data  during 
that  time  period.  The  calculated  resultant  53  is 
fetched  in  the  latch  circuit  504  in  response  to  the  15 
signal  WDL2  and  transferred  onto  the  parity  bit  line  7 
via  the  output  buffer  circuit  505  and  the  terminal  51. 
The  write-data  on  the  system  data  bus  6  and  the 
parity  bit  information  on  the  line  7  are  written  into  the 
accessed  addressed  of  the  memories  2  and  3,  20 
respectively.  Thus,  the  syndrome  calculation  time 
also  does  not  appear  in  the  data  write  bus  cycle. 

As  described  above,  the  microprocessor  1  has 
the  on-chip  parity  control  unit  50  without  prolonging 
each  of  the  data  read  and  write  bus  cycles.  25 
Moreover,  the  microprocessor  1  can  be  easily 
applied  to  a  system  employing  no  parity  bit  control 
function. 

In  order  to  further  enhance  the  reliability  of  a 
system,  an  address  for  accessing  an  external  30 
memory  or  peripheral  unit  may  be  added  with  parity 
bit  information.  A  microprocessor  applicable  to  such 
a  system  is  shown  in  Fig.  6  as  another  embodiment 
of  the  present  invention. 

The  present  microprocessor  1  further  includes  an  35 
address  parity  control  unit  110  for  adding  parity  bit 
information  to  an  address  to  be  transferred  onto  the 
system  address  bus  5.  This  unit  110  includes  a 
calculator  112  for  calculating  the  syndrome  of  the 
address  to  produce  address  parity  bit  information  40 
115,  a  latch  circuit  113  for  fetching  the  information 
115  in  response  to  a  second  address  latch  timing 
signal  AL2  and  an  output  buffer  circuit  114  for 
transferring  the  output  of  the  latch  circuit  113  onto 
an  address  parity  bit  line  1  20  via  an  address  parity  bit  45 
terminal  111.  The  buffer  114  is  brought  into  a  high 
impedance  state  by  a  signal  HQ  generated  when  the 
microprocessor  1  is  in  a  hold  or  halt  state.  The 
address  data  buffer  30  includes  buffer  units  30-1  to 
30-M  coupled  respectively  between  each  of  the  50 
internal  address  bit  lines  80-1  to  80-M  and  each  of 
the  system  bit  lines  5-1  to  5-M.  Each  of  the  units  30-1 
to  30-M  includes  a  latch  circuit  301  for  fetching  an 
internal  address  in  response  to  a  first  address  latch 
timing  signal  AL1  ,  a  latch  circuit  302  for  fetching  the  55 
output  of  the  latch  circuit  301  in  response  to  the 
signal  AL2  and  an  output  buffer  circuit  303  controlled 
by  the  signal  HQ. 

As  an  address  output  timing  chart  is  shown  in 
Fig.  7,  the  execution  unit  10  transfers  an  address  60 
onto  the  internal  address  bus  80  and  generates  the 
signal  AL1  in  synchronism  with  the  timing  clock  <p1 
occurring  in  the  T2  state  ust  before  the  bus  cycle  to 
be  executed.  In  response  to  the  signal  AL1  ,  the  latch 
circuit  301  fetches  the  address  on  the  bus  80  and  65 

Claims 

1  .  A  microprocessor  comprising,  an  instruc- 
tion  execution  unit,  a  set  of  data  terminals,  an 
internal  data  bus  coupled  to  said  instruction 
execution  unit,  a  data  bus  buffer  coupled 
between  said  set  of  data  terminals  and  said 
internal  data  bus,  said  data  bus  buffer  including 
first  means  responsive  to  a  first  timing  signal  for 
fetching  data  on  said  set  of  data  terminals  and 
second  means  responsive  to  a  second  timing 
signal  for  transferring  the  data  from  said  first 
means  onto  said  internal  data  bus,  a  redundant 
information  terminal  supplied  with  redundant 
information,  a  redundant  control  unit  coupled  to 
said  redundant  information  terminal,  third 
means  coupled  between  said  first  means  and 
said  redundant  control  unit  for  transferring  the 
data  fetched  in  the  first  means  to  said  redun- 
dant  control  unit,  said  redundant  control  unit 
checking  validity  of  the  data  supplied  from  said 
first  means  in  response  to  said  redundant 
information  and  producing  a  resultant  signal 
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representing  whether  or  not  the  data  supplied 
from  said  first  means  is  valid,  and  fourth  means 
for  supplying  said  resultant  signal  to  said 
instruction  execution  unit. 

