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©  Clock  generating  circuit  generating  a  plurality  of  non-overlapping  clock  signals. 

©  A  first  basic  clock  supplied  from  outside  is  de- 
layed  by  a  first  delay  circuit  to  generate  a  second 
basic  clock  which  is  fed  to  a  frequency  divider  to 
generate  a  group  of  multi-phase  clocks,  each  of 
which  has  a  clock  width  equal  to  an  integer  number 
multiple  of  the  clock  width  of  said  second  basic 
clock  and  has  a  phase  delay  sequentially  by  a  value 
equal  to  an  integer  number  multiple  of  the  clock 
period  of  said  second  basic  clock,  wherein  the  (n-1)- 
th  multi-phase  clock  and  a  nth  multi-phase  clock 

neighboring  to  each  other  in  the  phase  sequence, 
and  said  first  basic  clock,  are  fed  to  a  delay  generat- 
ing  circuit  as  inputs,  which  comprises  a  second 
delay  circuit  for  delaying  the  (n-1  )th  clock  in  the 
phase  sequence,  and  a  circuit  arrangement  for  gen- 
erating  an  output  clock  phase  having  a  delay  time 
relative  to  said  nth  clock,  being  equal  to  an  smaller 
value  of  one  half  clock  width  of  the  first  basic  clock 
minus  a  delay  time  of  the  first  delay  circuit  and  a 
delay  time  of  said  second  delay  circuit. 
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BACK  GROUND  OF  THE  INVENTION 

Field  of  the  Invention 

This  invention  relates  to  a  clock  generating 
circuit  and,  more  particularly,  to  such  a  circuit 
generating  a  plurality  of  clock  signals  in  response 
to  a  reference  clock  signal. 

Related  Art 

In  a  digital  signal  processing  apparatus,  typi- 
fied  by  a  micro-computer,  multi-phase  clocks  are 
employed  as  clocks  for  providing  generating  tim- 
ings  to  respective  internal  circuits  to  establish  syn- 
chronization  thereamong.  Each  of  the  multi-phase 
clocks  is  produced  by  frequency-dividing  a  refer- 
ence  (or  master)  clock  CL. 

Referring  to  Fig.  6,  as  an  example,  four-phase 
clocks  $1,  $2,  *3  and  are  derived  from  a 
reference  clock  CL.  Specifically,  the  reference 
clock  CL  has  a  predetermined  rate  of  frequency 
indicated  by  one  cycle  period  41,  and  the  four 
clocks  $1  ,  $2,  *3  and  each  of  which  is  derived 
by  frequency-dividing  the  reference  clock  CL,  have 
respective  active  widths  42  each  equal  to  the  clock 
cycle  period  41  of  the  reference  clock  CL  and 
respective  phases  shifted  from  one  another  one 
cycle  by  one  cycle  of  the  reference  clock  CL  as 
shown  in  Fig.  5.  Thus  a  given  one  of  the  four-phase 
clocks  has  the  falling  edge  that  coincides  with  the 
rising  edge  timing  of  a  succeeding  one  of  them. 

In  a  micro-computer  fabricated  on  a  single 
semiconductor  chip,  there  inevitably  exists  differ- 
ence  in  interconnection  resistance  or  interconnec- 
tion  capacity  from  one  interconnection  of  the  clock 
distribution  circuit  to  another.  Consequently,  should 
the  clocks,  each  of  which  is  derived  by  frequency- 
dividing  a  reference  clock  in  the  above  mentioned 
manner  be  directly  distributed  among  respective 
circuits,  there  are  produced  differences  in  delay 
time  between  clocks  distributed,  as  a  result  of 
which  these  clocks  are  overlapped  with  one  an- 
other  by  a  certain  time  length  to  thereby  cause  a 
circuit  malfunction. 

For  overcoming  such  problem,  the  conventional 
practice  in  a  micro-computer  is  to  produce  newly  a 
group  of  clocks  CKi  to  CK+,  which  are  shown  in 
Fig.  17  and  arranged  to  have  narrower  active 
widths,  from  the  frequency-divided  clocks  $1  to 
and  to  employ  the  group  of  these  newly  generated 
non-overlapping  clocks.  With  the  newly  produced 
clock  group,  since  there  is  a  timing  interval  be- 
tween  the  active  period  of  a  given  clock  and  the 
active  period  of  the  succeeding  clock,  that  is  a 
clock-to-clock  delay  72,  there  is  no  risk  of  clock 
overlap  within  the  circuit  of  the  micro-computer 
employing  such  clock  group. 

