1 OPTI CAL HEAL TRANSFER CI RCUI T, OPTI CAL HEAD AND REPRODUCI NG APPK&Zﬁ@%QQj' 8'
| NTROBUCI NG THE SAME CIRCUI T FI ELD OF THE | NVENTI ON The present

[ td
rela&es to a reproduci ng apparatus for reproducing a variety of é?%ﬁsty gafﬁt
recor di ng nmedi um and particularly to a reproducing apparatus of which
cabinet attitude is changed in various ways |ike a portable and nobile
r epr oduci ng apparatus. BACKGROUND OF THE | NVENTI ON As an optical disc
recordi ngnedi um CD (conpact disc) and MD (mni-disc) (these are registered
as trademarks) are wi dely spreading and uséd in various application fields
such. as audio, etc. I'n a disc reproducing apparatus for reproduci ng various
types of recBPFIRGLHEAPHTRANSHER CERCELR: AR TIGRALEERARAND RERRAPEQLING
spot, there are provided a doubl e-axis nmechanism for driving an objective
| ens of an optical headPRARATYS rENRROQUCING THE)BAMBLCARCYA T rom a
reflected |ight beamindicating a track guide information such as pit train
and group, etc. and a sled nmechanismfor displacing the

FIELD OF THE INVENTION
The present invention relates to a reproducing
apparatus for reproducing a variety of disc type recording
medium and particularly to a reproducing'apparatus_of which

cabinet attitude is changed in various ways like a portable

and mobile reproducing apparatus.

BACKGROUND OF THE INVENTION

As anoptical disc recordiﬁg medium, CD (compact disc)
and MD (mini-disc).(these are registered as trademérks) are
widely spreading and used in various application fields such
as audio, etc.

In a disc reproducing apparatus for reproducing
various types of recording medium, in order to control the
tracking of optical spot, there are provided a double-axis
mechanism for driving an objective lens of an optical Head
with a tracking errol-r“ signal obtained from a reflected light
beam indicating a track guide information such as pit train

(
and groﬁp, etc. and a sled mechanism for displacing the
relative position of the optical head as a whole and disc

surface in the disc radius direction.

As the sled mechanism, those for moving the optical



relative position of -the optical head as a whole and disc surface in the
disc radius direction. As the sled nechanism those for noving the optical
2 head as a whol e against a disc and for noving a turn-table on which a

di sc i s nounted agai nst the optical head which is fixed to the
predeterm ned position are known. Mbreover, asacontrol system of

t hesl ednmechani sm ithasbeenproposed that a sled error signal generated by
extraction of a |low frequency elenment with_a | owpass filter fromthe

tracking error signal is anplified and is £hen applied to a sled notor as a
sled drive signal. The sled error signal is changed to the signa

i ndi cating pea@fiset whole aBkGGdIY e |EIsc dndefof Ohoviagkangukyittuble
doubl e- axi s nechani sm of the optical head as a whole and the optical head.

Here, Fig. dnSgRernt hCalise ShOYRo@Ate¥RARE it tiife SépELHNE n*fad AP Cal
bl ock of the related art which is install’ed in an optical head of

reproduci ng; AR % £ predetermined position are known. Moreover,

as acontrol systemof t;he sled mechanism, it has been proposed
that a sled error signal generated by extraétion of a low
frequency element with a low-pass filter from the tracking
error signal is amplified and is then applied to a sled motor
as a sled drive sigﬁal. The sled error signal is changed
to the signal indicating anoffset of anobjective lens driven
for tracking by the double-axis mechanism of the optical head
as a whole and the optical head.

Here, Fig. 1 schematically shoﬁs an example .of the
structure of an optical block of the related art which is
installed in an optical head of reproducing apparatus for
disc such as CD, etc.

In this figure, an opticai block of the-optical head
is composed of a semiconductor laser 81, a collimator lens
82, a deflected beam splitter 83, an objective lens 84 and
a photo detector 85'.'. For example, the laser beam. radiated
from the semiconductor laser 81 is paralleled by the
collima}or lens 82, and then reflected by the deflected beam
spiittef 83 to radiaté the recording surface of a disc 1 via
the objective 1ens'84.

When the laser beam is focused, the light beam

reflected by the pit train provided on the disc 1 passes



disc such as CD, etc. In this figure, an optical block of the optical head
i s corfposed of a semiconductor |aser 81, a collimator lens 82, a deflected
beam splitter 83, an objective |lens 84 and a photo detector 85. For
ex&nple, the |laser beamradiated fromthe sem conductor |aser 81 is
paralleled by the collimtor |lens 82, and then reflected by the deflected
beam splitter 83 to radiate the recording surface of a disc 1 via the
objective |l ens 84. Wien the |laser beamis focused, the |ight beamreflected
by the pit train provided on the disc 1 passes 3 through the deflected
beam splitter 83 and is then supplied to tfse photo detector 85 to provide
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the disc 1 in the photo detector 85.

Fig. 2 shows the conéept of distribution of intensity
of the reflected light beam in the relative positional
relationship between the pits formed on the disc 1 and spot
beam. In the so-called just tracking condition where the
pit train of disc l.is relatively matched with the position
of the spot beam, the reflected beam indicated as (a) can
be obtained on the photo detector 84. Namely, the pit
information having the equal intensity distribution in the
right and left sides can be obtained on the photo detector
85.

Moreover, if the pit of the disc 1 is relatively
displaced in position from the spot beam, for example, when
‘the spot beam position is relatively deviatedin the left
side from the pit train (de-track condition), the pit
information having intensity distribﬁtion as shown in (b)
can be obtained on the photo detector 85, while when the spot
beam position is relatively deviated in the right side from
the pitf;rain (de-track condition), the pit information
having intensity distribution as shown in (c) can .be obtained
on the photo detector 85.

Namely, when positions of the pit provided on the disc

1 and spot beam are relatively deviated in the tracking



beam In the so-called just tracking condition where the pit train of disc

1 is relatively matched with the position of the spot beam

beam i ndi cated as (a) can be obtained on the photo detector 84. Nanely,

pi t i nformati on havi ng the equal
| eft sides can be obtained on the photo detector 85. Mreover,

intensity distribution in the right and

the refl ected

t he

if the pit

of the disc 1 is relatively displaced in position fromthe spot beam for
when the spot beam position is relatively deviated in the |eft

exanpl e,

side fromthe pit train (de-track condition), the pit information having

intensity distribution as shown in (b) can be obtained on the phot o
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the photo detector 8S5.

A difference voltage obtained from intensity
distribution difference in the right and left sides of the
pit information obtained on the photo-detector 85 is supplied
to the double-axis mechanism to drive the objective lens 84
as a tracking error'signal, a low frequency element of this
tracking error-signal is extracted to generate a sled error
signalanditisthensuppliedtothesledmechanismformoving
the optical head as a whole in order to control the trackng
of the optical head to the ON-track condition. A.meﬁhod of
detecting such tracking error signal is generally called a
push-pull method and a tracking error signal obtained by this
push-pull method is called push-pull error signal in this
specification of the present invention.

By the way, when the tracking of the reproducing
apparatus is controlled by the push-pull method shown in Fig.
1, if the objective lens 84 of the optical head is'shiftgd
in the lateral direction (tracking direction) indicated by
a brokeg,line in Fig. 1 due to the tracking servo operation,
etc., the reflected beam obtained on the photo detector 85
is also shifted in the tracking direction as indicated by

the broken line.

