-1-"2 3 MAR 2005 DESCRI PTI ON MAGNETI C RECORDI NG APPARATUS Techni cal Field
The present invention relates to a nagnetic recording apparatys which can
detect a high-precision tracking error-1signal with stability, 3dﬂéﬁnﬂM5
accurately record, reproduce or delete information on/ froma magnetic
recordi ng medi um such as a fixed magnetic disk or a floppy disk.
Background Art Conventionally, in a nmagnetic disk system which records
information on a magnetic recording nedium a track pitch of approxinmately
200gm has been enpl oyed and this ipE3ERIPDIOAd as conpared with a track
pitch of approximately 1.6m on an optical recording nedium and
mechani cal |y rough track positioning has been perfornmed using a stepping
notor or the 1like. However, in recent years, a track pitch of severa

nf'-several tens of gm hagpenrtdeskredrbrNe derpArnTERl i ze greater
capacity. In this case, a nmechanismfor nore accurate track positioning
than in the conventional magnetic systemis necessitated. Figure 3 shows a
structure of a conventional magnetic recording apparatus which detects a

tracki ngrerhalh Signle Py -2- 2 3 MAR 2005 using light. In figure 3, the

conventional magnetic recording apparatus has an eni ssion beam 70

(hereinafter, pghereddD anvention relates to a magnetic recording
apparatus which can detect a high-precision tracking error
signal with stability, and can accurately record, reproduce or

delete information on/from a magnetic recording medium such as

a fixed magnetic disk or a floppy disk.

Background Art

Conventionally, in a magnetic disk system which records
information on a magnetic recording medium, a track pitch of
- approximately 200um has been employed and this is very broad
as compared with a track pitch of approximately l.6um on an
optical recording medium, and mechanically rough track
positioning has been performed using a stepping motor or the
like. However, in recent years, a track pitch of several u
m~several tens of ugm has been desired in order to realize

greater capacity. In this case, a mechanism for more accurate
track positioning than in the conventional magnetic system is
necessitated.

Figure 3 shows a structure of a conventional magnetic

recording apparatus which detects a tracking error signal by



a "beamt' ) of linear polarized Iight; a sem conductor |aser |light source 1
(hereinafter, referred to as a "light source" ) which outputs the beam 70;
a diffraction element 16 by which the-beam 70 outputted fromd BhMARi a5
source 1 branches into three beans; a magnetic recording nmedium 4
(hereinafter, referred to as a "disk"” ); an objective lens 17 which
condenses the beam 70 passing through the diffraction elenent 16 on the
disk 4; a support 21 which supports the objective lens 17 and is able to
adj ust tngiggﬁlggg@_ofIhhgi@@kecjjuﬂmienaﬁemuidhaﬂnmagﬁetﬁcineanmingo
accurately fix the focus position on the disk 4; a photodetector 15 which

recei ves 5iha rheary Qs WAl 6hibsionehtent B0l @ndralifdraeredrbyerheddiokad to
pass through the objective lens 17 again and branches at the diffraction

el ement 16« ouf pUE Phnehechibheali Adnalghd; agcoemaneadiddot Neaser
quantityaof ?%%%iskdgfigg?; a gignaﬁ proceé%ing unit 61 which processes
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t racki ng &PPor 58 a magnetic head 14 which receives the tracking
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passes t Nrough the objective fens 17, t6 an appropriate spot size on the
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as a “disk” ); an objective lens 17 which condenses the beam
70 passing through the diffraction element 16 on the disk 4;
a support 21 which supports the objective lens 17 and is-able
to adjust the position of the objective lens in a Z direction
in order to accurately fix the focus position on the disk 4;
a photodetector 15 which receives the beam 70, which is
reflected and diffracted by the disk 4 to pass through the
objective lens 17 again and branches at the diffraction element
16, to output an electrical signal in accordance with the
quantity of received light; a signal processing unit 61 which
processes the electrical signal outputted from the
photodetector 15 to output a tracking error signal; a magnetic
head 14uﬂnich.reéeives the tracking error signal outputted from
the signal processing unit €1, and performs recording and
reproduction of a tracking error signal detecting optical
system and information; an aperture 2 for narrowing the beam
TOwhichpassesthroughthecﬂﬂectivelens17,txnanappropriate

spot size on the disk 4; a base 13 where the magnetic head 14



the relative position of the disk 4 and the base 13. In the diffraction
element 16, a region 16A is formed on the surface of the side to the
light source 1, and a region 16B is fog-med on the surface of ?ﬁgqﬁg%d§MSe
side. The em ssion beamof linear polarized Iight which is outputted from
the light source | is incident on the region 16A of the diffraction

el ement 16, and branches into three beans, i.e., a zero-order diffracted
beam and +1st order diffracted beans. Three beans generated on the region

16A furthes theanshrtiie Phitedfo BRSAP HM ke NP it6S1 WHidn adgtistal pat h
which leads fromthe light source | to the objective lens 17, a grating
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which is refle racte y the disk 4 to be incident on the
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16, and branches into three beams, i.e., a zero—-order diffracted
beam and “__L“lst order diffracted beams. Three beams generated
on the region 16A further branch into plural beams on the region
16B. In an optical path which leads from the light source 1
to the objective lens 17, a grating pitch of the region 16B is
designed such that only the zero-order diffracted beam among
the diffracted beams generated on the region 16B is incident
on the aperture of the objective lens 17. Further, the beam
70, which is reflected anddiffracted by the disk 4 tobe incident
on the region 16B of the diffraction element 16, branches into
plural diffracted beams, and only the +1st order diffracted
beams of these beams are received by the photodetector 15.

Figure 4 shows the relationship between the disk and the

converged beam in the conventional magnetic recording apparatus.
As shown in figure 4, on the disk 4, guide grooves are formed
in the middle of the respective adjacent tracks (regions where

information is recorded or reproduced by the magnetic head 14),

and a difference in reflectivity between the guide grooves and



the other parts allows the tracking error signal to be optically detected.
In figure 4, Tn-1, Tn, Tn+l...are tracks, and Gir-1, G1, Gi+|l...are guide
grooves. The track pitch pt and the widgh of the guide gro é%Pﬁnggg; to
be 20m and gum respectively. Further, in order to obtain a periodic
signal according to the rotation of the disk 4, these guide grooves are
intermttently forned also in the circunferential direction. Wen the disk
4 rotates at 720rpm the pitch pt' in the circunferential direction is set
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4 rotates at 720rpm, the pitch pt' in the circumferential

(,
) direction is set so that the frequency of the periodic signal
obtained by the guide groove crossing the beam 70 in the

circumferential direction becomes 20kHz.

