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Information  recording  and/or  reproducing  apparatus  provided  witn  means  Tor  ueiecung  any 
abnormality  of  tracking  servo. 
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§)  An  apparatus  for  applying  a  light  beam  to  an 
sptical  recording  medium  (c)  having  tracks  provided 
thereon  and  effecting  at  least  one  of  recording  and 
reproduction  of  information  comprises  a  light  source 
(6a)  emitting  the  light  beam,  an  optical  system  (6b, 
3c,  6d)  for  directing  the  light  beam  emitted  from  the 
light  source  to  the  medium,  means  (6d,  6c,  6e,  6f, 
6h)  for  receiving  the  light  flux  reflected  by  or  trans- 
mitted  through  the  medium  and  detecting  a  tracking 
error  signal  indicative  of  the  deviation  between  the 
applied  position  of  the  light  beam  and  a  track,  track- 
ing  servo  means  (4,  6j)  for  moving  at  least  a  portion 
(6d)  of  the  optical  system  on  the  basis  of  the  track- 
ing  error  signal  and  correcting  the  applied  position  of 
the  light  beam,  and  means  (10,  11)  for  detecting  any 
abnormality  of  tracking  servo  from  the  velocity  of  the 
moved  portion  of  the  optical  system. 
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nformation  Recording  and/or  Reproducing  Apparatus  Provided  with  Means  for  Detecting  Any  Ab- 
normality  of  Tracking  Servo 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

This  invention  relates  to  an  apparatus  for  ap- 
plying  a  light  beam  to  an  optical  recording  medium 
having  tracks  provided  thereon  and  effecting  at 
least  one  of  recording  and  reproduction  of  informa- 
tion  while  effecting  the  tracking  servo  of  the  light 
beam. 

Related  Background  Art 

Various  forms  such  as  a  disc-like  form,  a  card- 
like  form  and  a  tape-like  form  are  known  as  the 
forms  of  information  recording  medium  for  record- 
ing  information  thereon  and  reading  out  the  in- 
formation  recorded  thereon.  Also,  recently,  atten- 
tion  has  been  paid  to  a  method  of  applying  a  light 
beam  condensed  in  the  form  of  a  spot  to  these 
mediums  to  thereby  accomplish  recording  and 
reading-out  of  information,  because  of  its  capability 
of  enhancing  the  recording  density. 

The  manner  of  such  recording  will  hereinafter 
be  described  by  taking  as  an  example  a  case 
where  use  is  made  of  a  card-like  optical  recording 
medium  (hereinafter  referred  to  as  the  optical 
card). 

Figure  1  of  the  accompanying  drawings  is  a 
schematic  plan  view  of  the  optical  card,  and  Figure 
2  of  the  accompanying  drawings  is  a  fragmentary 
enlarged  view  thereof. 

In  Figure  1  ,  the  letter  C  designates  the  optical 
card,  the  reference  numeral  72  denotes  information 
tracks,  and  the  reference  numeral  73  indicates  the 
home  position.  Information  is  recorded  as  optically 
detectable  record  pit  rows  (information  tracks)  on 
the  optical  card  C  by  causing  a  light  beam  modu- 
lated  in  accordance  with  recording  information  and 
stopped  down  into  a  minute  spot  to  scan  the  card 
C.  At  this  time,  to  record  or  reproduce  information 
accurately  without  causing  any  trouble  such  as 
crossing  of  the  information  tracks  72,  it  is  neces- 
sary  to  control  the  applied  position  of  said  light 
beam  in  a  direction  perpendicular  to  the  scanning 
direction  (auto  tracking,  hereinafter  referred  to  as 
AT).  Also,  to  apply  the  minute  spot  stably  in  spite 
of  the  bending  and  mechanical  error  of  the  optical 
card,  it  is  necessary  to  control  the  applied  position 
of  the  light  beam  in  a  direction  perpendicular  to  the 

optical  card  (auto  focusing,  hereinafter  referred  to 
as  AF).  As  shown  in  Figure  2,  tracking  tracks  75 
(75i,  752,  ...)  for  effecting  the  aforementioned  AT 
are  provided  between  the  information  tracks  72 

s  (72i  ,  72a,  ...)  of  the  optical  card  C. 
A  method  of  recording  information  on  the  op- 

tical  card  will  now  be  described. 
In  Figure  1  ,  the  light  beam  is  at  first  positioned 

at  the  home  position  73.  The  light  beam  is  then 
w  moved  in  the  direction  of  arrow  D  to  find  out  an 

information  track  72„  to  be  recorded,  and  scans  the 
information  track  72„  in  the  direction  of  arrow  F, 
thereby  accomplishing  recording  or  reproduction  of 
information.  Track  numbers  are  recorded  on  the 

75  information  tracks  72,  and  by  reproducing  this  in- 
formation,  the  information  track  being  currently  re- 
corded  can  be  known.  Also,  recording  of  informa- 
tion  is  carried  out  in  the  fashion  of  post  script,  i.e., 
in  the  order  of  the  information  tracks  72i,  722 

20  72„. 
Figure  3  of  the  accompanying  drawings  is  a 

block  diagram  showing  the  construction  of  an  in- 
formation  recording-reproducing  apparatus  for  the 
optical  card  as  described  above. 

25  In  Figure  3,  a  system  controller  1  controls 
motors  2  and  3  and  AT  and  AF  servo  circuits  4  and 
5  to  thereby  control  recording  or  reproduction  of 
information  on  the  optical  card  C. 

The  motor  2  reciprocally  moves  the  optical 
30  card  C  in  the  direction  of  arrow  a,  whereby  a  light 

beam  is  applied  from  an  optical  head  6  along  the 
information  tracks  of  the  optical  card  C.  The  motor 
3  is  for  moving  the  optical  head  6  in  a  direction 
perpendicular  to  the  information  tracks  on  the  op- 

35  tical  card  C. 
The  optical  head  6  has  a  light  source  6a  com- 

prising  a  semiconductor  laser,  a  collimator  lens  6b 
for  collimating  the  light  beam  from  the  light  source 
6,  a  beam  splitter  6c  and  an  objective  lens  6d,  and 

40  applies  a  light  beam  for  recording/reproduction 
onto  the  recording  surface  of  the  optical  card  C. 

The  optical  head  6  also  has  a  beam  splitter  6e, 
condensing  lenses  6f  and  6g,  and  photoelectric 
converters  6h  and  6i.  The  light  beam  reflected  on 

45  the  recording  surface  of  the  optical  card  C  is  re- 
ceived  by  the  photoelectric  converters  6h  and  6i 
and  converted  into  electrical  signals  thereby,  and 
the  electrical  signals  are  supplied  to  the  AT  servo 
circuit  4  and  the  AF  servo  circuit  5,  respectively. 

50  The  AT  servo  circuit  4  and  the  AF  servo  circuit 
5  flow  driving  currents  to  the  tracking  coil  6j  and 
focusing  coil  6k  of  the  optical  head  6  to  thereby 
move  the  objective  lens  6d  and  effect  AT  and  AF 
control. 

2 
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The  basic  construction  of  such  an  information 
scording-reproducing  apparatus  is  disclosed,  for 
xample,  in  U.S.  Application  Serial  No.  812,995 
iled  on  December  24,  1985). 

Now,  in  the  apparatus  as  described  above, 
rhen  a  defect  or  defects  are  present  on  the  re- 
ording  medium  or  when  a  shock  is  applied  from 
ie  outside  to  the  recording  medium,  there  some- 
mes  occurs  abnormality  to  the  tracking  servo  (that 
>,  the  phenomenon  that  AT  deviates  and  the  light 
earn  does  not  correctly  trace  the  information 
•acks).  When  such  AT  deviation  occurs,  the  objec- 
ve  lens  moves  disorderly,  and  this  has  led  to  the 
iossibility  of  damaging  the  optical  head.  Also,  par- 
cularly  when  AT  deviation  occurs  during  record- 
ig,  the  light  spot  strays  on  the  medium,  and  this 
ias  led  to  the  problem  that  information  is  super- 
losedly  written  on  the  recorded  information  to 
:ause  the  latter  information  to  disappear. 

SUMMARY  OF  THE  INVENTION 

It  is  the  object  of  the  present  invention  to  solve 
he  above-noted  problems  peculiar  to  the  prior  art 
ind  to  provide  an  information  recording  and/or  re- 
jroducing  apparatus  in  which  damage  of  an  optical 
lead  and  disappearance  of  recorded  information 
io  not  occur  in  spite  of  the  presence  of  a  defect  or 
tefects  of  a  medium  or  a  shock  to  the  medium. 

The  above  object  of  the  present  invention  is 
achieved  by  providing  means  for  detecting  any 
abnormality  of  tracking  servo  in  an  apparatus  for 
applying  a  light  beam  to  an  optical  recording  me- 
jium  having  tracks  provided  thereon  and  effecting 
at  least  one  of  recording  and  reproduction  of  in- 
brmation  while  effecting  the  tracking  servo  of  the 
ight  beam.  Such  abnormality  of  tracking  servo  is 
detected,  for  example,  from  the  velocity  of  move- 
ment  of  an  objective  lens.  Also,  AT  deviation  can 
be  detected  from  a  reduction  in  the  quantity  of  light 
received  by  a  photodetector  for  detecting  a  track- 
ing  error  signal. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figures  1  and  2  are  a  schematic  plan  view 
and  a  fragmentary  enlarged  view,  respectively,  of 
an  optical  card. 

