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@)  Tracking  servo  circuits. 
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(57)  In  a  tracking  servo  circuit,  a  tracking  error 
signal  obtained  when  disc  player  initialization  is 
off  is  captured,  its  center  level  is  calculated,  the 
calculated  center  level  is  held  in  a  register  (17), 
and  the  center  level  held  in  the  register  (17)  is 
subtracted  from  a  tracking  error  signal  obtained 
when  the  tracking  servo  is  on.  Consequently,  an 
offset  of  the  tracking  error  signal  caused  by  a 
sensitivity  imbalance  between  tracking  servo 
photodiodes  due  to  their  aging  or  the  like  is 
detected  as  being  securely  corrected,  thereby 
enhancing  payability  of  a  disc  player  in  which 
the  tracking  servo  circuit  is  used. 
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This  invention  relates  to  tracking  servo  circuits  for 
optical  disc  players. 

In  an  optical  disc  player,  correctly  reading  pit  in- 
formation  formed  on  a  disc  requires  tracking  servo 
control  for  controlling  a  relative  position  of  a  light 
beam  spot  across  the  disc  so  that  a  track  along  which 
information  pits  are  arranged  is  correctly  traced. 

In  the  above-mentioned  tracking  servo  control, 
based  on  a  beam  reflected  from  a  disc  surface  on 
which  the  information  track  is  formed,  a  deviation  of 
the  light  beam  spot  relative  to  the  track  across  the 
disc  is  detected  as  a  tracking  error  signal.  Then,  a 
tracking  actuator  is  driven  by  a  voltage  corresponding 
to  an  amplitude  of  the  tracking  error  signal  to  contin- 
uously  correct  t  he  beam  spot  position  so  t  hat  t  he  spot 
is  always  controlled  to  trace  the  track  at  its  center  line. 

Known  as  a  typical  way  of  producing  the  tracking 
error  signal  is  the  three-spot  method. 

In  this  method,  three  light  beams  are  projected 
onto  the  surface  of  the  disc  to  form  three  spots  along 
a  same  straight  line  at  a  same  interval.  The  straight 
line  is  always  kept  at  a  certain  angle  to  the  disc  track. 

Of  the  three  light  beams,  a  central  beam  or  a 
main  beam  is  used  for  information  reading  and  focus 
servo  control  and  two  side  light  beams  are  used  for 
tracking  servo  control. 

The  two  side  light  beams  are  reflected  from  the 
disc  surface  to  be  received  by  two  photodiodes.  Adif- 
ference  between  outputs  of  the  two  photodiodes  is 
used  as  the  tracking  error  signal. 

Ideally,  the  tracking  error  signal  is  zero  when  the 
main  beam  spot  is  positioned  at  a  center  of  the  track 
and,  as  the  spot  departs  from  the  center,  an  ampli- 
tude  of  the  signal  increases  in  a  polarity  in  which  the 
departure  takes  place,  thereby  presenting  a  charac- 
teristic  of  a  generally  "S"  curve. 

However,  if  there  is  a  difference  in  sensitivity  be- 
tween  the  two  tracking  servo  control  photodiodes,  a 
direct  current  offset  is  caused  in  the  tracking  error 
signal,  preventing  the  signal  from  getting  zero  al- 
though  the  main  beam  spot  is  located  at  the  center  of 
the  track. 

Therefore,  some  countermeasures  need  be  tak- 
en  to  prevent  this  problem  from  affecting  a  disc  player 
reliability. 

Techniques  for  cancelling  the  direct  current  off- 
set  in  the  tracking  error  signal  are  disclosed  in  Japa- 
nese  Non-examined  Patent  Publication  Nos.  60- 
61925  and  4-34209  for  example. 

In  the  technique  of  No.  60-61925,  a  desired  track 
is  searched  for  by  scanning  the  light  beam  spot 
across  tracks.  An  offset  voltage  is  detected  from  a 
tracking  error  signal  obtained  by  the  scanning.  And 
the  offset  voltage  is  used  to  correct  the  tracking  error 
signal. 

