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Description 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  generally  to  pulse-width 
modulators  for  converting  an  analog  signal  into  a 
pulse-width  modulated  signal  and  to  driving  units  for 
actuators  to  be  used  in  optical-type  recording  and/or 
reproducing  apparatus,  and  particularly  relates  to  a 
driving  unit  which  forces  an  output  transistor  to  turn 
on  and  off  at  a  high  frequency  and  controls  its  on-sta- 
te  period  with  the  aid  of  the  pulse-width  modulator. 

In  the  optical-type  recording  and/or  reproducing 
apparatus,  as  is  well  known,  the  tracking  control  and 
the  focusing  control  are  made  on  the  very  small  spot 
of  focused  light,  and  thus  an  actuator  is  needed  to 
move  optical  components  such  as  an  object  lens  and 
so  on  which  constitute  the  optical  head,  thereby  mov- 
ing  the  light  spot. 

In  recent  years,as  small-sized  and  power-saving 
apparatus  have  been  requested,a  driving  method  us- 
ing  a  high-efficiency  pulse-width  modulation  system 
had  been  employed. 

Fig.  12  shows  the  arrangement  of  a  conventional 
pulse-width  modulator  and  driving  unit  which  employs 
it  to  drive  the  actuator,  and  Fig.  13  is  a  waveform  di- 
agram  of  waveforms  at  each  portion  of  the  arrange- 
ment  of  Fig.  12.  Referring  to  Fig.  12,  an  input  signal 
S1  is  supplied  to  a  comparator  1  and  to  an  absolute 
value  circuit  2.  The  comparator  1  discriminates  the 
polarity  of  the  input  signal  S1  to  produce  a  digital  sig- 
nal  S2  which  is,  as  shown  in  Fig.  13,  level  "H"  when 
the  signal  S1  is  positive  (+)  relative  to  the  reference 
level  "0"  and  is  level  "L"  when  it  is  negative  (-).  This 
signal  S2  is  supplied  to  an  invertor  3  to  produce  there- 
from  a  signal  S3  which  is  the  inversion  of  the  signal 
S2. 

The  absolute  value  circuit  2  is  used  to  produce 
the  absolute  value  of  the  input  signal  S1.  As  shown  in 
Fig.  13  at  S4,  the  absolute  value  circuit  produces  the 
signal  S1  when  the  signal  S1  is  positive,  and  it  pro- 
duces  the  inversion  of  the  signal  S1  relative  to  the  "0" 
level,  or  the  absolute  value  signal  S4.  This  signal  S4 
is  supplied  to  the  non-inverting  input  terminal  of  a 
comparator  4.  To  the  inverting  input  terminal  thereof 
is  supplied  a  triangular  wave  signal  S5  of  a  high  fre- 
quency  (several  tens  of  kHz  to  several  hundreds  of 
kHz)  which  rises  from  the  "0"  level,  and  which  is  pro- 
duced  from  a  triangular  wave  generation  circuit  5. 
These  signals  are  compared  with  each  other  by  this 
comparator4  to  produce  a  signal  S6  which  is  level  "H" 
when  the  signal  S4  is  larger  than  the  signal  S5,  and 
"L"  when  the  signal  S4  is  smaller  than  the  signal  S5. 
This  signal  S6  is  a  pulse-width  modulated  signal  of 
which  the  "H"  period  increases  in  proportion  to  the 
level  of  the  signal  S4.  This  signal  S6  is  supplied  to 
NAND  gates  6  and  7.  The  signal  S2  is  supplied  to  the 
other  input  of  the  NAND  gate  6,  and  the  signal  S3  to 

the  other  input  of  the  NAND  gate  7.  Thus,  the  NAND 
gate  6  produces  a  signal  S7  which,  as  shown  in  Fig. 
13,  becomes  the  inversion  of  the  signal  S6  when  the 
signal  S2  is  "H",  and  becomes  "H"  when  the  signal  S2 

5  is  "L".  The  NAND  gate  7  produces  a  signal  S8  which, 
as  shown  in  Fig.  13,  is  "H"  when  the  signal  S2  is  "H", 
and  is  the  inversion  of  the  signal  S6  when  the  signal 
S2  is  "L". 

The  signals  S2,  S3,  S7  and  S8  are  supplied  to  a 
10  switching  circuit  8.  In  the  switching  circuit  8,  the  emit- 

ters  of  PNP  transistors  Q1  and  Q2  are  connected  to 
a  power  supply  Vcc,  while  the  emitters  of  NPN  tran- 
sistors  Q3  and  Q4  are  grounded.  The  collectors  of  the 
transistors  Q1  and  Q3  are  connected  to  a  terminal 

15  18a  of  an  actuator  18,and  the  collectors  of  the  tran- 
sistors  Q2  and  Q4  to  a  terminal  18b  thereof.  A  fly- 
wheel  diode  D1  has  its  anode  grounded  and  its  cath- 
ode  connected  to  the  terminal  18a.  A  flywheel  diode 
D2  has  its  anode  grounded  and  its  cathode  connect- 

20  ed  to  the  terminal  18b.  The  signal  S7  is  supplied  to  the 
base  of  the  transistor  Q1  through  a  resistor  R1  ,  the 
signal  S8  is  supplied  to  the  base  of  the  transistor  Q2 
through  a  resistor  R2,  the  signal  S2  is  supplied  to  the 
base  of  the  transistor  Q4  through  a  resistor  R3,  and 

25  the  signal  S2  is  supplied  to  the  base  of  the  transistor 
Q4  through  a  resistor  R4.  For  the  convenience  of  ex- 
planation,  it  is  assumed  that  these  transistors  make 
the  ideal  operation  in  which  the  on-resistance  is  0  Q 
and  the  off-resistance  is  oo. 

30  When  the  input  signal  S1  is  positive,  as  described 
above  the  signal  S3  is  "L",  and  the  signal  S8  is  "H", 
so  that  the  transistors  Q2  and  Q3  are  in  the  off-state. 
Also,  the  signal  S2  is  "H"  so  that  the  transistor  Q4  is 
in  the  on-state,  thus,  the  terminal  18b  being  ground- 

35  ed.  This  results  in  the  equivalent  circuit  as  shown  in 
Fig.  14(a).  In  this  circuit,  a  drive  current  la  proportion- 
al  to  the  "L"  period  of  signal  S7  which  corresponds  to 
the  on-period  of  the  transistor  Q1  is  flowed  from  the 
terminal  18a  to  the  terminal  18b. 

40  On  the  contrary,  when  the  signal  S1  is  negative, 
the  signal  S2  is  "L",  and  the  signal  S7  is  "H",  so  that 
the  transistors  Q1  and  Q4  are  turned  off.  Also,  since 
the  signal  S3  is  "H",  the  transistor  Q3  is  in  the  on-sta- 
te,  thus  the  terminal  1  8a  being  grounded.  This  results 

45  in  the  equivalent  circuit  as  shown  in  Fig.  14(b).  Thus, 
as  in  Fig.  14a,  the  drive  current  la  proportional  to  the 
"L"  period  of  the  signal  S8  which  corresponds  to  the 
on-period  of  the  transistor  Q2,  is  flowed  from  the  ter- 
minal  18b  to  the  terminal  18a. 

so  Therefore,  if  the  current  flowing  from  the  terminal 
18a  to  the  terminal  18b  is  a  positive  current,  the  drive 
current  la  proportional  to  the  input  signal  S1  is  flowed 
to  the  actuator  18  as  shown  in  Fig.  15. 