Figure  3  is  a  block  diagram  showing  an 
example  of  the  construction  of  an  information 
recording-reproducing  apparatus  according  to  the 
prior  art. 

Figure  4  is  a  block  diagram  showing  the 
construction  of  an  embodiment  of  the  information 
recording-reproducing  apparatus  of  the  present  in- 
vention. 

rigure  o  is  a  scnemauu  pwra(jeuuve  view 
showing  an  specific  example  of  the  displacement 
detector  shown  in  Figure  4. 

Figure  6  is  a  block  diagram  showing  an 
;  example  of  the  construction  of  the  AT  abnormality 

detecting  circuit  shown  in  Figure  4. 
Figures  7A  -  7C  are  wave  form  diagrams 

showing  signals  in  various  portions  of  the  circuit 
shown  in  Figure  6. 

o  Figure  8  is  a  block  diagram  showing  another 
example  of  the  construction  of  the  AT  abnormality 
detecting  circuit  shown  in  Figure  4. 

Figures  9A  and  9B  are  wave  form  diagrams 
showing  signals  in  various  portions  of  the  circuit 

5  shown  in  Figure  8. 
Figure  10  is  a  block  diagram  showing  still 

another  example  of  the  construction  of  the  AT 
abnormality  detecting  circuit  shown  in  Figure  4. 

Figure  11  is  a  block  diagram  showing  the 
@o  construction  of  another  embodiment  of  the  informa- 

tion  recording-reproducing  apparatus  of  the  present 
invention. 

Figure  12  is  a  block  diagram  showing  an 
example  of  the  construction  of  the  AT  servo  circuit 

B  and  AT  abnormality  detecting  circuit  shown  in  Fig- 
ure  11. 

Figures  13A  -  13D  are  wave  form  diagrams 
showing  signals  in  various  portions  of  the  circuit 
shown  in  Figure  12. 

io  Figure  14  is  a  block  diagram  showing  the 
construction  of  still  another  embodiment  of  the 
information  recording-reproducing  apparatus  of  the 
present  invention. 

Figures  14A  -  14C  illustrate  the  construction 
35  and  operation  of  the  AT  error  level  detecting  circuit 

shown  in  Figure  13. 
Figure  15  is  a  block  diagram  showing  a 

modification  of  the  AT  servo  circuit  and  AT  ab- 
normality  detecting  circuit  shown  in  Figure  1  1  . 

40  Figures  16A  -  16C  are  wave  form  diagrams 
showing  signals  in  various  portions  of  the  circuit 
shown  in  Figure  15. 

Figures  17  -  19  are  block  diagrams  showing 
further  modifications  of  the  AT  servo  circuit  and  AT 

45  abnormality  detecting  circuit  shown  in  Figure  1  1  . 
Figures  20A  -  20D  are  wave  form  diagrams 

showing  signals  in  various  portions  of  the  circuit 
shown  in  Figure  19. 

Figure  21  is  a  block  diagram  showing  an- 
50  other  modification  of  the  AT  servo  circuit  and  AT 

abnormality  detecting  circuit  shown  in  Figure  1  1  . 
Figures  22A  -  22E  are  wave  form  diagrams 

showing  signals  in  various  portions  of  the  circuit 
shown  in  Figure  21. 

55  Figure  23  is  a  block  diagram  showing  a 
further  modification  of  the  AT  servo  circuit  and  AT 
abnormality  detecting  circuit  shown  in  Figure  1  1  . 
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Figure  24  is  a  wave  form  diagram  showing 
signals  in  various  portions  of  the  circuit  shown  in 
=igure  23. 

Figures  25  and  26  are  block  diagrams  show- 
ng  the  constructions  of  further  embodiments  of  the 
nformation  recording-reproducing  apparatus  of  the 
oresent  invention. 

Figure  27  is  a  wave  form  diagram  showing 
signals  in  various  portions  of  the  apparatus  shown 
n  Figure  26. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Figure  4  is  a  block  diagram  showing  an  em- 
bodiment  of  the  information  recording-reproducing 
apparatus  of  the  present  invention.  In  Figure  4, 
members  similar  to  those  in  Figure  3  are  given 
similar  reference  characters  and  need  not  be  de- 
scribed  in  detail. 

The  present  embodiment  differs  from  the  ex- 
ample  shown  in  Figure  3  in  that  a  displacement 
detector  10  is  provided.  The  displacement  detector 
10  serves  to  detect  the  amount  of  displacement  of 
an  objective  lens  6d  caused  by  a  tracking  coil  6j, 
and  the  detection  output  St  thereof  is  supplied  to 
an  AT  abnormality  detecting  circuit  11,  whereby 
the  presence  of  abnormality  of  tracking  is  discrimi- 
nated. 

Figure  5  is  a  schematic  perspective  view  show- 
ing  a  specific  example  of  the  lens  displacement 
detector  10.  A  barrel  7  holding  an  objective  lens  6d 
is  provided  with  a  reflecting  surface  8.  A  light  is 
applied  from  a  light-emitting  diode  9a  toward  the 
reflecting  surface  8,  and  the  reflected  light  there- 
from  is  received  by  a  photodiode  9b.  When  the 
objective  lens  6d  is  moved  in  a  direction  H  which  is 
the  tracking  direction,  the  quantity  of  light  received 
by  the  photodiode  9b  varies.  Accordingly,  displace- 
ment  of  the  objective  lens  6d  can  be  detected  from 
the  variation  in  the  quantity  of  light. 

Figure  6  is  a  circuit  diagram  showing  the  con- 
struction  of  the  aforedescribed  AT  abnormality  de- 
tecting  circuit  11,  and  Figures  7A  -  7C  are  wave 
form  diagrams  for  illustrating  the  operation  thereof. 

In  Figure  6,  the  output  St  (Figure  7A)  of  the 
displacement  detector  10  is  input  to  a  circuit  11a 
for  detecting  the  relative  velocity  of  the  objective 
lens  6d  and  the  optical  head  6,  and  is  input  to  a 
comparator  11b  as  a  voltage  signal  Sv  (Figure  7B) 
proportional  to  the  velocity.  When  the  voltage  sig- 
nal  Sv  is  greater  than  a  comparative  voltage  V<j,, 
that  is,  when  the  velocity  of  movement  of  the 
objective  lens  6d  is  greater  than  a  predetermined 
value  V<j,,  the  comparator  11b  outputs  a  tracking 
abnormality  detection  signal  Sh  (Figure  7C)  to  the 
system  controller  1  and  informs  it  of  the  abnormal- 

ity.  The  system  controller  1  immediately  puts  out  a 
command  for  discontinuing  recording  and  prevents 
superposition  writing. 

According  to  such  a  construction,  it  is  detected 
5  in  terms  of  the  amount  of  displacement  of  the 

objective  lens  6d  per  unit  time  that  due  to  any 
shock  from  the  outside  or  to  the  defect  or  the  like 
of  the  recording  carrier  itself,  the  objective  lens  6d 
which  is  tracking  has  caused  or  has  become  likely 

w  to  cause  deviation  from  the  track  during  recording 
or  reproduction,  and  such  deviation  can  be  dis- 
criminated  as  the  abnormality  of  tracking  to  thereby 
prevent  malfunctioning. 

The  reason  why  the  velocity  detecting  circuit 
is  11a  is  provided  to  thereby  detect  the  abnormality 

of  tracking  in  terms  of  the  magnitude  of  the  amount 
of  displacement  of  the  objective  lens  6d  per  unit 
time,  i.e.,  the  velocity,  is  that  wrong  detection  is 
effected  if  the  abnormality  of  tracking  is  discrimi- 

20  nated  in  terms  of  only  the  magnitude  of  the  amount 
of  displacement.  That  is,  when  the  amount  of  dis- 
placement  of  the  objective  lens  6d  from  the  neutral 
point  has  become  great  to  a  certain  extent  due  to 
the  low  frequency  vibration  within  the  tracking 

25  draw-in  range  from  the  outside  and  the  eccentricity 
and  skew  of  the  recording  carrier,  it  is  necessary  to 
operate  a  motor  3  to  move  the  optical  head  6  and 
return  the  objective  lens  6d  to  a  predetermined 
range  from  the  neutral  point  while  tracking  is  main- 

30  tained.  The  amount  of  displacement  caused  at  this 
time  in  great  as  the  amount  itself,  but  does  not 
mean  any  abnormality  of  tracking.  Accordingly,  the 
velocity  detecting  circuit  11a  is  provided  to  detect 
the  magnitude  of  the  amount  of  displacement  of 

35  the  objective  lens  6d  per  unit  time,  thereby  pre- 
venting  wrong  detection  and  accomplishing  accu- 
rate  control. 

Figure  8  is  a  circuit  diagram  showing  another 
embodiment  of  the  AT  abnormality  detecting  circuit 

40  11,  and  Figures  9A  and  9B  are  wave  form  dia- 
grams  for  illustrating  the  operation  thereof. 

