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Circuit  for  obtaining  accurate  timing  information  from  received  signal. 

©  A  circuit  for  obtaining  accurate  timing  informa- 
tion  from  a  received  signal,  first,  obtains  an  impulse 
response  at  a  certain  phase,  which  phase  is  deter- 
mined  based  on  a  reference  phase  of  a  receiver 
clock,  and  then  the  obtained  impulse  response  is 
compared  with  a  reference  level.  As  the  reference 
level:  a  predetermined  value  just  below  the  maxi- 

_,mum  value  of  the  overall  impulse  response;  an  im- 
2r  pulse  response  at  another  phase;  or  an  impulse 

response  at  the  same  phase  in  a  previous  period,  is 
Caused.  The  reference  phase  is  controlled,  according 
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CIRCUIT  FOR  OBTAINING  ACCURATE  TIMING  INFORMATION  FROM  RECEIVED  SIGNAL 

of  Fig.  1. 
In  Fig.  2,  reference  numeral  20  denotes  a  mas- 

ter  oscillator,  21  denotes  a  1/2  frequency  divider, 
22  denotes  a  selector,  23  denotes  a  1/N  frequency 

5  divider,  24  denotes  a  phase  comparator,  and  25 
denotes  a  jitter  protection  circuit. 

A  master  oscillator  20  generates  a  master 
clock,  and  the  master  clock  is  frequency-divided  in 
the  1/2  frequency-divider  21.  The  1/2  frequency- 

w  divider  21  outputs  two  types  of  frequency-divided 
timing  signals,  a  0-phase  signal  and  a  -n-phase 
signal,  where  the  phases  of  two  signals  differ  in 
phase  by  it. 

The  selector  22  selects  one  of  the  0-phase  and 
75  ir-phase  signals  under  the  control  of  the  output  of 

the  jitter  protection  circuit  25,  as  described  in  the 
following.  The  output  of  the  selector  22  is  then 
input  into  the  1/N  frequency  divider  23.  The  output 
of  the  1/N  frequency  divider  23,  which  is  the  re- 

20  ceiver  clock  (regenerated  clock),  is  input  into  the 
phase  comparator  24,  and  then  is  compared  with 
the  above  output  of  the  rectifier  15. 

The  comparison  result  in  the  phase  comparator 
24  is  output  in  a  form  of  an  up/down  signal  to  the 

25  jitter  protection  circuit  25. 
The  jitter  protection  circuit  25  is,  for  example, 

made  by  an  up/down  counter,  and  increments  or 
decrements  its  count  according  to  whether  it  is 
receiving  an  up  signal  or  a  down  signal  from  the 

30  phase  comparator  24. 
In  the  up/down  counter,  a  maximum  and  a 

minimum  counts  are  preset,  and  the  initial  count  is 
set  to  a  value  between  the  maximum  and  minimum 
counts.  Therefore,  until  the  difference  between  the 

35  number  of  the  up  signals  input  and  the  number  of 
the  down  signals  input,  exceeds  the  difference  be- 
tween  the  maximum  and  the  initial  count,  or  the 
difference  between  the  number  of  the  down  signals 
input  and  the  number  of  the  up  signals  input, 

40  exceeds  the  difference  between  the  initial  count 
and  the  minimum,  i.e.,  unless  a  substantial  fre- 
quency  (phase)  difference  is  detected  in  the  PLL 
loop,  no  effective  output  is  applied  to  the  selector 
22  as  the  control  input. 

45  The  output  of  the  selector  22  is  switched  from 
the  0-phase  signal  to  the  w-phase  signal  when 
receiving  an  overflow  output  of  the  up/down  coun- 
ter  25,  and  therefore,  the  phase  of  the  output  of  the 
selector  22,  i.e.,  the  phase  of  the  output  of  the  PLL 

so  circuit  is  delayed.  The  output  of  the  selector  22  is 
switched  from  the  w-phase  signal  to  the  0-phase 
signal  when  receiving  an  underflow  output  of  the 
up/down  counter  25,  and  therefore,  the  phase  of 
the  selector  22,  i.e.,  the  phase  of  the  output  of  the 
PLL  circuit  is  advanced. 

BACKGROUND  OF  THE  INVENTION 

(1  )  Field  of  the  Invention 

The  present  invention  relates  to  a  circuit  for 
obtaining  accurate  timing  information  from  a  re- 
ceived  signal. 

in  synchronous  digital  data  receivers,  the  re- 
ceiver  clock  must  be  continuously  synchronized  in 
frequency  and  phase  with  the  received  data  signal 
to  optimize  the  sampling  timing  of  the  received 
data  signal  and  to  compensate  for  frequency  drift 
between  the  transmitter  of  the  data  signal  and  the 
receiver  clock. 

For  that  purpose,  generally,  timing  information 
is  extracted  from  a  received  data  signal  in  synchro- 
nous  digital  data  receivers. 

(2)  Description  of  the  Related  Art 

Figure  1  shows  a  part  of  a  conventional  con- 
struction  for  extracting  timing  information  from  a 
received  data  signal. 

In  Fig.  1,  reference  numeral  11  denotes  a  line 
equalizer,  12  denotes  a  level  shift  circuit,  13  de- 
notes  a  tank  circuit,  14  denotes  a  limiter  circuit,  15 
denotes  a  rectifier  circuit,  and  16  denotes  a  pulse 
generator. 

The  line  equalizer  11  equalizes,  i.e.,  compen- 
sates  for  a  distortion  of  a  wave  shape  of  the  re- 
ceived  data  signal  that  is  induced  by  the  char- 
acteristics  of  a  transmission  line  through  which  the 
the  data  signal  has  been  transmitted  from  a  trans- 
mitter. 

The  equalized  data  signal  is  level-shifted  by 
the  level  shift  circuit  12,  and  is  then  input  into  the 
tank  circuit  13. 

The  tank  circuit  13,  which  is  a  pass-band  cir- 
cuit  consisting  of  an  L-C  resonance  circuit,  extracts 
a  band  of  frequency  components  including  a  pre- 
determined  clock  frequency  of  the  communication 
system  at  the  center,  from  the  output  of  the  recti- 
fier  12. 

The  output  of  the  tank  circuit  13  is  input  into 
the  limiter  circuit  14,  and  is  then  transformed  into  a 
rectangular  shape,  i.e.,  to  a  digital  bipolar  signal. 
The  digital  bipolar  signal  is  rectified  in  the  rectifier 
15,  and  is  then  input  into  the  pulse  generator, 
which  is  realized  by  a  phase-lock  loop  (PLL)  circuit 
15,  as  a  reference  timing  signal. 

Figure  2  shows  the  construction  of  a  conven- 
tional  digital  phase-lock  loop  (DPLL)  circuit,  as  an 
examoie  of  PLL  circuit  15  used  in  the  construction 
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However,  recently,  there  has  been  a  strong 
demand  for  realization  of  an  LSI  circuit  to  reduce 
the  scale  of  the  circuitry  and  power  loss.  Neverthe- 
less,  it  is  impossible  to  realize  the  tank  circuit  13 
which  includes  a  L-C  circuit,  in  an  LSI. 

To  realize  circuitry  to  extract  timing  information 
from  a  received  data  signal  in  an  LSI,  a  method 
comprising  a  step  of  obtaining  a  sampled  impulse 
response  value  from  sampled  levels  of  the  received 
data  signal  and  data  symbols  detected  from  the 
received  data  signal  through  a  calculation  using  a 
digital  filter,  is  proposed  by  Muller  et  al,  in  IEEE 
trans.  COM.  vol.  COM.  24,  NO.  5,  May  1976,  pp 
516  -  pp  531. 

Generally,  in  a  synchronous  baseband  data 
transmission  system  with  an  overall  impulse  re- 
sponse  h(t),  the  output  of  the  system,  e.g.,  the 
output  of  a  line  equalizer  in  a  receiver,  is  ex- 
pressed  as 

x ( t )   *  I a n   h ( t - k T )  
«  =  o 

x ( t   +  T ) .   S a x - ,   h ( t + T - k T )  

X  =  6 

10 

x ( t t 2 T )   =  I a n . !   h ( t   +  2 T - k T )  
k  =  o 

75 

20 
x ( t r L T )   =  I  a»-L  h ( t - L T - k T )  

x ( t ) =   S  a*  h ( t - k T )  

X  a  0 
X  i  0 

25 
where  akis  a  data  symbol,  T  is  a  period  of  the 
transmitter  clock,  and  0  i  k  S  L,  wherein  it  is 
supposed  that  an  impulse  response  does  not  ex- 
tend  beyond  the  time  LT  from  the  timing  of  a  peak 
of  the  impulse  response. 

If  the  level  of  the  received  data  signal  x(t)  is 
sampled  at  the  period  T,  as  x(t),  x(t  +  T),  x(t  +  2T), 
•••  x(t  +  LT),  a  series  of  sampled  impulse  re- 
sponses  h(t),  h(t  +  T),  h(t  +  2T),  •••h(t  +  LT)  can  be 
obtained  as  a  solution  of  a  linear  equation  system 
consisting  of  a  set  of  linear  equations 

In  the  prior  art,  it  is  noted  that  the  following  two 
types  of  functions  fA(rA)  and  fE(TE)  become  zero  if 
the  output  of  the  line  equalizer  is  a  superposition  of 
a  plurality  of  ideal  Nyquist  pulses,  each  of  which 
becomes  0  at  t  =T,  and  -T: 
f  a(ta)  =  1  /2  [h(rA  +  T)  -  h  (ta-T)]  (type  A) 
and 
fB(TB)=  h(rB  +  T)  (typeB) 
where  rA  and  TB  are  each  a  sampling  phase. 

Figure  3  shows  principles  of  the  above-men- 
tioned  conventional  methods  for  obtaining  timing 
information  from  a  received  data  signal. 

In  fig.  3,  ho  denotes  h(r),  h-,  denotes  h(r-T), 
and  h  +  i  denotes  h(  t  +  T). 

In  the  method  shown  as  type  A,  the  sampling 
phase  rA  is  controlled  so  that  the  function  fA(rA)  is 
brought  to  zero,  and  in  the  method  shown  as  type 
B,  the  sampling  phase  rB  is  controlled  so  that  the 
function  fB(TB)  is  brought  to  zero. 

Figure  4  shows  the  construction  for  carrying 
out  the  above  mentioned  conventional  type  B 
method  for  obtaining  timing  information  from  a  re- 
ceived  signal. 

In  Fig.  4,  reference  numeral  30  denotes  a  sam- 
pling  circuit,  31  denotes  a  data  symbol  discriminat- 
ing  circuit,  32  denotes  an  impulse  response  cal- 
culation  circuit,  and  33  denotes  a  comparator. 

The  sampling  circuit  30  samples  a  level  of  a 
received  data  signal  x(t)  at  a  sampling  phase,  e.g., 
at  the  timing  of  the  leading  edge  of  the  receiver 
clock,  in  each  period. 

The  data  symbol  discriminating  circuit  31  de- 
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termines  the  data  symbol  of  each  time  slot  by 
discriminating  the  level  of  the  received  data  signal 
x(t)  at  a  phase,  e.g.,  at  the  timing  of  the  leading 
edge  of  the  receiver  clock,  in  each  period. 

Figure  5  shows  a  timing  of  sampling  a  level  xx 
of  a  received  signal  x(t),  and  discriminating  a  data 
symbol  ax  in  a  received  signal. 

Figure  6  shows  the  construction  of  an  example 
of  an  impulse  response  calculation  circuit. 

In  Fig.  6,  reference  numerals  41  to  44  each 
denote  a  delay  circuit  with  a  delay  time  T,  45  to  47 
each  denote  a  multiplier,  48  denotes  a  weight  cal- 
culation  circuit  and  49  denotes  a  summation  cir- 
cuit.  The  period  of  the  receiver  clock  is  used  for  T, 
instead  of  the  period  of  the  real  transmitter  clock, 
which  can  be  known  indirectly  in  the  receiver,  i.e., 
as  timing  information  extracted  from  the  received 
data. 

From  the  above-mentioned  linear  equation  sys- 
tem,  the  impulse  response  h+i  =  h(r  +  T),  and  gen- 
erally,  h(t)  is  expressed  in  the  following  form. 
h(t)  =  Wn  <  Xn  +  Wn.,  x  Xn.,  +  +  Wn.2  x  Xn.2  + 

or 
h+i  =  h(T  +  T)=  Wn  x  Xn  +  W,,.!  x  Xn.i  +  +  Wn.2 
x  Xn.2  +  , 
where  Wn's  are  each  a  weight,  and  a  function  of 
the  data  symbols  ax. 

Namely,  the  weight  calculation  circuit  48  cal- 
culates  the  above  weights  Wn,  Wn.,,  Wn.2l  , 
the  multipliers  each  carries  out  a  multiplication  Wn 
x  Xn,  Wn.,  x  Xn.,,  Wn.2  x  Xn.2  ,  and  the 
summation  circuit  49  carries  out  a  summation  of 
these  terms.  Thus,  the  impulse  repsonse  h(t)  is 
obtained  from  the  construction  of  Fig.  6. 

However,  in  the  above  method,  the  function  fA- 
(t4)  or  fs(rs)  does  not  become  zero  even  when  the 
sampling  phase  ta  or  tb  is  at  the  optimum  phase, 
i.e.  ,  at  the  peak  of  the  impulse  response,  due  to 
noise  and  a  residual  distortion  after  the  equaliza- 
tion.  For  example,  a  line  impedance  between  the 
transmitter  and  the  receiver  varies  during  the  op- 
eration  of  the  communication  system  because  a 
line  is  temporarily  formed  arbitrarily  between  two 
subscribers  in  a  public  telephone  network  system. 
Further,  in  some  types  of  equalization,  e.g.,  Vf 
equalization,  the  equalized  wave  shape  is  not  sym- 
metrical  regarding  t  =  r,  and  a  non-zero  impulse 
response  in  a  pre-cursor  (t=  r  -T)  or  in  a  post- 
cursor  (t=  t  +T)  is  essential,  as  shown  later. 