While  in  the  above  description,  the  output  signal 
55  S5  from  the  triangular  wave  generation  circuit  5  is  ris- 

en  from  the  "0"  level,  the  case  in  which  the  triangular 
wave  S5  is  risen  from  an  off-set  level  above  the  "0" 
level  will  be  mentioned  below. 
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Fig.  16  is  a  waveform  diagram  of  waveforms  at 
each  portions  of  the  arrangement  of  Fig.  12  in  the 
case  where  the  signal  S5  has  an  off-set  voltage  Vof1 
in  the  positive  direction.  Referring  to  Fig.  16,  when  the 
signal  S4  is  lower  than  the  voltage  Vof1,  the  signal  S6 
is  always  "L"  and  the  two  pulse-width  modulated  sig- 
nals  S7  and  S8  are  "H".  Thus,  the  insensitive  zone  in 
which  no  pulse  occurs  is  caused,  so  that  the  transis- 
tors  Q1  and  Q2  are  in  the  off-state,  thus  no  current  la 
being  flowed.  Therefore,  the  current  la  with  respect  to 
the  signal  S1  has  the  insensitive  zone,  Vdz  as  shown 
in  Fig.  17. 

Fig.  18  is  a  waveform  diagram  of  waveforms  at 
each  portions  of  the  arrangement  of  Fig.  12  in  the 
case  where  the  signal  S5  has  an  off-set  voltage  Vof2 
in  the  negative  direction.  Referring  to  this  figure,  even 
when  the  signal  S4  reaches  "0"  level,  the  signal  S4  is 
larger  than  the  minimum  level  of  the  signal  S5.  At  this 
time,  the  signal  S6  becomes  "H"  only  for  the  period, 
AT  corresponding  to  the  off-set  voltage  Vof2.  Thus, 
when  the  signal  S1  is  changed  from  the  positive  to 
negative  or  from  negative  to  positive  level,the  pulse- 
width  modulated  signal  S7orS8  may  have  such  pulse 
width  ("L"  period  )  as  to  discontinuously  skip  not  via 
"0"  as  AT  -AT  or  -AT  AT  (it  is  assumed  that  the 
pulse  width  of  "L"  level  of  signal  S7  is  represented  by 
+,  and  that  the  pulse  width  of  "L"  level  of  signal  S8  is 
denoted  by  -)  (hereinafter,  this  skip  characteristic  is 
called  the  discontinuous  characteristic  ).  In  addition, 
the  "L"  period  of  the  signal  S7  or  S8  relative  to  the  sig- 
nal  S1  is  longer  than  in  the  case  of  Fig.  1  3.  Thus,  the 
drive  current  lavs  signal  S1  characteristic  is  as  shown 
in  Fig.  19,  that  is,  the  current  la  is  discontinuously 
changed  at  around  "0"  of  signal  S1  as  +AI1  -»  -AM. 

Moreover,  in  Fig.  12,  the  comparator  4  has  a  re- 
sponse  time  in  which  the  triangular  wave  signal  S5 
and  the  absolute  value  signal  S4  are  compared  with 
each  other,  this  response  time  being  another  factor 
which  causes  the  discontinuous  characteristic  and 
the  insensitive  zone.  If  the  relation  between  the  rise 
time,  trand  fall  time  tf  of  this  comparator  is  tr>  tf,  the 
"L"  period  of  the  signal  S6  becomes  short,  thus  caus- 
ing  the  insensitive  zone  in  the  pulse-width  modulated 
signals  S7  and  S8  as  in  Fig.  16  and  also  the  insensi- 
tive  zone  in  the  characteristic  of  the  drive  current  with 
respect  to  the  input  signal  S1.  On  the  contrary,  if  tf  > 
tr,  the  "L"  period  of  the  signal  S6  becomes  long,  so 
that  the  discontinuous  characteristic  is  caused  in  the 
relation  of  the  input  signal  to  the  pulse-width  modulat- 
ed  signals  S7  and  S8  or  to  the  drive  current. 

As  described  above,  the  conventional  pulse- 
width  modulator  has  the  drawback  that  the  insensitive 
zone  and  the  discontinuous  characteristic  are  easy  to 
be  caused  by  the  off-set  of  the  triangular  wave  signal 
and  the  response  time  of  the  comparator,  making  the 
pulse-width  modulated  signal  erroneous.  The  driving 
unit  using  this  modulator  is  similarly  easy  to  produce 
the  insensitive  zone  and  the  discontinuous  character- 

istic,  so  that  it  is  impossible  to  obtain  a  correct  drive 
current  proportional  to  the  input  signal. 

Moreover,  when  this  conventional  driving  unit  is 
incorporated  in  the  controller  for  the  driving  of  the  ac- 

5  tuator  of  the  optical  recording  and/or  reproducing  ap- 
paratus,  occurrence  of  the  insensitive  zone  will  result 
in  the  fact  that  even  if  the  input  signal  is  changed  in 
the  sensitive  zone,  the  current  la  flowing  into  the  ac- 
tuator  is  not  changed.  Consequently,  the  gain  is  re- 

10  duced  so  that  the  controller  cannot  maintain  high- 
precision  control.  In  addition,  when  the  discontinuous 
characteristic  appears,  the  current  to  the  actuator  is 
greatly  changed  with  the  change  of  the  input  signal 
around  "0"  level  so  as  to  increase  the  equivalent  gain, 

15  thus  making  the  control  system  unstable. 
Further,  the  triangular  wave  signal  rising  from  the 

"0"  level,  or  the  off-set  is  easy  to  occur  as  shown  in 
Figs.  16  and  18.  Also,  since  the  frequency  of  the  tri- 
angular  wave  signal  is  normally  as  high  as  several 

20  tens  of  kHz  to  several  hundreds  of  kHz,  it  is  difficult 
to  realize  a  comparator  which  can  operate  at  so  high 
a  frequency  that  the  period  can  be  neglected. 

Therefore,  the  insensitive  zone  and  the  discontin- 
uous  characteristic  becomes  great,  making  it  further 

25  difficult  to  operate  the  pulse-width  modulator  and  the 
driving  unit  using  it  with  high  precision. 

SUMMARY  OF  THE  INVENTION 

30  It  is  an  object  of  this  invention  to  provide  a  pulse- 
width  modulator  capable  of  preventing  the  insensitive 
zone  and  the  discontinuous  characteristic  from  being 
caused  by  the  off-set  of  the  triangular  wave  signal  or 
by  the  presence  of  the  difference  between  the  rise 

35  time  and  the  fall  time  of  the  comparator  so  as  to  pro- 
duce  a  correct  pulse-width  modulated  signal,  and  pro- 
vide  a  driving  unit  using  the  pulse-width  modulator, 
which  can  supply  a  correct  drive  current  proportional 
to  the  input  signal. 

