A e eI e RS A T

2182737 OPTI CAL READ/ WRI TE DEVI CE This invention relates to optical . -
read/ wite devices. Prior art optical read/wite devices in which data is
obt ai ned from an optical, recording medium by a beam are either of the

reflection type using the Kerr effect

Faraday effect. The reflection type o#—optical read/ wite devi u8é§?h y
the Kerr effect allows reproduction of data stored in an optical recordﬁﬁa '
medi um by means of light reflected fromthe optical recording nedium .

However,
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read/wite device using the Faraday effect. Data fed to an input
120bt&:iSatpHrofdat @p@ib &6 afecObfittf meédYumy 2Sbeam are either

of tres reflection type using the Kerr effect or of the transmission
type using the Faraday effect.

The reflection type of optical read/write device used
in the Kerr effect allows reproduction of data stored in
an optical recording medium by means of 1ight reflected from
the ostical recording medium. Howevér, it has the following
defeczts:

1) An optical system is complicated and linearly polarised
light is transformed into elliptically polarised light. 1In .
order to avoid this defect, many specific coptical elements
with little phase difference betweenlthe P ccomponent of the
polarised light and the S component are required.

Z) Beam generating means having a large output powexr
are reguired because of the small amount of output light
through an objective iens.

The transmiss;on type of optical read/write device using
the Faraday effect is designed in order to solve these problems.
Figure 2 is a schematic diagram of a conventional optical
read/write device using the Faraday effect. Data fed to

an input terminal 120 is supplied to a laser driver 117 and



- 2-£a'rragnet--i c controller 116. The magnetic controller 116 drives a coil
111 to magnetise the optical recording medium 101 to a desired direction of
witing. The | aser driver 117 causes the |aser diode 103 to output a beam
which is directed 5 onto the optical recording nmedium 101 via a
collirmator lens 104, a reflection prisntd08, and an objective lens 109 to
rai s&the tenperature in the focused beam spot. Wien the tenperature rises
near to the Curie point, the magnetisation of the optical recordi ng nmedi um
101 is reversed by the magnetic field produced 10 by the coil 111,

t her eby stori fgRagRetic\ReRtTddsr nhi &dat E*}e IMagBeficy cpprealileeqdl 16 grives om t he
| aser di ode 103 passes through the optical recording nedium 101, the plane
of polarisati 8l td BRAAIPELHTE rtheaPRi AL pESFFEAGPY AR Yi r ecti on of
magneti sation. Then, the 15 . beamis incident on a 4-part strip-type

phot odi ode 20F°af 151759 MFeshdeR Ph HrLUF -antRm AR§8095 419" Hi{e sensor 201
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both the direction I cal "axirs (normal” to the optrcal “recor

medi um) and at;LbIMea3n8h etchew.t:ﬁpié %%Eﬁg;[ the magnetisation of the optical

_ recording medium 101 is reversed by the magnetic field produced
~ 10 by the coil 111, thereby storing data.
When reading data, linearly polarised light from the

laser diode 103 passes through the optical recording medium -
101, the plane of polarisation of the beam being rotated
depending upon the” direction of magnetisation. Then, the

15 beam is incident on a 4-part strip-type photodiode 201 after
having passed through an analyser 112. The sensor 201 transforms
the light signal into an electrical signél, which is amplified
by a head amplifier 204 and divided into a data signal and
servo signal in a signal dividing circuit 205. The data

20 signal is outputted from a terminal 119, and the servo signal
is supplied to a focusing actuator 202 and a tracking actuator
203. In addition, a terminal 122 is supplied with a track .
access signal which drives the tracking actuator 203. A frame
123 is driven by the focusing actuator 202 and the tracking

