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Description 

TECHNICAL  FIELD 

5  The  present  invention  generally  relates  to  a  channel  frequency  generator  for  use  with  a  multi-frequency 
output  generator  and,  more  particularly,  to  a  microprocessor  controlled  cable  television  channel  frequency  gen- 
erator  which  phase  locks  a  frequency-agile  modulated  output  to  the  same  frequency  as  that  of  any  selected 
channel  of  a  comb  generated  output. 

10  BACKGROUND  OF  THE  INVENTION 

In  general,  a  phase  lock  loop  is  a  circuit  that  can  be  used  to  synchronize  a  variable  local  oscillator's  signal 
with  the  phase  of  an  intermediate  frequency  (IF)  signal  or,  more  broadly,  a  circuit  that  controls  an  oscillator  or 
periodic  frequency  generator  so  as  to  operate  it  with  a  constant  phase  angle  relative  to  a  reference  signal 

15  source. 
A  problem  arises  in  attempting  to  phase  lock  a  frequency-agile  modulated  output  to  the  same  frequency 

as  that  of  a  specific  tooth  of  a  comb  generated  output.  In  the  prior  art,  a  circuit  had  to  be  specifically  designed 
and  tuned  to  the  desired  comb  tooth  in  order  to  generate  incrementally  related  frequencies.  This  operation  is 
difficult  and  expensive  to  do  in  a  frequency-agile  setting  where  it  is  desired  to  select  from  a  plurality  of  comb 

20  frequencies. 
For  example,  in  one  configuration,  a  comb  generator  (a  circuit  that  produces  discrete  regularly  spaced  fre- 

quencies)  may  be  used  at  the  headend  of  a  cable  television  system  to  produce  an  output  frequency  correspond- 
ing  to  each  of  a  plurality  of  channels  provided  by  the  headend.  One  of  two  types  of  comb  generators  may  be 
used  ~  a  harmonically  related  coherent  (HRC)  and  an  incrementally  related  coherent  (IRC)  comb  generator. 

25  An  HRC  comb  generator  may  provide  a  channel  at  54  MHz,  60  MHz,  66  MHz,  and  so  on  up  to  the  maximum 
channel  frequency.  An  IRC  comb  generator  is  similarly  operated,  except  that  every  channel  is  translated  (shift- 
ed),  up  in  frequency  by  1.25  MHz  (e.g.,  55.25  MHz,  61.25  MHz,  67.25  MHz,  etc.).  The  IRC  comb  generator 
provides  a  signal  which  is  generated  from  two  frequency  components:  a  spacing  frequency  and  a  translating 
frequency.  In  general,  these  frequencies  are  not  phase  coherent  with  the  headend's  input  video  IF  signal.  Con- 

30  sequently,  phase  locking  the  video  IF  signal  to  the  IRC  comb  generated  frequency  is  made  complicated  be- 
cause  of  the  non-coherent  phase  of  these  two  signals. 

In  a  conventional  fixed  channel  cable  television  system,  a  particular  tooth  of  a  comb  generator  is  selected 
with  a  bandpass  filter,  as  a  function  of  the  desired  channel  and  frequency  to  be  output  from  the  headend.  For 
example,  to  tune  channel  3  at  61.  25  MHz,  a  fixed  channel  converter  comprises  a  bandpass  filter  which  is  tuned 

35  to  that  particular  comb  channel.  In  order  to  tune  different  channels,  the  bandpass  filter  has  to  be  changed.  In 
the  prior  art,  the  complete  module  which  contains  the  filter  has  to  be  changed. 

In  a  known  configuration,  a  filtered  comb  tooth  is  mixed  with  a  desired  output  channel  local  oscillator  to 
produce  a  45.75  MHz  component.  This  component  is  phase  locked  to  the  modulated  IF  signal  by  varying  the 
local  oscillator  frequency.  This  known  system,  the  Scientific  Atlanta  Model  6350,  is  a  CATV  quality  fixed  chan- 

40  nel  modulator.  In  the  cable  television  business,  it  is  desirable  to  replace  fixed  channel  units  with  frequency- 
agile  units  in  order  to  achieve  operational  flexibility  when  using  either  a  HRC  or  IRC  generator. 