40  EP-A-0  1  00  1  03  discloses  a  pulse  width  modula- 
tion  circuit  capable  of  cancelling  the  mean  error  of 
pulse  width  modulation  with  respect  to  time,  due  to 
the  offset  voltage  of  a  triangular  wave  signal  and  to 
the  offset  voltage  of  a  comparator.  Circuits  are  added 

45  to  an  existing  pulse  width  modulation  circuit  used  in 
an  integration  circuit  forming  the  product  of  two  ana- 
log  signals.  The  offset  of  a  triangular  weave  signal  is 
cancelled  by  inverting  either  the  triangular  wave  sig- 
nal  with  respect  to  the  input  signal  or  the  input  signal 

so  with  respect  to  the  triangular  wave  signal,  in  every 
predetermined  period.  The  offset  of  a  comparator  is 
eliminated  by  inverting  the  output  of  the  comparator 
and  replacing  the  input  terminals  of  the  comparator  if 
the  input  signal  is  not  inverted,  or  by  connecting  the 

55  input  terminal  of  the  comparator  as  such,  if  the  input 
signal  is  inverted. 

The  features  of  the  invention  are  defined  by 
Claim  1. 

3 
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The  invention  enables  the  insensitive  zone  and 
the  discontinuous  characteristic  to  be  avoided  in  the 
relationships  between  the  input  signal  and  either  the 
pulse-width  of  the  pulse-width  modulated  signal  or 
the  drive  current  la.  Hence  a  correct  pulse-width 
modulated  signal  can  be  produced.  That  is,  the  pulse- 
width  modulator  can  operate  precisely,  and  the  driv- 
ing  unit  using  it  can  operate  with  high  accuracy  and 
small  power  consumption.  When  this  invention  is  ap- 
plied  to  the  actuator  driving  circuit  or  the  like  of  optical 
recording  and/or  reproducing  apparatus,  the  power 
consumption  in  the  apparatus  is  small,  and  the  insen- 
sitive  zone  can  be  prevented  from  occurring  to  dete- 
riorate  the  control  precision  or  the  discontinuity  char- 
acteristic  can  be  prevented  from  occurring  to  make 
the  control  system  unstable. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  shows  an  arrangement  of  one  embodiment 
of  a  pulse-width  modulator  and  a  driving  unit  us- 
ing  the  same  according  to  this  invention; 
Fig.  2  is  a  waveform  diagram  of  waves  at  each 
portions  of  the  arrangement  of  Fig.  1  ; 
Fig.  3  shows  an  arrangement  of  a  triangular  wave 
generation  circuit  11  in  Fig.  1; 
Fig.  4  is  a  waveform  diagram  of  waves  at  each 
portions  of  the  arrangement  of  Fig.  3; 
Fig.  5  ia  a  waveform  diagram  of  waves  at  each 
portions  of  the  arrangement  of  Fig.  1  in  the  case 
where  an  off-set  occurs  in  a  triangular  wave  sig- 
nal  S9  when  the  input  signal  S1  is  positive; 
Fig.  6  is  a  waveform  diagram  of  waves  at  each 
portions  of  the  arrangement  of  Fig.  1  in  the  case 
where  an  off-set  occurs  in  the  triangular  wave 
signal  S9  when  the  input  signal  S1  is  negative; 
Fig.  7  is  a  waveform  diagram  of  waves  at  each 
portions  of  the  arrangement  of  Fig.  1  in  the  case 
where  an  off-set  occurs  in  the  triangular  wave 
signal  S9  when  the  input  signal  S1  is  "0"  level; 
Fig.  8  is  a  waveform  diagram  of  waves  showing 
the  relations  of  the  response  speed  of  the  com- 
parators  9,  10  in  Fig.  1  and  each  portions  of  the 
arrangement  of  Fig.  1  ; 
Fig.  9  shows  an  arrangement  of  another  embodi- 
ment  of  a  pulse-width  modulator  and  a  driving  unit 
using  it  according  to  this  invention; 
Fig.  10  is  a  waveform  diagram  of  waves  at  each 
portions  of  the  arrangement  of  Fig.  9; 
Fig.  11  shows  an  arrangement  of  an  optical  disc 
player  in  which  the  driving  unit  of  this  invention  is 
used  for  driving  its  actuator; 
Fig.  12  shows  an  arrangement  of  a  conventional 
pulse-width  modulator  and  driving  unit  using  the 
modulator; 
Fig.  13  is  a  waveform  diagram  of  waves  at  each 
portions  of  the  arrangement  of  Fig.  12; 
Figs.  14(a)  and  14(b)  show  equivalent  circuits  of 

the  switching  circuit  in  Fig.  12; 
Fig.  15  is  a  graph  showing  the  relation  between 
the  input  signal  S1  and  the  drive  current  la  in  Fig. 
13; 

5  Fig.  16  is  a  waveform  diagram  of  waves  at  each 
portions  of  the  arrangement  of  Fig.  12  in  the  case 
where  a  positive  off-set  occurs  in  the  triangular 
wave  signal  S5  in  Fig.  12; 
Fig.  17  is  a  graph  showing  the  relation  between 

10  the  input  signal  S1  and  the  drive  current  la  in  Fig. 
16; 
Fig.  18  is  a  waveform  diagram  of  waves  at  each 
portions  of  the  arrangement  of  Fig.  12  in  the  case 
where  a  negative  off-set  occurs  in  the  triangular 

15  wave  signal  S5  in  Fig.  12;  and 
Fig.  19  is  a  graph  showing  the  relation  between 
the  input  signal  S1  and  the  drive  current  la  in  Fig. 
18. 

20  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Fig.  1  shows  an  arrangement  of  one  embodiment 
of  a  pulse-width  modulator  and  driving  unit  using  the 

25  same  according  to  this  invention,  and  Fig.  2  is  a  wa- 
veform  diagram  of  waves  at  each  portions  of  the  ar- 
rangement  of  Fig.  1  .  In  the  following  figures,  like  ele- 
ments  corresponding  to  those  in  the  conventional  ex- 
ample  are  indentif  ied  by  the  same  reference  numer- 

30  als. 
Now,  referring  to  Fig.  1,  there  is  shown  a  pulse- 

width  modulator  19  which  includes  the  comparator  1, 
the  invertor  3,  a  comparator  9,  a  comparator  10,  a  tri- 
angular  wave  generation  circuit  1  1  ,  an  inverting  circuit 

35  12,  a  NAND  gate  13,  and  a  NOR  gate  14.  This  pulse- 
width  modulator  19  and  the  switching  circuit  8  consti- 
tute  a  driving  unit. 