Such  non-overlapping  four-phase  clocks  CKi  , 
CK2,  CK3  and  CK+  are  generated  by  a  circuit  as 
shown  in  Fig.  15.  Note  that  Fig.  15  indicates  a 
circuit  portion  generating  only  one  of  the  non- 

5  overlapping  four-phase  clocks  CK.  In  the  circuit  of 
Fig.  15,  a  circuit  for  generating  this  circuit  portion 
71  is  made  up  of  a  delay  circuit  3  composed  of 
plurality  of  inverters  in  a  cascade  connection,  an 
inverter  7  and  a  two-input  AND  gate  5.  The  delay 

io  circuit  3  receives  and  thus  delays  one  clock  $n-i 
of  the  four-phase  clocks  $1  ,  $2,  *3  and  $4  pro- 
duced  by  frequency-dividing  a  reference  clock  CL 
by  a  frequency  divider  2.  A  clock  $D„-i  which  is  a 
delayed  signal  of  the  clock  *„-i.  is  thereby  output- 

15  ted  from  the  delay  circuit  3.  It  is  noted  that  an 
index  number  n  denotes  one  of  cyclic  integers  of 
from  1  to  4,  that  is,  an  index  number  n  is  repre- 
sented  as  a  number  of  modulo  4  so  that  for  n  =  1  , 
*n-i  =  *o  =  *+,  that  is,  index  number  0  is 

20  equivalent  to  index  number  4. 
The  output  signal  $D„-i  is  further  inverted  by 

the  inverter  7  to  produce  an  inverted  signal  "iD,,-! 
which  is  in  turn  fed  to  one  input  terminal  of  the 
two-input  AND  gate  5,  the  other  input  terminal  of 

25  which  is  fed  with  the  next  phase  clock  $n  following 
the  clock  $n-i-  A  signal  "iD,,-!  •  $n  is  thus 
outputted  from  the  output  terminal  of  the  two-input 
AND  gate  5.  The  symbol  """  and  the  symbol  "•" 
denote  signal  inversion  and  logical  product,  respec- 

30  tively. 
Referring  to  Fig.  18  illustrative  of  an  operation 

of  the  circuit  71,  the  clock  $n-i  is  then  generated 
by  the  dalay  circuit  3.  The  signal  $  Dd,^  is 
inverted  to  produce  a  signal  "iD,,-!  which  is  in 

35  turn  ANDed  with  the  next  phase  clock  $n  following 
the  clock  $n-i-  The  clock  signal  ~  $D„-i  •  $n  is 
thereby  generated.  The  phase  difference  between 
the  clock  signal  "iD,,-!  •  $n  and  the  clock  $n  is 
represented  as  the  clock-to-clock  delay  72  cor- 

40  responding  to  the  delay  time  of  the  delay  circuit  3. 
In  order  to  obtain  the  non-overlapping  four- 

phase  clock  signals  CKi  to  CK+,  an  actural  clock 
generating  circuit  includes  four  circuit  portions  71 
as  shown  in  Fig.  16.  With  this  construction,  the 

45  clock  signals  CKi  to  CK+  are  given  by  CKi  = 
(-$D+  •  $1),  CK2  =  (~*Di  •  $  2),  CK3  =  (~*D2  • 
$3)  and  CK4  =  (~$D3  •  respectively. 

However,  the  delay  time  determined  by  the 
delay  circuit  3  depends  upon  the  power  supply 

50  voltage  appliced  thereto.  That  is,  the  clock-to-clock 
delay  72  is  varied  depending  on  the  power  supply 
voltage.  For  example,  as  the  power  supply  voltage 
reduces,  the  delay  time  of  each  delay  circuit  3,  i  .e. 
,  the  clock-to-cock  delay  72  ,  is  prolonged,  so  that 

55  a  sufficient  clock  active  width  42  cannot  be  ob- 
tained  for  each  clock  signal  CK.  If  the  sufficinet 
clock  active  width  42  cannot  be  obtained,  the  cir- 
cuit  employing  these  clocks  cannot  complete  ex- 
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pected  operations  within  such  a  short  clock  active 
period,  thus  producing  malfunctions. 

SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  object  of  the  present  invention 
to  provide  an  improved  clock  generator.  It  is  an- 
other  object  of  the  present  invention  to  provide  a 
clock  generator  generating  a  plurality  of  non-over- 
lapping  clock  signals  having  a  clock-to-clock  delay 
therebetween  which  is  not  increased  beyond  a 
certain  value  against  change  in  power  supply  volt- 
age. 

A  clock  generator  according  to  the  present 
invention  comprises; 

a  first  delay  circuit  receiving  a  reference  clock 
signal  and  producing  a  delayed  reference  clock 
signal; 

first  circuit  means  responsive  to  said  delayed 
reference  clock  signal  for  generating  a  set  of  inter- 
mediate  clock  signals,  each  of  said  intermediate 
clock  signals  having  a  clock  active  width  equal  to 
an  integer  number  multiple  of  one  cycle  period  of 
said  delayed  reference  clock  signal,  and  said  inter- 
mediate  clock  signals  having  respective  clock  ac- 
tive  widths  which  are  delayed  in  sequence  by  a 
value  equal  to  said  integer  number  of  multiple  of 
the  clock  width  of  said  second  reference  clock;  and 

at  least  a  delay  generating  circuit  receiving  an 
(n-1  )th  intermediate  clock  signal  and  an  nth  inter- 
mediate  clock  signal  of  said  intermediate  clock 
signals  neighboring  to  each  other  in  a  phase  se- 
quence  and  said  reference  clock  signal  and  includ- 
ing  a  second  delay  circuit  receiving  said  (n-1  )th 
intermediate  clock  signal  and  producing  a  delayed 
intermediate  clock  signal  and  a  circuit  arrangment 
responding  to  said  delayed  intermediate  clock  sig- 
nal,  said  nth  intermediate  clock  signal  and  said 
reference  clock  signal  and  generating  an  output 
clock  signal  having  a  delay  time  relative  to  said  nth 
intermediate  clock  signal,  said  delay  time  being 
defined  by  one  of  a  delay  time  of  the  first  delay 
circuit  and  a  delay  time  of  said  second  delay 
circuit. 

