-1 DESCRI PTI ON MAGNETI C RECORDI NG APPARATUS 2 3 MAR 2005 Technical 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
200 u m has been enpl oyed and thi DESCREPYIONOad as conpared with a track
pitch of approximately 1.6g mon 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 several u

m several tens of gm has jhaamertesi RedorbIodeypixrAEat 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 Sign e Py -2- 2 3 MAR 2005 using Ilght In figure 3, the
conventional magnetic recording

The present invention relates to a magnetic recording
apparatus which can detect a high—precisién 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



apparatus has an em ssion beam 70 (hereinafter, referred to as a "beant )
of linear polarized light; a sem conductor |aser |ight source 1
(hereinafter, referred to as a "light saurce" ) which(nurnn%3tWéRbgmﬁl70;
a diffraction elenment 16 by which the beam 70 outputted fromthe |ight
source 1 branches into three beans; a magnetic recordi ng nmedi um 4
(hereinafter, referred to as a "disk"” ); an objective lens 17 which
condenses the beam 70 passing through the diffraction elenent 16 on the
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system an hf Or mat 1 on, an aperture r narrowi ng.the beam 70 which
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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
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and the aperture 2 are formed; and a driving unit 91 which adjusts the

rel ative position of the disk 4 and the base 13. In the diffra?t' | ement
16, a region 16A is formed on the surfzace of the side close t0 ?ﬁgA’ﬁi@ﬂﬁ
source 1, and a region 16B is fornmed on the surface of the opposite side.
The em ssion beam of |inear polarized Iight which is outputted f romthe
light source 1 is incident on the region 16A of the di f fraction el enent
16, and branches into three beans, i.e., a zero-order diffracted beam and

_-Elst oyderndi ffeached Paausrofheee hrpaw geniaiqued t 9D wiisch egijurs ti6A
further branch into plural beans on the region 16B. In an optical path

whi ch ler.ar?% EéfH‘d%l ig%!lgtiscﬁw&@ dhet@ibhesobnectine pess 13. a grating

pitch of e region desi gned such that only the zero-order

diffracted be . i t . : -
e%%ﬁiﬁ&{%aﬁ Efchead, genAtsd 19n tihe Foaghe ckfB i s

W ch 15, 1) G0t ed sl (111 ACLad BV <L dniidh Lo uhed 16 Rals <uihe
:ggi gg 1e %Sfl)lfria}acezg: fF[EﬁI ?)ntf] egeEt hi% lbrglnfheél-ila;\(r)r; p:c uriz;l g’llf f
ggfvv:a:ﬁ ;%ﬁ??%ﬁ&dpﬁﬁt%aﬁﬁ% c?r%relg.[f %g&%go}&stﬁ%\?é the rr’[,lélea%i %ﬁ’s%ﬁ?ﬁﬁm
Fecor di HEAPES L082T RELeRoRRa hdh g atdofl L5nS; RRYETH £PGh (TRINIGE o

are forned in_the .mddle of t ! i i : i
" or MO 7S It b ek P € o Ba et iy RS BeC R £ e A i edlngnoner e

di ff i i vi i
) er en1(:6e Ia?ldrk?}c:élgghle\élJ{IYtgecﬁ'xVx\%%nb}egr%sgui dg graogé/gg—ggqe'réldi ffracted

‘ 7
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 and diffracted by the disk 4 to be 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



2 3 MAR 2005 the other parts allows the tracking error signal to be
optically detected. In figure 4, Tn-1, Tn, Tn+l ... are tracks, and Gn-1,
Gh, Gn+l... are guide grooves. The track-pitch pt and the wi th MARF 2opee

gui de grooves are set to be 20 rn and 2m respectively. Further, in order
to obtain a periodic signal according to the rotation of the disk 4, these
gui de grooves are intermttently formed also in the circunferential
direction. Wien the disk 4 rotates at 720rpm the pitch pt' in the
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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
recording apparatus. As shown in figures 5(a) and S{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