Some  cable  television  headends  presently  phase  lock  each  channel's  output  signal  to  a  particular  tooth 
in  a  single  comb  generator.  These  comb  generators  produce  a  plurality  of  equally  spaced  operating  frequencies 
(i.e.,  for  IRC,  55.25  MHz,  61.25  MHz,  67.25  MHz,  etc.).  In  most  fixed  channel  output  frequency  applications, 

45  an  appropriate  tooth  corresponding  to  a  desired  output  channel  frequency  is  used  to  provide  the  phase  lock 
signal.  The  IRC  comb  generator  is  particularly  difficult  to  phase  lock  in  a  frequency-agile  situation,  because 
the  component  signals  frequencies  are  non-coherent  with  respect  to  the  IF  signal  frequency.  Consequently, 
when  a  frequency-agile  up/down  converter  is  used  for  these  headend  operations  and  each  time  a  new  output 
frequency  is  desired,  the  filter  used  to  select  a  proper  comb  tooth  has  to  be  changed  thereby  negating  most 

50  of  the  benefits  of  a  frequency-agile  system. 
The  problem  occurs  for  these  headends  in  using  an  IRC  comb  generator,  because  of  the  two  frequencies 

used  to  generate  the  comb  signals.  Figure  1  shows  the  component  signals  of  a  typical  IRC  comb  generator. 
The  first  component,  Fs,  is  the  frequency  of  the  normal  spacing  between  channels  (usually  6  MHz).  The  second 
comconent,  Ft,  is  the  translation  frequency  (e.g..  277.25  MHz).  Both  of  these  components  must  be  used  in 

55  order  to  accurately  synchronize  the  output  frequency  of  the  up/down  converter  with  the  respective  tooth  of  the 
IRC  comb  generator. 

The  document  EP-A-0  119  397  discloses  a  converter  for  cable  television,  the  output  of  which  is  phase 
locked  to  a  common  reference  signal.  The  article  "A  harmonically  related  carrier  system  for  cable  television" 

2 
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published  in  IEEE  Transactions  of  the  communications,  vol.  com.  23,  no.  1  ,  January  1  975,  New  York,  US,  pages 
155-166  discloses  a  harmonically  related  carrier  system  for  cable  television. 

SUMMARY  OF  THE  INVENTION 
5 

Accordingly,  it  is  an  object  of  the  present  invention  to  phase  lock  a  frequency-agile  modulated  output  to 
the  same  frequency  as  that  of  any  selected  channel  of  a  comb  generated  output. 

It  is  a  further  object  of  the  present  invention  to  remove  the  effects  of  frequency  errors  in  the  modulated 
input  signal  by  subtracting  these  out  at  the  second  intermediate  frequency.  The  objects  of  the  present  invention 

10  are  obtained  by  means  of  the  operators  and  methods  as  defined  in  the  claims. 
In  meeting  these  object,  the  problems  mentioned  above  in  the  prior  art  are  solved  by  selecting  only  two 

teeth  of  the  IRC  comb  generator's  output,  since  the  bandpass  filter  (and  module)  does  not  have  to  be  changed 
for  each  channel  frequency  desired.  Each  up/down  converter  frequency  is  mixed  with  the  signals  from  the 
same  two  comb  teeth;  therefore,  the  bandpass  filter  may  remain  fixed. 

15  In  accordance  with  the  present  invention,  a  channel  frequency  generator  for  use  with  a  multi-frequency 
output  generator  is  provided  to  which  uses  a  phase  lock  loop  responsive  to  selected  outputs  of  the  multi-fre- 
quency  output  generator,  to  provide  a  frequency  coherent  output  at  a  selected  frequency  by  modulating  an 
input  signal  at  a  predetermined  frequency  spacing  with  respect  to  the  selected  frequency. 

20  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

A  more  complete  appreciation  of  the  present  invention  and  many  of  the  attendant  advantages  thereof  will 
be  readily  obtained  as  the  invention  becomes  better  understood  by  reference  to  the  following  detailed  descrip- 
tion  when  considered  in  connection  with  the  accompanying  drawing. 

