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Description 

This  invention  relates  to  a  binary  logic  device  as  specified  in  the  preamble  of  claim  1. 
For  example,  an  automatic  train  control  (ATC)  system  for  railway  vehicles  must  have  highly  reliable 

5  fail-safe  capability  since  it  intends  to  protect  human  life  and  prevent  fatal  damage  by  preventing  train 
collision.  Therefore,  a  circuit  for  effecting  logical  decision  included  in  the  ATC  system  is  designed  to  be  a 
multisystem  in  which  outputs  of  respective  systems  are  collectively  applied  to  a  fail-safe  coincidence  circuit 
or  a  fail-safe  majority  circuit  which  decides  a  final  output.  Thus,  individual  logic  circuits  are  designed  to 
have  fail-safe  capability  and  they  are  arranged  to  provide  the  multisystem  directed  to  perfect  attainment  of 

10  the  intended  purpose. 
The  majority  circuit  is  however  singular  in  terms  of  multiplexing  and  its  fail-safe  capability  has  a  great 

effect  on  fail-safe  capability  of  the  entire  system. 
Accordingly,  efforts  have  been  made  to  obtain  a  majority  logic  circuit  of  highly  reliable  fail-safe 

capability.  At  present,  however,  electromagnetic  relays  are  exclusively  used  for  the  majority  logic  circuit 
15  and  difficulties  are  encountered  in  reducing  size  and  weight  of  the  device  and  power  consumption. 

Incidentally,  fail-safe  capability  can  be  obtained  with  the  use  of  electromagnetic  relays  for  the  following 
reasons. 

Failure  of  the  electromagnetic  relay  will  occur  under  a  make-contact  or  break-contact  condition  and 
generally  speaking,  generation  probability  of  the  make-contact  failure  is  1/1000  or  less  of  that  of  the  break- 

20  contact  failure. 
This  is  because  while  only  fusion  of  contact  is  prone  to  the  make-contact  failure,  a  great  number  of 

causes  attribute  the  break-contact  failure,  including  faulty  contact  due  to  contamination  and  oxidiation  of 
the  contact,  disconnection  and  internal  short-circuit  of  the  drive  coil,  failure  of  the  drive  power  supply, 
bending  of  the  movable  contact  and  the  like  causes. 

25  If  the  amount  of  current  passing  through  the  contact  is  suppressed  to  below  a  lower  limit  responsibe 
for  fusion  to  thereby  prevent  fusion  of  the  contact,  it  will  be  considered  that  only  the  break-contact  failures 
may  be  involved  in  a  potential  failure  mode. 

For  this  reason,  by  arranging  an  electromagnetic  relay  such  that  its  output  produced  upon  make- 
contact  is  connected  to  control  an  imminent  circuit  which  is  expected  to  undergo  dangerous  accident  and 

30  its  output  produced  upon  break-contact  is  connected  to  control  a  safe  circuit  which  is  not  expected  to 
undergo  dangerous  accident,  the  electromagnetic  relay  can  be  used  as  a  fail-safe  logic  element. 

In  semiconductor  elements,  failure  occurs  at  substantially  the  same  probability  under  conduction  and 
non-conduction  conditions. 

This  is  because  conduction  and  non-conduction  failures  in  semiconductor  elements  attribute  the  same 
35  cause  such  as  degradation  due  to  diffusion  of  impurity  or  overheat,  disconnection  or  contact  of  lead 

conductors,  and  short-circuit  or  fusion  due.to  excessive  current  and  voltage. 
For  this  reason,  it  is  impossible  to  arrange  a  semiconductor  element  such  that  its  output  logical  values 

are  distinctly  used  for  controlling  imminent  and  safe  circuits,  and  it  has  been  considered  that  extreme 
difficulties  are  encountered  in  obtaining  fail-safe  capability  in  a  desired  circuit  generally  termed  a  random 

40  logic  which  is  constituted  by  combining  basic  semiconductor  logic  elements. 
DE—  -A—  17  62  409  discloses  a  logical  alternating  current  system  having  fail-safe  capacity  in  which 

filters  are  provided  in  the  signal  path  before  the  arithmetic  unit,  and  two  signal  frequencies  are  input  to  the 
logic  unit.  Two  channels  are  opened  or  closed  in  response  to  the  input  signals. 

US  —  A  —  4,097,812  discloses  a  frequency  selective  or  bandpass  detector  circuit  in  which  the  high/low 
45  pass  detector  comprises  a  pair  of  digital  missing  pulse  circuits  which  have  different  fuming  intervals.  The 

outputs  of  these  missing  pulse  circuits  are  supplied  to  a  coincidence  gate  which  provides  the  bandpass 
detector  result. 

An  object  of  this  invention  is  therefore  to  provide  a  logic  device  based  on  semiconductor  elements 
which  is  capable  to  be  reduced  in  size  and  weight  and  which  can  have  highly  reliable  fail-safe  capability. 

so  This  object  is  accomplished  by  a  binary  logic  device  as  is  specified  in  the  main  claim.  The  sub  claims 
disclose  suitable  embodiments  of  the  logic  device  of  the  invention. 

By  making  the  frequency  of  the  alternating  signal  correspond  to  the  logic  value,  generation  probability 
of  the  unfavorable  dangerous  or  abnormal  output  in  the  event  of  failure  of  the  system  can  be  minimized.  In 
addition,  because  of  the  decision  by  means  of  the  logic  elements  normally  operable  even  if  the  input  of  the 

55  device  is  abnormal,  the  safe  output  can  be  generated  steadily.  Consequently,  even  through  the  use  of  the 
semiconductor  element  which  is  liable  to  become  faulty,  a  highly  reliable  fail-safe  element  can  be  realized 
to  provide  a  fail-safe  logic  device  which  can  be  reduced  in  size  and  weight. 

In  a  logic  circuit  requiring  two  or  more  inputs,  a  predetermined  arithmetic  operation,  for  example, 
addition  is  effected  for  logical  values  corresponding  to  frequencies  of  the  two  or  more  input  alternating 

60  signals  prior  to  the  decision  of  the  frequency  band.  This  arithmetic  operation  ensures  that  not  only 
commonly  used  logic  devices  such  as  AND,  OR,  NAND,  NOR  and  EX—  OR  devices  can  be  constructed  but 
also  a  logic  circuit  consisting  of  these  devices  in  combination,  for  example,  a  majority  logic  circuit  can  be 
constructed. 

Fig.  1  shows  an  example  of  a  logic  signal  according  to  the  present  invention; 
65 



EP  0  101  037  B1 

Figs.  2  to  4  are  graphic  representations  showing  different  examples  of  decision  of  frequency  band 
according  to  the  present  invention; 

Fig.  5  is  a  block  diagram  showing  another  embodiment  of  the  logic  device  according  to  the  invention; 
Fig.  6  is  a  block  diagram  showing  still  another  embodiment  of  the  logic  device  according  to  the 

5  invention; 
Fig.  7  is  a  block  diagram  showing  implementation  of  the  Fig.  6  embodiment; 
Fig.  8  shows  an  organization  of  data  stored  in  a  memory  in  Fig.  7; 
Fig.  9  is  a  time  chart  showing  the  operation  of  the  Fig.  7  device  used  in  terms  of  an  OR  device; 
Fig.  10  is  a  time  chart  showing  the  operation  of  the  Fig.  7  device  used  in  terms  of  an  EX—  OR  device; 

10  and  ■  , 
Fig.  11  is  a  block  diagram  of  an  arithmetic  operation  section  substituting  for  that  of  Fig.  7  in  order  for 

the  Fig.  8  device  to  be  used  as  a  majority  circuit. 
The  invention  will  now  be  described  by  way  of  example. 
Referring  to  Fig.  1,  correspondence  can  be  made  between  a  conventional  logic  signal  (A)  and  a  logic 

15  signal  (B)  according  to  the  present  invention.  These  logic  signals  correspond  to  both  positive  logic  "1"  and 
negative  logic  " 0 " . .  