Figure  7  shows  an  example  of  the  situation  in 
which  an  error  in  a  phase  of  the  receiver  clock  is 
induced  due  to  a  distortion  of  an  overall  wave 
shape  of  an  impulse  response. 

Namely,  the  method  for  obtaining  timing  in- 
formation  from  a  received  data  signal  in  the  prior 
art  is  greatly  affected  by  residual  distortion  after 
equalization,  noise,  or  a  wave  shape  of  equaliza- 

tion. 
On  the  other  hand,  at  an  initial  pull-in  operation, 

generally,  an  initial  sampling  phase  is  random,  i.e., 
the  initial  sampling  phase  may  be  far  from  the 

5  optimum  phase  for  sampling. 
In  the  prior  art,  by  whatever  method  the  timing 

information  in  the  received  signal  may  be  obtained, 
the  operation  to  shift  the  phase  of  the  receiver 
clock  toward  the  optimum  phase  is  carried  out 

w  gradually  as  an  accumulation  of  small  shifts,  for 
example,  in  a  digital  PLL  circuit  in  Fig.  2,  as 
explained  before. 

Namely,  in  the  prior  art,  it  takes  a  long  time  for 
the  phase  of  the  receiver  clock  to  converge  to  the 

75  optimum  phase. 

SUMMARY  OF  THE  INVENTION 

20  The  object  of  the  present  invention  is  to  pro- 
vide  a  circuit  for  obtaining  accurate  timing  informa- 
tion  from  a  received  signal,  which  is  not  so  affected 
by  residual  distortion  after  equalization,  noise,  or  a 
wave  shape  of  equalization. 

25  Another  object  of  the  present  invention  is  to 
provide  a  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  which  can  realize 
a  rapid  timing  recovery  in  an  initial  pull-in  opera- 
tion. 

30  According  to  the  first  aspect  of  the  present 
invention,  there  is  provided  a  circuit  for  obtaining 
accurate  timing  information  from  a  received  signal, 
comprising:  an  impulse  response  obtaining  means 
for  obtaining  an  impulse  response  at  a  phase  which 

35  is  determined  by  a  reference  phase  of  a  receiver 
clock;  an  initial  phase  setting  means  for  advancing 
the  reference  phase  by  a  predetermined  phase 
difference  from  the  value  of  the  reference  phase 
just  after  an  initial  pull-in  operation;  a  previous 

40  impulse  response  register  means  for  holding  an 
impulse  response  at  the  phase  in  a  previous  period 
of  the  receiver  clock,  as  a  reference  level;  and  a 
comparator  means  for  comparing  the  impulse  re- 
sponse  at  the  phase  with  the  reference  level. 

45  According  to  the  second  aspect  of  the  present 
invention,  there  is  provided  a  circuit  for  obtaining 
accurate  timing  information  from  a  received  signal, 
comprising:  an  initial  phase  setting  means  for  ad- 
vancing  the  reference  phase  by  a  predetermined 

so  phase  difference  from  the  value  of  the  reference 
phase  just  after  an  initial  pull-in  operation;  an  im- 
pulse  response  obtaining  means  for  obtaining  an 
impulse  response  at  a  phase  which  is  determined 
by  a  reference  phase  of  the  receiver  block;  a 

55  previous  impulse  response  register  means  for  hold- 
ing  an  impulse  response  at  the  phase  in  a  previous 
period  of  the  receiver  clock,  as  a  reference  level; 
and  a  comparator  means  for  comparing  the  im- 
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parator  means,  according  to  whether  the  impulse 
response  at  that  phase  is  larger  or  smaller  than  the 
impulse  response  in  the  previous  period. 

According  to  the  sixth  aspect  of  the  present 
5  invention,  there  is  provided  a  circuit  for  obtaining 

accurate  timing  information  from  a  received  signal, 
comprising:  an  impulse  response  obtaining  means 
for  obtaining  an  impulse  response  at  a  given 
phase;  a  phase  control  means  for  generating  a  first 

10  and  second  phases  which  are  determined  by  sub- 
tracting  a  predetermined  phase  difference  value 
from  the  value  of  a  reference  phase,  and  adding 
the  predetermined  phase  difference  value  to  the 
value  of  the  reference  phase,  respectively;  a  com- 

75  parator  means  for  comparing  the  impulse  re- 
sponses  at  the  first  and  second  phases  with  each 
other,  and  shifting  the  reference  phase  of  the  re- 
ceiver  clock  to  one  of  the  first  and  second  phases 
the  impulse  response  at  which  is  larger  than  the 

20  other;  and  the  phase  control  means  decreases  the 
predetermined  phase  difference  after  each  shift  is 
carried  out,  and  the  impulse  response  obtaining 
means,  phase  control  means,  and  comparator 
means  repeatedly  operate  until  the  reference  phase 

25  falls  within  a  required  phase  difference  from  a 
phase  corresponding  to  a  maximum  value  of  an 
overall  impulse  response. 

pulse  response  at  the  phase  with  the  reference 
level,  and  promoting  to  advance  or  delay  the  refer- 
ence  phase  of  the  'receiver  clock  according  to 
whether  the  impulse  response  at  the  phase  is  larg- 
er  or  smaller  than  the  reference  level. 

According  to  the  third  aspect  of  the  present 
invention,  there  is  provided  a  circuit  for  obtaining 
accurate  timing  information  from  a  received  signal, 
comprising:  an  impulse  response  obtaining  means 
for  obtaining  an  impulse  response  at  a  reference 
phase;  a  comparator  means  for  comparing  the  im- 
pulse  response  at  the  reference  phase  with  a  pre- 
determined  reference  level,  where  the  predeter- 
mined  level  is  set  so  near  to  a  maximum  value  of 
an  overall  impulse  response  that  a  phase  cor- 
responding  to  the  reference  level  is  within  a  re- 
quired  phase  difference  from  a  phase  correspond- 
ing  to  the  maximum  value,  and  the  comparator 
means  shifts  the  reference  phase  toward  the  phase 
corresponding  to  the  reference  level. 

According  to  the  fourth  aspect  of  the  present 
invention,  there  is  provided  a  circuit  for  obtaining 
accurate  timing  information  from  a  received  signal, 
comprising:  a  first  impulse  response  obtaining 
means  for  obtaining  an  impulse  response  at  a  first 
phase;  a  second  impulse  response  obtaining 
means  for  obtaining  an  impulse  response  at  a 
second  phase;  a  timing  generation  means  for  gen- 
erating  timings  corresponding  to  the  first  and  sec- 
ond  phases  determined  based  on  a  reference 
phase  of  a  receiver  clock,  wherein  the  second 
phase  differs  by  a  predetermined  phase  difference 
from  the  first  phase;  and  a  comparator  means  for 
comparing  the  impulse  responses  at  the  first  and 
second  phases,  and  advancing  or  delaying  the 
reference  phase  of  the  receiver  clock  according  to 
whether  the  impulse  response  at  the  first  phase  is 
larger  or  smaller  than  the  impulse  response  at  the 
second  phase  so  that  a  phase  corresponding  to  the 
maximum  value  of  an  overall  impulse  response  is 
near  the  center  of  the  first  and  second  phases. 

According  to  the  fifth  aspect  of  the  present 
invention,  there  is  provided  a  circuit  for  obtaining 
accurate  timing  information  from  a  received  signal, 
comprising:  an  impulse  response  obtaining  means 
for  obtaining  an  impulse  response  at  one  phase;  a 
timing  generation  means  for  generating  a  timing 
corresponding  to  the  phase,  based  on  a  reference 
phase  of  a  receiver  clock;  a  previous  impulse  re- 
sponse  register  means  for  holding  an  impulse  re- 
sponse  at  the  phase  in  a  previous  period  of  the 
receiver  clock;  and  a  comparator  means  for  com- 
paring  the  impulse  response  at  the  phase  with  the 
impulse  response  in  the  previous  period,  and  shift- 
ing  the  reference  phase  of  the  receiver  clock  in  a 
direction  the  same  as  or  opposite  to  the  direction  in 
which  the  reference  phase  of  the  receiver  clock 
was  shifted  by  a  previous  operation  of  the  com- 

30  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  the  drawings: 
Figure  1  shows  an  example  of  a  conven- 

tional  construction  for  generating  a  receiver  clock 
35  synchronized  with  a  received  signal; 

Figure  2  shows  the  construction  of  a  conven- 
tional  digital  phase-lock  loop  (DPLL)  circuit; 

Figure  3  shows  principles  of  conventional 
methods  for  obtaining  timing  information  from  a 

40  received  signal; 
Figure  4  shows  another  example  of  a  con- 

ventional  construction  for  obtaining  timing  informa- 
tion  from  a  received  signal; 

Figure  5  shows  timings  of  sampling  levels  of 
45  a  receive  signal,  and  discriminating  data  symbols 

in  a  received  signal; 
Figure  6  shows  the  construction  of  an  exam- 

ple  of  an  impulse  response  calculation  circuit; 
Figure  7  shows  a  typical  error  which  might 

so  be  caused  by  the  conventional  method  for  obtain- 
ing  timing  information  from  a  received  signal; 

Figure  8  is  a  block  diagram  of  the  construc- 
tion  of  a  timing  regeneration  circuit  as  a  first  em- 
bodiment  of  the  present  invention; 

55  Figure  9  shows  an  operation  of  the  first 
embodiment  of  the  present  invention; 

Figure  10  shows  a  detailed  construction  of 
the  circuit  of  Fig.  8; 
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notes  an  impulse  response  calculation  circuit,  35 
denotes  a  comparator,  50  denotes  a  buffer  means, 
60  denotes  a  receiver  clock  generation  circuit,  and 
36  denotes  an  initial  phase  generation  circuit. 

5  The  basic  functions  of  the  line  equalizer  1  1  ,  the 
sampling  circuit  30,  the  data  symbol  discrimination 
circuit  31,  and  the  impulse  response  calculation 
circuit  32  are  the  same  as  the  functions  of  the 
corresponding  construction  in  Fig.  4. 

10  A  difference  from  the  construction  of  Fig.  4  is 
that  the  impulse  response  calculation  circuit  32  in 
Fig.  8  calculates  candidates  of  the  peak  value  of 
the  impulse  response  ho  =  h(r)  where  t  is  a 
sampling  time. 

15  Figure  9  shows  a  principle  of  the  first  embodi- 
ment  of  the  present  invention. 

Another  difference  from  the  construction  of  Fig. 
4,  is  that,  as  shown  in  Fig.  9,  the  predetermined 
reference  level  hoth  is  set  so  near  the  peak 

20  (maximum)  value  of  the  overall  impulse  response 
h(t)  that  a  phase  corresponding  to  the  reference 
level  is  within  a  required  phase  difference  from  the 
phase  corresponding  to  the  peak.  And  the  can- 
didate  of  the  peak  value  of  the  impulse  response, 

25  for  example,  ho  or  ha'  as  shown  in  Fig.  9  is 
compared  with  the  reference  level  hOth.  and  the 
phase  of  the  sampling  time  is  shifted  toward  the 
phase  corresponding  to  the  reference  level  accord- 
ing  to  the  output  of  the  comparator  35.  The  phase 

30  of  a  leading  edge  of  the  receiver  clock 
(regenerated  clock)  is  equal  to  the  phase  of  the 
sampling  time  in  this  embodiment. 

Preferably,  the  sampling  phase  is  advanced  or 
delayed  by  a  predetermined  phase  difference  from 

35  a  phase  where  the  reference  phase  (the  phase  of  a 
leading  edge  of  the  receiver  clock)  was  just  after 
an  initial  pull-in  operation,  before  starting  the  above 
operation.  The  initial  pull-in  operation  is  carried  out 
when  starting  to  receive  a  new  communication  sig- 

40  nal  to  bring  the  phase  of  the  receiver  clock  close  to 
the  timing  extracted  from  the  received  signal.  Fig- 
ure  9  shows  an  example  wherein  the  sampling 
phase  has  been  advanced  by  a  just  after  an  initial 
pull-in  operation. 

45  When  the  phase  of  the  receiver  clock  is  initially 
advanced,  the  control  of  the  phase  shift  is  carried 
out  on  the  left  side  of  the  peak  in  Fig.  9.  Thus,  in 
this  case,  the  sampling  phase,  i.e.,  the  reference 
phase  is  advanced  or  delayed  according  to  wheth- 

50  er  the  impulse  response  at  that  phase  is  larger  or 
smaller  than  the  predetermined  reference  level. 

When  the  phase  of  the  receiver  clock  is  initially 
delayed,  i.e.,  when  the  sampling  phase  is  delayed 
by  a  predetermined  phase  difference  from  a  phase 

55  where  the  reference  phase  (the  phrase  of  a  leading 
edge  of  the  receiver  clock)  was  just  after  an  initial 
pull-in  operation,  the  sampling  phase,  i.e.,  the  refer- 
ence  phase,  is  advanced  or  delayed  according  to 

Figure  11  shows  an  operation  of  the  first 
embodiment  of  the  present  invention,  when  the 
impulse  response  is  obtained  after  the  Vf  type 
equalization; 

Figure  12  shows  a  part  of  the  construction  of 
a  timing  regeneration  circuit  as  a  second  embodi- 
ment  of  the  present  invention; 

Figure  13  shows  an  operation  of  the  second 
embodiment  of  the  present  invention; 

Figure  1  4  shows  a  part  of  the  construction  of 
a  timing  regeneration  circuit  as  a  third  embodiment 
of  the  present  invention; 

Figures  15A  and  15B  show  operations  of  the 
third  embodiment  of  the  present  invention; 

Figure  16  shows  a  part  of  the  construction  of 
a  timing  regeneration  circuit  as  a  fourth  embodi- 
ment  of  the  present  invention; 

Figure  17  shows  a  detailed  construction  for 
setting  protecting  steps  in  the  jitter  protection  cir- 
cuit  27  of  Fig.  16; 

Figure  18  shows  a  timing  of  the  operation  of 
the  counters  231  and  232  in  the  construction  of 
Fig.  16; 

Figures  19A,  19B,  and  19C  show  operations 
of  the  fourth  embodiment  of  the  present  invention; 

Figure  20  shows  a  part  of  the  construction  of 
a  timing  regeneration  circuit  as  a  fifth  embodiment 
of  the  present  invention; 

Figure  21  shows  a  timing  of  the  operation  of 
the  counters  231  and  232  in  the  construction  of 
Fig.  16;  and 

Figures  22A,  22B,  and  22C  show  an  opera- 
tion  of  the  fifth  embodiment  of  the  present  inven- 
tion. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

All  of  the  first  to  fifth  embodiments  of  the 
present  invention  are  useful  in  a  timining  circuit  in 
a  receiver  which  regenerates  a  receiver  clock  syn- 
chronized  with  a  received  data  signal. 