25  Figure  1  is  a  block  diagram  illustrating  an  embodiment  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

Table  1  defines  the  parameters  utilized  in  the  discussion  below. 
30 

TABLE  I 

Fs  -  Frequency  of  spacing  component  of  comb 
Ft  Frequency  of  translation  component  of  comb 
Mm  -  Divide  number  common  to  IF,  comb  and  both  mul t ip l i e r  

chains 
Na  -  Spacing  component  divide  ra t io  
N  -  Integer  value  which  selects  the  desired  comb  f r e q u e n c y  
Frp  -  Frequency  of  IF  input  40  B  -  Integer  used  to  select  the  desired  output  f r e q u e n c y  
i  -  In teger  

35 Ft 

40 

N 
FlF 
B 
i 

Referring  to  Figure  1,  multi-frequency  output  generator  10,  which  in  the  preferred  embodiment  is  an  IRC 
45  comb  generator,  includes  frequency  source  12  and  frequency  source  13.  Although  an  IRC  comb  generator  is 

illustrated,  the  invention  is  not  limited  in  this  respect  and  other  multi-frequency  output  generators  such  as  HRC 
comb  generators  may  be  used.  Frequency  source  12  generates  a  signal  having  a  frequency  Fs  equal  to  6  MHz. 
Fs  represents  the  frequency  of  the  spacing  component  of  the  comb.  Frequency  source  13  generates  a  signal 
having  a  frequency  FT  equal  to  277.25  MHz.  FT  represents  the  frequency  of  the  translation  component  of  the 

so  comb.  It  should  be  noted  that  these  frequencies  are  illustrative  of  an  embodiment  capable  of  use  in  a  cable 
television  system  and  the  present  invention  is  not  limited  in  this  respect.  The  outputs  of  frequency  sources  12 
and  13  are  multiplied  by  mixer  17  to  generate  a  comb  output.  The  comb  output  contains  frequencies  which 
may  be  determined  by  the  equation 

55 
FT  +^Fs   *  ( i )  

3 
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This  equation  is  shown  in  block  25.  Thus,  as  indicated  above,  the  output  frequencies  are  generated  from  two 
components:  a  first  spacing  component  Fs  and  a  second  translation  component  FT.  The  output  signal  is  to  be 
made  phase  coherent  with  the  product  of  the  spacing  component,  Fs,  and  the  translation  component,  FT. 

In  accordance  with  the  present  invention,  a  first  and  second  comb  output  (i.e.,  two  teeth)  are  selected  from 
5  the  comb  of  frequencies  as  indicated  at  30.  The  selected  teeth  are  characterized  in  the  equations 

FT+FS  *  (N  +  1)  (2) 
FT  +  FS  *  N  (3) 

The  selected  frequencies  in  the  present  embodiment  as  utilized  in  a  cable  television  environment,  are  55.25 
MHz  and  61.25  MHz,  respectively,  although  the  invention  is  not  limited  in  this  respect.  Although  various  fre- 

10  quencies  may  be  chosen,  it  is  preferable  that  the  lowest  adjacent  frequencies  or  teeth  of  the  comb  generator 
be  utilized  to  minimize  design  complexity. 

The  selected  frequencies  are  multiplied  as  indicated  by  mixer  40.  The  output  of  mixer  40  is  supplied  to 
bandpass  filter  45  such  that  the  6  MHz  spacing  frequency  Fs  is  generated.  The  6  MHz  signal  is  subsequently 
divided  by  a  divider  schematically  indicated  at  47.  The  divide  ratio  NA  is  hardware  implementation  dependent 

15  and  is  chosen  to  reduce  design  complexity  with  respect  to  factors  such  as  filtering.  In  the  present  embodiment 
NA  has  been  chosen  to  be  24.  This  generates  an  output  signal  having  a  frequency  of 

k   <4> 

or  250  kHz  where  Fs  is  equal  to  6  MHz  and  NA  is  equal  to  24. 
20  The  selected  61.25  MHz  signal  is  also  supplied  to  a  divider  50.  Divider  50  has  a  divide  ratio  Nm  of  3584. 

Divide  ratio  Nm  is  common  to  the  IF,  comb,  and  both  multiplier  chains  as  described  below  and  is  chosen  in  a 
manner  described  in  detail  below.  The  output  signal  of  divider  50  has  a  frequency  of 

F  +  F  *  N 
" ^ N   (5) 

25  or  approximately  17  kHz  where  FT  +  Fs  *N  is  equal  to  61  .25  MHz  and  Nm  =  3584. 
The  outputs  represented  by  equations  4  and  5  are  multiplied  as  indicated  by  mixer  60  to  generate  an  output 

signal  having  a  frequency  of 

25 

30 

35 

45 

50 

Ft  t  Fs  "  N (6) 