A  waveform  as  shown  in  Fig.  1a  indicates  a  conventional  binary  logic  in  the  form  of  a  voltage  signal 
wherein,  for  example,  5  V  voltage  represents  positive  logic  "1"  and  0  V  voltage  represents  negative  logic 
"0". 

20  On  the  other  hand,  in  a  waveform  as  shown  in  Fig.  1b  indicating  a  logic  signal  according  to  the 
invention,  an  alternating  signal  of  300  Hz  represents  positive  logic  "1"  and  an  alternating  signal  of  50  Hz 
represents  negative  logic  "0".  Thus,  according  to  the  present  invention,  different  logical  values  are 
represented  by  different  frequencies  and  frequency  bands  are  graded  as  exemplified  in  Figs.  2  to  4. 

Fig.  2  shows  the  most  simplest  grading  of  frequency  bands  wherein  a  band  above  a  given  frequency  f, 

25  is  defined  to  represent  positive  logic  and  a  band  below  the  frequency  f,  represents  negative  logic. 
Fig.  3  shows  a  tertiary  logic  containing,  in  addition  to  positive  and  negative  logic  bands,  a  band 

representative  of  abnormal  conditions.  In  Fig.  3,  a  band  above  a  given  frequency  f,  is  defined  to  represent 
positive  logic,  a  band  between  frequencies  f,  and  f2  represents  negative  logic,  and  a  band  below  the  given 
frequency  f2  represents  abnormal  conditions. 

30  In  Fig.  4,  positive  and  negative  logics  under  normal  operation  are  respectively  confined  within  three 
different  frequency  bands  which  are  spaced  from  each  other  and  the  other  bands  are  defined  to  represent 
abnormal  conditions.  More  particularly,  a  band  centered  at  600  Hz  and  ranging  from  575  to  625  Hz  and  a 
band  centered  at  350  Hz  and  ranging  from  325  to  375  Hz  are  defined  to  represent  positive  logic,  a  band 
centered  at  100  Hz  and  ranging  from  75  to  125  Hz  is  defined  to  represent  negative  logic  and  the  other  bands 

35  are  defined  to  represent  abnormal  conditions. 
Fig.  5  shows,  in  block  form,  an  embodiment  of  the  logic  device  according  to  the  invention. 
The  logic  device  12  has  input  terminals  4,  5  and  an  arithmetic  operation  section  7,  a  frequency  band 

decision  section  8,  an  alternating  signal  generator  9  and  an  output  terminal  6.  This  logic  device  12  can 
constitute,  apart  from  the  NOT  device,  a  two-input  type  logic  device  such  as  an  OR,  AND,  EX—  OR,  NOR  or 

40  NAND  d e v i c e . .  
The  arithmetic  operation  section  7  performs  a  predetermined  arithmetic  operation  for  frequencies  of 

two  alternating  input  signals  applied  to  the  input  terminals  4  and  5.  This  arithmetic  operation  may  be  of 
either  addition  or  subtraction  but  most  preferably,  addition  may  be  involved  to  ensure  the  logic  device  1  2  to 
operate  as  shown  in  Table  1. 

20 
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To  constitute  a  NOT  device,  the  logic  device  12  may  be  replaced  by  a  device  without  arithmetic 
operation  section  7  and  one  of  the  two  input  terminals  4  and  5  may  be  excluded.  But  as  far  as  Table  2  is 
concerned,  a  NOT  device  is  constituted  by  interconnecting  the  input  terminals  4  and  5.  In  this  case,  input 
signals  both  in  the  form  of  either  the  frequency  fP,  fN  or  fE  are  employed  so  that  only  three  results  of 

5  arithmetic  operation,  that  is,  addition  represented  by  2fP,  2fN  and  2fE  are  involved.  Accordingly,  when  the 
frequency  band  decision  provides  2fP,  2fN  or  2fE,  an  alternating  signal  of  frequency  fN,  fP  or  fE  is  delivered 
out  c o r r e s p o n d i n g l y . . . .  

Next  the  logic  device  12  taken  for  an  OR  device  will  be  described.  Assuming  that  the  alternating  signal 
frequency  fP  corresponding  to  input  positive  logic  is  300  Hz  and  the  alternating  signal  frequency  fN 

w  corresponding  to  input  negative  logic  is  50  Hz,  the  band  decision  section  8  included  in  the  logic  device  for 
performing  OR  operation  in  Table  2  will  operate  pursuant  to  a  logic  signal  scheme  as  shown  in  Fig.  4.  More 
particularly,  in  item  No.  1  in  Table  1,  a  result  of  addition  fa  (=  2fP  =  600  Hz)  is  obtained  so  that  pursuant  to 
Fig.  4,  this  result  is  judged  as  a  frequency  corresponding  to  input  positive  logic  "1"  and  an  output 
frequency  fP  of  300  Hz  corresponding  output  positive  logic  is  delivered  out.  In  items  No.  2  and  No.  3  in  Table 

15  2  a  result  of  addition  fa  is  fP  =  2fN  +  fN  which  is  350  Hz  so  that  the  input  positive  logic  is  also  decided 

pursuant  to  Fig.  4  and  an  output  frequency  fP  of  300  Hz  corresponding  to  output  positive  logic  is  delivered 
out  In  item  No.  4,  fa  =  2fN  =  100  Hz  stands  so  that  the  input  negative  logic  i.e.,  "0"  is  decided  and  an 
alternating  output  signal  frequency  fN  of  50  Hz  corresponding  to  output  negative  logic  is  delivered  out.  In 
the  ensuring  items  No.  5  to  No.  9,  an  abnormal  input  frequency  fE  is  involved,  indicating  a  frequency  band 

20  other  than  the  three  bands  described  above,  so  that  an  output  frequency  fE  is  involved,  indicating  a 
frequency  band  other  than  the  three  bands  described  above,  so  that  an  output  frequency  fE  (for  example, 
zero  Hz)  representative  of  "abnormal"  is  delivered  out. 

Similarly,  in  accordance  with  the  generation  of  output  signals  as  shown  in  Table  2  corresponding  to 
results  of  the  frequency  band  decision,  an  AND,  EX—  OR,  NOR  or  NAND  device  can  be  obtained. 

25  Fig.  6  shows,  in  block  form,  a  still  another  embodiment  of  the  logic  device  according  to  the  invention 
which  can  further  improve  fail-safe  capability. 

A  logic  device  13  comprises  two  input  terminals  4  and  5,  an  arithmetic  operation  section  7  adapted  to 
perform  addition  of  frequencies  of  two  alternating  input  signals  applied  to  the  two  input  terminals  4  and  5, 
a  band  decision  section  8  connected  to  receive  a  result  14  of  arithmetic  operation  for  frequency  band 

30  decision,  an  alternating  signal  generator  10  for  generating  a  frequency  corresponding  to  an  output  logical 
value  of  a  decision  signal  15,  and  an  output  terminal  6  for  delivery  of  an  output  signal  from  the  signal 
generator  10.  A  failure  detection  circulative  signal  16,  which  is  cyclically  circulated  from  the  alternating 
signal  generator  10  through  the  band  decision  section  8,  is  delivered  to  an  output  terminal  17. 