In  Figure  8,  the  output  St  of  the  displacement 
detector  10  is  input  to  a  high-pass  filter  (HPF)  12a, 
and  only  frequency  components  greater  than  a 

45  predetermined  frequency  are  extracted  thereby  and 
input  as  a  signal  Sf  to  comparators  12b  and  12c 
(Figure  9A).  The  output  Sf*  of  the  comparator  12b 
assumes  a  high  level  when  the  signal  Sf  is  greater 
than  a  comparative  voltage  V<  ,  and  the  output  Sf~ 

50  of  the  comparator  12c  assumes  a  high  level  when 
the  signal  Sf  is  smaller  than  a  comparative  voltage 
V2.  An  OR  circuit  12d  outputs  a  tracking  abnormal- 
ity  detection  signal  Sh  to  the  system  controller  1 
(Figure  9B)  if  one  of  the  signals  Sf*  and  Sf-  is  at  a 

55  high  level  and  informs  it  of  the  abnormality. 
Figure  10  shows  an  embodiment  in  which  a 

differential  circuit  13a  is  providea  instead  of  the 
high-pass  filter  12a  of  Figure  8,  and  this  embodi- 

4 
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nent  is  identical  to  the  embodiment  of  Figure  8  in 
he  other  points. 

Again  in  the  present  embodiment,  the  amount 
if  displacement  of  the  output  St  of  the  displace- 
nent  detector  10  per  unit  time  is  detected  and  if 
here  is  any  abnormality,  the  system  controller  1  is 
nformed  of  it. 

Figure  11  is  a  block  diagram  showing  another 
smbodiment  of  the  information  recording-reproduc- 
ng  apparatus  of  the  present  invention.  In  Figure 
1  ,  members  similar  to  those  in  Figure  3  are  given 

iimilar  reference  characters  and  need  not  be  de- 
scribed  in  detail. 

The  present  embodiment  is  similar  in  construc- 
ion  to  the  embodiment  of  Figure  4  with  the  excep- 
ion  that  instead  of  the  detection  .of  abnormality  of 
racking  by  the  displacement  detecting  circuit  10 
ind  the  AT  abnormality  detecting  circuit  11,  the 
amount  of  displacement  per  unit  time  of  a  signal 
ndicative  of  the  sum  of  the  quantities  of  light 
eceived  by  a  photoelectric  converter  6h  which 
supplies  a  signal  to  the  AT  servo  circuit  4  is 
detected  by  an  AT  abnormality  detecting  circuit  13 
and  a  tracking  abnormality  detection  signal  is  out- 
jut  to  the  system  controller  1  . 

Figure  1  2  is  a  block  diagram  showing  an  exam- 
ple  of  the  construction  of  the  AT  servo  circuit  4  and 
:he  AT  abnormality  detecting  circuit  13  in  the  ap- 
saratus  of  Figure  11,  and  Figures  13A  -  13D  are 
wave  form  diagrams  for  illustrating  the'  operation 
:hereof. 

In  Figure  1  2,  the  outputs  Sa  and  Sb  of  the  two 
divisional  tight-receiving  portions  of  the  photoelec- 
tric  converter  6h  are  differentiated  by  a  differential 
amplifier  22  and  extracted  as  a  tracking  error  signal 
Sc.  The  tracking  error  signal  Sc  is  appropriately 
phase-compensated  by  a  phase  compensating  cir- 
cuit  23  and  drives  the  aforementioned  tracking  coil 
3j  through  an  amplifier  24. 

The  tracking  error  signal  Sc  is  also  input  to  a 
low-pass  filter  (LPF)  25.  When  the  objective  lens 
6d  comes  to  deviate  from  the  neutral  point  of  the 
actuator,  the  DC  component  Sd  (Figure  13A)  of  the 
tracking  error  signal  Sc  increases  corresponding  to 
the  distance  of  the  deviation  and  therefore,  the  LPF 
25  passes  only  the  DC  component  Sd  therethrough 
and  inputs  it  to  a  head  move  comparator  26.  In 
which  direction  of  the  AT  actuator  the  objective 
lens  deviates  is  detected  in  the  comparator  26,  and 
a  signal  Se  (Figure  13B)  or  a  signal  Sf  (Figure  13C) 
is  input  to  a  head  move  controller  27  in  conformity 
with  the  direction  of  the  deviation,  and  the  head 
move  controller  outputs  an  optical  head  driving 
signal  Sg  (Figure  13D).  The  signal  Se  is  utilized 
also  as  a  head  direction  signal,  and  is  output  to  the 
system  controller  1  as  a  command  signal  for  mov- 
ing  the  optical  head  6  in  a  predetermined  direction, 
with  the  signal  Sg. 

Also,  tne  outputs  sa  ana  od  ot  me  ngni-reueiv- 
ing  points  14a  and  14b  are  added  together  and 
amplified  by  an  addition  amplifier  circuit  28  and 
input  to  a  comparator  29.  The  comparator  29  com- 

5  pares  the  quantity  of  light  with  a  comparative  volt- 
age  Vr  as  to  whether  the  quantity  of  light  is  within  a 
predetermined  range,  and  outputs  a  tracking  ab- 
normality  detection  signal  Sh  to  the  system  control- 
ler  1  and  informs  it  of  the  abnormality  when  the 

o  quantity  of  light  is  reduced.  The  system  controller 
1  immediately  puts  out  a  command  for  discontinu- 
ing  recording  and  prevents  superposition  writing. 

Figure  14  is  a  block  diagram  showing  still 
another  embodiment  of  the  information  recording- 

5  reproducing  apparatus  of  the  present  invention.  In 
Figure  14,  members  similar  to  those  in  Figure  4  are 
given  similar  reference  characters  and  need  not  be 
described  in  detail. 

In  the  present  embodiment,  an  AT  error  level 
io  detecting  circuit  15  is  provided  to  discriminate 

whether  a  tracking  error  signal  ET  output  from  the 
AT  servo  circuit  4  is  above  a  predetermined  level, 
and  when  the  signal  Et  exceeds  the  predetermined 
value,  a  signal  Eh  is  output  to  the  system  controller 

!5  1,  and  the  present  embodiment  is  similar  to  the 
embodiment  of  Figure  4  in  the  other  points. 

In  the  present  embodiment,  by  such  construc- 
tion,  even  when  a  relative  variation  occurs  between 
the  recording  carrier  and  the  optical  head  body  due 

io  to  disturbance  such  as  vibration  from  the  outside 
and  the  AT  abnormality  detecting  circuit  1  1  detects 
AT  abnormality,  if  the  output  of  the  tracking  error 
signal  is  within  a  predetermined  error  range,  that  is, 
if  the  light  spot  is  within  a  degree  in  which  it  can 

35  follow  the  information  tracks,  the  AT  abnormality 
detection  output  is  regarded  as  invalid  and  the 
operation  of  the  system  is  continued. 

Figure  14A  is  a  circuit  diagram  showing  the 
construction  of  the  AT  error  level  detecting  circuit 

40  15,  and  Figures  14B  and  14C  are  wave  form  dia- 
grams  for  illustrating  the  operation  thereof. 

In  Figure  14A,  a  tracking  error  signal  Et  (Figure 
14B)  is  input  to  comparators  15a  and  15b.  The 
output  Ef*  of  the  comparator  15b  assumes  a  high 

45  level  when  the  signal  Et  is  greater  than  a  compara- 
tive  voltage  V3,  and  the  output  Ef~  of  the  compara- 
tor  15c  assumes  a  high  level  when  the  signal  Et  is 
smaller  than  a  comparative  voltage  Vn.  If  one  of  the 
signals  Ef*  and  Ef~  is  at  a  high  level,  an  OR  circuit 

50  15d  judges  that  the  amount  of  tracking  error  ex- 
ceeds  a  predetermined  value  and  outputs  an  AT 
error  detection  signal  Eh  (Figure  14C)  to  the  sys- 
tem  controller  1  . 

The  system  controller  1  judges  AT  abnormality 
55  only  when  both  of  the  tracking  abnormality  detec- 

tion  signal  Sh  from  the  AT  abnormality  detecting 
circuit  1  1  and  the  AT  error  detection  signal  Eh  from 
the  AT  error  level  detecting  circuit  15  assume  a 
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iigh  level,  and  immediately  effects  control  such  as 
discontinuing  the  operations  of  various  parts. 

Now,  in  an  apparatus  which  effects  recording 
and  reproduction,  the  required  sensitivity  of  AT 
abnormality  detection  differs  depending  on  each 
node.  For  example,  during  recording,  the  risk  of 
nformation  disappearance  by  AT  deviation  is  high 
3nd  therefore,  it  is  necessary  to  detect  AT  de- 
lation  with  a  higher  sensitivity  than  during  re- 
Droduction.  Also,  in  the  operation  (verification)  of 
@eproducing  information  immediately  after  record- 
ng  and  comparing  it  with  the  recording  information 
to  thereby  confirm  whether  right  recording  has 
been  effected,  a  high  AT  deviation  detecting  ability 
is  required.  Description  will  hereinafter  be  made  of 
an  embodiment  in  which  to  meet  such  require- 
ments,  the  AT  abnormality  detecting  sensitivity  is 
changed  over  in  conformity  with  each  operation 
mode. 