35  or  approximately  233  kHz  (i.e.,  250  kHZ  -  17  kHz).  The  output  of  mixer  60  is  supplied  to  mixer  74. 
The  output  signal  represented  by  equation  (4)  is  also  utilized  in  what  will  be  referred  to  as  the  lower  phase 

lock  loop  circuit  (lower  loop),  generally  indicated  as  1  00.  The  output  signal  represented  by  equation  (4)  is  fed 
to  a  multiplier  80  which  multiplies  the  frequency  by  a  factor  (Nm  +  NAB)  to  generate  an  output  having  a  frequency 

40  ^(Nm  +  NAB)  (7) 

This  equation  is  shown  in  block  82.  The  output  of  lower  loop  100  is  then  supplied  to  mixer  95. 
A  non-coherent  IF  input  of  approximately  45.75  MHz  from  frequency  source  14  is  fed  to  divider  102.  In  a 

preferred  embodiment,  this  IF  input  represents  the  incoming  video  signal  to  a  particular  channel  module  in  the 
headend  of  a  cable  television  system  although  the  invention  is  not  limited  in  this  respect.  The  IF  input  may 45  also  represent  the  incoming  IF  signal  in  another  type  of  communication  system,  such  as  a  radar  or  satellite 
communication  system.  Divider  102  has  a  divide  ratio  of  Nm  or  3584  as  noted  above.  The  output  of  divider  102 
has  a  frequency  of 

FIF  /Q\ i f   (8) 

or  approximately  13  kHz  where  FIF  is  equal  to  45.75  MHz  and  Nm  is  equal  to  3584. 
The  output  of  divider  1  02  is  fed  to  mixer  74  as  shown.  As  noted  above,  the  output  of  mixer  60  is  also  supplied 

to  mixer  74.  The  output  of  mixer  74  has  a  frequency 

55 

4 
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35 

FT  +  FS  "  N (9) 

or  approximately  220  kHz  (i.e.,  233  kHz  -  13  kHz). 
The  output  of  mixer  74  is  multiplied  by  multiplier  104.  The  multiplying  factor  is  Nm  or  3584.  The  output  signal 

w  of  multiplier  1  04  has  a  frequency  of 

-  [Fy  +  Fs  *  N  +  F,F]  (10) 

or  approximately  789  MHz  (i.e.,  22  kHz  *  3584). 
The  output  of  multiplier  104  is  supplied  to  mixer  120  where  it  is  multiplied  as  shown  with  the  45.75  MHz 

15  F|p  signal.  The  output  signal  from  mixer  120  has  a  frequency  of 

-  FT  +  Fs  *  N  (11) 
Na 

or  approximately  834.75  MHz  (i.e.,  789  MHz  +  45.75  MHz).  The  output  signal  of  mixer  120  is  supplied  to  mixer 
95  where  it  is  multiplied  as  shown  with  the  output  from  the  lower  loop  100  to  generate  a  frequency  coherent 

20  output  of 
FT+FS  *  N  +  FSB  (12) 

or  61  .25  MHz  if  B=0. 
Thus,  the  purpose  of  the  present  invention  is  to  track  the  phase  error  between  the  input  video  IF  signal 

and  the  two  IRC  frequency  components,  and  to  cancel  out  the  IF  signal  in  order  to  negate  the  phase  error. 
25  The  circuitry  of  the  present  invention  reproduces  the  first  and  second  input  signal  components  and  phase  locks 

them  with  the  F!F  signal.  The  variable  N  selects  an  arbitrary  tooth  of  the  comb.  The  B  variable  is  an  offset  va- 
riable  which  permits  agile  channel  selection. 

The  present  invention  overcomes  the  problems  encountered  in  the  prior  art  by  providing  a  method  and 
apparatus  for  locking  the  signal  from  a  frequency-agile  up/down  converter  to  that  from  either  an  HRC  or  IRC 

30  comb  generator,  without  having  to  modify  or  change  the  existing  comb  generator. 
In  its  broadest  sense,  the  invention  heterodynes  the  IF  signal  up  to  an  output  carrier  frequency,  such  that 

the  input  is  phased  locked  to  the  corresponding  frequency  in  the  output  of  the  comb  generator.  The  hetero- 
dyning  process  is  accomplished  by  using  only  two  reference  frequencies  from  the  comb  generator  output,  ir- 
respective  of  which  comb  output  frequency  the  heterodyning  output  is  supposed  to  equal. 