2.  The  microprocessor  as  claimed  in  claim  1  ,  5 
wherein  said  data  bus  buffer  further  includes 
fifth  means  responsive  to  a  third  timing  signal 
for  fetching  data  on  said  internal  data  bus  and 
sixth  means  responsive  to  a  fourth  timing  signal 
for  transferring  the  data  from  said  third  means  10 
to  said  set  of  data  terminals,  said  microproces- 
sor  further  comprising  seventh  means  coupled 
between  said  fifth  means  and  said  redundant 
control  unit  for  transferring  the  data  fetched  in 
said  fifth  means  to  said  redundant  control  unit,  15 
said  redundant  control  unit  producing  redun- 
dant  information  in  response  to  the  data  from 
said  fifth  means,  and  eighth  means  for  transfer- 
ring  said  redundant  information  produced  by 
said  redundant  control  unit  to  said  redundant  20 
information  terminal. 

3.  The  microprocessor  as  claimed  in  claim  2, 
said  redundant  control  unit  includes  ninth 
means  responsive  to  said  first  timing  signal  for 
fetching  said  redundant  information  on  said  25 
redundant  information  terminal  and  tenth 
means  responsive  to  said  fourth  timing  signal 
for  latching  and  transferring  said  redundant 
information  produced  by  said  control  unit  to 
said  redundant  information  terminal.  30 

4.  The  microprocessor  as  claimed  in  claim  1, 
further  comprising  a  set  of  address  terminals, 
an  internal  address  bus  coupled  to  said  instruc- 
tion  execution  unit,  an  address  bus  buffer 
coupled  between  said  set  of  address  terminals  35 
and  said  internal  address  bus  for  transferring 
address  data  on  said  internal  address  bus  to 
said  set  of  address  terminal,  an  additional 
redundant  information  terminal,  and  means 
responsive  to  said  address  data  for  producing  40 
and  supplying  additional  redundant  information 
to  said  additional  redundant  information  termi- 
nal. 

5.  The  microprocessor  as  claimed  in  claim  4, 
wherein  said  address  bus  buffer  includes  45 
means  responsive  to  a  first  address  timing 
clock  for  fetching  said  address  data  on  said 
internal  address  bus,  means  responsive  to  a 
second  address  timing  clock  for  transferring 
said  address  data  to  said  set  of  address  50 
terminals. 

6.  A  microprocessor  comprising,  on  a  single 
semiconductor  chip,  an  execution  unit  for 
executing  an  instruction,  said  execution  unit 
including  means  for  generating  a  first  timing  55 
signal  and  thereafter  generating  a  second 
timing  signal,  a  set  of  data  terminals,  means 
responsive  to  said  first  timing  signal  for  fetching 
data  on  said  set  of  data  terminals,  means 
responsive  to  said  second  timing  signal  for  60 
transferring  the  fetched  data  to  said  execution 
unit,  means  for  checking  validity  of  said  fetched 
data  and  producing  a  resultant  data  represent- 
ing  whether  or  not  said  fetched  data  is  valid 
before  said  second  timing  signal  is  generated,  65 

and  means  for  supplying  said  resultant  signal  to 
said  execution  unit. 

7.  The  microprocessor  as  claimed  in  claim  6, 
wherein  said  supplying  means  receives  a  con- 
trol  signal  and  supplies  said  resultant  signal  to 
said  execution  unit  when  said  control  signal 
takes  an  active  level  and  supplies  a  valid  signal 
representing  that  said  fetched  data  is  valid  to 
said  execution  unit  irrespective  of  said  resultant 
signal  when  said  control  signal  takes  an  inactive 
level. 