In  the  technique  of  No.  4-34209,  a  track-to-track 
jump  is  performed  over  particular  tracks  to  detect  an 
offset  voltage  from  a  track  error  signal  generated  by 

the  track  jump.  Each  time  an  offset  voltage  is  detect- 
ed,  a  previously  held  offset  voltage  is  updated.  The 
tracking  error  signal  is  corrected  by  the  updated  off- 
set  voltage. 

5  In  the  former  technique,  however,  detection  of 
the  offset  voltage  from  the  tracking  error  signal  gen- 
erated  when  the  light  beam  stop  is  scanned  across  a 
track  requires  to  set  a  particular  mode  for  making  the 
beam  spot  cross  the  track. 

10  In  the  latter  technique,  since  the  offset  voltage  is 
detected  from  the  tracking  error  signal  generated 
when  a  track-to-track  jump  is  performed,  the  offset 
voltage  cannot  be  detected  if  no  jump  is  performed 
and  therefore  the  track  error  signal  cannot  be  correct- 

15  ed. 
According  to  one  aspect  of  the  invention,  there  is 

provided  a  track  servo  circuit  for  use  on  an  optical  disc 
player  which  turns  on  tracking  servo  control  upon  ro- 
tatively  driving  a  disc  at  initializing  the  player.  The 

20  tracking  servo  circuit  comprises  an  arithmetic  unit  for 
calculating  a  center  level  of  a  tracking  error  signal  ob- 
tained  when  the  tracking  servo  control  is  off  at  the  ini- 
tialization,  a  register  for  holding  the  center  level  cal- 
culated  by  the  arithmetic  unit,  and  a  subtracting  circuit 

25  for  subtracting  the  center  level  held  in  the  register 
from  a  tracking  error  signal  obtained  when  the  track- 
ing  servo  control  is  on.  Based  on  an  output  of  the  sub- 
tracting  circuit,  a  position  of  a  light  beam  spot  relative 
to  a  track  on  the  disc  is  controlled  in  a  direction  across 

30  the  disc. 
According  to  a  second  aspect  of  the  invention 

there  is  provided  a  tracking  control  circuit  as  set  forth 
in  claim  1. 

A  preferred  embodiment  of  the  invention  descri- 
35  bed  hereinbelow  provides  a  tracking  servo  circuit  ca- 

pable  of  detecting  an  offset  in  a  tracking  error  signal 
caused  by  a  sensitivity  imbalance  between  photo- 
diodes  or  the  like  for  tracking  servo  control  without 
setting  a  particular  mode  and,  at  the  same  time,  ca- 

40  pable  of  correcting  the  tracking  error  signal. 
The  preferred  embodiment  provides  a  tracking 

servo  circuit  suitable  for  use  for  correcting  an  offset 
of  a  tracking  error  signal  caused  by  a  sensitivity  im- 
balance  in  a  tracking  servo  photo  diode  when  the  so- 

45  called  three-spot  method  is  used  for  generating  the 
tracking  error  signal. 

The  invention  will  now  be  further  described,  by 
way  of  illustrative  and  non-limiting  example,  with  ref- 
erence  to  the  accompanying  drawings,  in  which: 

so  Fig.  1  is  a  system  blockdiagram  illustrating  an  ex- 
ample  of  construction  of  an  optical  disc  player  in- 
corporating  a  tracking  servo  circuit  embodying 
the  invention; 
Fig.  2  is  a  diagram  illustrating  an  arrangement  of 

55  photodiodes  in  an  optical  pickup  of  the  optical 
disc  player  of  Fig.  1; 
Fig.  3  is  a  circuit  diagram  illustrating  an  example 
of  a  TE  signal  generator  of  the  optical  disc  player 
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of  Fig.  1; 
Fig.  4  is  a  diagram  illustrating  a  relationship  be- 
tween  light  beam  spot  positions  and  a  TE  signal 
voltage  VTE; 
Fig.  5  is  a  diagram  illustrating  waveforms  of  the 
TE  signal  voltage  VTE  in  various  states;  and 
Fig.  6  is  a  block  diagram  illustrating  the  tracking 
servo  circuit  practiced  as  a  preferred  embodi- 
ment  of  the  invention. 
This  invention  will  be  described  in  further  detail 

by  way  of  example  with  reference  to  the  accompany- 
ing  drawings. 