In fhe beam 70, a beam 70A is a zero-order diffracted beam
génerated.on the region 16A of the diffraction element 16, and
beams 70B and 70C are *1st order diffracted beams generated
on the region 16A of the diffraction element 16. Three beams
70A-70C are spaced at pt/4 intervals to the guide groove on the
disc 4, respectively.

Figures 5(a) and 5(b) show grating patterns of the
diffraction element in the conventional magnetic recording
apparatus, and figure 5{(c) shows the relationship between the
photodetector and the beams in the conventional magnetic
recordiﬁg apparatus. As shown in figures 5(a) and 5(b}), each
of the grating patterns formed on the regions 16A and 16B of
the diffraction element 16 is a pattern of a constant pitch.

The grating patterns on the region 16A and on the region 16B



-5 rectangul arly cross each other. As shown in figure 5(c), 1st order
diffracted beans 71 and 72 received by the photodetector 15 anrﬂm%nggyree
beans 71A-71C and 72A-72C, respectively.. The photodetector 15 has six
phot osensitive parts 15A-15F, and the beam 71A is received by the

phot osensitive part 15B, the beam 71B is received by the photosensitive
part 15A, the beam 71C is received by the photosensitive part 15C the
beam 72A is received by the photosensitive part 15E, the beam 72B i s
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N photosensitive part 15C, the beam 72A is received by the
photosensitive part 15E, the beam 72B is received by the
photosensitive part 15D, and the beam 72C is received by the
photosensitive part 15F.

As shown in figure 5(c), the light source 1 is arranged
on the photodetector 15 that is fabricated on an etched silicon
substrate. Further, a mirror 150 is formed on the silicon
substrate, and the beam 70 which is outputted from the light
source 1 is reflected at the mirror 150 to be outputted in the
z-axis direction perpendicular to an X-Y plane where the
photosensitive parts 15A-15F of the photodetector 15 are
formed.

Figure 6 is a circuit block diagram of the signal
processing unit 61 in the conventional magnetic recording
apparatus. As shown in fiqure 6, the photosensitive parts 154,
158 and 15C {(or 15D, 1S5E and 15F) of the photodetector 15 are

connected to current-voltage converting units 355, 354 and 353

(hereinafter, referred to as I-V converting units for short},

s 15A, 15B and 15C



-6 2 3 MAR 2005 respectively. Thereby, the electrical signals outputted
from the photosensitive parts 15A, 15B and 15C (or 15D, 15E %% il,@l&) %f
the photodetector 15 are converted intQgvoltage signals by t | = 200
converting units 355, 354 and 353, respectively. The voltage signal v5 (or
v6, v7) outputted fromthe |-V converting wunits 355, 354 or 353 becones a
periodi c signal of 20kHz as shown in figure 7(a), in a state where the

disk 4 is rotating. At this time, a maxi numvalue of v5, v51 , is an
out put value Jly ; at Lhel& d1% dor DUhfes 0598V S Jhtphbrbherbeam A
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in figure 7(a), in a state where the disk 4 is rotating. At
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this time, a maximum value of v5, v5'', is an output value in
a state where there is no guide groove within the beam. A
minimum value of v5, v5', is an output value in a state where
the disk 4 rotates and thereby the beamrests on the guide groove.
When the beam center coinclides with the center of the guide
groove in the X direction, |v5''-v5'| takes the maximum value.
When the beam 70 is being displaced in proportion to time
t in a state where the disk 4 is rotating, v5 (or v6, v7) is
as shown in figure 7(b). On the other hand, when the beam 70
has a displacement x from the center of the guide groove (e.g.,
Gn) of the disk 4, an envelope curve v5' (or ve', v7') of the
minimum value of the 20kHz periodic signal has such a waveform
that the envelope curves are approximately represented by
formulas (1)-(3}, respectively.
formula (1)
vS5'=Al-cos (2 x/pt)+Bl
formula (2)

v6'=A2-sin{2 nx/pt) +B2



v6' =A2sin(2 n x/pt) +B2 2 3 MAR 2005 -7 fornula (3) v7'=-A3sin(2itx/pt)+B3
In fornulas (1)-(3), Al-A3 are anplitudes, and Bl1-B3 are DC c dnpdibint 2005
Here, a ratio of the anplitude to the-BC conponent in each of v5' -v7',

that is, Al/Bl (or A2/B2, A3/B3) is referred to as a nodul ation factor

MOD. As shown in figure 6, the |-V converting units 353 and 354 are
connected to a differential arithmetic unit 374 through variable gain
anplifying units 476, 477 and envel ope curve detecting units 356, 357,
respect gy 1heseby, the voltage signals v5 and v6 outputted fromthe
-V converting units 353 and 354 are adjusted in the variable gain

anpl i fying un%ﬁg=ﬁ3§3qggn§%3E§y§p)+?§at t he maxi mum anplitudes (Al +Bl shown
ic's

in figure 6) of the ™ peri ghal s becone equal to each other, and then

detected as qléglg% Bl 35(sli)gn@j)s, Wy - 22 ¢ A 3 itthRI SNV IRP8 1Y @ire

detecting units 7, respectively. The displacenent signals v5

and v6' ar %o%éﬂérg%ﬁgé; OrglLl erentialo Gt clathpp ikidehe diddersat i al

arit hnmetc uni e'result 1's outputted as a voltage signal v8.
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become equafd At Dftver ™8R n detected as di Spl acenen
6, the I-V converting units 353 and 354 are connected to a

differential arithmetic unit 374 through variable gain
amplifying units 476, 477 and envelope curve detecting units
356, 357, respectively. Thereby, the voltage signals v3> and
v6 outputted from the I-V converting units 353 and 354 are
adjusted in the variable gain amplifying units 476 and 477 such
that the maximum amplitudes.(A1+Bl shown in figure 6) of the
periodic signals become equal to each other, and then detected
as displacement signals v5' and v6' in the envelope curve
detecting units 356 and 357, respectively. The displacement
signals v5' and v6' are subjected to differential calculation
in the differential arithmetic unit 374, and the result is
outputted as a voltage signal v8. Further, the voltage signals
v5 and v7 outputted from the I-V converting units 354 and 355
are adjusted in the variable gain amplifying units 478 and 479
such that the maximum amplitudes of the synchronous signals
become equal to each other, and then detected as displacement
signals v5' and v7' in the envelope curve detecting units 358

and 359, respectively. The displacement signals v5' and v7'



signhals v5' and v7' in the envel ope curve detecting units 358 _and 359,
respectively. The displacenent signals v5' and v7' .2 3 MAR Zﬁdﬁimﬂ?qmgs
subjected to differential calculation Lg_the differential arithnetic unit
375, and the result is outputted as a voltage signal v9. The voltage
signals v8 and v9 outputted fromthe differential arithmetic units 374 and
375 have sine waves where the respective phases differ fromeach other by
n/2 as represented by fornmulas (4) and (5), respectively. fornula (4)

vB=Adsi naé“%) gg%ggét_%e/&)&g hermdladtD)alv ¥Adu s i d7 im WHY diiffédentbal

formul as is an anplitude. The differential arithnetic

units 37 [ 8L GOYREt 10N ity £ £ 483 & ha omght & e
variableéégggnghpcﬁﬁgPﬁg unlﬁgﬂuagﬁﬁgﬁgﬁﬁgg?mgispggﬁfveIy. Ther eby, ?he

vol t age SL%%%hsv¥ﬁ and v9 outputted fromthe differential arithnetic units
374 and 378"%aré adjusted to have desired anplitudes in the variable gain
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signals are ad ar’l Ic uni outputted as a voltage

i gnal v10._ The val tage .signal. v1Q . re
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error Slggglkespective phases differ from each other by = /2 as

represented by formulas (4) and (3), respectively.
formula (4)

v8=A4'sin(21tx/pt+7t/4)
formula (5)

v9=A4-sin(2n x/pt-=x /4)