Figure  15  is  a  block  diagram  showing  a  modi- 
fication  of  the  AT  servo  circuit  and  AT  abnormality 
detecting  circuit  shown  in  Figure  11.  In  Figure  15, 
members  similar  to  those  in  Figure  12  are  given 
similar  reference  characters  and  need  not  be  de- 
scribed  in  detail.  Figures  16A  -  16C  are  wave  form 
diagrams  for  illustrating  the  operation  of  the  circuit 
shown  in  Figure  15. 

The  circuit  shown  in  Figure  15  uses  a  level 
variable  comparator  16  instead  of  the  comparator 
29  in  the  embodiment  of  Figure  12.  This  compara- 
tor  16  is  designed  such  that  the  level  of  the  refer- 
ence  value  to  be  compared  with  the  output  of  the 
addition  amplifier  28  is  changed  over  by  change- 
over  signals  CSW  and  CSV.  The  change-over  signal 
CSW  is  a  signal  output  from  the  system  controller 
to  change  over  the  sensitivity  during  recording  and 
during  reproduction,  and  the  change-over  signal 
CSV  is  a  signal  output  from  the  system  controller  to 
change  over  the  sensitivity  during  the  verification 
after  recording. 

By  such  a  construction,  the  AT  abnormality 
detecting  sensitivity  (Figure  16C)  of  the  detecting 
circuit  10  is  changed  over  in  conformity  with  the 
change-over  signal  CSv  (Figure  16A)  and  the 
change-over  signal  CSW  (Figure  16B).  When  at 
each  sensitivity,  a  signal  exceeding  a  predeter- 
mined  level  is  input,  such  signal  is  output  as  an  AT 
abnormality  detection  signal  Sh  to  the  system  con- 
troller.  When  the  sensitivity  during  reproduction  is 
La  and  the  sensitivity  during  recording  is  LB  and 
the  sensitivity  during  verification  is  Lc,  the  sensitivi- 
ties  are  set  so  that  LA  <  LB  <  Lc  (Figure  16C). 

As  described  above,  according  to  the  present 
embodiment,  the  sensitivities  during  recording  and 
during  verification  are  set  to  higher  than  the  sen- 
sitivity  during  reproduction,  whereby  a  track  from 
which  AT  control  may  deviate  during  reproduction 
or  a  track  which  cannot  be  normally  reproduced 

during  reproduction  because  during  recording,  re- 
cording  has  been  effected  in  a  measuring  manner 
due  to  extraneous  shock  or  the  like  although  AT 
control  has  not  deviated  is  found  out  in  advance 

5  during  recording  and  during  verification  and  regular 
recording  is  not  effected  on  such  track,  but  re- 
recording  is  effected  on  the  next  track  to  thereby 
secure  reliability  so  as  to  enable  the  recorded  data 
to  be  reproduced  without  fail. 

w  Figure  17  is  a  block  diagram  showing  another 
embodiment  of  the  AT  abnormality  detecting  circuit 
in  which  the  sensitivity  can  be  changed  over. 

This  embodiment  is  similar  in  construction  to 
the  embodiment  of  Figure  1  5  except  a  detector  20 

is  for  detecting  the  velocity  of  movement  of  the  ob- 
jective  lens  6d  in  the  AT  direction  and  an  AT 
abnormality  detecting  circuit  30  to  which  the  signal 
from  said  detector  20  is  input. 

The  AT  abnormality  detecting  circuit  30  com- 
20  prises,  in  addition  to  an  addition  amplifier  circuit  28 

and  a  comparator  21  for  comparing  the  output  of 
the  circuit  28  with  a  reference  value,  a  comparator 
31  ,  judgment  signal  generators  32  and  33,  change- 
over  switches  34  and  35  and  an  AND  circuit  36. 

25  The  output  of  the  detector  20  is  input  to  one 
terminal  of  the  comparator  31,  and  judgment  sig- 
nals  Sw  and  Sr  are  input  from  the  judgment  signal 
generators  32  and  33  to  the  other  terminal  of  the 
comparator  31  through  the  change-over  switch  34. 

30  The  change-over  switch  34  is  changed-over  by  a 
change-over  signal  CSW.  and  inputs  the  signal  Sw 
to  the  comparator  31  during  recording,  and  inputs 
the  signal  SR  to  the  comparator  31  during  re- 
production. 

35  The  output  of  the  comparator  31,  with  the  out- 
put  of  the  comparator  21,  is  input  to  the  AND 
circuit  36,  the  output  of  which  is  input  to  the 
change-over  switch  35.  The  output  of  the  compara- 
tor  21  is  directly  input  to  the  other  input  of  the 

40  change-over  switch  35.  The  change-over  switch  35 
is  changed  over  by  a  change-over  signal  CSV,  and 
outputs  the  output  of  the  comparator  21  as  the  AT 
abnormality  detection  signal  Sh  to  the  system  con- 
trol  during  verification,  and  outputs  the  output  of 

45  the  AND  circuit  36  as  the  AT  abnormality  detection 
signal  Sh  to  the  system  controller  during  recording 
and  during  reproduction. 

With  such  a  construction,  during  recording,  the 
change-over  signal  CSw  becomes  "1"  and  there- 

50  fore,  the  change-over  switch  34  is  in  its  shown 
state,  and  the  judgment  signal  Sw  is  input  to  the 
comparator  31,  which  thus  discriminates  whether  a 
signal  Sm  is  greater  than  the  signal  Sw  If  the 
signal  Sm  is  greater  than  the  signal  Sw-  the  com- 

55  parator  31  outputs  a  comparison  signal  Sn,  and 
opens  the  AND  circuit  36  to  pass  the  output  signal 
of  the  comparator  21  therethrough.  At  this  time,  the 
change-over  switch  35  is  changed  over  to  the  di- 

6 
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ection  opposite  to  the  shown  direction  because  tne 
:hange-over  signal  CSV  becomes  "0",  and  the  out- 
iut  of  the  AND  circuit  36  is  output  as  the  AT 
ibnormality  detection  signal  Sh. 

During  reproduction,  the  change-over  signals 
;SW  and  CSV  both  become  "0"  and  therefore,  the 
:hange-over  switch  34  is  changed  over  to  the  di- 
ection  opposite  to  the  shown  direction,  and  the 
iignal  Sm  and  the  signal  SR  are  compared  by  the 
:omparator  31  .  if  the  signal  Sm  is  greater  than  the 
iignal  SR)  the  comparison  signal  Sn  is  output,  and 
i  the  same  manner  as  during  recording,  the  output 
iignal  of  the  comparator  21  is  output  as  the  AT 
ibnormality  detection  signal  Sh  through  the  AND 
:ircuit  36  and  the  change-over  switch  35. 

During  verification,  the  change-over  signal  CSV 
jecomes  "1"  and  therefore,  the  change-over 
iwitch  35  assumes  its  shown  state,  and  the  output 
signal  of  the  comparator  21  is  directly  output  as  the 
\T  abnormality  detection  signal  Sh. 

Thus,  according  to  the  present  embodiment, 
juring  recording  or  during  reproduction,  even  if  the 
comparator  21  outputs  a  detection  signal,  but  if  the 
velocity  of  movement  of  the  objective  lens  is  below 
i  predetermined  value,  AT  abnormality  is  not  de- 
ected,  and  on  the  other  hand,  during  verification, 
he  output  of  the  comparator  21  is  directly  output 
as  the  AT  abnormality  detection  signal  Sh,  whereby 
;he  sensitivity  of  AT  abnormality  detection  is 
changed  over  so  as  to  be  higher  during  verification 
:han  during  recording  and  during  reproduction. 

Also,  if  the  levels  of  the  judgment  signals  Sw 
and  SR  are  set  so  that  Sw  <  SR,  the  sensitivity 
juring  recording  becomes  higher  than  the  sensitiv- 
ty  during  reproduction.  Accordingly,  any  track 
which  may  not  be  normally  reproduced  during  re-  . 
Deduction  can  be  eliminated  in  advance  during 
-ecording  and  during  verification  when  the  sensitiv- 
ity  is  high. 

Figure  18  is  a  block  diagram  showing  still 
another  embodiment  of  the  AT  abnormality  detect- 
ing  circuit  in  which  the  sensitivity  can  be  changed 
over. 

The  present  embodiment  is  similar  in  construc- 
tion  to  the  embodiment  of  Figure  17  with  the  ex- 
ception  that  a  detector  20  for  detecting  the  velocity 
of  movement  of  the  objective  lens  6d  in  the  AT 
direction  is  provided  and  the  AT  abnormality  de- 
tecting  circuit  40  is  designed  to  detect  AT  deviation 
by  only  the  judgment  of  the  velocity  of  movement 
of  the  objective  lens. 

The  AT  abnormality  detecting  circuit  40  is 
comprised  of  a  comparator  41,  judgment  signal 
generators  42  and  43,  a  change-over  switch  44,  an 
AND  circuit  45  and  an  OR  circuit  46. 

