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Description 

Background  of  the  Invention 

Field  of  the  invention 

The  present  invention  relates  to  a  digital  data 
input/output  circuit,  and  more  specifically  to  an 
input/output  circuit  for  use  in  an  input/output  port  of 
a  memory  and  capable  of  sending  and  receiving  a 
digital  data  in  different  formats. 

Description  of  related  art 

So-called  digital  data  input/output  circuits  have 
been  used  in  various  fields  of  data  processing,  but 
the  format  of  data  processed  or  transferred  differs 
in  the  various  apparatuses  or  systems  being  used. 
For  example,  serial  data  is  handled  in  one  field, 
and  4-bit  parallel  data  is  transferred  in  another 
field.  Further,  2-bit  parallel-serial  data  transmission 
is  performed  in  still  another  field.  Therefore,  the 
input/output  circuit  is  required  to  comply  with  dif- 
ferent  formats  or  modes  of  data.  However,  either 
conventional  input/output  circuits  cannot  handle  two 
or  more  different  formats  or  modes  of  data,  or  else 
the  input/output  circuits  have  been  complicated 
when  the  circuits  can  handle  two  different  formats 
or  modes  of  data. 

The  publication  IBM  TECHNICAL  DISCLO- 
SURE  BULLETIN,  vol.  16,  no.  5,  October  1973, 
pages  1537-1538,  New  York,  US;  G.A.  BIGELOW 
et  al.:  "Selective  data  modification"  discloses  a 
circuit  for  selective  data  modification  comprising 
one  or  more  data  modification  circuits.  In  order  to 
change  the  format  of  the  data,  one  or  another  data 
modification  circuit  must  be  selected. 

U.S.  patent  specification  no.  4,276,611  dis- 
closes  a  device  in  which  the  flow  of  data  is  con- 
trolled  partly  by  the  data  itself  and  which  finds  use 
in  self-repairing  computers. 

Summary  of  the  Invention 

Accordingly,  it  is  an  object  of  the  present  in- 
vention  to  provide  an  input/output  circuit  which  has 
overcome  the  above  mentioned  defect  of  the  con- 
ventional  one. 

Another  object  of  the  present  invention  is  to 
provide  a  digital  input/output  circuit  capable  of  free- 
ly  processing  data  in  various  modes  or  formats. 

The  above  and  other  objects  of  the  present 
invention  are  achieved  in  accordance  with  the 
present  invention  as  claimed  by  a  digital  in- 
put/output  circuit  to  be  connected  between  an  inter- 
nal  data  bus  composed  of  2"  signal  lines  (n  is  zero 
or  a  positive  integer)  and  2"  external  terminals  and 
including  an  output  port  for  outputting  data  from 

the  internal  data  bus  to  the  external  terminals  and 
an  input  port  for  inputting  data  from  the  external 
terminals  to  the  internal  data  bus. 

The  output  port  comprises: 
5  scrambler  means  receiving  data  of  2"  bits  from 

the  internal  data  bus  and  a  mode  signal  and  op- 
erating  to  relocate  the  received  data  in  accordance 
with  the  mode  signal  so  as  to  output  the  relocated 
data  with  each  unit  of  2m  bits  (m  is  an  integer  not 

io  greater  than  n)  indicated  by  the  mode  signal, 
output  circuit  means  including  2"  output  buffers 

each  having  an  input  connected  to  receive  directly 
or  indirectly  an  output  of  the  scrambler  means  and 
an  output  connected  to  a  corresponding  one  of  the 

75  external  terminals,  the  output  circuit  means  operat- 
ing  in  response  to  the  mode  signal  so  as  to  make 
active  2m  output  buffers  of  the  2"  output  buffers  in 
accordance  with  the  mode  signal  and  to  make  the 
other  output  buffers  inactive,  and 

20  data  shift  means  connected  to  the  scrambler 
and  including  data  latch  means  for  latching  data  in 
accordance  with  the  mode  signal  and  shifting  the 
latched  data  in  accordance  with  the  mode  signal  so 
that  the  data  of  2"  bits  is  outputted  with  each  unit 

25  of  2m  bits  through  the  active  output  buffers. 
The  input  port  comprises: 
input  circuit  means  having  2"  input  buffers  con- 

nected  at  their  inputs  to  the  external  terminals, 
respectively, 

30  data  shift  means  including  data  latch  means  for 
directly  or  indirectly  receiving  the  data  outputted 
from  the  input  circuit  means  so  as  to  latch  the  data 
of  at  least  2m  bits  in  accordance  with  the  mode 
signal,  the  data  shift  means  operating  to  shift  the 

35  latched  data  between  the  data  latch  means  in  ac- 
cordance  with  the  mode  signal,  and 

scrambler  means  connected  to  the  data  shift 
means  so  as  to  allow  data  of  2"  bits  to  be  relocated 
in  accordance  with  the  mode  signal  and  outputted 

40  to  the  internal  data  bus. 
A  digital  output  circuit  including  only  the  above 

output  port,  and  a  digital  input  circuit  including  only 
the  above  input  port,  are  also  claimed. 

The  above  and  other  objects,  features  and  ad- 
45  vantages  of  the  present  invention  will  be  apparent 

from  the  following  description  of  preferred  embodi- 
ments  of  the  invention  with  reference  to  the  accom- 
panying  drawings. 

50  Brief  Description  of  the  Drawings 

Figure  1  is  a  diagram  of  one  typical  conven- 
tional  digital  input/output  circuit  of  four  bits; 
Figure  2  is  a  timing  chart  of  a  serial  clock  SCK 

55  and  four  interleaving  clock  fa,  fa-,  fa.  and  fa 
derived  from  the  serial  clock  SCK  for  driving  the 
transfer  gate  transistors  used  in  the  circuit 
shown  in  Figure  1  ; 

2 
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Figure  3  is  a  block  diagram  illustrating  an  output 
port  of  a  four-bit  type  digital  input/output  circuit 
embodying  the  present  invention. 
Figure  4  is  a  block  diagram  illustrating  an  input 
port  of  a  four-bit  type  digital  input/output  circuit 
embodying  the  present  invention; 
Figure  5  is  a  circuit  diagram  of  one  embodiment 
of  the  output  port  in  accordance  with  the  present 
invention,  which  can  be  used  as  the  output  port 
shown  in  Figure  3; 
Figures  6A  to  6C  and  7A  to  7D  illustrate  the 
relation  between  the  data  on  the  internal  signal 
lines  and  the  data  on  the  external  terminals  of 
the  output  port  shown  in  Figure  5  in  different 
operation  modes; 
Figure  8  is  a  circuit  diagram  of  one  embodiment 
of  the  input  port  in  accordance  with  the  present 
invention,  which  can  be  used  as  the  input  port 
shown  in  Figure  3; 
Figures  9A  to  9C  and  10A  to  10D  illustrate  the 
relation  between  the  data  on  the  internal  signal 
lines  and  the  data  on  the  external  terminals  of 
the  input  port  shown  in  Figure  8  in  different 
operation  modes; 
Figure  11  is  a  circuit  diagram  of  another  em- 
bodiment  of  the  output  port  in  accordance  with 
the  present  invention,  which  can  be  used  as  the 
output  port  shown  in  Figure  3; 
Figures  12A  to  12C  and  13A  to  13D  illustrate  the 
relation  between  the  data  on  the  internal  signal 
lines  and  the  data  on  the  external  terminals  of 
the  output  port  shown  in  Figure  11  in  different 
operation  modes; 
Figure  14  is  a  circuit  diagram  of  another  em- 
bodiment  of  the  input  port  in  accordance  with 
the  present  invention,  which  can  be  used  as  the 
input  port  shown  in  Figure  3;  and 
Figures  15A  to  15C  and  16A  to  16D  illustrate  the 
relation  between  the  data  on  the  internal  signal 
lines  and  the  data  on  the  external  terminals  of 
the  input  port  shown  In  Figure  14  in  different 
operation  modes. 

Description  of  the  Preferred  embodiments 

Referring  to  Figure  1  ,  there  is  shown  a  diagram 
of  one  typical  conventional  digital  input/output  cir- 
cuit  of  four  bits.  The  shown  circuit  is  connected 
between  four  signal  lines  10,  12,  14  and  16  and 
external  terminals  20,  22,  24  and  26.  The  signal 
lines  10  to  16  form  an  internal  data  bus.  The 
input/output  circuit  includes  a  field  effect  transistor 
(called  "FET"  hereinafter)  Qi  connected  at  its  one 
end  to  the  signal  line  10  and  having  a  gate  con- 
nected  to  receive  an  interleaving  clock  fa  ,  and  an 
input/output  buffer  30  connected  at  its  one  end  to 
the  other  end  of  the  transistor  Qi  and  at  its  other 
end  to  the  terminal  20  through  an  input/output 

signal  line  40.  Accordingly,  when  the  interleaving 
clock  fa  is  rendered  active,  the  signal  line  10  is 
coupled  to  the  one  end  of  the  input/output  buffer 
30.  The  input/output  circuit  also  includes  an  in- 

5  put/output  buffer  32  connected  at  its  one  end  to  the 
signal  line  12  and  at  its  other  end  to  the  terminal 
22  through  an  input/output  signal  line  42,  and  a 
FET  Q.2  connected  between  the  signal  line  12  and 
a  connection  line  between  the  FET  Qi  and  the 

io  Input/output  buffer  30  and  having  a  gate  connected 
to  receive  an  interleaving  clock  fa-,  so  that,  when 
the  interleaving  clock  fa-  is  rendered  active,  the 
signal  line  12  is  coupled  not  only  to  the  one  end  of 
the  input/output  buffer  32  but  also  to  the  one  end 

is  of  the  input/output  buffer  30.  Furthermore,  an  in- 
put/output  buffer  34  is  connected  at  its  one  end  to 
the  signal  line  14  and  at  its  other  end  to  the 
terminal  24  through  an  input/output  signal  line  44, 
and  a  FET  Q3  is  connected  between  the  signal  line 

20  14  and  the  connection  line  between  the  FET  Qi 
and  the  Input/output  buffer  30.  The  FET  Q3  has  a 
gate  connected  to  receive  an  interleaving  clock  fa:, 
so  that,  when  the  interleaving  clock  fa:  is  rendered 
active,  the  signal  line  14  coupled  to  the  one  end  of 

25  the  input/output  buffer  34  is  also  coupled  to  the 
one  end  of  the  input/output  buffer  30.  Similarly,  an 
input/output  buffer  36  is  connected  at  its  one  end 
to  the  signal  line  16  and  at  its  other  end  to  the 
terminal  26  through  an  input/output  signal  line  46, 

30  and  a  FET  CU  is  connected  between  the  signal  line 
16  and  the  connection  line  between  the  FET  Qi 
and  the  input/output  buffer  30.  The  FET  CU  is  also 
connected  to  receive  at  its  gate  an  interleaving 
clock  fa.,  so  that,  when  the  interleaving  clock  fa.  is 

35  rendered  active,  the  signal  line  16  coupled  to  the 
one  end  of  the  input/output  buffer  36  is  also  coup- 
led  to  the  one  end  of  the  input/output  buffer  30. 

Now,  an  operation  of  the  above  mentioned 
input/output  circuit  will  be  explained  with  reference 

40  to  Figure  2.  The  four  interleaving  clock  fa,  fa-,  fa: 
and  fa.  are  derived  from  a  basic  serial  clock  SCK 
as  shown  in  Figure  2  so  that  the  four  interleaving 
clock  fa,  fa-,  fa:  and  fa.  will  alternatively  and  se- 
quentially  made  active. 

