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1 System for information storage and/or reproduction, cassette for
i nformati ogvéggiljﬁggze, apparatus for information storage gRgyR6718325
reproduction on/froma tape in a cassette. The

invention relates to a systemfor stori gg and/ or reproducing
I nformati on, conprising a cassette and an apparatus, which cassette has a

housi ng whi ch ] Ok, de [ Rar at us
conprises an opti%%ﬁ%ﬁwgsﬁmmgwphrﬁ{ V’V{‘%éfaﬁa rHer to
store and/ or reproduce i nfor BRAUKGROEBRD OF THEINNVENTIONUI de is situated
near the |ocation where the tape cooperates with the head and is in contact
with the tape when tThés mapationgelatesito iservorspigems forabissudrives| andpasticulaly tche
t ape. uch,a systemis known from EP-B-0O, 206392.

The known syst éff*° systeﬁnﬁgpa{?gggﬁmgg? S-comprising two red hubs and a
rotatabl e tape gui deviaddiforbsive (IMRYRELRRE obBratOét the phifcipRehat IR sRAL LSS Ween
the reel hubs it is guided by the fape guide. The tape guide is

| ocat ed near a amaghetoresistivhelepwatie it leastinipartipased ps thdstrangtheofithe magnétcat i on
of the w ndow t.he, t ape edge,.which is re e fromthe w ndow. The

wi ndow makes t ?Pléld( from %c@%%g’ﬁfi‘é‘"? gfjacent gmalﬁ’ag'p{? %’éﬂs HEspt through ‘g‘ﬁ t us
adapt ed to reacidfenttichfes BFokdlR ARG thehesd SRCMANIRES ofthe VdlEage being/6AQUN
systemis that theenposeit?onoo%tahe tapeer élative to ?heeopt iggalemﬁead'of t he
apparatus is on the magnitude of the bias current and the resistance of the MR element. The

1

10 varying voltage signal is representative of the data on the disc.

The resistance of the MR element is also dependent on a number of other
factors, including temperature. Thus, the bias current also generates about 10 to
100 mW power in the form of heat within the element. The heat thermally dissipates
into the head as well as across the interface into the recording disc. The amount of

15  heat dissipated across the interface into the disc is a function of disc spacing between
the disc and MR element. At small head/disc spacings (low flying heights), more
heat is dissipated to the disc than when the spacing is large (high flying heights).
Hence, the resistance of the MR element is a function of magnetic field strength, as
well as thermal dissipation due to a function of disc/head spacing.

20 Typically, data are recorded on concentric tracks of magnetic discs, and the
MR head is positioned over the selécted track by an actuator. Servo data are used-
to control the actuator to accurately position the head over the selected track, and
to maintain the head on the track. Usually, servo data are recorded either in the
form of servo bursts in "spokes" on the same disc containing the user data

25  (embedded servo systems) or on a separate disc maintained for the purpose of servo
contro] (dedicated servo system). In both the dedicated and embedded servo
systems, aréas of the disc surface are dedicated to the recording of servo data, either
on the same disc as user data or on the separate servo disc. The area dedicated to
servo data may encompass a significant portion of the total area of the discs

30  available for data of all classes. More particularly, in a dedicated servo system

employing six discs (twelve disc surfaces) with one of the surfaces dedicated to the



15 not accurately defi ned. It is a aobject of the

I nvention to inprove a systemof the type define in t he openi ng

par agr aph g osglgd3z@ manner that the position of the tape at pitigshffsdss on
where it coperates with the head is accurately defined relative to the
head. 20 To this end the systemin accordance with the
I nvention is characterised in thg.the tape guide has a first stop,
and the apparatus has a second stop which cooperates with the first
stop to positiseRoldaf, Hoféthas BA of tRERtAdYa ¥R kulfites & fliRRfedits séygt t he
position of the tape quide is no longer dictated by the housing of the
cassette but tdatat Inn@t@abﬁdgﬁd §e1Vvg system, servp slathemay pomprisec taedfYoyofitpet he

anuf act ur ed. SHEERGUE CAChih 28 Aliof a8y 4 bt e e SRERL £ AR, Detwegr v

such as IsBvB dataGepreBintiubla sighific SidaioPthe@isc iR dediBlet8lraddcy ek 0 t he
head is only determ ned by the accuracy of the tape guide and the
position & t Reeaswithowd advenssly affesting thetaperation o€ the dise drive. appar ats.