The  output  of  the  detector  20  is  input  to  one 
terminal  of  the  comparator  41,  and  judgment  sig- 
nals  Sv  and  Sw  are  input  from  the  judgment  signal 

generators  °ic  ana  to  io  ine  uuier  temmiai  ui  mo 
comparator  41  through  the  change-over  switch  44. 
The  change-over  switch  44  is  changed  over  by  the 
change-over  signal  CSV,  and  inputs  a  signal  Sv  to 

5  the  comparator  41  during  verification,  and  inputs  a 
signal  Sw  to  the  comparator  41  during  the  other 
times. 

The  output  of  the  comparator  41  is  supplied  to 
the  AND  circuit  45,  is  gated  by  the  output  signal  of 

o  the  OR  circuit  36  which  takes  the  logic  sum  of  the 
change-over  signals  CSW  and  CSV,  and  is  output  to 
the  system  controller. 

According  to  such  a  construction,  during  re- 
cording,  the  change-over  signal  CSW  becomes  "1" 

5  and  the  change-over  signal  CSV  becomes  "0"  and 
therefore,  the  change-over  switch  44  assumes  a 
state  converse  to  the  state  shown,  and  the  judg- 
ment  signal  Sw  is  input  to  the  comparator  41,  by 
which  the  signal  Sm  is  compared  with  the  signal 

io  Sw.  If  the  signal  Sm  is  greater  than  the  signal  Sw>  a 
comparison  signal  Sn  is  output  to  the  AND  circuit 
45.  Since  the  output  of  the  OR  circuit  46  is  "1  ",  the 
comparison  signal  Sn  is  output  as  an  AT  abnormal- 
ity  detection  signal  Sh. 

?5  During  verification,  the  signal  CSV  becomes  "1  " 
and  the  signal  CSW  becomes  "0"  and  therefore,  the 
change-over  switch  44  assumes  its  shown  state 
and  the  judgment  signal  Sv  is  input  to  the  com- 
parator  41  and  compared  with  the  signal  Sm,  and 

?o  in  the  same  manner  as  during  recording,  the  com- 
parison  signal  Sn  is  output  as  an  AT  abnormality 
detection  signal  Sh. 

During  reproduction,  the  change-over  signals 
CSW  and  CSV  both  become  "0"  and  the  AND 

35  circuit  45  is  closed  and  therefore,  the-output  of  the 
comparator  41  is  neglected. 

Thus,  according  to  the  present  embodiment,  by 
setting  the  levels  of  the  judgment  signals  Sv  and 
Sw  so  that  Sv  <  Sw-  the  sensitivity  becomes  higher 

40  during  recording  than  during  reproduction  and 
higher  during  verification  than  during  recording, 
and  any  track  which  may  not  be  normally  repro- 
duced  during  reproduction  can  be  eliminated  in 
advance  during  verification. 

45  In  the  foregoing  description,  the  change-over 
signals  for  recording,  verification  and  reproduction 
have  been  described  as  being  supplied  to  the  AT 
control  system  by  two  signal  lines,  but  alternatively, 
the  change-over  signals  may  be  serially  supplied 

so  by  one  signal  line.  Also,  change-over  of  the  AT 
sensitivity  is  effected  in  the  AT  control  system,  but 
alternatively,  the  AT  sensitivity  may  be  made  con- 
stant  and  the  velocity  information  of  the  objective 
lens  may  be  supplied  to  the  system  controller  so 

55  that  whether  AT  abnormality  is  received  on  the 
system  controller  side  may  be  judged  with  a  result 
that  change-over  of  the  sensitivity  is  effected. 

On  the  other  hand,  in  the  information 
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@ecording-reproducing  apparatus  as  described  pre- 
viously,  the  operation  of  moving  the  optical  head  in 
the  tracking  direction  is  also  effected  with  AT  ser- 
vo.  While  the  optical  head  is  thus  being  moved, 
vibration  is  exerted  on  the  optical  head  and  the 
objective  lens  sways  greatly  and  therefore,  AT  ab- 
normality  is  sometimes  erroneously  detected.  De- 
scription  will  hereinafter  be  made  of  an  embodi- 
ment  which  is  designed  so  as  to  reduce  the  sen- 
sitivity  of  AT  abnormality  detection  during  the 
movement  of  the  optical  head  in  order  to  solve  this 
problem. 

Figure  19  is  a  block  diagram  showing  a  modi- 
fication  of  the  AT  servo  circuit  and  AT  abnormality 
detecting  circuit  shown  in  Figure  11.  in  Figure  19, 
members  similar  to  those  in  Figure  15  are  given 
similar  reference  characters  and  need  not  be  de- 
scribed  in  detail.  Figures  20A  -  20D  are  wave  form 
diagrams  illustrating  the  operation  of  the  circuit 
shown  in  Figure  19. 

The  circuit  shown  in  Figure  19  is  such  that  in 
the  embodiment  of  Figure  15,  the  change-over 
signal  input  to  the  level  variable  comparator  16  is 
replaced  by  a  signal  Sk  from  a  sensitivity  change- 
over  circuit  51.  The  sensitivity  change-over  circuit 
outputs  this  change-over  signal  Sk  on  the  basis  of 
an  input  signal  Si.  The  signal  Si  (Figure  20B)  is 
formed  on  the  basis  of  a  signal  Sg  (Figure  20A) 
output  from  the  head  move  controller  27  to  the 
system  controller  1  .  This  input  signal  Si  is  a  signal 
output  as  an  actual  optical  head  driving  signal  from 
the  system  controller  1  to  the  optical  head  driving 
system,  and  has  some  delay  time  ti  relative  to  the 
signal  Sg  and  a  delay  time  t.2  necessary  for  the 
optical  head  driving  system. 

The  sensitivity  change-over  circuit  51  is  com- 
prised  of  a  one-shot  circuit  52  and  an  OR  circuit 
53.  The  signal  Si  is  input  to  the  input  of  the  one- 
shot  circuit  52,  from  which  is  output  a  one-shot 
signal  Sj  (Figure  20C)  triggered  by  the  rising  of  the 
signal  Si  and  assuming  an  "H"  level  only  for  a 
predetermined  time  Ti  . 

The  OR  circuit  53  takes  the  logic  sum  of  the 
signal  S  and  the  signal  Sj  and  outputs  a  sensitivity 
change-over  signal  Sk  (Figure  20D).  The  compara- 
tor  16  is  controlled  so  that  the  detection  sensitivity 
is  reduced  as  long  as  the  sensitivity  change-over 
signal  Sk  is  at  an  "H"  level. 

As  described  above,  according  to  the  present 
embodiment,  the  AT  abnormality  detection  sensitiv- 
ity  is  reduced  as  long  as  the  optical  head  driving 
signal  is  output  and  for  a  predetermined  time  after 
the  termination  of  the  signal,  whereby  the  erro- 
neous  detection  of  AT  abnormality  by  the  increase 
in  vibration  during  the  movement  of  the  optical 
head  (the  outputting  of  an  abnormality  signal  in 
spite  of  there  being  no  abnormality)  can  be  elimi- 
nated,  and  even  if  there  occurs  a  deviation  be- 

tween  the  optical  head  driving  signal  and  the  actual 
driving  system  (a  mechanical  delay  or  the  like),  the 
detection  sensitivity  is  reduced  in  a  predetermined 
time  after  the  termination,  whereby  erroneous  de- 

5  tection  of  AT  abnormality  can  be  prevented  and  AT 
abnormality  detection  can  be  accomplished  without 
malfunctioning  and  moreover  highly  accurately. 

Figure  21  is  a  block  diagram  showing  another 
embodiment  of  the  AT  abnormality  detecting  circuit 

w  in  which  the  head  movement  is  coped  with,  and 
Figures  22A-  22E  are  wave  form  diagrams  for 
illustrating  the  operation  thereof. 

This  embodiment  is  similar  in  construction  to 
the  embodiment  of  Figure  19  with  the  exception  of 

15  the  construction  of  a  sensitivity  change-over  circuit 
51. 

The  sensitivity  change-over  circuit  51  in  the 
present  embodiment  is  comprised  of  a  series  cir- 
cuit  of  one-shot  circuits  54  and  55,  and  an  AND 

20  circuit  56  for  taking  the  AND  condition  of  the  out- 
puts  of  the  one-shot  circuits  54  and  55. 

The  one-shot  circuit  54  outputs  a  signal  St  - 
(Figure  22C)  triggered  by  the  rising  of  an  input 
signal  Si  (Figure  22B)  and  assuming  an  "L"  level 

25  for  a  predetermined  time  T2,  and  the  one-shot 
circuit  55  outputs  a  signal  Sj  (Figure  22D)  triggered 
by  the  rising  of  the  signal  Si  and  assuming  an  "H" 
level  for  a  predetermined  time  T3.  The  signals  Si  
and  Sj  thus  obtained  have  their  logic  product  taken 

30  by  the  AND  circuit  56  and  are  input  as  a  change- 
over  signal  Sk  (Figure  22E)  to  the  level  variable 
comparator  16. 