25 actuator 203 in both the direction of the optical axis (normal

to the optical recording medium) and at right angles with respect



-3-'todata tracks (in the plane of the optical recording nediunm). The
frame 123 supports the | aser diode 103, the collimator | ens 104, the
reflection prism 108, the objective lens 109, the polariser 112 and the -
sensor 201. 5 This conventional optical read/wite device has the
fol | owi ng di sadvant ages: 1) Access ti®e is | ong because the whol e frame-123
is driven in two axial directions under the control of focusing servo "=~
signals and tracking servo signals and is very heavy. 10 2) It is
difficult to inprove tracking accuracy because_ the tracking actuator 203
coarsely rmvE%rH;ﬁé Frafke 15 1he REanes o6t theh OPFLGRk (T8GRt edighal  and
simul taneously slight]y noves the franme by neans. of the servo signal. If
tracki ng acc %éﬁa‘gi q TPPRY EhERe d’aFEFa‘i/’ic\?@I §/&f'art§8 R circuit 15

and a rel atiyel Ar current are requjted. Therefore, the gptica
recor di ng rreh?rtrgr/nlégb% Eﬁgf%cttéf’ﬂcprdtsgl g%’sﬁ&ﬁd&”ﬁ‘fé?‘@%fﬁ"&dﬁ@?hg dat a
transfer ratg. 3).The he anpl ifier 204 | ps to anplify the data signal
as well . as t%‘ee é%rl%lsselrg%g‘lz.a’nﬁo%?/esre?s?f J|b§’di fficult 20 "to design a

head ifi | ' ' l.e f he f f h si I
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because both signal's are ere

the data sigpal, 1.5,0f3; of several MHz, while the servo signal is
f%%;ok§n d%égéxégég%%g

of the order seveéra fefore, this causes the deterioration 25

of e CIN rati oy, Mgdegseils Lovaniy BOeaRGNEnd LiRIQ kLGRR290! | oal

- read/wite device using the Fara ect having neans tor obtaining
is driven in two axial directions under the control of focusing

. -

servo signals and tracking servo signals and is very heavy.
10 2) It is difficult to improve tracking accuracy because
the tracking actuator 203 coarsely moves the frame 123.by
means of the tracking access signal and simultaneously slightly
moves the frame by means of the sexrvo signal. If tracking
~accuracy is required then a relatively large magnetic circuit
15 and a relatively large current are required. Therefore,
the optical recording medium should be rotated at low speed,
thereby redﬁcing data transfer rate.
3) The head amplifier 204 helps to amplify the data
signal as well as the sexrvo signal. However, it is difficult
20 to design a head amplifier which is suitable for the frequency
band of each signal because both signals are different
then thé frequency band. For example, the data signal is
of the order of several MHz, while the servo signal is of
the order of several KHz. Therefore, this causes the deterioration
25 of the C/N ratio.
The presént invention seeks to provide an optical read/write

device using the Faraday effect having means for obtaining



-4- tracking servo signals and focusi'ng servo signals fromlight reflected
f,rom an optical recording nmedium thereby realising an increased data
transfef ‘rate, a higher CNratio and a higher speed of access of data. 5
According to the present invention, there4-s provided an optical read/wite
devi ce.conprising: |ight bean1generat|ng means; optical nmeans for directing
a bedfifromsaid beam generating means onto an optical recording nmedium
first detecting nmeans for detecting 10 transmtted |ight fromsaid

optical recor dtﬁacmi:dguafe&% 523fane AaA FHIHGd %é@«b&' &Pghats Eepa" di ng

medi un  suppor g.sai d beam generati’ng neans, Said optical
means- and saldi+$$gtragi ¥FH from,an op; LMQQRQEF#EQUEP¢menDV|ng sai d

support neans phenébglréaliELng an tiherepiiedldater Arinfeedafe, gecond
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novi g neans for anAqgo:dmdngantha gaeéamuIﬁﬁﬁeﬂﬁﬂﬁﬁiﬂtmeﬁ@diyﬁ1tO a

et ect i ng 11 g 2Eitad, 38 bptasal ey PR e Beyiiien i TRAES ShMRFati ng

a servo si gnalPe¥r geperatingdmeans;ngopticalameasws o dxeaid sect imyvang

neans. 25 30 peam from said beam generating means onto an optical
recording medium; first detecting means for detecting

10 transmitted light from said optical recording medium and

reading data stored in said optical recording medium;
support means carrying said beam generating means, said

. optical means and said first detecting means; first
driving means for moving said support means parallel to
15 the optical recording medium; second driving means for

moving an objective lens of said optical means in the
direction of the optical axis normal to the optical
recording medium; beam moving means for moving said
beam on said optical recording medium to a predetermined

20 spot thereon; and second detecting means for detecting
light reflected from said optical recording medium and
generating a servo signal for said second driving means
and said beam spot moving means.