8.  A  microprocessor  comprising,  on  a  single 
semiconductor  chip,  a  set  of  data  terminals,  a 
redundant  information  terminal,  an  execution 
unit  for  processing  data  fetched  from  said  set  of 
data  terminals,  a  redundant  control  unit  coupled 
to  said  set  of  data  terminals  and  said  redundant 
information  terminal  for  checking  validity  of  data 
from  said  set  of  data  terminals  in  response  to 
information  from  said  redundant  information 
terminal  and  producing  a  checking  resultant 
signal,  and  means  coupled  between  said  redun- 
dant  control  unit  and  said  execution  unit  and 
supplied  with  a  redundant  enable  signal  for 
transferring  said  checking  resultant  signal  to 
said  execution  unit  when  said  redundant  enable 
signal  assumes  an  active  level  and  for  supplying 
a  signal  representating  that  said  data  is  valid  to 
said  execution  unit  irrespective  of  said  check- 
ing  resultant  signal  when  said  redundant  enable 
signal  assumes  an  inactive  level. 

9.  The  microprocessor  as  claimed  in  claim  8, 
further  comprising  an  enable  control  terminal 
said  redundant  enable  signal  is  supplied  to  said 
means  through  said  enable  control  terminal 
from  an  outside  of  said  semi-conductor  chip. 

10.  The  microprocessor  as  claimed  in  claim  8, 
further  comprising  an  enable  control  flag,  said 
redundant  enable  signal  is  supplied  to  said 
means  from  said  enable  control  flag. 







»•  •  •  »  •  •• 
«  • 

»  t  n  » 
EP  0  348  240  A2 

4 5 2 - /  

i  :  

R £ C  



EP  0  348  240  A2 •  •  *  ♦  **•   t 
■»  y  ■»  ■»  -»  *  *  i 

F f q . 4 .  
^   

T l  T2  T l  
*  # -  - * -  +  

J  0  

0 1  

K \  

I  ADDRESS 

y  
READ-DATA 

READ  - r y  
PARITY  V /  

B1TINF  / /  

RDL 

R D O  

INTERNALS, 
DATA  y  VALID 

/  
5 2  



•  •  «- 
EP  0  348  240  A2 *  *  %  •  •  "•  »  t 

-»■*  ^̂   »i  "t   ̂

/ ^ . 5 .  

0  

0 1  

0 2  

/   /   /   /  
ADDf?£$S 

WRITE-MTA 

WRITE  -? 
PARITY  /  

BIT  INF.  -  

INTERNAL  7  
DATA  /  Z  

WDLI  

W D L 2  

7  
5 3  



•  •  *  * 
•  •  V  * EP  0  348  240  A2 *  *  >  •  • 9  *  %  ■>  *  » •  •  *  ♦  • 

/ v ^ . e  MICROPROCESSOR 

V 2 O "  

<  CONTROL  £#S  5 ^ / i " / ?  <  

- 3 0   7 O  

r  FT  -   —   J i   3>  —   'J7T  ^ ? C 3 & ~ /  - J L 2 — A U  
_1  » !  i%? 

< w  
5 - /  a o v  

/  Z47ny. />j7oy 

M /  
8 O - 2  5 - 2  

3 0 - 2  /  
. J *   ̂ /■ 

5 ^ - ^  
;  I 8 O - M  5 - M  

|  " _ _ l ~ l ^ d f _ ' _ _   J  

)  �   

""  
" 3 [ ^ r J M j  

!  .  ,  i INSTRUCTION 

EXECUTION 

U N I T  

i o -  SYNDROME 
CALCULATOR 

» ? r  112 \ - H O  
W / 5  

V / 5  

/ / A  ADDRESS  PARITY 
BIT  CONTROL 

UNIT 

•  —   ^ H /  
-  —   /?iQi 

LATCH I 
i 
i 
i 

/ a ?  u i a _  

6  
DATA  B U S  

B U F F E R  
<  

■WDLI 

■ W D L 2  

H J  1 ^ ? 5 ^  6 0  

PARITY 
ENABLE 
c o m o i  

CKT 

5 2  PARITY  B I T  
CONTROL  U N I T  

L ^  

5 1  



*  •  *  * 
EP  0  348  240  A2 »  *  .  «  v  ■»  « 

^ . Z  
T 2  T l  

+  +  

^  

( ? /  

^ i >  

INTERNALS, 
ADDRESS  / ;  

VALID VALID 

A L f  

A L 2  

/  
1 / 5  

SYSTEM  ~7y 
(EXTERNAL)/ 
ADDRESS  -S- 

1 2 0   / ,  


	bibliography
	description
	claims
	drawings