45  Assume  that  four  digital  data  Di  ,  D2,  D3  and 
D+  appear  on  the  signal  lines  10,  12,  14  and  16, 
and  these  data  should  be  serially  outputted  from 
only  the  terminal  20.  This  data  transmission  man- 
ner  will  be  called  "1-bit  operation".  In  this  opera- 

50  tion,  the  input/output  buffer  30  is  maintained  in  an 
active  condition  and  the  other  input/output  buffers 
32,  34  and  36  are  put  in  a  inactive  condition  so  that 
the  external  terminals  22,  24  and  26  are  maintained 
in  a  high  impedance  condition.  In  a  first  cycle  of 

55  the  serial  clocks  SCK,  the  interleaving  clock  fa  is 
applied  to  the  FET  Qi  to  turn  on  the  FET  Qi  ,  and 
therefore,  the  data  D1  is  inputted  into  the  buffer  30 
and  then  is  outputted  to  the  external  terminal  20.  At 

3 
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this  time,  the  FET  Q2,  0.3  and  are  in  an  off 
condition,  and  the  data  D2,  D3  and  are  supplied 
to  the  buffers  32,  34  and  36,  respectively.  However, 
since  the  buffers  32,  34  and  36  are  inactive  as 
mentioned  above,  the  data  D2,  D3  and  are  not 
outputted  to  the  terminals  22,  24  and  26. 

In  a  second  cycle  of  the  serial  clocks  SCK,  the 
interleaving  clock  fa-  is  applied  to  the  FET  Q2  to 
turn  on  the  FET  Q2,  and  on  the  other  hand,  the 
FET  Qi  ,  Q3  and  are  in  an  off  condition.  There- 
fore,  the  date  D2  is  inputted  into  the  buffer  30  and 
then  is  outputted  to  the  external  terminal  20. 

In  a  third  cycle,  the  interleaving  clock  <£3  is 
applied  to  the  FET  Q3  to  turn  on  the  FET  Q3,  so 
that  the  data  D3  is  inputted  into  the  buffer  30  and 
then  is  outputted  to  the  external  terminal  20,  since 
the  FET  Qi  ,  Q2  and  are  in  an  off  condition. 

In  a  fourth  cycle,  the  interleaving  clock  fa.  is 
applied  to  the  FET  to  turn  on  the  FET  Q+,  so 
that  the  data  is  inputted  into  the  buffer  30  and 
then  is  outputted  to  the  external  terminal  20. 

Thus,  the  data  D1  ,  D2,  D3  and  supplied  to 
the  signal  lines  10,  12,  14  and  16  in  parallel  are 
serially  outputted  bit  by  bit  from  the  terminal  20  in 
synchronism  with  the  serial  clock  SCK. 

In  addition,  in  a  serial  data  receiving  case  that 
a  serial  data  is  supplied  through  the  terminal  20  to 
the  input/output  buffer  30,  the  data  is  distributed  to 
the  signal  line  10,  12,  14  and  16  in  accordance  with 
the  four  interleaving  clock  fa,  fa-,  $3  and  fa., 
similarly  to  the  above  mentioned  data  sending  case 
that  the  the  parallel  data  D1  ,  D2,  D3  and  are 
serially  outputted  to  the  terminal  20. 

In  a  parallel  data  transmitting  case,  all  the 
input/output  buffers  30,  32,  34  and  36  are  main- 
tained  in  an  active  condition.  At  the  same  time, 
only  the  interleaving  clock  fa  is  ceaselessly  main- 
tained  in  an  active  condition,  and  on  the  other 
hand,  the  other  interleaving  clock  fa,  $3  and  fa. 
are  maintained  in  an  inactive  condition  so  that  the 
signal  lines  12,  14  and  16  are  maintained  in  a 
condition  isolated  from  the  buffer  30.  Therefore,  the 
signal  lines  10,  12,  14  and  16  are  ceaselessly 
coupled  to  the  buffers  30,  32,  34  and  36  in  a  one- 
to-one  relation,  respectively.  Accordingly,  respec- 
tive  bits  of  parallel  data  are  transferred  in  a  one-to- 
one  relation  between  the  signal  lines  10,  12,  14  and 
16  and  the  external  terminals  20,  22,  24  and  26 
through  the  input/output  buffers  30,  32,  34  and  36. 

As  seen  from  the  above,  the  above  mentioned 
input/output  circuit  can  assume  only  two  data  in- 
put/output  port  arrangements  or  formats,  one  of 
which  enables  all  the  bits  to  use  all  the  external 
terminals  and  the  other  of  which  enables  only  one 
bit  to  use  only  one  external  terminal.  In  other 
words,  the  conventional  input/output  circuit  is  low  in 
feasibility  of  input/output  port  arrangement  or  for- 
mat.  In  addition,  it  is  necessary  to  interleave  a 

control  signal  for  an  external  serial  clock,  and 
therefore,  a  complicated  signal  system  is  required. 

Turning  to  Figures  3  and  4,  there  are  respec- 
tively  shown  block  diagrams  illustrating  an  output 

5  port  and  an  input  port  of  a  four-bit  type  digital 
input/output  circuit  embodying  the  present  inven- 
tion. 

The  output  port  shown  in  Figure  3  includes  a 
scrambler  100  having  four  inputs  connected  to  the 

10  internal  signal  lines  10,  12,  14  and  16  which  form  a 
internal  data  bus.  The  scrambler  100  has  four  out- 
puts  connected  to  four  inputs  of  a  shift  register 
110,  which  has  four  outputs  connected  to  four 
outputs  of  an  output  circuit  120.  This  output  circuit 

15  120  has  four  outputs  connected  through  the  signal 
lines  40,  42,  44  and  46  to  the  external  terminals  20, 
22,  24  and  26,  respectively.  The  scrambler  100,  the 
shift  register  110  and  the  output  circuit  120  are 
respectively  connected  to  receive  mode  signals 

20  MOD4,  MOD2  and  MOD1  through  a  mode  signal 
bus  130.  The  mode  signal  MOD4  requires  a  four- 
bit  parallel  transmission,  and  the  mode  signal 
MOD2  requires  a  two-bit  parallel  transmission.  The 
mode  signal  MOD1  requires  a  one-bit  serial  trans- 

25  mission. 
With  the  above  mentioned  arrangement,  the 

scrambler  100  responds  to  the  mode  signal  so  as 
to  relocate  the  input  bits  into  a  positional  arrange- 
ment  of  bits  indicated  by  the  mode  signal.  The  shift 

30  register  110  latches  the  signals  of  four  bits  output- 
ted  from  the  scrambler  100  and  shifts  the  latched 
bits  by  the  amount  indicated  by  the  mode  signal. 
For  example,  when  the  mode  signal  MOD4  is  sup- 
plied,  the  shift  register  110  outputs  the  received 

35  bits  to  the  output  circuit  120  without  shift  if  the 
scrambler  100  does  not  change  the  position  of  the 
bits.  If  the  scrambler  100  changes  the  position  of 
the  bits,  the  shift  register  110  cyclicly  shifts  the 
received  bits  by  a  necessary  amount  for  permitting 

40  the  same  position  of  bits  as  the  positional  arrange- 
ment  of  bits  on  the  input  signal  lines  10  to  16  to  be 
outputted  to  the  output  circuit  120.  When  the  mode 
signal  MOD2  or  MOD1  is  applied,  the  shift  register 
110  cyclicly  shifts  the  received  bits  in  accordance 

45  with  a  required  amount  determined  by  the  mode 
signal. 

The  output  circuit  120  outputs  the  bits  received 
from  the  shift  register  110  to  all  or  selected  one  or 
ones  of  the  external  terminals  20  to  26  designated 

50  by  the  mode  signal  MOD4,  MOD2  or  MOD1. 
The  input  port  shown  in  Figure  4  has  a  input 

circuit  140  having  four  inputs  connected  through 
the  signal  lines  40  to  46  to  the  external  terminals 
20  to  26.  This  input  circuit  140  also  has  four 

55  outputs  connected  to  a  shift  register  150,  which  in 
turn  has  four  outputs  connected  to  a  scrambler 
160.  Four  outputs  of  this  scrambler  160  are  con- 
nected  to  the  internal  signal  lines  10  to  16,  respec- 

4 
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tively.  Further,  the  shift  register  150  and  the  scram- 
bler  160  are  respectively  connected  to  receive 
mode  signals  MOD4,  MOD2  and  MOD1  through  a 
mode  signal  bus  170  so  that  these  circuits  are 
controlled  as  follows: 

When  the  mode  signal  MOD4  is  applied,  the 
shift  register  150  operates  to  simultaneously  latch 
all  the  bits  outputted  form  the  input  circuit  140. 
When  the  mode  signal  MOD2  is  inputted,  the  shift 
register  150  latches  only  two  bits  of  the  four  bits 
outputted  from  the  input  circuit  140,  two  times 
sequentially  at  different  moments.  Further,  when 
the  mode  signal  MOD1  is  applied,  the  shift  register 
150  latches  only  one  bit  of  the  four  bits  outputted 
from  the  input  circuit  140,  four  times  sequentially  at 
different  moments.  The  scrambler  160  relocates 
the  bits  outputted  from  the  shift  register  150  into  an 
arrangement  of  bits  in  accordance  with  the  re- 
ceived  mode  signal  MOD4,  MOD2  or  MOD1  and 
outputs  the  relocated  bits  to  the  internal  signal  lines 
10  to  16  in  parallel. 

Referring  to  Figure  5,  there  is  shown  a  circuit 
diagram  of  one  embodiment  of  the  output  port  in 
accordance  with  the  present  invention,  which  can 
be  used  as  the  output  port  shown  in  Figure  3. 

The  scrambler  100  comprises  one  set  of  four 
connection  lines  Li0,  Ln,  Li2  and  L13  which  are 
connected  to  the  internal  signal  lines  10,  12,  14 
and  16,  respectively,  and  which  are  respectively 
connected  to  one  ends  of  four  transfer  gate  FETs 
Q10,  On,  Q12  and  Qi3.  These  FETs  have  gates 
commonly  connected  to  receive  the  mode  signal 
MOD4  and  coupled  at  their  other  ends  to  another 
set  of  four  connection  lines  L20,  L21,  L22  and  L23, 
as  shown  in  the  drawing.  Namely,  the  other  ends  of 
the  FETs  Q10,  Qn,  Qi2  and  Q13  are  connected  to 
the  connection  lines  L20,  L22,  L2i  and  L23,  respec- 
tively. 

The  scrambler  100  includes  another  set  of  four 
transfer  gate  FETs  Q2o,  Q2i,  Q22  and  Q23  having 
their  one  ends  connected  to  the  connection  lines 
L10,  Ln,  Li2  and  L13,  respectively  and  their  other 
ends  connected  to  the  connection  lines  L23,  L2i, 
L20  and  L22,  respectively.  Gates  of  these  FETs 
Q2o,  Q2i  ,  Q22  and  Q23  are  commonly  connected  to 
receive  the  mode  signal  MOD2.  Further,  a  third  set 
of  transfer  gate  FETs  Q30,  Q31,  Q32  and  Q33  are 
connected  at  their  one  ends  to  the  connection  lines 
L10,  Ln,  Li2  and  L13,  respectively  and  at  their 
other  ends  connected  to  the  connection  lines  L21, 
L22,  L23  and  L20,  respectively.  Gates  of  these  FETs 
Q30,  Q31  ,  Q32  and  Q33  are  commonly  connected  to 
receive  the  mode  signal  MOD1. 

The  four  connection  lines  L20,  L2i,  L22  and  L23 
of  the  scrambler  100  are  connected  to  tour  connec- 
tion  lines  L3o,  L31,  L32  and  L33,  which  are  respec- 
tively  connected  to  one  ends  of  four  transfer  gate 
FETs  Q40,  Q<n  ,  Q42  and  Q43  of  the  shift  register 

110.  These  FETs  have  gates  commonly  connected 
to  receive  a  gate  control  signal  LOD  and  coupled  at 
their  other  ends  through  four  connection  lines  U0, 
U1  ,  U2  and  U3  to  inputs  D  of  four  D-type  flipflops 

5  111,  112,  113  and  114.  All  the  flipflops  111,  112, 
113  and  114  are  connected  to  receive  the  same 
basic  clock  SCK  at  their  clock  inputs,  so  that  each 
time  the  clock  SCK  is  inputted,  the  data  on  the 
lines  Uo,  U1,  U2  and  U3  are  latched  in  the  D- 

10  type  flipflops  111,  112,  113  and  114,  respectively. 
In  addition,  the  flipflops  111,  112,  113  and  114 
have  their  outputs  Q  connected  through  four  trans- 
fer  gate  FET's  Q51,  Q52,  Q53  and  Q50  to  the  four 
connection  lines  U1,  U2,  L43  and  U0,  respec- 

15  tively.  These  FETs  Q50,  Q51,  Q52  and  Q53  are 
connected  to  receive  a  shift  signal  SFT  at  their 
gates  so  that  when  the  shift  signal  SFT  is  active,  if 
the  clock  SCK  is  rendered  active,  the  data  on  the 
outputs  Q  of  the  D-type  flipflops  111,  112,  113  and 

20  114  are  shifted  to  the  input  of  the  D-type  flipflops 
112,  113,  114  and  111. 