According  to  such  a  construction,  the  AT  ab- 
normality  detection  sensitivity  is  reduced  for  the 

35  time  T3  from  after  the  time  T2  from  after  the  optical 
head  driving  signal  begins  to  be  output  until  the 
actual  driving  system  starts  to  operate,  until  the 
driving  system  terminates  its  operation,  whereby 
AT  abnromality  detection  can  be  accomplished 

40  highly  accurately. 
Figure  23  is  a  block  diagram  showing  still 

another  embodiment  of  the  AT  abnormality  detect- 
ing  circuit  in  which  the  head  movement  is  coped 
with,  and  Figure  24  is  a  wave  form  diagram  for 

45  illustrating  the  operation  thereof. 
In  the  present  embodiment,  the  velocity  of  the 

objective  lens  relative  to  the  optical  head  is  de- 
tected  by  a  relative  velocity  detector  58,  and  the 
output  f  thereof  is  compared  with  a  reference  value 

50  by  a  comparator  60  in  the  AT  abnormality  detect- 
ing  circuit  50.  When  the  objective  lens  is  being 
moved  at  a  velocity  above  a  predetermined  value, 
the  comparator  60  outputs  an  AT  abnormality  sig- 
nal  H  to  the  system  controller. 

55  A  head  move  detector  57  comprising  a  poten- 
tiometer  or  the  like  detects  whether  the  head  is 
being  moved,  and  outputs  a  head  move  detection 
signal  e  to  a  level  setter  59.  The  level  setter  59 

8 
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;ets  a  reference  value  on  the  basis  of  the  head 
nove  detection  signal  e  and  outputs  it  to  a  com- 
>arator  60.  The  comparator  60  compares  this  refer- 
snce  value  with  a  detection  signal  f  from  the  rela- 
ive  velocity  detector  58  and  outputs  the  aforemen- 
ioned  AT  abnormality  signal  H. 

Description  will  now  be  made  of  the  operation 
if  the  present  embodiment  having  such  a  construc- 
ion. 

Figure  24  is  a  signal  wave  form  diagram  for 
llustrating  the  operation  of  the  present  embodi- 
nent. 

As  described  above,  minute  tracking  control  is 
accomplished  by  driving  the  AT  actuator  on  the 
jasis  of  the  tracking  error  signal,  and  the  deviation 
rf  the  objective  lens  from  the  neutral  position  of  the 
\T  actuator  attributable  to  track  jump  or  skew  or 
he  like  of  tracks  appears  as  a  variation  in  a  signal 
a  obtained  through  the  low-pass  filter  26,  as  shown 
n  Figure  24. 

Detection  levels  1  and  2  are  set  in  advance  in 
he  head  move  comparator  27,  and  comparison 
hereof  with  the  signal  a  indicative  of  the  deviation 
Df  the  objective  lens  from  the  neutral  position  is 
affected.  When  the  signal  a  exceeds  the  detection 
evel  1  ,  a  signal  b  is  output,  and  when  the  signal  a 
sxceeds  the  detection  level  2,  a  signal  c  is  output. 

Accordingly,  depending  on  which  of  the  signal 
d  or  c  is  input,  the  head  move  controller  28  can 
discriminate  in  which  direction  the  objective  lens 
deviates  from  the  neutral  position  of  the  AT  ac- 
:uator.  A  head  move  requiring  pulse  d  is  then 
Dutput  to  the  system  controller  to  thereby  rotate  a 
lead  feed  motor,  whereby  the  head  is  moved  so 
that  the  objective  lens  may  be  returned  to  the 
neutral  position. 

When  the  head  is  thus  moved,  the  amount  of 
displacement  of  the  light  beam  spot  in  the  direction 
transverse  to  the  tracks  is  detected,  and  a  detec- 
tion  signal  e  is  output  from  the  head  move  detector 
57. 

When  the  head  move  detection  signal  e  is 
input,  the  level  setter  59  causes  the  reference 
value  of  the  comparator  60  to  rise  above  the  usual 
level  and  reduces  the  AT  abnormality  detection 
sensitivity.  Thus,  even  if  the  relative  velocity  be- 
tween  the  objective  lens  and  the  head  resulting 
from  the  movement  of  the  head  is  detected  by  the 
relative  velocity  detector  58  and  a  signal  f  is  out- 
put,  the  AT  abnormality  signal  H  is  not  output 
because  the  reference  value  has  risen. 

Conversely,  when  the  usual  AT  operation  is 
performed  with  the  head  being  stationary  or  nearly 
stationary  and  the  head  move  detection  signal  e  is 
not  output,  the  level  setter  59  sets  the  reference 
value  to  the  usual  level  and  outputs  it  to  the  com- 
parator  60.  The  usual  level  thus  set  is  a  level  at 
which  the  velocity  of  movement  of  the  head  during 

the  usual  ai  operation  wnicn  is  ine  neariy  siauon- 
ary  state  of  the  head  can  be  neglected. 

Thereby  the  tolerance  of  the  signal  f  from  the 
relative  velocity  detector  58  becomes  narrow  and 

5  the  AT  abnormality  detection  sensitivity  rises. 
That  is,  if  the  relative  velocity  of  the  head  and 

the  objective  lens  is  a  predetermined  relative  ve- 
locity  within  the  AT  accuracy  range  by  the  AT 
actuator  6j,  it  is  not  judged  as  AT  abnormality,  but 

o  when  the  tracking  deviates  or  is  about  to  deviate 
due  to  the  extraneous  shock  or  the  defect  or  the 
like  of  the  information  recording  carrier,  the  AT 
abnormality  signal  H  is  output  from  the  comparator 
60  on  the  spot. 

5  Thus,  by  providing  the  level  setter  59  for 
changing  over  the  AT  abnormality  detection  sen- 
sitivity  to  a  low  level  in  order  to  detect  whether  the 
head  is  being  moved  and  to  prevent  malfunctioning 
if  the  head  is  being  moved,  and  changing  over  the 

>o  AT  abnormality  detection  sensitivity  to  a  high  level 
if  the  head  is  not  being  moved,  it  becomes  possi- 
ble  to  accomplish  highly  stable  and  highly  accurate 
AT  abnormality  detection. 

Figure  25  schematically  shows  the  construction 
>5  of  an  optical  card  recording-reproducing  apparatus 

to  which  the  circuit  shown  in  Figure  23  is  applied. 
In  Figure  25,  an  optical  card  101  is  mounted 

for  movement  in  the  direction  of  arrow  by  a  motor 
106.  An  optical  head  121  is  movable  in  a  direction 

?o  perpendicular  to  the  track  scanning  direction  by  a 
head  feed  motor  1  22. 

An  objective  lens  110  movable  relative  to  the 
optical  head  121  is  provided  in  the  optical  head 
1  21  ,  and  the  objective  lens  1  1  0  is  driven  by  an  AT 

36  actuator  111  and  an  AF  actuator  1  1  2.  The  velocity 
of  the  movement  of  the  objective  lens  110  relative 
to  the  optical  head  121  is  detected  by  the  relative 
velocity  detector  58  and  is  output  as  a  signal  f  to 
the  AT  servo  circuit  61  of  the  construction  as 

to  shown  in  Figure  23. 
Also,  the  movement  of  the  optical  head  121  is 

detected  by  the  head  move  detector  57  and  is 
output  as  a  detection  signal  e  to  the  AT  servo 
circuit  61  . 

45  A  light  source  107  such  as  a  semiconductor 
laser  is  provided  in  the  optical  head  121,  and  the 
light  from  the  light  source  107  is  reflected  by  a 
beam  splitter  109  through  a  collimator  lens  108,  is 
condensed  by  the  objective  lens  110  and  irradiates 

so  the  optical  card  101  in  the  form  of  a  spot.  The 
reflected  light  from  the  optical  card  passes  through 
the  objective  lens  110  and  the  beam  splitter  109 
and  is  caused  by  condensing  lenses  113  and  114 
to  enter  a  sensor  115  for  AT  and  a  sensor  116  for 

55  AF. 
The  sensor  115  for  AT  corresponds  to  the 

sensors  14a  and  14b  in  Figure  23.  The  output  of 
the  sensor  115  for  AT  is  input  to  the  AT  servo 

a 
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Dircuit  61  ,  which  in  turn  drives  the  AT  actuator  1  1  1 
to  effect  tracking  control.  Further,  the  AT  servo 
circuit  61  outputs  the  aforementioned  head  move 
requiring  pulsed,  AT  abnormality  signal  H,  etc.  to  a 
system  controller  1  1  9. 

That  is,  the  AT  servo  circuit  61  includes  the 
phase  compensator  23,  the  driver  24,  the  low-pass 
filter  26,  the  head  move  comparator  27,  the  head 
move  controller  28  and  the  AT  abnormality  detect- 
ing  circuit  5  shown  in  Figure  23. 

The  output  of  the  sensor  116  for  AF  is  input  to 
an  AF  servo  circuit  118,  which  in  turn  drives  the  AF 
actuator  112  to  effect  focusing  control. 

The  system  controller  119  effects,  in  addition 
to  the  driving  control  of  the  optical  card  feed  motor 
106  and  the  head  feed  motor  122,  the  control  of 
the  entire  system  including  the  AT  servo  circuit  61 
and  the  AF  servo  circuit  1  1  8. 