In  particular,  the  first  to  fourth  embodiments  of 
the  present  invention  are  useful  for  obtaining  ac- 
curate  timing  information  from  a  received  data  sig- 
nal  and  improving  and  keeping  accurate  synchro- 
nization  of  the  receiver  clock  with  the  received 
signal  while  receiving  data  signals  after  an  initial 
puil-in  operation,  and  the  fifth  embodiment  of  the 
present  invention  is  useful  in  the  initial  puil-in  op- 
eration. 

Figure  8  shows  the  construction  of  the  first 
embodiment  of  the  present  invention. 

In  Fig.  8,  reference  numeral  11  denotes  a  line 
equalizer,  30  denotes  a  sampling  circuit,  31  de- 
notes  a  data  symbol  discrimination  circuit,  32  de- 
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becomes  zero,  in  the  up/down  counter  52,  and  the 
minimum  output  is  used  as  a  control  signal  to 
delay  (when  the  sampling  phase  was  initially  ad- 
vanced  as  shown  in  Fig,  9)  the  sampling,  i.e.,  the 

5  phase  of  the  receiver  clock. 
Thus  the  above  value  N  plays  the  role  of  a 

time  constant  in  the  count-integrating  function  of 
the  buffer  means  50. 

When  the  count  of  the  up/down  counter  52 
io  reaches  the  upper  limit  value  2N,  the  comparator 

51  detects  that  the  count  accords  with  the  upper 
limit  value  2N,  and  makes  its  output  active.  This 
active  output  of  the  comparator  51  is  used  as  a 
control  signal  to  advance  (when  the  sampling 

75  phase  was  initially  advanced  as  shown  in  Fig.  9) 
the  sampling  phase,  i.e.,  the  phase  of  the  receiver 
clock. 

When  one  of  the  control  signals  to  advance  or 
delay  the  sampling  phase  becomes  active,  the 

20  active  signal  resets  the  count  of  the  up/down  coun- 
ter  52  through  the  OR  gate  53. 

The  receiver  clock  generation  circuit  60  shown 
in  Fig.  10  is  constructed  by  a  frequency  dividing 
ratio  setting  register  62,  a  comparator  63,  a  counter 

25  64,  a  selector  65,  and  an  RS  type  flip-flop  circuit 
66. 

The  receiver  clock  generation  circuit  60  shown 
in  Fig.  10  functions  as  a  frequency  divider,  wherein 
the  phase  of  the  output  signal  can  be  shifted  by 

30  control  from  the  outside. 
The  frequency  dividing  ratio  setting  register  62 

holds  a  frequency  dividing  ratio  which  is  deter- 
mined  as  a  ratio  of  the  frequency  of  the  master 
clock  to  the  receiver  clock. 

35  The  selector  65  and  the  RS  type  flip-flop  circuit 
66  are  provided  for  receiving  the  aforementioned 
initial  phase  shift  operation,  and  normally  (after  the 
initial  phase  shift  operation  is  completed),  selects 
the  output  of  the  frequency  dividing  ratio  setting 

40  register  62  as  an  output.  First,  the  above  normal 
operation  of  the  receiver  clock  generation  circuit  60 
is  explained  in  the  following.  The  operation  in  the 
initial  phase  shift  is  explained  later. 

The  count  of  the  counter  60  is  incremented  at 
45  each  leading  edge  of  the  master  oscillator  61  of  the 

receiver.  The  count  is  compared  with  the  value  of  a 
frequency  dividing  ratio  held  in  the  frequency  divid- 
ing  ratio  setting  register  62.  When  the  count  ac- 
cords  with  the  value  held  in  the  register  62,  the 

so  output  of  the  comparator  63  becomes  active,  i.e., 
the  receiver  clock  rises,  and  the  counter  64  is  then 
reset  by  the  active  signal. 

While  the  value  held  in  the  register  62  is  con- 
stant,  the  receiver  clock  rises  when  the  count  of  the 

55  counter  64  reaches  the  value  held  in  the  register 
62,  i.e.,  the  frequency  of  the  master  clock  is  di- 
vided  by  the  value  held  in  the  register  64.  How- 
ever,  the  value  held  in  the  register  64  is  decremen- 

the  output  of  the  comparator  35,  i.e.,  according  to 
whether  the  impulse  response  at  the  phase  is 
smaller  or  larger  than  the  predetermined  reference 
level. 

More  preferably,  the  buffer  means  50  for  accu- 
mulating  the  outputs  of  the  comparator  35,  is  pro- 
vided.  The  buffer  means  accumulates  the  digital 
output  of  the  comparator  35,  i.e.,  increments  its 
count  when  the  digital  output  of  the  comparator  35 
is  "1  ",  i.e.  ,  when  the  level  of  the  calculated  can- 
didate  of  the  peak  value  of  the  impulse  response  is 
larger  than  the  reference  level  hoth.  or  the  buffer 
means  50  decrements  its  count  when  the  digital 
output  of  the  comparator  35  is  "0",  i.e.,  when  the 
level  of  the  calculated  candidate  of  the  peak  value 
of  the  impulse  response  is  smaller  than  the  refer- 
ence  level  hoth- 

When  the  count  reaches  an  upper  limit  value, 
which  has  been  set  in  advance,  the  buffer  means 
50  outputs  a  control  signal  to  shift  the  sampling 
phase,  i.e.,  to  shift  the  phase  of  the  receiver  clock 
in  a  direction  toward  the  phase  corresponding  to 
the  reference  level;  or  when  the  count  reaches  a 
lower  limit  value,  which  has  been  also  set  in  ad- 
vance,  the  buffer  means  50  outputs  a  control  signal 
to  shift  the  phase  of  the  receiver  clock  in  the 
direction  opposite  to  the  above,  i.e.,  in  the  other 
direction  toward  the  phase  corresponding  to  the 
reference  level. 

Therefore,  due  the  the  function  of  the  buffer 
means  50,  the  phase  of  the  sampling  clock,  i.e.,  the 
phase  of  the  receiver  clock  is  not  shifted  by  a 
fluctuation  of  the  calculated  candidate  value  of  the 
impulse  response,  which  may  be  affected  by  a 
noise  superimposed  on  the  received  data  signal  x- 
(t)- 

The  realization  of  the  buffer  means  50  is  shown 
in  Figure  10  together  with  a  realization  of  the 
receiver  clock  generation  circuit  60. 

In  Fig.  10,  the  buffer  means  50  is  constructed 
by  a  comparator  51  ,  an  up/down  counter  52,  an  OR 
gate  53,  and  a  multiplier  (not  shown). 

Half  of  the  above  upper  limit  value  2N,  N  is 
preset  as  an  initial  count  of  the  up/down  counter 
52,  and  the  output  of  the  comparator  35  is  applied 
as  an  up  or  down  input  of  the  up/down  counter  52. 
The  count  of  the  up/down  counter  52  is  incre- 
mented  or  decremented  according  to  whether  the 
digital  output  of  the  comparator  35  is  "1  "  or  "0"  at 
each  timing  of  the  leading  edge  of  the  receiver 
clock.  The  count  output  of  the  up/down  counter  52 
is  input  into  the  comparator  51  . 

A  reference  value  with  which  the  input  is  com- 
pared  in  the  comparator  51  is  the  above  upper  limit 
value  2N,  which  has  been  preset  in  advance. 

The  lower  limit  value  is  zero  in  the  example  of 
Fig.  10,  which  is  detected  as  a  minimum  output 
(zero  count),  which  becomes  active  when  the  count 
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struction  in  Figs.  4  and  8. 
The  difference  exists  in  that  the  sampling  in 

the  sampling  circuit  70  and  the  determination  in  the 
data  symbol  discrimination  circuit  31,  are  carried 

5  out  at  a  first  phase  t1,  and  the  impulse  response 
calculation  circuit  72  calculates  the  impulse  re- 
sponse  at  the  phase  t1  ,  h(t1  ).  The  sampling  in  the 
sampling  circuit  71  is  carried  out  at  a  second 
phase  t2,  and  the  impulse  response  calculation 

10  circuit  73  calculates  the  impulse  response  at  the 
phase  t2,  h(t2),  wherein  t1  and  t2  are  each  a  first 
and  second  phases  which  are  determined  based 
on  the  phase  of  the  receiver  clock,  both  are  near 
the  phase  corresponding  to  the  peak  of  the  impulse 

15  response,  and  one  of  the  first  phase  is  different 
from  the  second  phase  by  a  predetermined  phase 
difference,  for  example,  t2  -  t1  =  2A  as  shown  in 
Fig.  13. 

Figure  13  shows  a  principle  of  the  second 
20  embodiment  of  the  present  invention. 

Namely,  the  impulse  response  h(t1)  at  the 
phase  t1  and  the  impulse  response  h(t2)  at  the 
phase  t2  are  compared  with  each  other,  and  based 
on  the  comparison  result,  the  phase  of  the  receiver 

25  clock  is  shifted  (advanced  or  delayed)  so  that  the 
phase  corresponding  to  the  maximum  value  is  near 
the  center  of  the  first  and  second  phases,  for 
example,  if  h(t1)  >  h(t2),  the  phase  of  the  receiver 
clock  is  advanced;  and  if  h(M)  <  h(t2),  the  phase  of 

30  the  receiver  clock  is  delayed. 
Preferably,  in  the  embodiment  of  Fig.  12,  the 

output  h(t1)  of  the  impulse  response  calculation 
circuit  72  is  averaged  (actually  summed  only,  and 
the  word  "average"  is  used  with  the  same  meaning 

35  hereinafter)  for  a  predetermined  number  of  periods 
in  an  average  circuit  comprising  the  adder  74  and 
the  register  75,  and  the  output  h(t2)  of  the  impulse 
response  calculation  circuit  76  is  averaged  for  a 
predetermined  number  of  periods  in  another  aver- 

40  age  circuit  comprising  the  adder  76  and  the  regis- 
ter  77. 

The  averaged  value  <h(t1)>  of  the  impulse 
responses  h(t1)  at  the  phase  t1  and  the  averaged 
value  <h(t2)>  of  the  impulse  responses  h(t2)  at  the 

45  phase  t2  are  compared  with  each  other  in  the 
comparator  78,  and  the  output  of  the  comparator 
78  is  held  in  the  register  79,  and  is  then  trans- 
formed  into  control  signals  to  advance  and  delay 
the  phase  of  the  receiver  clock  in  the  decoder  80. 

so  These  control  signals  can  function  the  same  as  the 
corresponding  control  signals  in  the  construction  of 
Fig.  10,  and  are  applied  to  the  receiver  clock 
generation  circuit  60  as  shown  in  Fig.  10,  where 
the  aforementioned  initial  phase  generating  circuit 

55  36  is  not  necessary  in  the  second  embodiment. 
Further,  a  buffer  means  50  as  described  in  Fig. 

10  can  be  provided  after  the  register  79  instead  of 
the  decoder  80,  to  reduce  jitter  due  to  fluctuations 

ted  when  receiving  the  active  control  signal  from 
the  comparator  51,  or  is  incremented  when  receiv- 
ing  the  active  control  signal  from  the  minimum 
count  output  terminal  of  the  up/down  counter  52. 

Therefore,  the  phase  of  the  output  of  the  re- 
ceiver  clock  generation  circuit  60  (the  phase  of  the 
receiver  clock),  is  advanced  (i.e.,  the  frequency  of 
the  receiver  clock  is  increased)  when  receiving  the 
active  control  signal  from  the  comparator  51  ,  or  the 
phase  of  the  receiver  clock  is  delayed  (i.e.,  the 
frequency  of  the  receiver  clock  is  decreased)  when 
receiving  the  active  control  signal  from  the  mini- 
mum  count  output  terminal  of  the  up/down  counter 
52. 

As  readily  understood,  the  frequency  dividing 
ratio  setting  register  62  having  the  above  function, 
can  be  realized  by  an  up/down  counter. 

To  carry  out  the  aforementioned  initial  phase 
shift  of  the  sampling  phase,  a  predetermined  value 
is  held  in  the  initial  phase  generation  circuit  36. 
When  receiving  an  initial  pull-in  completion  signal, 
the  signal  sets  the  RS  flip-flop  circuit  66,  and  the 
selector  65  selects  the  output  of  the  initial  phase 
generation  circuit  36  as  its  output.  The  predeter- 
mined  value  is  so  much  smaller  than  the  frequency 
dividing  ratio  held  in  the  frequency  dividing  ratio 
setting  register  62  that  the  phase  of  the  receiver 
clock  is  advanced  because  the  rising  time  of  the 
output  of  the  comparator  63  is  advanced  due  to  the 
decreased  reference  value  for  the  comparison,  and 
the  resultant  phase  shift  is  near  a  predetermined 
value,  for  example,  T/10. 