Fig.  1  is  a  system  block  diagram  illustrating  an  ex- 
ample  of  construction  of  an  optical  disc  player  to 
which  a  tracking  servo  circuit  embodying  the  inven- 
tion  is  applied. 

Referring  to  Fig.  1  ,  information  recorded  on  a  disc 
1  is  read  by  an  optical  pickup  2.  The  optical  pickup  2 
contains  a  focus  actuator  for  driving  an  objective  lens 
in  its  optical  axis  direction  to  converge  three  light 
beams  onto  a  surface  of  the  disc  1  ,  a  tracking  actuator 
for  deflecting  three  light  beam  spots  converted  on  the 
disc  surface  across  the  disc  1  ,  and  a  light  detector  for 
receiving  the  light  beams  reflected  from  the  disc  sur- 
face.  The  optical  pickup  2  is  disposed  so  that  it  is  mov- 
able  across  the  disc  1. 

Referring  to  Fig.  2,  the  light  detector  contained  in 
the  optical  pickup  comprises  four  integrated  photo- 
diodes  A  through  D  for  receiving  a  main  reflected 
beam  of  three  optical  beams  and  a  pair  of  photo- 
diodes  E  and  F  for  receiving  two  reflected  beams  on 
both  sides  of  the  main  beam.  Outputs  of  the  four  pho- 
todiodes  A  through  D  and  the  pair  of  photodiodes  E 
and  F  are  fed  to  an  RF  amplifier  3. 

From  the  outputs  of  the  four  photodiodes  A 
through  D,  the  RF  amplifier  3  generates  a  focus  error 
(FE)  signal  for  driving  the  above-mentioned  focus  ac- 
tuator  and  an  RF  signal.  From  the  outputs  of  the  pair 
of  photodiodes  E  and  F,  the  RF  amplifier  3  generates 
a  tracking  error  (TE)  signal  for  driving  the  above- 
mentioned  tracking  actuator. 

Fig.  3  shows  an  example  of  a  TE  signal  generator. 
In  the  figure,  the  photodiodes  E  and  F  generate 

currents  lE  and  lF  in  correspondence  with  intensities 
of  the  reflected  light  beams  received.  The  currents  lE 
and  lF  are  converted  by  l-V  converters  7  and  8  to  vol- 
tages  VE  and  VF. 

Given  feedback  resistances  RE  and  RF  of  the  l-V 
converters  7  and  8,  then  there  are  following  relations 
between  the  voltages  VE  and  VF  and  currents  lE  and 
lF: 

VE  =  -  RE  lE  (1) 
VF  =  -  RF  lF  (2) 

Further,  a  difference  between  the  voltages  VE 
and  VF  is  obtained  by  a  subtracting  circuit  9  to  provide 
a  TE  signal  voltage  VTE. 

Given  R1  =  R3  and  R2  =  R4  in  the  subtracting  cir- 
cuit  9,  this  TE  signal  voltage  VTE  becomes  as  follows: 

VTE  =  (VE  -  VF)  x  (R2/R1) 
=  (RF  lF  -  RE  lE)  x  (R2/R1)  (3) 

Fig.  4  (A)  shows  how  three  beam  spots  SF,  SM 
and  SE  are  projected  onto  a  track.  In  state  (3),  the 

5  main  beam  spot  Ms  is  projected  onto  the  center  of  the 
track,  resulting  in  VTE  =  0. 

States  (1)  and  (5)  show  a  deviation  of  a  1/2  track 
pitch,  while  states  (2)  and  (4)  shows  a  deviation  of  a 
1/4  track  pitch. 

10  Fig.  4  (B)  shows  how  the  TE  signal  voltage  VTE 
varies  with  states  (1)  and  (2)  of  Fig.  4  (A). 

In  state  (4),  the  beam  spot  SF  is  projected  off 
track,  so  that  its  reflected  beam  is  maximized  to  enter 
the  photodiode  F,  maximizing  the  current  lF.  If  this 

15  state  is  applied  to  equation  (3),  the  TE  signal  voltage 
VTE  becomes  a  positive  maximum  value. 

