1 1 September 2005 Magnetic scanning system FIELD OF THE INVENTION The present invention
relates to a scanning device for scanning a magnetic record carrier, and to a record carrier with
magnetically-recorded information thereon. More particularly, although not exclusively, the invention
relates to a scanning device for scanning 5 a rewritabl& magnetic record carrier] Septémbachdsecord
carrier with magnetically-recorded information thereon. Scanning may refer to reading, writing or
erasing da%aﬂé]ﬁﬁl%afémg@@tﬁ@KGROUND TO THE INVENTION Advances in data storage
capability have been manifested as faster data 10 scanning times as well as the density of information
which can be stored on the data record carrier. The desire for higher areal data densities has led to
the development of a number of innovative data storage techniques. Optical scanning devices are
well known in the art, and include rewritable record carrier systems, like the CD-RW system. In these
systems, data is written to and read 15 from an optically varying medium by optical modulation.
Increasing the data density by decreasing the dimensions of the data bits (usually pits in the optical
surface of HNEL'BCOFRITEHENRNY ENIDI@NY accurate imaging of the bits. A reduction in the bit size requires

short wavelength or near-field operation.and it is considered that present technologies are
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reducing the iﬂ%tn%q QLR rorECI N GWRE r, tﬁe Q—:gé'f(fﬁ WP bee[at%a%l SPThECEMEDit error
rate. In magnetic media, smaller bits require the use of even smaller particles with about 100 particles
per bit be'%@ﬁ%&&@%ﬁﬁ%ﬂ?ﬁlﬁ@ﬁ% &\} September 2005
Advances in data storage capability have been manifested as faster data
10  scanning times as well as the density of information which can be stored on the data record
carrier. The desirefor higher areal data densities has led to the development of a number of
innovative data storage techniques.
Optical scanning devices are well known in the art, and include rewritable
record carrier systems, like the CD-RW system. In these systems, data is written to and read
15 froman opticaly varying medium by optical modulation. Increasing the data density by
decreasing the dimensions of the data bits (usually pitsin the optical surface of the record
carrier) requires accurate imaging of the bits. A reduction in the bit size requires short
wavelength or near-field operation and it is considered that present technologies are
approaching their l[imit in terms of the signal to noise (SNR) requirements while still
20 maintaining a useful system bandwidth.
Magnetic scanning devices, such as those used in hard disk drives, in which
data is written to and read from a magnetisable medium by magnetic modulation, can exhibit
high areal data densities by employing relatively short bit lengths. However, those systems
use larger track widths than optical scanning devices, which imposes a significant limitation
25 onthe data density which may be recorded on amedia. In this context, higher areal densities
may also be possible by reducing the bit lengths even further. However, the same SNR will
be required for the same bit error rate. 1n magnetic media, smaller bits require the use of

even smaller particles with about 100 particles per bit being required for a reasonable SNR.



Smaller bit sizes become thermally unstable when used with media coercivities which are still
writeable at approximately room temperature. This limitation can be overcome by using thermally
assisted writing processes with high coercivity media. According to this technique, media with a
coercivity which is too high to be written with 5 current2wnriting head technology atSeppemtesmp@iature, is

heated thereby lowering the coercivity. The media may then he written using magnetic modulation
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Kojimaand K. Ohta, ‘ New magnetic recording method using laser assisted read/write
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20 JP-A-4-311848 describes optical track following in conjunction with magnetic
reading and writing. The magnetic scanning head is located on the opposite side of the record
carrier to the optical tracking head. The position of the scanning head is determined by
means of magnetic field detection coils associated with the optical tracking head. These coils
detect the modulated magnetic writing field thus allowing the position of the scanning head

25  to bedetermined. However, the positioning accuracy is not as accurate as that exhibited by
optical tracking systems.

JP-A-2-105319 describes a‘side-by-side’ system whereby tracks defined by
wobble bits formed on the on the record carrier, which are tracked using alaser, are placed
next to magnetic data tracks. The area taken up by the wobble bits reduces the media area

30 available for magnetic reading and writing.

DISCLOSURE OF THE INVENTION



DISCLOSURE OF THE INVENTION 3 1 September 2005 In one aspect, the present invention
provides a scanning device for scanning data records on a magnetic data record carrier, the record
carrier including at least one magnetisable medium, the device including: an optical source adapted to
emit at least one reference beam; 5 an optical trackingdmeans adapted to use dpSepigtbeteziable
features of the record carrier to rovige a tracking signal, wherein the device uyses the tracking signal
to position the optical sBWPOE FMETkIOR FPBeﬁQtr'&g Q3 REQY! e SFARBY %ﬁ%ﬁ@rﬁﬁmﬂ%rs for
magneticaditscecuriigotialanaindi dargretshbif iRe diemicanticifieptivaldieigatitmdn@ans adapted to
detect the referen%beam following transmjssion through the record carrier and thereby position the
one or mofgaﬁﬂ%' & Wﬂgmugé?sam”r%(?éﬂdHaW%e optical source. In accordance with a further
aspect, the present invesrioptiped isl#scoadgptedittfertit\ac keder agaruisngndetsesatords on a magnetic
data record carrier, the record carrier 15 including,at least one magnpetisable medium, the device
includig: an optical tradl B S PA RS GSBEEL GR Q Yere al tr  R
scanning systeccioriecanpiogi deapmaticny sitjnahtwiadecirabie picivesiseshiéhmeithey eiyichittrack pitches;
and a positionjn ? sterE| for determini@rl%].the g itioning of the data tracks with 20 respect to the
optical tra&@%&%}eﬁqw & Q'ﬁ%‘?i@§ 'Rfﬁbg 5&%%0[ %%ed to scan data tracks with a pitch
which is smaller than thergitahnadrinmagpiatial Watedueetss cratesgaetibsl i ecapticy) dapalkintheystem. In
accordance with a?étélrthe{%?s ect éhe present invention provides a record 25 carrier with
magneticaWﬁggg% tRESH ’t%}ﬁ thereon comprising a disk having land and/or groove tracks formed
thered0, wherein a regioopifcth eleteatj natinemechdsposcespdeieinthéa efer encivbdaral flalialang)/or groove
track has a %Jralit of Wagnﬁttiﬁ data tracks formg%thggeon. . tThetr?resent invention a(leltows the data
tracks to bR |%%¢t:‘|)r/0|9 J10g hecord carrier and thereby position'the one or more magnetic

transducersin relation to the optical source.