2 3' MAR 2005 -5 rectangularly cross each other. As shown in figure 5(c),

--t 1st order diffracted beans 71 and 72 received by the phatbdéhéqmgg 15
conprise three beans 71A-71C and 72A-72€, respectively. The phot odet ect or
15 has six photosensitive parts 15A-15F, and the beam 71A is received by
the photosensitive part 15B, the beam 71B is received by the

phot osensitive part 15A, the beam 71C is received by the photosensitive
part 15C, the beam 72A is received by the photosensitive part 15E, the

beam 728%@;{5&@&1@6&2!&835_ BRehoSRRYL | vasPaliodpDinardghbe Baam,72€ is

recei ved e photosensitive part 15F. As shown in figure 5 (c) , the
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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 is received by the
photosensitive part 15D, and the beam TéC 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},



(hereinafter, referred to as |-V converting units for short), -6 2 3 MAR
2005 respectively. Thereby, the electrical signals outputted f rBOW R 5595
photosensitive parts 15A, 15B and 15C (gr 15D, 15E and 15F) og t @ 8
phot odet ector 15 are converted into voltage signals by the |-V 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 periodic
signal of 20kHz as shown in figure 7 (a), in a state where the disk 4 is
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Vo' =A Cgrs1( ?fg.rg)lfllrpé )7 (Balt), in a state where the disk 4 is rotating. At

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



formula (2) v6 ' =A2 - sin (2 n x/pt) +B2 2 3 MAR 2005 -7 fornula (3)

v7' =-A3sin(2n x/pt)+B3 In fornmulas (1) - (3) , Al-A3 are anplﬂt&dé&R,amﬁ

Bl -B3 are DC conponents. Here, a rati-g-of the anplitude to the DC
conmponent in each of v5 -v7' |, that is, AI/Bl (or A2/B2, A3/B3) is
referred to as a nodulation 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 detfggting vpits 356, 357, respectively. Thereby, the voltage signals
v5 and v6 outputted fromthe |-V converting units 353 and 354 are

adjustedi|1ply%Aguééﬁgikgghgﬂzg?Lgﬁging units 476 and 477 such that the

maxi num anpl i tudes igure 6) of the periodic signals
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and v6' in the en ope curve detecting units 356 and 357, respectively.
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cal cul atTon ifferenfial arithmetic unit 374, and the result is
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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'



beconme equal to each other, and then detected as displacenment signals v5
and v7' in the envel ope curve detecting units 358 and 359, r@ébé@ﬂ?%gbg.
The di spl acenent signals v5' and v7' 12g3 MAR 2005 -8 are subjected to
differential calculation in the differential arithmetic unit 375, and the
result is outputted as a voltage signal v9. The voltage signals v8 and v9
outputted fromthe differential arithnetic units 374 and 375 have sine
waves where the respective phases differ fromeach other by x/2 as

represented gﬁb}j%f@é'da%o( A} £3Rd R)ial eSS velon fOMNY Ai(@e vBTAdal Sin
(2 7r x/pt+ 7z f4) fTornmula (5) v9=A4 - sin (2 71 x/pt- 7r /4) In formulas

(4) and gg&thﬁ,@&% Hh A4 Ul g Mife e ol Il it 8FBd s Ca Unb1Bagé4 and

375 are conne toan arithnetic unit 433 through the variable gain
anplifyigg ugitsvg 474 and 475, respectively. Thereby, the voltage signals
v8 and V ggugputred fromthe differential arithmetic units 374 and 375
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out putted
P the respective 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)



froman output termnal 403 as the tracking error signal. fornula (6)