In formulas (4) and (5), A4 is an amplitude. The
differential arithmetic units 374 and 375 are connected to an
arithmetic unit 433 through the variable gain amplifying units
474 and 475, respectively. Thereby, the voltage signals v8 and
v9 outputted from the differential arithmetic units 374 and 375
are adjusted to have desired amplitudes in the variable gain
amplifying units 474 and 475, respectively, and thereafter,
these voltage signals ére added in the arithmetic upit 433 to
be outputted as a voltage signal v10. The voltage signal vi0
has a waveform as represented by formula (6) and is outputted
from an output terminal 403 as the tracking error signal.
formula (6)

v10=K3-Ad-sin (2 nx/pt+xn /4)+K4-Ad-sin{2nx/pt-n /4)

—K3-Ad4-sin (2w x/pt+P1)+K3-Ad sin(2nx/pt+tn /2+P1)



formula (6) vl O=K3A4sin(2 nx/pt+n /4)+K4A4sin(2 nx/pt-n /4)

=K3Adsi n(2nx/ pt +( Dl ) +K3Ad4si n(2nx/ pt+n /2+(D1) -9 2 3 MAR 2005 13 JF dARul 0%
(6), K3 and K4 are gains of the variablege gain anplifying units 474 ang
475, respectively, and "P1 is -7c /4. The tracking error signal v10
becones a signal having arbitrary phase and anplitude by suitably

sel ecting the gains K3 and K4. Next, a tracking operation in the magnetic
recording apparatus so constructed will be described. As shown in figure

3, the emissiaf eamuih ofe)t,had ianepK4 paleaghiad bifgbheoutpitbae fadm t he
| ight source 1 is incident on the region 16A of the diffraction elenent 16
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the branched igf% %%&Fan%ggﬁr%r%, the emission beam 70 of the linear
polarized light outputted from the light source 1 is incident
on the region 16A of the diffraction element 16 and branches
into three beams, a zero-order diffracted beam and *1st order
diffracted beams. Three beams so generated on the region 16A
further branch into plural beams on the region 16B. However,
only zero-order diffracted beams among the diffracted beams
generated on the region 16B are incident on the aperture of the
objective lens 17. These three diffracted beams 70A-70C are
converged on the disk 4 by the objective lens 17 (figure 53).
The beams 70A-70C, which are reflected and diffracted by the
disk 4, pass through the objective lens 17 again, are incident
on the region 16B of the diffraction element 16, and branch into
plural diffracted beams. Only *1lst order diffracted beams
71A-71C and 72A-72C of the branched diffracted beams are
received by the photosensitive parts 15A-15F of the
photodetector 15 (figure 5(c)). The photosensitive parts
15A-15F of the photodetector 15 output electrical signals

according to the quantities of the respective light beams



recei ved by the photosensitive parts 15A-15F of the photodetecbgirig
(figure 5(c)). The photosensitive parts 15A-15F of the photode tHohR 12805
output electrical signals according +bOthe quantities of the respective

i ght beans 2 3 MAR 2005 -10 received, to the signal processing unit 61
(figure 6). The electrical signal is processed by the signal processing
unit 61, and outputted as a tracking error signal to the driving unit 91.
On receipt of the tracking error signal, the driving unit 91 adjusts the
rel ati veeRQsité®n 06 the kdsmalld pmdiehsingl udés Glhel Hiprucal 65yst Bhrand
the magnetic head 14, and the disk 4. Thereby, tracking is perforned on

the designed draekl ébgﬁﬁerlslprbhese@nwenxnﬂmamﬂgmﬁmnpnoceasmdgngnlt
apparatus so constructed, since the signal separation characteristics of

the photgasepsitbyepRatks 454 2R ckfiriderphat sdghadt bo the drd wigtg unit
necessarlly securagle enough on the structure, crosstal k of several

percent ghas CBEE%Q@Q?EW@QHe thecpibhRUE ryiognalignfalgmthkedphotiasensiitt ve
parts 15A and 15B 15D and 15E), or the photosensitive parts 15B and

15C (or 9113k ﬁ%‘%slﬁﬁ)e rEYRERGE, p¥kt BiBinnbatthé zatd ©n 39r whiiehl i kelabies
devices in tHese days, opportunities where device conponents are closely
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I nevita sone exlent due to influences of interconnections in the
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However, in the conventional magnetic recording
apparatus so constructed, since the signal separation
characteristics of the photosensitive parts 15A-15F of the
photodetector 15 are not necessarily securable enough on the
structure, crosstalk of several percent has occurred between
the output signals from the photosensitive parts 15A and 15B
{or 15D and 15E), or the photosensitive parts 15B and 13C (or
15E and 15F). Further, with miniaturization or the like of
devices in these days, opportunities where device components
are closely arranged have increased. Therefore, crosstalk
between the signals is inevitable to some extent, due to
influences of interconnection; in the signal processing unit
(flexible substrate, a pattern of PCB or the like). When the
crosstalk ratio between the output signals is ¢, the modulation
factor MOD of the above-mentioned signal v5' (or vé', v7') is

a value represented by Formula 1.