In accordance with a further aspect, the present invention provides a scanning
device for scanning data records on a magnetic data record carrier, the record carrier
15 including at least one magnetisable medium, the device including:
an optical tracking system for following optical tracks on arecord carrier;
amagnetic scanning system for scanning magnetic media at data track pitches
less than the optical track pitches; and
a positioning system for determining the positioning of the data tracks with
20  respect to the optical tracks,
wherein the magnetic scanning system is adapted to scan data tracks with a
pitch which is smaller than the pitch of the optical data tracks detected by the optical tracking
system.
In accordance with a further aspect, the present invention provides a record
25  carrier with magnetically-recorded information thereon comprising a disk having land and/or
groove tracks formed therein, wherein aregion of the magnetic media corresponding to an
individual land and/or groove track has a plurality of magnetic data tracks formed thereon.
The present invention allows the data tracks to be more closely spaced than in
the prior art and is therefore a means by which the data density can beincreased in a
30 magnetic scanning device.
The use of an optical tracking system allows for a continuous composite servo
or sampled servo system, providing accurate track following and hence read/write location.

The device preferably uses a continuous composite servo tracking system. Optical tracking



the prior art and is therefore a means by which the data density can be increased in a 30 magnetic
scanning device. The use of an optical tracking system allows for a continuous composite servo or
sampled servo system, providing accurate track following and hence read/write location. The device
preferably uses a continuous composite servo trackingtsystem. Optical trackingl4sépEepihen#i®52005
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written proximate a magnetic transducer.
15 The data records may correspond to a plurality of data bits, encoded to
represent the data, magnetically written to the magnetisable medium.
The magnetisable medium preferably has a coercivity which is adapted to be
resistant to magnetic writing at room temperatures, but is able to be magnetically written to
when heated.
20 Data records may be written onto aregion of the servo track by sufficiently
heating the specified region to alow writing to occur and magnetically writing a data bit or
bits to the specified region on the servo track. When magnetic writing is occurring, areas
corresponding to whole servo tracks may be heated sufficiently or alternatively areas
corresponding to only a portion of the servo track may be heated sufficiently.
25 There are preferably a plurality of data tracks per land and/or groove track
width. The data tracks are preferably written in areas corresponding to both the grooves and
the lands. The surface over which the magnetic read/write head flies is however preferably
essentially flat.
The magnetic read/write head may include a plurality of individual magnetic
30 read/write heads adapted to read/write corresponding data tracks simultaneously. Ina
preferred embodiment, data may be interleaved between the data tracks.
In an alternative embodiment, the read/write head may incorporate asingle

write head which writes a single data track at atime, wherein the magnetic write head is



25 There are preferably a plurality of data tracks per land and/or groove track width. The data tracks
are preferably written in areas corresponding to both the grooves and the lands. The surface over
which the magnetic read/write head flies is however preferably essentially flat. The magnetic
read/write head may include a plurality of individual magnetic 30 read/write heddSeptbapied2005

read/write corresponding data tracks simultaneously. In a preferred empodjment, data may be
iterioaved CUAUE PO AR R A SHETR SV B AEA O e AT g
incorporateracking leckritiddead which writes a single data track at a time, wherein the magnetic write
head is 5 1 September 2005 positioned appropriately in relation to the servo track according to the

aforementioned optical tracking techniques. 5 10 15 BRIEF DESCRIPTION OF THE DRAWINGS
Features api|&\VRESQRT NI TEAEbDENIgs@Sthe invention will become apparent from the

followjng description, giyen by way of example gnly, of preferred embodiments of the.invention, which
referelo the accompan) AL NAHEHER ST RO ST R BIHUN A o
device accapioingntdrim tinseskolingaitsonpiony opvanil lstkatest ssmpldied ¢rasesetiedal view through
a data record _carrier al the tangential direction, showing the positign of the magnetic scanning
noad tay oS T Sl G T S e AP 5 KEEE I IR S HUBIR acoordance
with one embodiment oHlgarimyéntistratEsgLachdnibtisirafeesantiationed tedwécdiatirdpidiasitkection
through a data_record carrier, showing an embodiment of a data track layout on the writeable media in

relation to %%S%%'(Wgﬂgﬂﬂ; record carrier topography; Figure 5 illustrates one embodiment of
intensity/temperature prbigaref2allustrates a simplified cross-sectional view through a data record

carrier along the tangential direction, showing the position of the magnetic scanning head
layout;

Figure 3 illustrates a schematic side view of a scanning head arranged in
accordance with one embodiment of the invention;

15 Figure 4 illustrates a detail ed tangential simplified section through a data
record carrier, showing an embodiment of a data track layout on the writeable mediain
relation to the groove/land record carrier topography;

Figure 5 illustrates one embodiment of intensity/temperature profile of a
heating spot;

20 Figure 6 illustrates an alternative embodiment of a heating spot profile;

Figure 7 illustrates a further alternative embodiment of a heating spot profile;

Figure 8 illustrates a schematic plan view of a scanning head arranged in
accordance with afurther embodiment of the invention; and

Figure 9 illustrates a control system used in embodiments of the invention.