With  such  a  construction  as  described  above, 
when  the  delay  time  of  the  second  delay  circuit  is 
prolonged  larger  than  that  of  the  first  delay  circuit, 
the  output  clock  signal  is  generated  with  such  a 
delay  time  with  respect  to  the  nth  intermediate 
clock  signal  that  is  restricted  to  the  delay  time  of 
the  first  delay  time.  Accordingly,  even  if  the  clock- 
to-clock  delay  is  changed  such  as  under  low  volt- 
age  operations,  the  clock-to-clock  delay  is  not  in- 
creased  beyond  a  pre-set  upper  limit.  Besides,  a 
clock  active  width  may  also  be  set  to  an  optional 
value. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  above  and  other  objects,  advantages  and 
features  of  the  present  invention  will  be  more  ap- 

5  parent  from  the  following  description  taken  in  con- 
junction  with  the  accompanying  drawings,  in  which 

Fig.  1  is  a  circuit  diagram  showing  an  arrange- 
ment  of  a  first  embodiment  of  the  present  inven- 
tion; 

io  Figs.  2A  and  2B  are  timing  charts  indicating  an 
operation  of  the  circuit  shown  in  Fig.  1; 
Fig.3  is  a  circuit  diagram  illustrative  of  a  second 
embodiment  of  of  the  present  invention; 
Fig.4  is  a  block  diagram  showing  an  arrange- 

15  ment  of  a  clock  generator  employing  a  circuit 
portion  6  shown  in  Fig.  1  or  Fig.  3; 
Fig.5  is  a  block  diagram  showing  an  arrange- 
ment  of  a  clock  generator  according  to  a  third 
embodiment  of  the  present  invention. 

20  Fig.6  is  a  timing  chart  for  a  group  of  multi-phase 
clocks  employed  in  the  clock  generator  of  the 
present  invention; 
Fig.7  to  Fig.  12  are  timing  charts  indicating  oper- 
ations  of  the  circuit  shown  in  Fig.  3; 

25  Fig.  13  is  a  timing  chart  illustrative  of  output 
clock  generated  by  the  clock  generator  shown  in 
Fig.4; 
Fig.  14  is  a  timing  chart  illustrative  of  output 
clocks  generated  by  the  clock  generator  shown 

30  in  Fig.5; 
Fig.  15  is  a  circuit  diagram  showing  an  arrange- 
ment  of  a  prior  art  circuit; 
Fig.  16  is  a  circuit  diagram  showing  an  arrange- 
ment  of  a  prior  art  clock  generator  employing 

35  the  circuit  shown  in  Fig.  15; 
Figs.  17  and  18  are  timing  charts  for  illustrating 
the  operation  of  the  prior  art  circuit;  and 
Fig.  19  is  a  chart  showing  measured  data  of 
delay  for  comparison  of  characteristics  of  a  pow- 

40  er  supply  voltage  variation  of  the  present  inven- 
tion  and  the  prior  art. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

45 
Referring  to  Fig.  1,  the  clock  generator  accord- 

ing  to  the  first  embodiment  of  the  present  invention 
includes  a  delay  circuit  1  composed  of  a  plurality 
of  inverter  connected  in  series.  This  delay  circuit 

50  receives  and  thus  delays  a  reference  clock  signal 
CLF  to  thereby  produce  a  delayed  reference  clock 
signal  CL  which  is  in  turn  supplied  to  a  divider  2. 
This  divider  2  frequency-divides  the  delayed  refer- 
ence  clock  signal  CL  to  produce  four  clock  signals 

55  *n-2,  *n-i.  *n  and  $n+1(n  =  3).  That  is,  the  divider  2 
produces  four-phase  clock  signals  $1  ,  $2,  *3  and 
$4  as  shown  in  Fig.6. 

3 
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The  clock  signal  $n-i  and  the  succeeding 
clock  signal  <£n  are  supplied  to  a  circuit  portion  6 
together  with  the  reference  clock  signal  CLF  in 
accordance  with  the  present  invention.  This  circuit 
portion  6  includes  a  delay  circuit  3,  a  NAND  gate  4 
and  an  AND  gate  5.  The  delay  circuit  3  is  com- 
posed  of  a  plurality  of  inverters  connected  in  series 
and  thus  produces  a  delayed  clock  signal  iD,,-!. 
This  signal  $D„-i  is  supplied  to  the  first  input 
mode  of  the  NAND  gate  having  the  second  input 
mode  supplied  with  the  reference  clock  signal  CLF. 
The  output  of  the  NAND  gate  4  is  supplied  to  the 
AND  gate  5  together  with  the  clock  signal  $n.  The 
AND  gate  5  thus  produces  a  required  output  clock 
signal. 