Formula 1

MOD={\[(1+ £ cosa)—Je cosa }/{J(1+ £ cosa)+-Jz cosa }



crosstalk ratio between the output signals is E, the nodulation factor

MDD of the above-nentioned signal v5' (or v6', v7') is a valjug M@@@%nt ed
by Formula 1. Forrmula 1 MOD={ (1+ E Cos|)- E coca }/{ (1+ E cosa)+ sa}
-11 2 3 MAR 2005 In Fornula 1, a is a phase difference of 20kHz frequency

wavef ornms between the output signals. Wien the circunferential direction
pitch of guide grooves on the disk is pt' and the beaminterval is d, ais
represented by formula (7) formula (7) a=2 7txd/pt' However, since the

periodi ¢ signafniBophW@4S1 fORSEANE phZKIEIr fEeBah8kess PhkiiRer Pegliepeyi tion
on the disk, the circunferenti al d?rectlon pitch pt' of guide grooveS on

the di skya¢e¥ain®s b@m&@lﬂlnﬁmé%h&%u&osﬁgﬁﬁs of wien gthee grooves in the
radial direction on the disk. In the case of an 3.5-inch disk that rotates

at 7201 pgy rEQf Feiricnt i £1 Qilifaétﬁbhe?&it% Bift gl ikle grthEesSbNetheVaikRs SO
as to result in pt'=809m on the nos I nternal circunference of the

magneti c. rdj i = A ;.TEH_S n

ci rcunf e%éeﬁgg. déé?t%hg@&%g?&q%ta%f%?%cg{q gpe 1b%?l:m [ n%segéggadg*sf%f%%g

constant”?]he phase difference a of the periodic signal varies on the
a

I nt er nal d external circunferences of the disk in inverse proportion to

formula (7)

a=2mwxd/pt"’

However, since the periodic signal is always constant
(20kHz) regardless of the beam position on the disk, the
circumférential direction pitch pt' of guide grooves on the disk
4 varies according to the positions of the guide grooves in the
radial direction on the disk. In the case of an 3.5-inch disk
that rotates at 720rpm, the circumferential direction pitch pt°
successively varies so as to result in pt'=804m on the most
internal circumference of the magnetic recording region and
pt'=1604m on the most external circumference. On the other
hand, since the beam interval d is always constant, the phase
difference & of the periodic signal ﬁaries on the internal and
external circumferences of the disk in inverse proportion to
the circumference pitch pt' as represented by the formula (7).

Accordingly, as shown by Formula 1, since the modulation
factor MOD is represented by a function of the phase difference,
&, themodulation factor MOD varies on the internal and external
circumferences of the disk. Therefore, the phase difference

between the signals v8 and v9, which difference is inherently



the circunference pitch pt' as represented by the formula (7). Accordingly,
as shown by Fornula 1, since the nodulation factor MOD is represented by a

function of the phase difference, a, tfie nodul ation factor MID3v@ghbes;,en
the internal and external circunferences of the disk. Therefore,ﬁ%%éﬁWﬁase

difference between the signals v8 and v9, which difference is inherently
-12 2 3 MAR 2005 to be 7C/ 2, has errors to 7c /2, resulting in tracking
‘errors. The present invention is made to sol ve the above descri bed

probl emstandehas/o f ohakt 8reBr&CE %P/@fo¥égﬁﬁ@in Qgﬁ@fﬁéﬁiﬁég%ggorﬁ.

apparatus with reduced tracking errors. D sclosure t he 1on

magneti ¢ recor ¢hag paRRATAL Usn #6405 8hNY st el ks Pfve L BRePLRSRAU_ i nvention
conprises: a disk-shaped information recordi ng nmedi um on wﬁlch peri odi c

phys! cal debandseiisli ds SHANASS, Ofe el AEIINILYL BT Bol QLlRfliad LT oMt

source which outputs a light beam a diffraction elenent receives

the beanmagubpytt & dd M Adeabbabl +3QULAG R e .. a
Iight-convgrging opti cal 5@3?%%1MEF§% 3@%@%9%%§§?%% g%ﬁégh eﬁgﬁggg%'by t he
diffraction elenment on the information recording nediumas a mcrospot; a

phot odet ecti on nmeans having three photosensitive parts which receive beans

[eflecpe@&gggosgkgf%%cq§gabﬂnﬁgﬁﬁhgﬁprnation recordi ng medi um and again
ransmtted 1 n the aperture o e l'ight-converging optical system and
out put Signal%ﬂﬂbﬁﬁgeigagggd@dfh&rgﬁﬁggg%égiggcor&ing to Claim 1 of
the present invention comprises: a disk-shaped information
recording medium on which periodic physical changes providing
changesofreflectivityareformed;alightsoufcewhichoutputs
a light beam; a diffraction element which receives the beam
outputted from the light source and generates thfee beams; a
light-converging optical system which converges the beams
generated by the diffraction element on the information
- recording medium as a microspot; a photodetection means having
three photosensitive parts which receive beams reflected and
diffracted by the information recording medium and again
transmitted in the aperture of the light-converging optical
system, and output signals in accordance with the guantities
of received light beams, respectively; a signal processing
means which processes the signals outputted from-the
photodetection means to output a tracking error signal; a
driving means which receives the tracking error signal
cutputted from the signal processing means, and determines a

position of the beam on a desired track; a magnetic head which



of received |ight beans, respectively; a signal processing neans which
processes the signals outputted fromthe photodetection neans to output a
tracking error signal; a driving neard3which receives the tracking error
signal outputted fromthe signal processing nmeans, and determ Zed ¥MAR 2005
position of the beamon a desired track; a magnetic head which -13 2 3 MAR
2005 records information on the information recording nmedium or
reproduces or deletes information fromthe information recording nedium
wher ei n tBeosdgnah furecessomgoneanse incbutas i en camcetdimgnsievtiioh, cancel s
crosstal k that occurs between the signals outputted fromthree

phot osensebi¥@upakt $r0fdd hete Phoh odehaetiionn fmmisthédcLnrdirng ttier he present
i nvention, crosstal k which occurs between photodetection signals can be

cancel edye@frdiAf HEAEEmMGT whE 08 Shat the REIGMEED p3I BN S1 190G ridACKIIHG 1BIdOE | S
reduced, and a high-precision tracking error signal can be detected.

Further, ; aGGRISH Rk 40s thEL FRANSId O G SH il RPPRE Atdiscu®d HdwBideR the the
magneti c recordi ng apparatus of Claim1l, the signal processing neans

cancel s §{§J§§i§' Bu\@gh%é&?%&u befl W Nph &l @RASs i dhepsapsebrmeans, and

detects a cking error signal wth reduced error. According to the

presentégﬂggﬁagggctgggyﬂégﬁsyhich occurs between phot odetection signals
can be ncel ed, -an

According to the present invention, ﬁrosstalk which
occurs between photodetection signals can be canceled, an
influence of crosstalk between signals on tracking error is
reduced, and a high-precision tracking érror signal can be
detected.

Further, according to the magnetic recording apparatus
of Claim 2, in the magnetic recording apparatus of Claim 1, the
signal processing means cancels crosstalk which occurs between
signals by the cancel means, and detects a tracking error signal
with reduced error.

According to the present invention, crosstalk which
occurs between phétodetection signals can be canceled, -an
influence of crosstalk between signals on tracking error
detection is reduced, and a high-precision tracking error
signal can be detected.