25 Figure 1 illustrates a magnetic scanning device constructed in accordance with
an embodiment of the invention.

A datarecord carrier 11 is shown in the form of a movable data record carrier
(for example, adisk) viewed in cross section in a direction tangential to the track direction.
The data record carrier is rotatably mounted and includes an optically detectable physical

30 structura feature which alows an optical tracking/positioning system to accurately track and
locate the optical tracking assembly at a specific position on the media. The scanning head
scanning head 100 optically detects the transmitted beam. This alows the scanning head to
be precisely located under the beam spot or spots. Thiswill be described in more detall
below. The optically detectable feature used in the present embodiment is a series of



heating spot; 20 Figure 6 illustrates an alternative embodiment of a heating spot profile; Figure 7
illustrates a further alternative embodiment of a heating spot profile; Figure 8 illustrates a schematic
plan view of a scanning head arranged in accordance with a further embodiment of the invention; and
Figure 9 illustrates a control system used in embodiménts of the invention. 25 HigiamdnihestPAGS a

magnetic scanning device constructed in accordance wit embod nt the tlon A data
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cross sectigmigs.a direction tangential to the track direction. The data record carrier is rotatably
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A fill layer 10 islayered over the land/groove surface. In embodimentsin
15  which the tracking system uses a reflected beam spot image, the surface islit from the side of
the substrate 13 and the fill layer is preferably a substantially reflective material. Otherwise,
it is preferably substantially transmissive, although athin reflective layer may be added close
to the surface land/groove to provide reflection from either side of the disk at the land/groove
surface.
20 To alow the magnetic read/write head to fly very low over the data record
carrier (to be in near contact with, preferably less than 50nm away from, the disk), thefill
layer istreated or machined flat. A buffer layer (not shown) of approximately 30nm
thickness is sputtered onto the flattened fill layer 10 covering the groove structure. A
magnetisable medium 12, in particular a magnetisable metallic layer of approximately 20nm
25 thickness, isthen sputtered onto the buffer layer. Finaly, a protective layer (also not shown)
of approximately 5nm is added.
The general layout, construction and operation of the tracking/focusing
component of the device is similar to known optical scanning/track following systems. The
optical tracking/focusing system functions as follows. Referring to figure 1, alight source 19
30 (for example, a semiconductor laser) radiates alinearly polarised divergent beam of coherent
laser light. The linearly polarised divergent beam passes though a collimator 18 which
convertsit into abeam of coherent, parallel light. The beam then enters a polarising beam
splitter 16. The beam splitter 16 consists of two right-angled prisms separated by a one-way

mirror membrane. All of the beam passing through the polarising beam splitter 16 emerges



A fill layer 10 is layered over the land/groove surface. In embodiments in 15 which the tracking system
uses a reflected beam spot image, the surface is lit from the side of the substrate 13 and the fill layer
is preferably a substantially reflective material. Otherwise, it is preferably substantially transmissive,
although a thin reflective layer may be added close tofthe surface land/groove 10Sepbermaleer &08&tion

from either side of the disk at the land/ face. 20 To allow th tic read/wri dtofl
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15 The transmitted beam passing straight through the beam splitter 191 passes
through an objective lens which focuses the beam at the focal point of the objective lens 192.
The converging beam is intercepted by a wedge 195 which splits the image into two beams
which are directed onto focus error detecting photo-detectors 196/197, whereby focusing
errors caused by flexing of the disk or mechanical defectsin the disk mounting/drive system
20  can be corrected for by means of a servo control system.

Referring to Figure 9, a control system used in this embodiment of the device
isshown. A rotary arm positions the optical head 800 which outputs afocus error signal 813
to acontrol circuit 810, which processes the signal and outputs a focus control signal 815 to
the optical head, which altersits axial position according to the signal 815. The optical head

25 aso outputs atracking error signal 814 to the control circuit 810, which processes the signal
and outputs atracking error signal 811 to the optical head rotary arm.

The beam tracking/focusing system allows the optical head 800 to be
accurately positioned over a particular part of the record carrier topography. In a preferred
form of the invention, areference beam 130 is emitted from the optical head 120. The

30 reference beamisat least partially transmitted entirely through the record carrier whereby the
reference beam isimaged on the underside of the record carrier by a 4-quadrant detector 122.
This detector outputs reference beam error signal 901 to positioning control system 903

which generates a reference beam error signal 902 which is used as a control signal for the



passed through an objective lens 193 which focuses the image of the beam spot 101 on the 10 data
carrying media into a tracking photodetector array 194. The tracking photodetector array 194 provides
a tracking signal based on a knowledge of the correct relationship of the imaged beam or beam array
in relation to the servo groove pattern. Beam tracking 8echniques will not be didcBgstechbed2088 as

there are a number of techniques which will be familiar to one skilled in the art. 15 The transmitted
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which is ustsiiaisve (GMR) saysdliter.the 8 1 September 2005 scanning head position. This allows the

magnetic scanning head, to be |ocked to the preci osition of the gptical tracking head via the
reference beam. The m%‘gsr%'tlﬁcbsecéf%lijng éag%ﬂ%‘ﬁfgp %Wm%éléjrrl%'t é}s ?E%Frva\ﬁ%%ﬁ'% r%?g?rtﬁ(ear

contact witbdated] skand evsoinsessreecion @ aren eatic drea st tieedsshtdriespopticd) to each

15 land and groove. Thisisshown in detail in figure 4, whereby the magnetic medium isin the
form of a substantially planar layer located below the groove/land topology.