Referring  to  Fig.  2A,  in  a  typical  value  of  a 
power  supply  voltage  applied  to  the  clock  gener- 
ator,  the  delayed  reference  clock  CL  is  derived  with 
a  delay  time  TA  with  reference  to  the  raw  reference 
clock  CLF,  and  the  delayed  clock  signal  $n-i  is 
derived  with  a  delay  time  TB  with  reference  to  the 
clock  signal  $n-i-  The  NAND  gate  4  thus  produces 
its  output  "^Dn-!  •  CLF  as  shown  in  Fig.  2A.  As  a 
result,  the  output  clock  signal  "iD,,-!  •  CF  •  $n 
from  the  AND  gate  5  has  its  deading  edge  delayed 
by  a  time  period  of  (T0  +  TB)  from  the  leading  edge 
of  the  clock  signal  in-^Note  that  T0  represents 
one  cycle  period  of  the  raw  reference  signal  CLF. 
Moreover,  the  output  clock  has  an  active  clock 
width  of  (T0-TB). 

On  the  other  hand,  when  the  power  supply 
voltage  is  lowered,  each  of  the  delay  time  periods 
of  the  delay  circuits  1  and  3  is  prolonged  as  shown 
by  TA,  and  TB,  in  Fig.  2B.  In  this  drawing,  particu- 
larly,  the  delay  time  period  TB'  of  the  delay  circuit 
3  becomes  considerably  large  because  the  circuit 
elements  constituting  the  delay  circuit  3  has  large 
deviation  in  electrical  characteristi  from  a  desired 
value.  However,  by  the  NAND  gate  receiving  the 
delayed  clock  signal  $D„-i  and  the  raw  reference 
clock  signal  CLF,  the  leading  edge  of  the  output 
clock  from  the  AND  gate  5  appears  with  a  delay 
period  of  (T0  +  To/2  -  TA,)  with  respect  to  the 
leading  edge  of  the  clock  signal  $n-i.  as  shown  in 
Fig.  2B.  Moreover,  the  output  clock  "iD,,-!  •  CLF 
•  $n  has  an  active  pulse  width  of  (T0/2  +  TA,). 
Thus,  the  reduction  in  the  active  pulse  width  of  the 
output  clock  is  restricted  to  such  a  width  that  is  a 
half  cycle  period  of  the  reference  clock  CLF  plus 
the  delay  time  period  of  the  delay  circuit  1  . 

When  the  power  voltage  is  further  lowered,  the 
delay  time  period  TA  of  the  delay  circuit  1  may 
become  longer  than  the  half  cycle  period  T0/2  of 
the  clock  signal  CLF(CL).  In  this  case,  the  output 
clock  from  the  AND  gate  5  may  have  an  active 
high  level  smaller  than  the  half  cycle  period  T0/2.  In 
order  to  solve  this  problem,  it  is  preferable  to 
modify  the  circuit  shown  in  Fig.  1  such  that  the 

NAND  gate  4  have  three  inputs  to  further  receive 
the  delayed  reference  clock  signal  CL  from  the 
delay  circuit  1  in  addition  to  the  reference  clock 
CLF  and  the  delayed  clock  iD,,-!.  With  this  modi- 

5  fication,  the  active  high  period  of  the  output  clock 
from  the  AND  gate  5  is  restricted  to  the  half  cycle 
period  T0/2  of  the  clock  CLF(CL)  even  when  the 
delay  time  TA  of  the  delay  circuit  1  becomes  larger 
than  the  half  cycle  period  T0/2. 

io  Turning  to  Fig.  3,  a  clock  generator  according 
to  the  second  embodiment  of  the  present  invention 
includes  delay  circuits  1  and  3,  a  divider  2,  two 
inverters  7  and  8,  two  AND  gates  5  and  9,  and  an 
OR  gate  10,  which  are  connected  as  shown,  the 

is  divider  2  is  sam  in  operation  as  the  divider  2 
shown  in  Fig.  1  . 

In  operation,  the  delay  circuit  3  produces  a 
delay  clock  signal  $  D„-i  which  is  in  turn  supplied 
through  the  inverter  7  to  the  NAND  gate  5  which 

20  also  receives  the  clock  signal  $n.  Accordingly,  the 
AND  gate  5  generates  a  logical  product  signal  of 
these  signals,  that  is  ~$Dn_  ,  •  $n  as  shown  in  Fig. 
7.  The  phase  difference  between  this  signal 
"iDn-!  •  $n  and  the  clock  $n  represents  a  first 

25  clock-to-clock  delay  51  A. 
On  the  other  hand,  the  reference  clock  CL,  is 

inverted  by  the  inverter  8  to  produce  a  signal  ~CLF 
which  is  ANDed  with  the  clock  $n  to  generate  a 
signal  (~CLF  •  $n)  as  shown  in  Fig.  8.  The  phase 

30  difference  between  the  signal  (~CLF  •  $n)  and  the 
clock  $n  represents  a  second  clock-to-clock  delay 
51  A. 