In  addition,  when  the  equalized  output  of  the 
line  equalizer  11  has  the  wave  shape  as  shown  in 
Fig.  1  1  .  which  is  called  a  Vf  equalized  wave  shape, 
and  which  is  usually  used,  the  impulse  response  is 
zero  before  the  phase  -T.  Namely,  when  using  this 
type  of  equalization,  it  is  not  necessary  to  take  into 
account  the  sampled  impulse  response  value  be- 
fore  the  time  -T,  and  therefore,  the  calculation  in 
the  impulse  response  calculation  circuit  of  Fig.  6  is 
simplified,  i.e.,  the  impulse  response  calculation 
circuit  itself  can  be  simplified. 

Figure  12  shows  the  construction  of  the  second 
embodiment  of  the  present  invention. 

In  Fig.  12,  reference  numeral  70  and  71  each 
denote  a  sampling  circuit,  31  denotes  a  data  sym- 
bol  discrimination  circuit,  72  and  73  each  denote 
an  impulse  response  calculation  circuit,  74  and  76 
each  denote  an  adder,  75,  77,  and  79  each  denote 
a  register,  78  denotes  a  comparator,  80  denotes  a 
decoder,  and  81  denotes  a  timing  generation  cir- 
cuit. 

The  basic  functions  of  the  sampling  circuits  70 
and  71,  the  data  symbol  discrimination  circuit  31, 
the  impulse  response  calculation  circuits  72  and 
73,  and  the  comparator  78  are  individually  the 
same  as  the  functions  of  the  corresponding  con- 
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leading  edge  of  the  receiver  clock,  and  the  impulse 
response  calculation  circuit  72  calculates  the  im- 
pulse  response  ho  at  the  phase  of  the  leading  edge 
of  the  receiver  clock. 

5  Figures  15A  and  15B  show  a  principle  of  the 
third  embodiment  of  the  present  invention. 

Namely,  an  impulse  response  ho(n)  at  a  phase 
of  a  period  n  of  the  receiver  clock  is  compared  with 
an  impulse  response  ho(n-1)  at  the  same  phase  of 

10  a  previous  period  n-1  of  the  receiver  clock,  and  the 
phase  of  the  receiver  clock  is  shifted  in  a  direction 
the  same  as  or  opposite  to  the  direction  in  which 
the  phase  of  the  receiver  clock  was  shifted  by  the 
previous  operation  of  the  comparison  and  the  shift- 

75  ing,  according  to  whether  the  impulse  response  ho- 
(n)  at  that  phase  is  larger  or  smaller  than  the 
impulse  response  ho(n-1)  in  the  previous  period. 

Preferably,  in  the  embodiment  of  Fig.  14,  the 
outputs  ho  of  the  impulse  response  calculation  cir- 

20  cuit  32  are  averaged  for  a  predetermined  number 
of  periods  in  an  average  circuit  comprising  the 
adder  82  and  the  register  83  to  generate  an 
averaged  impulse  response  value  <ho(n)>,  and  an 
averaged  impulse  response  value  <ho(n-1)>  for  the 

25  predetermined  number  of  previous  periods  is  held 
in  the  register  84. 

The  averaged  value  <ho(n)>  and  the  averaged 
value  <ho(n-1)>  for  the  previous  periods  are  com- 
pared  with  each  other  in  the  comparator  85.  The 

30  comparator  85  outputs  "1  "  when  the  averaged  val- 
ue  <ho(n)>  is  larger  than  the  averaged  value<ho(n- 
1)>,  or  outputs  "0"  when  the  averaged  value  <h0- 
(n)>  is  smaller  than  the  averaged  value  <ho(n-1)>. 
The  output  of  the  comparator  85  is  held  in  the 

35  register  86. 
When  the  averaged  value  <ho(n)>  of  the  im- 

pulse  responses  ho(n)  for  the  predetermined  num- 
ber  of  periods  is  larger  than  the  averaged  value 
<ho(n-1)>  of  the  impulse  responses  ho(n-1)  for  the 

40  predetermined  number  of  previous  periods  as 
shown  in  Fig.  15A,  the  same  control  signal  as  the 
preceding  control  signal  for  the  phase  shift  of  the 
receiver  clock  is  output.  The  content  of  the  preced- 
ing  control  signal  is  held  in  the  register  88,  and  this 

45  content  is  output  through  the  selector  89  under  the 
control  of  the  output  of  the  register  86. 

When  the  averaged  value  <ho(n)>  of  the  im- 
pulse  responses  ho(n)  for  the  predetermined  num- 
ber  of  periods  is  smaller  than  the  averaged  value 

so  <ho(n-1)>  of  the  impulse  responses  ho(n-1)  for  the 
predetermined  number  of  previous  periods  as 
shown  in  Fig.  15B,  a  control  signal  opposite  to  the 
preceding  control  signal  for  the  phase  shift  of  the 
receiver  clock  is  output.  Namely,  the  content  of  the 

55  preceding  control  signal  is  output  from  the  register 
88  through  the  inverter  87  and  the  selector  89  to 
the  decoder  90  under  the  control  of  the  output  of 
the  register  86. 

of  the  impulse  response. 
According  to  the  construction  of  Fig.  12,  when 

the  averaged  value  <h(t1)>  of  the  impulse  re- 
sponses  h(t1)  at  the  phase  t1  is  larger  than  the 
averaged  value  <h(t2)>  of  the  impulse  responses 
h(t2)  at  the  phase  t2,  the  output  of  the  comparator 
78  is  "1",  and  the  control  signal  to  advance  the 
phase  of  the  receiver  clock  is  then  output  from  the 
decoder  80,  or  when  the  averaged  value  <h(t1)>  of 
the  impulse  responses  h(t1)  at  the  phase  t1  is 
smaller  than  the  averaged  value  <h(t2)>  of  the 
impulse  responses  h(t2)  at  the  phase  t2,  the  output 
of  the  comparator  78  is  "0",  and  the  control  signal 
to  delay  the  phase  of  the  receiver  clock  is  then 
output  from  the  decoder  80. 

In  addition,  by  using  the  average  circuits,  the 
phase  of  the  receiver  clock  is  not  shifted  by  a 
fluctuation  of  the  calculated  value  of  the  impulse 
response,  which  may  be  affected  by  a  noise  super- 
imposed  on  the  received  data  signal  x(t). 

The  above-mentioned  predetermined  number 
of  periods  for  averaging  is,  for  example,  sixty,  and 
T60  denotes  a  1/60  frequency-divided  clock  gen- 
erated  from  the  receiver  clock,  which  has  a  period 
sixty  times  that  of  the  receiver  clock. 

The  1/60  frequency-divided  clock  T60,  and  a 
clock  T1  having  a  frequency  equal  to  the  receiver 
clock  and  a  phase  of  t1  ,  and  a  clock  T2  having  a 
frequency  equal  to  the  receiver  clock  and  a  phase 
of  t2,  are  generated  in  ,the  timing  generation  circuit 
81.  The  timing  generation  circuit  81  comprises 
delay  circuits  and  frequency  dividing  circuits  (not 
shown),  and  generates  the  above  T1,  T2,  and  T60 
from  the  master  clock  having  a  much  higher  fre- 
quency  than  the  receiver  clock. 

To  obtain  timing  information  with  high  accu- 
racy,  a  master  clock  having  a  high  frequency  is 
necessary,  for  example,  3.2  MHz  for  a  receiver 
clock  having  a  frequency  of  80  kHz. 

Figure  14  shows  the  construction  of  the  third 
embodiment  of  the  present  invention. 

In  Fig.  14,  reference  numeral  30  denotes  a 
sampling  circuit,  31  denotes  a  data  symbol  dis- 
crimination  circuit,  32  denotes  an  impulse  response 
calculation  circuit,  82  denotes  an  adder,  83,  84,  86, 
and  88  each  denote  a  register,  85  denotes  a  com- 
parator,  87  denotes  an  inverter,  89  denotes  a  se- 
lector,  90  denotes  a  decoder,  and  91  denotes  a 
timing  generation  circuit. 

The  basic  functions  of  the  sampling  circuit  30 
and  71,  the  data  symbol  discrimination  circuit  31, 
the  impulse  response  calculation  circuit  32,  and  the 
comparator  85  are  individually  the  same  as  the 
functions  of  the  corresponding  constructions  in 
Figs.  4  and  8. 

The  sampling  in  the  sampling  circuit  30  and 
the  determination  in  the  data  symbol  discrimination 
circuit  31,  are  carried  out  at  the  phase  of  the 
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receiver  clock,  and  there  is  a  relationship  among 
the  individual  phases,  where  T60<T60'  <  T60"  , 
and  all  of  these  clocks  are  generated  in  the  timing 
generation  circuit  91  similar  to  the  corresponding 

5  circuit  in  Fig.  12. 
Figure  16  shows  the  construction  of  the  fourth 

embodiment  of  the  present  invention. 
In  Fig.  16,  reference  numeral  32  denotes  an 

impulse  response  calculation  circuit,  200  denotes  a 
w  control  circuit,  28  denotes  a  digital  phase-lock  loop 

(DPLL)  circuit,  26  denotes  an  initial  phase  generat- 
ing  circuit,  201  denotes  an  averaging  circuit,  203 
denotes  an  adder,  202  and  204  each  denote  a 
register,  210  denotes  a  comparator,  221  denotes 

75  an  NOR  gate,  222  denotes  an  AND  gate,  231  and 
232  each  denote  a  counter,  20  denotes  a  master 
oscillator,  21  denotes  a  1/2  frequency  divider,  22 
denotes  a  selector,  23  denotes  a  1  N  frequency 
divider,  24  denotes  a  phase  comparator,  and  27 

20  denotes  a  jitter  protection  counter. 
In  Fig.  16,  the  basic  construction  consisting  of 

the  sampling  circuit  (not  shown),  the  data  symbol 
discrimination  circuit  (not  shown),  the  impulse  re- 
sponse  calculation  circuit  32,  the  averaging  circuit 

25  201,  the  register  202,  and  the  comparator  210  are 
the  same  as  the  corresponding  constructions  in 
Figs.  14. 

The  counters  231  and  232,  the  NOR  gate  221  , 
and  the  AND  gate  222  constitute  a  timing  genera- 

36  tion  circuit. 
In  addition,  the  construction  of  the  DPLL  circuit 

shown  in  Fig.  16  is  similar  to  the  construction  of 
Fig.  2,  except  the  additional  construction  explained 
later  with  reference  to  Figure  17. 

35  Similar  to  Fig.  8,  the  initial  phase  setting  circuit 
26  advances  the  reference  phase  by  a  predeter- 
mined  phase  difference  from  the  value  of  the  refer- 
ence  phase  just  after  an  initial  pull-in  operation. 

The  sampling  in  the  sampling  circuit  and  the 
40  determination  in  the  data  symbol  discrimination  cir- 

cuit  (not  shown),  are  carried  out  at  the  phase  of  the 
leading  edge  of  the  receiver  clock  for  the  averaging 
cycles  shown  in  Figure  18,  and  the  impulse  re- 
sponse  calculation  circuit  72  calculates  the  impulse 

45  response  ho  at  the  phase  of  the  leading  edge  of 
the  receiver  clock  for  the  same  averaging  cycles. 

Figures  19A,  19B,  and  19C  show  an  example 
of  an  operation  of  the  fourth  embodiment  of  the 
present  invention. 

so  First,  the  initial  phase  setting  circuit  26  ad- 
vances  the  reference  phase  by  a  predetermined 
phase  difference  from  the  value  of  the  reference 
phase  just  after  an  initial  pull-in  operation. 

An  impulse  response  ho(n  +  1)  at  a  phase  of  a 
55  period  n  +  1  of  the  receiver  clock  is  compared  with 

an  impulse  response  ho(n)  at  the  same  phase  of  a 
previous  period  n  of  the  receiver  clock,  and  then 
the  phase  of  the  receiver  clock  is  promoted  to  be 

The  control  signal  output  from  the  selector  89 
is  then  transformed  to  a  control  signal  to  advance 
or  delay  the  phase  of  the  receiver  clock,  in  the 
decoder  90. 

These  control  signals  function  the  same  as  the 
corresponding  control  signals  in  the  construction  of 
Figs.  10  and  12,  and  are  applied  to  the  receiver 
clock  generation  circuit  60  as  shown  in  Fig.  10, 
where  the  aforementioned  initial  phase  generating 
circuit  36  is  not  necessary  in  the  third  embodiment. 

Further,  a  buffer  means  50  as  described  in  Fig. 
10  can  be  provided  after  the  selector  89  instead  of 
the  decoder  90,  to  reduce  jitter  due  to  fluctuations 
of  the  impulse  response. 

According  to  the  construction  of  Fig.  14,  when 
the  averaged  value  <ho(n)>  of  the  impulse  re- 
sponses  ho(n)  for  the  predetermined  number  of 
periods  is  larger  than  the  averaged  value  <ho(n-1)> 
of  the  impulse  responses  ho(n-1)  for  the  predeter- 
mined  number  of  previous  periods  as  shown  in  Fig. 
15A.  the  output  of  the  comparator  85  is  "1",  and  is 
then  held  in  the  register  86. 

The  output  "1"  of  the  register  86  controls  the 
selector  89  to  pass  the  output  of  the  register  88  to 
the  decoder  90,  and  therefore,  a  control  signal  to 
shift  the  phase  of  the  receiver  clock  in  the  same 
direction  as  the  preceding  control  is  output,  i.e.,  if 
the  preceding  control  corresponds  to  a  delay,  and 
then,  the  following  control  is  also  a  delay. 

When  controls  of  delays  are  repeated,  the 
phase  of  the  receiver  clock  shifts  beyond  the  peak 
of  the  impulse  response  after  the  repetition  of 
delays,  i.e.,  the  averaged  value  <ho(n  +  1)>  of  the 
impulse  responses  ho(n  +  1)  for  the  predetermined 
number  of  periods  becomes  smaller  than  the 
averaged  value  <ho(n)>  of  the  impulse  responses 
ho(n)  for  the  predetermined  number  of  previous 
periods.  Therefore,  the  output  of  the  comparator  85 
becomes  "0",  and  the  content  the  register  88  is 
output  through  the  inverter  87  and  the  selector  89 
as  a  control  signal  to  advance  the  phase  of  the 
receiver  clock. 