Further, according to the magnetic recording apparatus
of Claim 3, in the magnetic recording apparatus of Claim 1, the
cancel means cancels crosstalk from at least a signal among the

three signals outputted from the photodetection means, to the



i nfluence of crosstal k between signals on tracking error detection is
reduced, and a hi gh-precision tracking error signal can be det ect ed.
Further, according to the nagnetic reeqarddi ng apparat us f Chai gryes 2Um;the
magneti c recording apparatus of Claim1l, the cancel neans cancels
crosstalk fromat |east a signal anong the three signals outputted from

t he phot odetection neans, to the -14 2 3 MAR 2005 other signal. According
to the present invention, crosstal k which occurs between photodetection
signal s eaneke sdaegl ed, an influence of crosstal k between signals on
tracking error detection is reduced, and a high-precision tracking error

signal can be geteetgthg W tires, pﬁ@@@ﬁﬂl R@vied tilth TegRes b € a L &C uhdid1y
apparatus of Claim4, in the magnetic recording apparatus of Claim1, the

cancel mMBARY reOMUthARST PhéSbdaREcEe6aNE iRldagecsh Vbei BanmRansd, Wk ch
perform voltage division on an output signal froma first photosen5|t|ve

part of tﬁﬁlﬁewc%d%t@%w@s@gﬁﬁsbeewtebhstsmqiahf@r@nttahcﬁ&h@hr&tﬂ&r means
whi ch perforns dlfferentla cal culation on an output signal” froma second

phot Osenaétaﬁ%loﬁt& 9 ddtb@e@hogﬁaeteﬁalg@t 204 BRaeutipY igpal from

the first voltage- ng neans; a second differential arithnetic neans

whi ch pegigag& @%Bf%k9Qﬁ% cEahculation an output signal froma third
phot osenSifi'VE part of the photodetection, neans )

Further, according to the magnetic recording apparatus
of Claim 4, in the magnetic recbrding apparatus of Claim 1, the
cancel means comprises: first and second voltage-dividing means
which perform voltage division on an output signal from a first
photosensitive part of the photodetection means; a first
differential arithmetic means which performs differential
calculation on an output signal from a second photosensitive
part of the photodetection means and an output signal from the
firstvoltage—dividingnwéns;easeconddifferentialarithmetic
means which performs differential calculation an output signal
from a third photosensitive part of the photodetection means
and an output signél from the second voltage-dividing means.

According to the present invention, crosstalk which
occurs between photodetection signals can be canceled, an
influence of crosstalk between signals on tracking error
detection is reduced, and a high-precision tracking error
signal can be detected.

Further, according to the magnetic recording apparatus

of Claim 5, in the magnetic recording apparatus of Claim 4, the



and an out put signal fromthe second voltage-dividing neans. According to
the present invention, crosstalk which occurs between phot Od‘it gcﬂhgn 005
signal s can be cancel ed, an influenceld- crosstal k between signals o%
tracking error detection is reduced, and a high-precision tracking error
signal can be detected. Further, according to the magnetic recording
apparatus of Caimb5, in the magnetic recordi ng apparatus of Caim4, the
-15 2 3 MAP, 2005 first and second vol tage-divi di ng neans have

vol t age- fli ¥sdi agd satond apptagerdielidieqguakane hheer abilaagte “whivihdihg
output signal fromthe first photosensitive part crosstalks to the output

si gnal s f4#eivshapmacnnthane]l ¥ he gdaphebosensitd tvieo patt shidbcaehd rngatputhe
present invention, crosstal k which occurs between photodetection signals

can be cengehedrraie HH¥ | £Lhse phoebessisalth ketyeen 6+gBakalqs tiackhag
error detection is reduced, and a high-precision tracking error signal

can be dgieghiedsiFHELREE roRCERE HbAd de tﬁ&&@ﬁ%h%_tb%‘é@fﬂﬁ‘ﬂv@ﬁ%@é us of
Claim6, in the nagnetic recordi ng apparatus of aim4, the first and

second vol tageadi¥i-diAg FRARGE P4 St T EAVERRE DN ACGU S 18] kOwhRerpr esent
i nvention, crosstal k which occurs between photodetection signals can be

cancel edyc@frsi BekyRRGE Hios@setatl kofekWeen s anal shon-hkhaekihg &l or

detection is reduced, and a high-precision tracking_ error
influence of crosstalk between signals on tracking error

detection is reduced, and a high-precision tracking error
signal can be detected.

Further, according to the magnetic recording apparatus
of Claim 6, in the magnetic recording apparatus of Claim 4, the
first and second voltage-dividing means comprise resistors.

According to the present invention, crosstalk ﬁhich
occurs between photodetection signals can be canceled, an

influence of crosstalk between signals on tracking error
detection is reduced, and a high-precision tracking error

signal can be detected.

Brief Description of the Drawings

Figure 1 is a diagram illustrating a structure of a signal
processing unit according to a first embodiment of the present
invention.

Figure 2 is a diagram illustrating a cancel circuit
according to the first embodiment of the present invention.

Figure 3 is a diagram illustrating a structure of a



signal can be detected. Brief Description of the Drawings Figure 1 is a

diagramillustrating a structure of a signal processing unit ?gﬂ?tﬁHSto
a first enbodinent of the present invepgion. Figure 2 is a dZSGr
illustrating a cancel circuit according to the first enbodi nent of the
present invention. Figure 3 is a diagramillustrating a structure of a -16

2 3 MAR 2005 conventional magnetic recording apparatus. Figure 4 is a
diagramillustrating the relationship between a conventional magnetic

recor di ng:JTRAIAN S081 AmagARIaNS &t DEAM p Fi and (b) are diagrams
illustrating conventiongﬁ grating patt%gngﬂ%$§3?%%%action el enents. Figure
anvent j onal

5 h di . ; i |.atai 1 .D.
(c) is a |ag@%?dﬂéL@tiéthalég%a&Pl ?6§E¥E§E$§L§ﬁggfg%6 TORSHR ure of

phot odet ect or and beans. Figure I's a diagrami

a signal LRGESS] i e vent j onal netic r.ecording
apparatu??QFiguréi99?§9355?§8?2m4§§ﬁ§§¥%¢f%ﬁOEBEPangﬁdﬁﬁﬂﬁ%ﬂﬁk?n t he
si gnal pLEaaSS lggémof t he conventional nagnetic recording apparatus.

Figure 8 1s a diagramillustrating a deformation exanple of the cancel
circuit accordkgguE%St@%éﬁﬁgggn?gs giet ?Jgfﬁﬁgnillustrating
conventicnal grating patterns of diffraction elements. Figure
5(c) is a diagram illustrating the relatiénship between a
conventional photodetector and beams.

Figure 6 is a diagram illustrating a structure of a signal
processing unit of the conventional magnetic recording
apparatus.

Figure 7 is a diagram illustrating a signal waveform in
the signal processing unit of the conventional magnetic
recording apparatus.