The written data track width is defined by the magnetic field rather than by the
dimensions of the heating beam spot. Thisisto be contrasted with conventional magneto-
optical systems, in which the magnetic field covers alarge area and the beam spot determines

20  both the written area and the read area. The magnetisable mediais preferably heated through
the substrate, by means of the optical beam to allow thermally-assisted writing. During
reading, the intensity, and hence the heating effect of the beam is preferably reduced whilst
the optical tracking detection remains operable using the same beam. Alternatively a
separate heating beam, which is switched on during writing, is switched off during reading.

25 Figure 2 illustrates a smplified cross-section through a portion of the record
carrier along with an enlarged 4-channel dlider head 22. In this embodiment the optical
tracking system illuminates the magnetisable layer from the opposite side to that on which
the head 22 islocated. The slider head 22 is moved in unison with the optical tracking by
way of the transmitted reference beam which isimaged by the 4-quadrant detector 30.

30 The 4-channel dider head 22 in Figure 2 is shown magnified compared to the
scale of theradial cross section through the record carrier 13. The head comprises four
magnetic read/write GMR transducers 23a, 23b, 23c and 23d. These are spaced apart so that
acomplete set of four data tracks can fit in aradia width corresponding to the width of either

land 20 and/or agroove 21. Thisis more clearly seeninfigure 4. The view of the head



5 detector 122. The optical detector 122 is constructed to allow positioning of the scanning head to at
least the resolution of the optical tracking system. The scanning head 900 is preferably mounted in
the scanning device by means of a rotary arm, whereby the head is accurately radially movable
across the disk. Accordingly the head 900 is positionaBle on the surface of the HsdpteyrivacRit) the

f b h t of at least to 10 withi data.track during th [
orocess. 1RSI RESLH0 OB AF 1EAE 4 M PSP ST RO ERorably

the form ofFykresshGranhdkagipttoedl agisiiE (teVitiansoviedred\s onl the stiedastrrtie dail below,

a plurality of data tracks are pref rab%/ located, when viewed in cross-section, adjacent each area of
the cisk corresponcing 15 SN Cs RAREUEHEEG) OBUEaIAGHL GHEAGHTh AOLSFPH B TBty e
magnetic nhedisiayvite tadfanayd3 Jibsshoioedstainaiiay dclasstid inadgedhthgtameatieted topology.
The written data track width is defined by the magnetic field rather than by the dimensigns of the
noating bel S EHER PTG ST B S O ER STl R T B 5 el Iaunich he
magnetic fepidubwy @G3avhigeppoeacand tbieleaaabeaotichelamyivesr 2hhatboReThigis nsatr &agithe
read area._The magnetisable media is preferably heated through the sybstr by means of the
optical bo i BERGUS FHN EL N UL PELE G e B RGP IBER Re heating
effect of thiéxedashasoprefehelpties uceRindgHebdhe optical tracking detection remains operable using
the same beam. Alternatively a separate heating beam, which is switched on.dyring writing, is
switched off during reacth PSS BECPELA S H EH EeAAH LG A RETE o the
recotd cauiinal tmgdAqtindvare tlestot 3 tradatetisider amsanit(2a. ridaleiscetdemaiment the optical
tracking system illuminates tlhe ma%letiﬁc,ﬁéle IL%/elr frar?j%ﬁs?e ?gp%site siéj to thl%t Con.whifh the head
22 is located. The slide ggd‘% RTFSDELS (408 W Ré |c§ icafiac Wby V\%'i/ugf; I transmitted
reference hatmoptilestty it aokdagp thb gaive faapligvevie pattentpprdli kS didsrddamivak soderdbead 22 in
Figure 2 is sh wn, rr{]agr'{'ﬁiéa% comy grs%gn tr% r%h‘fm egaaﬁ?f)sf e rgfia‘]Fr%%su?gt(étion .ttriwou h g}% record
carrier 13."FRE'RELY omprises four magn% icFead vt ra}/nsocucers%a,oéﬁ%%’, 93t"%nd 23d.
These arerspgoettt @pamhisw thesd, d aomnjil ateapeitrebdng ofataetvatks acks, fiviith a dathatackdpitch
correspondiig. L0 40 uidk o LR RIS G AAlOK R RRYE Ay TR S gTS AR R loure ¢
The View of thé hea
multiple of the data track pitch; in the embodiment shown it isfour times the data track pitch.
Figure 4 illustrates the positioning of the magnetic data tracks (tracks 1 to 4) in
relation to the land and groove servo tracks 20, 21. The data tracks are written on a planar
magnetic medialayer 12, with the groups of 4 tracks arranged to coincide with the lands and
20 grooves 21 and 20 respectively. Tracking is performed over an area spanning aland and a
groove, such asthe area B-B’, according to techniques discussed above. It ispossible to have
1, 2, 3 or 4 channels selectively operating on the read/write head simultaneously, by
selectively activating different ones of the GMR transducers. When more than one channel is
written or read simultaneously, the data is preferably still from a single source (e.g. afile),
25 andthedataisinterleaved and de-interleaved by the scanning device.
In this 4-channel embodiment, after positioning the magnetic scanning head,
four datatracks 1,2,3,4 are written onto the medialayer 12. Each datatrack can for example
occupy only 0.2um, alowing very high areal densities to be achieved (around 40Gb/in® for a
0.1um bit length). It should be noted that other numbers of magnetic transducers, ranging
30 from one or more may be used in the slider head 22. The upper limiting factor to the number
of such transducers used per land and/or groove track is the accuracy of the optical
positioning technique, the resolution with which the magnetic data bits can be written to the

media and the degree of accuracy with which the scanning head can tack the reference beam.