This  logic  device  13  performs  the  same  logic  operation  as  the  Fig.  5  logic  device  and  in  addition,  when 

35  both  the  band  decision  section  8  and  alternating  signal  generator  10  are  operating  normally,  the  failure 
detection  circulative  signal  16  assumes  an  alternating  signal  of  a  predetermined  frequency  to  indicate  that 
the  normal  operation  of  the  logic  device  13  is  evidenced  by  the  appearance  of  the  signal  16  on  the  output 
terminal  17. 

The  Fig.  6  embodiment  can  be  implemented  as  shown,  in  block  form,  in  Fig.  7.  In  this  implementation, 
40  an  operation  scheme  termed  ring  operation  is  employed  which  is  a  modified  digital  differential  analyzer 

(DDA)  operation.  This  ring  operation  scheme  has  been  used  widely  in  the  field  of  automatic  train  control 
and  is  known.  Details  thereof  are  described  in  Japanese  Patent  Nos.  923,327,  964,816  and  1,072,745. 

In  the  logic  device  13  comprised  of  the  arithmetic  operation  section  7,  band  decision  section  8  and 
alternating  signal  generator  10,  the  band  decision  section  8  and  alternating  signal  generator  10  share  the 

45  same  operation  route  on  a  time  division  basis.  It  will  be  appreciated  that  in  the  Fig.  7  implementation,  the 
arithmetic  operation  section  is  used  in  common  for  operations  on  the  time  division  basis  and  therefore  the 
decision  signal  15  and  circulative  signal  16  in  Fig.  6  can  not  be  designated  distinctly. 

Turning  to  Fig.  7,  the  arithmetic  operation  section  7  has  sampling  circuits  18  and  20  and  an  exclusive 
OR  (EX—  OR)  gate  22  and  performs  addition  of  frequencies  of  alternating  input  signals  applied  to  the  input 

so  terminals  4  and  5.  The  sampling  circuits  18  and  20  respectively  receive  clock  signals  26  and  28,  which  are 
out  of  phase  with  respect  to  each  other,  from  a  clock  generator  24  so  as  to  steadily  displace  rise  and  fall  of 
one  of  two  alternating  input  signals  from  that  of  the  other.  The  two  out-of-phase  signals  are  applied  to  the 
EX—  OR  gate  22.  As  a  result,  the  EX—  OR  gate  22,  even  when  two  alternating  input  signals  of  the  same 
frequency  are  applied  to  the  input  terminals  4  and  5,  steadily  adds  the  frequencies  of  the  two  alternating 

S5  input  signals  and  produces  an  alternating  signal  14  of  a  summed  frequency. 
Basically,  the  frequency  band  decision  section  8  comprises  a  frequency  comparator  34.  At  the 

comparator  34,  the  alternating  signal  14  of  summed  frequency  is  compared  with  an  alternating  signal  32  of 
a  reference  frequency  produced  from  an  alternating  signal  generating  circuit  30  to  thereby  effect  band 
decision.  In  order  to  decide  a  plurality  of  frequency  bands  as  exemplified  in  Fig.  4,  the  alternating  signal 

60  generator  30  alternately  generates  the  plurality  of  alternating  signals  32  of  different  reference  frequencies 
on  a  time  division  basis,  and  the  frequency  comparator  34  also  compares  the  alternating  signal  14  with  the 
plurality  of  alternating  reference  signals  32  on  the  time  division  basis.  Accordingly,  the  frequency  band  is 
decided  depending  on  at  which  timing  a  compared  decision  signal  36  from  the  frequency  comparator  34 
c h a n g e s . .  

65  The  alternating  signal  generator  10  comprises  the  alternating  signal  generating  circuit  30  which 
,  65 



EP  0  101  037  B1 

generates  alternating  signals  of  frequencies  corresponding  to  output  logical  values  in  accordance  with 
results  of  the  band  decision  on  a  time  division  basis  which  is  different  from  that  for  the  band  decision. 

The  operation  will  now  be  described  in  greater  detail. 
A  clock  signal  38  produced  from  the  clock  generator  24  is  converted  into  a  serial  address  signal  42  by 

5  _  an  address  circuit  40.  The  logic  device  is  responsive  to  the  serial  address  signal  42  to  repeat  ring  operations 
at  high  speeds  in  unit  of  one  address  period. 

The  address  signal  42  is  applied  to  a  timing  circuit  44  which  in  turn  generates  a  plurality  of  timing 
signals  46,  48,  49,  50  and  52  necessary  for  operations  on  the  time  division  basis. 

When  a  memory  54  for  storage  of  data  as  shown  in  Fig.  8  responds  to  the  address  signal  42  and  the 
ic  decision  signal  36,  two  data  series  56  and  58  are  read  out  of  the  memory  54.  The  data  series  56  represents  a 

plurality  of  reference  frequencies  f10  to  f7,  and  the  data  is  read  out  on  the  time  division  basis,  at  time  slots  t, 
to  t6  to  be  described  later,  and  applied  to  the  alternating  signal  generating  circuit  30  through  a  data 
switching  circuit  60.  In  this  manner,  the  alternating  signal  generating  circuit  30  produces  the  plurality  of 
different  reference  frequencies  f10  to  f7  on  the  time  division  basis,  thus  providing  reference  values  for  the 

15  frequency  comparison. 
Results  of  comparison  lead  to  changes  of  the  decision  signal  36  at  particular  timings  as  mentioned 

previously.  Thus,  at  the  timing  of  occurrence  of  the  decision  signal  36,  one  data  in  the  data  series  58  is 
latched,  and  an  alternating  signal  of  a  frequency  which  is  represented  by  the  thus  latched  data  and  which 
corresponds  to  an  output  logical  value  is  generated  from  the  generating  circuit  30.  Since  data  representing 

20  a  frequency  fP  corresponding  to  output  positive  logic,  a  frequency  fN  corresponding  to  output  negative  logic 
and  a  frequency  fE  corresponding  to  abnormal  condition  are  sequentially  read  out  of  the  data  series  58  as 
shown  in  Fig.  8,  one  of  such  data  which  is  latched  by  a  latch  circuit  62  at  the  timing  of  occurrence  of  the 
decision  signal  36  represents  a  result  of  the  band  decision. 

The  data  fP,  fN  orfE  latched  by  the  latch  circuit  62  is  transmitted  through  the  data  switching  circuit  60  to 
25  the  alternating  signal  generating  circuit  30  at  a  time  slot  within  one  address  period  which  is  allotted  for 

output  delivery,  so  that  the  circuit  30  generates  an  alternating  signal  32  of  a  frequency  fP,  fN  or  fE 
corresponding  to  a  logical  value  to  be  delivered  out. 

Since,  of  three  frequency  signals  constituting  the  alternating  signal  32,  only  the  signal  generated  at  the 
timing  is  to  be  delivered  out,  the  timing  signal  50  controls  a  logic  circuit  64  such  that  passage  of  the  other 

30  signals  through  the  circuit  64  is  prevented,  and  only  that  signal  generated  at  the  timing  is  permitted  to  pass 
to  the  output  terminal  6. 

An  error  detection  circuit  66  and  a  failure  detection  output  circuit  68  also  operate  at  one  time  slot  on  the 
time  division  basis  allotted  to  these  circuits  as  will  be  described  later. 

The  operation  of  the  Fig.  7  arrangement  will  be  described  specifically  in  terms  of  an  OR  device  with 
35  reference  to  Fig.  10. 

One  period  t  of  the  address  signal  42  is  divided  into  6  time  slots  t|  to  t6  to  which  different  functions  are 
allotted.  In  this  example,  as  shown  in  Fig.  9,  function  to  decide  the  frequency  band  is  allotted  to  the  time 
slots  t,  to  t4  and  function  to  generate  alternating  output  signals  is  allotted  to  the  time  slot  t5.  With  a  view  to 
completing  fail-safe  capability,  function  to  detect  failure  is  allotted  to  the  last  time  slot  t6. 