30



Preferably said first detecting neans has an-anal yser for detecting the ~
angl e of polarisation of a beamfrom said optical recordi ng nedi um and
magneti si ng nmeans for nagnetising said optical recording nedium 5 :
I.n one enbodi nent said optical nmeans has an objective | ens, said beam spot
movi ng neans, in operation, noving sard objective lens in a direction ~
perpendi cul ar to data tracks on said optical recording nedium In anothérr
enbodi ment said optical nmeans has an 10 objective | ens, said beam

novi ng neans, in operat |n i_denc e bean1onto
sai d objective | e’i?’g efﬁ%f\' rf\?é #’d‘%t geﬁcf é‘?ra on, rgrereﬁang% éé}
exanple, in the acc WQ g F 1

0 any r aw |gure is a
schemati c vi ‘Fe% @' ﬂ? C*r]_,g nl%rplts‘l céi reaé/vvranfe “§evi ce accor di ng

to the present,iny nt'enrec ,rgwg s USRS el 25, onbodi mont of

a conventlonﬁ“‘;fgcé? rea evice; an schematic view

Of 3 L1 acki nQIEChANSM20: opeily LGNS FBbagient of an opt i ca

read/wite devrce acc e present” I nvention. Referring first to

Figure 1 there is rshz(?x eﬂbﬂkhfaéameaﬂéi’&'ﬂ Be StV iHGE & RdLbg,d 0 the

pr esent |nvent|on ata signal supplied to a data input ‘termnal 120 is

fed to 25 1efs ”B'.Qﬂ.%t Qﬂ'tépgltl févikOmaik alha%raéﬁbﬂ?rmoieixg The magnet
control ler 116 dfives a coil 111 to magneti se an optical
saié objective lens in a direction perpendlcular to data
tracks 6n said'obtical recording mé@ium.
In another embodiment said optical means has an ' "
10 objective lens, said besm moving means, in operation,
mbving the:aﬂgie of igcidence_of.ﬁhg beam onto said
objective lens.
Thé invention is illustration, merely by way of examp;e,
in the accompanying dr#wihgs, in which:-
15 - Figure 1 is a schematic view of one embodiment of
an optical read/write device according:to the present invention;
Figure 2 is a schématic view oflan embodiment of a
conventional optical read/write device; and
Figure 3 is a schematic view of a tracking mechanism
20 of another embodiment of an optical read/write device aécording
to the present invention.
Referring first to Figure 1 there is shown an optical
read/write device according to the present invention. A
data signal supplied to a data input terminal 120 is fed to

25 a magnet controller 116 and a laser driver 117. The magnet

controller 116 drives a coil 111 to magnetise an optical



-6-‘récordrng medi um 101, and the:laser driver 117 drives the |aser diode
103 which outputs the | aser beam so that the nagnetisation of the optical
recording mediumis reversed and data is stored. This is the sanme as in the
conventional 5 optical read/wite device. Wen reading, a | aser beam of
780 nmfromthe laser diode 103 is col |T®mated by a collimator |ens 104 and
dired¥ed into a plane 121 which produces a circular beamof |ight. The beam
is then conpletely, linearly polarised by a polarising 10 beam splitter

105 havi ng 100% of reflectanc f the S conponent of the polarised |ight
and 50% of 11 areAFFLLHG BBEm FOT p A00hpBncHAEeE SLHETpbl & ArLEES 1Tt . The
linearly polarised Iight |s deflected at right_ angles b reflection prism
108 and passed ]IaSean&%ee@% \Vggflér%‘tfﬁ'@s. tﬂ?egﬁfﬁregfmesc}l/%gat theans 109
focuses |ight qnto_the optical. recqrdi medi.um The optical recording
rod um 10101 SRTETETaRih OF sab b cel kRt mbdine D' EPredER0Nn

GdTbFe, TbFeCo,_ Ry s The facu b hayi ng a.dianeter of .1.6. pmon
ana Egtg) 1S Q?ore%o 151%}(18 gg rQhe %%m%%s p 81 &ﬁ converﬁ'_ci.gflal

the optical recording fredrum I'S recelrve y an anal yser The 20

detected beami g, .tL e LNEQR ;22 el ectrical signal by a PIN diode 113
whi ch hasga di al tt“égfc%ffegé, rrmtgﬁ%%géctri c signal output of the photodiode