As  is  seen  from  Fig.  9,  the  clock-to-clock  delay 
51  B  is  given  as  a  differential  of  one-half  the  rate  of 

35  the  reference  clock  CL  minus  the  delay  time  of  the 
delay  circuit  1.  Thus  the  clock-to-clock  delay  51  B 
may  be  set  to  an  optional  value  by  changing  the 
number  of  inverter  stages  making  up  the  delay 
circuit  1  for  changing  the  delay  time  of  the  delay 

40  circuit  1  . 
It  is  noted  that  producing  a  logical  sum  of  the 

signals  (~$Dn_  ,  •  $n)  and  (~CLF  •  $n)  by  the  two- 
input  OR  gate  is  equivalent  to  selecting  the  first 
clock-to-clock  delay  51  A  or  the  second  clock-to- 

45  clock  delay  51  B,  whichever  is  smaller  in  the  delay 
magnitude,  and  employing  the  selected  signal  as 
the  clock-to-clock  delay  51  between  the  clock  $n 
and  the  signal  p^D,,-!  •  $n  +  ~CLF  •  $n). 

The  circuit  structure  of  ANDing  the  signals 
50  ("iDn-!  •  $n)  and  (~CLF  •  $n)  and  selecting  the 

delay  generated  from  these  signals  ~$Dn  -t  •  $n 
or  (~CLF  •  $n),  whichever  is  smaller,  as  the  clock- 
to-clock  delay,  constitutes  one  of  important  fea- 
tures  of  the  present  invention. 

55  When  the  power  supply  voltage  is  lowered,  the 
delay  time  of  the  delayer  circuit  3  is  prolonged,  so 
that  the  AND  gates  5  and  9  produce  the  respective 
outputs  as  shown  in  Figs.  10  and  11.  The  clock-to- 

4 
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clock  delay  51  B  becomes  smaller  than  the  second 
clock-to-clock  delay  51  A. 

It  is  therefore  seen  from  Fig.  12  that  the  finally 
produced  clock-to-clock  delay  51  is  not  larger  than 
the  time  equal  to  one-half  the  rate  of  the  basic 
clock  CL  minus  the  delay  time  of  the  delay  circuit 
1  .  That  is,  the  clock-to-clock  delay  51  has  its  upper 
limit  set  by  the  delay  time  equal  to  one-half  the 
rate  of  the  reference  clock  CL  minus  the  delay  time 
of  the  delay  circuit  1  . 

By  such  structure  of  the  present  embodiment, 
the  minimum  clock  active  width  (in  the  present 
embodiment,  the  minimum  clock  active  width  equal 
to  one-half  the  rate  of  the  reference  clock  CL  minus 
the  delay  time  of  the  delay  circuit  1)  is  guaranteed 
in  the  clocks  employed  as  actual  time  base  even  if 
the  delay  becomes  excessively  large  such  as  dur- 
ing  low-voltage  operations. 

On  the  other  hand,  since  the  delay  time  of  the 
delay  circuit  1  may  be  optionally  changed  simply 
by  changing  the  number  of  the  inverter  stages 
making  up  the  delay  circuit  1  ,  as  discussed  above, 
the  upper  limit  of  the  clock-to-clock  delay  51  can 
be  limited  to  any  optional  value.  The  fact  that  the 
clock  active  width  can  be  in  the  generated  clocks 
and  the  upper  limit  of  the  clock-to-clock  delay  can 
be  set  constitutes  one  of  the  main  features  of  the 
present  invention. 

Fig.  19  shows  the  results  of  evaluation  of  the 
above-described  clock-to-clock  delay  generating 
circuit  of  the  present  embodiment,  as  measured  on 
an  actual  circuit  (actual  device).  In  Fig.  19,  a  curve 
B  (broken  line)  represents  measured  data  of  the 
clock-to-clock  delays  in  case  of  employing  the  con- 
ventional  clock-to-clock  generating  circuit,  shown  in 
Fig.  11,  while  a  curve  A  (solid  line)  represents 
measured  data  in  case  of  employing  the  clock-to- 
clock  generating  circuit  according  to  the  present 
embodiment.  The  clock  rate  of  the  reference  clock 
CL  is  set  to  220  nsec. 

With  the  curve  B  for  the  conventional  example, 
the  clock-to-clock  delay  is  increased  with  the 
lowering  of  the  power  supply  voltage,  as  shown  in 
Fig.  19.  With  the  curve  A  for  the  present  embodi- 
ment,  the  clock-to-clock  delay,  which  tends  to  be 
increased  at  the  outset  with  the  lowering  of  the 
power  supply  voltage,  as  in  the  case  of  the  conven- 
tional  example,  ceases  to  be  increased  at  a  point  C 
(the  power  supply  voltage  is  about  2.4V)  in  Fig.  19 
as  a  boundary  point.  As  from  this  boundary  point, 
the  clock-to-clock  delay  is  decreased  with  the 
lowering  of  the  power  supply  voltage. 

It  is  also  seen  from  Fig.  19  that,  when  the 
power  supply  voltage  becomes  smaller  than  ap- 
proximately  2  V,  the  clock-to-clock  delay  reaches 
to  a  large  value  of  approximately  260  ns  with  the 
conventional  delay  generating  circuit,  whereas  the 
clock-to-clock  delay  with  the  present  embodiment 

is  limited  to  approximately  95  nsec,  which  is  equal 
to  one-half  of  the  clock  rate  of  the  reference  clock 
CL  or  110  ns,  minus  the  delay  of  the  delay  circuit 
1,  which  in  the  actual  device  is  approximately  15 

5  nsec,  without  being  increased  beyond  such  limit 
value. 