40  The  data  stored  in  the  memory  54  as  shown  in  Fig.  8  is  sequentially  read  out  in  parallel  as  the  data 
series  56  and  58  at  the  time  slots  t,  to  t6  of  the  address  signal  42. 

All  the  procedures  to  be  described  below  are  controlled  by  the  timing  signals  46,  48,  49,  50  and  52 
produced  from  the  timing  circuit  44. 

Firstly,  at  four  time  slots  t-i  to  t4,  alternating  signals  of  four  different  frequencies  f-]0  to  f7  are  generated 
45  from  the  alternating  signal  generating  circuit  30.  To  this  end,  the  data  series  56  corresponding  to  the 

frequencies  f10  to  f7  stored  as  shown  in  Fig.  8  in  the  memory  54  is  read  therefrom  at  the  time  slots  t,  to  t4  and 
fed  to  the  alternating  signal  generating  circuit  30  through  the  data  switching  circuit  60.  The  address  period  t 
is  96  uS,  for  example,  and  each  of  the  time  slots  ti  to  t6  occurs  at  the  rate  of  96  uS.  Consequently,  where  a 
pulse  is  delivered  out  each  time  a  particular  time  slot  occurs,  an  alternating  signal  of  10  KHz(=  1/96  uS)  can 

so  be  generated.  If  it  is  desired  to  generate  an  alternating  signal  of  5  KHz,  the  delivery  of  pulse  will  be  subject 
to  1/2  frequency  division  in  such  a  manner  that  a  pulse  is  delivered  out  at  every  second  occurrence  of  a 
particular  time  slot.  By  utilizing  the  frequency  division  of  a  particular  time  slot  in  this  manner,  the  signal 
generating  circuit  30  can  generate  alternating  signals  of  frequencies  corresponding  to  the  stored  data  f10  to 
f7  at  the  timing  of  each  time  slot. 

55  As  a  result,  the  output  32  of  the  alternating  signal  generating  circuit  30  has  different  frequencies  in 
accordance  with  the  time  slots  t,  to  t4,  providing  f10  =  620  Hz,  f9  =  330  Hz,  f  a  =  120  Hz  and  f7  =  90  Hz.  For 
example,  when  paying  attention  to  only  the  time  slot  t,,  the  waveform  level  changes  at  the  repetition  rate  of 
1/620  Hz. 

The  frequency  comparator  34  receives  the  output  32  from  the  alternating  signal  generating  circuit  30 
eo  and  the  summed  frequency  signal  14  of  the  alternating  signals  supplied  to  the  input  terminals  4  and  5  so  as 

to  compare  frequencies  of  these  input  signals  at  the  timing  of  each  time  slot.  It  will  be  appreciated  that  the 
frequency  of  the  summed  frequency  signal  14  is  so  low  that  this  signal  14  will  not  alternate  within  the  one 
address  period  t. 

It  is  now  assumed  that  the  output  positive  logic  corresponds  to  an  input  frequency  fP  of  300  Hz,  the 
B5  output  negative  logic  corresponds  to  an  input  frequency  fN  of  50  Hz,  and  an  output  frequency  fE  of  0  (zero) 
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Hz  is  produced  when  a  preceding  logic  device  which  supplies  the  input  to  this  OR  device  is  in  abnormal 
operation. 

The  frequency  comparator  34  adopts  the  ring  operation  scheme  disclosed  in  the  aforementioned 
Japanese  Patents  and  operates  as  follows. 

5  As  far  as  the  time  slot  t,  is  concerned,  time  slot  components  belonging  to  this  time  slot  tn  occur 
sequentially  at  the  rate  of  96  uS,  and  only  at  the  timing  of  a  particular  time  slot  component  associated  with 
f10  =  620  Hz,  the  frequency  comparator  30  receives  a  signal  32  of  "1"  (positive).  On  the  other  hand,  the 
other  input  signal  to  the  frequency  comparator  30,  that  is,  the  summed  frequency  signal  14  has  a  sum  of 
frequencies  of  the  alternating  signals  applied  to  the  input  terminals  4  and  5,  measuring  2  fP,  so  that  only  at 

10  the  timing  of  a  particular  component  of  the  time  slot  t,  associated  with  2  fP  =  600,  the  signal  14  assumes 
"1"  (positive). 

Within  the  time  interval  of  the  particular  time  slot  component,  one  of  the  two  pulse  series  32  and  14 
effects  up-count  and  the  other  down-count  to  perform  a  frequency  comparison.  When  the  difference 
between  two  frequencies  reaches  a  predetermined  value  at  the  present  frequency  comparison,  an  output 

75  signal  36  shown  as  S36  in  Fig.  9  is  delivered  out  at  the  timing  of  a  subsequent  component  of  the  time  slot  t,  . 
Since,  in  this  example,  the  signal  32  is  620  Hz  and  the  signal  14  is  600  Hz,  the  frequency  of  signal  32  is 
higher  than  the  frequency  of  signal  14  and  the  decision  signal  36  does  not  assume  "1"  corresponding  to  the 
initial  component  of  the  time  slot  t,  until  the  frequency  difference  is  accumulated  to  reach  the 
predetermined  value. 

20  The  operation  proceeds  with  at  very  high  speeds  as  described  previously  and  it  takes  only  several  of 
ms  for  the  decision  signal  36  to  assume  "1"  corresponding  to  the  initial  component. 

Similarly,  the  alternating  signals  32  and  14  are  also  compared  at  the  timing  of  time  slots  t2  to  t4.  In  this 
comparison,  the  other  input  i.e.,  the  alternating  signal  14  has  the  same  frequency  throughout  the  time  slot 
t,  and  the  time  slots  t2  to  t4  whereas  the  frequency  of  the  one  input  i.e.,  the  alternating  signal  32  changes  in 

25  accordance  with  the  time  slots  t,  to  t4  as  shown  in  Fig.  9.  The  frequency  comparison  result  at  each  time  slot 
is  recognized  as  the  decision  signal  36  for  each  time  slot. 

In  this  manner,  the  decision  signal  36  representative  of  the  frequency  comparison  result  for  each  time 
slot  can  be  obtained  and  its  fall  i.e.,  its  change  from  "1"  to  "0"  within  one  address  period  is  selectively 
extracted  in  response  to  the  timing  signal  46  to  trigger  the  latch  circuit  62.  The  data  in  the  latch  circuit  62  is 

30  represented  by  L62  in  Fig.  9.  At  this  time,  the  decision  signal  36  assumes  "0"  without  fail  at  the  time  slot  t2 
or  t4  unless  the  alternating  signal  applied  to  the  input  terminal  4  or  5  contains  the  frequency  fe  =  0  (zero)  Hz. 
At  the  preceding  time  slots,  the  decision  signal  assumes  "1".  More  particularly,  since,  in  item  Nos.  1  to  3  in 
Table  1,  2fP  =  600  Hz  or  fP  +  fN  =  350  Hz  is  held,  the  frequency  comparison  result  lies  between  the  reference 
frequencies  f10  =  620  Hz  and  f9  =  330  Hz  so  that  the  decision  signal  36  is  "1  "  at  the  time  slot  t,  and  "0"  at  the 

35  time  slott2.  Further,  in  item  No.  4  in  Table  1,  2fN  =  100  Hz  is  held  and  hence  the  frequency  comparison  result 
lies  between  the  reference  frequencies  f?  =  120  Hz  and  f9  =  90  Hz  so  that  the  decision  signal  36  is  "1"  until 
the  time  slot  t3  will  assume  "0"  at  the  time  slot  t4. 