113 is anplified byaaheads; 'I 5 f1 86y I0af%E v8d 8! ¥ordPendai £e3nd out putt ed |

froma termnal 119. A constant proportion of the beamis reflected by the

25 optical gi8e0n8s 78 AN ddbyaRddNeRabH HeAB RFh BYéaIdiGected
inte a_plane 121 which produces a circular beam of light.
The beam is then completely, linearly polarised by a polarising
10 bear splitter 105 having 100% of reflectance of the S component
of the polarised light and 50% of transmittance of the P
component of the polarised light. The linearly polarised
light is deflected at right angles by a reflection prism
108 and passed to an objective lens 109. The objective
15 lens.109 focuses light onto the optical recording medium.
The optical recording medium 101 is covered with a magnetic
thin film such as, for example GATbFe, TbFeCo, DyFeCo. The
focused beam, having a diameter of 1.6 um on the optical
- reccrding medium 101, is received by an analyser 112. The
20 detected beam is transformed into an electrical signal by
a PIN diode 113 which has a diameter of 4 mm. The electric
signal output of the photodiode 113 is amplified by a head
amplifier 115 exclusively for data and outputted from a terminal 119.
A constant proportion of the beam is reflected by the
25 optical recording medium 101 and then collimated by the

objective lens 109. The reflected beam is directed to the



objective lens 109. The reflected beamis directed to the -7- polarising
beam splitter 105 via-the reflection prism 108. The pol ari sed beam splitter
reflects half the beamonto a knife edge 124. The knife edge 124 produces a
sem circul ar beam which is condensed by a condenser lens 106 onto a 4-part
5 PIN di ode 107. In Figure 1, the condenser |lens 106 and phot odi ode~ . .
107 are di sposed perpendicular to the optical recording mediumbut, if ¥
desired, they can be disposed parallel to the optical recording nmedium The
si gnal produced_by_.the todi IS lifd )Y he,

anplifier 11 oél%r%(sf'nlé‘ it 38 ocs%g%ggegrr :ngz gﬁag?i"gP %%éslggt%% lpﬁés‘ﬁnllog%é egrgee met hod

and a tracki 0g, e/ Qls 3bERAo19808H Al LOG RUSE iU belF'dAAE L Juflieal ned. The

focusing err sI'gna racking error signal are supp [0 a two-axis

lens actuat 0gad10ifor HRYIMl eleage 150 NAAML G dBiedeberinRgd SPOL on the

opti cal recofarng medi um The actuator 110 1s Iven g and

tracking by {He-9efs/Qofbdidls nf { 'RRBedset 18ndMRIoRLo W @hbaaNgl €S to_the
tracks of the optical recording nediumby a |inear notor 114. 20 The
l'inear gotor pidajcaedibyen hyrided 1aCKGoAGGRRST SeN3be dhe Opti cal

recording medium 101 is a disk with a diameter of 90 mmor 130 mm and has

spiral or copgpepddidacdioPVae Bfidieddpéghinliailal 8oveieebgpgddt and a track
pitch of 1.6 [err]. The optical recording nedium 101 is rotated

recording medium but, if so desired, they can be disposed

parallel to the optical recording medium.
The signal produced by the photodicde 107 is amplified
10 by a head ampiifier 118 so that a focused error signal
based on the knife edge method and a tracking error signal
based on the push-pull method is obtained.
The focusing error signal and tracking error signal
are supplied to a two—axis lens actuator 110 for moving
15 the beam to a predetermined spot on the optical recording
medium. The actuator 110 is driven for focusing and tracking
by £he servo signal.