35  As  noted  above,  the  present  invention  is  not  limited  to  the  values  above-assigned  to  variables  Nm  and  NA. 
Further,  any  two  teeth  of  a  comb  generator  may  be  used.  These  factors  are  presently  determined  by  the  desired 
output  frequency  of  mixer  1  20.  i.e.,  the  secondary  IF  output  frequency.  This  output  frequency  is  generally  given 
by  the  equation 

40  F3  =  ^   *  jj*  -  F2  (13) 
J  Na 

where  j  is  equal  to  the  number  of  spacing  components  between  teeth,  Fs  is  equal  to  the  frequency  difference 
between  selected  teeth,  F3  is  the  secondary  IF  frequency,  and 

F2  =  FT+FS  *  N  (14) 
In  the  above-described  embodiment,  j  is  equal  to  1  since  adjacent  comb  teeth  are  utilized.  Any  values  for  j, 

45  Nm,  and  NA  which  satisfy  these  equations  may  be  utilized.  However,  in  practice,  these  values  are  limited  by 
design  requirements. 

Claims 
50 

1.  Achannel  frequency  generator  for  use  with  an  incrementally  related  coherent  signal  generator,  said  chan- 
nel  frequency  generator  comprising:  means  for  deriving  a  spacing  frequency  and  a  translation  frequency 
from  selected  outputs  of  said  incrementally  related  coherent  signal  generator;  and 
modulating  means  for  modulating  an  input  signal  having  a  predetermined  frequency  to  a  frequency  co- 

55  herent  selected  channel  frequency  and  matching  the  phase  of  said  input  signal  to  said  selected  channel 
frequency  using  said  spacing  frequency  and  said  translation  frequency. 

5 
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2.  The  channel  frequency  generator  according  to  claim  1  wherein  the  selected  outputs  comprise  first  and 
second,  immediately  adjacent,  comb  generator  outputs. 

3.  The  channel  frequency  generator  according  to  claim  2  wherein  the  first  comb  generator  output  comprises 
the  output  providing  the  lowest  frequency. 

4.  A  method  for  generating  a  frequency  coherent  output  signal  from  a  channel  frequency  generator  for  use 
with  an  incrementally  related  coherent  signal  generator,  the  method  comprising  the  steps  of: 
deriving  a  spacing  frequency  and  a  translation  frequency  from  selected  outputs  of  said  incrementally  re- 
lated  coherent  signal  generator;  and 
modulating  an  input  signal  having  a  predetermined  frequency  to  a  frequency  coherent  selected  channel 
frequency  and  matching  the  phase  of  said  input  signal  to  said  selected  channel  frequency  using  said  spac- 
ing  frequency  and  said  translation  frequency. 

5.  The  method  according  to  claim  4  Wherein  the  selected  outputs  comprise  first  and  second,  immediately 
adjacent,  comb  generator  outputs. 

6.  The  method  according  to  claim  5  wherein  the  first  comb  generator  outputs  comprises  the  output  providing 
the  lowest  frequency. 

Patentanspruche 

1.  KanalfrequenzgeneratorzurBenutzung  miteinem  inkrementierend  bezogenen  Koharentsignalgenerator, 
wobei  der  Kanalfrequenzgenerator  aufweist: 

25  eine  Einrichtung  zum  Ableiten  einer  Pausenfrequenz  und  einer  Umsetzungsfrequenz  von  ausge- 
wahlten  Ausgaben  des  inkrementierend  bezogenen  Koharentsignalgenerators;  und 

eine  Modulationseinrichtung  zum  Modulieren  eines  Eingabesignals,  das  eine  vorgegebene  Fre- 
quenz  hat,  auf  eine  frequenzkoharenten  gewahlte  Kanalfrequenz  und  zum  Anpassen  der  Phase  dieses 
Eingabesignals  an  die  gewahlte  Kanalfrequenz  unter  Benutzung  der  Pausenfrequenz  und  der  Umset- 

OA zungsfrequenz. 

2.  Kanalfrequenzgenerator  nach  Anspruch  1,  wobei  die  ausgewahlten  Ausgaben  erste  und  zweite,  unmit- 
telbar  benachbarte  Kammgeneratorausgaben  aufweisen. 