Figure 8 is a diagram illustrating a deformation example
of the cancel circuit according to the embodiment of the present

invention.

 Best Mode for Carrying out the Invention
{Embodiment 1)
Hereinafter, a first embodiment of the present invention
will be described with reference to figures 1, 2 and 8.
Figure 1 is a circuit block diagram of a signal processing
unit 61 in a magnetic recording apparatus of this embodiment.

The same numerals are given to the same parts as those of the



. S . . . 1)
nvention. Best Mdde for Carrying out the Invention (Enbodinen _
Hor a first enbodi nent of the present invention wll be described

Her ei nafter, . . ( \ .
with reference to figures 1, 2 and 8. _fhgure 1 is a circuit lzlg)qlf%f@@?gam
of a signal processing unit 61 in a nagnetic recording apparatus of 't .
enbodi ment. The same numerals are given to the same parts as those of the
-17 2 3 MAR 2005 signal processing unit 61 in the conventional magnetic
recordi ng apparatus shown in figure 6, and an explanation thereof is

. . : . i ot i A\ iven of a.point that the
glmgtn;ledp?glggggn%ﬁcﬁfnﬁ9%1?5;%%%?5:628 lﬁol’{khfgc%n%%%??@ﬂfizmmﬁf (r)g;nl t he
xanpl e, oo et ne AEREFOR oAtk 1 sl S npndl eRasSH i) s
gﬁt gﬁflteleglsgbégggggt gjg%ieeé%dngbhﬁi tgaIC%EGa?BIrI ];BSHYHgSS)m t ﬁf?hé% i Rvgtgiu:]e ﬁm t

! ; : i - co
354 1 5 subj ectad toTgarEages dTorr R HpH, Adgee B va) %Ed%mqigr}??ak:zﬁgi N
e TR OO SR o, R UL b o
395 by differentigh AHd ARG MNP TGS S dgspectively. as
is, in the conveﬁtional example, an output éignal from the I-v
converting unit 353 (or 354, 355) is outputted through the
variable gain amplifying unit 476 (or 477~479) to an envelope
curve detecting unit 356 (or 357~359), as shown in figure 6.
However, in this embodiment, an output signal from the I-V
converting unit 354 is subjected to voltage division by voltage
dividing units 381 and 382, and the voltage-divided output
signals are subjected to differential calculation with the
‘output signals from the I-V converting units 353 and 355 by
differential arithmetic units 376 and 377, respectively, as
shown in figure 1.

Hereinafter, a description will be given of a reason why
the signal processing unit 61 so constructed of this embodiment
cancancelcrosstalkbetweensignalsanddetectatrackingerror
signal with reduced error. Since the signal separation
characteristics of the photosensitive parts 15A-15F of the
photodetector 15 are not necessarily securable enough on the

Structure, crosstalk of several percent occurs between the

output signals from the photosensitive parts 15A and 15B (or



shown in‘figure 1. Hereinafter, a description will be given of a reason why
the signal processing unit 61 so constructed of this enbodi nent can cancel
crosstal k between signals and detect afitg-acking error signal 23t MARedR(Sed
error. Since the signal separation characteristics of the photosensitive
parts 15A-15F of the photodetector 15 are not necessarily securabl e enough
on the structure, crosstal k of several percent occurs between the out put
signals fromthe photosensitive parts 15A and 15B (or -18 2 3 MAR 2005 15D

and 15E)1%p &he pbehosendind vhasdsndbBiandpasEs(esplakd amt 1652 -1 3he
shorter the di stance between the photosensitive parts is, the nore the

amount odnd hise el 0Ssidldhd NEd LIRS dik¥an & B eVielR HRSLOWRIL] i gpal
fromthe photosensitive part 15B crosstalks to the output signal fromthe

phot osensittye Parthe kel Cheladult &¢ rtﬁiﬂcho%@%éIWiﬁ%éé?Q sﬂ‘%?al v6
(or v7) of the photosensitive part 15Cis represented by formula (

formul a {8)ms¥E7VHRENELRR b%tquﬂngig;nrgﬁ fsz\éérgglfliac? n;gfp(;wtg%hs&itqnﬁé ;J%H.mi ch

no crosstalk occurs between the si , e anount ‘o
crosstalyg &%@é%i]@yt%aéﬁg_o%&r#&@ 3‘1ig%taainf?oR%H@S@oE%%eM#P@%S?A%VG
parts 1s shortened, can be mni zed. Tt is “clear romrornul a at
crosst allkSé)eIg\gePSEi)gg%l ! irsatio ¢, the I-V converting signal vé (or
v7) of the photosensitive part 15C is représented by formula
(8).
formula (8)
ve=v6,+ ¢ v5

In formula (8), v6,is an ideal signal in which no crosstalk
occurs between the signals. Accordingly, the amount of
crosstalk which is increased as the distance between the
photosensitive parts is shortened, can be minimized. It is
" clear from formula (8) that crosstalk between signals .is
canceled and an influence of crosstalk on the modulation factor
as represented by Formula 1 is prevented by subjecting the I-V
con_verted signal v5 from the photosensitive part 15B to voltage
division into the ratio equal to the crosstalk ratio € and then
subjecting this voltage-divided output signal and the I-V
convérted signal v6 from the photosensitive part 15C to
differential calculation.

In this way, according to this embodiment, an output

signal among three signals outputted from the photosensitive

parts of the photodetector is subjected to voltage division and



cancel ed’ and an influence of crosstalk on the nodul ation factor
represented by Fornula 1 is prevented by subjecting the |-V gnmgéted
signal v5 fromthe photosensitive part-1%B to voltage dIVISI oUBhe
ratio equal to the crosstalk ratio e and then subjecting this

vol t age-di vi ded out put signal and the 1-V converted signal v6 fromthe
phot osensitive part 15Cto differential calculation. In this way,
according to this enbodi nent, an output signal anong three signals

Out putt eanfer %ﬁﬂwg@h@w&a@al tslivtha lpad § Ss@b] tbeephebodE! Bfd snt $asubj ect ed
to voltage division and -19 2 3 MAR 2005 the vol tage-divided signal is

subj ect edhxudifd€5entieh tRal 6¥hakl 8l tphith stilde aatde vt 8t888ka1 k
whereby crosstal k between the signals can be cancel ed, and a tracking

error si gaghsedM Eﬂer§ﬂ?ﬁ§gs%éﬁﬁaé’@ﬂn@%l@%§ esh8th tEHrctJJleg e'r'iotrh§1§hﬁ'la|
processing unit 61 of embodi nent, the output signal  fromthe |-V

convertlQgt%n@éd&teéu@mﬁggegahoHgﬂ& gdiyision and differential

cal cul ation However erever the voltage- d|V|d|ng unit and the

differenti al Ehcagﬁh C ypig @rgl 564 gﬁﬁﬂg epyeloge g%rwgl:getectlng

unit, crosstal ¢ cancel ed. urth ol tage-dividing unit and the

d'fferenglin% baifldAIE S %p.c G081 T BRI t10 \Pe%amgpsmgmﬁngltrgg'ts

As shown gure’2, ’In a ferential arithmetic ier, the

vol t age- Qu}é'% @%d'méé @@Ptéag g Ul% EHH aﬁlxd differential calculation.
However, wherever the voltage-dividing unit and the
differential arithmetic unit are used before the envelope curve
cietectin(jr unit, crosstalk can be canceled,