A frame 123 is moved at right angles to the tracks

of the optical recording medium by a linear motor 114. o’

20 The linear motor 114 is driven by the tracking access signal.

The optical recording medium 101 is a disk with a
diameter of 90 mm or 130 mm and has spiral or concentric,
grooves having a depth of 1/8 wafelength and a track pitch
of 1.6 um. The optical recording medium 101 is rotated

25 corstantly at 180 rpm at a maximum by a motor 102. In



25 * - constantly at 180 rpm at a'maxi mum by a notor 102. In this .
enbodi nent, the disk has_an unformatted capacity of 200 MB, the average
access tinme is 40 ns, and the transfer rate is 6 Mit/s with a high CN
ratio-so that an error rate of 10 is achieved. 5 Figure 3
shows a tracking mechani sm of another enb®di nent of an optical read/wite
devi'de~according to the present invention. The tracki ng nmechani sm changes
the incident angle of light fed thereto by the objective |lens 104. A
galvanic mrror 301 is rotated by the tracking error signal 10 and
tracking is perftdifetmipdinpangithy disk hasiatennformptsedfcdpaghty t ©ft he
objective lens 109. In tracking, the photo- diode 113 is |large enough to
recei ve the tot ZC0MBurkheopveragrsasaassdtingtis 9P tisouand adectrapssegnal
strength. In Fi gure 3 the broken I'ine shows the path of light 15
schematical ly. T¥he bbj%lPitus Miklk a ddgh CAbEatEel soythatf @oueirey act uat or

302 which noves solely iniphe direction of the optical axis. The remai nder
of the optical F858/%%r ilfe delA @Ehiavefhe sane as in Exanple 1. The opti cal
read/wite device of Figure 1 has all 20 the advantages of

conventi oRal opti calFY®E8/ &H"t"@sd%\ﬁréék’c%q MGhaRism, PE ARPTEEY mbogifentn

addition the follow n ad\P/fgnta s:. 1) The whole frane 123 is noved parall el
to the optical P& SEICAEH CafeYishecsorfing b tiher BE§REEE to the 2

tracks in a Shog'.%vérlxtrg.%n. T‘Buee %Qta(l:]gia}alg gga'gaenTsxlnscr?a%gte; O‘ll:lleeciingjl. er;llty '

angle of light fed thereto by the objective lens 104. A
galvanic mirror 301 is rotated by the tracking error signal
10 and tracking is performed by changing the incident angle
of light to the objective lens 109. In tracking, the photo-
diode 113 is large enough to receive the total amount of
transmitted light without reducing signal strength.
. In Figure 3 the broken line shows the path of light
15 schematically. The objective lens 109 is focused by a
focusing actuator 302 which moves solely in the direction
of the optical axis. The remainder of the optical read/write
device is the same as in Example 1.
The optical read/write device of Figure 1 has all
20 the advantages of conventional optical read/write device
using the Faraday -effeét and in addition the following
advantages:
1) The whole frame 123 is moved parallel to the optical
recording medium and at right angles with respect to the -

25 tracks in a short time. The optical system is controlled highly



-

-9-.accurately in both the direction of the optical axis and at right
angles with respect to the tracks. Therefore, it is not necessary to nove

the whole frame by small distances in two axial directions at right angles
and thereby | ow power, 5 hi gh accuracy access can be realised in a short
tinme. 2) The actuator 110 can reply & high speed and so the optical L
recordi ng medi um can be rotated at high speed. Therefore, data transfer>/
rate can be inproved. 3) The photodi ode 113 has a head anplifier 115

excl usively 10 for data si | s.. . The_phot odi ode, 107 has. t he head

ampl i fier ffg"‘%"x&ﬁlﬁsﬂ‘/hgf Bﬁ‘qufﬁﬁt’s"lngﬁﬁl S SPFRE* 1A ARt ¥5h 35f the opti cal
axis and at_.rjght angles.with respect to the tr A er re, the circuit
const ruct i 5&‘%‘9 aé‘giﬁgh"ela 5?7%??% g? %’aengﬁ%&ésdj uggée&ﬁefto-(ggf hlgé fequency band

oot orof mhhSnddRUED W BA0E Gl BRI chane P LHRRL ik ERRRELLVE!Y.