Therefore, the push-pull error signal generated from



4 direction, the pit information having different intensity distribution in
the ritght and left sides can be obtained on the photo detector 85. A
difference voltage obtained fromintensity distribution difference in the
right and left sides of the pit information obtained on the photo detector
85 is supplied to the doubl e-axis mechanismto drive the objective lens 84
as a tracking error signal, a low frequency elenent of this tracking
error-signal is extracted to generate a sled error signal and it is then
supplied to the sled nechanismfor noving the optical head as a whole in
order to control the tracking of the optiofl head to the ON-track

condi tion. A method,of detecting such tracki error.signal ji.s generally

called a p&ﬁﬁrﬁﬁ ﬁ%%ﬁS&%%ﬁf%fﬁ?gikpﬁa &Hﬁﬁh%i5ﬁ8F°o em%%ﬁf%y§$his
push-pull nethod.is called sh-pull error sjgnal in.this specificatiogn of
the present-ATHRAET orf Vel WIAFRARS WRER THRCKLAGFABALF PR £ 5 BAAEETY
apparatus is controlled by the push-pull nmethod shown in Fig. 1, if _the
obj ective I'EhstadeofepRRGRY P hbgdshdihiqfcfhe objective lens 84
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resulting in the problem that this DC offset voltage disables
accurate tracking control.

In view of solving such a problem, a detecting method
called the top hold push-pull method has been proposed. 1In
this method, the tfacking error signal is detected after
removing the DC offset voltage for detecting the tracking
error signal. Such Top Hold Push-Pull (TPP) method has been
disclosed in the Japanese Laid-Open Patent Number HEI 4-
23234 presented (filed May 18, 1990) by the ‘same applicant
of the present invention. 1In this case, a DC offset removing
circuit for removing a DC offset voltage included in the
push-pull error signal is provided to obtain the tracking
error signal after having removed the DC offset voltage.
Thereby, accurate tracking control can be realized by
eliminating influence of the shift operation in the tracking
direction of the objective lens 84 of the optical head. ' In
the related art, the sled error signal has been generated
'by-extrqgting a low frequency element of the tracking error
signal obtained by the top hole push-pull method explained
above. |

In general, since the a reproducing apparatus for

reproducing a disc such as CD or MD is restricted in the



in the lateral direction (tracking direction) indicated by a broken line in
Fig. T due to the tracking servo operation, etc., the reflected beam

obtai ned on the photo detector 85 is also shifted in the tracking direction
as>indi cated by the broken line. Therefore, the push-pull error signal
generated from 5 the pit information obtained on the photo detector 85

I ncl udes, even under the just tracking condition, a DC offset voltage
depending on the shift of the objective lens 84, resulting in the problem
that this DC offset voltage disables accurate tracking control. In view of
solxigghsucg a problem a detecting nmethodécalled the top hold push-pul
nmet ho as, been.prqposed. 1n this gethod, fhe.t i e Lgnal i
ot ect ed- o} REF AR aRRAATy 38R5RC bFr T8 SRBace roPeGePBer PR F ALY

or

ectl racki ng
error signal.  Such Top, Hol d Push-Pul.l (TPP) netho s been.disclosed, in
the JapaneB& RLBFE: PR SFR T ’ufBed YH F'ﬁkrlz°“ 211y 374"19 PERREY

in size. The reproducing apparatus is required, even if it
is installed vertically or horizontally, that the optical
block in the optical head (at least the objective lens) may
be held reliably and an arm forming the double-axis mechanism
is never shifted in the traéking direction (horizontal
direction) due to its gravity. Namely, if the reproducing
appafatus is installed, for example, vertically, it is just
preferable as shown in Fig. 3A that the disc 1 is arranged
in vertical, the sled axis 91 of the optical head 90 is
arranged in vertical and the arm 85 holding the objective
lens 84 of the optical head 90 is arranged to cross indiagonal
the sled axis 91 so that the position in the trackingdirection
of the objective lens 84 is never influenced by the gravity
thereof.

However, in this case, since the sled mechanism for

- moving the optical head 90 in the radius direction of the

disc 1 becomes larger than the external shape of the disc
1 as indicated as the shaded area of Fig. 3A, it has impeded
reductiopn in size of the reproducing apparatus.

Therefore, when the sled mechanism is inclined for
arrangement, for example, as shown in Fig. 3B, the sled

mechanism can be accommodated in the internal side as much

as Al in comparison with Fig. 3A to realize reduction in



23234 presented (filed May 18, 1990) by the same applicant of the present
invention. In this case, a DC offset renobving circuit for removing a DC

of fset voltage included in the push-pull error signal is provided to obtain
the tracking error signal after having renoved the DC offset voltage.
Thereby, accurate tracking control can be realized by elininating influence
of the shift operation in the tracking direction of the objective |lens 84
of the optical head. 1In the related art, the sled error signal has been
generated by extracting a | ow frequency el enent of the tracking error
signal obtained by the top hole push-pull Rethod expl ai ned above. In
general, since the a reproduci ng apparatus for reproducing. a di sc sych, as
CD or MD isSt28t9f it "?‘P‘f‘?}%“cgng RBAZATAS on Héﬁéec‘é?rftsg’r%c%fgbects 4 hat
t he apparat us naybbe installed in vertically or

) S . haori zgntal ly and is reduced
in size. ThaXi&p?bdelAdngpphrarhdecs iR isntl 84 ich 3lisq dnclined, the

arm 85 is deviated with its self weight and the objective
lens 84 is shifted in the tracking direction ‘(horizontal
direction) under the natural condition where the tracking
servo is not éffectuated.

In the case where the tracking error signal is
obtained by thé toé push-pull method in the reproducing
apparatus in which the sled mechanism is inclined as shown
in Fig. 3B, the DC offset voltage indicating the amount of
shift due to the gravity of the obje;tive lens 84 can bg
eliminated. Therefore, as schematically shown in Fig. 4B,
the arm 85 holding the objective lens 84 does not return up
to the actual mechanical centef (hereinafter referred to as
mechacenter) and thereby the arm 85 is shifted by its gravity
to the external or internal circumference side of the disc
1.

When the optical block 84 as a whole of the optical
head 90 is shifted to the external or internal circumference
side of thé disc 1 as explained above, in regard to the visual
field igdicated by the peak to peak level of the reproduced
RF signal as shown in Fig. 11A and jitter element, the
reproduced RF signal will be deteriorated because the peak
to peak level of the reproduced RF signal is reduced and jitter

element is increased depending on the movement of lens. As



Is installed vertically or horizontally, that the optical block in the
optical head (at |east the objective lens) may be held reliably and an arm
form ng the doubl e-axis nmechanismis never shifted in the tracking

di Fection (horizontal direction) due to its gravity. Nanely, if the
reproduci ng apparatus is installed, for exanple, vertically, it is just
preferable as shown in Fig. 3Athat the disc 1 is arranged in vertical, the
sled axis 91 of the optical head 90 is arranged in vertical and the arm 85
hol di ng the objective lens 84 of the optical head 90 is arranged to cross

I n diagonal the sled axis 91 so that the p8sition in the tracking direction

of the objective lens 84 is never influenced t.he gravity thereof .
However, i naﬁffssuJc‘:-ﬁSe"fh%ri1 8155 18| ’éﬁpﬁﬁgr‘f&rﬁ‘gﬁsﬁ&g %D@f‘ﬁﬁ ”E‘Fn%r‘&gflf’c‘:&lg head
90 in the radius direction of the disc 1 becones |arger than the external
shape of thBPBRZATHSys Ghafehay %%ePhEh§h§&&?iﬁ%§1 atghegpibration

i npeded reduction in size of the reproduci ng apparatus. Therefore, when the
sl ed nmechanPERPifs GhiH3GRE }BE16r WhdGdnekt  1pdicakgfpby as apphhetn Fig.

3B, the sled mechani smcan be accommodated in the internal side as nuch
vibration frequency showing the limit for not generating

track skip may be deteriorated or the S/N ratio of the RF

signal is deteriorated to generate noise.