Similarly,  after  controls  of  advances,  a  control 
signal  for  a  delay  will  appear.  Thus,  the  phase  of 
the  receiver  clock  is  controlled  to  be  near  the  peak 
of  the  impulse  response  according  to  the  third 
embodiment  of  the  present  invention. 

In  addition,  according  to  the  average  circuit, 
the  phase  of  the  receiver  clock  will  not  be  shifted 
by  a  fluctuation  of  the  calculated  value  ho  of  the 
impulse  response,  which  may  be  affected  by  a 
noise  superimposed  on  the  received  data  signal  x- 
(t). 

The  above-mentioned  predetermined  number 
of  periods  for  averaging  can  be  also,  for  example, 
sixty,  and  T60,  T60'  ,  and  T60"  each  denote  a  1/60 
frequency-divided  clock  generated  from  the  receiv- 
er  deck,  each  has  a  period  sixty  times  that  of  the 

10 
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232  at  the  other  non-inverted  input  terminal,  be- 
comes  active. 

The  output  of  the  AND  gate  222  is  applied  to 
the  jitter  protection  circuit  27.  While  the  output  of 

5  the  AND  gate  222  is  active,  the  jitter  protection 
circuit  27  stops. 

When  the  counter  232  completes  the  counting 
of  the  preset  number,  the  output  of  the  counter  232 
becomes  inactive.  When  the  output  of  the  counter 

w  232  becomes  inactive,  the  counter  231  is  reset, 
and  then  the  output  of  the  counter  231  becomes 
active  again,  i.e.,  the  calculation  of  another  average 
<ho(n  +  1)>  of  the  impulse  responses  ho(n  +  1)  at 
the  leading  edges  of  the  receiver  clock,  begins. 

75  When  the  counter  231  completes  the  counting 
of  the  preset  number  again,  the  output  of  the  AND 
gate  222  becomes  inactive,  and  the  inverted  output 
of  the  NOR  gate  221,  which  receives  both  the 
outputs  of  the  counters  231  and  232,  becomes 

20  active. 
The  active  output  of  the  NOR  gate  221  allows 

the  output  of  the  comparator  210  to  be  applied  to 
the  jitter  protection  circuit  27. 

The  output  of  the  comparator  21  0  promotes  an 
25  advance  or  a  delay  of  the  phase  of  the  receiver 

clock  according  to  whether  the  average  <ho(n  +  1)> 
is  larger  or  smaller  than  the  average  <ho(n)>,  if, 
initially,  the  phase  of  the  receiver  clock  has  been 
advanced  by  a,  or  the  output  of  the  comparator 

30  210  promotes  an  advance  or  a  delay  of  the  phase 
of  the  receiver  clock  according  to  whether  the 
average  <ho(n  +  1)>  is  smaller  or  larger  than  the 
average  <ho(n)>,  if,  initially,  the  phase  of  the  re- 
ceiver  clock  has  been  delayed  by  a. 

35  The  promotion  in  this  example  is  realized  by  a 
resetting  of  -a  number  of  protection  steps  in  the 
jitter  protection  circuit  27. 

As  explained  before  with  reference  to  Fig.  2, 
the  jitter  protection  circuit  27  is,  for  example,  made 

40  by  an  up/down  counter,  and  increments  or  de- 
crements  its  count  according  to  whether  receiving 
an  up  signal  or  a  down  signal  from  the  phase 
comparator  24.  In  the  up/down  counter,  a  maximum 
and  a  minimum  counts  are  preset,  a  value  between 

45  the  maximum  and  minimum  counts  is  set  as  the 
initial  count,  and  an  underflow  output  of  the 
up/down  counter  is  a  control  signal  to  advance  the 
phase  of  the  output  clock  of  the  DPLL  circuit,  and  a 
control  signal  to  delay  the  phase  of  the  output 

so  clock  is  an  overflow  output  of  the  up/down  counter. 
The  difference  between  the  initial  count  and 

the  minimum  count  realizes  a  protection  step  in  the 
advance  side,  and  the  difference  between  the 
maximum  count  and  the  initial  count  realizes  a 

55  protection  step  in  the  delay  side. 
Thus,  the  promotion  to  advance  the  phase  of 

the  receiver  clock  is  carried  out  by  decreasing  the 
protection  steps  in  the  advance  side  and  increasing 

advanced  or  delayed  according  to  whether  the  im- 
pulse  response  ho(n  +  1)  is  larger  or  smaller  than 
the  impulse  response  ho(n). 

Preferably,  in  the  embodiment  of  Fig.  16,  the 
output  ho  of  the  impulse  response  calculation  cir- 
cuit  32  is  averaged  for  a  predetermined  number  of 
periods  in  an  average  circuit  201  comprising  the 
adder  203  and  the  register  204  to  generate  an 
averaged  impulse  response  value  <ho(n  +  1>,  and 
an  averaged  impulse  response  value  <ho(n)>  for 
the  predetermined  number  of  previous  periods  is 
held  in  the  register  202. 

More  preferably,  a  free-running  cycle  is  pro- 
vided  between  the  above  two  averaging  cycles  as 
shown  in  Fig.  18. 

The  averaged  value  <ho(n  +  1)>  and  the 
averaged  value  <ho(n)>  for  the  previous  periods 
are  compared  with  each  other  in  the  comparator 
210.  The  comparator  210  outputs  "1"  when  the 
averaged  value  <ho(n  +  1)>  is  larger  than  the 
averaged  value  <ho(n)>,  or  outputs  "0"  when  the 
averaged  value  <ho(n  +  1)>  is  smaller  than  the 
averaged  value  <ho(n)>.  The  output  of  the  com- 
parator  210  is  held. 

When,  initially,  the  phase  of  the  receiver  clock 
has  been  advanced  by  a,  if  the  averaged  value 
<ho(n  +  1)>  of  the  impulse  responses  ho(n  +  1)  for 
the  predetermined  number  of  periods  is  larger  than 
the  averaged  value  <ho(n)>  of  the  impulse  re- 
sponse  ho(n)  for  the  predetermined  number  of  pre- 
vious  periods  as  shown  in  Fig.  19B,  the  phase  of 
the  receiver  clock  is  promoted  to  be  advanced,  or 
if  the  averaged  value  <ho(n  +  1)>  of  the  impulse 
responses  ho(n  +  1)  for  the  predetermined  number 
of  periods  is  smaller  than  the  averaged  value  <ho- 
(n)>  of  the  impulse  responses  ho(n)  for  the  pre- 
determined  number  of  previous  periods  as  shown 
in  Fig.  19C,  the  phase  of  the  receiver  clock  is 
promoted  to  be  delayed. 

The  timing  controls  of  the  averaging  cycles 
and  the  free-running  cycle  are  carried  out  as  shown 
in  Fig.  18. 

When  receiving  an  initial  pull-in  completion  sig- 
nal,  both  the  counters  231  and  232  begin  to  count 
the  receiver  clock  generated  in  the  DPLL  circuit  28, 
where  the  output  of  each  counter  is  active  ("1  ") 
while  counting  a  preset  number,  60  for  the  counter 
231  and  160  for  the  counter  232,  in  this  example. 

While  receiving  an  active  output  of  the  counter 
231,  the  averaging  circuit  201  calculates  an  aver- 
age  <ho(n)>  of  the  impulse  responses  ho(n)  at  the 
leading  edges  of  the  receiver  clock.  When  the 
output  of  the  counter  231  becomes  inactive,  the 
calculated  average  in  the  average  circuit  201  is 
written  in  the  register  202,  the  register  204  is 
cleared,  and  the  output  of  the  AND  gate  222,  which 
receives  the  output  of  the  counter  231  at  an  in- 
verted  input  terminal  and  the  output  of  the  counter 
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the  up/down  counter  52  in  Fig.  10,  which  realizes 
the  buffer  means  50,  using  the  construction  of  Fig. 
17,  in  the  first  embodiment. 

Further,  as  mentioned  before,  the  buffer  means 
5  50  shown  in  Fig.  10  can  also  be  used  in  the 

second  and  third  embodiments.  Therefore,  the 
above  operation  of  promoting  the  advance  or  delay 
of  the  phase  of  the  receiver  clock  can  be  used  in 
these  embodiments. 

w  The  tendency  of  the  difference  of  the  frequen- 
cies  between  the  receiver  clock  and  the  receiving 
signal  can  be  detected  as  an  output  of  the  com- 
parator  210  in  Fig.  16,  and  then  the  upper  limit  in 
the  buffer  means  50  can  be  lowered  and  the  lower 

75  limit  can  be  made  higher  when  the  tendency  of  a 
delay  in  the  receiver  clock  is  detected,  and  the 
upper  limit  can  be  made  higher  and  the  lower  limit 
can  be  lowered  when  a  tendency  of  an  advance  in 
the  receiver  clock  is  detected. 

20  Preferably,  the  operation  of  promoting  the  ad- 
vance  or  delay  of  the  phase  of  the  receiver  clock  is 
carried  out  in  the  stage  after  the  completion  of  the 
initial  pull-in  operation,  and  before  the  operations  of 
searching  and  keeping  a  phase  corresponding  to 

25  the  peak  of  the  impulse  response  according  to  one 
of  the  first  to  third  embodiments  of  the  present 
invention. 

The  fifth  embodiment  of  the  present  invention 
is  a  circuit  for  obtaining  accurate  timing  information 

30  from  a  received  data  signal,  which  is  particularly 
useful  in  the  initial  pull-in  operation. 

In  the  prior  art,  the  initial  pull-in  operation  is 
carried  out  by  the  phase-lock  loop  circuit,  where  a 
long  time  is  necessary  until  the  receiver  clock 

35  converges  to  the  timing  of  the  receiving  data  sig- 
nal. 

Hereinafter,  through  the  explanation  of  the  fifth 
embodiment  of  the  present  invention,  it  is  shown 
that  the  technique  of  the  present  invention  is  ap- 

40  plicable  for  remarkably  reducing  the  converging 
time  in  the  initial  pull-in  operation. 

Figure  20  shows  the  construction  of  the  fifth 
embodiment  of  the  present  invention. 

In  Fig.  20,  reference  numeral  32  denotes  an 
45  impulse  response  calculation  circuit,  100  denotes 

an  averaging  portion,  120  denotes  a  phase  control 
portion,  130  denotes  a  timing  control  portion,  60 
denotes  a  receiver  clock  generation  circuit,  61  de- 
notes  a  master  oscillator,  101  denotes  an  average 

so  circuit,  102  and  104  each  denote  a  register,  103, 
124,  and  126  each  denote  an  adder,  121,  123,  and 
125  each  denote  a  phase  generating  circuit,  122 
denotes  a  gate  circuit,  127  denotes  an  inverter,  and 
131  and  132  each  denote  a  counter. 

55  The  basic  functions  of  the  impulse  response 
calculation  circuit  32,  the  average  circuit  101,  the 
register  102  which  holds  the  calculated  value  of  the 
average  circuit  101,  and  the  comparator  110,  are 

the  protection  steps  in  the  delay  side,  and  the 
promotion  to  delay  the  phase  of  the  receiver  clock 
is  carried  out  by  decreasing  the  protection  steps  in 
the  delay  side  and  increasing  the  protection  steps 
in  the  advance  side. 

The  construction  for  carrying  out  the  above  re 
setting  of  the  number  of  protection  steps  in  the 
jitter  protection  circuit  27,  which  is  provided  in  the 
jitter  protection  circuit  27,  is  shown  in  Fig.  17. 

In  Fig.  17,  reference  numerals  271  and  272 
each  denote  a  protection  step  register,  273  and 
276  each  denote  a  gate,  277  and  278  each  denote 
an  OR  circuit,  and  279  denotes  an  inverter. 

The  protection  step  registers  271  and  272  each 
hold  an  individual  set  of  numbers  of  the  protection 
steps  in  the  advance  side  and  the  delay  side, 
where  the  set  of  numbers  held  in  the  register  271 
is  for  promoting  to  advance  the  phase  of  the  output 
clock,  and  the  set  of  numbers  held  in  the  register 
272  is  for  promoting  to  delay  the  phase  of  the 
output  clock. 

When  the  output  "1  "  is  applied  to  the  construc- 
tion  of  Fig.  17,  the  gates  273  and  275  are  open, 
and  the  set  of  numbers  for  promoting  to  advance 
the  phase  of  the  output  clock,  is  output  through  the 
above  gates  273  and  275  and  the  OR  gates  277 
and  278  to  the  input  terminals  for  setting  the  upper 
limit  and  the  lower  limit  in  the  up/down  counter. 

When  an  output  "0"  is  applied  to  the  construc- 
tion  of  Fig.  17,  the  gates  274  and  276  are  open, 
and  the  set  of  numbers  for  promoting  to  delay  the 
phase  of  the  output  clock,  is  output  through  the 
above  gates  274  and  276  and  the  OR  gates  277 
and  278  to  the  input  terminals  for  setting  the  upper 
limit  and  the  lower  limit. 

The  above  construction  of  Fig.  17  can  be  used 
when,  initially,  the  phase  of  the  receiver  clock  has 
been  advanced  by  a.  If,  initially,  the  phase  of  the 
receiver  clock  has  been  delayed  by  a,  the  output  of 
the  comparator  210  must  be  inverted  before  being 
applied  to  the  construction  of  Fig.  17. 

The  1  N  frequency  divider  23  is  realized  by  a 
counter.  The  advancing  or  delaying  of  the  initial 
phase  by  a.  is  carried  out  by  setting  the  output  of 
the  initial  phase  generation  circuit  26  as  an  initial 
count  of  the  counter  realizing  the  1/N  frequency 
divider  23  when  receiving  the  initial  pull-in  com- 
plete  signal,  wherein  the  initial  pull-in  complete 
signal  is  used  as  a  load  signal  of  the  counter. 