VI O=K3-Ad-sin (2 71 x/pt+ n /4) +K4-A4-5in (2 7r x/pt- 7r [4) ZKB%ﬁM}gb

(2 7c x/pt+(D 1) +K3-Ad-sin (2 7cx/pt+de /2+(D 1) -9 2 3 MAR 200 In forniil a
(6), K3 and K4 are gains of the variable gain - anplifying units 474 and
475, respectively, and (Pl is -7c/4. The tracking error signal v10 becones
a signal having arbitrary phase and anplitude by suitably selecting the
gains K3 and K4. Next, a tracking operation in the magnetic recording

apparatus so cengidvaailed W), Ke sdeB&M be¢ gAinshewnths vagiebl? gl
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branch into ural "beans on the region 16B. However, only zero-order
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are incirdent on the aperture o jective lens 17. These three

diffracted be%ﬂgqﬂge%795%@%82g$§g%§&ﬁﬁgﬁpniﬁh@hgiég?ﬂegxct@%dgyégﬁgve | ens

17 (figure 5). eans are reflected and diffracted by
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diffracted beirgs'a*,hgeqlryi%stfi%&%r 3C,ii Ulreag}ﬁ%sli%%nﬁeam 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



71A-71C ‘and 72A-72C of the branched diffracted beans are receivgd q¥ t he
phot osensitive parts 15A-15F of the photodetector 15 (figure 5203).A&H@05
phot osensitive parts 15A-15F of the ph®todet ector 15 output el ectrical
signals according to the quantities of the respective light beanms 2 3 MAR
2005 -10 received, to the signal processing unit 61 (figure 6). The

el ectrical 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 tragkidid wsdortsi ghal siigna ldignoags shhy wdi tadjlustsiguee r e) at | Yae
position of the base 13, which includes the optical systemand the
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desired track. However, in the conventional magnetic recording apparatus
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phot osensitive parts 15A-15F of the photodetector 15 are not necessarily
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occurred between thé output signals fromthe photosensitive parts 15A and
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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 }



(flexible substrate, a pattern of PCB or the like). When the crosstalk

rati o between the output signals is f , the nodulation facthgH@Qgg@ he
above-nentioned signal v5 (or v6', vZ)idis a value represented by 8 mul a

1. Formula 1 MD=4{ (1 + ,cos a) - -cosa} / { (I +cos a) +J E Cosa }
--11 2 3 MAR 2005 In Fornmula 1, a is a phase difference of 20kHz frequency
wavefornms between the output signals. Wien the circunferential direction
pitch of guide grooves on the disk is pt' and the beaminterval is d, ais

represented byrhordphala(Y) af el phéde qaarPdr&tBtor TokRYefreguBaeyt he
periodic signal is always constant (20kHz) regardl ess of the beam position

on the diyskefrbifis HtGrsder €Akl autPpueEifh i | Clwidn ehegui de grooves on
the disk 4 varies according to the positions of the guide grooves in the

radi al dijsehngerentiliel dikectBohNBitese ol galdd yridtihesli 6K thBadikR! ates

at 720rpm the circunferential direction pitCch pt' = successively varies so

t
t | . [ I . t. . t .
ragnet | oo ditor i TEOFSRENAE P i oy Y s YRR Ry otk
circunfe(¢Fce. On the other hand, since the beaminterval d is always

constant, he phase difference a of the periodic signal varies on the
internalgand 44 (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 {raries 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



external ‘circunferences of the disk in inverse proportion to the
circunference pitch pt' as represented by the fornmula (7). Accordingly, as

shown by Fornula 1, since the nodul ati _factor MOD is repre t @ gl
function of the phase difference, a,'?%% nmodul ati on factor NEE?J§€$2§m§n
the internal and external circunferences of the disk. Therefore, the phase
difference between the signals v8 and v9, which difference is inherently
-12 2 3 MAR 2005 to be 71 /2, has errors to 7r /2, resulting in tracking

errors. tdhBepreENthhHVERLLRR D m@ﬂ@,tPEgﬂhfﬁn ?na@@g%f¥§§rép§grs.
probl ens and has, for its object, to provide a ghetic recording