The  tracking  operation  of  this  recording-repro- 
ducing  apparatus  is  as  described  above.  That  is, 
when  the  objective  lens  110  deviates  from  the 
neutral  position  of  the  AT  actuator  111  by  a  pre- 
determined  distance  or  greater,  the  AT  servo  circuit 
61  detects  the  direction  of  deviation  by  the  head 
move  comparator  7,  outputs  the  head  move  requir- 
ing  pulse  d  to  the  system  controller  119  and  drives 
the  head  feed  motor  1  22. 

Further,  when  the  optical  head  121  is  being 
moved,  the  AT  servo  circuit  61  reduces  the  AT 
abnormality  detection  sensitivity  by  the  detection 
signal  e  input  from  the  head  move  detector  57, 
thereby  preventing  wrong  detection.  Conversely, 
when  the  optical  head  121  is  stationary  or  nearly 
stationary,  the  AT  servo  circuit  61  elevates  the  AT 
abnormality  detection  sensitivity  to  the  usual  level, 
thereby  effecting  highly  accurate  AT  abnormality 
detection. 

In  the  present  embodiment,  the  output  signal  e 
of  the  head  move  detector  57  is  input  to  the  AT 
abnormality  detecting  circuit  50  of  the  AT  servo 
circuit  61,  but  alternatively,  it  may  be  input  to  the 
system  controller  1  19  to  thereby  effect  a  similar  AT 
abnormality  detecting  operation. 

Also,  in  the  present  embodiment,  the  head 
move  detector  57  is  used  for  the  head  move  detec- 
tion,  but  alternatively,  the  head  move  requiring 
pulse  d  may  be  used  to  form  a  signal  approximate 
to  the  detection  signal  e  by  a  delay  circuit  or  the 
like.  In  such  case,  the  head  move  detector  57  will 
become  unnecessary. 

Figure  26  is  a  schematic  diagram  showing  a 
modification  of  the  optical  card  recording-reproduc- 
ing  apparatus  shown  in  Figure  25,  and  Figure  27  is 
a  signal  wave  form  diagram  for  illustrating  the 
tracking  operation  thereof. 

In  the  present  embodiment,  as  shown  in  Figure 
26,  there  is  provided  a  detector  64  for  outputting 
the  relative  velocity  signal  f  of  the  objective  lens 

110  and  the  optical  head  121  and  outputting  a 
signal  g  when  the  amount  of  displacement  of  the 
objective  lens  110  from  the  neutral  position  ex- 
ceeds  a  predetermined  value. 

5  The  relative  velocity  signal  f  and  the  head 
move  detection  signal  e  are  input  to  the  AT  servo 
circuit  61  as  in  the  embodiment  of  Figure  25,  and 
the  head  move  requiring  pulse  d  and  the  AT  ab- 
normality  signal  H  are  output  to  the  system  control- 

10  ler  119  by  the  circuit  shown  in  Figure  23. 
The  signal  g  is  input  to  the  system  controller 

119,  and  only  when  the  signal  g  is  input  to  the 
system  controller  119,  the  system  controller  119 
outputs  a  driving  pulse  in  accordance  with  the  head 

75  move  requiring  pulse  d  and  drives  the  head  feed 
motor  122.  That  is,  the  optical  head  121  is  moved 
only  when  the  objective  lens  110  is  at  a  position 
spaced  apart  from  the  neutral  position  by  a  pre- 
determined  distance  or  greater. 

20  With  such  a  construction,  even  if  the  AT  ab- 
normality  detection  sensitivity  is  reduced  during  the 
movement  of  the  head,  the  objective  lens  110  is 
returned  to  the  neutral  position  at  a  great  accelera- 
tion  because  the  objective  lens  110  is  at  a  position 

25  spaced  apart  from  the  neutral  position  when  AT 
abnormality  occurs,  and  thus  proper  AT  abnormal- 
ity  detection  can  be  accomplished. 

The  present  invention  permits  various  applica- 
tions  besides  the  above-described  embodiments. 

30  The  present  invention  is  also  applicable  to  an  ap- 
paratus  using  a  disc-like  or  tepe-like  medium  in- 
stead  of  the  above-described  optical  card.  Also, 
where  the  medium  is  of  the  transmission  type,  the 
light  transmitted  through  such  medium  may  be 

35  received  by  a  photodetector  to  thereby  detect  a 
tracking  error  signal. 

The  present  invention  covers  all  such  applica- 
tions  without  departing  from  the  scope  thereof  as 
defined  in  the  appended  claims. 

40 

Claims 

1  .  An  apparatus  for  applying  a  light  beam  to  an 
45  optical  recording  medium  having  tracks  provided 

thereon  and  effecting  at  least  one  of  recording  and 
reproduction  of  information,  comprising: 
a  light  source  emitting  said  light  beam; 
an  optical  system  for  directing  the  light  beam  emit- 

so  ted  from  said  light  source  to  said  medium: 
means  for  receiving  the  light  flux  reflected  by  or 
transmitted  through  said  medium  to  detect  a  track- 
ing  error  signal  indicative  of  the  deviation  between 
the  applied  position  of  the  light  beam  on  the  me- 

ss  dium  and  the  track; 
tracking  servo  means  for  moving  at  least  a  portion 
of  said  optical  system  on  the  basis  of  said  tracking 
error  signal  to  correct  the  applied  position  of  the 

10 
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ght  beam  on  the  medium;  and 
neans  for  detecting  any  abnormality  of  tracking 
ervo  from  the  velocity  of  the  moved  portion  of 
;aid  optical  system. 

2.  An  apparatus  according  to  Claim  1  ,  wherein 
iaid  abnormality  detecting  means  outputs  a  detec- 
ion  signal  when  the  velocity  of  the  moved  portion 
if  said  optical  system  exceeds  a  predetermined 
-alue. 

3.  An  apparatus  according  to  Claim  2,  wherein 
:aid  abnormality  detecting  means  comprises  a  dis- 
jiacement  detector  for  detecting  the  displacement 
>f  the  moved  portion  of  said  optical  system,  a 
'elocity  detecting  circuit  for  detecting  the  velocity 
>f  said  moved  portion  from  the  output  of  said 
iisplacement  detector,  and  a  comparator  for  com- 
paring  the  output  of  said  velocity  detecting  circuit 
vith  a  predetermined  level. 

4.  An  apparatus  according  to  Claim  1  ,  wherein 
iaid  abnormality  detecting  means  comprises  a  dis- 
placement  detector  for  detecting  the  displacement 
pf  the  moved  portion  of  said  optical  system,  a  high- 
pass  filter  for  extracting  frequency  components  of  a 
predetermined  frequency  or  greater  from  the  out- 
put  of  said  displacement  detector,  and  comparing 
neans  outputting  a  detection  signal  when  the  out- 
put  of  said  high-pass  filter  deviates  from  a  pre- 
determined  range. 

5.  An  apparatus  according  to  Claim  4,  wherein 
said  comparing  means  comprises  two  comparator 
:or  comparing  the  output  of  said  high-pass  filter 
with  the  upper  limit  value  and  the  lower  limit  value, 
•espectively,  and  an  OR  circuit  outputting  the  logic 
sum  signal  of  said  comparators. 

6.  An  apparatus  according  to  Claim  1,  wherein 
said  abnormality  detecting  means  comprises  a  dis- 
olacement  detector  for  detecting  the  displacement 
of  the  moved  portion  of  said  optical  system,  a 
differentiating  circuit  for  differentiating  the  output  of 
said  displacement  detector,  and  comparing  means 
outputting  a  detection  signal  when  the  output  of 
said  differentiating  circuit  deviates  from  a  predeter- 
mined  range. 

7.  An  apparatus  according  to  Claim  6,  wherein 
said  comparing  means  comprises  two  comparators 
for  comparing  the  output  of  said  high-pass  filter 
with  the  upper  limit  value  and  the  lower  limit  value, 
respectively,  and  an  OR  circuit  outputting  the  logic 
sum  signal  of  said  comparators. 

8.  An  apparatus  according  to  Claim  1,  further 
comprising  level  detecting  means  for  detecting  that 
the  level  of  said  tracking  error  signal  deviates  from 
a  predetermined  range,  and  means  for  judging  that 
abnormality  has  occurred  to  tracking  servo  only 
when  said  level  deviates  from  said  predetermined 
range  and  said  abnormality  detecting  means  de- 
tects  abnormality. 

a.  An  apparatus  accoraing  io  oiaim  o,  wnercin 
said  level  detecting  means  comprises  two  com- 
parators  for  comparing  the  output  of  said  tracking 
error  signal  detecting  means  with  the  upper  limit 

5  value  and  the  lower  limit  value,  respectively,  and 
an  OR  circuit  outputting  the  logic  sum  signal  of 
said  comparators. 