Mor eover, owi ng to i hesge. steps,.th osition.of..the ta relatiye to the
head i s no I or\%’@?0 ?@85&%“36&%' %g?r&eﬂa{]ﬁlmcaeﬁowﬁggwgggﬁ*éaqx,gqui ng.
WO 96/ 08818  gata For example, while user data may be in the MegaHertz range (e.g., 2OMIéIz'
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10 servo data with the high frequency user data on the magnetic disc, if fact it has not
been practical. More particularly, data (both servo and user data) are recorded as
transitions between magnetic states, the states generating magnetic fields of a single
strength. The writing of magnetic states associated with the user data would
overwrite the previously written magnetic states associated with the servo data,
15  thereby rendering impossible recovery of servo data. Even if it were possible to
preserve the transitions associated with the servo data, they would be
indistinguishable from user data transitions, resulting in imprecise detection of the
locations of transitions between magnetic states on the recording disc, thus leading
to errors ;n user data recovery.
20 SUMMARY OF THE INVENTION -
The present invention is directed to a servo system for a disc drive in which
the servo data are recorded as contour elements arranged in a pattern along at least
one of the concentric tracks and having a height from the surface of the disc so that
the spacing between the magnetoresistive element and the contour elements is
25  different from a nominal spacing of the magnetoresistive element and the surface of
the recording disc. Variations in head/disc spacing caused by the undulating contour
of the disc surface affects the thermal dissipation characteristics of the MR read
head, thereby altering the resistance of the MR element in accordance with the
pattern of the contour elements representing servo data. Simultaneously, the
30  resistance of the MR element is altered due to changing magnetic field strength from

user data recorded on the moving disc. These two changing conditions of the



a tape guide; which tape is novabl e past the w ndow, and which tape guide

i s situated near the window and is in contact wwth the tape when the
tape i s tawoégnedrder to accurately 5 position the tape. PCT/USY7/18325

A cassette for the systemin accordance with the invention is characterised
in that the tape guide has a first stop which is accessible fromthe
exterior of the housing. This stéyr enabl es the cassette to be
positioned by engagenent of this first stop with a second stop in the
appar at us. Thrssistanseoéthe MR elanent generatnatmedidated peltagei signal acrpssstheiMRed
correctly. 10, The position of tt he ho[hlsi nﬁ | S non-cc{]i E]i c‘ﬂb.

An enbodi ment Si§MeRh, 0%, SORPPREnt Jrepresenting  Heero qata\agq, the  gihen componenie | g
mounted in t hgsphdaliddsebed dutat 0 be nmovable. This step reduces the

| i kel i hood of the tape guide being |lifted off the second stop in the
apparatus by for cdénparticularia seva dystehfos 2 mggneitie disc driveblasiamhagnetdresistive

enbodi ment, makes it _.possible to provide separate stops for,. |ocati the 15
hous: ng. i  Hlemat FECoR AR £ shisRE Hbe FoRA RABHLTSLing SR e
appar at us, whj s oK | ' dob@e ' to be
P o, " béordi BisEhas concentrRrRESGRWEICH L Ahta 35 1 keconfed 10T Bfln

char act er i sedof mahfiaonst betweanpmagnetidestates. Thecpeacd of the tdvording disci st

el enent situated in the housi ng, whi ch %lcgmani bear s ?que]li nst t.he t ape
gui de and t he CPRIQUT slgmenss artanged in patfera ajong;af jeastong| of s oncentrif fragks set t e
the tape gui dgye2nfn elfmefts NéigHR Pt shifice D e diels8 tﬁeg?hééliﬁﬁﬂ stop
of the apparatus. As a result, The appar atus need not be provided with
means whilfh abetween thehagnetopesistive aletent adbe comonrtdiaments is diffdrentfomsar uct i on
of the apparatus,is sinplified. In addjtion, this resilient elenment enables
t he { apeIeLRAIESf abegt@es')&toaeﬁtws&?ewgr 8 e SO S SEOFRnBhon t he
cassette is n i HIRRRA I+ ' e tape
guide in the ggg'sg‘hggﬁtécrﬁgﬁes |t{(%g§gelng%e l??%gehgggﬁ)t%%y%ﬁfiﬁé#% t he
housi ng at t heervo fretjiemoy aibng the triacls t Tixtregistamceas tHeanggnetoessistivé elemagiass  of
dust and dirt ipto the casett An ebodi nent of

the cassette ArstheamRanent based pp the,mpenetic taje copfrenting the maggetogesistive nynher
of reel bs | | K ' %%n t he
first st gg [ s@%}é%gts%rd% %E(#n\rﬂ%?ﬁh‘?ﬁg&}t??%? ogfﬂée?_ eﬂgur% ggtt?llat Q%E%%gggt eps
insertion of tlementsAdiissecBent through the magnatoxesistive atenfeat providesfa sgnadby

novi ng the cassette jn a directjon perpendicuar to th
g gased on the resistance oft the magnetoresistive element. A demodulator responds

to the signal from the magnetoresistive element to provide a user data signal and a
separate ;ewo signal.