In  Fig.  19,  the  curve  A  for  the  present  embodi- 
ment  is  associated  with  the  fact  that  the  delay  time 
equal  to  one-half  the  clock  rate  of  the  reference 

io  clocks  CL,  or  110  nsec,  minus  the  delay  time  of 
the  delay  circuit  1  (this  delay  time  corresponds  to 
the  portion  of  the  curve  A  on  the  left-hand  side  of  a 
point  C  and  a  dotted-line  curve  asymptotically  ap- 
proaching  the  line  of  110  ns  as  the  power  supply 

is  voltage  is  increased)  or  the  delay  of  the  output 
•  $n  of  the  delay  generating  circuit  71  of 

the  conventional  example  (the  delay  is  increased 
with  the  decrease  in  the  power  supply  voltage), 
whichever  is  smaller,  is  used  as  the  clock-to-clock 

20  delay  in  the  present  embodiment. 
In  the  case  where  four-phase  non-overlapping 

clocks  $1,  $2,  *3  and  as  shown  in  Fig.  13  are 
required,  four  circuit  blocks  6  are  employed  and 
coupled  to  the  divider  2,  as  shown  in  Fig.  4.  Each 

25  of  the  block  6  has  the  circuit  construction  as  shown 
in  Fig.  1  or  Fig.  3. 

Referring  now  to  Fig.  5,  the  clock  generator 
according  to  the  third  embodiment  of  the  invention 
generates  four  phase  non-overlapping  clocks  CKDi 

30  ,  CKD2,  CKD3  and  CKD+  capable  of  having  clock 
active  widths  different  from  one  another,  as  shown 
in  Fig.  14,  using  four-phase  clocks  $1  ,  $2,  *3  and 
$4,  each  of  which  is  generated  by  frequency-divid- 
ing  the  delayed  clocks  CL.  In  this  clock  generator, 

35  a  delay  circuit  31  is  employed  in  place  of  the  delay 
circuit  1  shown  in  Figs.  1,  3  and  4.  In  addition,  as 
the  input  signals  fed  to  the  circuit  portions  6  re- 
spectively  generating  the  clocks  CKD1  ,  CKD2, 
CKD3  and  CKD4,  four  reference  clock  signals 

40  CLF1  ,  CLF2,  CLF3  and  CLF+  different  from  one 
another,  are  employed. 

With  such  a  construction  as  described  above, 
this  clock  generator  generating  the  clocks  CKD1  , 
CKD2,  CKD3  and  CKD4  of  Fig.  14  have  upper  limits 

45  of  the  delay  from  the  delay  circuit  31  different  from 
one  another,  so  that,  even  if  the  delay  is  increased 
in  magnitude,  such  as  during  low-voltage  oper- 
ations,  it  becomes  possible  for  the  clocks  CKD1  , 
CKD2,  CKD3  and  CKD4  to  have  clock  active  widths 

50  different  from  one  another. 
It  is  apparent  that  the  above  described  pre- 

ferred  embodiments  are  illustrative  and  not  restric- 
tive. 

55  Claims 

1.  A  clock  generating  circuit  comprising: 
a  first  delay  circuit  receiving  a  reference 

5 
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clock  signal  and  producing  a  delayed  refer- 
ence  clock  signal; 

first  circuit  means  responsive  to  said  de- 
layed  reference  clock  signal  for  generating  a 
set  of  intermediate  clock  signals,  each  of  said 
intermediate  clock  signals  having  a  clock  ac- 
tive  width  equal  to  an  integer  number  multiple 
of  one  cycle  period  of  said  delayed  reference 
clock  signal  ,  and  said  intermediate  clock  sig- 
nals  having  respective  clock  active  widths 
which  are  delayed  in  sequence  by  a  value 
equal  to  said  integer  number  multiple  of  the 
clock  width  of  said  second  reference  clock; 
and 

at  least  a  delay  generating  circuit  receicing 
an  (n-1  )th  intermediate  clock  signal  and  an  nth 
intermediate  clock  signal  of  said  intermediate 
clock  signals  neighboring  to  each  other  in  a 
phase  sequence  and  said  reference  clock  sig- 
nal  and  including  a  second  delay  circuit  receiv- 
ing  said  (n-1  )th  intermediate  clock  signal  and 
producing  a  delayed  intermediate  clock  signal 
and  a  circuit  arrangement  responding  to  said 
delayed  intermediate  clock  signal,  said  nth  in- 
termediate  clock  signal  and  said  reference 
clock  signal  and  generating  an  output  clock 
signal  having  a  delay  time  relative  to  said  nth 
intermediate  clock  signal,  said  delay  time  be- 
ing  defined  by  a  delay  time  equal  to  a  smaller 
value  between  a  clock  active  width  of  the  refer- 
ence  clock  signal  minus  a  delay  time  of  the 
first  delay  circuit  and  a  delay  time  of  said 
second  delay  circuit. 

2.  The  clock-to-clock  delay  generating  circuit  as 
defined  in  claim  1  wherein  the  clock  active 
width  of  each  of  the  intermediate  clock  signal 
is  set  to  a  half  of  the  one  cycle  period  of  the 
reference  clock  signal. 