9 1 September 2005 shown in the upper part of Figure 2 is from the front or viewed tangentially to the
grooves. Figure 3 shows the simplified layout of the head when viewed from the side facing the disk.
In Figure 3, a 4-quadrant optical tracking detector 30 is shown located behind the read/write head
array 23. This photodetector array detects the image @0the transmitted 5 referdriepteparer Po&ferring to

figure 9, the photodetector outputs signals 901 to controlling circuitry 903 which produces a reference
beam tracking error sigr#ﬁeff%ﬁgﬁﬂg '%%Eéd%tngéfﬁl{y@ﬁ WHH@@@&%&%?] ﬁ%‘ﬁ@&mg@tfﬁ below
the opticaldiacténgittacdgcasabibligy i aT fis¢@dadhatipotarite anicglspackand heeterétitanging the
magnetisaple layer to pe at least partiall tically transparent 10 allows the 4-quadrant detector 30 to
detact the R e VR TR T B e G T 6 ORI e Boam, 1
conjunctionhestiitiyy eaierdkyr ingakingnt) ey iecetaingdl GroiovensiaiteTeuravitsbhegaigpdtoptically accurate
positigning of the magnetic scgnning head. This allows highly accurate positjoning of the magnetic
Coanting RSP R b WL FE S e A2 T LFPBFRIPR smmaller
than the lanadigdeavsy tiatekppiicty dseifetnd Wi tretiandjctiay er thabbgpiolbisweean titiddiglnfsheadata track
pitch; in the embodiment shown. it is four times the data tra itch. Figure 4 illustrates the pgsitioning
o1 the mag R REALR TP SR A T IR SRPI LU LENS TAbR SO B0 The
data trackexdiiivg Htempar ayragresdi eragvieiia higltliermeest 12 rglotheogeong s déth tracksvaichriged to
coincide wjth the lands and, 20.grooves 21 and 20 respectively. Tracking is performed over.an area
cpanning IR Gron e Gl AL E Bk LA Wt G, SN 1t
possille tamhBvihelratk3vbich thtnbelsritdactinelif opeedtiag avedeta gaddisite beadiganultaneously, by
selectively activating different gnes of the. transducers. When more, than one,channel is_written
ot read g T ALY AT R SH A SO SoUreE @ e e A e 1
interleavedyaot b3l eam ey brearepbd guitietsaistheihigld eergeer ditutie sedroh aoversexatistahtiatint palyethpositioning
the magneticﬁ%:ﬂp&aifagtrha%ﬁ%Cfl%uLda tracks 1,2,3,4 are written onto the media layer 12. Each data

track can for eXample ‘occupy on 70, 'rﬁfjgfl'l ving very high areal densities to be achieved (around
40Gb/in 2 for a 0. 1 pmAuit d&agist)vé teitbeld foal aospdtsshaibothen Rigwies s aridbagskedwriransducers,

rang@ Figure 7, where the heating spot 60 is elliptical and oriented with itslong axis parallel to the
lineal track direction. This helpsin the shaping of the temperature profile and assistsin
confining the dimensions of the high temperature region 61.
A further embodiment of the present invention isillustrated in Figure 8. Only
asingle magnetic read/write GMR transducer 50 is located on the slider head 122 along with

20 a4-quadrant detector 52. In this case the head is used to read and/or write multiple data
tracks serially in correspondence with tracking over a single land and/or groove and the slider
head 122 is be moved in unison with the optical head between the data tracks. So long as the
read/write head follows the reference beam, the position of the data track compared to the
land or groove may be determined and used to provide tracking along any data track.

25 There are anumber of further embodiments which are possible within the
scope of theinvention. For example, the preferred embodiment described above uses the
magnetic head on one side, and the optical head of the other side, of the data record carrier.
The optical head includes afocusing photodetector array and a tracking photodetector array
to perform focusing and track following, respectively. The magnetisable layer is at |east

30 partialy optically transmissive which allows the transmission and hence the detection of the
reference beam. This allows the scanning head to remain ‘locked’ under the spot position. In
an alternative embodiment, the optical tracking detection is also performed on the side of the
magnetic head, by placing the tracking photodetector array on the magnetic head. The

tracking signal is then generated by detecting the one or more tracking spots in transmission.



30 from one or more may be used in the slider head 22. The upper limiting factor to the number of
such transducers used per land and/or groove track is the accuracy of the optical positioning
technique, the resolution with which the magnetic data bits can be written to the media and the degree
of accuracy with which the scanning head can tack th&lreference beam. 10 1 S#&[Septdetne? 2065