As  illustrated  in  Fig.  1  ,  the  input  signal  S1  is  sup- 
plied  to  the  comparator  1  ,  the  non-inverting  input  end 

40  of  the  comparator  9  and  the  inverting  input  end  of  the 
comparator  10.  The  comparator  1  and  the  invertor  3 
respectively  produce  the  signals  S2  and  S3  for  dis- 
criminating  the  polarity  of  the  inputsignal  S1  as  in  the 
conventional  example  of  Fig.  12.  The  comparator  9  is 

45  also  supplied  at  its  inverting  input  end  with  the  first  tri- 
angular  wave  signal  S9  which,  as  shown  in  Fig.  2  is 
substantially  symmetrical  with  respect  to  the  "0"  level, 
from  the  triangular  wave  generation  circuit  11.  This 
signal  S9  is  also  supplied  to  the  inverting  circuit  12  to 

so  produce  therefrom  a  second  triangular  wave  signal 
S10  (hereinafter,  called  the  inverted  triangular  wave 
signal)  resulting  from  inverting  the  signal  S9  relative 
to  the  "0"  level,  as  shown  in  Fig.  2.  This  signal  S10  is 
supplied  to  the  non-inverting  input  end  of  the  compar- 

55  ator  10.  When  the  input  signal  S1  shown  in  Fig.  2  is 
larger  than  the  triangular  wave  signal  S9,  the  compar- 
ator  9  produces  a  digital  signal  S11  of  level  "H".  When 
the  inputsignal  S1  shown  in  Fig.  2  is  smaller  than  the 

4 
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digital  signal  S10,  the  comparator  10  produces  a  dig- 
ital  signal  S12  of  level  "H".  The  signal  S11  has  equal 
durations  of  "H"  and  "L"  when  the  signal  S1  is  "0"  lev- 
el,  increases  the  duration  of  "H"  when  the  signal  S1 
is  positive  and  increases,  and  decreases  the  duration 
of  "H"  when  the  signal  S1  is  negative  and  decreases. 
Also,  the  signal  S12  has  equal  duration  of  "H"  and  "L" 
when  the  signal  S1  is  "0",  decreases  the  duration  of 
"H"  when  the  signal  S1  is  positive  and  increases,  and 
increases  the  duration  of  "H"  when  the  signal  S1  is 
negative  and  decreases. 

Thus,  the  signals  S11  and  S12  are  two  pulse- 
width  modulated  signals  with  different  phases  of 
which  the  pulse  widths  change  in  the  opposite  direc- 
tions  with  the  change  of  the  input  signal  S1,  and  be- 
come  equal  when  the  input  signal  S1  is  "0"  level. 

The  pulse-width  modulator  according  to  this  in- 
vention  produces  such  two  pulse-width  modulated 
signals  of  different  phases  as  the  signals  S11  and 
S12  relative  to  the  input  signal,and  further  produces 
a  differential  pulse-width  modulated  signal  which  is 
the  difference  between  the  pulse  widths  of  the  two 
signals  of  different  phases.  This  differential  pulse- 
width  modulated  signal  is  used  as  the  actual  modu- 
lated  signal. 

Thus,  the  signals  S11  and  S12  are,  respectively, 
supplied  to  the  NAND  gate  13  with  an  inverting  input 
end  and  the  NOR  gate  14  with  an  inverting  input  end. 
The  NAND  gate  13  produces  a  signal  S13  which,  as 
shown  in  Fig.  2,  has  "L"  level  when  the  signals  S11 
and  S12  are,respectively,  "H"  and  "L",  or  in  the  period 
corresponding  to  the  difference  between  the  pulse 
widths  of  "H"  of  the  signals  S11  and  S12.  The  NOR 
gate  14  produces  a  signal  S14  which,  as  shown  in  Fig. 
2,  has  "L"  level  when  the  signals  S11  and  S12  are,  re- 
spectively,  "L"  and  "H",  or  in  the  period  corresponding 
to  the  difference  between  the  pulse  widths  of  "L"  of 
the  signals  S11  and  S12. 

The  signals  S13  and  S14  have  the  pulse  widths 
of  "L"  modulated.  The  signal  S13  has  the  pulse  width 
proportional  to  the  signal  S1  when  the  input  signal  S1 
is  positive,  but  no  pulse  when  the  signal  S1  is  nega- 
tive,  that  is,  the  signal  S13  is  a  pulse-width  modulated 
signal  only  for  the  positive  region  of  the  input  signal. 
On  the  contrary,  the  signal  S14  has  the  pulse  width 
proportional  to  the  negative  level  of  the  signal  S1 
when  the  signal  S1  is  negative,  but  no  pulse  when  the 
signal  S1  is  positive,  that  is,  the  signal  S14  is  a  pulse- 
width  modulated  signal  only  for  the  negative  region  of 
the  input  signal. 

Moreover,  the  signal  S13  has  the  pulse  width  of 
"L"  level  when  the  input  signal  S1  is  larger  than  the  tri- 
angular  wave  signal  S9  and  larger  than  the  inverted 
triangular  wave  signal  S10.  The  signal  S14  has  the 
pulse  width  of  "L"  level  when  the  input  signal  S1  is 
smaller  than  the  triangular  wave  signal  S9  and  small- 
er  than  the  inverted  triangular  wave  signal  S10. 

The  signals  S13  and  S14  and  the  signals  S2  and 

S3  are  supplied  to  the  same  switching  circuit  8  as 
shown  in  Fig.  12. 

In  the  switching  circuit  8,  as  in  the  conventional 
example  of  Fig.  12,  the  signal  S3  is  supplied  to  the 

5  base  of  the  transistor  Q3  through  the  resistor  R3,  the 
signal  S2  to  the  base  of  the  transistor  Q4  through  the 
resistor  R4,  the  signal  S13  to  the  base  of  the  transis- 
tor  Q1  through  the  resistor  R1,  and  the  signal  S14  to 
the  base  of  the  transistor  Q2  through  the  resistor  R2. 

10  When  the  signal  S1  is  positive,  the  transistors  Q2  and 
Q3  are  both  in  the  off-state  and  the  transistor  Q4  is 
in  the  on-state,  thus,  the  switching  circuit  8  corre- 
sponding  to  the  equivalent  circuit  of  Fig.  14a  in  which 
the  signal  S7  is  replaced  by  signal  S12.  When  thesig- 

15  nal  S1  is  negative,  the  transistors  Q1  and  Q4  are  both 
in  the  off-state,  and  the  transistor  Q3  is  in  the  on-sta- 
te,  thus,  the  switching  circuit  8  corresponding  to  the 
equivalent  circuit  of  Fig.  14b  in  which  the  signal  S8  is 
replaced  by  the  signal  S14. 

20  Thus,  the  current  la  flowing  in  the  actuator  18  is 
proportional  to  the  input  signal  S1  as  in  Fig.  15. 