Conversely,  in  state  (2),  lE  is  maximized  and  lF  is 
minimized,  making  the  TE  signal  voltage  VTE  a  nega- 
tive  minimum  value.  In  states  (1),  (3),  and  (5),  reflect- 

20  ed  beams  of  the  beam  spot  SF  and  the  beam  spot  SE 
scatter  to  generally  a  same  degree,  resulting  in  VTE  = 
0. 

That  is,  as  clearly  seen  from  Fig.  4  (B),  the  TE  sig- 
nal  voltage  VTE  presents  an  "S"-shaped  characteris- 

25  tic. 
However,  the  above-mentioned  states  are  estab- 

lished  only  under  an  ideal  condition  where  the  two 
tracking  servo  light  beams  with  a  same  quantity  of 
light  are  projected  to  proper  positions,  there  is  a  prop- 

30  er  relation  in  arrangement  between  the  reflected 
beams  and  the  photodiodes  E  and  F,  and  the  photo- 
diodes  E  and  F  are  equal  in  sensitivity. 

Actually,  even  in  state  (3)  of  Fig.  4,  an  imbalance 
in  the  sensitivity  between  the  photodiodes  E  and  Ffor 

35  example  often  makes  it  impossible  to  provide  VTE  =  0. 
This  problem  will  be  described  with  reference  to 

waveforms  of  Fig.  5. 
In  Fig.  5,  if  VE  an  VF  have  an  equal  sensitivity  as 

shown  in  (b)  and  (c),  the  VTE  plots  an  ideal  waveform 
40  shown  in  (a). 

If  the  sensitivity  of  the  photodiode  F  is  only  60% 
of  that  of  the  photodiode  E  for  example,  then  wave- 
form  VF  x  (R2/R1)  becomes  as  shown  in  (d),  and  the 
VTE  to  be  obtained  by  equation  (3)  becomes  as  shown 

45  in  (e). 
As  clearly  seen  from  these  waveforms,  even  if 

the  main  beam  spot  SM  is  projected  onto  the  center 
of  the  track,  or  the  deviation  is  zero,  VTE  =  0  is  not  ob- 
tained,  causing  an  offset  (offset  voltage  Vof). 

so  Depending  on  a  magnitude  of  the  offset  voltage 
Vof,  or  an  degree  of  the  sensitivity  imbalance  between 
the  photodiodes  E  and  F,  the  TE  signal  may  show  a 
negative  value  even  if  the  deviation  is  on  the  positive 
side. 

55  Consequently,  if  the  tracking  servo  control  is 
turned  on  in  the  above-mentioned  state,  only  a  poor 
payability  will  result,  making  the  optical  disc  player 
operate  without  stability. 

3 
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To  overcome  the  above-mentioned  problem, 
there  is  provided  a  digital  servo  circuit  4  of  Fig.  1  with 
a  capability  of  correcting  imbalances  such  as  in  the 
sensitivity  between  the  photodiodes  E  and  F. 

The  digital  servo  circuit  4  performs  such  signal 
processing  on  the  FE  and  TE  signals  as  filtering.  Be- 
cause  of  digital  constitution,  the  digital  servo  circuit  4 
can  be  formed  on  a  same  semiconductor  chip  with 
other  digital  signal  processing  circuits. 

Implementation  of  the  servo  circuit  in  a  digital  in- 
tegrated  circuit  (IC)  provides  advantages  such  as  re- 
duction  in  the  number  of  externally  attached  parts,  re- 
duction  in  an  amount  of  system-wide  wiring,  and  sim- 
plification  of  adjustment  jobs. 

Referring  to  Fig.  1  ,  a  system  controller  5  compris- 
es  a  microcomputer  and  controls  the  disc  player  sys- 
tem  in  its  entirety. 

Fig.  6  is  a  block  diagram  illustrating  a  tracking 
servo  circuit  practiced  as  a  preferred  embodiment  of 
the  invention.  The  tracking  servo  circuit  constitutes  a 
part  of  the  digital  servo  circuit  4. 