The  above-mentioned  operation  of  promoting 
the  advance  or  delay  of  the  phase  of  the  receiver 
clock  by  resetting  a  number  of  the  protection  steps 
in  the  jitter  protection  circuit  can  be  applied  to  the 
constructions  of  the  first  to  third  embodiments  of 
the  present  invention. 

The  operation  of  promoting  the  advance  or 
delay  of  the  phase  of  the  receiver  clock  is  carried 
out  by  resetting  the  upper  limit  and  lower  limit  in 
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the  second  phase  are  compared  with  each  other, 
and  the  reference  phase  of  the  receiver  clock  is 
shifted  to  one  of  the  first  and  second  phases  the 
impulse  response  at  which  is  larger  than  the  other. 

5  In  the  example  of  Fig.  22B,  t3  is  selected  as  a  new 
reference  phase  because  the  impulse  response  ho- 
(3)  is  larger  than  ho  (2). 

As  a  sixth  step,  the  above  phase  difference 
value  is  decreased.  In  the  example  of  Fig.  22C,  this 

w  value  is  decreased  to  T/1  6. 
After  the  above  steps,  the  above  fourth  to  the 

sixth  steps  are  repeated  until  satisfactory  conver- 
gence  is  obtained. 

To  carry  out  the  above  process  in  the  con- 
75  struction  of  Fig.  20,  the  counters  131  and  132 

operate  as  shown  in  Fig.  21. 
The  counters  131  and  132  each  operate  as  a 

frequency  dividing  circuit,  which  divides  the  fre- 
quency  of  the  receiver  clock  which  is  generated  in 

20  the  receiver  clock  generation  circuit  60.  The  ratio  of 
the  frequency  dividing  in  the  counter  132  is  twice 
the  ratio  of  the  frequency  division  in  the  counter 
131.  The  period  of  the  output  of  the  counter  131 
determines  an  averaging  cycle  in  the  average  cir- 

25  cuit  101,  and  the  period  of  the  output  of  the  coun- 
ter  132  determines  a  phase  adjusting  cycle  in  the 
phase  control  portion  120. 

When  receiving  an  initial  pull-in  start  signal, 
both  the  counters  131  and  132  begin  to  count 

30  leading  edges  of  the  receiver  clock,  and  simulta- 
neously,  the  outputs  of  both  the  counters  131  and 
132  rises. 

When  the  output  of  the  counter  131  rises,  the 
content  of  the  register  102  is  renewed  by  the 

35  output  of  the  register  104,  and  then,  the  register 
104  is  cleared  and  the  average  circuit  101  begins 
to  calculate  an  average  of  the  impulse  response 
ho(n)  to  obtain  the  average  <ho(n)>.  The  averaging 
is  carried  out  for  each  period  of  the  output  of  the 

40  counter  131. 
The  initial  value  T,  T/4  and  T  are  each  preset 

in  the  phase  generators  121,  123,  and  125,  respec- 
tively,  and  the  output  of  each  phase  generator  is 
divided  by  two  every  time  it  is  triggered  by  a  rising 

45  of  a  clock. 
When  an  odd-numbered  period  of  the  averag- 

ing  cycles  ends,  the  output  of  the  counter  132  falls. 
This  falling  triggers  an  output  of  a  phase  shift  value 
T/2  (  =  T  x  1/2)  from  the  phase  generator  125, 

so  through  the  inverter  127.  This  output  is  input  into 
the  adder  126,  and  then  shifts  the  output  value  of 
the  phase  control  portion  120  by  the  output  value 
of  the  phase  generator  125.  The  output  of  the 
phase  control  portion  120  is  applied  to  one  input 

55  terminal  of  the  adder  67,  the  sum  of  the  output  of 
the  phase  control  portion  120  and  the  output  of  the 
frequency  dividing  ratio  setting  register  62  is  ob- 
tained  by  the  adder  67,  and  then  the  sum,  which 

the  same  as  the  corresponding  construction  in  Fig. 
16.  And  the  receiver  clock  generation  circuit  60  in 
Fig.  20  is  the  same  as  the  corresponding  one  in 
Fig.  10,  except  the  circuit  60  in  Fig.  20  has  an 
adder  67,  and  the  sum  of  the  output  of  the  fre- 
quency  dividing  ratio  setting  register  62  and  the 
output  of  the  phase  control  portion  120  is  applied 
to  one  of  the  input  terminals  of  the  selector  65 
instead  of  the  output  of  the  initial  phase  generation 
circuit  36. 

The  sampling  in  the  sampling  circuit  and  the 
determination  in  the  data  symbol  discrimination  cir- 
cuit  (not  shown),  are  carried  out  at  the  phase  of  the 
leading  edge  of  the  receiver  clock  for  the  averaging 
cycles  shown  in  Figure  21,  and  the  impulse  re- 
sponse  calculation  circuit  100  calculates  the  im- 
pulse  response  ho  at  the  phase  of  the  leading  edge 
of  the  receiver  clock  for  the  same  averaging  cy- 
cles. 

Figures  22A,  22B,  and  22C  show  an  example 
of  the  operation  of  the  fifth  embodiment  of  the 
present  invention. 

Since  the  phase  of  the  receiver  clock  is  in- 
dependent  of  the  phase  of  the  transmitter  clock 
before  beginning  an  initial  pull-in  operation,  the 
phase  difference  between  the  phase  corresponding 
to  the  peak  of  the  impulse  response  and  the  phase 
of  the  leading  edge  of  the  receiver  clock  is  ar- 
bitrary.  In  the  example  of  Fig.  22A,  the  initial  phase 
of  the  leading  edge  of  the  receiver  clock  before 
beginning  an  initial  pull-in  operation,  is  denoted  by 
to. 

As  a  first  step,  the  impulse  response  ho(O)  at 
the  above  initial  phase  to  is  obtained. 

As  a  second  step,  the  phase  of  the  receiver 
clock  is  shifted  to  a  predetermined  value,  for  exam- 
ple,  T/2,  where  T  is  a  period  of  the  receiver  clock, 
and  the  impulse  response  ho(1)  at  the  shifted 
phase  t1  is  obtained,  where  t1  =tO  +  T/2. 

As  a  third  step,  the  above  two  impulse  re- 
sponses  are  compared  with  each  other,  and  one  of 
the  phases  of  the  impulse  response  at  which  one 
phase  is  larger  than  the  other,  is  selected  as  a 
reference  phase.  In  the  example  of  Fig.  22A,  t1  is 
selected  as  a  reference  phase  because  the  impulse 
response  ho(1)  is  larger  than  ho(O). 

As  a  fourth  step,  a  first  phase  which  is  deter- 
mined  by  subtracting  a  predetermined  phase  dif- 
ference  value  from  the  value  of  the  reference 
phase,  and  a  second  phase  which  is  determined  by 
adding  the  predetermined  phase  difference  value 
to  the  value  of  the  reference  phase,  are  generated. 
In  the  example  of  Fig.  22B,  the  above  predeter- 
mined  phase  difference  value  is  T/8,  the  first  phase 
is  denoted  by  t2,  and  the  second  phase  is  denoted 
by  t3. 

As  a  fifth  step,  the  impulse  response  ho(2)  at 
the  first  phase  t2  and  the  impulse  response  ho  (3)  at 
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corresponds  to  a  shifted  phase,  is  applied  through 
the  selector  65  to  the  comparator  63  as  a  reference 
value  for  the  comparison.  The  RS  flip-flop  circuit  66 
is  in  the  set  state  from  the  rising  time  of  the  output 
of  the  counter  131  to  the  first  rising  time  of  the 
receiver  clock  after  the  rising  time  of  the  output  of 
the  counter  131,  and  the  output  of  the  RS  flip-flop 
circuit  66  makes  the  selector  65  select  the  above 
output. 

When  the  output  of  the  counter  131  rises,  only 
the  output  of  the  phase  generator  125  contributes 
to  the  output  of  the  phase  control  portion  120,  and 
therefore,  the  rising  time  of  the  output  of  the  com- 
parator  63,  i.e.,  the  phase  of  the  receiver  clock,  is 
shifted  by  the  value  equal  to  the  output  of  the 
phase  generator  125.  Thus,  for  example,  the  phase 
shift  from  tO  to  t1  in  Fig.  22A,  t2  to  t3  in  Fig.  22B, 
or  t4  to  t5  in  Fig.  22C,  is  realized. 

On  the  other  hand,  the  comparator  110  com- 
pares  the  output  of  the  register  104  with  the  output 
of  the  register  102,  and  makes  its  output  active 
("0")  when  the  average  <ho(n  +  1)>  from  the  regis- 
ter  104  is  smaller  than  the  average  <ho(n)>  from 
the  register  102. 

When  the  output  of  the  counter  132  rises,  the 
phase  generators  121  and  123  are  each  triggered 
to  output  its  own  phase. 

When  the  comparator  110  outputs  "1",  the 
gate  122  is  OFF,  and  therefore,  only  the  output  of 
the  phase  generator  123,  -T/8  is  output,  and  is  then 
input  into  the  adder  67  through  the  adders  124  and 
126.  Thus,  the  phase  of  the  receiver  clock  is  shift- 
ed  by  -T8.  This  realizes,  for  example,  the  shift 
from  t1  to  t2  shown  in  Fig.  22B. 

When  the  comparator  110  outputs  "0",  the 
gate  122  is  ON,  and  therefore,  the  output  -T/2  of 
the  phase  generator  121  is  applied  through  the 
gate  122  to  the  adder  124.  The  above  output  -T/2 
and  the  output  -T8  of  the  phase  generator  123  are 
added  in  the  adder  123,  and  therefore,  the  total 
-5T-8  is  applied  to  the  adder  67.  Thus,  the  phase  of 
the  receiver  clock  is  shifted  by  -5T/8. 

At  the  next  timing  of  a  trigger,  each  output  of 
the  phase  generators  121,  123,  and  125  is  made 
half  of  the  above  output,  as  mentioned  before. 
However,  the  phase  shift  operations  similar  to  the 
above  are  repeated  until  the  reference  phase  of  the 
receiver  clock  falls  within  a  required  phase  dif- 
ference  from  a  phase  corresponding  to  a  maximum 
value  of  the  impulse  response. 

Thus,  according  to  the  fifth  embodiment  of  the 
present  invention,  the  phase  of  the  receiver  clock 
can  converge  to  the  timing  of  the  receiving  clock 
with  a  few  long  strides,  i.e.,  can  converge  rapidly, 
compared  with  converging  with  a  lot  of  short 
strides  as  in  the  prior  art. 

Claims 

1.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 

5  an  impulse  response  obtaining  means  (32)  for  ob- 
taining  an  impulse  response  at  a  phase  which  is 
determined  by  a  reference  phase  of  a  receiver 
clock; 
an  initial  phase  setting  means  (26)  for  advancing 

10  said  reference  phase  by  a  predetermined  phase 
difference  from  the  value  of  the  reference  phase 
just  after  an  initial  pull-in  operation; 
a  previous  impulse  response  register  means  (202) 
for  holding  an  impulse  response  at  said  phase  in  a 

75  previous  period  of  said  receiver  clock,  as  a  refer- 
ence  level;  and 
a  comparator  means  (210)  for  comparing  said  im- 
pulse  response  at  said  phase  with  said  reference 
level. 

20  2.  A  circuit  according  to  claim  1  ,  further  com- 
prising 
a  free-running  control  means  (222,  232)  for  provid- 
ing  a  predetermined  length  of  a  free-running  cycle 
after  said  previous  period  before  said  impulse  re- 

25  sponse  which  is  to  be  compared  with  the  impulse 
response  in  the  previous  period  is  obtained. 

3.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 
an  impulse  response  obtaining  means  (32)  for  ob- 

30  taining  an  impluse  response  at  a  phase  which  is 
determined  by  a  reference  phase  of  a  receiver 
clock; 
an  initial  phase  setting  means  (26)  for  delaying  said 
reference  phase  by  a  predetermined  phase  dif- 

35  ference  from  the  value  of  the  reference  phase  just 
after  an  initial  pull-in  operation; 
a  previous  impulse  response  register  means  (202) 
for  holding  an  impulse  response  at  said  phase  in  a 
previous  period  of  said  receiver  clock,  as  a  refer- 

40  ence  level;  and 
a  comparator  means  (210)  for  comparing  said  im- 
pulse  response  at  said  phase  with  said  reference 
level. 

4.  A  circuit  according  to  claim  3,  further  com- 
45  prising 

a  free-running  control  means  (222,  232)  for  provid- 
ing  a  predetermined  length  of  a  free-running  cycle 
after  said  previous  period  before  said  impulse  re- 
sponse  which  is  to  be  compared  with  the  impulse 

so  response  in  the  previous  period  is  obtained. 
5.  A  circuit  according  to  claim  1,  wherein  sing 

said  comparator  means  (210)  compares  said  im- 
pulse  response  at  said  phase  with  said  reference 
level  and  promotes  the  advance  or  delay  of  said 

55  reference  phase  of  said  receiver  clock  according  to 
whether  said  impulse  response  at  said  phase  is 
larger  or  smaller  than  said  reference  level. 
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clock  according  to  whether  said  average  value  of 
the  impulse  responses  at  said  phase  is  smaller  or 
larger  than  said  reference  level. 