In  this  invention,  the  triangular  wave  signal  S9 
and  the  inverted  triangular  wave  signal  S10  can  be 
produced  from  the  circuit  shown  in  Fig.  3.  Figs.  4a,  4b 

25  and  4c  show  waveforms  at  each  portions  of  the  ar- 
rangement  of  Fig.  3.  Referring  to  Fig.  3,  an  oscillator 
15  produces  a  rectangular  wave  signal  S15  of  equal 
durations  of  "H"  and  "L",  or  50-%  duty  factor.  This  sig- 
nal  is  supplied  through  a  capacitor  C1  ,  so  that  the  DC 

30  voltage  is  removed  from  the  signal  S1  5.  Then,  the  sig- 
nal  from  the  capacitor  is  supplied  to  a  well-known  Mil- 
ler  integration  circuit  which  is  formed  of  an  operational 
amplifier  16,  resistors  R5  and  R6  and  a  capacitor  C2. 
The  Miller  integration  circuit  produces  the  triangular 

35  wave  signal  S9  which  rises  in  the  "L"  period  of  the  sig- 
nal  S15  and  falls  in  the  "H"  period  thereof.  The  signal 
S9  is  supplied  to  the  inversion  circuit  12  which  is 
formed  of  an  operational  amplifier  17  and  resistors 
R7  and  R8.  Thus,  the  inverting  circuit  produces  the  in- 

40  verted  triangular  signal  S1  0.  The  off-set  in  the  opera- 
tional  amplifier  is  normally  very  low  and  easy  to  be 
suppressed  to,  for  example,  1  mv  or  below.  Therefore, 
the  inverting  circuit  12  is  able  to  invert  the  signal  S9 
precisely  with  a  small  off-set  relative  to  the  "0"  level 

45  (which  is  the  potential  of  ground  in  Fig.  3). 
With  reference  to  Figs.  5  and  6,  description  will  be 

made  of  the  case  where  an  off-set  voltage  is  caused 
in  the  triangular  wave  signal  S9  in  this  invention.  The 
time  base  of  each  signal  waveform  in  Figs.  5  and  6  is 

so  shown  more  exaggeratingly  than  in  Fig.  2.  Fig.  5 
shows  the  waveform  for  the  positive  voltage  of  the 
signal  S1.  In  Fig.  5,  for  the  signal  S9  the  solid  line,  I 
indicates  the  waveform  of  the  signal  S9  with  no  off- 
set,  the  one-dot  chain  line,  II  indicates  the  waveform 

55  of  the  signal  S9  with  an  off-set  voltage  of  only  Vof  1  in 
the  positive  direction,  and  the  broken  line,  III  indicates 
the  waveform  of  the  signal  S9  with  an  off-set  voltage 
of  only  Vof2  in  the  negative  direction.  In  Fig.  5,  for  the 

5 
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signal  S10  the  solid  line,  I  indicates  the  waveform  of 
the  signal  S10  in  the  case  where  the  signal  S9  has  no 
off-set,  the  one-dot  chain  line,  II  indicates  the  wave- 
form  of  the  signal  S10  in  the  case  where  the  signal  S9 
has  only  Vof1  in  the  positive  direction,  and  the  broken 
line,  III  indicates  the  waveform  of  the  signal  S10  in  the 
case  direction  ,and  where  the  signal  S9  has  an  off-set 
of  only  Vof2  in  the  negative  direction.  In  Fig.  6,  the 
lines  I,  II,  III,  indicate  the  same  as  those  in  Fig.  5. 
When  the  signal  S9  is  as  indicated  by  the  one-dot 
chain  line  II,  the  off-set  voltage  is  also  inverted  by  the 
inverting  circuit  12  so  that  the  signal  S10  has  an  off- 
set  voltage  of  Vof1  in  the  opposite  direction  to  the  sig- 
nal  S9,or  in  the  negative  direction.  When  the  signal 
S9  is  as  indicated  by  the  broken  line  III,  the  signal  S10 
has  an  off-set  voltage  of  Vof2  in  the  opposite  direction 
to  the  signal  S9,  or  in  the  positive  direction.  Therefore, 
the  signals  S11,  S12  and  S13  have  such  waveforms 
as  shown  by  I,  II,  III,  on  the  lower  side  of  Fig.  5.  From 
the  waveforms,  it  will  be  seen  that  the  modulated  sig- 
nal  S13  for  each  case  is  not  changed  in  the  pulse 
width  of  "L"  level  but  is  only  shifted  in  the  time  base 
of  the  "L"  period  indicated  by  the  arrows.  In  Fig.  5,  the 
signal  S14,  though  not  shown,  is  always  of  "H"  level. 
Moreover,  Fig.  6  shows  the  waveforms  relative  to  the 
signal  S1  of  negative  voltage.  In  Fig.  6,  similarly  the 
modulated  signal  S13  for  each  case  I,  II,  III,  is  not 
changed  in  the  pulse  width  but  is  only  shifted  in  the 
time  base  as  indicated  by  the  arrows.  In  Fig.  6,  the 
signal  S14,  though  not  shown,  is  always  of  "H"  level. 

Fig.  7  shows  the  waveforms  relative  to  the  signal 
S1  of  "0"  level.  In  this  case,  since  both  the  signals  S11 
and  S12  are  changed  in  the  pulse  width  by  the  off-set 
voltage  of  the  signal  S9,  but  always  equal  in  the  pulse 
width,  the  modulated  signals  S1  3  and  S14  are  always 
of  "H"  level.  Thus,  according  to  the  pulse  widths  of  the 
modulated  signals  S13  and  S14  and  the  drive  current 
la  are  not  changed  by  the  off-set  of  the  triangular 
wave  signal  S9,  but  are  proportional  to  the  input  sig- 
nal,  and  there  are  not  produced  such  insensitive  zone 
and  the  discontinuous  characteristic  as  in  the  prior 
art. 

Now,  we  will  consider  the  response  times  of  the 
comparators  9  and  10,  or  the  presence  of  the  differ- 
ence  between  the  rise  time,  tr  and  the  fall  time,  tf  of 
signals  S11,  S12. 

Fig.  8  shows  the  waveforms  of  signals  S11,  S12, 
S13  in  each  of  the  conditions  (I)  tr  =  tf  =  0,  (II)  tr  >  tf 
>  0,  (III)  tf  >  tr  >  0,  and  when  the  rise  times  tr  of  the 
comparators  9  and  10  are  equal,  and  the  fall  times 
thereof  are  similarly  equal  under  the  condition  that 
the  signal  S1  is  positive. 

The  comparators  9  and  10  in  Fig.  1  can  be  con- 
structed  in  the  same  circuit,  and  the  response  times 
such  as  tr  and  tf  can  be  achieved  to  be  close.  Partic- 
ularly,  when  these  circuits  are  formed  in  the  same  in- 
tegrated  circuit  chip,  most  characteristics  including 
the  response  time,  of  the  circuits  are  extremely  sim- 

ilar. 
In  Fig.  8,  when  the  condition  II  is  compared  with 

condition  I,  the  pulse  widths  of  signals  S11,  S12  are 
narrowed  by  the  same  amount.  When  the  condition  III 

5  is  compared  with  the  condition  I,  the  pulse  widths  of 
signals  S11  and  S12  are  widened  by  the  same 
amount.  Although  in  conditions  II,  III  the  pulse  widths 
of  signals  S11  and  S12  are  changed  as  compared 
with  condition  I,  those  of  the  modulated  signals  S13, 

10  S14are  not  changed,  but  the  positions  where  they  oc- 
cur  are  only  changed  on  the  time  base  as  indicated 
by  signal  S13  in  Fig.  8. 