Referring  to  Fig.  6,  a  TE  signal  generated  by  an 
RF  amplifier  3  (Fig.  1)  is  digitized  by  an  A/D  converter 
11  to  be  supplied  to  a  subtracting  circuit  12  as  a  min- 
uend.  An  output  of  the  subtracting  circuit  12  is  sup- 
plied  to  a  contact  a  of  a  loop  switch  SW1  via  an  input 
register  13. 

The  loop  switch  SW1  is  turned  on/off  by  the  sys- 
tem  controller  5  (Fig.  1).  When  the  loop  switch  SW1 
is  switched  to  the  contact  a,  the  tracking  servo  is 
turned  on;  when  it  is  switched  to  a  contact  b,  the  track- 
ing  servo  is  turned  off. 

The  TE  signal  thus  switched  is  filtered  by  a  servo 
filter  14  composed  of  a  digital  filter  to  be  derived  as  a 
tracking  servo  output. 

The  tracking  servo  output  is  converted  by  a  drive 
signal  generator  15  comprising  a  PWM  circuit  into  a 
drive  signal  for  driving  a  tracking  actuator  built  in  the 
optical  pickup  2  (Fig.  1). 

Thus,  a  tracking  servo  loop  is  formed,  effecting 
tracking  control  so  that  the  main  beam  spot  SM  always 
traces  the  track  at  its  center. 

The  output  of  the  input  register  13  is  also  supplied 
to  a  center  level  calculating  circuit  1  6  .  The  center  lev- 
el  calculating  circuit  16  is  comprises  an  LPF  com- 
posed  of  a  digital  filter  with  DC  gain  =  0,  or  an  inte- 
grating  circuit,  for  example.  As  will  be  described,  this 
circuit  calculates  a  center  level  of  a  traverse  wave- 
form  generated  in  the  TE  signal  at  initializing  the  disc 
player.  By  constituting  this  circuit  16  with  the  integrat- 
ing  circuit,  the  number  of  its  circuit  elements  is  re- 
duced  and  its  noise  performance  is  enhanced. 

The  center  level  thus  calculated  in  center  level 
calculating  circuit  16  is  held  in  a  center  level  register 
17.  The  center  level  held  in  the  register  17  is  supplied 
to  the  subtracting  circuit  12  as  a  subtrahend  via  a  cor- 
recting  switch  SW2. 

The  correcting  switch  SW2  is  at  a  grounded  con- 

tact  b  at  initialization  of  the  disc  player.  When  the  loop 
switch  SW1  is  set  to  the  contact  a  (the  tracking  servo 
is  turned  on),  the  correcting  switch  SW2  is  switched 
from  the  contact  b  to  a  contact  a  at  the  same  time  or 

5  earlier.  This  switching  operation  is  controlled  by  the 
system  controller  5  (Fig.  1). 

The  subtracting  circuit  12  subtracts  the  center 
level  value  held  in  the  register  17  from  the  TE  signal 
to  cancel  an  offset  of  the  TE  signal. 

10  Described  below  is  an  operation  for  correcting 
the  offset  of  the  TE  signal  caused  by  the  sensitivity 
imbalance  between  the  photodiodes  E  and  F  or  the 
like  in  the  tracking  servo  circuit  having  the  above- 
mentioned  constitution. 

15  When  the  disc  player  is  powered  on  or  at  initiali- 
zation  upon  disc  loading,  the  disc  1  is  rotatively  driv- 
en.  After  a  certain  period  of  time,  the  tracking  servo 
is  turned  on  (the  loop  switch  SW1  of  Fig.  6  is  set  to 
the  contact  a)  and  the  disc  player  enters  a  play  mode. 

20  These  operations  are  controlled  by  the  system  con- 
troller  5  (Fig.  1).  It  should  be  noted  that  focus  servo 
is  turned  on  immediately  before  or  after  rotation  of  the 
disc  1. 

At  the  initialization,  if  the  tracking  servo  is  off,  the 
25  rotation  of  the  disc  1  generates  the  traverse  wave- 

form  in  the  TE  signal  due  to  an  eccentricity  of  the  disc 
1. 

Generally,  there  is  no  disc  without  eccentricity, 
so  that  no  special  operation  is  needed  at  the  initiali- 

30  zation  to  generate  the  traverse  waveform  in  the  TE 
signal. 