The  output  circuit  120  includes  four  output 
buffers  121,  122,  123  and  124.  The  output  buffer 
121  is  connected  at  its  input  to  the  output  Q  of  the 

25  flipflop  1  1  1  and  at  its  output  to  the  external  terminal 
20.  The  output  buffer  122  is  connected  at  its  input 
to  the  output  Q  of  the  flipflop  113  and  at  its  output 
to  the  external  terminal  22  and  has  a  control  in- 
verted  input  connected  to  receive  the  mode  signal 

30  MOD1  so  that  when  the  mode  signal  MOD1  is 
active,  the  buffer  122  is  put  in  an  inactive  condition. 
Further,  the  output  buffer  123  is  connected  at  its 
input  to  the  output  Q  of  the  flipflop  112  and  at  its 
output  to  the  external  terminal  24  and  has  a  control 

35  inverted  input  connected  to  an  output  of  an  OR 
gate  125  which  receives  the  mode  signal  MOD1 
and  the  mode  signal  MOD2.  In  addition,  the  output 
buffer  124  is  connected  at  its  input  to  the  output  Q 
of  the  flipflop  114  and  at  its  output  to  the  external 

40  terminal  26  and  has  a  control  inverted  input  con- 
nected  to  an  output  of  an  OR  gate  126  which 
receives  the  mode  signal  MOD1  and  the  mode 
signal  MOD2.  Therefore,  if  either  the  mode  signal 
MOD1  or  the  mode  signal  MOD2  is  active,  the 

45  buffers  123  and  124  are  put  in  an  inactive  con- 
dition,  respectively. 

Now,  operation  of  the  output  port  shown  In 
Figure  5  will  be  explained  with  reference  to  Figures 
6A  to  6B  and  7A  to  7D  which  illustrate  the  relation 

50  between  the  data  on  the  internal  signal  lines  10  to 
16  and  the  data  on  the  external  terminals  20  to  26 
of  the  output  port  shown  in  Figure  5  in  different 
operation  modes. 

55  (1)  Active  mode  signal  MOD4  (Figure  6A) 

When  the  mode  signal  MOD4  is  made  active, 
the  other  mode  signals  MOD2  and  MOD1  are  inac- 

5 
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tive.  Accordingly,  the  FETs  Q10,  Qn,  Q12  and  Q13 
are  turned  on  so  that  the  respective  data  do,  di  ,  62 
and  d3  on  the  internal  signal  lines  10,  12,  14  and 
16  are  transferred  through  the  connection  lines  L2o, 
L22,  L21  and  L23  to  the  connection  lines  L30,  L32, 
L31  and  L33,  as  seen  from  Figure  5.  Namely,  the 
data  di  and  62  are  exchanged  by  the  scrambler 
100.  Thus,  the  data  do,  62,  di  and  d3  relocated  in 
the  named  order  are  inputted  from  the  connection 
lines  L3o,  L31,  L32  and  L33  to  the  shift  register  110, 
and  then  transferred  to  the  lines  U0,  U1,  U2  and 
U3  when  the  gate  control  signal  LOD  is  made 
active.  Thereafter,  when  the  clock  SCK  is  rendered 
active,  the  data  do,  62,  di  and  d3  are  latched  to  the 
flipflops  111,  112,  113  and  114,  respectively,  as 
shown  in  Figure  6A.  The  data  do,  62,  di  and  d3 
thus  latched  in  the  flipflops  111,  112,  113  and  114 
are  outputted  to  the  output  buffers  121,  123,  122 
and  124,  respectively.  Namely,  the  order  of  the 
data  d2  and  di  is  returned  to  the  named  order  of 
di  and  62-  Accordingly,  the  data  do,  di  ,  d2  and  d3 
on  the  internal  signal  lines  10  to  16  are  outputted 
to  the  output  buffers  121,  122,  123  and  124,  re- 
spectively.  At  this  time,  since  the  mode  signal 
MOD4  is  active  and  the  other  mode  signals  MOD2 
and  MOD1  are  inactive,  all  the  output  buffers  121, 
122,  123  and  124  are  active  or  in  an  enable  con- 
dition.  Thus,  the  data  do,  di  ,  d2  and  d3  respectively 
inputted  to  the  output  buffers  121,  122,  123  and 
124  are  outputted  to  the  external  terminals  20  to 
26,  respectively. 

(2)  Active  mode  signal  MOD2  (Figures  6B  and  6C) 

When  the  mode  signal  MOD2  is  made  active, 
the  other  mode  signals  MOD4  and  MOD1  are  inac- 
tive.  Accordingly,  the  FETs  Q20,  Q21  Q22  and  Q23 
are  turned  on  so  that  the  respective  data  do,  di  ,  d2 
and  d3  on  the  internal  signal  lines  10,  12,  14  and 
1  6  are  relocated  to  the  order  of  the  respective  data 
d2,  di  ,  d3  and  do  and  then  transferred  to  the 
connection  lines  L30,  L31,  L32  and  L33-  The  re- 
located  data  d2,  di  ,  d3  and  do  are  transferred  to 
the  lines  U0,  U1,  U2  and  U3  when  the  gate 
control  signal  LOD  is  made  active.  Thereafter, 
when  the  clock  SCK  is  rendered  active,  the  data 
d2,  di  ,  d3  and  do  are  latched  to  the  flipflops  111, 
112,  113  and  114,  respectively,  as  shown  in  Figure 
6B.  The  data  d2,  di  ,  d3  and  do  thus  latched  in  the 
flipflops  111,  112,  1  1  3  and  1  1  4  are  outputted  to  the 
output  buffers  121,  123,  122  and  124,  respectively. 
At  this  time,  since  the  mode  signal  MOD2  is  active 
and  the  other  mode  signal  MOD1  is  inactive,  the 
output  buffers  121  and  122  are  made  active  or  in 
an  enable  condition  and  the  output  buffers  123  and 
124  are  made  inactive  or  in  an  disable  condition. 
Thus,  only  the  data  d2  and  d3  respectively  inputted 
to  the  output  buffers  121  and  122  are  outputted  to 

the  external  terminals  20  and  22,  respectively,  as 
shown  in  Figure  6B. 

Thereafter,  the  gate  control  signal  LOD  is  made 
inactive,  so  that  the  connection  lines  L30,  L31,  L32 

5  and  L33  are  isolated  form  the  lines  L40,  U1,  L42 
and  L+3-  After  this  isolation,  the  active  shift  signal 
SFT  is  inputted  to  the  gates  of  the  FETs  Q50,  Q51  , 
Q52  and  Q53,  so  that  the  outputs  Q  of  the  flipflops 
111,  112,  123  and  124  are  connected  to  the  inputs 

70  D  of  the  flipflops  112,  123,  124  and  121,  respec- 
tively.  Therefore,  after  the  shift  signal  SFT  is  made 
inactive  and  when  the  clock  SCK  is  made  active, 
the  contents  of  the  outputs  Q  of  the  flipflops  111, 
112,  123  and  124  are  latched  in  the  flipflops  112, 

75  123,  124  and  121,  respectively.  Namely,  The  data 
do,  d2,  di  and  d3  are  latched  in  the  flipflops  111, 
112,  113  and  114,  respectively,  as  shown  in  Figure 
6C  and  are  outputted  form  the  outputs  Q  of  the 
flipflops  111,  112,  113  and  114  to  the  output  buff- 

20  ers  121,  123,  122  and  124,  respectively.  Namely, 
the  data  do  and  di  of  the  data  do,  d2,  di  and  d3 
are  outputted  through  the  buffers  121  and  122  to 
the  external  terminals  20  and  22,  respectively,  as 
shown  in  Figure  6C. 

25 
(3)  Active  mode  signal  MOD1  (Figures  7A,  7B,  7C 
and  7D) 

When  the  mode  signal  MOD1  is  made  active, 
30  the  other  mode  signals  MOD4  and  MOD2  are  inac- 

tive.  Accordingly,  the  FETs  Q30,  Q31,  Q32  and  Q33 
are  turned  on  so  that  the  respective  data  do,  di  ,  d2 
and  d3  on  the  internal  signal  lines  10,  12,  14  and 
16  are  relocated  to  the  order  of  d3,  do,  di  and  d2 

35  and  then  transferred  to  the  connection  lines  L30, 
L31  ,  L32  and  L33-  The  relocated  data  d3,  do,  di  and 
d2  are  transferred  to  the  lines  L40,  U1  ,  L42  and  L43 
through  the  FETs  Q+o,  Q<n  ,  Q42  and  Q43  when  the 
gate  control  signal  LOD  is  made  active.  Thereafter, 

40  when  the  clock  SCK  is  rendered  active,  the  data 
d3,  do,  di  and  d2  are  latched  to  the  flipflops  111, 
112,  113  and  114,  respectively,  as  shown  in  Figure 
7A.  The  data  d3,  do,  di  and  d2  thus  latched  in  the 
flipflops  111,  112,  1  1  3  and  1  1  4  are  outputted  to  the 

45  output  buffers  121,  123,  122  and  124,  respectively. 
At  this  time,  since  the  mode  signal  MOD1  is  active, 
only  the  output  buffer  121  is  in  an  enable  condition 
and  the  output  buffers  122,  123  and  124  are  made 
inactive  or  in  an  disable  condition.  Thus,  only  the 

50  data  d3  inputted  to  the  output  buffer  121  is  output- 
ted  to  the  external  terminal  20  as  shown  in  Figure 
7A. 

Thereafter,  similarly  to  the  case  of  the  mode 
signal  MOD4  being  active,  the  gate  control  signal 

55  LOD  is  made  inactive,  so  that  the  connection  lines 
L30,  L31,  L32  and  L33  are  isolated  form  the  lines 
L+o,  U1  ,  L42  and  L+3-  After  this  isolation,  the  active 
shift  signal  SFT  is  inputted  to  the  gates  of  the 

6 
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FETs  0.5  o,  Q51  ,  Q52  and  Q53,  so  that  the  outputs  Q 
of  the  flipflops  111,  112,  123  and  124  are  con- 
nected  to  the  inputs  D  of  the  flipflops  112,  123,  124 
and  121,  respectively.  Therefore,  after  the  shift 
signal  SFT  is  made  inactive  and  when  the  clock 
SCK  is  made  active,  the  contents  of  the  outputs  Q 
of  the  flipflops  1  1  1  ,  1  1  2,  1  23  and  1  24  are  latched  in 
the  flipflops  112,  123,  124  and  121,  respectively. 
Namely,  The  data  62,  d3,  do  and  di  are  latched  in 
the  flipflops  111,  112,  113  and  114,  respectively,  as 
shown  in  Figure  7B  and  are  outputted  form  the 
outputs  Q  of  the  flipflops  111,  112,  113  and  114  to 
the  output  buffers  121,  123,  122  and  124,  respec- 
tively,  so  that  the  data  62  is  outputted  through  the 
buffer  121  to  the  external  terminal  20,  as  shown  in 
Figure  7B.  Thereafter,  similarly,  each  time  the  shift 
control  signal  SFT  and  the  clock  SCK  are  applied, 
the  data  latched  in  the  flipflops  111,  112,  113  and 
114  are  shifted  by  one  bit  so  that  the  data  di  and 
do  are  sequentially  outputted  to  the  external  termi- 
nal  20. 

Thus,  when  the  mode  signal  MOD1  is  active, 
the  data  is  sequentially  outputted  from  the  external 
terminal  20  in  the  order  of  d3,  62,  di  and  do. 