9.  A  circuit  for  obtaining  accurate  timing  in- 
5  formation  from  a  received  signal,  comprising: 

an  impulse  response  obtaining  means  (32)  for  ob- 
taining  an  impulse  response  at  a  phase  which  is 
determined  by  a  reference  phase  of  a  receiver 
clock; 

w  an  initial  phase  setting  means  (26)  for  advancing 
said  reference  phase  by  a  predetermined  phase 
difference  from  the  value  of  the  reference  phase 
just  after  an  initial  pull-in  operation; 
a  previous  impulse  response  register  means  (202) 

75  for  holding  an  impulse  response  at  said  phase  in  a 
previous  period  of  said  receiver  clock,  as  a  refer- 
ence  level;  and 
a  comparator  means  (210)  for  comparing  said  im- 
pulse  response  at  said  phase  with  said  reference 

20  level; 
a  receiver  clock  generating  means  (28)  for  generat- 
ing  a  receiver  clock  which  is  synchronized  with 
said  received  signal  by  detecting  a  difference  be- 
tween  a  timing  of  said  receiver  clock  with  timing 

25  information  obtained  from  said  received  signal,  ac- 
cumulating  results  of  said  detection,  and  shifting  a 
phase  of  said  receiver  clock  according  to  a  result 
of  individual  signals  each  of  which  is  output  when  a 
value  corresponding  to  said  accumulation  exceeds 

30  an  upper  limit  or  a  lower  limit;  and  wherein 
said  comparator  means  (210)  lowers  said  upper 
limit  and  makes  higher  said  lower  limit  when  said 
impulse  response  at  said  first  phase  is  larger  than 
said  first  reference  level  and  makes  higher  said 

35  upper  limit  and  lowers  said  lower  limit  when  said 
impulse  response  at  said  first  phase  is  smaller  than 
said  first  reference  level. 

10.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 

40  an  impulse  response  obtaining  means  (32)  for  ob- 
taining  an  impulse  response  at  a  phase  which  is 
determined  by  a  reference  phase  of  a  receiver 
clock; 
an  initial  phase  setting  means  (26)  for  delaying  said 

45  reference  phase  by  a  predetermined  phase  dif- 
ference  from  the  value  of  the  reference  phase  just 
after  an  initial  pull-in  operation; 
a  previous  impulse  response  register  means  (202) 
for  holding  an  impulse  response  at  said  phase  in  a 

so  previous  period  of  said  receiver  clock,  as  a  refer- 
ence  level;  and 
a  comparator  means  (210)  for  comparing  said  im- 
pulse  response  at  said  phase  with  said  reference 
level; 

55  a  receiver  clock  generating  means  (28)  for  generat- 
ing  a  receiver  clock  which  is  synchronized  with 
said  received  signal  by  detecting  a  difference  be- 
tween  a  timing  of  said  receiver  clock  with  timing 

6.  A  circuit  according  to  claim  1,  wherein  said 
comparator  means  (210)  for  comparing  said  im- 
pulse  response  at  said  phase  with  said  reference 
level  and  promotes  the  advance  or  delay  of  said 
reference  phase  of  said  receiver  clock  according  to 
whether  said  impulse  response  at  said  phase  is 
smaller  or  larger  than  said  reference  level. 

7.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 
an  impulse  response  obtaining  means  (32)  for  ob- 
taining  an  impulse  response  at  a  phase  which  is 
determined  by  a  reference  phase  of  a  receiver 
clock; 
an  initial  phase  setting  means  (26)  for  advancing 
said  reference  phase  by  a  predetermined  phase 
difference  from  the  value  of  the  reference  phase 
just  after  an  initial  pull-in  operation; 
an  average  obtaining  means  (201)  for  obtaining  an 
average  value  of  impulse  responses  at  the  timings 
corresponding  to  said  phase  for  a  predetermined 
number  of  periods  of  said  receiver  clock; 
a  previous  impulse  response  register  means  (202) 
for  holding  an  average  value  of  the  impulse  re- 
sponses  at  said  phase  for  a  predetermined  number 
of  previous  periods  of  said  receiver  clock,  as  a 
reference  level;  and 
a  comparator  means  (210)  for  comparing  said  aver- 
age  value  of  the  impulse  responses  at  said  phase 
with  said  reference  level  and  promotes  the  advance 
or  delay  of  said  reference  phase  of  said  receiver 
clock  according  to  whether  said  average  value  of 
the  impulse  responses  at  said  phase  is  larger  or 
smaller  than  said  reference  level. 

8.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 
an  impulse  response  obtaining  means  (32)  for  ob- 
taining  an  impulse  response  at  a  phase  which  is 
determined  by  a  reference  phase  of  a  receiver 
clock; 
an  initial  phase  setting  means  (26)  for  delaying  said 
reference  phase  by  a  predetermined  phase  dif- 
ference  from  the  value  of  the  reference  phase  just 
after  an  initial  pull-in  operation; 
an  average  obtaining  means  (201)  for  obtaining  an 
average  value  of  impulse  responses  at  the  timings 
corresponding  to  said  phase  for  a  predetermined 
number  of  periods  of  said  receiver  clock; 
a  previous  impulse  response  register  means  (202) 
for  holding  an  average  value  of  the  impulse  re- 
sponses  at  said  phase  for  a  predetermined  number 
of  previous  periods  of  said  receiver  clock,  as  a 
reference  level;  and 
a  comparator  means  (210)  for  comparing  said  aver- 
age  value  of  the  impulse  responses  at  said  phase 
with  said  reference  level  and  promotes  the  advance 
or  delay  of  said  reference  phase  of  said  receiver 
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15.  A  circuit  according  to  claim  14,  further 
comprising 
a  buffer  means  (50)  for  accumulating  outputs  of 
said  comparator  means  (35),  and  outputting  individ- 

5  ual  signals  when  said  accumulated  value  exceeds 
an  upper  limit  or  a  lower  limit. 

16.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 
a  first  impulse  response  obtaining  means  (31,  70, 

w  72)  for  obtaining  an  impulse  response  at  a  first 
phase; 
a  second  impulse  response  obtaining  means  (31, 
71,  73)  for  obtaining  an  impulse  response  at  a 
second  phase; 

15  a  timing  generation  means  (81)  for  generating  tim- 
ings  corresponding  to  said  first  and  second  phases 
determined  based  on  a  reference  phase  of  a  re- 
ceiver  clock,  wherein  said  second  phase  differs  by 
a  predetermined  phase  difference  from  said  first 

20  phase;  and 
a  comparator  means  (78)  for  comparing  said  im- 
pulse  responses  at  said  first  and  second  phases, 
and  advancing  or  delaying  said  reference  phase  of 
said  receiver  clock  according  to  whether  said  im- 

25  pulse  response  at  said  first  phase  is  larger  or 
smaller  than  said  impulse  response  at  said  second 
phase  so  that  a  phase  corresponding  to  the  maxi- 
mum  value  of  an  overall  impulse  response  is  near 
the  center  of  said  first  and  second  phases. 

30  17.  A  circuit  according  to  claim  16,  further 
comprising: 
a  first  average  obtaining  means  (74,  75)  for  obtain- 
ing  an  average  value  of  impulse  responses  at  the 
timings  corresponding  to  said  first  phase  for  a 

35  predetermined  number  of  periods  of  said  receiver 
clock;  and 
a  second  average  obtaining  means  (76,  77)  for 
obtaining  an  average  value  of  impulse  responses  at 
the  timings  corresponding  to  said  second  phase  for 

40  said  predetermined  number  of  periods  of  said  re- 
ceiver  clock;  and  wherein 
said  comparator  means  (78)  compares  said  aver- 
ages  of  the  impulse  responses  at  said  first  and 
second  phases  with  each  other,  and  advances  or 

45  delays  said  reference  phase  of  said  receiver  clock 
according  to  whether  said  average  of  the  impulse 
responses  at  said  first  phase  is  larger  or  smaller 
than  said  average  of  the  impulse  responses  at  said 
second  phase  so  that  a  phase  corresponding  to  the 

so  maximum  value  of  an  overall  impulse  response  is 
near  the  center  of  said  first  and  second  phases. 

18.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 
an  impulse  response  obtaining  means  (30-32)  for 

55  obtaining  an  impulse  response  at  a  phase; 
a  timing  generation  means.  (91)  for  generating  a 
timing  corresponding  to  said  phase,  based  on  a 
reference  phase  of  a  receiver  clock; 

information  obtained  from  said  received  signal,  ac- 
cumulating  results  of  said  detection,  and  shifting  a 
phase  of  said  receiver  clock  according  to  a  result 
of  individual  signals  each  of  which  is  output  when  a 
value  corresponding  to  said  accumulation  exceeds 
an  upper  limit  or  a  lower  limit;  and  wherein 
said  comparator  means  (210)  lowers  said  upper 
limit  and  makes  higher  said  lower  limit  when  said 
impulse  response  at  said  first  phase  is  smaller  than 
said  first  reference  level  and  makes  higher  said 
upper  limit  and  lowers  said  lower  limit  when  said 
impulse  response  at  said  first  phase  is  larger  than 
said  first  reference  level. 

11.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 
an  impulse  response  obtaining  means  (30-32)  for 
obtaining  an  impulse  response  at  a  reference 
phase;  and 
a  comparator  means  (35)  for  comparing  said  im- 
pulse  response  at  said  reference  phase  with  a 
predetermined  reference  level,  where  said  prede- 
termined  level  is  set  so  near  to  a  maximum  value 
of  an  overall  impulse  response  that  a  phase  cor- 
responding  to  said  reference  level  is  within  a  re- 
quired  phase  difference  from  a  phase  correspond- 
ing  to  the  maximum  value,  and  said  comparator 
means  (35)  shifts  said  reference  phase  toward  said 
phase  corresponding  to  said  reference  level. 

12.  A  circuit  according  to  claim  11,  further 
comprising 
an  initial  phase  setting  means  (36)  for  advancing 
said  reference  phase  by  a  predetermined  phase 
difference  from  a  phase  where  the  reference  phase 
was  just  after  an  initial  pull-in  operation;  and 
wherein 
said  comparator  means  (35)  advances  or  delays 
said  reference  phase  according  to  whether  said 
impulse  response  at  said  phase  is  larger  or  smaller 
than  said  predetermined  level. 

13.  A  circuit  according  to  claim  12,  further 
comprising 
a  buffer  means  (50)  for  accumulating  outputs  of 
said  comparator  means  (35),  and  outputting  individ- 
ual  signals  when  said  accumulated  value  exceeds 
an  upper  limit  or  a  lower  limit. 

14.  A  circuit  according  to  claim  11,  further 
comprising 
an  initial  phase  setting  means  (36)  for  delaying  said 
reference  phase  by  a  predetermined  phase  dif- 
ference  from  a  phase  where  the  reference  phase 
was  just  after  an  initial  pull-in  operation,  and 
wherein 
said  comparator  means  (35)  advances  or  delays 
said  reference  phase  of  said  receiver  clock  accord- 
ing  to  whether  said  impulse  response  at  said  phase 
is  smaller  or  larger  than  said  predetermined  level. 
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reference  level; 
a  second  comparator  means  (35)  for  comparing 
said  impulse  response  at  said  reference  phase  with 
a  predetermined  reference  level,  where  said  pre- 

5  determined  level  is  set  so  near  to  a  maximum 
value  of  an  overall  impulse  response  that  a  phase 
corresponding  to  said  predetermined  reference  lev- 
el  is  within  a  required  phase  difference  from  a 
phase  corresponding  to  the  maximum  value,  and 

to  said  second  comparator  means  (35)  advances  or 
delays  said  reference  phase  according  to  whether 
said  impulse  response  at  said  phase  is  larger  or 
smaller  than  said  predetermined  level;  and 
a  buffer  means  (50)  for  accumulating  outputs  of 

15  said  second  comparator  means  (35)  and  outputting 
individual  signals  when  said  accumulated  value  ex- 
ceeds  an  upper  limit  or  a  lower  limit;  and  wherein 
said  first  comparator  means  (210)  lowers  said  up- 
per  limit  and  makes  higher  said  lower  limit  when 

20  said  impulse  response  at  said  phase  is  larger  than 
said  first  reference  level  and  makes  higher  said 
upper  limit  and  lowers  said  lower  limit  when  said 
impulse  response  at  said  phase  is  smaller  than 
said  first  reference  level. 

25  21.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 
an  impulse  response  obtaining  means  (32)  for  ob- 
taining  an  impulse  response  at  a  phase  which  is 
determined  by  a  reference  phase  of  a  receiver 

30  clock; 
an  initial  phase  setting  means  (26)  for  delaying  said 
reference  phase  by  a  predetermined  phase  dif- 
ference  from  the  value  of  the  reference  phase  just 
after  an  initial  pull-in  operation; 

35  a  previous  impulse  response  register  means  (202) 
for  holding  an  impulse  response  at  said  phase  in  a 
previous  period  of  said  receiver  clock,  as  a  first 
reference  level;  and 
a  first  comparator  means  (210)  for  comparing  said 

40  impulse  response  at  said  phase  with  said  first 
reference  level; 
a  second  comparator  means  (35)  for  comparing 
said  impulse  response  at  said  reference  phase  with 
a  predetermined  reference  level,  where  said  pre- 

45  determined  level  is  set  so  near  to  a  maximum 
value  of  an  overall  impulse  response  that  a  phase 
corresponding  to  said  predetermined  reference  lev- 
el  is  within  a  required  phase  difference  from  a 
phase  corresponding  to  the  maximum  value,  and 

50  said  second  comparator  means  (35)  advances  or 
delays  said  reference  phase  according  to  whether 
said  impulse  response  at  said  phase  is  smaller  or 
larger  than  said  predetermined  level; 
a  buffer  means  (50)  for  accumulating  outputs  of 

55  said  second  comparator  means  (35)  and  outputting 
individual  signals  when  said  accumulated  value  ex- 
ceeds  an  upper  limit  or  a  lower  limit;  and  wherein 
said  first  comparator  means  (210)  lowers  said  up- 

a  previous  impulse  response  register  means  (84) 
for  holding  an  impulse  response  at  said  phase  in  a 
previous  period  of  said  receiver  clock;  and 
a  comparator  means  (85)  for  comparing  said  im- 
pulse  response  at  said  phase  with  said  impulse 
response  in  said  previous  period,  and  shifting  said 
reference  phase  of  said  receiver  clock  in  a  direc- 
tion  the  same  as  or  opposite  to  the  direction  in 
which  the  reference  phase  of  said  receiver  clock 
was  shifted  by  a  previous  operation  of  said  com- 
parator  means  (85),  according  to  whether  said  im- 
pulse  response  at  said  phase  is  larger  or  smaller 
than  said  impulse  response  in  said  previous  period. 