Accordingly,  the  data  58,  shown  as  S58  in  Fig.  9,  latched  at  the  latch  circuit  52  in  response  to  triggering 
by  the  fall  edge  of  the  decision  signal  36  corresponds  to  the  data  fP  at  the  timing  of  the  time  slot  t2  in 

40  connection  with  item  Nos.  1  to  3,  and  corresponds  to  the  data  fN  at  the  timing  of  the  time  slot  t4  in 
connection  with  item  No.  4. 

If  the  decision  signal  36  falls  at  the  time  slot  t3  other  than  the  time  slots  t2  and  t4,  it  is  indicated  that 
abnormal  conditions  occur  in  the  receding  frequency  band  decision  and  in  this  case,  the  data  fE  will  be 
latched. 

45  The  latched  data  fP,  fN  or  fE  of  the  data  series  58  stored  in  the  memory  54  is  transferred  to  the 
alternating  signal  generating  circuit  30  through  the  data  switching  circuit  60  at  the  timing  of  time  slotts.  As 
a  result,  the  alternating  signal  generating  circuit  30  generates,  in  a  manner  described  previously,  an 
alternating  signal  of  the  frequency  fP  (positive  logic),  frequency  fN  (negative  logic)  or  frequency  fE 
(abnormal).  The  logic  circuit  64  send  out  one  of  the  alternating  signals  fP,  fN  and  fE  to  the  terminal  6  under 

50  the  aid  of  the  timing  signal  50  appearing  only  in  the  time  slot  5. 
When  the  sum  of  frequencies  of  the  alternating  input  signals,  that  is,  the  frequency  of  the  alternating 

signal  14  shown  in  Figs.  7  and  10  is  decided  as  exceeding  the  reference  frequency  f10  or  erroneously 
decided  as  exceeding  f10,  or  is  decided  as  being  below  the  reference  frequency  f7  or  erroneously  decided  as 
being  below  f7,  the  decision  signal  36  remains  "0"  or  "1"  throughout  the  time  slots  t-,  to  t4,  failing  to 

55  generate  triggering  by  the  fall  edge.  Consequently,  none  of  data  in  the  data  series  58  is  latched  by  the  latch  cir- 
cuit  62  and  the  alternating  signal  generating  circuit  30  will  not  produce  any  alternating  signal  at  the  time  slot  t5. 

As  described  above,  the  OR  device  based  on  the  frequency  logic  fulfils  itself  by  receiving  at  the  input 
terminals  4  and  5  alternating  signals  of  the  frequency  fP  corresponding  to  positive  logic,  frequency  fN 
corresponding  to  negative  logic  or  frequency  fE  corresponding  to  abnormal  conditions  and  by  delivering 

60  the  alternating  signal  corresponding  to  one  of  the  logics  and  abnormal  condition. 
As  will  be  seen  from  the  foregoing  operational  description,  in  the  logic  device,  probability  of  delivering 

out  the  normal  output  frequencies  fP  and  fN  can  be  minimized  and  fail-safe  capability  can  be  improved  even 
when  the  abnormal  frequency  other  than  the  normal  frequencies  is  applied  to  at  least  one  of  the  input 
terminals  4  and  5  and  even  when  the  arithmetic  operation  and  decision  of  the  frequency  values  and  the 

6S  generation  of  the  alternating  signal  become  faulty. 
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Further,  by  narrowing  the  frequency  band  with  respect  to  which  the  normal  frequency  is  decided, 
probability  of  detecting  the  abnormal  conditions  can  be  increased,  thereby  making  it  possible  to  further 
improve  the  fail-safe  capability  with  ease. 

The  logic  device  has  been  described  in  terms  of  the  OR  device  in  Table  2  but  obviously,  it  can  serve  as 
5  any  one  of  the  other  types  of  logic  device  in  Table  1  by  merely  rewriting  the  reference  frequency  data  series 

56  and  the  frequency  data  series  58  corresponding  to  the  output  logical  values  stored  in  the  memory  54  as 
shown  in  Fig.  8. 

To  use  the  logic  device  as  an  AND  device,  the  positive  logic  frequency  fP  may  be  delivered  only  when 
the  frequency  band  decision  result  is  2fP  and  the  negative  logic  frequency  fN  may  be  delivered  when  the 

jo  other  combinations  of  normal  alternating  input  signals  are  applied  to  the  input  terminals,  pursuant  to  Table 
2.  To  this  end,  of  the  reference  frequency  data  of  the  data  series  56  stored  in  the  memory  54,  f10  =  620  Hz 
and  f7  =  90  Hz  are  kept  unchanged  and  f9  and  fa  are  simply  rewritten  to  580  Hz  and  360  Hz,  respectively. 

It  is  also  obvious  from  Table  2  that  the  OR  and  AND  devices  can  be  converted  into  NOR  and  NAND 
devices,  respectively,  by  exchanging  the  data  fP  and  fN  of  the  data  series  58  at  the  time  slots  t2  and  t4. 

15  While,  according  to  the  conventional  binary  logical  scheme,  several  binary  logical  devices  such  as 
AND,  OR  or  NOT  devices  must  be  employed  to  constitute  and  EX  —  OR  device,  the  present  invention  can 
materialize  the  EX  —  OR  device  with  a  single  logic  device. 

More  particularly,  when  considering  that  the  EX  —  OR  device  functions  to  deliver  fP  only  when  the 
frequency  of  the  signal  14  is  fP  +  fN  or  fN  +  fP  and  deliver  fN  when  that  frequency  is  2fP  or  2fN,  time  slots  t7 

20  and  t8  are  added,  as  shown  in  Fig.  10,  to  the  time  slots  shown  in  Fig.  9,  the  time  slots  ts  and  t6  are  adapted 
for  frequency  comparison,  and  the  time  slots  f10/  fg,  fa,  hi  ^  and  5̂  are  respectively  set  to  620  Hz,  580  Hz,  370 
Hz,  340  Hz,  1  10  Hz  and  90  Hz,  for  example,  along  with  the  employment  of  fP  of  300  Hz  and  fN  of  50  Hz  as  in 
the  previous  embodiment. 

Fig.  10  shows  in  section  (A)  an  operation  mode  wherein  the  input  frequencies  are  coincident  at  fP,  in 
25  section  (B)  a  mode  wherein  the  input  frequencies  are  different,  and  in  section  (C)  a  mode  wherein  the  input 

frequencies  are  coincident  at  fN. 
A  two  out  of  three  majority  circuit  can  be  realized  by  slightly  modifying  the  Fig.  7  arrangement  and  the 

Fig.  8  memory  format. 
Firstly,  the  arithmetic  operation  section  7  of  Fig.  8  is  replaced  by  a  block  as  shown  in  Fig.  11.  Thus,  an 

30  input  terminal  70,  a  sampling  circuit  72,  a  clock  signal  74  for  the  sampling  circuit  72  and  an  EX  —  OR  gate  76 
are  added  so  as  to  obtain  an  alternating  signal  having  a  sum  of  frequencies  of  three  input  signals. 

Next,  the  reference  frequency  data  f10  to  f7  in  the  data  series  56  stored  in  the  memory  as  shown  in  Fig.  8 
are  rewritten  to  represent  1000  Hz,  620  Hz,  420  Hz  and  120  Hz,  respectively. 