Turning  to  Figure  8,  there  is  shown  a  circuit 
diagram  of  one  embodiment  of  the  input  port  in 
accordance  with  the  present  invention,  which  can 
be  used  as  the  input  port  shown  in  Figure  3. 

The  input  circuit  140  includes  four  input  buffers 
141,  142,  143  and  144  located  in  parallel  and 
having  their  inputs  connected  to  the  external  termi- 
nals  20  to  26,  respectively. 

An  output  of  the  input  buffer  141  is  connected 
through  a  connection  line  LG0  to  an  input  D  of  a  D- 
type  flipflop  151  included  in  the  shift  register  150. 
An  output  of  the  input  buffer  143  is  coupled  to  an 
input  D  of  a  D-type  flipflop  152  through  a  connec- 
tion  line  L51,  a  transfer  gate  FET  QG0  and  a  con- 
nection  line  Ul  The  FET  QG0  has  a  gate  con- 
nected  to  receive  the  mode  signal  MOD4  so  that 
the  signal  MOD4  is  active,  the  line  L51  is  con- 
nected  to  the  line  LGi  .  An  output  of  the  input  buffer 
142  is  coupled  through  a  connection  line  L52,  a 
transfer  gate  FET  QGi  and  a  connection  line  LG2  to 
a  input  D  of  a  D-type  flipflop  153.  The  FET  QGi  has 
a  gate  connected  to  receive  through  an  OR  gate 
155  the  mode  signal  MOD4  and  the  mode  signal 
MOD2  so  that  the  signal  MOD4  or  MOD2  is  active, 
the  line  L52  is  connected  to  the  line  LG2.  An  output 
of  the  input  buffer  144  is  coupled  to  an  input  D  of  a 
D-type  flipflop  154  through  a  connection  line  L53,  a 
transfer  gate  FET  QG2  and  a  connection  line  LG3. 
The  FET  QG2  has  a  gate  connected  to  receive  the 
mode  signal  MOD4  so  that  the  signal  MOD4  is 
active,  the  line  L53  is  connected  to  the  line  LG3. 

All  the  flipflops  151  to  154  are  connected  to 
receive  the  same  clock  SCK  at  their  clock  inputs. 
Further,  a  Q  output  of  the  flipflop  151  is  connected 

to  the  line  LGi  through  a  transfer  gate  FET  Q70 
whose  gate  is  connected  to  receive  the  mode  sig- 
nals  MOD2  and  MOD1  through  an  OR  gate  156,  so 
that  when  either  the  mode  signal  MOD2  or  MOD1 

5  is  made  active,  the  output  of  the  flipflop  151  is 
coupled  to  the  input  D  of  the  flipflop  152.  Similarly, 
a  Q  output  of  the  flipflop  152  is  connected  to  the 
line  LG2  through  a  transfer  gate  FET  Q71  whose 
gate  is  connected  to  receive  the  mode  signal 

70  MOD1.  In  addition,  a  Q  output  of  the  flipflop  153  is 
connected  to  the  line  LG3  through  a  transfer  gate 
FET  Q72  whose  gate  is  connected  to  receive  the 
mode  signals  MOD2  and  MOD1  through  the  OR 
gate  156. 

75  The  respective  outputs  Q  of  the  flipflops  151  to 
154  are  connected  to  four  connection  lines  L23, 
L22,  L21  and  L20,  respectively.  These  connection 
lines  L23,  L22,  L21  and  L2o  are  connected  through 
transfer  gate  FETs  Qso,  Qs2,  Qsi  and  Qs3  to  four 

20  connection  lines  L10,  L12,  Ln  and  L13,  respec- 
tively.  The  FETs  Qso,  Qs2,  Qsi  and  Qs3  have  their 
gates  commonly  connected  to  receive  through  a 
OR  gate  161  the  mode  signals  MOD4  and  MOD2 
so  that  either  the  mode  signal  MOD4  or  MOD2  is 

25  active,  the  lines  L23,  L22,  L21  and  L2o  are  con- 
nected  to  the  lines  L10,  L12,  Ln  and  L13,  respec- 
tively.  Further,  the  lines  L23,  L22,  L21  and  L2o  are 
respectively  connected  to  four  connection  lines 
L10,  Ln  ,  L12  and  L13  through  transfer  gate  FETs 

30  Q90,  Q91,  Q92  and  Q93  whose  gates  are  commonly 
connected  to  receive  the  mode  signal  MODE1  .  The 
four  connection  lines  L10,  Ln  ,  L12  and  L13  are 
connected  to  the  internal  signal  lines  10,  12,  14 
and  16,  respectively, 

35  Now,  operation  of  the  input  port  shown  In  Fig- 
ure  8  will  be  explained  with  reference  to  Figures  9A 
to  9C  and  10A  to  10D  which  illustrate  the  relation 
between  the  data  on  the  internal  signal  lines  10  to 
16  and  the  data  on  the  external  terminals  20  to  26 

40  of  the  input  port  shown  in  Figure  8  in  different 
operation  modes. 

(1)  Active  mode  signal  MOD4  (Figure  9A) 

45  When  the  mode  signal  MOD4  is  made  active, 
the  other  mode  signals  MOD2  and  MOD1  are  inac- 
tive.  Accordingly,  the  FETs  Q70,  Q71,  Q72  and  Q73 
are  maintained  off  and  the  FETs  QGo,  QGi  and  Q12 
are  turned  on.  Therefore,  the  data  do,  di  ,  d2  and  d3 

50  inputted  form  the  external  terminals  20,  22,  24  and 
26  are  inputted  through  the  input  buffers  141  to 
144  to  the  connection  lines  LG0,  LG2,  LGi  and  LG3. 
When  the  clock  SCK  is  rendered  active,  the  flip- 
flops  151,  153,  152  and  154  respectively  latch  the 

55  data  do,  d2,  di  and  d3  on  the  lines  60,  61,  62  and 
63,  as  shown  in  Figure  9A.  The  data  do,  d2,  di  and 
d3  thus  latched  are  outputted  from  the  Q  outputs  of 
the  the  flipflops  151,  153,  152  and  154  to  the 
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connection  lines  L23,  L22,  L21  and  L20  of  the 
scrambler  160,  respectively.  The  data  do,  d2,  di 
and  d3  on  the  lines  L23,  L22,  L2i  and  L20  are 
supplied  through  the  FETs  Qso,  Qs2,  Qsi  and  Qs3 
to  the  connection  lines  L10,  Ln,  Li2  and  L13,  as 
seen  from  Figure  8.  Namely,  the  positions  of  data 
d2  and  di  are  exchanged  by  the  scrambler  160. 
Thus,  the  data  do,  di  ,  d2  and  d3  relocated  in  the 
named  order  are  inputted  form  the  connection  lines 
L10,  Ln,  Li2  and  L13  to  the  internal  signal  lines  10, 
12,  14  and  16,  respectively.  Accordingly,  the  data 
do,  di  ,  d2  and  d3  on  the  external  terminals  20  to  26 
are  inputted  to  the  internal  signal  lines  10  to  16, 
respectively. 

(2)  Active  mode  signal  MOD2  (Figures  9B  and  9C) 

When  the  mode  signal  MOD2  is  made  active, 
the  other  mode  signals  MOD4  and  MOD1  are  inac- 
tive.  Accordingly,  the  FETs  Qgo,  Qg2  and  Q71  are 
maintained  off  and  the  FETs  Qgi,  Q70  and  Q72  are 
turned  on.  Therefore,  the  data  d2  and  d3  inputted 
to  the  external  terminals  20  and  22  are  supplied 
through  the  input  buffers  141  and  142  to  the  con- 
nection  lines  Lgo  and  L62.  When  the  clock  SCK  is 
rendered  active,  the  flipflops  151  and  153  respec- 
tively  latch  the  data  d2  and  d3,  as  shown  in  Figure 
9B.  The  data  d2  and  d3  thus  latched  are  outputted 
from  the  Q  outputs  of  the  the  flipflops  151  and  153 
to  the  internal  signal  lines  10  and  12,  respectively. 

After  the  data  d2  and  d3  are  latched  in  the  the 
flipflops  151  and  153,  the  data  do  and  di  are 
inputted  to  the  external  terminals  20  and  22.  The 
data  do  and  di  inputted  to  the  external  terminals  20 
and  22  are  supplied  through  the  input  buffers  141 
and  142  to  the  connection  lines  LGo  and  LG2.  When 
the  clock  SCK  is  rendered  active,  the  flipflops  151 
and  153  respectively  latch  the  data  do  and  di  ,  and 
the  flipflops  152  and  154  respectively  latch  the 
data  d2  and  d3  outputted  from  the  Q  outputs  of  the 
flipflops  151  and  153  through  the  FETs  Q70  and 
Q72  in  the  conductive  condition,  as  shown  in  Figure 
9C.  The  data  do,  d2,  di  and  d3  thus  latched  are 
outputted  from  the  Q  outputs  of  the  the  flipflops 
151  to  154  through  the  scrambler  160  to  the  inter- 
nal  signal  lines  10  to  16  in  the  order  of  data  do,  di  , 
d2  and  d3,  as  shown  in  Figure  9C. 

Accordingly,  the  data  d2  and  d3  and  the  data 
do  and  di  which  are  sequentially  supplied  in  a  two- 
bits-by-two-bits  manner  to  the  external  terminals  20 
and  22  are  inputted  to  the  internal  signal  lines  10  to 
16  in  the  order  of  data  do,  di  ,  d2  and  d3  in  a 
parallel  arrangement. 

(3)  Active  mode  signal  MOD1  (Figures  10A,  10B, 
10C  and  10D) 

When  the  mode  signal  MOD1  is  made  active, 
5  the  other  mode  signals  MOD4  and  MOD2  are  inac- 

tive.  Accordingly,  the  FETs  Qgo,  Qgi  and  Qg2  are 
maintained  off  and  the  FETs  Q70,  Q71  and  Q72  are 
turned  on.  Therefore,  only  the  output  of  the  input 
buffer  141  of  the  four  buffers  141  to  144  is  inputted 

10  to  the  input  D  of  the  flipflop  151  . 
When  the  data  d3  is  inputted  to  the  external 

terminal  20  and  the  active  clock  SCK  is  applied  to 
the  four  flipflops  151  to  154,  the  flipflop  151  latches 
the  data  d3,  as  shown  in  Figure  10A.  At  the  next 

15  clock  SCK,  the  data  d2  is  inputted  to  the  external 
terminal  20  so  that  the  flipflop  151  latches  the  data 
d2,  and  the  flipflop  152  latches  the  data  d3  output- 
ted  from  the  Q  output  of  the  flipflop  151  through 
the  conducting  FET  Q70,  as  shown  in  Figure  10B. 

20  Similarly,  at  third  and  fourth  clocks  SCK,  the  data 
di  and  do  are  sequentially  inputted  to  the  external 
terminal  20  so  that  the  flipflop  151  sequentially 
latches  the  data  di  and  do.  On  the  other  hand,  the 
data  latched  in  the  respective  flipflops  are  sequen- 

25  tially  shifted.  As  result,  after  the  fourth  clock  SCK, 
the  data  do,  di  ,  d2  and  d3  are  latched  in  the  the 
flipflops  151  to  154  and  are  outputted  from  the  Q 
outputs  of  the  flipflops  151  to  154  through  the 
FETs  Q90,  Q91,  Q93  and  Q94  of  the  scrambler  160 

30  to  the  internal  signal  lines  10  to  16  in  the  order  of 
data  do,  di  ,  d2  and  d3,  as  shown  in  Figure  10D. 

Accordingly,  the  data  d3,  d2,  di  and  di  which 
are  sequentially  supplied  bit  by  bit  to  the  external 
terminal  20  are  inputted  to  the  internal  signal  lines 

35  10  to  16  in  the  order  of  data  do,  di  ,  d2  and  d3  in  a 
parallel  arrangement. 

Referring  to  Figure  1  1  ,  there  is  shown  a  circuit 
diagram  of  another  embodiment  of  the  output  port 
in  accordance  with  the  present  invention,  which  can 

40  be  used  as  the  output  port  shown  in  Figure  3.  But, 
as  seen  from  comparison  between  Figure  3  and 
Figure  11,  the  scrambler  100  and  the  shift  register 
110  are  exchanged  in  positional  sequence. 