10.  An  information  recording  and/or  reproduc- 
ing  apparatus  comprising: 

o  means  for  applying  a  light  beam  to  an  optical 
recording  medium  having  tracks  provided  thereon 
and  effecting  at  least  one  of  recording  and  re- 
production  of  information; 
means  for  receiving  the  light  flux  reflected  by  or 

5  transmitted  through  said  medium  and  detecting  a 
tracking  error  signal  indicative  of  the  deviation  be- 
tween  the  applied  position  of  the  light  beam  and  a 
track; 
tracking  servo  means  for  correcting  the  applied 

io  position  of  said  light  beam  on  the  basis  of  said 
tracking  error  signal;  and 
abnormality  detecting  means  outputting  a  tracking 
servo  abnormality  detection  signal  when  the  quan- 
tity  of  light  received  by  said  tracking  error  signal 

»5  detecting  means  exceeds  a  predetermined  value. 
11.  An  information  recording  and/or  reproduc- 

ing  apparatus  according  to  Claim  10,  wherein  said 
tracking  error  signal  detecting  means  comprises  a 
photoelectric  conversion  element  having  divided 

jo  light-receiving  portions,  and  a  subtractor  for  dif- 
ferentiating  signals  output  from  said  light-receiving 
portions. 

12.  An  information  recording  and/or  reproduc- 
ing  apparatus  according  to  Claim  11,  wherein  said 

35  abnormality  detecting  means  comprises  an  adder 
for  adding  together  signals  output  from  the  divided 
light-receiving  portions  of  said  photoelectric  con- 
version  element,  and  a  comparator  for  comparing 
the  output  of  said  adder  with  a  predetermined  level. 

40  13.  An  information  recording  and  reproducing 
apparatus  comprising: 
means  for  applying  a  light  beam  to  an  optical 
recording  medium  having  tracks  provided  thereon 
and  effecting  recording  and  reproduction  of  in- 

45  formation; 
means  for  receiving  the  light  flux  reflected  by  or 
transmitted  through  said  medium  and  detecting  a 
tracking  error  signal  indicative  of  the  deviation  be- 
tween  the  applied  position  of  the  light  beam  and  a 

so  track; 
tracking  servo  means  for  correcting  the  applied 
position  of  said  light  beam  on  the  basis  of  said 
tracking  error  signal; 
means  for  detecting  any  abnormality  of  said  track- 

55  ing  servo;  and 
sensitivity  changing  means  for  making  the  detec- 
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tion  sensitivity  of  said  abnormality  detecting  means 
higher  during  recording  of  information  than  during 
reproduction  of  information. 

14.  An  information  recording  and  reproducing 
apparatus  according  to  Claim  13,  wherein  said  ab- 
normality  detecting  means  outputs  an  abnormality 
detection  signal  when  the  quantity  of  light  received 
by  said  tracking  error  signal  detecting  means  ex- 
ceeds  a  reference  value. 

15.  An  information  recording  and  reproducing 
apparatus  according  to  Claim  14,  wherein  said  sen- 
sitivity  changing  means  varies  said  reference  value 
between  during  recording  and  during  reproduction. 

16.  An  information  recording  and  reproducing 
apparatus  according  to  Claim  13,  wherein  said 
tracking  error  signal  detecting  means  comprises  a 
photoelectric  conversion  element  having  divided 
light-receiving  portions,  and  a  subtracter  for  dif- 
ferentiating  signals  output  from  said  light-receiving 
portions. 

17.  An  information  recording  and  reproducing 
apparatus  according  to  Claim  16,  wherein  said  ab- 
normality  detecting  means  comprises  an  adder  for 
adding  together  the  signals  output  from  the  divided 
light-receiving  portions  of  said  photoelectric  con- 
version  element,  and  a  level  variable  comparator 
for  comparing  the  output  of  said  adder  with  a 
reference  level. 

18.  An  information  recording  and  reproducing 
apparatus  according  to  Claim  1  7,  wherein  said  sen- 
sitivity  changing  means  varies  the  reference  level 
of  said  level  variable  comparator. 

19.  An  information  recording  and  reproducing 
apparatus  according  to  Claim  13,  wherein  said  re- 
cording  and  reproducing  means  effects  verification 
after  recording,  and  said  sensitivity  changing 
means  makes  the  detection  sensitivity  of  said  ab- 
normality  detecting  means  higher  during  said  ver- 
ification  than  during  recording. 

20.  An  information  recording  and  reproducing 
apparatus  according  to  Claim  19,  wherein  said  re- 
cording  and  reproducing  means  comprises  a  light 
source  emitting  a  light  beam,  and  an  optical  sys- 
tem  for  directing  the  light  beam  emitted  from  said 
light  source  to  said  medium,  and  said  tracking 
servo  means  moves  at  least  a  portion  of  said 
optical  system  on  the  basis  of  said  tracking  error 
signal. 

21.  An  information  recording  and  reproducing 
apparatus  according  to  Claim  20,  wherein  said  ab- 
normality  detecting  means  comprises  first  detect- 
ing  means  outputting  a  detection  signal  when  the 
quantity  of  light  received  by  said  tracking  error 
signal  detecting  means  exceeds  a  reference  value, 
and  second  detecting  means  outputting  a  detection 
signal  when  the  velocity  of  the  moved  portion  of 
said  optical  system  exceeds  a  reference  value,  and 
said  sensitivity  changing  means  comprises  switch- 

ing  means  outputting  only  the  detection  signal  of 
said  first  detecting  means  as  an  abnormality  detec- 
tion  signal  during  verification  and  outputting  the 
logic  product  signal  of  the  outputs  of  said  first  and 

5  second  detecting  means  as  an  abnormality  detec- 
tion  signal  during  recording  and  during  reproduc- 
tion. 

22.  An  information  recording  and  reproducing 
apparatus  according  to  Claim  21  ,  wherein  said  sen- 

70  sitivity  changing  means  varies  the  reference  value 
of  said  second  detecting  means  between  during 
recording  and  during  reproduction. 

23.  An  information  recording  and  reproducing 
apparatus  according  to  Claim  19,  wherein  said  ab- 

75  normality  detecting  means  produces  a  detection 
signal  when  the  velocity  of  the  moved  portion  of 
said  optical  system  exceeds  a  reference  value,  and 
said  sensitivity  changing  means  outputs  only  said 
detection  signal  as  an  abnormality  detection  signal 

20  only  during  recording  and  during  verification. 
24.  An  information  recording  and  reproducing 

apparatus  according  to  Claim  23,  wherein  said  sen- 
sitivity  changing  means  varies  said  reference  value 
between  during  recording  and  during  verification. 

25  25.  An  apparatus  for  applying  a  light  beam  to 
an  optical  recording  medium  having  tracks  pro- 
vided  thereon  and  effecting  at  least  one  of  record- 
ing  and  reproduction  of  information,  comprising: 
an  optical  head  including  a  light  source  emitting 

30  said  light  beam,  and  an  optical  system  for  directing 
the  light  beam  emitted  from  said  light  source  to 
said  medium; 
means  for  moving  said  optical  head  in  a  direction 
across  the  tracks; 

35  means  for  receiving  the  light  flux  reflected  by  or 
transmitted  through  said  medium  and  detecting  a 
tracking  error  signal  indicative  of  the  deviation  be- 
tween  the  applied  position  of  the  light  beam  and  a 
track; 

40  tracking  servo  means  for  moving  at  least  a  portion 
of  said  optical  system  on  the  basis  of  said  tracking 
error  signal  and  correcting  the  applied  position  of 
the  light  beam; 
means  for  detecting  any  abnormality  of  said  track- 

45  ing  servo;  and 
sensitivity  changing  means  for  making  the  sensitiv- 
ity  of  said  abnormality  detecting  means  lower  dur- 
ing  the  movement  of  said  optical  head  than  during 
the  non-movement  of  said  optical  head. 

so  26.  An  apparatus  according  to  Claim  25, 
wherein  said  abnormality  detecting  means  outputs 
an  abnormality  detection  signal  when  the  quantity 
of  light  received  by  said  tracking  error  signal  de- 
tecting  means  exceeds  a  reference  value 

55 
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27.  An  apparatus  according  to  Claim  <ib, 
'herein  said  sensitivity  changing  means  varies  the 
sference  value  of  said  abnormality  detecting 
leans  on  the  basis  of  a  head  driving  signal  input 

28.  An  apparatus  according  to  Claim  25, 
rherein  said  abnormality  detecting  means  outputs 
detection  signal  when  the  velocity  of  the  moved 

ortion  of  said  optical  system  exceeds  a  reference 

29.  An  apparatus  according  to  Claim  28, 
therein  said  sensitivity  changing  means  comprises 
i  head  movement  detector  for  detecting  whether 
iaid  optical  head  is  being  moved,  and  a  level  setter 
or  varying  the  reference  value  of  said  abnormality  is 
ietecting  means  in  conformity  with  the  output  of 
:aid  head  movement  detector. 

30.  An  optical  recording  apparatus  for  record- 
ng  tracks  of  information  on  an  optical  recording 
nedium,  comprising:  20 
in  optical  head  operable  to  write  information  to  the 
nedium; 
neans  for  scanning  the  head  and  medium  relative 
0  each  other; 
neans  for  detecting  abnormal  movement  of  the  25 
lead  and  medium  relative  to  each  other;  and 
neans  for  disabling  the  writing  of  information  by 
he  head  in  response  to  such  a  detection. 

31.  An  apparatus  as  claimed  in  claim  30, 
wherein  the  detecting  means  is  operable  to  detect  30 
m  abnormally  high  velocity  of  the  head  and  me- 
jium  relative  to  each  other. 

3  said  optical  head  moving  means. 
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