apparatus wi t NThedgeRd dlackiWneLbAr 35 Radld AU e P! BVRRIdON A
magneti c recordi ng apparatus according to aiml of the present invention
conpri segesardibelr Yranetehsf 9hABHLQAN rdi Lu n | AfppeLiodic
physi cal cﬁaﬁges provi di ng changgs oﬁkﬁggfgipgﬂﬁ%gta?EBfSﬁﬁéﬁgmg %ight

source Wah§Re®4lPWe3-oinghiphs )il ' ! W ¢y L ecei ves
t he beam gu?put ted for orr% t%e ?‘iag%tgltg%u?d'é'etfha%c %‘g@n%(?afgggi(ﬁﬁ?e etb}:e%cr)r%? “a
| i ght-converging optical systemwhich converges the beans generated by the

diffraction elenment on the information recording nediumas a mcrospot; a
hot osensitive parts which receive beans

PQ?Tgg?égfggggsg????ﬁ%?%g§g§n%€é§?ﬁﬁornation recordi ng medi um and agai n
transmtted i thesAReE EULE Bl il ld P r SOVeLgL0949RY 2 craim 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



system and output signals in accordance with the quantities of received

| i ght beans, respectively; a signal processing neans which processes the
signals outputted fromthe photodeteettBen nmeans to output a tracking error
signal; a driving nmeans which receives the tracking error signd 3 NXR 2005
outputted fromthe signal processing neans, and determnes a position of
the beamon a desired track; a magnetic head which -13 2 3 MAR 2005 records
information on the information recordi ng medium or reproduces or del etes
i nf or mat @80 £a8Mi hife rintd tof ot benthe et afdivag thirth une cwhdi agnmelds. wi,gnat
processi ng nmeans includes a cancel neans which cancels crosstal k that

occurs beépesanthe of il Stout purbeflation tiveae phot osessmbtiemarts of
the photodetection nmeans. According to the present invention, crosstalk

which  oggdbsdbaLWeeai BhGt PEeLESh e $iGHad B et dies Lagerl £k iatludésuence
of crosstal k between signals on tracking error is reduced, and a

hi gh- pregiSie 1 hatdd HGEIERcaH N G Peal datiest etholits thatwe &g i ng
to the magnetic recording apparatus of Claim2, in the nagnetic recording

appar at ug; apsai;ﬁh#uttt% ﬁ&ﬁ‘aﬁhPéé’CEﬁ%it%é%r@i\‘i@n}[Qﬂ:ﬁsCE:QS%Fh% k whi ch
occurs between sighals by the cancel neans, and detects a tracking error

si gnal ﬁﬁé{bagggequﬁWﬂgang@cording to the present invention, crosstalk
whi ch 4

According to the present invention, crosstalk 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



occurs between photodetection signals can be canceled, -an influence of
crosstal k between signals on tracking error detection is reduced, and a

hi gh-precision tracking error signal -qa+ be detected. Further; \aoc ﬁ'ng
to the magnetic recording apparatus of Caim3, in the nagnetic rég@ %ing
apparatus of Claim1, the cancel nmeans cancels crosstalk fromat |east a
signal anong the three signals outputted fromthe photodetection neans, to
the -14 2 3 NAR 2005 other signal. According to the present invention,
crosstal ktwhairclsigeeaur s bet ween photodetection signals can be cancel ed, an
i nfluence of crosstal k between signals on tracking error detection is

reduced, and anBcBRURMRCItY Ofhd r@eks 8gteinventsignal c 6a8sbaluetatiad.
Further, according to the nagnetic recording apparatus of Claim4, in the

magnet i Cokeqekdinad AR §80QE tEL8E Bl s ilfial £ aPsR| baeaRsiceqE ) sgs: first
and second vol tage -dividing neans which performvoltage division on an

out put sk gRalehi@Md fdFSdst PRt BaeREkh L8 pAlls Obnt PeaBRROh@dRIEdF ON
means; a first differential arithnmetic neans which perfornms differential

cal cul at jop.0p;an qut %ddéw&,a' ahBO0 83 3PN Phoi osepshtig RAftopf the

phot odet ecti on nmeans and an output signal fromthe first voltage-dividing

nmeans; asiﬁﬁgﬂdcﬂhf%%“ﬂgééﬁté&lth”EtiC means whi ch perforns differential
cal cul atr oA an output signha