SUMMARY OF THE INVENTION

The present invention.has been proposed considering
the problems explained above and it is therefore an object
of the present invention to provide a:reproducihg apparatus
which can realize reduction in size without deteriorating
the vibration proof characteristic and more specifically to
provide an optical head.transfer circuit, comprising:

a first envelope detector for holding a received 1ight
beam output signal from a first light receiving element in
a iight receiving means which is formed of a plurality of
light receiving elements for radiating an optical disc with
an optical beam emitted from an objective lens and r-eceivir}g
the light beam reflected from the optical beam,

3 first differential amplifier for obtaining
difference between a holding output from‘tﬁe first envelope
detector and a receiving output signal from the first light

receiving element,

.a second envelope detector for holding a receiving



as [err] 1 in conparison with Fig. 3Ato realize reduction in 7 size of
t he reproduci ng apparatus. However, since the sled axis 91 holding the
objective lens 84 is also inclined, the arm85 is deviated with its self
wefght and the objective lens 84 is shifted in the tracking direction
(horizontal direction) under the natural condition where the tracking servo
Is not effectuated. In the case where the tracking error signal is obtained
by the top push-pull nmethod in the reproducing apparatus in which the sled
mechanismis inclined as shown in Fig. 3B, the DC of fset voltage indicating
the amount of shift due to the gravity of tbe objective I ens 84 can be

elimnated. Therefore, as_schenmaticall ho in Fig..4B, the arm
hol di ng t he®BbPBEL FH8PRENSTER & °|1f5'teyrr g‘tlﬂl\flhrw}" FFTo T had a%#%?“ﬁe%ﬁ%ﬂ%al
center (hereinafter referred to as nechacenter) and thereby the arm85 is

shifted by Fégh§r FAI]LYEngrBedRSernal or internal circunference side of
the disc

a second differential amplifier for obtaining
difference between the holding output of the second envelope -
detector and a 1light receiving output signal from the second
light receiving element,

a tracking error signal generator for generating a
tracking error sigﬁal indicating a relative shift in the
radius-direction of the objective lens and the optical disc
by obtaining difference between the differential output of
the first differential amplifier and the differential output
of the second differential amplifier, and

a sled error signal generator for generating a sled
error signal for relatively shifting the optical head as a
whole in the radius direction of thé optical disc by obtaining
difference between the light receiving output  signal from
the first light receiving element of the light receiving
means and the light receiving output signal from the other
light receiving element of the light receiving means.

Moreover,'the present invention also provi@es an
optical _head and a reproducing apparatus comprising the

optical head transfer circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the present invention



1. Wen the optical block 84 as a whole of the optical head 90 is shifted
to the external or internal circunference side of the disc 1 as expl ained
above, in regard to the visual field indicated by the peak to peak |evel of
t hé reproduced RF signal as shown in Fig. 11A and jitter elenent, the

reproduced RF signal wll be deteriorated because the peak to peak |evel of
the reproduced RF signal is reduced and jitter elenent is increased
dependi ng on the novenent of lens. As -8 aresult, when a disc is

reproduced using a disc reproduci ng apparatus, there has been the probl ens
that the vibration proof characteristic wii@h is indicated by an applied

et eri orat it oF THEEAY 00,4 0 iR g o dRhy SRR S e MO CE RO IR B8
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description should be considered in conjunction with the
accompanying drawings in which:

Fig. 1 is a structural diagram of the inside of an
optical pickup of the related art;

Fig. 2 shows light receiving patterns when the
reflected light beam obtained by radiating the light beam
to the pit train which is engraved previously on a disc is
received on the photo detector of the optical pickup;

Fig. 3A is a diagram indicating relationship between
a mechénical means mounting the optical pickup of the
reproducing apparatus installed in vertical and a di;c;

Fig. 3B is a layout indicating relatiohship between
the mechanical means mounting an optical pickup and reducing
the projected portions in comparison with that of Fig. 3A
in the réproducing”apparatus installed in vertical and a
disc;

Fig. 4A is a graph showing changes of the reproduced
RF signal level and jitter value depending on the movement

of lens%

Fig. 4B is a schematic diagram indicating the range
of visual field of the objective lens;
Fig. 5 is a total block diagram of an exchange type

disc reproducing apparatus to which the present invention



t he probl ens expl ai ned above and it is therefore an object of the present

i nvention to provide a reproduci ng apparatus which can realize reduction in
size without deteriorating the vibration proof characteristic and nore
spécifically to provide an optical head transfer circuit, conprising: a
first envel ope detector for holding a received |ight beam out put signal
froma first light receiving elenent in a light receiving nmeans which is
formed of a plurality of light receiving elenments for radiating an optical
disc with an optical beamentted froman gbjective |lens and receiving the
| i ght beamreflected fromthe optical beamtla first differential anplifier

for obtainin diffgr@qce between a hol ding output fromthe first envel ope
detect or artf a®P8REPHing out put signal fromthe first Iight receiving

el enent, a second envel gpe detector for holding a r%ceivim% .. 9 %ut%yt
signal fromthe ot K& iSgR PeS&TAGH Ak aIbpm AL the iniside of the

optical pickup to which the present invention is adopted;

Fig. 7 is a structural diagram of the inside of the
optical pickup to which the present invention is adopted;

Fig. 8 is a structural diagramof the inside of a laser
coupler to which the present invention is applied;

Fig. 9 is a étructural diagram of a light receiving
element to which the present invention is adopted;

Fig. 10 is a block diagram a tracking error signal
TE1l and sled error signal TE2 generating circuit to which
the present iﬁvention is adopted; and

Fig. 11 is a graph showing a result of comparison of
the earthquake proof characteristics of the reproducing
apparatus to which the optical head transfer circuit of the
present invention is adopted and the reproducing apparatus

to which the optical head transfer circuit of the felated

art is adopted.

DESCRIP&ION OF THE PREFERRED EMBODIMENT
gig. 5 is a block diagram of a'reproducing apparatus
for a disc such as CD provided with a changér function as
a preferred embodiment of the present invention.
A disc 1 is driven for rotation by a spindle motor

(M) 2. Under this condition, information canbe read by means



|l ight receiving neans, a second differential anplifier for obtaining

di fference between the hol ding output of the second envel ope detector and a
| ight receiving output signal fromthe second |ight receiving elenment, a
tracking error signal generator for generating a tracking error signal
indicating a relative shift in the radius-direction of the objective |lens
and the optical disc by obtaining difference between the differenti al

output of the first differential anplifier and the differential output of
the second differential amplifier, and a sled error signal generator for
generating a sled error signal for relativa2 shifting the optical head as

whol t d di t f_th t di by obt i ff
between t heo M OPBLEAN RE2Dut put TEFGHR l%:‘éimhéc Yafirfon edasthy
el enent of the l.i ght. receiving neans and the recei vi ng out put sugnal
fromthe ot k& Yheyisecdi rfg té\een’e‘h¥°5Faf:l’r€“| g’ﬂ’h’[cn et®i TPRGTAESS.

Moreover, the present invention also provides an optical head and a
repr oduci ng SXARRER usit dhs Pditngonsdi bien @p thadisardsFen beregpd from

the reflected light beam.

The optical head 3 includes anoptical system composed
of a laser diode 31 as a laser output means, described later,
for reading data from a disc 1, a deflected beam splitter
gnd al/s4 wavelengtﬁ plate, an objective lens 34 as a laser
output- end and a photodetecfor 37 for détecting'the
reflected ligh£ beaﬁ, while the objective lens 34 is held
to be displaced in both disc radius direction (tracking
direction) and in the directiqn to become near and far from
the disc (focusing direction) by means of the double-axis
méchanism 4. Moreover, the optical head 3 as a whole may
be moved in the radius direction of disc 1 by means of the
sled mechanism 5.

The information detected by the reproducingoperation
from the disc 1 éith the optical head 3 is supplied to an
RF amplifier/arithmetic unit 6. The RF amp/arithmetic unit
6 executes the arithmetic process of the reproduced RF signal,
tracking error signals TEl, TE2, and focus error signal FE,
etc. from the information supplied.