The  shift  register  110  includes  four  FETs  Q100, 
45  Q101,  Qio2  and  Q103  connected  at  their  one  ends 

to  the  internal  signal  lines  10,  12,  14  and  16, 
respectively.  The  FETs  Q100,  Q101,  Qio2  and  Q103 
have  their  gates  commonly  connected  to  receive  a 
gate  control  signal  LOD,  and  the  other  ends  of  the 

50  FETs  Q100,  Q101,  Qio2  and  Q103  are  connected  to 
inputs  D  of  four  D-type  flipflops  115,  116,  117  and 
118,  respectively,  so  that  when  the  gate  control 
signal  LOD  is  made  active,  the  signal  on  the  inter- 
nal  signal  lines  10  to  16  are  inputted  to  the  inputs 

55  D  of  four  D-type  flipflops  115,  116,  117  and  118. 
These  flipflops  are  connected  to  receive  the  clock 
signal  SCK  at  their  clock  input  C,  and  D  outputs  of 
the  flipflops  115,  116,  117  and  118  are  connected 
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to  the  four  connection  lines  Li0,  Ln,  L12  and  L13  of 
the  scrambler  100. 

Further,  the  D  input  of  the  flipflop  116  is  con- 
nected  to  the  connection  line  L10  through  FETs 
Qui  and  Q121,  and  the  D  input  of  the  flipflop  117 
is  connected  to  the  connection  line  Li  1  through 
FETs  Q112  and  Q122  and  to  the  connection  line  L10 
through  FETs  Q112  and  Qi32-  In  addition,  the  D 
input  of  the  flipflop  118  is  connected  to  the  connec- 
tion  line  L12  through  FETs  Qi  1  3  and  Q123  and  to 
the  connection  line  Li  1  through  FETs  Qi  1  3  and 
Q.133-  FETs  Q111,  Q112  and  Qi  1  3  have  their  gates 
commonly  connected  to  receive  the  shift  control 
signal  SFT.  FETs  Q121,  Q122  and  Q123  have  their 

16  are  transferred  to  the  flipflops  115  to  118  when 
the  gate  control  signal  LOD  is  made  active  and 
latched  to  those  flipflops  when  the  clock  SCK  is 
made  active.  As  a  result,  the  respective  data  do, 

5  di  ,  d2  and  d3  latched  in  the  flipflops  115  to  118  to 
the  external  terminals  20  to  26,  respectively,  with- 
out  relocation  of  parallel  data  bits,  as  shown  in 
Figure  12A. 

70  (2)  Active  mode  signal  MOD2  (Figures  12B  and 
12C) 

When  the  mode  signal  MOD2  is  made  active, 
the  other  mode  signals  MOD4  and  MOD1  are  inac- 

75  tive.  Accordingly,  FETs  Q121,  Q122  and  Q123,  FETs 
Quo,  Qui,  Qu2  and  Qu3  and  FETs  Qigo,  Qigi, 
Q1G2  and  Q1G3  are  maintained  off,  and  the  FETs 
Q132  and  Q133,  and  FETs  Q150,  Q151,  Q152  and 
Q153  are  turned  on.  In  addition,  the  output  buffers 

20  121  and  122  are  maintained  in  the  enable  condition 
but  the  output  buffers  123  and  124  are  maintained 
in  the  disable  condition. 

Thus,  when  the  gate  control  signal  LOD  is 
made  active,  the  respective  data  do,  di  ,  d2  and  d3 

25  on  the  internal  signal  lines  10,  12,  14  and  16  are 
inputted  to  the  flipflops  115  to  118,  and  then 
latched  to  these  flipflops  when  the  clock  SCK  is 
made  active.  As  a  result,  the  respective  data  do, 
di  ,  d2  and  d3  latched  in  the  flipflops  115  to  118. 

30  Therefore,  the  respective  data  d2  and  d3  are 
latched  in  the  flipflops  117  and  118  to  the  external 
terminals  20  and  22,  respectively,  through  the 
FETs  Q150  and  Q151,  as  shown  in  Figure  12B. 

Thereafter,  the  gate  control  signal  LOD  is  made 
35  inactive,  so  that  the  signal  lines  10  to  16  are 

isolated  form  the  flipflops  115  to  118.  After  this 
isolation,  the  active  shift  signal  SFT  is  inputted  to 
the  gates  of  the  FETs  Qi  1  1  to  Qi  1  3  ,  so  that  the 
outputs  Q  of  the  flipflops  115  and  116  are  con- 

40  nected  to  the  inputs  D  of  the  flipflops  117  and  118, 
respectively.  Therefore,  after  the  shift  signal  SFT 
made  inactive  and  when  the  clock  SCK  is  made 
active,  the  outputs  Q  of  the  flipflops  115  and  116 
are  latched  in  the  flipflops  117  and  118,  respec- 

45  tively.  Namely,  The  data  do  and  d2,  are  latched  in 
the  flipflops  117  and  118,  respectively,  as  shown  in 
Figure  12C  and  are  outputted  to  the  output  buffers 
121  and  122,  respectively.  On  the  other  hand,  the 
content  of  the  flipflops  115  and  116  are  not  con- 

50  stant.  Thus,  the  data  do  and  di  of  the  data  do,  d2, 
di  and  d3  are  outputted  through  the  buffers  121 
and  122  to  the  external  terminals  20  and  22,  re- 
spectively,  as  shown  in  Figure  12C. 

gates  commonly  connected  to  receive  the  mode  75 
signal  MOD1.  FETs  Q132  and  Q133  have  their 
gates  commonly  connected  to  receive  the  mode 
signal  MOD2. 

In  the  scrambler  100,  the  four  connection  lines 
L10,  Ln,  L12  and  L13  are  connected  to  four  con-  20 
nection  lines  L2o,  L21,  L22  and  L23,  respectively, 
through  FETs  Quo,  Qui,  Q1+2  and  Qu3  whose 
gates  are  connected  to  receive  the  mode  signal 
MOD4.  Further,  the  connection  lines  L12,  L13,  L10 
and  Ln  are  connected  to  the  connection  lines  L2o,  25 
L21,  L22  and  L23,  respectively,  through  FETs  Q150, 
Q151,  Q152  and  Q153  whose  gates  are  connected 
to  receive  the  mode  signal  MOD2.  The  connection 
lines  L13,  L10,  Ln  and  L12  are  also  connected  to 
the  connection  lines  L2o,  L21,  L22  and  L23,  respec-  30 
tively,  through  FETs  Qigo,  Qigi,  Q1G2  and  Q1G3 
whose  gates  are  connected  to  receive  the  mode 
signal  MOD1. 

The  output  circuit  120  shown  in  Figure  11  is 
constructed  similar  to  that  shown  in  Figure  5.  But,  35 
the  connection  lines  L2o,  L21,  L22  and  L23  are 
connected  to  the  inputs  of  the  output  buffers  121  to 
124,  respectively. 

Now,  operation  of  the  output  port  shown  in 
Figure  11  will  be  explained  with  reference  to  Fig-  40 
ures  12A  to  12C  and  13A  to  13D  which  illustrate 
the  relation  between  the  data  on  the  internal  signal 
lines  10  to  16  and  the  data  on  the  external  termi- 
nals  20  to  26  of  the  output  port  shown  in  Figure  1  1 
in  different  operation  modes.  45 

(1)  Active  mode  signal  MOD4  (Figure  12A) 

When  the  mode  signal  MOD4  is  made  active, 
the  other  mode  signals  MOD2  and  MOD1  are  inac-  50 
tive.  Accordingly,  FETs  Q121,  Q122  and  Q123,  FETs 
Q132  and  Q133,  FETs  Q150,  Q151,  Q152  and  Q153 
and  FETs  Qigo,  Qigi,  Q1G2  and  Q1G3  are  main- 
tained  off,  and  the  FETs  Quo,  Qui,  Q1+2  and 
Qu3  are  turned  on.  In  addition,  all  the  output  55 
buffers  121  to  124  are  maintained  in  the  enable 
condition.  Therefore,  the  respective  data  do,  di  ,  d2 
and  d3  on  the  internal  signal  lines  10,  12,  14  and 

9 



17 EP  0  292  943  B1 18 

(3)  Active  mode  signal  MOD1  (Figures  13A,  13B, 
13C  and  13D) 

When  the  mode  signal  MOD1  is  made  active, 
the  other  mode  signals  MOD4  and  MOD2  are  inac- 
tive.  Accordingly,  FETs  Q132  and  Q133,  FETS 
Quo,  Qui,  Q1+2  and  Qu3  and  FETs  Q150,  Q151, 
Q152  and  Q153  are  maintained  off,  and  the  FETs 
Q121,  Q122  and  Q123,  and  FETs  Qigo,  Qigi,  Q1G2 
and  Q1G3  are  turned  on.  In  addition,  only  the  output 
buffer  121  is  maintained  in  the  enable  condition  but 
the  output  buffers  122,  123  and  124  are  maintained 
in  the  disable  condition. 

Thus,  when  the  gate  control  signal  LOD  is 
made  active,  the  respective  data  do,  di  ,  d2  and  d3 
on  the  internal  signal  lines  10,  12,  14  and  16  are 
inputted  to  the  flipflops  115  to  118,  and  then 
latched  to  these  flipflops  when  the  clock  SCK  is 
made  active.  As  a  result,  the  respective  data  do, 
di  ,  d2  and  d3  latched  in  the  flipflops  115  to  118. 
Therefore,  the  respective  data  d3  latched  in  the 
flipflop  118  is  outputted  to  the  external  terminal  20 
through  the  FET  Qigo,  as  shown  in  Figure  13A. 

Thereafter,  the  gate  control  signal  LOD  is  made 
inactive,  so  that  the  signal  lines  10  to  16  are 
isolated  form  the  flipflops  115  to  118.  After  this 
isolation,  the  active  shift  signal  SFT  is  inputted  to 
the  gates  of  the  FETs  Qi  1  1  to  Qi  1  3  ,  so  that  the 
outputs  Q  of  the  flipflops  115,  116  and  117  are 
connected  to  the  inputs  D  of  the  flipflops  116,  117 
and  118,  respectively.  Therefore,  after  the  shift 
signal  SFT  made  inactive  and  when  the  clock  SCK 
is  made  active,  the  outputs  Q  of  the  flipflops  115, 
116  and  117  are  latched  in  the  flipflops  116,  117 
and  118,  respectively.  Namely,  The  data  do,  di  and 
d2,  are  latched  in  the  flipflops  116,  117  and  118, 
respectively,  as  shown  in  Figure  13B  and  the  data 
d2  is  outputted  to  the  output  buffer  121. 

Thereafter,  similarly,  each  time  the  shift  control 
signal  SFT  and  the  clock  SCK  are  applied,  the  data 
latched  in  the  flipflops  115,  116,  117  and  118  are 
shifted  by  one  bit  so  that  the  data  di  and  do  are 
sequentially  outputted  to  the  external  terminal  20. 

Thus,  when  the  mode  signal  MOD1  is  active, 
the  data  is  sequentially  outputted  from  the  external 
terminal  20  in  the  order  of  d3,  d2,  di  and  do. 

Turning  to  Figure  14,  there  is  shown  a  circuit 
diagram  of  another  embodiment  of  the  input  port  in 
accordance  with  the  present  invention,  which  can 
be  used  as  the  input  port  shown  in  Figure  3. 