Further, according to the magnetic récording 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



froma third photosensitive part of the photodetection, neans and an

out put signal fromthe second vol tage-di vi di ng neans. Accordiqpatﬂqghﬂ]ﬁ
present invention, crosstalk which oedw-s between photodetection sig £ S
can be canceled, an influence of crosstal k between signals on tracking
error detection is reduced, and a high-precision tracking error signal
can be detected. Further, according to the nagnetic recordi ng apparatus of
Claimb5, in the nagnetic recording apparatus of Claim4, the 15 2 3 MAR
2005 firsirandasdcsadondl tateadevddivigimrane ahay & avel rage agdi-didrindingat i os
approximately equal to the ratio at which the output signal fromthe first

phot osengsative padrotiasstel ksefQatlheo attepuiatsignat swhiem the sacomdcand
third photosensitive parts. According to the present invention, crosstalk

whi ch  ogrghalbetreperc ot Deet eghbeBsengnalisr« atk be €apsekadksanto i ttheuence
of crosstal k between signals on tracking error detection is reduced, and a

hi gh- preghepat §igakiRIreoMOFhe Mt GHY PR idef pabedsdnyitiere moesdi ng
to the magnetic recording apparatus of Caim6, in the nagnetic recording

apparatus of GLakBrdingh&o fiHStpadkk SECORY KRR - ¥d St APk MRAREHCONDr i se
resistors. According to the present invention, crosstalk which occurs

bet ween phof Pdehe¢i/edih SR Se €a0LPENCANGEAS &h HOTEYRRER R, Wrpsstalk
bet ween signals on 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



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

detected. Brief Description of the Drawings Figure 1 is a dia2r|R¥
illustrating a structure of a signal pygcessing unit accordi d?t I%Emp$st
enbodi nent of the present invention. Figure 2 is a diagramillustrating 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 diagram
i |l ust r atddigrdriei 6,84 2t hagslitd bﬁéé’h‘?ﬁdﬁ C iL-onal magnetic recording
medi um and a condensed géan1c%igures ?%)Qgégg%g%%ére di agr anms

illustrating eqpygu ionak grg&%ﬁQaEQEﬁ%ﬂﬂﬁ;ﬁltf%éz&g%;&%ﬁagyenﬁ tfgngigure

5(c) is a diagramillustratin € relationship

hot odet Is [ di L1 ustrat.i t t f
ot cde ek, N ELPHLE S L LT By 210 o

apparatu%on@dﬁgéa'%é%ha.diagran1i||ustrating a signal waveformin the
signal processing unit of the conventional magnetic recordi ng apparatus.

Figure 8 is a gkaﬁyggiééé§t£€éi?Q)aa%gfgggggéggefffgégrating
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



: . . . . . ¢
of the cancel circuit according to the enbodiment of the presen
i nvention. Best Mdde for Carrying out the Invention (Enbodinent 1)