Therefore,  if  the  comparators  9  and  10  are 
formed  close  to  each  other  and  in  the  same  shape  to 

15  be  preferably  of  the  same  circuit  construction  on  one 
integrated  circuit  chip  so  that  the  response  times  (tr, 
tf)  are  extremely  close  to  each  other,  then  the  pulse 
widths  of  the  pulse-width  modulated  signals  and  the 
drive  current  la  are  not  affected  by  the  response 

20  times  (tr,  tf),  but  are  proportional  to  the  input  signal. 
Another  preferred  embodiment  of  this  invention 

will  be  described  below. 
Fig.  9  shows  the  arrangement  of  another  embodi- 

ment  of  a  pulse-width  modulator  and  driving  unit  using 
25  the  same  according  to  this  invention.  Fig.  10  is  a  wa- 

veform  diagram  of  waves  at  each  portions  of  the  ar- 
rangement  of  Fig.  9.  In  the  following  drawings,  like 
elements  as  those  in  the  conventional  example  or  in 
Figs.  1  and  2  are  identified  by  the  same  reference  nu- 

30  merals  and  characters. 
In  Fig.  9,  the  comparator  1  ,  the  invertor  3,  the  tri- 

angular  wave  generation  circuit  1  1  ,  the  comparator  9, 
the  comparator  10,  an  inverting  circuit  20,  the  NAND 
gate  13,  and  the  NOR  gate  14  constitute  a  pulse- 

35  width  modulator  19'.  This  pulse-width  modulator  19' 
and  the  switching  circuit  8  constitute  a  driving  unit. 

In  Fig.  9,  the  input  signal  S1  is  supplied  to  the 
comparator  1  ,  the  non-inverting  input  end  of  the  com- 
parator  9,  and  the  inverting  circuit  20.  The  triangular 

40  wave  signal  S9  from  the  triangular  wave  generation 
circuit  11  is  supplied  to  the  inverting  input  end  of  the 
comparator  9  and  the  inverting  input  end  of  the  com- 
parator  10.  The  comparator  1  and  the  invertor  3  pro- 
duce  the  signals  S2  and  S3  for  discriminating  the  po- 

45  larity  of  the  inputsignal  S1  in  the  same  way  as  in  Fig. 
2.  The  inverting  circuit  20  inverts  the  input  signal  S1 
relative  to  "0"  level  to  produce  an  input  inverted  signal 
S16.  This  signal  S16  is  supplied  to  the  non-inverting 
input  end  of  the  comparator  10. 

so  The  comparator  9  compares  the  levels  of  the  sig- 
nal  S9  and  the  input  signal  S1  to  produce  the  signal 
S11  which  becomes  "H"  when  the  input  signal  S1  is 
larger  than  the  triangular  wave  signal  S9,  as  in  Fig.  2. 
The  comparator  10  compares  the  levels  of  the  trian- 

55  gular  wave  signal  S9  and  the  input  inverted  signal 
S16  to  produce  a  signal  S12'  which  becomes  "H" 
when  the  signal  S16  is  larger  than  the  signal  S9. 

The  arrangement  of  Fig.  9  is  different  from  that 

6 
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of  Fig.  1  in  that  the  signals  to  be  compared  are  differ- 
ent  in  the  respective  comparators  10.  In  Fig.  1,  the  in- 
put  signal  S1  is  supplied  to  the  inverting  input  end  of 
the  comparator  10  and  the  signal  S10  resulting  from 
inverting  the  triangular  wave  signal  S9  is  supplied  to 
the  non-inverting  input  thereof,  so  that  the  output  sig- 
nal  S12  is  produced  therefrom  as  a  result  of  level 
comparison.  On  the  other  hand,  in  Fig.  9,  the  input  in- 
verted  signal  S16  resulting  from  inverting  the  input 
signal  S1  is  supplied  to  the  non-inverting  end  of  the 
comparator  10  and  the  triangular  wave  signal  S9  is 
supplied  to  the  inverting  input  end  thereof,  so  that  the 
output  signal  S12'  is  produced  therefrom.  Despite  the 
difference  of  the  construction,  the  signals  S11  and 
S12'  produced  from  the  comparators  10  are  equiva- 
lent.  The  signals  S11  and  S12'  are,  respectively  sup- 
plied  to  the  inverting  input  ends  of  the  NAND  gate  13 
and  NOR  gate  14  in  the  same  way  as  in  Fig.  1.  The 
output  signals  S1  3',  S14'  are  equivalent  to  the  signals 
S13,  S14  shown  in  Fig.  2. 

As  illustrated  in  Fig.  10,  the  signal  S13'  has  a 
pulse  "L"  level  in  the  period  in  which  the  input  signal 
51  is  larger  than  the  triangular  wave  signal  S9  and  the 
input  inverted  signal  S16  is  smallerthan  the  signal  S9. 
Also,  the  signal  S14'  has  a  pulse  width  of  "L"  level  in 
the  period  in  which  the  input  signal  S1  is  smaller  than 
the  triangular  wave  signal  S9  and  the  input  inverted 
signal  S16  is  larger  than  the  triangular  wave  signal 
S9. 

The  signals  S13',  S14',  S2  and  S3  are  supplied 
to  the  same  switching  circuit  8  as  shown  in  Fig.  1  . 

In  Fig.  8,  in  the  same  way  as  in  Fig.  1,  the  signal 
52  is  supplied  through  the  resistor  R4  to  the  base  of 
the  transistor  Q4,  the  signal  S3  is  supplied  through 
the  resistor  R3  to  the  base  of  the  transistor  Q3,  the 
signal  S13'  is  supplied  through  the  resistor  R1  to  the 
base  of  the  transistor  Q1,  and  the  signal  S14'  is  sup- 
plied  through  the  resistor  R2  to  the  base  of  the  tran- 
sistor  Q2. 

In  Fig.  9,  the  signals  S13',  S14',  S2  and  S3  make 
the  same  action  to  the  switching  circuit  8  as  the  sig- 
nals  S13,  S14,  S2  and  S2  in  Fig.  1. 

The  embodiment  shown  in  Fig.  9  can  provide  a 
pulse-width  modulator  and  driving  unit  using  the 
same  which  are  able  to  properly  operate  without  the 
effect  of  the  off-set  of  the  triangular  wave  signal  S9 
and  the  response  times  of  the  comparator  9  and  the 
comparator  10  similarly  to  the  arrangement  of  Fig.  1  . 

Fig.  11  isa  blockdiagramof  thefocuscontrol  sys- 
tem  of  an  optical  recording  and  reproducing  appara- 
tus  in  which  the  control  unit  of  this  invention  is  used. 

In  Fig.  11,  a  disc  like  recording  medium  21  is 
placed  on  a  turntable  22  and  fixed  not  to  slip  against 
each  other  by  a  disc  clamp  23.  The  turntable  22  is  di- 
rectly  driven  by  the  rotating  shaft,  24  of  a  disc  motor 
25  so  that  the  disc-like  recording  medium  21  is  rotat- 
ed  at  a  predetermined  rate. 

On  the  other  hand,  laser  light  27  emitted  from  a 

semiconductor  laser  26  is  shaped  into  parallel  light  by 
a  collimator  lens  28,  passed  through  a  deflection 
beam  splitter  29,  and  focused  by  an  object  lens  30 
into  a  light  spot  on  the  disc-like  recording  medium  21  . 