The  input  circuit  140  includes  four  input  buffers 
141,  142,  143  and  144  located  in  parallel  and 
having  their  inputs  connected  to  the  external  termi- 
nals  20  to  26,  respectively, 

An  output  of  the  input  buffer  141  is  connected 
through  three  parallel-connected  FET  Q190,  Q200 
and  Q210  to  an  input  D  of  the  D-type  flipflop  151, 
which  has  a  Q  output  connected  to  the  internal 

signal  line  10  and  a  connection  line  L93.  An  output 
of  the  input  buffer  142  is  connected  through  two 
parallel-connected  FET  Q191  and  Q201  to  an  input 
D  of  the  D-type  flipflop  152,  which  has  a  Q  output 

5  connected  to  the  internal  signal  line  12  and  a 
connection  line  L92.  An  output  of  the  input  buffer 
143  is  connected  through  a  FET  Q192  to  an  input  D 
of  the  D-type  flipflop  153,  which  has  a  Q  output 
connected  to  the  internal  signal  line  14  and  a 

10  connection  line  L91.  Further,  an  output  of  the  input 
buffer  144  is  connected  through  a  FET  Q193  to  an 
input  D  of  the  D-type  flipflop  154,  which  has  a  Q 
output  connected  to  the  internal  signal  line  16  and 
a  connection  line  L90.  In  addition,  the  D  input  of  the 

15  flipflop  152  is  connected  to  the  connection  line  L93 
through  a  FET  Q21  1  .  The  D  input  of  the  flipflop  153 
is  connected  to  the  connection  line  L93  through  a 
FET  Q202  and  to  the  connection  line  L92  through  a 
FET  Q212-  Further,  the  D  input  of  the  flipflop  154  is 

20  connected  to  the  connection  line  L92  through  a 
FET  Q203  and  to  the  connection  line  L91  through  a 
FET  Q213. 

The  FET  Q190,  Q191  ,  Q192  and  Q193  have  their 
gates  commonly  connected  to  receive  the  mode 

25  signal  MOD4.  The  FET  Q200,  Q201,  Q202  and  Q203 
have  their  gates  commonly  connected  to  receive 
the  mode  signal  MOD2.  The  FET  Q210,  Q21  1  ,  Q212 
and  Q213  have  their  gates  commonly  connected  to 
receive  the  mode  signal  MOD1. 

30  Now,  operation  of  the  input  port  shown  in  Fig- 
ure  14  will  be  explained  with  reference  to  Figures 
15A  to  15C  and  16A  to  16D  which  illustrate  the 
relation  between  the  data  on  the  internal  signal 
lines  10  to  16  and  the  data  on  the  external  termi- 

35  nals  20  to  26  of  the  input  port  shown  in  Figure  14 
in  different  operation  modes. 

(1)  Active  mode  signal  MOD4  (Figure  15A) 

40  When  the  mode  signal  MOD4  is  made  active, 
the  other  mode  signals  MOD2  and  MOD1  are  inac- 
tive.  Accordingly,  the  FET  Q200,  Q201,  Q202  and 
Q203  and  the  FET  Q210,  Q211,  Q212  and  Q213  are 
maintained  off  and  the  FET  Q190,  Q191,  Q192  and 

45  Q193  are  turned  on.  Therefore,  the  data  do,  di  ,  d2 
and  d3  inputted  to  the  external  terminals  20,  22,  24 
and  26  are  applied  through  the  input  buffers  141  to 
144  and  to  the  FET  Q190,  Q191,  Q192  and  Q193  to 
the  flipflops  151,  153,  152  and  154,  respectively. 

50  These  flipflops  latch  the  data  do,  d2,  di  and  d3,  as 
shown  in  Figure  15A.  The  data  do,  d2,  di  and  d3 
thus  latched  are  outputted  from  the  Q  outputs  of 
the  the  flipflops  151,  153,  152  and  154  to  to  the 
internal  signal  lines  10,  12,  14  and  16,  respectively. 

55  Accordingly,  the  data  do,  di  ,  d2  and  d3  on  the 
external  terminals  20  to  26  are  inputted  to  the 
internal  signal  lines  10  to  16,  respectively. 
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(2)  Active  mode  signal  MOD2  (Figures  15B  and 
15C) 

When  the  mode  signal  MOD2  is  made  active, 
the  other  mode  signals  MOD4  and  MOD1  are  inac- 
tive.  Accordingly,  the  FET  Q190,  Q191,  Q192  and 
Q193  and  the  FET  Q210,  Q211,  Q212  and  Q213  are 
maintained  off  and  the  FET  Q200,  Q201,  Q202  and 
Q203  are  turned  on.  Therefore,  the  data  d2  and  d3 
inputted  to  the  external  terminals  20  and  22  are 
supplied  through  the  input  buffers  141  and  142  to 
the  flipflops  151  and  152.  When  the  clock  SCK  is 
rendered  active,  the  flipflops  151  and  152  respec- 
tively  latch  the  data  d2  and  d3,  as  shown  in  Figure 
15B.  The  data  d2  and  d3  thus  latched  are  outputted 
from  the  Q  outputs  of  the  the  flipflops  151  and  152 
to  the  D  inputs  of  the  flipflops  153  and  154  through 
a  path  formed  of  the  connection  line  L93  and  the 
FET  Q202  and  another  path  formed  of  the  connec- 
tion  line  L92  and  the  FET  Q203,  respectively. 

When  the  clock  SCK  is  made  active  after  the 
data  d2  and  d3  are  latched  in  the  the  flipflops  151 
and  152,  the  data  do  and  di  are  inputted  from  the 
external  terminals  20  and  22  to  to  the  flipflops  151 
and  152.  When  the  clock  SCK  is  rendered  active, 
the  flipflops  151  and  152  respectively  latch  the 
data  do  and  di  ,  and  the  flipflops  153  and  154 
respectively  latch  the  data  d2  and  d3  outputted 
from  the  Q  outputs  of  the  flipflops  151  and  152,  as 
shown  in  Figure  15C.  Thus,  the  data  do,  d2,  di  and 
d3  thus  latched  are  outputted  from  the  Q  outputs  of 
the  the  flipflops  151  and  153  to  the  internal  signal 
lines  10  to  16  in  the  order  of  data  do,  di  ,  d2  and 
d3,  as  shown  in  Figure  15C. 

(3)  Active  mode  signal  MOD1  (Figures  16A,  16B, 
16C  and  16D) 

When  the  mode  signal  MOD1  is  made  active, 
the  other  mode  signals  MOD4  and  MOD2  are  inac- 
tive.  Accordingly,  the  FET  Q190,  Q191,  Q192  and 
Q193  and  the  FET  Q200,  Q201,  Q202  and  Q203  are 
maintained  off  and  the  FET  Q210,  Q211,  Q212  and 
Q21  3  are  turned  on. 

When  the  data  d3  is  inputted  to  the  external 
terminal  20  and  the  active  clock  SCK  is  applied  to 
the  four  flipflops  151  to  154,  the  flipflop  151  latches 
the  data  d3,  as  shown  in  Figure  16A.  At  the  next 
clock  SCK,  the  data  d2  is  inputted  to  the  external 
terminal  20  so  that  the  flipflop  151  latches  the  data 
d2,  and  the  flipflop  152  latches  the  data  d3  output- 
ted  from  the  Q  output  of  the  flipflop  151  through 
the  connection  line  L93  and  the  conducting  FET 
Q211,  as  shown  in  Figure  16B.  Similarly,  at  third 
and  fourth  clocks  SCK,  the  data  di  and  do  are 
sequentially  inputted  to  the  external  terminal  20  so 
that  the  flipflop  151  sequentially  latches  the  data  di 
and  do.  On  the  other  hand,  the  data  latched  in  the 

respective  flipflops  arc  sequentially  shifted.  As  re- 
sult,  after  the  four  clocks  SCK,  the  data  do,  di  ,  d2 
and  d3  are  latched  in  the  the  flipflops  151  to  154 
and  are  outputted  from  the  Q  outputs  of  the  the 

5  flipflops  151  to  154  to  the  internal  signal  lines  10  to 
16  in  the  order  of  data  do,  di  ,  d2  and  d3,  as  shown 
in  Figure  16D. 

When  the  digital  input/output  circuit  is  used  in 
a  memory  circuit,  a  high  speed  operation  is  de- 

10  manded,  and  this  demand  is  gradually  increased. 
For  example,  it  is  required  to  operate  with  a  basic 
clock  of  30  ns.  In  this  case,  when  the  input/output 
circuit  is  operated  in  the  serial  mode  (MOD1)  on 
the  basis  of  the  basic  clock  SCK  of  30  ns,  the  data 

15  must  be  transferred  through  the  data  input  buffer, 
shift  register,  the  scrambler  and  the  internal  data 
bus  in  a  very  short  time,  and  then  transmitted  to  a 
data  register  inherent  to  the  memory  circuit  within 
a  predetermined  period  of  time.  The  above  men- 

20  tioned  second  embodiment  omits  one  stage  of 
transfer  gate  which  is  one  cause  for  delay,  as 
compared  with  the  first  embodiment,  so  that  it 
makes  a  high  speed  operation.  Accordingly,  the 
second  embodiment  can  execute  all  operations 

25  which  can  be  performed  in  the  first  embodiment,  at 
a  speed  higher  than  that  of  the  first  embodiment, 
and  with  fewer  parts  than  that  required  in  the  first 
embodiment. 

As  is  apparent  form  the  above  explanation  of 
30  the  preferred  embodiments  of  the  invention,  the 

input/output  circuit  in  accordance  with  the  present 
invention  is  characterized  by  the  provision  of  the 
scrambler  and  the  data  shifter  in  the  input/output 
port  so  that  the  data  processing  in  the  input/output 

35  port  can  be  executed  in  any  format  of  2m.  There- 
fore,  the  function  of  the  input/output  circuit  is  great- 
ly  increased.  This  is  very  effective  particularly  in 
the  case  of  processing  the  pixel  data  in  the  graphic 
display  technology,  since  an  external  circuit  includ- 

40  ing  a  so-called  parallel-to-serial  converting  shifter 
can  be  omitted. 

Claims 

45  1.  A  digital  input/output  circuit  to  be  connected 
between  an  internal  data  bus  (10,  12,  14,  16) 
composed  of  2"  signal  lines  (n  is  zero  or  a 
positive  integer)  and  2"  external  terminals  (20, 
22,  24,  26)  and  including  an  output  port  (100, 

50  110,  120)  for  outputting  data  from  the  internal 
data  bus  to  the  external  terminals  and  an  input 
port  (140,  150,  160)  for  inputting  data  from  the 
external  terminals  to  the  internal  data  bus, 

said  output  port  comprising: 
55  scrambler  means  (100)  receiving  data  of 

2"  bits  from  said  internal  data  bus  and  a  mode 
signal  and  operating  to  relocate  the  received 
data  in  accordance  with  said  mode  signal  so 

11 
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as  to  output  the  relocated  data  with  each  unit 
of  2m  bits  (m  is  a  integer  not  greater  than  n) 
indicated  by  said  mode  signal, 

output  circuit  means  (120)  including  2" 
output  buffers  each  having  an  input  connected  5 
to  receive  directly  or  indirectly  an  output  of 
said  scrambler  means  and  an  output  connect- 
ed  to  a  corresponding  one  of  said  external 
terminals,  said  output  circuit  means  operating 
in  response  to  said  mode  signal  so  as  to  make  10 
active  2m  output  buffers  of  said  2"  output  buff- 
ers  in  accordance  with  said  mode  signal  and  to 
make  the  other  output  buffers  inactive,  and 

data  shift  means  (110)  connected  to  said 
scrambler  and  including  data  latch  means  for  is 
latching  data  in  accordance  with  said  mode 
signal  and  shifting  the  latched  data  in  accor- 
dance  with  said  mode  signal  so  that  the  data 
of  2"  bits  is  outputted  with  each  unit  of  2m  bits 
through  said  active  output  buffers,  and  20 

said  input  port  comprising: 
input  circuit  means  (140)  having  2"  input 

buffers  connected  at  their  inputs  to  said  exter- 
nal  terminals,  respectively, 

data  shift  means  (150)  including  data  latch  25 
means  for  directly  or  indirectly  receiving  the 
data  outputted  from  said  input  circuit  means  so 
as  to  latch  the  data  of  at  least  2m  bits  in 
accordance  with  said  mode  signal,  said  data 
shift  means  operating  to  shift  the  latched  data  30 
between  said  data  latch  means  in  accordance 
with  said  mode  signal,  and 

scrambler  means  (160)  connected  to  said 
data  shift  means  so  as  to  allow  data  of  2"  bits 
to  be  relocated  in  accordance  with  said  mode  35 
signal  and  outputted  to  said  internal  data  bus. 