The tracking error signals TEl, TE2 and focus error
signal FE obtained by the RF amp/arithmetig unit 6 are then

supplied to a servo processor 7. The servo processor 7



BRI EF DESCRI PTI ON OF THE DRAW NGS O her objects and advantages of the
present invention 10 will be apparent fromthe follow ng detail ed
description of the presently preferred enbodi nents thereof, which
deScription shoul d be considered in conjunction with the acconpanyi ng
drawings in which: Fig. 1 is a structural diagramof the inside of an
optical pickup of the related art; Fig. 2 shows |ight receiving patterns
when the reflected Iight beam obtai ned by radiating the |Iight beamto the
pit train which is engraved previously on a disc is received on the photo
detector of the optical pickup; Fig. 3A is ¥ diagramindicating
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supplies this servo signal to the servo driver 8. The servo
driver 8 generates the focus drive signal FD based on the
PWM modulated signal supplied and impresses this signal to
a focus coil of the double-axis mechanism 4. Namely, drive
of thg objective lens in the focus direction is controlled
by the focus error-signal FE.
~The servo processor 7 generates a servo signal as the
PWM modulated sighal depending on the tracking error signal
TEl and then supplies this signal to the servo driver 8. The
servo driver 8 generates the tracking drive signal TD based
on the PWM modulated signal supplied and then impresses this
signal to the tracking coil of the double-axis mechanism 4.
Namely, drive of the objective lens in the tracking direction
is controlled on the basis of the tracking error signal TEl

in the double-axis mechanism 4.

Moreover, the servo processor 7 generates a sled servo
element of the tracking error signal TE2 and then supplies
this sig_nal to the servo driver 8. The servo driver 8
generates the sled drive signal SLD based on the PWMmodulated
signal supplied to drive the sled mechanism 5.

Further, the servo processor 7 generates a spindle

servo signal on the basis of the spindle error signal SPE



the projected portions in conparison with that of Fig. 3Ain the
reproduci ng apparatus installed in vertical and a disc; Fig. 4Ais a graph
showi ng changes of the reproduced RF signal level and jitter val ue
dependi ng on the novenent of lens; Fig. 4B is a schematic di agram

I ndi cating the range of visual field of the objective lens; Fig. 5is a
total bl ock diagram of an exchange type di sc reproduci ng apparatus to which
the present invention is adopted; Fig. 6 is a structural diagramof the
i nside of the optical pickup to which the present invention is adopted;

Fig. 7 is a structural diagramof the insid4 of the optical pickup to which

Fi a structural Fthe i nsi | i
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spindle servo signal to the servodriver 8. The servo driver

8 impresses the spindle drive signal SPD based on the spindle
servo signal to a spindle motor 2. Thereby, rotation and
stop and the constant linear velocity (CLV) control during
rotation of the spindle motor 2 can be executed.

In the repréducing apparatus of this preferred
embodiment, the RF amp/arithmetic unit 6 and servo processor
7 are aésumed to be integrally constituted with an IC, etc.

Meanwhile, the reproduced RF signal extracted by the
RF aﬁ\p'/arithme_tic unit 6 is supplied to the-decoder 9 and
the reproduced RF signal supplied is subjected, in the
decoder 9, to the processes such as EFM.demodulation (Eight
Fourteen Demodulation) and CIRC decoding (Cross Interleaved
Reed Solomon Decoding) and thereafter the reproduced RF
signal is once stored in a buffer memory 11 under the control
of the main controller 10. The digital audio data read from
the buffer memory 11 in the predetermined timing is converted
to an analog signal by a D/A converter 12, supplied to the
predetegmined amplifying circuit from a terminal 13 and is
then reproduced as an output, for example, as the right and
left channel audio signals. The buffer memory 11 is formed,
for example, of a D-RAM (Dynamic-Random Access Memory) having

the capacity for storing the digital audio data of about four



el ement to which the present invention is adopted; Fig. 10 is a block
diagram a tracking error signal TE1l and sled error signal TE2 generating
circuit to which the present invention is adopted; and Fig. 11 is a graph
showi ng a result of conparison of the earthquake proof characteristics of

t he reproduci ng apparatus to which the optical head transfer circuit of the
present invention is adopted and the reproduci ng apparatus to which the

optical head transfer circuit of the related art is adopted. DESCRI PTI ON OF
THE PREFERRED EMBODI MENT Fig. 5 is a block q%agran1of a reproduci ng
apparatus for a disc such as CD provided with a changer function as a

preferred e L.onent., of e | V. o] J i,sc 1 is driven for
rotation byggggbﬁ%ﬂign&égrrgkfagg ﬁgéﬁyé%gsségﬁgﬁfion, information can be
read bymeans 12 g, a9 9RhbgYh NSAL e IMEnLP LB I A o FATLILSS the

| aser e informa
namely TOC (Table of Contents) and address data, recorded
on the disc 1 together with an audio data and then supplies
these data to the syﬁtem controller 14. Moreover, the
reproduced clock synchronous to the reproduced data is
generated by supplying the EFM signal to a PLL (Phase Locked
Loop) circuit and afe used for various processes such as the
decoding. But, since this reproduced clock is synchronous
to a disc rotation speed, the reproduced clock is compared
with the reference clock generated from the master clock to
obtain the spindle error signal SPE as the difference signal.
This spindle error sigrial SPE is then supplied to the servo
processor 7.

The system controller 14 is formed of a microcomputer
to control various circuits and supply the master clock. 1In
addition to the control explained above, setting or changing
of each servo gain can also be done for the servo processor
7.

The disc 1 can be accoﬁmodated in a plurality of pieces
within 3 disc magazine 21, a ce;tain disc is selected by a
transfer ﬁechanism 20 and it is then loaded to the position
where it is reproduced by means of the optical head 3.

Here, the structure of the optical head 3 provided

in the reproducing apparatus of the preferred embodiment of



to the disc 1 and the information which is recorded, for exanple, in the
pit.céndition on the disc 1 can be read fromthe reflected |ight beam The

optical- head 3 includes an optical system conposed of a | aser diode 31 as a
| aser out put neans, described later, for reading data froma disc 1, a

defl ected beamsplitter and a 1/4 wavel ength plate, an objective |lens 34 as
a | aser output end and a photodetector 37 for detecting the reflected |ight
beam while the objective lens 34 is held to be displaced in both disc
radius direction (tracking direction) and in the direction to beconme near
and far fromthe disc (focusing direction) By means of t he doubl e-axi s

mechani sm 4 £ DBeRSINt tlhﬁr@f?@i@ﬂlwff?dtﬁ ﬁ‘so@ SR Smgtmﬁ:éaflefgnzzge

radi us direction of disc 1 by nmeans o e sle

|nforrrat|ona._qjetﬁeﬁed bF g. ergodum ng operation fromthe disc 1 with the
optical head 3 is”supplied tto an RF anplifier/arithmetic un|t 6. The RF

oI af het o U e GeXEoileg EiEn GO TSR EpRlSEEREAT nbl5 4°BREEHCEE
fromthe inf & nagég&l osf'lrgallaser source 31, a deflected beam splitter 32,
a 1/2 wavelength plate 33, an objective lens 34, a condensing
lens 35, a_cylindricall lens 36 and a photodetector 37. The
optical head 3 constituted as explained above allows, in
comparison with thé optical head of the related art shown
in Fig. 1, elimination of the collimator léans and therefore
the optical head 3 as a whole can be reduced in size.
Next, a practical example of the structure of the
optical head 3 will be explained with -reference to Fig. 7.
In Fig. 7, a laser coupler 40 is composed of the laser source
31, deflected beam splitter 32 aﬁd photodetector 37 which
are shown in Fig. 6 and mounted on the same silicon substrate,
a"c':ouple of silicon mirrors 41, 42 for déflecting the 1light
axis 0-0’ of the light emitted from this laser coupler 40,
objective lens 34 which condenses the light reflected from
.the silicon mirror 42 and then radiates the light beam to
the recording surface la of the disc 1 and 1/2 wavelength
plate 33 which is disposed between the laser coupler 40 and
disc 1 and has the regions 33a, 33b which are divided at least
into two regions at the plane orthogonal to the light axis
0-0’ resulting in different light axes in these regions.