. . . . : i 11 b 4 ' ed
Hereinafter, a first enbodiment of the_pfesent invention wil obe WC@B&
with reference to figures 1, 2 and 8. fgure 1 is a circuit DBl ock diagram
of a signal processing unit 61 in a magnetic recording apparatus of this

enbodi nent. The sane nunerals are given to the sane parts as those of the

- i | processing unit 61 in the conventional nagnetic
17 2 3 MAR 2005 signal p g oo padnet

recordingi@ﬁ@%?ﬁﬂﬁté%EWﬁbiHnikgﬁﬁef%|éﬂgkfﬁkgxgkgggéip&%ﬂﬁ§qﬁﬁ t he

omtted. Hereinafter, a description w rven |
i i | i i differs fromthe
si gnal pgeegssi; cordiRa ;o L:his empodi ment fI
cogventponal g%;%JH%g%éég§§ngﬁunltl§151ﬁ1 € S,anﬁ fﬂeeé&%ﬂﬂﬁﬁ%ﬁﬁl
edromthe -V converting unit 353 (or 354, 355)

| ! t . - - - - /\
?éagﬁtgu%?gﬁegﬁfgﬁgﬁhgﬁgl vari abl e gain anpllgﬁ;ngSS?lt 476h23; ?Z?f;gﬂ?é
; i .t , 356 I -399), as s /
6. “Rovever e ERLE e R b s bRt dg R4l ST Fbin SRet IBOLN EGHRE LI ng

6. However, in this e e out Co .
o s> 48 FRSS. BRABUIS%n SLV BT, eRUAIR 3% g eorbdetons
differ erﬂﬂﬂfefglfy&gtéhoen c\é'intv%ntt}}eonal signal processing unit 61. That
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



out put signals fromthe |-V converting units 353 and 355 by differential
arithnetic units 376 and 377, respectively, as shown in figure 1.
Hereinafter, a description will be givag-of a reason why the &3gHaAR 2005
processing unit 61 so constructed of this enbodi ment can cancel crosstalk
bet ween signals and detect a tracking error signal with reduced error.
Since the signal separation characteristics of the photosensitive parts
15A- 15F of the photodetector 15 are not necessarily securabl e enough on

the struspused cEeISkal lehef pirmessdn Pt coat pacedr 3 sketawRen gde(o put pit
signals fromthe photosensitive parts 15A and 15B (or -18 2 3 MAR 2005 15D

and 15E)a4 19 Phofs eid &/ di S skl b elife diPthtoFhotRE et i vdhe
shorter the di stance between the photosensitive parts 1s, the nore the

amount gfa kS £7 @38t Al e PRECARSSNtFOF + QRS s MN8N jiRe Pyt shgpal

fromthe photosensitive part 15B crosstalks to the oufput signal fromthe

hot b1 1 it | t C . - |
bhot osenst iy Pepaihep! 86l 8t it 3hén Fone (ol oYehanvad i 5t oral

ve (or Vv7) he photosensitive part 15C is represente _ _ _
o o1 ocst o €™ CORRUT e borvean RO Gagter RXBR ofe BRICHERSLON0 it €
Crosst allkSaA'higP igAl) ngljceaas%%taJ.sotp? (gih%t qfrl(ife C%er}\a\*l\éeret‘pirggesignal ve (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



ﬁf

phot osensitive parts is shortened, can be mnimzed. It is clear from
formula (8) that crosstalk between'signals is canceled and gp iﬁgéuence of
crosstal k on the nodul ation factor as-tepresented by Formul qh 2005
prevented by subjecting the 1-V converted signal v5 fromthe

phot osensitive part 15B to voltage division into the ratio equal to the
crosstalk ratio f and then subjecting this voltage-divided output signal
and the |-V converted signal v6 fromthe photosensitive part 15C to

di fferentdhdl waladatdonided SHighamyis asepsdbogdt act kiis fabogt pent, an

out put signal anong three signals outputted fromthe photosensitive parts

of the phateiatActor WSt UPhecteHetOow@hidoe idnuls ,Ovidite by 9cRo8sMARK2005
t he vol tage-divided signal is subjected to differential calculation with

the ot hepeQulRii thE0SRYSa1WCIR DL EhAsRhAK ahglaveen Iis FeerdiSsEahale
cancel ed, and a tracking error signal wth reduced error can be detected.