With  this  construction,  when  the  sum  of  the  three  input  frequencies  is  such  that  3fP  =  900  Hz  or  2fP  +  fN 
35  =  650  Hz,  an  alternating  signal  of  a  frequency  fP  representative  of  output  logical  value  "1"  is  delivered  and 

when  the  summed  frequency  is  such  that  fP  =  2fN  =  400  Hz  or  3fN  =  150  Hz,  an  alternating  signal  of  a 
frequency  fN  representative  of  output  logical  value  "0"  is  delivered.  When  the  other  frequencies  are 
decided,  an  alternating  signal  of  a  frequency  fE  representative  of  "abnormal"  is  delivered,  which  alternating 
signal  turns  into  a  constant  signal  when  the  frequency  fE  is  set  to  0  (zero)  Hz. 

40  The  thus  constructed  three-input  majority  circuit  fulfils  the  two  out  of  three  logic  function. 
Turning  to  the  embodiment  described  with  reference  to  Figs.  7  to  9,  it  will  be  appreciated  that  function 

to  detect  failure  is  carried  out  at  the  timing  of  the  time  slot  t6  to  further  improve  the  fail-safe  capability. 
To  be  specific,  ail  the  input  data  to  the  alternating  signal  generating  circuit  30  are  checked  by  the  error 

detection  circuit  66.  For  example,  rationality  check  is  effected  at  each  time  slot  through  the  known  method 
45  of  parity  check  or  cyclic  code  check,  and  a  resultant  signal  is  used  to  switch  the  output  frequency  of 

alternating  signal  generating  circuit  30  occurring  at  the  timing  of  the  time  slot  t6.  When  no  error  occurs 
within  one  address  period  t,  an  alternating  signal  of  a  frequency  which  is  maximized  as  far  as  possible  is 
generated.  On  the  other  hand,  when  a  data  containing  at  least  one  error  occurs,  the  frequency  is  switched 
to  0  (zero)  Hz.  By  making  the  maximum  frequency  fmax  higher  than  the  normal  maximum  frequency  2fP  of 

50  the  signal  14,  the  decision  signal  36  assumes  "1"  in  the  absence  of  error  in  the  data  and  assumes  "0"  in  the 
presence  of  error.  On  the  other  hand,  the  two  data  series  are  stored  in  the  memory  54  as  shown  in  Fig.  8, 
and  the  memory  54  receives  as  one  address  signal  the  fedback  decision  signal  36.  Therefore,  different  data 
can  be  read  out  of  the  memory  54  dependent  on  "1"  or  "0"  of  the  decision  signal  36.  The  different  data  are 
stored  corresponding  to  different  time  slot  components  of  the  time  slot  t6  such  that  the  content  of  the  data 

55  series  58  is  a  data  ED  containing  error  when  the  decision  signal  36  is  "1"  and  is  a  data  RD  devoid  of  error 
when  the  decision  signal  36  is  "0". 

With  this  construction,  the  decision  signal  36  becomes  an  alternating  signal  of  a  frequency  higher  than 
a  predetermined  value  at  the  timing  of  the  time  slot  t6.  Specifically,  if  the  decision  signal  36  "1" 
representative  of  normal  condition  is  delivered  at  a  particular  component  of  the  time  slot  t6,  the  data  ED 

60  containing  error  is  read  out  at  a  subsequent  component  of  the  time  slot  t6  and  the  error  detection  circuit  66 
and  the  frequency  comparator  34  cooperate  to  produce  a  decision  signal  36  "0".  Consequently,  at  a  further 

■  subsequent  time  slot  component,  the  normal  data  RDis  read  out  and  the  decision  signal  36  again  returns  to 
"1".  The  above  operation  is  repeated  and  hence  the  decision  signal  36  alternates.  For  simplicity  of 
explanation,  the  frequency  comparator  34  is  described  as  being  able  to  complete  the  comparison  during 

65  each  operation  slot.  Practically,  however,  the  frequency  comparison  is  of  integration  type  and  the 

8 
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frequency  comparison  is  completed  through  a  plurality  of  components  of  the  time  slott6.  Accordingly,  the 
decision  signal  36  alternates  at  a  freqeuncy  above  a  predetermined  frequency  which  is  lower  than  the 
aforementioned  operation  frequency  of  10  K H z . .  

The  alternating  signal  36  occurring  at  the  timing  of  the  time  slot  tg  is  sent  to  the  output  terminal  1/ 
5  through  the  failure  detection  output  circuit  68  by  the  aid  of  the  timing  signal  52  occurring  only  at  the  time 

slot  t6. 
The  alternating  signal  sent  to  the  output  terminal  17  continues  to  occur  so  long  as  the  circuits  in  the 

logic  device  operate  normally  but  it  stops  alternating  in  the  event  that  any  one  of  the  alternating  signal 
generating  circuit  30  and  frequency  comparator  34  both  participating  in  the  normal  logic  processing  as  well 

m  as  the  error  detection  circuit  66  becomes  faulty.  Accordingly,  by  monitoring  this  alternating  signal 
externally,  occurrence  of  any  abnormal  conditions  can  be  known. 

Based  on  the  logic  device  of  the  invention  as  exemplified  thus  far  in  terms  of  the  AND,  OR,  NOT,  NAND, 
NOR  or  EX—  OR  device,  desired  logic  designs  incorporating  the  logic  scheme  according  to  the  invention 
can  be  achieved  through  the  same  technique  as  that  for  the  conventional  binary  logic  circuits. 

15  Since  various  types  of  flip-flop,  register,  timer  and  counter  stand  for  combinations  of  basic  logic 
devices,  they  can  be  constituted  like  the  binary  logic  devices. 

The  invention  has  been  described  by  way  of  the  logic  device  equivalent  to  the  conventional  binary 
logic  device  but  multiple  logic  circuits  of  tertiary  or  more  logic  may  be  materialized  readily  by  selecting  the 
number  of  logic  values  as  desired. 

20  The  internal  circuits  of  the  logic  circuit  are  not  limited  to  those  used  in  the  foregoing  embodiments  but 
they  may  be  implemented  by  a  microprocessor  or  a  desired  circuit  for  discrimination  and  generation  of 
frequency  signals.  For  example,  the  frequency  band  decision  section  may  precede  the  arithmetic  operation 
section  for  frequency  signals. 

25 
Claims 

1  .  A  binary  logic  device  for  performing  a  logical  operation  on  at  least  two  input  alternating  signals  each 
of  which  has  a  frequency  within  one  of  at  least  two  frequency  bands  predetermined  in  correspondence  to  at 

30  least  two  logical  levels,  characterized  in  that  arithmetic  means  (7)  are  provided  for  receiving  said  input 
alternating  signals  and  for  executing  an  addition  of  said  alternating  input  signals  to  provide  an  alternating 
signal  having  a  resultant  frequency  which  is  based  on  the  result  of  said  addition,  decision  means  (8) 
connected  to  the  output  of  said  arithmetic  means  (7)  for  deciding  whether  said  resultant  frequency  lies 
within  one  of  at  least  two  predetermined  frequency  bands  each  corresponding  to  a  logical  value,  and 

35  means  for  outputting  an  output  alternating  signal  having  one  of  a  plurality  of  different  frequencies  in 
correspondence  to  the  result  of  the  decision  by  said  decision  means. 

2.  A  logic  device  according  to  claim  1  wherein  the  input  and  output  logical  values  represent 
information  of  events  inputted  and  outputted,  respectively  and,  specified  two  logical  values  in  the  output 
logical  values  are  inverted  for  output  logical  values  each  other. 

40  3.  A  logic  device  according  to  claim  1,  wherein  said  inputting  means  (4)  receives  at  least  two  of  the 
input  alternating  signals,  further  comprising: 

means  (7)  provided  between  said  inputting  means  and  deciding  means  for  operating  arithmetically  the 
frequencies  of  said  at  least  two  input  alternating  signals  to  provide  a  signal  having  a  frequency  by  the 
arithmetic  operation. 