The laser coupler 40 is composed, for example, as



The tracking error signals TE1l, TE2 and focus error signal FE obtained by
the RE anp/arithnetic unit 6 are then supplied to a servo processor 7. The
servo processor 7 13 generates, for exanple, the servo signal as the
PWvhodul at ed si gnal depending on the focus error signal TE and then
- supplies this servo signal to the servo driver 8. The servo driver 8
generates the focus drive signal FD based on the PWM nodul ated si gna
supplied and inpresses this signal to a focus coil of the doubl e-axis
mechani sm 4. Namely, drive of the objective Jens in the focus direction is
controlled by the focus error signal FE. The servo processor 7 generates a

S onal 11 e el ST PhEQ L0 gRTo FERERY B0 deaoh AL R 8EE

( _ _ _ ervo driver e servo

i gnal suprTTRACERSS Rt rphEceeRr LRSS Beatig ¥ e fTatkinh HUFRAE™ ne

double-axisdgggggghfg&ghg the light axis 0-0’ between the laser source
31 and oﬁjective lens 34 shown in Fig. 7 to isolate the
predetermined deflected element of the reflected light beam
reflected by the recording surface la of the disc 1 and
generate the focus error signal FE, and photodetectors 53,
54 for respectivelf detecting the amount of light at the
positions in the equal distance from the focusing point
formed on the silicon substrate 51.

The 1ight recéiving regions of the photodetectors 53,

54 are divided respectively into four regions 53a, 53b, 53c,
53d and four regions 54a, 54b, 54c, 54d, for example,' as shown
in Fig. 9. Therefore, at the plane crossing in orthogonal
the 1ight axis 0-0’ of the 1/2 wavelength plate 33, the light
axes at the regions at least divided into two sections, for
example, at the regions 33a, 33b, divided into two sections
are set in different angles and the reflectivities for the
P wave and S wave of the surface 52a of the microprism 52
are respectively set to 0% and 100% so that the reflected
light beam having éassed the first region 33a of the 1/2
wavelength plate 33 of the output beam from the laser source
31 and reflected by the recording surface la of the disc 1
passes the second region 33b of the 1/2 wavelength plate 33

and the reflected 1light beam having passed the second region



Nanely, drive of the objective lens in the tracking direction is controlled
on thé basis of the tracking error signal TEl in the doubl e-axis nechani sm
4. Moreover, the servo processor 7 generates a sled servo signal as the PW
noélul at ed signal froma | ow frequency el enment of the tracking error signa
TE2 and then supplies this signal to the servo driver 8. The servo driver 8
generates the sled drive signal SLD based on the PWhodul at ed si gha
supplied to drive the sled nechanism 5. Further, the servo processor 7
generates a spindle servo signal on the basis of the spindle error signa
SPE 14 froma decoder 9 and a spindle Kki and spindl e brake command,
etc. froma s¥§t mcontroller 12 and then s lies this spindle servo

signal to tHé s@%vﬁhﬂr L (2rvwavetgpaaldy pd aks of iths eusput dd iy pam

drive signal SPD based on the spindle servo signal to a spindle notor 2

Ther eby, rof&CMhmdasep SA¥IGR TorArdntefilfsied dbcihy FEcoydda rol
during

surface la of the disc 1 passes the first region 33a of the
1/2 wavelength plate 33.

The reflected beams detected respectively in the
regions 53a, 53b, 53c, 53d of the photodetector 53 and the
reéions 54a, 54b, 54c, 54d of the photodetector 54 shown in
Fig. 9 are supplied fo the RF amp/arithmeticunit 6 and thereby
the reproduced RF signal, tracking error signals TEl, TE2
and focus error signal FE, etc. can be extracted.

Fig. 10 shows a practical egample of the structuﬁe
of the tracking control circuit block for controlling the
tracking;mongtheciréuitstructureoftheRFamp/arithmetic
unit 6 and servo processor 7 formed by an IC. The current
signals detected in the regions 53a, 53b, 53c, 53d of the
photodetector 53 and in the regions 54a, 54b,” 54c, 54d of
the photodetector 54 are respectively supplied to the
current-voltage converters 55(hereinafter referred to as
#I1-V converters”) provided in the respective regions. Faor
example, the current signal detected in the region 53a of
the pho;odetector 53 is converted to the voltage signal Al,
while the current signal detected in the région 53c is
converted to the voltage signal A3, the current signal
detected in the region 53d is converted to the voltage signal

A4 and the current signal detected in the region 53b is



rotation of the spindle notor 2 can be executed. In the reproducing
apparatus of this preferred enbodinent, the RF anp/arithnmetic unit 6 and
servo processor 7 are assunmed to be integrally constituted with an IC, etc.
Meanwhi | e, the reproduced RF signal extracted by the RF anp/arithnetic unit
6 is supplied to the decoder 9 and the reproduced RF signal suppliedis
subj ected, in the decoder 9, to the processes such as EFM denodul ati on

(Ei ght Fourteen Denodul ati on) and Cl RC decoding (Cross Interl eaved Reed

Sol onon Decodi ng) and thereafter the reproduced RF signal is once stored in
a buffer memory 11 under the control of tH@ main controller 10. The digital
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_ al o¢ nal” "by converter plied to the
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Four the current signal detected in the region 54c is converted
'to the voltage signal B3, the current signal detected in the
region 54d is converted to the voltage signal B4 and the
current signal detected in the region 54b is converted to
the voltage signal.BZ, respectively and these are then
output..
An addition amplifier 56 is composed of adders 56a,
56b, 56c, 56d. In the adder 56a, the voltage signals A{,
Aé, B3, B4 converted by the I-V converter 55.are added and
then output as the PD1 signal, while in the adder 56b, the
voltage signals A3, A4, Bl, B2 from the I-V converter 55 are
added and then output as the PD2 signal. _The reproduced RF
signal and focus error signal FE, etc. are generated and then
output from these PD1 signal and PD2 signal. For example,
the reproduced RF signal is obtained by adding the Pﬂl signal
and PD2 signal, while the focus error signal is generated
depending on difference between the PDl1 signal and the PD2
signal.{
Moreover, the adder 56c outputs a push-pull signal
E obtained by adding the voltage signals A2, A4, Bl, B3 from

the I-V converter 55, while the adder 56d outputs a push-pull

signal F by adding the voltage signals Al, A3, B2, B4 from



15 seconds as the reproduced -audi o signal. The decoder 9 extracts the
subcode i nformation, nanely TOC (Tabl e of Contents) and address data,
recorded on the disc 1 together with an audi o data and then supplies these
data to the systemcontroller 14. Mreover, the reproduced clock
synchronous to the reproduced data is generated by supplying the EFM si gnal
to a PLL (Phase Locked Loop) circuit and are used for various processes
such as the decoding. But, since this reproduced clock is synchronous to a
disc rotation speed, the reproduced clock _js conpared with the reference

cl ock generated fromthe master clock to dftain the spindle error signa

SPE as the gkl pLeRGheéHPRE 55Thi L&Y 1 @11%1911?4- 1 8Fknd puld 11
supplied to the servo processor 7.Sm'§l'£ée ?ysten%gcontro ler 14 i?uf gfﬁ'rﬁr%ud of a

m croconput @f onQ ICHLEQY 4R cffa' rﬁl&f@@%éw'o\ez{g@c Bl g & Wiften ! N
addition to t a

e control explalne bove, setting or changing of” each servo

gain can al 39 an%%%gé)rwﬁ&? i Vo%féc?&f§aoiezs 34 of the optical head

3 is shifted in the tracking direction. These push-pull
signals E, F are respectively supplied to the holding
circuits 57a, 57b." Thereby, the peak voltages are held and
the voltage signals 'fl, T2 obtained by multiplying the peak
voltages with the predetermined constant (0.8, for example)
are then supplied to one end terminals of the amplifiers 58a,
58b.