A  circuit  as  claimed  in  Claim  1  wherein  said 
output  port  is  such  that  said  scrambler  means 
is  connected  at  its  input  to  said  internal  data  40 
bus  and  said  data  shift  means  is  connected 
between  said  scrambler  mess  and  said  output 
circuit  means. 

A  circuit  as  claimed  in  Claim  1  wherein  said  45 
output  port  is  such  that  said  data  shift  means 
is  connected  at  its  input  to  said  internal  data 
bus  and  said  scrambler  means  is  connected 
between  said  data  shift  means  and  said  output 
circuit  means.  so 

A  circuit  as  claimed  in  Claim  1  wherein  said 
input  port  is  such  that  said  data  shift  means  is 
connected  at  its  input  to  an  output  of  said  input 
circuit  and  said  scrambler  means  is  connected  55 
between  said  data  shift  means  and  said  inter- 
nal  data  bus. 

5.  A  circuit  as  claimed  in  Claim  1  wherein  said 
input  port  is  such  that  said  scrambler  means  is 
connected  at  its  input  to  an  output  of  said  input 
circuit  and  said  data  shift  means  is  connected 
between  said  scrambler  means  and  said  inter- 
nal  data  bus. 

6.  A  digital  output  circuit  to  be  connected  be- 
tween  an  internal  data  bus  (10,  12,  14,  16) 
composed  of  2"  signal  lines  (n  is  zero  or  a 
positive  integer)  and  2"  external  terminals  (20, 
22,  24,  26)  and  including  an  output  port  (100, 
110,  120)  for  outputting  data  from  the  internal 
data  bus  to  the  external  terminals, 

said  output  port  comprising: 
scrambler  means  (100)  receiving  data  of 

2"  bits  from  said  internal  data  bus  and  a  mode 
signal  and  operating  to  relocate  the  received 
data  in  accordance  with  said  mode  signal  so 
as  to  output  the  relocated  data  with  each  unit 
of  2m  bits  (m  is  an  integer  not  greater  than  n) 
indicated  by  said  mode  signal, 

output  circuit  means  (120)  including  2" 
output  buffers  each  having  an  input  connected 
to  receive  directly  or  indirectly  an  output  of 
said  scrambler  means  and  an  output  connect- 
ed  to  a  corresponding  one  of  said  external 
terminals,  said  output  circuit  means  operating 
in  response  to  said  mode  signal  so  as  to  make 
active  2m  output  buffers  of  said  2"  output  buff- 
ers  in  accordance  with  said  mode  signal  and  to 
make  the  other  output  buffers  inactive,  and 

data  shift  means  (110)  connected  to  said 
scrambler  and  including  data  latch  means  for 
latching  data  in  accordance  with  said  mode 
signal  and  shifting  the  latched  data  in  accor- 
dance  with  said  mode  signal  so  that  the  data 
of  2"  bits  is  outputted  with  each  unit  of  2m  bits 
through  said  active  output  buffers. 

7.  A  digital  input  circuit  to  be  connected  between 
an  internal  data  bus  (10,  12,  14,  16)  composed 
of  2"  signal  lines  (n  is  zero  or  a  positive 
integer)  and  2"  external  terminals  (20,  22,  24, 
26)  and  including  an  input  port  (140,  150,  160) 
for  inputting  data  from  the  external  terminals  to 
the  internal  data  bus, 

said  input  port  comprising: 
input  circuit  means  (140)  having  2"  input 

buffers  connected  at  their  inputs  to  said  exter- 
nal  terminals,  respectively, 

data  shift  means  (150)  including  data  latch 
means  for  directly  or  indirectly  receiving  the 
data  outputted  from  said  input  circuit  means  so 
as  to  latch  the  data  of  at  least  2m  bits  in 
accordance  with  8  mode  signal,  said  data  shift 
means  operating  to  shift  the  latched  data  be- 
tween  said  data  latch  means  in  accordance 

12 



23 EP  0  292  943  B1 24 

with  said  mode  signal,  and 
scrambler  means  (160)  connected  to  said 

data  shift  means  so  as  to  allow  data  of  2"  bits 
to  be  relocated  in  accordance  with  said  mode 
signal  and  outputted  to  said  internal  data  bus. 

Patentanspruche 

1.  Digitale  Eingangs-/Ausgangs-Schaltung  zum 
AnschluB  zwischen  einen  internen  Datenbus 
(10,  12,  14,  16)  aus  2"  Signalleitungen  (n  =  0 
oder  eine  positive  ganze  Zahl)  und  2"  externe 
Anschlusse  (20,  22,  24,  26)  mit  einer  Aus- 
gangsan  schluB-Vorrichtung  (100,  110,  120) 
zum  Ausgeben  von  Daten  vom  internen  Daten- 
bus  an  die  externen  Anschlusse  und  einer  Ein- 
gangsanschluB-Vorrichtung  (140,  150,  160) 
zum  Eingeben  von  Daten  von  den  externen 
Anschlussen  an  den  internen  Datenbus, 
wobei  die  AusgangsanschluB-Vorrichtung  auf- 
weist: 
eine  Verschlusselungseinrichtung  (100),  die 
Daten  mit  2"  Bit  vom  internen  Datenbus  und 
ein  Modussignal  erhalt  und  arbeitet,  urn  die 
empfangenen  Daten  entsprechend  dem  Mo- 
dussignal  zu  verlagern,  urn  die  verlagerten  Da- 
ten  in  jeweils  Einheiten  von  2m-Bit  (m  ist  eine 
ganze  Zahl  nicht  groBer  als  n),  angegeben 
durch  das  Modussignal,  auszugeben, 
einer  Ausgangsschaltungseinrichtung  (120)  ein- 
schlieBlich  2"  Ausgangspuffern  mit  jeweils  ei- 
nem  Eingang,  der  zum  direkten  oder  indirekten 
Empfang  eines  Ausgangs  der  Verschlussel- 
ungseinrichtung  geschaltet  ist,  und  einem  Aus- 
gang,  der  mit  einem  entsprechenden  der  exter- 
nen  Anschlusse  verbunden  ist,  wobei  die  Aus- 
gangsschaltungseinrichtung  in  Abhangigkeit 
von  dem  Modussignal  arbeitet,  urn  2m  Aus- 
gangspuffer  der  2"  Ausgangspuffer  entspre- 
chend  dem  Modussignal  zu  aktivieren  und  die 
anderen  Ausgangspuffer  zu  deaktivieren,  und 
einer  Datenverschiebeeinrichtung  (110),  die  mit 
dem  Verschlusseler  verbunden  ist  und  eine 
Datenhalteeinrichtung  aufweist,  zum  Datenhal- 
ten  entsprechend  dem  Modussignal  und  zum 
Verschieben  der  gehaltenen  Daten  entspre- 
chend  dem  Modussignal,  so  dal3  das  Datum 
mit  2"  Bit  ausgegeben  wird  in  Einheiten  von  2m 
Bit  uber  die  aktiven  Ausgangspuffer,  und  wobei 
die  EingangsanschluB-Vorrichtung  aufweist: 
eine  Eingangsschaltungseinrichtung  (140)  mit 
2"  Eingangspuffern,  die  mit  ihren  Eingangen 
mit  den  externen  Anschlussen  verbunden  sind, 
einer  Datenverschiebeeinrichtung  (150)  ein- 
schlieBlich  Datenhaltemitteln  zum  direkten  oder 
indirekten  Empfang  der  Daten,  die  von  der 
Eingangsschaltungseinrichtung  ausgegeben 
werden,  urn  die  Daten  von  zumindeste  2m  Bit 

entsprechend  dem  Modussignal  zu  halten,  wo- 
bei  die  Datenverschiebeeinrichtung  arbeitet  zur 
Verschiebung  der  gehaltenen  Daten  in  der  Hal- 
teeinrichtung  in  Ubereinstimmung  mit  dem  Mo- 

5  dussignal,  und  eine  Verschlusselungseinrich- 
tung  (160),  die  mit  der  Datenverschiebeeinrich- 
tung  verbunden  ist,  so  dal3  Daten  von  2"  Bits 
entsprechend  dem  Modussignal  verlagert  wer- 
den  und  an  den  internen  Datenbus  ausgege- 

io  ben  werden. 

2.  Schaltung  nach  Anspruch  1  , 
wobei  die  AusgangsanschluB-Vorrichtung  der- 
art  ausgebildet  ist,  dal3  die  Verschlusselungs- 

15  einrichtung  mit  ihrem  Eingang  mit  dem  inter- 
nen  Datenbus  und  die  Datenverschiebeeinrich- 
tung  zwischen  die  Verschlusselungseinrichtung 
und  die  Ausgangsschaltungseinrichtung  ge- 
schaltet  sind. 

20 
3.  Schaltung  nach  Anspruch  1  , 

wobei  die  AusgangsanschluB-Vorrichtung  der- 
art  ausgebildet  ist,  dal3  die  Datenverschiebe- 
einrichtung  mit  ihrem  Eingang  mit  dem  inter- 

25  nen  Datenbus  und  die  Verschlusselungsein- 
richtung  zwischen  die  Datenverschiebeeinrich- 
tung  und  die  Ausgangsschaltungseinrichtung 
geschaltet  sind. 

30  4.  Schaltung  nach  Anspruch  1  , 
wobei  die  EingangsanschluB-Vorrichtung  derart 
ausgebildet  ist,  dal3  die  Datenverschiebeein- 
richtung  mit  ihrem  Eingang  mit  dem  Ausgang 
der  Eingangsschaltung  und  die  Verschlussel- 

35  ungseinrichtung  zwischen  die  Datenverschie- 
beeinrichtung  und  den  internen  Datenbus  ge- 
schaltet  sind. 

5.  Schaltung  nach  Anspruch  1  , 
40  wobei  die  EingangsanschluB-Vorrichtung  derart 

ausgebildet  ist,  dal3  die  Verschlusselungsein- 
richtung  mit  ihrem  Eingang  mit  einem  Ausgang 
der  Eingangsschaltung  und  die  Datenverschie- 
beeinrichtung  zwischen  die  Verschlusselungs- 

45  einrichtung  und  den  interen  Datenbus  geschal- 
tet  sind. 

6.  Digitale  Ausgangsschaltung  zum  AnschluB  zwi- 
schen  einem  internen  Datenbus  aus 

50  2"  Signalleitungen  (n  ist  0  oder  eine  positive 
ganze  Zahl)  und  2"  externe  Anschlusse  (20, 
22,  24,  26)  mit  einer  Ausgangsanschlul3-Vor- 
richtung  (100,  110,  120)  zum  Ausgeben  von 
Daten  vom  internen  Datenbus  an  die  externen 

55  Anschlusse, 
wobei  die  AusgangsanschluB-Vorrichtung  auf- 
weist: 
eine  Verschlusselungseinrichtung  (100),  die 
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Daten  mit  2"  Bit  vom  internen  Datenbus  und 
ein  Modussignal  erhalt  und  arbeitet,  zum  Ver- 
lagern  der  empfangenen  Daten  entsprechend 
dem  Modussignal  zur  Ausgabe  der  verlagerten 
Daten  in  Einheiten  von  jeweils  2m-Bits  (m  ist 
eine  ganze  Zahl  nicht  groBer  als  n),  die  durch 
das  Modussignal  angegeben  wird,  einer  Aus- 
gangsschaltungseinrichtung  (120)  mit  2"  Aus- 
gangspuffern  mit  jeweils  einem  Eingang,  der 
zum  direkten  oder  indirekten  Empfang  eines 
Ausgangssignals  der  Verschlusselungseinrich- 
tung  geschaltet  ist,  und  einem  Ausgang,  der 
mit  einem  entsprechenden  der  externen  An- 
schlusse  verbunden  ist,  wobei  die  Ausgangs- 
schaltungseinrichtung  in  Abhangigkeit  von  dem 
Modussignal  arbeitet,  urn  2m  Ausgangspuffer 
der  2"  Ausgangspuffer  entsprechend  dem  Mo- 
dussignal  zu  aktivieren  und  die  anderen  Puffer 
zu  deaktivieren,  und 
eine  Datenverschiebeeinrichtung  (110),  die  mit 
dem  Verschlusseler  verbunden  ist  und  eine 
Datenhalteeinrichtung  aufweist,  zum  Halten  von 
Daten  entsprechend  dem  Modussignal  und 
zum  Verschieben  der  gehaltenen  Daten  ent- 
sprechend  dem  Modussignal  derart,  daB  die 
Daten  mit  2"  Bit  ausgegeben  werden  in  jeweils 
Einheiten  von  2m  Bits  uber  die  aktivierten  Aus- 
gangspuffer. 