Further, the voltage-dividing unit and the differential-
arithmetic unit are not required to be independent circuits.
As shown in figure 2, in a typical differential arithmetic
amplifier, the voltage-dividing unit and the differential

"arithmetic unit are easily constructed by setting voltage gains
on an inverse input side and on a non-inverse input side at
suitable values, respectively. That is, when resistance
values (R1-R4) of resistors 501-504 satisfy a conditiom of
formula (9), &v5 in formula (8) can be subtracted from vb6.
formula (9)

R4/ {R3+R4)=¢ R2/ (R1+R2)

Further, in figure 2, a circuit structure where voltage
gains on the inverse input side and on the non-inverse input
side are determined only by the resistors is described. However,

the above-described structure can be implemented also when a



arithnmetic unit are easily constructed by setting voltage gains on an

i nverse input side and on a non-inverse input side at SU|ta§I§‘%&iues
respectively. That is, when resistancezgval ues (Rl-R4) 265 - 504
satisfy a condition of fornmula (9), v5 in formula (8) can be subtracted
fromv6. formula (9) R4/ (R3+R4)=E R2/(R1+R2) Further, in figure 2, a
circuit structure where voltage gains on the inverse input side and on the
non-inverse input side are determined only by the resistors is described.
However rediherabpve- depakikhed,std uss Ll eoeabhbe liikel drsentseld absongiyermm - 20
2 3 MAR 2005 resistor, a capacitor a coil or the like is used singly or
combi Ne: dnlh 568 & €8n 05 cpacal oo g amkelt Be ghkeuithehaviercwpprhaveat e
frequency characteristics. Further, crosstalk between the signals can be

cancel ed, ity i gher fPé%ﬁ'e%'cfgz“ cbyar@@télﬂsegctshe raktage ,gajirmss otal ke

i nverse |nput si de and on he non-inverse input side to the optinum
val ues, S NGhe V@i ﬁ‘Qk% £85I BOEane 1t Wil the niMHepVsFecti Be ovalabl e
gain anplifying unit or 479) and the differential arithnetic wunit

376 showy 4§ grﬁn&_%ytézgozgfa&wsato%dﬂ% NGk gl £rdbut POL 8Bt haelr or

the |ike as resi stor in figure 2 to cancel crosstal k. Further,

g;SS?gr 4,1Ic5rg—5§§}r§ra§hpﬁﬂﬁ.lgg sg.;&egﬁéostﬂgabpf:iﬂmn '%QIJES\{, CORM EbLA g uni t
variable resistors or the like. Moreover, the variable gain
amplifying unit 476 (or 479) and the differential arithmetic
unit 376 shown in figure 1 may be integrated using a digital

potentiometer or the like as R2 (a resistor 502) in figure 2,

to cancel crosstalk.

Further, as shown in figure 8, when the output signal from
the I-V converting unit 353 (or 354, 355) is amplified by an
inverse voltage amplifier composed of the differential
arithmetic amplifier 378 (or 379, 380) and the resistors 505
and 506 (or 507, 508, 509, 510), the output signal from the
differential arithmetic amplifier 379 is inputted through the
resistor 511 (or 512) to an inverse input terminal of the
differential arithmetic amplifier 378 (or 380), whereby
crosstalk can be easily canceled. That is, a voltage gain of
the inverse voltage amplifier can be obtained by dividing the
resistance value of the resistor 506 by the resistance value
of the resistor S11. This voltage gain corresponds to the
voltage division ratio at the time when the I-V converted signal

is subjected to voltage division by the voltage-dividing units



i nverse voltage anplifier conposed of the differential arithnetic anplifier
378 (or 379, 380) and the resistors 505 and 506 (or 507, 508, 509, 510),
the output signal fromthe differentiai-arithnetic anplifier? 378ARS2005
inputted through the resistor 511 (or 512) to an inverse input term nal of
the differential arithmetic anplifier 378 (or 380), whereby crosstalk can
be easily canceled. That is, a voltage gain of the inverse voltage '
anplifier can be obtained by dividing the resistance value of the resistor
506 by their gsicstmWICsMAmIein of idheer €SI SA@Ftobd1inglRi,S eald a0 gabhcal
corresponds to the voltage division ratio at the tine when the |-V

convert edqgkegnak cbﬁs%@zbju%tceagt eh¥04 1 2ge rdih¥ii$i108 i Hnter VOl drggies £ ¥i-di ng
units -21- 2 3 MAR 2005 381 and 382 shown in figure 1. Accordingly, here, a

typical 3gddesri $g@pnsid tidels By § i di (Jesemti akbiaribeneibe, aHthé(bér 378
(or 380) and resistors 505 (or 509) , 511 (or 51 , ‘and 506, and the

h
out put eﬁ?ggf&%%r&ﬁ%&@ sq.'dcrfﬁe.lf %h@lcherdi mﬁ%reﬁt!ﬂita§f@hmb%1'&ﬁHEEeﬂ7@0 the

tic |er 378, y subtraction of f v5
formul a [ e f, e e
resi st org§ éb%?&% - 1§c(>) ﬁ% é{fﬁf Egifg}'%l er\aé'eegjolﬁé]ﬁ%ga%g%g% gr; %a—};é;
connected, in ser|E§ Lo remyve onp nent

h I
be canc‘éhgﬁeﬁv 3 Efaf:r‘fgloélnoapﬁrvo%ﬁ at 8- %3 3C|(?2\n§]é va gls %r 3188'[‘%%%1
Avai | abi ity u?%ﬁ%&' b%@eﬁb%ethghgegggg}gég% EE%%@'&%@&P@@MS 507,

according to t presént i nvention preci sion
509, 511 and 512, and a coupling capac1tor are connected in

can

series to remove DC components of the signal, crosstalk can be

canceled by selecting an appropriateé capacitance value.