Referring to Figure 5, to thermally assist writing the data, a heating spot 53 is directed at the
magnetisa I@&%@%Q%@é%@%ﬂ%ﬂ ;L@”'Q %{HBY&tF@%r BB PEF8Y Feferably derived
from the saaect:piamyaind tleKieis yBeeisean anging eheseidiasitin ecfihaaiieg iftess Maying writing, by
increasing its intensity. The yarious beam spot 5 configurations for fracking, track following, reference
beam Iocaﬂr@?{'ésﬁG' ¥Qﬁﬁﬂﬁ§%%”ﬁo%ﬁfe‘%gq ilﬁ%a;?%g'i%%{v&ﬁﬁ Sdiffraction grating or hologram
between the light sourcen ansleinbaeidiratiee |assaedd e Figticed & ackiBgisy stegnell b e dasdpesai)re profile
of the spot 53 exhibits a temperature gradient wi igh temperature region covering a data track
hichSs (IRSIMERE T TR LSS Thinan TBhat) 55 a SrOLTF S50 0 CiseatReantialy
10 only theppesakiontziat tisctdi Sei vaitaningrechdf veioks Stxane) ehdatgitack ihdalible e iiteinl uminated
simultaneously, a number of individual heating spot be. used. Alternatively, the heating spot 53
can b ar AR AR A AF RN AR I SR S Gy B Eeaier
4-data-tracieiebtsh ekrpdpgstiadihdmajietiatiarstiute irthia;, apete frupiiodr&igenes beand $ is
shown in 15 Figure 7, where.the heating.spot 60 is elliptical and oriented with its long axis parallel to
the. ineal DK HFREL TR PR 4 BN BCOAHEFLF e R PSR T BrONE AHSIELRRs confining
the dldensiesm wi llheinigjbdevithehatopt cagiete@idr A fugtbe esnivedifithe andtbel pgdsetdd vidintion is
illustrated in Figure 8. Qnl single magnetic read/write GMR transducer 50 is Jocated an,the slider
nend 152 MR8 reR0o S IR B D v e S VR s B R O, e
multiple datentreddeseviar|yhis codesspbielsmce théinagarkoi digyestasmpetardviihdleo bedmhenand the
slider heag 122 j[s b% mo%%gt.in urgﬂson ngmhe 8gti0ﬂl.head between the datatﬁra&ks. So long as the
read/write head TOTOWS the reletenee’ b%nam, & pg\slzll f %Wr?gsga{%rﬁla?cﬂbggﬁ\pgrear{g the land or
groove mawgrpetatesanddhasdenssd voripealield dradlaiegcy peg ahfiokdeadd rigpitle [StiHgere are a number

of furfger embodiments X I%Ii(g:pliﬁ E%Rosvigr% a?;’]v(aito rt'htg Sbove-described embodiments is that, in
contrast to conventional magnetically tracked disk-based data storage systems, the tracking
signal of the present invention is constant and is physically and electronically independent of
the data stream being read from, or written to, the magnetic media on the record carrier. This
means that the magnetic data bits can be written to positions on the media with optical
20 tracking precision, at relatively high data rates and subsequently at a significantly higher
areal density than for, for example, conventional hard-disk drives. Further the use of a
reference beam allows the scanning head to be autonomously located directly below the
beam spot at optical accuracies. Thus a desired data track can be written by ‘steering’ the
magnetic scanning head by moving the reference mean. Alternatively, the magnetic scanning
25 control hardware may be used to displace the magnetic transducers relative to the fixed
reference beam. Thisis based on a knowledge of the geometry of the scanning head and
dimensions/location of the data tracks.
Referring to thermally assisting the magnetic scanning step, although the
heating beam can be localised so that the portion of the disk which is being magnetically
30 writtenis heated quite precisely, it is possible to heat alarger portion of the disk than that
covering only the one or more data tracks to be written. As noted above, the data bits are
written to the mediain locations governed solely by the position of the magnetic read/write
heads.



scope of the invention. For example, the preferred embodiment described above uses the magnetic
head on one side, and the optical head of the other side, of the data record carrier. The optical head
includes a focusing photodetector array and a tracking photodetector array to perform focusing and
track following, respectively. The magnetisable layer i$2at least 30 partially optidagdianbenigedte which

allows the transmission and hence the detection of the reference heam, Thijs allows the scanning
head to remain 'locked’ 5988 tﬂm'w%mW'ﬁtgﬁ¥%£M FHB‘%F&? é S‘ﬁ‘\?@ﬁﬂ@ﬁﬁﬁacking

detection ig/aépQuEBHenaRRetr A Aifisnafiiie ng agnatifbs 2l oty Hagngdhs rﬁ;miﬁiogtbfwmé@ector
array on the magnetic head. The tracking signal is then generated by detecting the one or more
racking SPOEUITE A LBH NS LB AS0IAE PR BTANY SETLII RS SIS anc
and groovensasigadgedaraapdie. Faddedetertadlg bysitimy aekinggpsien g uategingrietdifferent
refractive indices may be, prqvided in.the media to either side of the |[and and groove surface. In the
oo SR R A R o R B A AR U 3) o SAFS L0 Ao the
optical detgnios3Désouivaltichtoapayil Mianrtttersgsing ikgodevineiguiticopat@t@s and the disk is
spinning and being scanned, the region of the disk being illuminated, wijth the gptical reference beam
and/or the optical trackiﬁ[éf‘?Jgéprﬁ‘f"g3 '%Fg'toﬂéigé '@\6%'[&86“ %é@?gvd@e#g@%a‘ﬁsm%etic
transducetshafdhdiskwiners drogsioplteferarfcoetreampplschirngnageichsle digitig dwmolitring a
magnetic write process, the centre of the.reference 10 heam will coincide with the optical detector.
T, the AP AR PR P BB B Aot the magnetc
transtiucers, which are latttrd)i efenmicdsat i neatttorHaey been dissribetddsiralale o ixeeriiie oaion of
highest temperature will als behind the centre of the heati eam, and the area will in any case
romein 2 g T e e e Ao H L R e 1,08 PR A 8 ollowing tho
heating. 1fpsigaifieatstaadicintag icttivasivay del reciiibe embiitione depastithgfram doenscagetof

conventloqﬁérirr}]a%r&etlcalI)éé{a%lftlargt |sk-bas§é:ldd%ams§orage systems, the tracking signal of the present

invention is CONSTANPAAA 18 |anyS|ca?yagH%n ec?ronlcally independent of the data stream being read
from, or written to, the nvelbeetia the dicxepoi tigeokesco pii oa neiasr.ehbésham baers rtfzalettte neggnetc data bits
can he writsp i Raslions an e mefli Wi OReRL A0 LAGH AR RIS EIRR AN SRk gL fata rates
and Subsequehtly at-a signiticantly ﬁ?g er

individually set forth.