Therefore, P I'0 cCan beé grea he optical read/wite
devi ce of Ebg%?iajl %Pa &Bhgdéic%igﬁé aafn?;&% efhd Qg&f’ by Eaéﬂe'r',.ab' e opti cal
recordi ng media in wiich the anou of ‘reflecte I dht 1's changed, such as
DRAW 20 h&ﬁﬂea&%h&i"aﬁfc%ggr%'Qediéigifeﬁoﬂ})%c&n&fé kSmand CD- ROVS. |
Therefdre, there 1s excellent conpatability. -10-
2) The actuator 110 can reply at high speed and so the -
optical recording medium can be rotated at high speed. Therefore, ®
data transfer rate can be improved.
3) The photodiode 113 has a head amplifier 115 exclusively
10 for data signals. The photodiode 107 has the head amplifier
118 exclusively for servo signals in the direction of the optical
axis and at right angles with respect to the tracks. Therefore,
the circuit construction of each head amplifier can be adjusted
to the frequency band of data or the frequency band of servo
15 signals, respectively. Therefore, the C/N ratio can be greatly
improved.
4) The optical read/write device of Figure 1 can reproduce
data stored in commonly available optical recording media in
which the amount of reflected light is changed, such as DRAW (g

20 type optical recording disks, compact disks and CD-ROMs.

Therefore, there is excellent compatability.

»



CLAI MS 1. An optical read/wite device conprising: |ight beam.. -
.generating neans; optical nmeans for directing a 5 beam from sai d beam
generating means onto an optical recordlﬂ@ medi um first detecting neans
for.-detecting transmtted |ight fromsait optical recording nedi um and
readi ng data stored in said optical recording nedium support neans

car ky¢-ng sai d beam generating neanﬁ% §QQI%Q opti cal neans and said
first detecting nmeans; first drivi df ans f%r novi ng sai d support neans
parallel to the optical recordi ng nmedi um second driving nmeans for noving

an obj ect!ve J.ens qln S Y |1@dd A Ye dawféedaaﬁghgan@f the gy i cal

axi s nor mal to t he opt| beam nmovi nmeans for
novi ng sai d Rean gensuatigg m%ﬁflff:eccﬁﬁﬁ-#@aﬂémﬁﬁﬁt §0% P& té'l‘"tg( fed spot

thergon; and yeaaprckdipidild NMediP Hnd Mt £iey Hfieans bhes! aheUpQﬂkﬁiffom sai d
opti recordi ng nedlun1and generating a Servo S|ﬁnal q second

dri vi ng nean¥Fegerding mediyumy febrst Aateshing ReaHs er de cal
read/ wite detapsmittrddiIRfh rffdnaléaﬂdlépwbcsh gacordin méehmrtiam neans

AR VR LR A IC AR E T 0 O PTIE WAL AR
epti cal recorsﬂlpm::rﬂe(ileans ?carryzﬁsig g id dbeamagéneratidgymeanss clsaided in
oo oo AELE e ke RO OG- el et T
perpend|culadnmyxngzmeins for markingrsaid dsupport| meaosr parglied ta
the optical recording medium; second driving means for
_ moving an objective lens of said optical means in the
\ direction of the optical axis normal to the optical
15 recording medium; beam moving means for moving said
beam on said optical recording medium to a predetermined
spot thereon; and second detecting means for detecting
light reflected from said optical recording medium and
generating a servo signal for said second driving means
20 and said beam spot moving means.
2.  An optical read/write device as claimed in claim 1
in which said first detecting means has an analyser for
detecting the angle of polarisation of a beam from said
optical recording medium and magnetising means for
25 magnetising said optical recording medium.
3. An optical read/write device as claimed in claim 1
or 2 in which said optical means has an objective lemns,
said beam spot moving means, in operation, moving said
objective lens in a direction perpendicular to data
30 tracks on said optical recording medium.
4, An optical read/write device as claimed in claim 1
or 2 in which said optical means has an objective lens,

* c L M S *



- 4.

An optical read/wite device as clainmed in-claiml1 or 2 in which sai d ,
optlcal means has an objective |ens, -11- said beam noving nmeans, in
operation, nmoving the angle of incidence.of the beamonto said objective®
| ens. 5. An optical read/wite device substantially as herein descrlbed

with reference to and as shown in 5

Figures 1 and 3 of the

acconpanyi ng drawi ngs. 10 15 20 25 30

10 -
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said beam moving means, in operatlon, moving the angle
of incidence of the beam onto said objective lens.

_5.' An optical_read/write device substantially as
herein described with reference to and as shown in
Figures 1 and 3 of the accompanying drawings.

* c L M s *

\\2@

C

<