7.  Digitale  Eingangsschaltung  zum  AnschluB  zwi- 
schen  einen  internen  Datenbus  (10,  12,  14,  16) 
aus  2"  Signalleitungen  (n  ist  Null  oder  eine 
positive  ganze  Zahl)  und  2"  externen  Anschlus- 
sen  (20,  22,  24,  26)  und  mit  einer  Eingangsan- 
schluB-Vorrichtung  (140,  150,  160)  zum  Einge- 
ben  von  Daten  von  den  externen  Anschlussen 
an  den  internen  Datenbus, 
wobei  die  EingangsanschluB-Vorrichtung  auf- 
weist: 
eine  Eingangsschaltungseinrichtung  (140)  mit 
2"  Eingangspuffern,  die  mit  ihren  Eingangen 
mit  den  externen  Anschlussen  verbunden  sind, 
einer  Datenverschiebeeinrichtung  (150)  ein- 
schlieBlich  einer  Datenhalteeinrichtung  zum  di- 
rekten  oder  indirekten  Empfang  der  von  der 
Eingangsschaltungseinrichtung  ausgegebenen 
Daten  derart,  daB  die  Daten  von  zumindest  2m 
Bits  entsprechend  dem  Modussignal  gehalten 
werden,  wobei  die  Datenverschiebeeinrichtung 
arbeitet,  urn  die  gehaltenen  Daten  in  der  Da- 
tenhalteeinrichtung  entsprechend  dem  Modus- 
signal  zu  verschieben,  und 
einer  Verschlusselungseinrichtung  (160),  die 
mit  der  Datenverschiebeeinrichtung  verbunden 
ist,  urn  zu  ermoglichen,  daB  die  Daten  mit  2" 
Bits  entsprechend  dem  Modussignal  verlagert 
werden  und  an  den  internen  Datenbus  augege- 
ben  werden. 

Revendicatlons 

1.  Circuit  numerique  d'entree/sortie  qui  doit  etre 
connecte  entre  un  bus  de  donnees  interne  (10, 

5  12,  14,  16)  constitue  de  2"  lignes  de  signal  (n 
est  un  nombre  egal  a  zero  ou  un  nombre 
entier  positif)  et  2"  bornes  externes  (20,  22,  24, 
26)  et  comportant  un  acces  de  sortie  (100, 
110,  120)  pour  sortir  les  donnees  provenant  du 

io  bus  de  donnees  interne  sur  les  bornes  exter- 
nes  et  un  acces  d'entree  (140,  150,  160)  pour 
entrer  les  donnees  provenant  des  bornes  ex- 
ternes  sur  le  bus  de  donnees  interne, 

ledit  acces  de  sortie  comprenant  : 
is  un  moyen  crypteur  (100)  recevant  les  don- 

nees  constitutes  de  2"  bits  a  partir  dudit  bus 
de  donnees  interne  et  un  signal  de  mode  et 
agissant  pour  translater  les  donnees  regues  en 
conformite  avec  ledit  signal  de  mode  de  fagon 

20  a  sortir  les  donnees  translates  avec  chaque 
unite  de  2m  bits  (m  est  un  nombre  entier  qui 
n'est  pas  superieur  a  n)  indiquee  par  ledit 
signal  de  mode, 

un  moyen  de  circuit  de  sortie  (120)  com- 
25  portant  2"  circuits  de  puissance  de  sortie  ayant 

chacun  une  entree  connectee  pour  recevoir 
directement  ou  indirectement  une  sortie  dudit 
moyen  crypteur  et  une  sortie  connectee  a  une 
borne  correspondante  desdites  bornes  exter- 

30  nes,  ledit  moyen  de  circuit  de  sortie  agissant 
en  reponse  audit  signal  de  mode  de  fagon  a 
rendre  actifs  2m  circuits  de  puissance  de  sortie 
desdits  2"  circuits  de  puissance  de  sortie  en 
conformite  avec  ledit  signal  de  mode  et  pour 

35  rendre  les  autres  circuits  de  puissance  de  sor- 
tie  inactifs  et, 

un  moyen  de  decalage  de  donnees  (110) 
connecte  audit  crypteur  et  comportant  un 
moyen  de  bascule  de  donnees  pour  memori- 

40  ser  les  donnees  en  conformite  avec  ledit  signal 
de  mode  et  decaler  les  donnees  memorisees 
en  conformite  avec  ledit  signal  de  mode,  de 
sorte  que  les  donnees  de  2"  bits  sont  sorties 
avec  chaque  unite  de  2m  bits  par  I'intermediai- 

45  re  desdits  circuits  de  puissance  de  sortie  ac- 
tifs,  et 

ledit  acces  d'entree  comprenant  : 
un  moyen  de  circuit  d'entree  (140)  ayant 

2"  circuits  de  puissance  d'entree  connectes  a 
50  leurs  entrees  auxdites  bornes  externes,  res- 

pectivement, 
un  moyen  de  decalage  de  donnees  (150) 

comportant  un  moyen  de  bascule  de  donnees 
pour  directement  ou  indirectement  recevoir  les 

55  donnees  sorties  a  partir  dudit  moyen  de  circuit 
d'entree  de  fagon  a  memoriser  les  donnees 
d'au  moins  2m  bits  en  conformite  avec  ledit 
signal  de  mode,  ledit  moyen  de  decalage  de 

14 
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donnees  agissant  pour  decaler  les  donnees 
memorisees  entre  ledit  moyen  de  bascule  de 
donnees  en  conformite  avec  ledit  signal  de 
mode,  et 

un  moyen  crypteur  (160)  connecte  audit  5 
moyen  de  decalage  de  donnees  de  fagon  a 
permettre  aux  donnees  de  2"  bits  d'etre  trans- 
lates  en  conformite  avec  ledit  signal  de  mode 
et  etre  sorties  sur  ledit  bus  de  donnees  inter- 
ne.  10 

Circuit  selon  la  revendication  1,  dans  lequel 
ledit  acces  de  sortie  est  tel  que  ledit  moyen 
crypteur  est  connecte  a  son  entree  audit  bus 
de  donnees  interne  et  ledit  moyen  de  decalage  is 
de  donnees  est  connecte  entre  ledit  moyen 
crypteur  et  ledit  moyen  de  circuit  de  sortie. 

Circuit  selon  la  revendication  1,  dans  lequel 
ledit  acces  de  sortie  est  tel  que  ledit  moyen  de  20 
decalage  de  donnees  est  connecte  a  son  en- 
tree  audit  bus  de  donnees  interne  et  ledit 
moyen  crypteur  est  connecte  entre  ledit 
moyen  de  decalage  de  donnees  et  ledit  moyen 
de  circuit  de  sortie.  25 

Circuit  selon  la  revendication  1,  dans  lequel 
ledit  acces  d'entree  est  tel  que  ledit  moyen  de 
decalage  de  donnees  est  connecte  a  son  en- 
tree  a  une  sortie  dudit  circuit  d'entree  et  ledit  30 
moyen  crypteur  est  connecte  entre  ledit 
moyen  de  decalage  de  donnees  et  ledit  bus 
de  donnees  interne. 

Circuit  selon  la  revendication  1,  dans  lequel  35 
ledit  acces  d'entree  est  tel  que  ledit  moyen 
crypteur  est  connecte  a  son  entree  a  une 
sortie  dudit  circuit  d'entree  et  ledit  moyen  de 
decalage  de  donnees  est  connecte  entre  ledit 
moyen  crypteur  et  ledit  bus  de  donnees  inter-  40 
ne. 

Circuit  de  sortie  numerique  qui  doit  etre 
connecte  entre  un  bus  de  donnees  interne  (10, 
12,  14,  16)  constitue  de  2"  lignes  de  signal  (n  45 
est  un  nombre  egal  a  zero  ou  un  nombre 
entier  positif)  et  2"  bornes  externes  (20,  22,  24, 
26)  et  comportant  un  acces  de  sortie  (100, 
110,  120)  pour  sortir  les  donnees  provenant  du 
bus  de  donnees  interne  sur  les  bornes  exter-  50 
nes, 

ledit  acces  de  sortie  comprenant  : 
un  moyen  crypteur  (100)  recevant  des 

donnees  de  2"  bits  provenant  dudit  bus  de 
donnees  interne  et  un  signal  de  mode  et  agis-  55 
sant  pour  translater  les  donnees  regues  en 
conformite  avec  ledit  signal  de  mode  de  fagon 
a  sortir  les  donnees  translates  avec  chaque 

unite  de  2m  bits  (m  est  un  nombre  entier  qui 
n'est  pas  superieur  a  n)  indiquee  par  ledit 
signal  de  mode, 

un  moyen  de  circuit  de  sortie  (120)  com- 
portant  2"  circuits  de  puissance  de  sortie  ayant 
chacun  une  entree  connectee  pour  recevoir 
directement  ou  indirectement  une  sortie  dudit 
moyen  crypteur  et  une  sortie  connectee  a  une 
borne  correspondante  desdites  bornes  exter- 
nes,  ledit  moyen  de  circuit  de  sortie  agissant 
en  reponse  audit  signal  de  mode  pour  rendre 
2m  circuits  de  puissance  de  sortie  actifs  parmi 
lesdits  2"  circuits  de  puissance  de  sortie  en 
conformite  avec  ledit  signal  de  mode  et  pour 
rendre  les  autres  circuits  de  puissance  de  sor- 
tie  inactifs,  et 

un  moyen  de  decalage  de  donnees  (110) 
connecte  audit  crypteur  et  comportant  un 
moyen  de  bascule  de  donnees  pour  memori- 
ser  des  donnees  en  conformite  avec  ledit  si- 
gnal  de  mode  et  decaler  les  donnees  memori- 
sees  en  conformite  avec  ledit  signal  de  mode 
de  sorte  que  les  donnees  constitutes  de  2" 
bits  sont  sorties  avec  chaque  unite  de  2m  bits 
par  I'intermediaire  desdits  circuits  de  puissan- 
ce  de  sortie  actifs. 

Circuit  d'entree  numerique  qui  doit  etre 
connecte  entre  un  bus  de  donnees  interne  (10, 
12,  14,  16)  constitue  de  2"  lignes  de  signal  (n 
est  egal  a  zero  ou  est  egal  a  un  nombre  entier 
positif)  et  2"  bornes  externes  (20,  22,  24,  26)  et 
comportant  un  acces  d'entree  (140,  150,  160) 
pour  entrer  les  donnees  provenant  des  bornes 
externes  sur  le  bus  de  donnees  interne, 

ledit  acces  d'entree  comprenant  : 
un  moyen  de  circuit  d'entree  (140)  com- 

portant  2"  circuits  de  puissance  d'entree 
connects  a  leurs  entrees  auxdites  bornes  ex- 
ternes,  respectivement, 

un  moyen  de  decalage  de  donnees  (150) 
comportant  un  moyen  de  bascule  de  donnees 
pour  recevoir  directement  ou  indirectement  les 
donnees  sorties  a  partir  dudit  moyen  de  circuit 
d'entree  de  fagon  a  memoriser  les  donnees 
d'au  moins  2m  bits  en  conformite  avec  le  si- 
gnal  de  mode,  ledit  moyen  de  decalage  de 
donnees  agissant  pour  decaler  les  donnees 
memorisees  entre  ledit  moyen  de  bascule  de 
donnees  en  conformite  avec  ledit  signal  de 
mode,  et 

un  moyen  crypteur  (160)  connect  audit 
moyen  de  decalage  de  donnees  de  fagon  a 
permettre  a  des  donnees  de  2"  bits  d'etre 
translates  en  conformite  avec  ledit  signal  de 
mode  et  etre  sorties  sur  ledit  bus  de  donnees 
interne. 

15 
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