The  TE  signal  having  the  traverse  waveform  is 
captured  in  the  tracking  servo  circuit  of  Fig.  6  via  the 
A/D  converter  11. 

35  At  this  moment,  the  loop  switch  SW1  and  the  cor- 
recting  switch  SW2  have  been  both  set  to  the  con- 
tacts  b. 

The  traverse  waveform  through  the  input  register 
13  is  supplied  to  the  center  level  calculating  circuit  16 

40  where  its  center  level  is  calculated.  The  calculated 
center  level  is  held  in  the  center  level  register  17.  This 
center  level  matches  a  dashed  line  of  Fig.  5  (e). 

When  turning  on  the  tracking  servo,  the  loop 
switch  SW1  and  the  correcting  switch  SW2  are  both 

45  set  to  the  contacts  a. 
If,  when  the  tracking  servo  is  on,  the  TE  signal  is 

not  balanced  between  positive  and  negative  polarities 
as  shown  in  Fig.  5  (e)  due  to  the  sensitivity  imbalance 
between  the  photodiodes  E  and  F  or  the  like,  sub- 

50  trading  in  the  subtracting  circuit  12  the  traverse  cen- 
ter  level  held  in  the  center  level  register  17  from  the 
TE  signal  to  be  entered  via  the  A/D  converter  11  sets 
the  signal  to  be  entered  in  the  servo  filter  14  to  a  zero 
level  when  the  deviation  the  track  center  and  the 

55  main  spot  SM  have  no  offset.  Thus  the  signal  be- 
comes  well  balanced  between  positive  and  negative 
polarities. 

Meanwhile,  when  a  waveform  of  Fig.  5  (f)  is  com- 

4 
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pared  with  a  waveform  of  Fig.  5  (a),  there  is  a  differ- 
ence  between  their  amplitudes.  Therefore,  a  differ- 
ence  in  gain  hampers  complete  tracking  servo  con- 
trol,  requiring  further  gain  adjustment. 

However,  since  the  digital  servo  circuit  uses  AGC 
(Auto  Gain  Control)  capability,  as  known  technology, 
the  digital  servo  circuit  can  adjust  the  servo  loop  gain 
on  its  own  without  requiring  human  intervention  or  a 
special  externally  attached  circuit.  Therefore,  no  spe- 
cial  means  is  required  for  eliminating  the  amplitude 
imbalance  in  the  TE  signal. 

As  mentioned  above,  the  digital  servo  circuit  is 
provided  with  the  capability  of  detecting  the  offset  of 
the  center  level  of  the  TE  signal  caused  by  the  sen- 
sitivity  imbalance  due  to  aging  between  the  photo- 
diodes  E  and  F  or  the  like  and  automatically  correct- 
ing  the  offset,  thereby  implementing  completely  auto- 
matic  tracking  servo  control  which  is  stable  and  re- 
quires  neither  an  externally  attached  circuit  nor  in- 
creased  system  wiring  volume. 

The  offset  of  the  center  level  of  the  TE  signal  is 
caused  by  not  only  the  sensitivity  imbalance  between 
the  photodiodes  E  and  F  but  also  a  difference  in  quan- 
tity  of  light  between  a  pair  of  tracking  servo  light 
beams,  a  dispersion  in  characteristics  among  circuit 
elements  constituting  the  TE  signal  generator  of  Fig. 
3,  or  a  tilt  or  warp  of  the  disc  1  .  This  invention  is  also 
applicable  to  cancelling  the  offset  of  the  TE  signal 
caused  by  any  of  these  factors. 

Although  the  embodiment  uses  the  center  level 
calculating  circuit  16  composed  of  the  integrating  cir- 
cuit  (LPF),  this  invention  is  not  limited  to  integration 
technique.  It  is  apparent  that  the  invention  can  also 
be  embodied  by  a  method  in  which  positive  and  neg- 
ative  peaks  are  obtained  to  be  averaged  or  a  method 
in  which  captured  values  are  continuously  added  and, 
when  2n  samples  have  been  added,  an  n-bit  shift  op- 
eration  is  performed  to  get  an  average. 