The voltage eignals T1, T2 output from the holding
circuits 57a, 57b and the push-pul.l signals E, F output from
the adder amplifiers 56c, 56d- are respectively input to the
amplifiers 58a, 58b. The amplifier 58a outputs a difference
voltage between the voltage signal T1 from the holding
circuit 57a and the push-pull error signal E from the adder
amplifier 56c and the amplifier 58b outputs a difference
voltage between the voltage signal T2 from the holding
circuit 57b and theepush—pull error signal F from the adder
amplifier 56d. As a reeult, the amplifiers 58a, 58b
:espect%velyoutputthetophdldpush-pullsignalsT?PE,TPPF
from which the DC offset voltage ineluded in the push-pull
error signals E, F is canceled. The TPP circuit of the

present invention can be formed of the holding circuits 57a,

57b and amplifiers 58a, 58b, 58c.



The disc 1 can be accommpdated in a plurality of pieces within a disc
magazine 21, a certain disc is selected by a transfer nechanism 20 and it
is then | oaded to the position where it is reproduced by neans of the
optical head 3. Here, the structure of the optical head 3 provided in the
reproduci ng apparatus of the preferred enbodi nent of 16 the present

i nvention will then be explained with reference to Fig. 6 to Fig. 9. Fig. 6
is a plan view of the optical head 3 which is conposed of a | aser source
31, a deflected beamsplitter 32, a 1/2 magﬁlength pl ate 33, an objective

| ens 34, a condensing lens 35, a cylindrical lens 36 and a phot odet ect or

37. Th tical h ' i i '
win the bptical hobn® FRBILTIGENE3 SHRERISG PO Ee AhBYP val R atIDA T SO

€' related ar hown i m natl on of
t he coIIinaHp |
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ructure he
from the amplifiers 58a, 58b as the tracking error signal

TEl.

Therefore, this tracking error signal TE1l is supplied
to the double-axis mechanism 4 to control the objective lens
34. Accordingly, if the objective lens 34 is shifted in the
horizontal directién (tracking direction), the DC offset
voltage may be eliminated depending on the amount of shift
and thereby the double-axis mechanism 4 can accurately
control the tracking.

Moreover, in this preferred embodiment, the push-
pull signal E output from the adder amplifier 56c and the
push-pull siénal F output from the adder amplifier 56d are
supplied to the amplifier 58d and the amplifier 58d outputs
a difference voltage as the tracking error signal TE2. A
low frequency element (2Hz to 3Hz or lower) is extracted,
to generéte the sled error signal, by means of a low-pass
filter not illustrated from the tracking error signal 'TE2
containing the DC offset voltage.

‘?herefore, when the sled error signal is supplied to
the sled mechanism 5 to control the tracking of the optical
head 3 as a whole, the sled mechanism 5 is controlled by the
sled error signal to which the DC offset voltage is added

depending on the amount of shift even if the arm forming the



optical head 3 will be explained wwth reference to Fig. 7. In Fig. 7, a

| aser-coupler 40 is conposed of the |aser source 31, deflected beam
splitter 32 and photodetector 37 which are shown in Fig. 6 and nounted on
the sane silicon substrate, a couple of silicon mrrors 41, 42 for
deflecting the light axis OGO of the light emtted fromthis |aser coupler
40, objective lens 34 which condenses the light reflected fromthe silicon
mrror 42 and then radiates the |light beamto the recording surface |a of
the disc 1 and 1/2 wavel ength plate 33 whi I s di sposed between the | aser
coupler 40 and disc 1 and has the regions 33a, 33b which are divided at

| east into &&g ;ng'a%ss %ec%] Wén P5ANG ¥d '}RQPJ'a{hEOoBH%ct'J]QJE Pehs $40is
resulting in t

er ent axes in these regions. "The | aser coupler 40 is

d, |5 8 f 31
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a mcro rlsn1 havi ection
surface di sgggggdzilno %r, r?:%e 8rtl.t1c% ! ﬁeado3 cbaerE e re \q%nl Oé”::\%%ual

mechacenter.

As aresult, the reproducing operationcanberealized
while the visual field can be maintained in the well improved
condition and even when the optical head of the reproducing
apparatus is disposed with a certain inclination angle as
shown in Fig. 3B, the vibraﬁion proof characteristic of the
related art as indicated by a broken line in Fig. 11 can be
improved as indicated by a solid line in Fig. 11. That is,
even when the optical head is arranged with a certain
inclinationangle,thévibrationproofcharacteristicwhich
is almost equal to that obtained when the optical head 3 is
arranged in vertical can be obtained. Accordingly, it.is
now possible to arrange the optical head of the reproducing
apparatus with a certain inclination angle, the reproducing
apparatus és a whole can be reduced in size.

As explainedﬁpreviously, the reproducing apparatus
of the present invention is provided with a tracking control
signal generating means which can generate a first tracking
control signal to control displacement of the objective lens
and a second tracking éontrol signal to extract the sled
control signal to control displacement of the optical head.

Here, the first tracking control signal is generated as the



31 and objective lens 34 shown in Fig. 7 to isolate the predeterm ned

defl etted el enment of.the reflected |Iight beamreflected by the recording
surface la of the disc 1 and generate the focus error signal FE, and
phot odet ectors 53, 54 for respectively detecting the amount of |ight at the
positions in the equal distance fromthe focusing point formed on the
silicon substrate 51. The |ight receiving regions of the photodetectors 53,
54 are divided respectively into four regions 53a, 53b, 53c, 53d and four
regi ons 54a, 54b, 54c, 54d, for exanple, as_shown in Fig. 9. Therefore, at
the plane crossing in orthogonal the Iightz%xis OO of the 1/2 wavel ength
plate 33, the li . i L V] i i ons,
for exanpl e%l%éé?ﬁ{eo?)e&g?co%dggg,{'ggb[?@g)lﬁ%éega‘?él%géggod@ggttg%gﬁgﬁg'rn?eggt in
different apgles.an e flecti.viti, t A e
surface 52acp%$fp? ﬂ‘éeﬁ‘ne&‘lr% o?)g iq-'shrr(]a §§ I5E té: lﬁ%%%&:‘tsi 'C‘gﬁ‘ 51?2’1?? %Qg:%ﬁél\rll\g}!%gg%n?g

that the reflected ||ght_beam havin ssed the first reqi.on 33a the 1/2 .
wavel engt h ‘f)‘i"éf'5°g35 b‘g“f‘ﬂlea%[ﬁ'b%ts f"r"dﬂ'l‘f‘lﬂ%n?atslé? Dgggf“%ge%lvgﬁ age
reflected by the recording surface la of the disc 1 passes.the second
regi on 33b YPr¥REPONAING tendiRPipsEePent of the objective lens.