5  By  the  way,  the  disc-like  recording  medium  21  has 
surface  fluctuation,  by  which  the  relative  position  of 
the  object  lens  30  to  the  disc-like  recording  medium 
is  changed  while  the  medium  is  rotating  under  the 
condition  that  the  object  lens  is  fixed  in  position.  This 

10  follows  that  the  light  spot  on  the  disc-like  recording 
medium  21  is  defocused,  thus  failing  to  make  record- 
ing  or  reproducing.  Therefore,  the  object  lens  30  is  re- 
quired  to  be  changed  in  position  to  follow  the  position- 
al  change  of  the  disc-like  recording  medium  21  due  to 

15  the  surface  fluctuation  or  the  like,  and  thereby  to  con- 
trol  the  light  spot  to  always  be  focused  on  the  disc-like 
recording  medium  by  means  of  a  focusing  controller. 

The  light  irradiated  on  the  disc-like  recording  me- 
dium  21  is  reflected  therefrom  back  into  the  object 

20  lens  30  and  reflected  from  the  beam  splitter  29  into  a 
focus  detection  optical  system  31  which  is  surround- 
ed  by  a  one-dot  chain  line.  This  focus  detection  opti- 
cal  system  31  may  use,  for  example,  a  known  knife 
edge  method  which  comprises  a  detection  lens  32,  a 

25  shielding  plate  33  having  a  knife  edge  placed  near  the 
detection  lens  33,  and  a  double-portion  light  detector 
34  for  detecting  the  light  passed  this  shielding  plate. 
This  double-portion  light  detector  34  is  formed  of  two 
light  detectors  34a  and  34b.  When  the  light  spot  is  in 

30  focus,  the  amount  of  light  incident  to  each  of  the  two 
detectors  34a  and  34b  is  equal.  When  the  light  is  out 
of  focus  on  the  disc-like  recording  medium  21,  or 
when  the  light  is  focused  on,  for  example,  a  point 
above  the  disc-like  recording  medium,  the  amount  of 

35  light  spot  on  the  detector  34a  increases,  while  the 
amount  of  the  light  spot  on  the  detector  34b  decreas- 
es.  On  the  contrary,  when  the  light  is  focused  on  a 
point  below  the  disc-like  recording  medium  21,  the 
amount  of  the  light  spot  on  the  detector  34a  decreas- 

40  es,  while  that  on  the  detector  34b  increases. 
Therefore,  the  detectors  34a,  34b  produce  pho- 

tocurrents  Ip1  ,  Ip2  of  which  the  intensity  is  proportion- 
al  to  the  amount  of  the  light  irradiation,  and  supply 
them  to  a  detection  circuit  35.  This  detection  circuit 

45  produces  a  focus  error  signal  S17  corresponding  to 
the  difference  therebetween. 

This  focus  error  signal  17  is  supplied  to  a  control 
circuit  36,  which  amplifies  or  phase-compensates  the 
input  signal  if  necessary,  to  produce  the  signal  S1. 

so  This  signal  S1  is  supplied  to  a  driver  37.  The  driver  37 
is  constructed  as  in  Fig.  1  or  9,  and  its  output  termi- 
nals  18a  and  18b  are  connected  to  the  actuator  18. 
The  actuator  18  permits  the  object  lens  30  to  move 
in  the  direction  perpendicular  to  the  surface  of  the 

55  disc-like  recording  medium  21  in  which  case  the  dis- 
placement  is  proportional  to  the  drive  current  la. 

Accordingly,  even  if  the  disc-like  recording  me- 
dium  21  is  displaced  due  to  the  surface  fluctuation  or 

7 
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the  like,  the  amount  of  the  displacement  is  detected 
as  the  focus  error  signal  S17,  and  the  actuator  is  con- 
trolled  in  its  amount  of  displacement  in  accordance 
with  the  intensity  of  the  signal  so  that  the  focus  error 
signal  S1  7  is  always  zero.  As  a  result,  the  distance  be- 
tween  the  object  lens  30  and  the  disc-like  recording 
medium  21  is  constant,  and  thus  the  light  spot  is  fo- 
cused  on  the  surface  of  the  disc-like  recording  me- 
dium. 

The  optical-type  recording  and/or  reproducing 
apparatus  requires  not  only  this  focus  control  system 
but  also  the  tracking  control  system  for  permitting  the 
light  spot  to  trace  the  information  track  with  high  pre- 
cision,  or  a  traverse  control  system  for  permitting  the 
whole  optical  head  to  move.  In  addition,  each  control 
system  needs  the  actuator  and  the  driver.  The  driving 
unit  according  to  this  invention  can  be  applied  not  only 
to  the  driving  of  the  actuator  of  the  optical-type  re- 
cording  and/or  reproducing  apparatus  but  also  to,  for, 
example,  an  acoustic-purpose  power  amplifier  for 
driving  a  loud  speaker.  In  other  words,  the  driving  unit 
can  be  applied  to  the  system  which  requires  small 
size,  power  saving  and  has  high  precision. 

Claims 

1.  A  pulse-width  modulation  system  comprising: 
triangular  wave  generator  means  (11)  for 

producing  a  first  triangular  wave  signal  (S9); 
inverter  means  (12)  for  producing  a  sec- 

ond  triangular  wave  signal  (S10)  having  an  in- 
verted  relationship  with  said  first  triangular  wave 
signal  (S9)  relative  to  a  reference  voltage  applied 
thereto; 

first  comparator  means  (9)  for  comparing 
an  input  signal  (S1)  with  said  first  triangular  wave 
signal  (S9)  to  produce  a  first  pulse-width  modu- 
lation  signal  (S11); 

second  comparator  means  (10)  for  com- 
paring  said  input  signal  (S1)  with  said  second  tri- 
angular  wave  signal  (S10)  to  produce  a  second 
pulse-width  modulation  signal  (S12); 

first  gate  means  (13)  for  receiving  the  first 
and  second  pulse-width  modulation  signals  from 
said  first  and  second  comparator  means;  and 

second  gate  means  (14)  for  receiving  the 
first  and  second  pulse-width  modulation  signals 
from  said  first  and  second  comparator  means; 

characterised  in  that: 
said  first  gate  means  (13)  produces  a  first 

differential  pulse-width  modulation  signal  (S13) 
from  a  difference  between  pulse-widths  of  said 
first  and  second  pulse-width  modulation  signals 
(S11,S12)  when  said  input  signal  is  positive  rela- 
tive  to  the  reference  voltage,  and  said  second 
gate  means  (14)  produces  a  second  differential 
pulse-width  modulation  signal  (S14)  form  a  dif- 

ference  between  pulse-widths  of  said  first  and  sec- 
ond  pulse-width  modulation  signals  (S11,S12) 
when  said  input  signal  is  negative  relative  to  the 
reference  signal;  and 

5  said  first  and  second  differential  pulse- 
width  modulation  signals  (S13,S14)  are  provided 
to  control  on-state  of  a  first  and  a  second  transis- 
tor  (Q1,Q2)  of  a  switching  circuit. 

10  2.  A  pulse-width  modulation  system  according  to 
Claim  1  characterised  in  that  said  first  compara- 
tor  means  (9)  for  producing  said  first  pulse-width 
modulation  signal  (S11)  and  said  second  compar- 
ator  means  (1  0)  for  producing  said  second  pulse- 

15  width  modulation  signal  (S12)  are  formed  in  the 
same  circuit  configuration  in  one  integrated  cir- 
cuit  chip. 