Industrial Availability

As described above, the magnetic recording apparatus
according to the present invention detects a high-precision
tracking error signal, with stability, and it is suitable for
recording, reproducing or deleting information on/from a
magnetic recording medium such as a fixed magnetic disc or a

floppy disc.



tracking-error signal, with stability, and it is suitable for recording,
reproduci ng or deleting information on/froma nmagnetic recordi ng nmedi um
such as a fixed nmagnetic disc or a floppy disc. -22 CLAIM5 2 3 H 4R 2t"5
1. A magnetic recordi ng apparatus conpkési ng: a di sk-shaped izngo,;?y@t L@%
recordi ng medi um on which periodic physical changes providing c angé of
reflectivity are forned; a light source which outputs a |ight beam a
diffraction el ement which receives the beamoutputted fromthe |ight
source and generates three beans; a |ight-converging optical system which
converges the beans generated by t k&AdiMFraction el enent on the
information recording nediumas a mcrospot; a photodetection nmeans havi ng
t hree photosensitive parts which receive beans reflected and diffracted by
the infgrmatioon recording mediumand again transmtted in the aperture of

the Iigtt-céhPaHislg epErearddyst eppart whi chnpt Rihgsi gnal s in
accordance with the quantities of received light beans, respectively, a
si gnal pr oce&siPdd kn i thfproeedses e rid 0@l e d QUkP Wt efhd Lpm the

phot odet ecti on neans to output a tracking error signal;
perlodlcphy51calchangesprovidingchangescﬂfreflectivityare

formed;

a light source which outputs a light Eeam;

a diffraction element which receives the beam outputted
from the light source and generates three beams;

a light—converging optical system which converges the
beams generated by the diffraction element on the information
recording medium as a microspot;

a photodetection means having three photosensitive parts
which receive beams reflected and diffracted by the information
recording medium and again transmitted in the aperture of the
light-converging optical system, and which output signals in

(_‘ accordance with the quantities of received light beams,
respectively;

a signal processing means which processes the signals
outputted from the photodetection means to output a tracking
error signal: |

a driving means which receives the tracking error signal
outputted from the signal processing means,

and determines g

position of the beam on a desired track;

a magnetic head which records information on the



a driving nmeans which receives the tracking error signal outputted from
the signal processing neans, and determnes a position of the beamon a
desired track; a magnetic head which rggerds information on the -23 2 3 MAR

2005 information recording nedium or reproduces or deletes igé r hi,
fromthe informati on recordi ng nmedi um wherein the signal proc giﬂg n&ﬁﬁs
i ncl udes a cancel neans which cancels crosstal k that occurs between the
signals outputted fromthree photosensitive parts of the photodetection

nmeans. 2infHhemBRGBel iredBEOT Al NPeaRAA, abls réfprddided whegelletetshe signal
processi ng neans cancel s crosstal k which occurs between signals by the

cancel NPRRSrmaRd oHetratin® thd I #6KbRAla tebhOredcditBlnyM hédiafyced error. 3.
The magnetic recordi ng apparatus of Claim1 wherein the cancel neans

cancel s crossgpbkefihoWhal dieasi1 opeost952hqamens st v dhigesshgpahsel
outputted fromthe photodetection neans tO0 the other signal. 4. The

magnet | Cmé&x??rxﬂ'ﬁ{‘&ha@gﬁééigsc,?l%sgt%il}ﬁ épﬁ({&%@kﬂrst Re tGRNGE I B3NS nal s

conprises: first and second vol t age- ng means which perform™ vol tage

di Vi ST 0N 00,30+ QU Atlm Tl phEEESR Sl PPOLPS AN kYo PBLE Ll il

phot odet ecti on neans; erential arrthmetic ans whi ch perforns

means.

2. The magnetic recording apparatus of Claim 1 wherein
the signal processing means cancels crosstalk which occurs
between signals by the cancel means, and detects a tracking

error signal with reduced error.

3. The magnetic recording apparatus of Claim 1 wherein
the cancel means cancels crosstalk from at least one signal
among the three signals outputted from the photodetection means

to the other signal.

4. The magnetic recording apparatus of Claim 1 wherein

the cancel means comprises:

first and second voltage-dividing means which perform
voltage division on an output signal froma first photosensitive
part of the photodetection means;

a first differential arithmetic means which performs
differential calculation on an output signal from a second

photosensitive part of the photodetection means and an output



differential calculation on an output signal froma second phg%g itive
part of the photodetection neans and an output 2 3 MAR 2005 -2 i@ﬂgﬁﬁm}om
the first voltage-dividing nmeans; a secpnd differential arithnetic nmeans

whi ch perfornms differential calculation on an output signal froma third
phot osensitive part of the photodetection neans and an output signal from
the second voltage-dividing neans. 5. The magnetic recordi ng apparatus of
Claim4 wherein the first and second vol t age-di vi di ng neans have

vol t agesdighadi NErdmti9s appEexiviBitelge aaid diRgt Reahat;i o at  which the
output signal fromthe first photosensitive part crosstalks to the output

signal s fromyt he Spcond and-rEALEE] RRAMISANSI ¢ iNEaRSM iBich pHiecdmasetic
recordi ng apparatus of Claim4 wherein the first and secong

vol taged@'f‘f'e@'eﬁﬂ:&.@@af@ﬁ?ét%%n 2SIt WP pa®Ss 2qRaVAR 0% ABBTRACT

There is provi a magnetic recording apparatus mhlch even when crosstalk

occurs BELWRERSIANAS JAINI NSk, Pg!gboe&feetf@euxﬁ 8LHS Qﬁdaawﬁeﬂﬁﬁzect or,

can detect a hlg precision t error signal stability

signal gy oResSiAQHNHe Ode ¥BHENvBLRGRRSGE P $FAL! GBhns .

5. The magnetic recording apparatus of Ciaim 4 wherein
the first and second voltage-dividing means have
voltage—-dividing ratios approximately equal to the ratio at
which the output signal from the first photosensitive part
crosstalks to the output signals from the second and third

photosensitive parts.

6. The magnetic recording apparatus of Claim 4 wherein
- the first and second voltage-dividing means comprise

resistors.



signals outputted from photosensitive part of a photodetector 15 to detect
a tracking error signal, an output signal froman 1-V convertkpg unit 354
is subjected to voltage division by mpltage-dividing units 38 nHAR&ZMS
and the vol tage-divided output signals and output signals froml-V
converting units 353 and 355 are subjected to differential cal culation by
differential arithnmetic units 376 and 377, respectively.

ABSTRACT

There is provided a magnetic recording apparatus which,
even when crosstalk occurs between signals form three
photosensitive parts of a photodetector, can detect a high-
precision tracking error signal with stability.

In a signal processing unit 61 which processes electrical
signals outputted from photosensitive part 6f a photodetector
15 to detect a tracking error signal, an output signal from an
I-V converting unit 354 is subjected to voltage division by
voltage—dividing units 381 and 382, and the voltage-divided
output signals and output signals from I-V converting units 353
and 355 are subjected to differential calcﬁlation by

differential arithmetic units 376 and 377, respectively.