3.  A  clock-to-clock  delay  generating  circuit  com- 
prising: 

a  first  delay  circuit  for  delaying  a  first 
reference  clock  supplied  thereto  as  an  input, 
said  first  reference  clock  having  an  optional 
clock  rate, 

a  frequency  divider  fed  with  an  output  of 
said  first  delay  circuit  as  an  input  as  a  second 
reference  clock  and  generating  a  group  of 
multi-phase  clocks,  each  of  said  multi-phase 
clocks  having  a  clock  active  width  equal  to  an 
integer  number  multiple  of  the  clock  rate  of 
said  second  reference  clock  and  each  having  a 
phase  delay  sequentially  by  a  value  equal  to 
an  integer  number  multiple  of  the  clock  rate  of 
said  second  reference  clock,  and 

a  delay  generating  circuit  having  a  (n-1  )th 
clock  and  a  nth  clock  in  said  group  of  the 

multi-phase  clocks  neighboring  to  each  other 
in  the  phase  sequence  and  said  first  reference 
clock,  as  inputs,  said  delay  generating  circuit 
comprising  a  second  delay  circuit  for  delaying 

5  the  (n-1  )th  clock  in  the  phase  sequence,  a 
NAND  gate  having  an  output  of  the  second 
delay  circuit  as  one  input  and  said  first  refer- 
ence  clock  as  the  other  input,  and  an  AND 
gate  having  an  output  of  said  NAND  gate  as 

io  one  input  and  the  nth  clock  in  the  phase  se- 
quence  of  the  group  of  the  multi-phase  clocks 
as  the  other  input,  an  output  of  said  AND  gate 
being  an  output  signal  of  the  delay  generating 
circuit. 

15 
4.  A  clock-to-clock  delay  generating  circuit  com- 

prising: 
a  first  delay  circuit  for  delaying  a  first 

reference  clock  supplied  thereto  as  an  input, 
20  said  first  reference  clock  having  an  optional 

clock  rate, 
a  frequency  divider  fed  with  an  output  of 

said  first  delay  circuit  as  an  input  as  a  second 
reference  clock  and  generating  a  group  of 

25  multi-phase  clocks  each  having  a  clock  active 
width  equal  to  an  integer  number  multiple  of 
the  clock  rate  of  said  second  reference  clock 
and  each  of  said  multi-phase  clocks  having  a 
phase  delay  sequentially  by  a  value  equal  to 

30  an  integer  number  multiple  of  the  clock  rate  of 
said  second  reference  clock,  and 

a  delay  generating  circuit  having  a  (n-1  )th 
clock  and  a  nth  clock  in  said  group  of  the 
multi-phase  clocks  neighboring  to  each  other 

35  in  the  phase  sequence  and  said  first  reference 
clock,  as  inputs, 

said  delay  generating  circuit  comprising  a 
second  delay  circuit  for  delaying  the  (n-1  )th 
clock  in  the  phase  sequence, 

40  a  first  AND  gate  having  an  output  of  the 
second  delay  circuit  via  a  first  inverter  as  one 
input  and  a  nth  clock  of  the  group  of  the  multi- 
phase  clocks  in  phase  sequence  as  the  her 
input, 

45  a  second  AND  gate  having  said  first  refer- 
ence  clock  via  a  second  inverter  as  one  input 
and  the  nth  clock  of  the  group  of  the  multi- 
phase  clocks  in  phase  sequence  as  the  other 
input,  and 

50  an  OR  gate  having  outputs  of  said  first  and 
second  AND  gates  as  inputs,  an  output  of  said 
OR  gate  being  an  output  signal  of  the  delay 
generating  circuit. 

55  5.  A  clock  generating  circuit  comprising: 
a  first  delay  circuit  for  delaying  a  first 

reference  clock  supplied  there  to  as  an  input, 
said  first  reference  clock  having  an  optional 

6 
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clock  rate, 
a  frequency  divider  fed  with  an  output  of 

said  first  delay  circuit  as  an  input  as  a  second 
reference  clock  and  generating  a  group  of 
multi-phase  clocks  each  having  a  clock  active 
width  equal  to  an  integer  number  multiple  of 
the  clock  rate  of  said  second  reference  clock 
and  each  having  a  phase  delay  sequentially  by 
a  value  equal  to  an  integer  number  multiple  of 
the  clock  rate  of  said  second  reference  clock, 
and 

a  plurality  of  delay  generating  circuits 
,each  of  said  delay  generating  circuit  having  a 
(n-1  )th  clock  and  a  nth  clock  in  said  group  of 
the  multi-phase  clocks  neighboring  to  each 
other  in  the  phase  sequence  ,  and  said  first 
reference  clock,  as  inputs,  and  comprising  a 
second  delay  circuit  for  delaying  the  (n-1  )th 
clock  in  the  phase  sequence  ,  and  a  circuit 
arrangement  generating  an  output  clock  signal 
having  a  delay  time  relative  to  said  nth  clock, 
said  delay  time  being  equal  to  a  smaller  value 
between  a  clock  active  width  of  the  first  refer- 
ence  clock  minus  a  delay  time  of  the  first 
delay  circuit  and  a  delay  time  of  said  second 
delay  circuit,  said  delay  generating  circuits  out- 
putting  a  group  of  multi-phase  clocks,  said 
multi-phase  clocks  having  no  overlap  with  one 
another. 