areal density than for, for example, conventional hard-disk drives. Further the use of a reference
beam allows the scanning head to be autonomously located directly below the beam spot at optical
accuracies. Thus a desired data track can be written by “steering' the magnetic scanning head by
moving the reference mean. Alternatively, the magneti@ scanning 25 control haddBemtermbey 280bised to
displace thﬁ? magnetic transducers relative to the fixed reference beam. This is based on a knowledge
of the geo Eﬁ‘@%fg‘the scanning head and dimensions/location of the data tracks. Referring to
thermally assisting the magnetic scanning step, although the heating beam can be localised so that
the portion of the disk which is being magnetically 30 written is heated quite precisely, it is possible to
heat a larger portion of the disk than that covering only the one or more data tracks to be written. As
noted above, the data bits are written to the media in locations governed solely by the position of the
magnetic read/write heads. 12 1 September 2005 Optical tracking, combined with the very high lineal
bit densities available when using magnetic reading and writing techniques, allows the present
invention td.achieve acpusedarinagddoiteviongcantrigekeioreacowatenmgoetinaiiarstomhdingenf the

data bits wjthin the magnetic data tracks. Further, thermally assisting the magnetic. writing onto the
ecia 5 alBNETHE B0 BF IO o T VAR e STae e GRS ing over Tong
time scales, but which canail chespunitie adapied tonemin dussguitke refeeriatsheayical applications for the
invention may include storage of data.analogous to hard disk drives on computers. A further
application may include%]&gglﬁ[e%%c&ﬂ%ﬂg%bﬁgﬂﬁagtoaﬁgp P&i@g@%&?ﬂ%ﬁéﬁuéﬁ& §back on
remov&ableracedizalPeAtthoneyidthetraeid egtsigvel tidretsis the elevdes aséstthdoly avking biexanple only and

with referenge |Iontﬂ§e poiségle anbcI'.)r?lir%Lerilt:f,q c}h heorf it i%to Pe appreciated that improvements and/or
modificatio[hss%%y &M tere Wi %L?t gﬁaﬁlﬁﬁo{r ﬁ?rtﬁg”scope of the invention as set out in the

appended claims. Wherenadhmiveagagngt tietsangauner sftarazgadias hescamadpd@dateders or 15
components havin Ifnov‘\éa. e&uiva&ents, then such equivalents are herein incorporated as if
o magn |§%bem ium; an
individually set forth:
optical detection means adapted to detect the reference beam following

10 transmission through the record carrier and thereby position the one or more magnetic
transducersin relation to the optical source;
the one or more magnetic transducers and the optical detection means being

incorporated into a scanning head.

15 2 A scanning device for scanning data records on a magnetic data record carrier
as claimed in claim 1, wherein the scanning head is located on the opposite side of the record

carrier to the optical tracking means.

3. A scanning device for scanning data records on a magnetic data record carrier

20 asclaimedin claim 1 wherein, the one or more reference beams corresponds to or includes an
optical pattern of a substantially known geometry which isimaged by the optical tracking
means in order to position the optical source in relation to the record carrier.

4, A scanning device for scanning data records on a magnetic data record carrier
25 asclaimedin claim 1, wherein the features on the record carrier detectable by the optical
tracking means comprise land tracks and/or groove tracks formed in the physical structure of

therecord carrier.



13 1 September 2005 CLAWS: 1. A scanning device for scanning data records on a magnetic data
record carrier, the record carrier including at least one magnetisable medium, the device including: an
optical source adapted to emit at least one reference beam; an optical tracking means adapted to use
optically detectable features of the 5 record carrier tolgrovide a tracking signal lv8eptembtre20@yice

uses the tracking signal o posijtion the optical source,in relation to the record carrier; one or more
magnetic ansducers 10 SRR S A B BFR A OFHa R ARAE S SR R PR Eal

detection medaihadanptelditn deigekéhetrefasesrcecaerm soHaknanordt@oisrissiond iodighdloe record
carrier and thereby position tr}% ne or more magnetic transducers.in relation to the optical source; the
it Hed TP bty R

one or mofEINEY PUHTEIA R GRE BpHPEY e Bt SEDARARES into a

scanning lweaderth Qwhtstandighkg device for scanning data records on a magnetic data record carrier
as clajmed in claim 1, wherein the scanning head is located on the opposite side of the record carrier
to theOptical tracking means. 3. A scanning device for scanning data records on a magnetic data

record carger 20 as clafnggnni atpiievi oelfersitantiiagezoreoonds saferaageetiednns ceuiesgrids to or
includes an optical pattern of a substantially knoywn geometry which is imaged, by the optical tracking
means in SRALPBFHORATA Gl B B el REls T sy ed s SRt aliX AR vice for
scanning dayarrssgardsed firarmaghats alrlargradededicies. 25 as claimed in claim 1, wherein the
features on the record carrier detectable by the optical tracking means comprise land tracks and/or

groove tracks formed in the physical structure of the record carrier. 14 1 September 2005 5. A
scanihing device for scapnsngndata decicri®oscanni ag oietrdadedsanoacheggmetic dataleromticaéaim 4,

wherein the record carrier is in?t]%e form of a disk and the land and/or groove tracks, are in the form of
one or m o%ﬁ%@ n'tri]a‘"f\n)yc%ﬁﬁ '89 §|§Hﬁ é@%rre'r?r?gg optlcgr%rac Ing m&ns ggtec%ﬁlé'h?from Re
optical source which is either transmitted through the magnetic data record carrier or is

reflected from the optically detectable features.