Therefore, deterioration of the vibration proof
characteristic can be prevented even if the optical head is
disposed with a certain inclination angle. As a result, it
is now possible to arrange the optical head with a certain
inclination angle and the reproducing apparatus can be

reduced in size.



and the reflected Iight beam havi ng passed the second regi on 18 33b of
the 1/2 wavel ength plate 33 of the output |light beamfromthe | aser source
31 and reflected by the recording surface la of the disc 1 passes the first
region 33a of the 1/2 wavel ength plate 33. The refl ected beans detected

respectively in tlmmﬁﬂlﬂ“ﬂ ﬂmFSb, 53c, 53d of the photodetector 53 and
t he regi ons 54a, ! t he phot odetector 54 shown in Fig. 9 are

supplied to theRF’hnﬁ/afitHne?iG'unit 6 and thereby the reproduced RF
signal, tracking error signals TEl, TE2 ard# focus error signal FE, etc.
be extracted. Fig. 10 shows a practical exanple of the structure -of the

t racki ng qugi@llgi?EPEgE%ng¥=for controlling the tracking anong the

circuit structure o anp/arithmetic unit 6 and servo processor 7
formed by an IC. The cyrr .S] e ' i 0 < 33b, 53c,
53d of the photode éctgb §§E§h&gﬁﬁ$§ﬁg %2%%%%§h24%?P%ﬁ§?'5§§Pg§iﬁlgf )

first holding means for holding a receiving light

can

output signal from one photodetecting element of the
photodetector formed of a plurality of photodetecting
elements for'radiating an optical beam emitted from an
objective lens to an optical disc and-receiving the light
beam reflected from said optical disc;

a first differential amplifier for obtaining a
difference between the holding output of said first holding
means and the light receiving qutput_signal from said first
photodetecting element;

second holding means for holding a light receiving
output signal from the other photodetecting element of said
photodetector;

a second differential amplifier for obtaining a
difference between the holding output from said second_
holding means and the 1ight receiving output signal from said
second photodetectiqg element;

tracking error signal generatingmeans for generating
a track;Pg error signal which indicates the relative amount
of shift in the radius direction of said objective lens and
optical disc by obtaining a difference between the
differential output of said first differential amplifier and

the differential output of said second differential



t he photodetector 54 are respectively supplied to the current-voltage
converters 55(hereina _referred to as "I-V converters") provided in the

respective regions. For exaﬁi\gﬂtthe current signal detected in the region

53a of the photog ““mﬂnl “ verted to the voltage signal A, while
the current signgl region 53c is converted to the voltage

signal A3, the curYerft éignal detected in the region 53d is converted to
the voltage signal A4 and the current signal detected in the region 53b is
19 converted to the vol tagesignal A2, res tively. Moreover, the current
signal detected in the region 54a of the photodetector 54 is converted to

the vol t age, 5,993'; B4 il e the current signal detected in the region 54c
IS converteaﬁbg { e Vof*gge signal B3, the current.signal detected in the

region 54d i s converte e | t age. si d t_Si I
detected in the regﬁloenéiSélgr%g 8%%\%%%&?? ?ﬁ%%régécf)?{}a eer}‘g‘?‘g;én%{‘?@z? s
respectlvelgr%g% %T%%%f”&%iéﬁ”}elatively shifts the optical head as a

whole in the radius direction of said optical disc by
obtaining a difference between the light receiving output
signal from the first photodetecting element of said
photodetector and the 1ight receiving output signal from the
other photodetecting element of said photodetector.

2. An optical head apparatus, comprising:

a photodetector formed of a plurality of
photodetecting elements for radiating an optical beam
emitted from an objective lens to an optical disc and
receiving the light beam reflected from said optical disc;

first holding means for holding a light receiving
output signal from a photodetecting element of said
photodetector;

a first differential amplifier for obtaining a
differencebetweenthehbldingoutputfromsaidfirsfholding
means and the light receiving output signal from said first
photodetecting element;

gecond holding means for holding the 1ight receiving
output signal from the other photodetecting element of said
photodetector;

a second differential amplifier for obtaining a

difference between the holding output from said second



output. An addition anplifier 56 is conposed of adders 56a, 56b, 56c, 56d.
In the adder 56a, the vol tage signals Al, A2, B3, B4 converted by the |-V
converter 55 are” ut as the PD1 signal, while in the

adder 56b, the vo A4, Bl, B2 fromthe |-V converter 55 are
added and then ou |WEHL l@&@iﬁl gnal . The reproduced RF signal and focus
error signal d and then output fromthese PDl signa
and PD2 signal " For exanpl e, the reproduced RF signal is obtained by adding
the PDl signal and PD2 signal, while the focus error signal is generated

dependi ng on difference bet ween the PDL sf@nal and the PD2 signal.

\I\//glr?g\é:rm gn:ﬁéﬂﬂgéme%? %}{[dogbgfroﬁy? #é{fzgﬁver‘fgue%‘ad@\%%ﬂeay gghgge'; e
gﬁdf?3LPthﬂf£%§etg k&ngggf%meng¥ addlng the voltage signals A, A3, B2,

tracking error signal generating means for generating
a tracking error signal which indicates relative shift in
the radius direction of said objective lens and optical disc
by obtaining a difference between the differential output
of said first differential amplifier and the differential

~output of said second differential amplifier; and

.sled error signal generating means for generating a
sled error signal for relatively shifting the optical head
as a whole in the radius direction of said optical disc by
obtaining a difference between the light receiving output
signal from the first photodetecting element of said
photodetector and the other photodetecting element

_ of said photodetector.

3. A reproducing'apparatus, comprising:

a photodetector formed of a plurality of
photodetecting elements for radiating an optical beam
emitted from an objective lens to an optical beam and .

receiving the light beam reflected from said optical disc;
girst holding means for holding a light receiving
output signal from the first photodetecting element of said
photodetector;
a first differenfial amplifier for obtaining a

difference between the holdingoutput fromsaid first holding



the |-V converter 55. These push-pull signal E and'push-pull signal F are
assuned to include the DC offset voltage which is generated when the

objective lens 34 of the optical head 3 is shifted in the tracking
ditection. These HIE | E, F are respectively supplied to the
hol ding circuits mlﬂmmnllﬁllﬂ:nmi t he peak voltages are held and the
vol tage signals T1% T2 &bt &inkd by nultiplying the peak voltages with the
predeterm ned constant (0.8, for exanple) are then supplied to one end"
termnals of the anplifiers 58a, 58b. The voltage signals T1, T2 out put
fromthe holding circuits 57a, 57b and the2push-pull signals E, F output
fromthe adder anplifjers, 56 56d are respectivel,y inpyt to the anplifiers
58a, 58b. TREBARPH BReshLo Bl FRFE 1Y 1h% PUERRT SMAE 100 Radd thest
vol tage signal T1 fromthe hoIdin% circuit 57a and the push-pull error
signal E frBRPtRESIRAN10GpEI BMENTS6c and the anplifier 58b outputs a
difference voltage between the voltage signal T2 fromthe holding circuit

57b and the push-pfigcerd cholding meamsAAhd Gkdbng adpl ighsr recgivina

result, the anplifiers 58a, 58b respectively output the top hold push-pul
signal s TPPeutppfFsignal from another photodetecting element of said

photodetector;

a second differential amplifier for obtaining a
difference between the holding output from said second
holding means and the 1ight receiving output signal from said
second photodetecting element;

tracking error signal generating means for generating
a tracking error signal which indicates relative shift in
the radius direct:i;or} of said objective lens and said optical
disc by obtaining a difference between the différential
output of said first differential amplifier and the
differential output of said second differential amplifier;

sled error signal generating means for-generating a
sled error signal for relatively shifting the optical head
as a whole in the.radius direction of said optical disc by
obtaining a difference between the light receiving output
signal from the first photodetecting element of said
photodetector and the lighi: receiving output signal from the
other photodetecting element of said photodetector;

first driving means for relatively shifting said
objective lens in the radius direction of said optical disc

depending on the tracking error signal generated by said

A



fromwhich the DC of fset voltage included in the push-pull error signals E,
F is tanceled. The TPP circuit of the present invention can be forned of

t he hol ding circuits—57a, 57b—and anplifiers 58a, 58b, 58c. 21 The
amplifier 58c outp oltage bet ween the top hol d push- pul
signals TPPE and T mﬂum "":l @B\T‘I e anplifiers 58a, 58b as the tracking
error signal TE1. , acking error signal TELl is supplied to
t he doubl e-axis mechanism4 to control the objective lens 34. Accordingly,
if the objective lens 34 is shifted in theygorizontal direction (tracking
direction), the DC offset voltage nmay be el m nated dependi ng on the anount
of shift andrhb&mﬂ@/dﬁ&bﬂoybbaaqmg%ﬁgx&anhgnméa@@Qzxxuwaiely control the
tracki ng. Moreover, in this preferred enbodi nent, the push- pull signal E
output fromthe ad@%béﬂ@'&Eh@&d@ﬁhéﬁﬁkthér relatively shifting said

optical head in the radius direction of said optical disc

depending on the sled error signal generated by said sled

error signal generating means.