6.  The  clock  generating  circuit  as  defined  in 
claim  5  wherein  the  clock  active  width  of  the 
first  reference  clock  is  set  to  one  half  of  the 
clock  width. 

7.  A  clock  generating  circuit  comprising: 
a  first  delay  circuit  for  delaying  a  first 

reference  clock  supplied  there  to  as  an  input, 
said  first  reference  clock  having  an  optional 
clock  rate,  and 

a  frequency  divider  fed  with  an  output  of 
said  first  delay  circuit  as  an  input  as  a  second 
reference  clock  and  generating  a  group  of 
multi-phase  clocks  each  having  a  clock  active 
width  equal  to  an  integer  number  multiple  of 
the  clock  rate  of  said  second  reference  clock 
and  each  having  a  phase  delay  sequentially  by 
a  value  equal  to  an  integer  number  multiple  of 
the  clock  rate  of  said  second  reference  clock. 

8.  A  clock  generating  circuit  comprising: 
a  first  delay  circuit  for  delaying  a  first 

reference  clock  supplied  thereto  as  an  input, 
said  first  reference  clock  having  an  optional 
clock  rate,  and 

a  frequency  divider  fed  with  an  output  of 
said  first  delay  circuit  as  an  input  as  second 
reference  clocks  and  generating  a  group  of 

multi-phase  clocks  each  having  a  clock  active 
width  equal  to  an  integer  number  multiple  of 
the  clock  rate  of  said  second  reference  clock 
and  each  having  a  phase  delay  sequentially  by 

5  a  value  equal  to  an  integer  number  multiple  of 
the  clock  rate  of  said  second  reference  clock. 

9.  A  clock  generating  circuit  comprising: 
a  first  delay  circuit  for  delaying  a  first 

io  reference  clock  supplied  there  to  as  an  input, 
said  first  reference  clock  having  an  optional 
clock  rate, 

said  first  delay  circuit  having  a  plurality  of 
output  terminals  having  a  different  delay  time, 

is  a  frequency  divider  fed  with  an  output  of 
said  first  delay  circuit  as  an  input  as  a  second 
reference  clock  and  generating  a  group  of 
multi-phase  clocks  each  having  a  clock  active 
width  equal  to  an  integer  number  multiple  of 

20  the  clock  rate  of  said  second  reference  clock 
and  each  having  a  phase  delay  sequentially  by 
a  value  equal  to  an  integer  number  multiple  of 
the  clock  rate  of  said  second  reference  clock, 
and 

25  a  plurality  of  delay  generating  circuits, 
each  of  said  delay  generating  circuit  having  a 
(n-1  )th  clock  and  a  nth  clock  in  said  group  of 
the  multi-phase  clocks  neighboring  to  each 
other  in  the  phase  sequence  ,  and  said  first 

30  reference  clock,  as  inputs,  and  comprising  a 
second  delay  circuit  for  delaying  the  (n-1  )th 
clock  in  the  phase  sequence,  and  a  circuit 
arrangement  generating  an  output  clock  signal 
having  a  delay  time  relative  to  said  nth  clock, 

35  being  equal  to  a  smaller  value  between  a  clock 
active  width  of  the  first  reference  clock  minus  a 
delay  time  of  the  first  delay  circuit  and  a  delay 
time  of  said  second  delay  circuit,  said  delay 
generating  circuits  outputting  a  group  of  multi- 

40  phase  clocks,  said  multi-phase  clocks  having 
no  overlap  with  one  another. 

10.  A  clock  generating  circuit  comprising: 
a  first  delay  circuit  for  delaying  a  first 

45  reference  clock  supplied  thereto  as  an  input, 
said  first  reference  clock  having  an  optional 
clock  rate, 

said  first  delay  circuit  having  a  plurality  of 
output  terminals  having  a  different  delay  time, 

50  and 
a  frequency  divider  fed  with  an  output  of 

said  first  delay  circuit  as  an  input  as  a  second 
reference  clock  and  generating  a  group  of 
multi-phase  clocks  each  having  a  clock  active 

55  width  equal  to  an  integer  number  multiple  of 
the  clock  rate  of  said  second  reference  clock 
and  each  having  a  phase  delay  sequentially  by 
a  value  equal  to  an  integer  number  multiple  of 

7 
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the  clock  rate  of  said  second  reference  clock. 

11.  A  clock  generating  circuit  comprising: 
a  first  delay  circuit  for  delaying  a  first 

reference  clock  supplied  thereto  as  an  input, 
said  first  reference  clock  having  an  optional 
clock  rate, 

said  first  delay  circuit  having  a  plurality  of 
output  terminals  having  a  different  delay  time, 
and 

a  frequency  divider  fed  with  an  output  of 
said  first  delay  circuit  as  an  input  as  a  second 
reference  clock  and  generating  a  group  of 
multi-phase  clocks  each  having  a  clock  active 
width  equal  to  an  integer  number  multiple  of 
the  clock  rate  of  said  second  reference  clock 
and  each  having  a  phase  delay  sequentially  by 
a  value  equal  to  an  integer  number  multiple  of 
the  clock  rate  of  said  second  reference  clock. 
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