45  4.  A  logic  device  according  to  claim  3,  wherein  frequencies  corresponding  to  the  input  logical  values 
are  made  equal  to  frequencies  corresponding  to  the  output  logical  values. 

5.  A  logic  device  according  to  claim  3  wherein  said  frequencies  corresponding  to  said  input  logical 
values  are  selected  to  lie  in  frequency  bands  in  which  a  resultant  frequency  of  said  arithmetic  operation 
does  not  overlap  a  frequency  corresponding  to  any  one  of  said  input  logical  values. 

so  6.  A  logic  device  according  to  claim  3  wherein  said  alternating  input  signals  are  subjected  to  the 
arithmetic  operation  in  terms  of  alternating  signal  form  and  a  resultant  signal  of  the  arithmetic  operation  is 
compared  with  a  plurality  of  reference  alternating  signals  to  perform  the  frequency  band  decision. 

7.  A  logic  device  according  to  claim  6  wherein  the  resultant  signal  is  compared  with  each  of  said 
plurality  of  reference  alternating  signals  at  a  common  frequency  comparator  shared  by  said  reference 

55  alternating  signals  on  a  time  division  basis  to  perform  said  frequency  band  decision. 
8.  A  logic  device  according  to  claim  1,  comprising: 
means  (4,  5)  for  inputting  to  the  device  at  least  three  alternating  signals  having  frequencies  which  may 

be  different  from  each  other  corresponding  to  at  least  two  input  logical  values;  and 
means  (6,  10;  30)  for  delivering  out  of  the  device  an  alternating  output  signal  having  a  frequency  which 

60  corresponds  to  an  output  logical  value  depending  on  whether  or  not  the  number  of  alternating  input 
signals  corresponding  to  the  same  input  logical  value  as  a  result  of  the  arithmetic  operation  exceeds  a 
predetermined  value. 

9.  A  logic  device  according  to  claim  1  comprising: 
an  alternating  signal  generating  section  (10,  30)  for  generating  internal  alternating  signals  at 

65  frequencies  which  correspond  to  at  least  two  events,  respectively; 
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means  (4,  7)  for  inputting  to  the  device  at  least  one  alternating  signal  having  a  frequency  representative 
of  an  input  event; 

a  band  decision  section  (8)  receiving  said  alternating  input  signal  and  said  two  internal  alternating 
signals,  for  deciding  which  of  said  two  reference  frequencies  said  alternating  input  signal  coincides  with  or 

5  not;  and 
means  (6,  64)  for  delivering  out  of  the  device  an  alternating  output  signal  having  a  frequency  which 

corresponds  to  a  result  of  the  decision. 

Patentanspriiche 
10 

1.  Binare  Logikvorrichtung  zum  Ausfiihren  einer  logischen  Operation  an  wenigstens  zwei 
Wechselspannungseingangssignalen,  von  denen  jedes  eine  Frequenz  besitzt,  die  innerhalb  von 
wenigstens  zwei  vorgegebenen  Frequenzbandern  liegt,  die  wenigstens  zwei  logischen  Pegeln  entsprechen, 
dadurch  gekennzeichnet,  daft 

15  eine  Arithmetikeinrichtung  vorgesehen  ist,  urn  die  Wechselspannungseingangssignale  zu  empfangen 
und  urn  eine  Addition  der  Wechselspannungseingangssignale  auszufuhren,  so  daS  ein 
Wechselspannungssignal  mit  einer  resultierenden  Frequenz  geliefert  wird,  dalS  auf  dem  Ergebnis  der 
Addition  beruht, 

eine  Entscheidungseinrichtung  (8)  an  den  Ausgang  der  Arithmetikeinrichtung  (7)  angeschlossen  ist, 
20  um  zu  entscheiden,  ob  die  resultierende  Frequenz  innerhalb  einer  der  beiden  vorgegebenen 

Frequenzbander  liegt,  von  denen  jedes  einem  logischen  Wert  entspricht,  und 
dalS  eine  Einrichtung  vorgesehen  ist,  um  ein  Wechselspannungsausgangssignal  abzugeben,  dalS  eine 

Frequenz  aus  einer  Vielzahl  unterschiedlicher  Frequenzen  besitzt,  die  dem  Ergebnis  der  Entscheidung  von 
der  Entscheidungsvorrichtung  entspricht. 

25  2.  Logikvorrichtung  nach  Anspruch  1,  bei  der  die  logischen  Eingangs-  und  Ausgangswerte  jeweils  die 
Information  von  eingegebenen  bzw.  ausgegebenen  Ereignissen  darstellen,  und  bei  dem  zwei  in  den 
ausgegebenen  logischen  Werten  bestimmte  logische  Werte  beiderseits  als  logische  Ausgangswerte 
invertiert  werden. 

3.  Logische  Vorrichtung  nach  Anspruch  1,  bei  der  die  Eingabeeinrichtung  (4)  wenigstens  zwei  der 
30  Wechselspannungseingangssignale  empfangt,  und  die  weiter  enthalt: 

eine  zwischen  der  Eingabeeinrichtung  und  der  Entschiedungsvorrichtung  vorgesehene  Einrichtung  (7), 
um  die  Frequenzen  von  den  wenigstens  zwei  genannten  Wechselspannungseingangssignalen 
arithmetisch  zu  verarbeiten,  um  durch  die  arithmetische  Operation  ein  Signal  mit  einer  Frequenz  zu  liefern. 

4.  Logische  Vorrichtung  nach  Anspruch  3,  bei  der  die  den  logischen  Eingangswerten  entsprechenden 
35  Frequenzen  gleich  den  den  logischen  Ausgangswerten  entsprechenden  Frequenzen  gemacht  sind. 

5.  Logische  Vorrichtung  nach  Anspruch  3,  bei  der  die  den  logischen  Eingangswerten  entsprechenden 
Frequenzen  so  gewahlt  werden,  daS  sie  in  Frequenzbandern  liegen,  bei  der  eine  aus  der  arithmetischen 
Operation  resultierende  Frequenz  nicht  mit  einer  Frequenz  uberlappt,  die  irgendeinem  der  logischen 
Eingangswerte  entspricht. 

40  6.  Logikvorrichtung  nach  Anspruch  3,  bei  der  die  Wechselspannungseingangssignale  der 
arithmetischen  Operation  in  Form  einer  Wechselspannungssignalform  unterworfen  sind,  und  ein  aus  der 
arithmetischen  Operation  resultierendes  Signal  mit  einer  Anzahl  von  Referenz-Wechselspannungssignalen 
verglichen  wird,  um  die  Frequenzband-Entschiedung  durchzufuhren. 

7.  Logische  Vorrichtung  nach  Anspruch  6,  bei  der  das  resultierende  Signal  mit  jedem  aus  der  Anzahl 
45  der  Referenz-Wechselspannungssignale  in  einem  gemeinsamen  Frequenzkomparator  verglichen  wird,  den 

sich  die  Referenzwechselspannungssignale  auf  einer  Zeitmultiplexbasis  teilen,  um  die  Frequenz- 
bandentscheidung  durchzufuhren. 