Further, (inythe flangl e PEEEESSNGH ULt S OF . this enbodi ment, the out put

signal fromthe 1-V converting unit Is subjected to voltage division and

differenti al C?F%HE% 'o%n_Eﬁ@@gggpgwﬂgg?qﬁﬁggﬁhv 1 a0g1dipW digygs unit and

the differential arithmetic unit ore” the envel ope curve

et ectt OB OSSR oA 0% G808 P S Nty LU ELIAoypdhidi o
independgﬂkjgk@ggtéb voltage division and differential calculation.
However, wherever the voltage-dividing unit and the
differential arithmetic unit are used before the envelope curve
detectin§ 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



As shown'in figure 2, in a typical differential arithmetic anplifier, the

vol tage-dividing unit and the differential arithmetic unit ar il
constructed by setting voltage gains -pp-an i nverse input sigéféﬁﬁfdﬂﬁ5

non-inverse input side at suitable values, respectively. That is, when
resistance values (R -R4) of resistors 501-504 satisfy a condition of f
ormula (9) , - v5in f ornula (8) can be subtracted f romv6. fornmula (9)
R4/ (R3+R4) R2/ (RI+R2) Further, in figure 2, a circuit structure where

vol t age regdi $180 0N hheapBversa,i nputosi deranteonitkdee ironzdees $ngilnpuir si de
are determned only by the resistors is described. However, the

above- dess Hedd St AUSEYR @ sCRY Rt AP] erenbeflagkesehwheri rcu?0 Ra8eMAR 2005
resistor, a capacitor, a coil or the like is used singly or conbined in

series Qpmaist] gtet exBBkendie Hdfaktehayeicappr ppEtake,f iagencyl
characteri'stics. Further, crosstalk between the signals can be cancel ed

with hi %w&%f%ﬁé 0fY; P a13diHsat bR chhe MY e 10 phOR ;]bh@c&@mrnsw nput

side an e non-1hverse input side to the optinmum val ues, enpl oyi ng

vari abl c{;@f&%@? St Rk %ﬁgtépgfgaws%\ﬁ%né he, ek d abi 8o 98I 81 danBhidf iy

unit 47 and t rential arithmetic wunit 376 shown in figure

Lo, AT o gl Gl contealbepshen duilti) | depss e o
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



Further,'as shown in figure 8 when the output signal from the |-V
converting unit 353 (or 354, 355) is anplified by an inverse voltage
anplifier conposed of the differential-z-ithmetic anplifier 8 MR 30,
380) and the resistors 505 and 506 (or 507, 508, 509, 510), the out put
signal fromthe differential arithnmetic anplifier 379 is 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
easi |y capgelagdi 3BmMisH®in aivoFig@eegaln BEcotOengnysr $e el tageyphphilfi er
can be obtained by dividing the resistance value of the resistor 506 by

the resi ghaace;ivatsfs @t ulthel beStakofi BEdrehRiiGilvalliadenoai @ £HQ57£speRds to
the voltage division ratio at 'the time when the |-V converted signal is

subj ect ed750(¥e| $89F Ly iSO BYrs MY Aldrageodi, vediingownsis) ; 2dnd S047AR
2005 381 and 382 shown in figure 1. Accordingly, here, a typical adder is

constitubed Bye tie 'w;fs%[;ﬂgli #r o3l LhBRL £ £o AORLEGH 8L r i BRREC 389) #0d
resi stors 505 ?or 09), 511 (or 512), -and 506, and the output signal from

he diff sl . . ; AN iy A
the di E%eghgﬁﬁﬁggt%ﬁgﬁﬁgmﬁffkggg%tgéi'éﬂ%gﬁégk#QVEHEIQEléQ%gﬁﬁﬁ

arithmeti ereby subtraction 51Tn fornmula (8) from

18,3 Sl eYaty FUoLheLe Siehel 1 LS CasEu IS alectisy 8101 S 30, o0

509, 511% coup nhected i'n "Series

remove DC comppngpts of g $hOPAk: cGLeSRhALY AL B8 siGANGEl by P ecting

an appropriate capacitfance v
509, 511 and 512, and a coupling capacitor are connected in

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.