19.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 
an  impulse  response  obtaining  means  (32)  for  ob- 
taining  an  impulse  response  at  a  certain  phase; 
a  timing  generation  means  (91)  for  generating  a 
timing  corresponding  to  said  phase,  based  on  a 
reference  phase  of  a  receiver  clock; 
an  average  obtaining  means  (82,  83)  for  obtaining 
an  average  value  of  impulse  responses  at  the  tim- 
ings  corresponding  to  said  phase  for  a  predeter- 
mined  number  of  periods  of  said  receiver  clock; 
a  previous  impulse  response  register  means  (84) 
for  holding  an  average  value  of  impulse  responses 
at  the  timings  corresponding  to  said  phase  for  said 
predetermined  number  of  previous  periods  of  said 
receiver  clock;  and 
a  comparator  means  (85)  for  comparing  said  aver- 
age  value  of  the  impulse  responses  corresponding 
to  said  phase  with  said  average  value  of  the  im- 
pulse  responses  in  said  preveous  periods,  and 
shifting  said  reference  phase  of  said  receiver  clock 
in  a  direction  the  same  as  or  opposite  to  the 
direction  in  which  the  reference  phase  of  said  re- 
ceiver  clock  was  shifted  by  a  previous  operation  of 
said  comparator  means  (85),  according  to  whether 
said  average  value  of  the  impulse  responses  cor- 
responding  to  said  phase  is  larger  or  smaller  than 
said  average  value  of  the  impulse  responses  in 
said  previous  period. 

20.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 
an  impulse  response  obtaining  means  (32)  for  ob- 
taining  an  impulse  response  at  a  phase  which  is 
determined  by  a  reference  phase  of  a  receiver 
clock; 
an  initial  phase  setting  means  (26)  for  advancing 
said  reference  phase  by  a  predetermined  phase 
difference  from  the  value  of  the  reference  phase 
just  after  an  initial  pull-in  operation; 
a  previous  impulse  response  register  means  (202) 
for  holding  an  impulse  response  at  said  phase  in  a 
previous  period  of  said  receiver  clock,  as  a  first 
reference  level;  and 
a  first  comparator  means  (210)  for  comparing  said 
impulse  response  at  said  phase  with  said  first 
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obtaining  an  impulse  response  at  a  first  phase 
which  is  determined  by  a  reference  phase  of  a 
receiver  clock; 
an  initial  phase  setting  means  (26)  for  delaying  said 

5  reference  phase  by  a  predetermined  phase  dif- 
ference  from  the  value  of  the  reference  phase  just 
after  an  initial  pull-in  operation; 
a  previous  impulse  response  register  means  (202) 
for  holding  an  impulse  response  at  said  phase  in  a 

70  previous  period  of  said  receiver  clock,  as  a  first 
reference  level; 
a  first  comparator  means  (210)  for  comparing  said 
impulse  response  at  said  phase  with  said  first 
reference  level; 

75  a  second  impulse  response  obtaining  means  (31, 
70,  72)  for  obtaining  an  impulse  response  at  a 
second  phase; 
a  third  impulse  response  obtaining  means  (31,  71, 
73)  for  obtaining  an  impulse  response  at  a  third 

20  phase; 
a  timing  generation  means  (81)  for  generating  tim- 
ings  corresponding  to  said  second  and  third 
phases  determined  based  on  a  reference  phase  of 
a  receiver  clock,  wherein  said  third  phase  differs  by 

25  a  predetermined  phase  difference  from  said  sec- 
ond  phase;  and 
a  second  comparator  means  (78)  for  comparing 
said  impulse  responses  at  said  second  and  third 
phases,  and  advancing  or  delaying  said  reference 

30  phase  of  said  receiver  clock  according  to  whether 
said  impulse  response  at  said  second  phase  is 
larger  or  smaller  than  said  impulse  response  at 
said  third  phase  so  that  a  phase  corresponding  to 
the  maximum  value  of  an  overall  impulse  response 

35  is  near  the  center  of  said  second  and  third  phases; 
a  buffer  means  (50)  for  accumulating  outputs  of 
said  second  comparator  means  (35)  and  outputting 
individual  signals  when  said  accumulated  value  ex- 
ceeds  an  upper  limit  or  a  lower  limit;  and  wherein 

40  said  first  comparator  means  (210)  lowers  said  up- 
per  limit  and  makes  higher  said  lower  limit  when 
said  impulse  response  at  said  first  phase  is  smaller 
than  said  first  reference  level  and  makes  higher 
said  upper  limit  and  lowers  said  lower  limit  when 

45  said  impulse  response  at  said  first  phase  is  larger 
than  said  first  reference  level. 

24.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 
an  impulse  response  obtaining  means  (32)  for  ob- 

50  taining  an  impulse  response  at  a  first  phase  which 
is  determined  by  a  reference  phase  of  a  receiver 
clock; 
an  initial  phase  setting  means  (26)  for  advancing 
said  reference  phase  by  a  predetermined  phase 

55  difference  from  the  value  of  the  reference  phase 
just  after  an  initial  pull-in  operation; 
a  previous  impulse  response  register  means  (202) 
for  holding  an  impulse  response  at  said  phase  in  a 

per  limit  and  makes  higher  said  lower  limit  when 
said  impulse  response  at  said  phase  is  smaller 
than  said  first  reference  level  and  makes  higher 
said  upper  limit  and  lowers  said  lower  limit  when 
said  impulse  response  at  said  phase  is  larger  than 
said  first  reference  level. 

22.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 
an  first  impulse  response  obtaining  means  (32)  for 
obtaining  an  impulse  response  at  a  first  phase 
which  is  determined  by  a  reference  phase  of  a 
receiver  clock; 
an  initial  phase  setting  means  (26)  for  advancing 
said  reference  phase  by  a  predetermined  phase 
difference  from  the  value  of  the  reference  phase 
just  after  an  initial  pull-in  operation; 
a  previous  impulse  response  register  means  (202) 
for  holding  an  impulse  response  at  said  phase  in  a 
previous  period  of  said  receiver  clock,  as  a  first 
reference  level; 
a  first  comparator  means  (210)  for  comparing  said 
impulse  response  at  said  phase  with  said  first 
reference  level; 
a  second  impulse  response  obtaining  means  (31, 
70,  72)  for  obtaining  an  impulse  response  at  a 
second  phase; 
a  third  impulse  response  obtaining  means  (31  ,  71  , 
73)  for  obtaining  an  impulse  response  at  a  third 
phase; 
a  timing  generation  means  (81)  for  generating  tim- 
ings  corresponding  to  said  second  and  third 
phases  determined  based  on  a  reference  phase  of 
a  receiver  clock,  wherein  said  third  phase  differs  by 
a  predetermined  phase  difference  from  said  sec- 
ond  phase;  and 
a  second  comparator  means  (78)  for  comparing 
said  impulse  responses  at  said  second  and  third 
phases,  and  advancing  or  delaying  said  reference 
phase  of  said  receiver  clock  according  to  whether 
said  impulse  response  at  said  second  phase  is 
larger  or  smaller  than  said  impulse  response  at 
said  third  phase  so  that  a  phase  corresponding  to 
the  maximum  value  of  an  overall  impulse  response 
is  near  the  center  of  said  second  and  third  phases; 
a  buffer  means  (50)  for  accumulating  outputs  of 
said  second  comparator  means  (35)  and  outputting 
individual  signals  when  said  accumulated  value  ex- 
ceeds  an  upper  limit  or  a  lower  limit;  and  wherein 
said  first  comparator  means  (210)  lowers  said  up- 
per  limit  and  makes  higher  said  lower  limit  when 
said  impulse  response  at  said  first  phase  is  larger 
than  said  first  reference  level  and  makes  higher 
said  upper  limit  and  lowers  said  lower  limit  when 
said  impulse  response  at  said  first  phase  is  smaller 
than  said  first  reference  level. 

23.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 
an  first  impulse  response  obtaining  means  (32)  for 
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according  to  whether  said  impulse  response  at  said 
phase  is  smaller  or  larger  than  said  impulse  re- 
sponse  in  said  previous  period. 

26.  A  circuit  for  obtaining  accurate  timing  in- 
5  formation  from  a  received  signal,  comprising: 

an  impulse  response  obtaining  means  (32)  for  'ob- 
taining  an  impulse  response  at  a  given  phase; 
a  phase  control  means  (120)  for  generating  a  first 
and  second  phases  which  are  each  determined  by 

10  subtracting  a  predetermined  phase  difference  value 
from  the  value  of  a  reference  phase,  and  adding 
said  predetermined  phase  difference  value  to  the 
value  of  said  reference  phase,  respectively; 
a  comparator  means  (110)  for  comparing  said  im- 

75  pulse  responses  at  said  first  and  second  phases 
with  each  other,  and  shifting  said  reference  phase 
of  said  receiver  clock  to  one  of  said  first  and 
second  phases  the  impulse  response  at  which  is 
larger  than  the  other;  and 

20  said  phase  control  means  (120)  decreases  said 
predetermined  phase  difference  after  each  of  said 
shift  is  carried  out,  and  said  impulse  response 
obtaining  means  (32),  phase  control  means  (120), 
and  comparator  means  (110)  repeatedly  operate 

25  until  said  reference  phase  falls  within  a  required 
phase  difference  from  a  phase  corresponding  to  a 
maximum  value  of  an  overall  impulse  response. 

27.  A  circuit  according  to  claim  26,  further 
comprising 

30  an  average  obtaining  means  (101)  for  obtaining  an 
average  value  of  said  impulse  responses  for  a 
predetermined  value  of  periods  of  said  receiver 
clock;  and 
said  comparator  means  (110)  compares  the  aver- 

35  age  value  of  the  impulse  responses  at  timings 
corresponding  to  said  first  phase  with  the  average 
value  of  the  impulse  responses  at  timings  cor- 
responding  to  said  second  phases,  and  shifts  said 
reference  phase  of  said  receiver  clock  to  one  of 

40  said  first  and  second  phases  the  average  value  of 
the  impulse  responses  corresponding  to  the  one 
which  is  larger  than  the  other;  and 
said  phase  generating  means  (120)  decreases  said 
predetermined  phase  difference  after  said  shift  is 

45  carried  out,  and  said  impulse  response  obtaining 
means  (32),  phase  generating  means  (120),  said 
average  obtaining  means  (101),  and  comparator 
means  (110)  repeatedly  operate  until  said  refer- 
ence  phase  falls  within  a  required  phase  difference 

50  from  a  phase  corresponding  to  a  maximum  value 
of  said  impulse  response. 

previous  period  of  said  receiver  clock,  as  a  refer- 
ence  level; 
a  comparator  means  (210,  85)  for  comparing  said 
impulse  response  at  said  phase  with  said  reference 
level; 
a  buffer  means  (50)  for  accumulating  outputs  of 
said  second  comparator  means  (35)  and  outputting 
individual  signals  when  said  accumulated  value  ex- 
ceeds  an  upper  limit  or  a  lower  limit;  and  wherein 
said  comparator  means  (210,  85),  at  a  first  stage, 
lowers  said  upper  limit  and  makes  higher  said 
lower  limit  when  said  impulse  response  at  said  first 
phase  is  larger  than  said  first  reference  level  and 
makes  higher  said  upper  limit  and  lowers  said 
lower  limit  when  said  impulse  response  at  said  first 
phase  is  smaller  than  said  first  reference  level;  and 
at  a  second  stage,  shifts  said  reference  phase  of 
said  receiver  clock  in  a  direction  the  same  as  or 
opposite  to  the  direction  in  which  the  reference 
phase  of  said  receiver  clock  was  shifted  by  a 
previous  operation  of  said  comparator  means  (85), 
according  to  whether  said  impulse  response  at  said 
phase  is  larger  or  smaller  than  said  impulse  re- 
sponse  in  said  previous  period. 

25.  A  circuit  for  obtaining  accurate  timing  in- 
formation  from  a  received  signal,  comprising: 
an  impulse  response  obtaining  means  (32)  for  ob- 
taining  an  impulse  response  at  a  first  phase  which 
is  determined  by  a  reference  phase  of  a  receiver 
clock; 
an  initial  phase  setting  means  (26)  for  delaying  said 
reference  phase  by  a  predetermined  phase  dif- 
ference  from  the  value  of  the  reference  phase  just 
after  an  initial  pull-in  operation; 
a  previous  impulse  response  register  means  (202) 
for  holding  an  impulse  response  at  said  phase  in  a 
previous  period  of  said  receiver  clock,  as  a  refer- 
ence  level; 
a  comparator  means  (210,  85)  for  comparing  said 
impulse  response  at  said  phase  with  said  reference 
level; 
a  buffer  means  (50)  for  accumulating  outputs  of 
said  second  comparator  means  (35)  and  outputting 
individual  signals  when  said  accumulated  value  ex- 
ceeds  an  upper  limit  or  a  lower  limit;  and  wherein 
said  comparator  means  (210,  85),  at  a  first  stage, 
lowers  said  upper  limit  and  makes  higher  said 
lower  limit  when  said  impulse  response  at  said  first 
phase  is  smaller  than  said  first  reference  level  and 
makes  higher  said  upper  limit  and  lowers  said 
lower  limit  when  said  impulse  response  at  said  first 
phase  is  larger  than  said  first  reference  level;  and 
at  a  second  stage,  shifts  said  reference  phase  of 
said  receiver  clock  in  a  direction  the  same  as  or 
opposite  to  the  direction  in  which  the  reference 
phase  of  said  receiver  clock  was  shifted  by  a 
previous  operation  of  said  comparator  means  (85), 
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