8.  Logikvorrichtung  nach  Anspruch  1  mit 
einer  Einrichtung  (4,  5),  um  der  Vorrichtung  wenigstens  drei  Wechselspannungssignale  mit 

so  Frequenzen  einzugeben,  die  voneinander  verschieden  sind  und  wenigstens  zwei  logischen  Werten 
entsprechen,  und  mit 

einer  Einrichtung  (6,  10;  30),  um  in  Abhangigkeit  davon,  ob  die  Zahl  der  dem  gleichen  logischen 
Eingangswert  als  Ergebnis  der  arithmetischen  Operation  entsprechenden  Wechselspannungs- 
eingangssignal  einem  vorgegebenen  Wert  entspricht,  ein  Signal  mit  einer  Frequenz  abgibt,  das  einem 

ss  logischen  Ausgangswert  entspricht. 
9.  Logische  Vorrichtung  nach  Anspruch  1  mit 
einem  Wechselspannungsgeneratorteil  (10,  30)  zum  Erzeugen  interner  Wechselspannungssignale  bei 

Frequenzen,  die  wenigstens  zwei  Ereignissen  entsprechen, 
einer  Einrichtung  (4,  7),  um  der  Vorrichtung  wenigstens  ein  Wechseispannungssignal  mit  einer 

60  Frequenz  einzugeben,  die  ein  Eingangs-Ereignis  reprasentiert, 
einem  Band-Entscheidungsteil  (8),  der  das  Wechselspannungseingangssignal  und  die  beiden  internen 

Wechselspannungssignale  empfangt,  um  zu  entschieden,  mit  welchem  der  beiden  Frequenzen  das 
Wechselspannungseingangssignal  zusammenfallt,  und  mit 

einer  Einrichtung  (6,  64),  um  aus  der  Vorrichtung  ein  Wechselspannungsausgangssignal  abzugeben, 
e5  dessen  Frequenz  dem  Ergebnis  der  Entscheidung  entspricht. 

10 
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Revendications 

1  Dispositif  logique  binaire  pour  I'execution  d'une  operation  logique  sur  au  moins  deux  signaux 
alternatifs  d'entree,  dont  chacun  possede  une  frequence  situee  dans  Tune  d'au  moins  deux  bandes  de 

5  frequences,  predetermines  conformement  a  au  moins  deux  niveaux  logiques,  caractense  en  ce  que 
des  moyens  arithmetiques  (7)  sont  prevus  pour  recevoir  lesdits  signaux  alternatifs  d'entree  et  pour 

executer  une  addition  desdits  signaux  alternatifs  d'entree  de  maniere  a  obtenir  un  signal  altematif 
possedant  une  frequence  resultante  qui  est  basee  sur  le  resultat  de  ladite  addition, 

des  moyens  de  decision  (8)  raccordes  a  la  sortie  desdits  moyens  arithmetiques  (7)  pour  decider  si 
10  ladite  frequence  resultante  est  situee  dans  I'une  d'au  moins  deux  bandes  de  frequences  predetermmees, 

dont  chacune  correspond  a  une  valeur  logique,  et  , 
des  moyens  pour  delivrer  un  signal  altematif  de  sortie  possedant  une  frequence  parmi  une  pluralite  de 

frequences  differentes,  en  correspondence  avec  le  resultat  de  la  decision  prise  par  lesdits  moyens  de 
d e c i s i o n . .  

15  2.  Dispositif  logique  selon  la  revendication  1,  dans  lequel  les  valeurs  logiques  d  entree  et  de  sortie 
represented  une  information  concernant  des  evenements  entres  et  sortis  respectivement,  et  deux  valeurs 

logiques  specifies  dans  les  valeurs  logiques  de  sortie  sont  inversees  reciproquement  en  tant  que  valeurs 
de  sortie  logiques.  ,  . 

3.  Dispositif  logique  selon  la  revendication  1,  dans  lequel  lesdits  moyens  d  entree  (4)  regoivent  au 
20  moins  deux  signaux  alternatifs  d'entree,  et  comportant  en  outre: 

des  moyens  (7)  prevus  entre  lesdits  moyens  d'entree  et  lesdits  moyens  de  decision  pour  appliquer  une 
operation  arithmetique  aux  frequences  desdits  au  moins  deux  signaux  aitematifs  d'entree  afin  de  fournir 

un  signal  possedant  une  frequence  fournie  par  I'operation  arithmetique. 
4  Dispositif  logique  selon  la  revendication  3,  dans  lequel  des  frequences  correspondant  aux  valeurs 

25  logiques  d'entree  sont  rendues  egales  a  des  frequences  correspondant  aux  valeurs  logiques  de  sortie. 
5.  Dispositif  logique  selon  la  revendication  3,  dans  lequel  lesdites  frequences  correspondant  auxdites 

vaieurs  logiques  d'entree  sont  selectionnees  de  maniere  a  etre  situees  dans  des  bandes  de  frequences, 
dans  lesquelles  une  frequence  resultante  de  ladite  operation  arithmetique  ne  coincide  pas  avec  une 
frequence  correspondant  a  I'une  quelconque  desdites  valeurs  logiques  d'entree. 

30  6.  Dispositif  logique  selon  la  revendication  3,  dans  lequei  lesdits  signaux  alternatifs  d'entree  sont 
soumis  a  I'operation  arithmetique  en  termes  de  forme  de  signal  altematif,  et  un  signal  resultant  produit  par 
I'operation  arithmetique  est  compare  a  une  pluralite  de  signaux  alternatifs  de  reference,  en  vue  de  decider 
de  la  bande  de  frequences. 

7.  Dispositif  logique  selon  la  revendication  6,  dans  lequel  le  signal  resultant  est  compare  a  chaque 
35  signal  faisant  partie  de  ladite  pluralite  de  signaux  alternatifs  de  reference,  dans  un  comparateur  de 

frequences  commun  utilise  d'une  maniere  partagee  par  lesdits  signaux  aitematifs  de  reference  selon  une 
base  de  division  du  temps,  en  vue  de  decider  de  ladite  bande  de  frequences. 

8  Dispositif  logique  selon  la  revendication  1  comprenant: 
des  moyens  (4,  5)  servant  a  introduire  dans  le  dispositif  au  mois  trois  signaux  alternatifs  possedant  des 

40  frequences  pouvant  etre  differentes  les  unes  des  autres  et  correspondant  a  au  moins  deux  valeurs  logiques 
d'entree;  et 

des  moyens  (6,  10;  30)  servant  a  delivrer,  a  I'exterieur  du  dispositif,  un  signal  altematif  de  sortie 
possedant  une  frequence  qui  correspond  a  une  valeur  logique  de  sortie  en  fonction  du  fait  que  le  nombre 
des  signaux  alternatifs  d'entree  correspondant  a  la  meme  valeur  logique  d'entree  en  tant  que  resultat  de 

45  I'operation  arithmetique  depasse  ou  non  une  valeur  predeterminee. 
9.  Dispositif  logique  selon  la  revendication  1,  comprenant: 
une  section  (10,  30)  de  production  de  signaux  alternatifs,  servant  a  produire  des  signaux  internes 

alternatifs  a  des  frequences  correspondant  respectivement  a  au  moins  deux  evenements; 
des  moyens  (4,  7)  servant  a  introduire  dans  le  dispositif  au  moins  un  signal  altematif  possedant  une 

so  frequence  representative  d'un  evenement  d'entree. 
une  section  (8)  de  decision  de  bande,  recevant  ledit  signal  altematif  d'entree  et  lesdits  deux  signaux 

alternatifs  internes,  pour  decider  avec  laquelle  desdites  deux  frequences  de  reference  ledit  signal  d'entree 
altematif  coincide  ou  non;  et  . 

des  moyens  (6,  64)  servant  a  delivrer,  a  I'exterieure  du  dispositif,  un  signal  de  sortie  altematif 

55  possedant  une  frequence  correspondant  a  un  resultat  de  la  decision. 

60 
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