35  3.  Kanalfrequenzgenerator  nach  Anspruch  2,  wobei  die  erste  Kammgeneratorausgabe  die  Ausgabe  auf- 
weist,  die  die  niedrigste  Frequenz  vorsieht. 

4.  Verfahren  zum  Generieren  eines  frequenzkoharenten  Ausgabesignals  von  einem  Kanalfrequenzgenera- 
tor  zur  Benutzung  mit  einem  inkrementierend  bezogenen  Koharentsignalgenerator,  wobei  das  Verfahren 

40  die  folgenden  Schritte  aufweist: 
Ableiten  einer  Pausenfrequenz  und  einer  Umsetzungsfrequenz  aus  gewahlten  Ausgaben  des  in- 

krementierend  bezogenen  Koharentsignalgenerators;  und 
Modulieren  eines  Eingabesignals,  das  eine  vorbestimmte  Frequenz  hat,  auf  eine  frequenzkoha- 

rente  gewahlte  Kanalfrequenz  und  Anpassen  der  Phase  des  Eingabesignals  an  die  gewahlte  Kanalfre- 
45  quenz  unter  Benutzung  der  Pausenfrequenz  und  der  Umsetzungsfrequenz. 

5.  Verfahren  nach  Anspruch  4,  wobei  die  ausgewahlten  Ausgaben  erste  und  zweite,  unmittelbar  benachbar- 
te  Kammgeneratorausgaben  aufweisen. 

6.  Verfahren  nach  Anspruch  5,  wobei  die  erste  Kammgeneratorausgabe  die  Ausgabe  aufweist,  die  die  nied- 50 rigste  Frequenz  vorsieht. 

Revendications 

1.  Un  generateur  de  frequence  de  canal  destine  a  etre  utilise  avec  un  generateur  de  signal  coherent  a  re- 
lation  incrementale,  ce  generateur  de  frequence  de  canal  comprenant  : 

des  moyens  pour  produire  une  frequence  d'espacement  et  une  frequence  de  transposition  a  partir 
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de  signaux  de  sortie  choisis  du  generateur  de  signal  coherent  a  relation  incrementale,  et 
des  moyens  modulateurs,  pour  moduler  un  signal  d'entree  presentant  une  frequence  predetermi- 

nee  a  une  frequence  de  canal  choisie  coherente  en  frequence  et  accorder  la  phase  de  ce  signal  d'entree 
a  la  frequence  de  canal  choisie  en  utilisant  la  frequence  d'espacement  et  la  frequence  de  transposition. 

Le  generateur  de  frequence  de  canal  selon  la  revendication  1,  dans  lequel  les  signaux  de  sortie  choisis 
comprennent  un  premier  et  un  second  signal  de  sortie,  immediatement  adjacents,  de  generateur  de  pei- 
gne. 

Le  generateur  de  frequence  de  canal  selon  la  revendication  2,  dans  lequel  le  premier  signal  de  sortie  de 
generateur  de  peigne  comprend  le  signal  de  sortie  donnant  la  frequence  la  plus  basse. 

Un  procede  pour  produire  un  signal  de  sortie  coherent  en  frequence  a  partird'un  generateur  de  frequence 
de  canal  destine  a  etre  utilise  avec  un  generateur  de  signal  coherent  a  relation  incrementale,  ce  procede 
comprenant  les  etapes  consistant  a  : 

produire  une  frequence  d'espacement  et  une  frequence  de  transposition  a  partir  de  signaux  de 
sortie  choisis  du  generateur  de  signal  coherent  a  relation  incrementale,  et 

moduler  un  signal  d'entree  presentant  une  frequence  predeterminee  a  une  frequence  de  canal 
choisie  coherente  en  frequence  et  accorder  la  phase  de  ce  signal  d'entree  a  la  frequence  de  canal  choisie 
en  utilisant  la  frequence  d'espacement  et  la  frequence  de  transposition. 

Le  procede  selon  la  revendication  4,  dans  lequel  les  signaux  de  sortie  choisis  comprennent  un  premier 
et  un  second  signal  de  sortie,  immediatement  adjacents,  de  generateur  de  peigne. 

Le  procede  selon  la  revendication  5,  dans  lequel  le  premier  signal  de  sortie  de  generateur  de  peigne 
comprend  le  signal  de  sortie  donnant  la  frequence  la  plus  basse. 
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