push-pul |l signal F output fromthe adder anplifier 56d are supplied to the
anplifier 58d and the anplifier 58d outputs a difference voltage as the

tracking error signal TE2. A low frequency elenent (2Hz to 3Hz or lower) is
extracted, to generate the sled error signal, by neans of a | owpass filter

not illustrated fromthe tracking error 55 nal TE2 containing the DC of f set
vol tage. Therefore, when the sled error signal I's supplied to the sled

mechani sm 5 tOPEDOALOHEADETRARSREROCDRCUIE, ODPTLCAL heeAD AN REFRODUCINGE
sl ed nechanism5 is controlled by the sled error signal to which the DC

of fset voltage i s added ATEPRATURy 18TF RODUCING, FHESAME GIRCPIT i f the arm
formng the 22 doubl e-axis nmechanism4 to hold the objective lens 34 is

shifted in the tracking direction due ABSTRACEravity. Accordingly, the
optical head 3 can be returned to the actual nechacenter. As a result, the

reproduci ng operati o Gite Mpt Pehlzgdad transfer circuit of the related
art, the sled error signal generated only via a low-pass
filter has been used as the tracking error signal, however,
the present invention provides a portable type reproducing
apparatus which can compensate for a DC element corresponding
to shifting displacement of an objective lens generated
depending on change of attitude o:t? the reproducing apparatus
with the sled.feed mechanism, does not éesult in
deterioration of the reproducing characteristic depending
on vertical or horizontal installation and has realized much
improvement in the vibration'character;stiés,'because the
signal' from which the DC element is eliminated corresponding
to the shifting displacement of the objective lens is used
as the tracking error signaliand the sled error signal has

been generated depending on the signal from which the DC

element is not yet eliminated.

Figure 1



while the visual field can be maintained in the well inproved condition and
even when the optical head of the reproducing apparatus is di sposed with a
certain inclination angle as shown in Fig. 3B, the vibration proof
characteristic of the related art as indicated by a broken line in Fig. 11
can be inproved as indicated by a solid Iline in Fig. 11. That is, even
when the optical head is arranged with a certain inclination angle, the

vi bration proof characteristic which is al nost equal to that obtained when
the optical head 3 is arranged in vertil/# can be obtained. Accordingly, it
i's now possible to arrange the optical head of the reproduci ng apparat us
with a certain inclination angle, t OgICi NG apparatus as a whol e can
be reduced in size. As explai ned pr %E;the reproducing appar at us of
the present invention is provided mnth a tracklng control signal generating
means whi ch can generate a first tracking control signal to contro

di spl acenent of the objective lens and a secongdltracking control signal to
extract the sled control signal ontrol displacenent of the optical

O
head. Here, the first tracking c¥mSrlolgRall L Zatbrated as the
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23 signal not including the DC of fset voltage corresponding to displ acenent
of the objective lens, while the second tracking control signal as the
sigrial including the DC of fset voltage corresponding to displacenent of the
objective lens. Therefore, deterioration of the vibration proof
characteristic can be prevented even if the optical head is disposed with a
certain inclination angle. As a result, it is now possible to arrange the
optical head with a certain inclination angle and the reproduci ng apparat us
can be reduced in size. 24 WHAT IS CLAIMED IS: 1. An optical head
transfer circuit, conprising: first holzlyedg neans for hol ding a receiving

| i ght out put signal from one photodetecting el enent of the
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phot odet ector fornmed of a plurality of photodetecting el ements for

radi ati ng an optical beamemtted froman objective lens to an optical disc
and‘recei ving the |ight beamreflected fromsaid optical disc; a first
differential anplifier for obtaining a difference between the hol ding

out put of said first holding neans and the |ight receiving output signal
fromsaid first photodetecting el enent; second hol ding neans for holding a
| i ght receiving output signal fromthe other photodetecting el enment of said
phot odetector; a second differential aRgPifier for obtaining a difference
bet ween the hol di ng output from said second hol ding means and the |ight
recei vi ng out pu ign fropasgad second phot odetecting el enent; tracking
errorsignal genE;ztﬂngtsea zqf generating a tracking error signal which

i ndicates the relative amount of shift in the radius direction of said
objective |l ens and optical disc by obtaining a difference between the

differential output df sard first differentral anplifier and}|the
differential output df said second differenti al
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25 anplifier; and sled error generating nmeans for generating a sled error
signal“which relatively shifts the optical_ head as a whole in the radius
direction of said optical disc by obtaining a difference between the |ight
receiving output signal fromthe first photodetecting el enment of said

phot odet ector and the light receiving output signal fromthe other
phot odet ecting el enment of said photodetector. 2. An optical head
apparatus, conprising: a photodetector formed of a plurality of
phot odet ecting el ements for radiating ag/eptical beamenitted froman
objective lens to an optical disc and receiving the |light beamreflected
fromsaid optical disc; first holding.neans for holding a |ight receiving
out put signal from a photodetecting e“enent of said photodetector; a first

differential amplifier for obtainipg g
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di fference between the hol ding output fromsaid first holding nmeans and the
| i ght receiving output signal fromsaid first photodetecting el enent;
secdnd hol di ng nmeans for holding the |ight receiving output signal fromthe
ot Her phot odetecting el enent of said photodetector; a second differential
anplifier for obtaining a difference between the hol ding output fromsaid
second 26 hol ding neans and the |ight receiving output fromsaid second
phot odet ecti ng el enent; tracking error signal generating nmeans for
generating a tracking error signal which indicates relative shift in the
radius direction of said objective I ens and optical disc by obtaining a

di fference between the differential oubpet of said first differential
anplifier and the differential output of said second differenti al

anplifier; and sled error signal generating neans for generating a

F1G.6
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sled error signal for relatively shifting the optical head as a whole in
the radius direction of said optical disc by obtaining a difference between
the®ight receiving output signal fromthe first photodetecting el enent of
sai‘d phot odetector and the ot her photodetecting el enent of said

phot odet ector. 3. A reproduci ng apparatus, conprising: a photodetector
formed of a plurality of photodetecting elenents for radiating an optical
beamemtted froman objective lens to an optical beam and receiving the

i ght beamreflected fromsaid optical disc; first holding nmeans for

hol ding a |ight receiving output signmg/ romthe first photodetecting

el ement of said photodetector; a first differential anplifier for obtaining
a difference between the holding output fromsaid first hol ding 27 neans
and the light receiving output signal fromsaid first
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phot odet ecti ng el enent; second hol ding neans for holding a |ight receiving
out put” signal from another photodetecting el ement of said photodetector; a
second differential anplifier for obtaining a difference between the
hol'di ng out put from said second hol ding neans and the |ight receiving

out put signal from said second photodetecting el ement; tracking error
signal generating neans for generating a tracking error signal which
indicates relative shift in the radius direction of said objective | ens and
said optical disc by obtaining a difference between the differential output
of said first differential amplifier and the differential output of said
second differential anplifier; sled er ok signal generating neans for
generating a sled error signal for relatively shifting the optical head as
a whole in the radius direction of said optical disc by obtaining a

di fference between the |ight receiving output signal fromthe first
phot odet ecting el enent of said photodetector and the |ight receiving output

signal fromthe other photodetecti rF-eIr:n'G ofgai d phot odet ect or;
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first driving neans for relatively shifting said objective lens in the
radi us direction of said optical disc depending on the tracking error

si grial generated by said 28 tracking error signal generating neans; and
second driving neans for relatively shifting said optical head in the
.radius direction of said optical disc depending on the sled error signal
generated by said sled error signal generating neans.
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