15 8. A scanning device for scanning data records on a magnetic data record carrier
as claimed in any preceding claim wherein the one or more magnetic transducers are adapted

to write data to the magnetisable medium.

0. A scanning device for scanning data records on a magnetic data record carrier
20 asclaimed in claim 8 wherein the device is adapted use a heating beam to heat portions of the

magnetisable medium which are to be written.

10. A scanning device for scanning data records on a magnetic data record carrier
as claimed in claim 9 wherein the heating beam is emitted by the same optical source

25  emitting the reference beam.

11. A scanning device for scanning data records on a magnetic datarecord carrier
as claimed in claim 10 wherein the heating beam is used as the reference beam.

30 12 A scanning device for scanning data records on a magnetic data record carrier
as claimed in any preceding claim, comprising a scanning head incorporating a plurality of
said magnetic transducers whereby a plurality of data tracks may be scanned simultaneously.



concentric with the disk. 5 6. A scanning device for scanning data records on a magnetic data record
carrier as claimed in claim 4 or 5 wherein magnetisable medium is formed in a substantially planar
layer separated from the land and/or groove tracks. 10 7. A scanning device for scanning data records
on a magnetic data record carrier as claimed in any dfeceding claim wherein tHeSepterabéreR0069

means detects light from the optical source which is either transmitted thro the magnetic data
rocord carty of o refleRSAROIHLAE bR L AUARaAFAE FESR e P R R POt Ca

scanning dgte senedda anypreagihadic datavieeeld gaitartraskeiyjisediieasay s agetndeiapugherein
the one or more magnetic transducers are adapted to write data to.the magnetisable. medium. 9. A
e A et RSO SRt b o 20 GO AR S et cloim &
wherein the device is adapted use a heating beam to heat portions of the magnetisable medium which
are to be wrijtten. 10. A scanning device for scanning data records on a magnetic data record carrier
e i P e oy B N S AR o R S R OBE T g e
reference tiearecctd canseaimalingi dg vcedsr seanagngtiaisd ecalidentha dedigedtic aditgyrecord carrier
as claimed in claim 10 wherein the heatin lge%%r? is Uﬁed as theﬁ. rgef‘rence beam. 30 12.. A scanning
K AR 4t

device for scanning dat& &8s SrOORY O] E?é’%?a%%eﬁ?f Wf'géeding claim,
comprising a scanning kaadgneairgoaating systanality sfasaingmegnetiic tnedischy cizea trdukrplighaplurality
of data tragcks may be scanned simyltaneously. 15 1 September 2005 13. A scanning device for
scanning %&Lagotfbeso Hcﬁ‘lrﬁgﬁﬁﬁgﬁgaﬁtﬂécord carrier as claimed in any preceding claim wherein
opticadtracking is achieegubsitiog rysy-eanfop dsterpiti bethempsitidnrousfahl fxtatiadsavithree-beam
tracking with a%g'qm tic f Cugfitn 'k5 14. A scanning device for scanning data records on a magnetic
data record"3& |eR et 06% Sarrier including at least one magnetisable medium, the device
including: wherein the magnetic scanning system is adapted to scan data tracks with a pitch which is

smaller than the pitch of the optical datatracks detected by the optical tracking system.

15 15. A scanning device as claimed in claim 14 wherein the magnetic scanning
system includes a plurality of magnetic transducers capable of simultaneously scanning
different data tracks.

16. A scanning device as claimed in claim 14 wherein the magnetic scanning
20  system includes a magnetic transducer and said device is capable of selectively positioning
said transducer in different data tracks whilst following the same optical track using said

tracking system.

17. A scanning device as claimed in claim 14, 15 or 16, wherein the positioning
25 systemincludes areference beam located in known relation to an optical track being
followed and a reference beam detection means associated with the magnetic scanning

system.

18. A record carrier for storing magnetically-recorded information and for

30  cooperation with the scanning device of claim 1, the record carrier comprising adisk having
land and/or groove tracks formed therein, wherein aregion of the magnetic media
corresponding to an individual land and/or groove track has a plurality of magnetic data

tracks formed thereon.



an optical tracking system for following optical tracks on a record carrier; a magnetic scanning system
for scanning magnetic media at data track pitches less than the optical track pitches; and a positioning
system for determining the positioning of the data tracks with respect to the optical tracks, wherein the
magnetic scanning system is adapted to scan data traéks with a pitch which is EBadtemtien2008 pitch

f the optical data tracks, detected by the optical t 515 A aimed
i claim 14herein e MERRENC TR SSOtEH AR KPR SR B

capable ofctiintitsnabesin sha it anditieteobdateatkacks.opicA lyasneitgpidevice as claimed in clalm
14 wherein the magnetic scanning 20 system includes a magnetic transducer and said device is

capable of selectively positioning said transducer in different data tracks whilst following the same
optical traQK)using said Aragtong eyat@rwith/imégseaoaling elevikel #sf oleatien thertmad 4l dmat 16,
wherein th oni m incluges a referenc beam located in kn wn relation to an optical
rack Being ATOHCT A e O L R DT B A AR T RRNE scanning
system. 1&né/oeteet mgbéantfor storing magnetically-recorded information and for 30 cooperation with
the scanning device of claim 1, the record carrier comprising a disk having land and/or groove tracks
formed therein, wherein a region of the magnetic media corresponding to an individual land and/or
groove track has a plurality of magnetic data tracks formed thereon. 16 1 September 2005 19. A
record carrier with magnetically-recorded information thereon as claimed in claim 18., wherein the
land and/or groove tracks are optically detectable. 20. A record carrier with magnetically-recorded

information thereon as claimed in 5 claim 18 or 19 wherein the record carrier is partially transparent to
a tracking, reference and/or heating beam.