20  Patentanspruche 

1.  Pulsbreitenmodulationssystem  mit: 
einer  Dreieckswellenerzeugungseinrich- 

tung  (11)  zur  Erzeugung  eines  ersten  Dreiecks- 
25  wellensignals  (S9); 

einer  Invertereinrichtung  (12)  zur  Erzeu- 
gung  eines  zweiten  Dreieckswellensignals  (S10), 
das  zu  dem  ersten  Dreieckswellensignal  (S9)  be- 
zogen  auf  eine  daran  angelegte  Bezugsspan- 

30  nung  in  einer  umgekehrten  Beziehung  steht; 
einer  ersten  Vergleichereinrichtung  (9) 

zum  Vergleichen  eines  Eingangssignals  (S1)  mit 
dem  ersten  Dreieckswellensignal  (S9),  urn  ein  er- 
stes  Pulsbreitenmodulationssignal  (S11)  zu  bil- 

35  den; 
einer  zweiten  Vergleichereinrichtung  (10) 

zum  Vergleichen  des  Eingangssignals  (S1)  mit 
dem  zweiten  Dreieckswellen-Signal  (S10),  urn 
ein  zweites  Pulsbreitenmodulationssignal  (S12) 

40  zu  bilden; 
einer  ersten  Verknupfungsgliedeinrich- 

tung  (13)  zum  Empfangen  des  ersten  und  des 
zweiten  Pulsbreitenmodulationssignals  von  der 
ersten  und  der  zweiten  Vergleichereinrichtung; 

45  einer  zweiten  Verknupfungsgliedeinrich- 
tung  (14)  zum  Empfangen  des  ersten  und  des 
zweiten  Pulsbreitenmodulationssignals  von  der 
ersten  und  der  zweiten  Vergleichereinrichtung; 

dadurch  gekennzeichnet,  dali: 
so  die  erste  Verknupfungsgliedeinrichtung 

(13)  ein  erstes  Differenzpulsbreitenmodulations- 
signal  (S13)  aus  einer  Differenz  zwischen  puls- 
breiten  des  ersten  und  des  zweiten  Pulsbreiten- 
modulationssignals  (S11,  S12),  wenn  das  Ein- 

55  gangssignal  positiv  in  bezug  auf  die  Bezugsspan- 
nung  ist,  erzeugt,  und  die  zweite  Verknupfungs- 
gliedeinrichtung  (14)  ein  zweites  Differenzpuls- 
breitenmodulationssignal  (S14)  aus  einer  Diffe- 

8 
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renz  zwischen  Pulsbreiten  des  ersten  und  des 
zweiten  Pulsbreitenmodulationssignals  (S11, 
S12),  wenn  das  Eingangssignal  negativ  in  bezug 
auf  das  Bezugssignal  ist,  erzeugt;  und 

das  erste  und  das  zweite  Pulsbreitenmo- 
dulationssignal  (S13,  S14)  vorgesehen  sind,  urn 
den  Ein-Zustand  eines  ersten  und  eines  zweiten 
Transistors  (Q1,  Q2)  eines  Schalterkreises  zu 
steuern. 

2.  Pulsbreitenmodulationssystem  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  dali  die  erste  Verglei- 
chereinrichtung  (9)  zur  Erzeugung  des  ersten 
Pulsbreitenmodulationssignals  (S11)  und  die 
zweite  Vergleichereinrichtung  (10)  zur  Erzeu- 
gung  des  zweiten  pulsbreitenmodulationssignals 
(S12)  in  derselben  Schaltkreisanordnung  in  ei- 
nem  integrierten  Schaltkreischip  ausgebildet 
sind. 

Revendications 

1.  Systeme  de  modulation  de  largeur  d'impulsion, 
comprenant: 

des  moyens  generateurs  de  signaux  trian- 
gulares  (11)  pour  produire  un  premier  signal 
triangulaire  (S9); 

des  moyens  inverseurs  (12)  aptes  a  pro- 
duire  un  second  signal  triangulaire  (S10)  qui  est 
inverse  par  rapport  audit  premier  signal  triangu- 
laire  (S9),  relativement  a  une  tension  de  referen- 
ce  qui  leur  est  appliquee; 

des  premiers  moyens  comparateurs  (9) 
pour  comparer  un  signal  d'entree  (S1)  audit  pre- 
mier  signal  triangulaire  (S9),  af  in  de  produire  un 
premier  signal  de  modulation  de  largeur  d'impul- 
sion  (S11); 

des  seconds  moyens  comparateurs  (10) 
pour  comparer  ledit  signal  d'entree  (S1)  audit  se- 
cond  signal  triangulaire  (S1  0),  af  in  de  produire  un 
second  signal  de  modulation  de  largeur  d'impul- 
sion  (S12); 

des  premiers  moyens  formant  une  porte 
(13)  ,  destines  a  recevoir  les  premier  et  second  si- 
gnaux  de  modulation  de  largeur  d'impulsion,  des- 
dits  premiers  et  seconds  moyens  comparateurs; 
et 

des  seconds  moyens  formant  une  porte 
(14)  ,  destines  a  recevoir  les  premier  et  second  si- 
gnaux  de  modulation  de  largeur  d'impulsion,  des- 
dits  premiers  et  seconds  moyens  comparateurs; 

caracterise  en  ce  que: 
lesdits  premiers  moyens  formant  porte 

(13)  produisent  un  premier  signal  differentiel  de 
modulation  de  largeur  d'impulsion  (S13)  a  partir 
de  la  difference  entre  les  largeurs  d'impulsion 
desdits  premier  et  second  signaux  de  modulation 

de  largeur  d'impulsion  (S11  ,  S12)  quand  ledit  si- 
gnal  d'entree  est  positif  par  rapport  a  la  tension 
de  reference,  et  lesdits  seconds  moyens  formant 
porte  (14)  produisent  un  second  signal  differen- 

5  tiel  de  modulation  de  largeur  d'impulsion  (S14)  a 
partir  de  la  difference  entre  les  largeurs  d'impul- 
sion,  desdits  premier  et  second  signaux  de  mo- 
dulation  de  largeurd'impulsion  (S1  1  ,  S1  2),  quand 
ledit  signal  d'entree  est  negatif  par  rapport  au  si- 

10  gnal  de  reference;  et 
lesdits  premier  et  second  signaux  diffe- 

rentiels  de  modulation  de  largeur  d'impulsion 
(S13,  S14)  sont  fournis  pour  commander  I'etat 
passant  d'un  premier  et  d'un  second  transistor 

15  (Q1  ,  Q2)  d'un  circuit  de  commutation. 

2.  Systeme  de  modulation  de  largeur  d'impulsion 
selon  la  revendication  1,  caracterise  en  ce  que 
lesdits  premiers  moyens  comparateurs  (9)  desti- 

20  nes  a  produire  ledit  premier  signal  de  modulation 
de  largeur  d'impulsion  (S11)  et  lesdits  seconds 
moyens  comparateurs  (10)  destines  a  produire 
ledit  second  signal  de  modulation  de  largeurd'im- 
pulsion  (S12)  sont  formes  selon  la  meme  confi- 

25  guration  de  circuit  dans  une  seule  et  meme  puce 
de  circuit  integre. 
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