I ndustrial Availability As descri bed 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,

reproduci ng or deleting information omZrom a magnetic recoqung ggﬂ@%m
such as a fixed magnetic disc or a floppy disc. -22- 2 3 H AR é 5“'CMAI VB
1. A magnetic recordi ng apparatus conprising: a disk-shaped information
recordi ng medi um on which periodic physical changes providi ng changes of
reflectivity are fornmed; a light source which outputs a |light beam a
diffraction el ement which receives tHé&Idam outputted fromthe |ight
source and generates three beans; a |light-converging optical system which
converges the beans generated by the diffraction elenment on the

i nformatiion _recording nediumas a mcrospot; a photodetection neans havi ng

three phot oséndlAIRRE Har FSCoRNiloly mepeiner iheasdmp el kealyed and diffracted by
the information  recording nmediumand again transmtted in the aperture of
the Iight-cBnPésdiTianed can foysnermonand s din UMt usil 38k ),
accordance W th the quantities of received |ight beans, respectively;, a

si gnal 8?6&8§§QEPhﬁaﬁ§hMW@hgpsqmmxﬁﬁﬁﬁ@@hﬂdﬁ@é%freflectivityare

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



outputted fromthe photodetection neans to output a tracking error signal;
a driving neans which receives the tracking error signal outputted from

t he signal processing neans, and deterpidnes a position of the beamon a
desired track; a magnetic head which records information onttfz Zﬁéﬁ éN¥AR
2005 information recording nedium or reproduces or deletes i gr i
fromthe information recording nmedium wherein the signal processing neans

i ncludes a cancel nmeans which cancels crosstal k that occurs between the

signal s j Rebpmhbiedn| MAd i Beg PhelesANSblr veprdisc®é bhedphetredet ecti on
means. 2. The magnetic recording apparatus of Claim1l wherein the signal

processi NgrABARS i 6R/N G CH RS S AEK rivBic e BnoGedor DiEtyeeadsuaral s by the
cancel means, and detects a tracking error signal with reduced error. 3.

The magnetic {REPEFHNYHAPRAIA IS Pfolbakihd wWaahal N ndNed&angekarRans
cancels crosstalk fromat |east one signal "anong the three signals
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magneti c recordi ng apparatus of CQaim1 wherein the cancel neans

compr | Sesuc bbb Bhadiifbn BHOUL ¥RbERASHAL W U d\0a lRANSy WCPn BELEREBC iRl A0e

di vision on an output signal“froma first photosensitive

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



part of the photodetection neans; a first differential arithnegi ns
which perforns differential calculation on an output signal f?éﬁ¢ﬂﬁgéﬂﬁhd
phot osensitive part of the photodetecidpn neans and an output 2 3 MAR 2005
-24 signal fromthe first voltage-dividing neans; a second differential
arithnmetic neans which perforns differential calculation on an output
signal froma third photosensitive part of the photodetection neans and an
output signal fromthe second voltage-dividing nmeans. 5. The magnetic

recor di Bg gRRArAts e G akALd vohaiRjd-difedihgSheand ;second
vol t age-di'vi di ng neans have vol tage-di viding ratios approxi mtely equal to

the ratio at 5 WaicGhd hei o8d PEhshanalriftiaBd e héaat RRLASPRSIfdMBspart
crosstalks to the output signals fromthe second and third photosensitive

parts. @i§9@%éﬁ%¥&ﬂ!6éi$ﬁ959&69.%&P%ﬁﬁdﬁ%ﬁﬁtc%ﬁ?ﬁhi wWhereid thheafirst
and second vol tage-dividing neans conprise " resisfors.
photosensitive part of the photodetection means and an output

signal from the second voltage-dividing means.

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.