As  described, 
there  is  provided  a  tracking  servo  circuit  in  which  a 
tracking  error  signal  obtained  when  tracking  servo  at 
disc  player  initialization  is  off  is  captured,  its  center 
level  is  calculated,  the  calculated  center  level  is  held 
in  a  register,  and  the  center  level  held  in  the  register 
is  subtracted  from  the  tracking  error  signal  obtained 
when  the  tracking  servo  is  on.  Consequently,  an  off- 
set  of  the  tracking  error  signal  caused  by  a  sensitivity 
imbalance  between  tracking  servo  photodiodes  due 
to  their  aging  orthe  like  is  detected  to  be  securely  cor- 
rected,  thereby  enhancing  payability  of  a  disc  player 
in  which  the  tracking  servo  circuit  embodying  the  in- 
vention  is  used. 

Further,  since  the  digital  servo  circuit  is  provided 
with  a  capability  of  automatically  correcting  the  offset 
of  the  tracking  error  signal,  thereby  realizing  com- 
pletely  automatic  tracking  servo  control  which  is  sta- 
ble  and  requires  neither  an  externally  attached  circuit 
nor  increased  system  wiring  volume. 

While  preferred  embodiments  of  the  invention 
have  been  described  using  specific  terms,  such  de- 
scription  is  for  illustrative  purposes  only,  and  it  is  to  be 
u  nderstood  t  hat  changes  and  variations  may  be  made 

5  without  departing  from  the  scope  of  the  appended 
claims. 

Claims 
10 

1.  A  tracking  servo  circuit  for  use  in  an  optical  disc 
player,  comprising: 

switching  means  for  turning  off  tracking 
servo  at  initialization  of  said  optical  disc  player 

15  and  turning  on  said  tracking  servo  upon  rotative 
driving  of  a  disc; 

a  center  level  calculating  circuit  for  captur- 
ing  a  tracking  error  signal  obtained  when  said 
tracking  servo  is  off  to  calculate  a  center  level  of 

20  said  tracking  error  signal; 
a  register  for  holding  said  center  level  cal- 

culated  by  said  center  level  calculating  circuit; 
and 

a  subtracting  circuit  for  subtracting  said 
25  center  level  held  in  said  register  from  a  tracking 

error  signal  obtained  when  said  tracking  servo  is 
on; 

wherein  a  relative  position  between  a  track 
and  a  light  beam  spot  on  said  disc  in  a  direction 

30  across  said  disc  is  controlled  based  on  a  subtrac- 
tion  result  of  said  subtracting  circuit. 

2.  A  tracking  servo  circuit  as  defined  in  claim  1 
wherein  said  center  level  calculating  circuit  com- 

35  prises  an  integrating  circuit. 

3.  A  tracking  servo  circuit  as  defined  in  claim  1 
wherein  an  analog-to-digital  converter  is  provid- 
ed  at  preceding  stage  of  said  center  level  calcu- 

40  lating  circuit  and  said  subtracting  circuit  to  digitize 
said  tracking  error  signal. 

4.  A  tracking  servo  circuit  as  defined  in  claim  1 
wherein  said  tracking  error  signal,  after  passing 

45  said  switching  means,  is  filtered  by  a  servo  filter 
composed  of  a  digital  filter  into  a  tracking  servo 
output. 

5.  A  tracking  servo  circuit  as  defined  in  claim  1 
so  wherein  an  input  register  is  provided  between 

said  subtracting  circuit  and  said  switching  means 
and  an  output  of  said  input  register  is  supplied  to 
said  center  level  calculating  circuit. 

55  6.  A  tracking  servo  circuit  as  defined  in  claim  1 
wherein  said  center  level  held  in  said  register  is 
entered  in  said  subtracting  circuit. 
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7.  A  tracking  servo  circuit  as  defined  in  claim  1 
wherein  another  switching  means  is  provided  be- 
tween  said  register  and  said  subtracting  circuit  to 
remove  conductivity  between  said  register  and 
said  subtracting  circuit  at  the  initialization  and  5 
provide  conductivity  between  said  register  and 
said  subtracting  circuit  at  the  rotative  driving  of 
said  disc. 
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