20 In alternative embodiments of the invention, the contour elements are bumps
or pits extending above or into the nominal disc surface. In one preferred
embodiment, the contour elements are formed as dipoles along the track length, each
dipole having a bump and a pit. In other embodiments, the contour elements are
centered along the track center, or are positioned between track.

25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of a disc drive illustrating the physical relationship
between the actuator arm, head and rotating disc.

FIG. 2 is a plan view illustrating one embodiment of a patterned
configuration on a disc for servo control in accordance with the present invention.

30 FIG. 3 is section view taken at line 3-3 in FIG. 2.



first side. Wth this enbodi nent the | oadi ng mechani sm of the apparatus can
be of sinple and, consequently, cheap construction.

An enbodi nwotegabekhe cassette is characterised in that the RCUWSHT/ISI25

provi ded at a second side of the housing, and the first stop is accessible
fromthe second W96/ C8818
PCT/ | B95/ 00750 -4- 3

side. This enbodi nent has, the advantage that the second stop of the
apparatus can be FIGSafAzand4B ar¢ waveefomns iHustrating thewsbivolsignakasbieved withsi npl e

to realise an _accurat.e pogiti .0 head and the second stop
relative to pr? egﬂé?‘i{wgt‘.iwg?&grm&bégﬁ% ﬁrbclasl s that the first stop can
be arranged in the mEms & fgladfvidw Shdstfing di dEoRSedbdARENIH §patidffeace

which positions the 5 tape at the location of cooperation wi'th the head.
Thus, an accurcanBgyetion twa dist fariservgusiodtsol in accardarica sdthrthe priesant inventitee f i r st

stop on t tape gul can be r.eal.ised sinply, r .exanpl e by form ng
both el e HIE g sertivn Vig tekapy ae b-0'in FIB . A

ts int

n
embodi ment of the qeme@k%ahaﬁ@%@&&ﬂgiﬁeﬁr&@mmm&ﬁhﬁ&ﬁ&w%iS in

contact with the side of the tape which is renote fromthe w ndow. This
enbodi ment hash¢ embddimentriihastiategdn FHGS. § amd 6.ape gui de does not cone into

contact with an optj.cal .surface of.the tage. .. .a result, the_side of
the tape which g:onpés!&%ngéné(?nﬂr_&&c%“e?’ﬁﬂﬁ%ﬁép%ﬁ@n@aﬂn nents %bRovi ded
Wi th an anti- fgaheme_er Rohfptestiophtind divefbr l@.&wo%eﬂmmn%é&%&eyu&ﬂtth&g%gs%

requirenments. his anti-friction |ayer can thus be optims
m ni mal fl0 ctiioventibsh t he t ape gui de and m ni mal wear. Anot her

advant age of 1his IR s LI L] tehaSl B aRLNG ude s
of the first SiARguration on a disc for servo control in accordance with the present invention.
FIG. 11 1s section view taken at line 11-11 in FIG. 10.
FIG. 12 is a plan view illustrating yet another embodiment of a patterned
15  configuration on a disc for servo control in accordance with the present invention.
FIGS. 13A and 13B are waveforms illustrating the recovered modulated
signal using the present invention.
FIG. 14 is a block circuit diagram illustrating a circuit for recovering servo
data and user data from a disc using the servo techniques of the present invention.

20 FIGS. 15A, 15B and 15C are section views, as in FIGS. 3, 8 and 9, _.
illustrating additional embodiments of a patterned configuration on a disc for servo
control in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
As described above, several factors, including magnetic field strength and

25  temperature, affect the electrical resistance of a given MR element. More
particularly, the resistance of the MR element tends to decrease with increasing
temperature, and hence is inversely proportional to temperature. Moreover, for an
MR element flying a small distance from the surface of a magnetic disc, heat
generated by the bias current in the MR element will dissipate into the head structure

30  and its support, as well as across the disc/head space to the disc. The amount of

heat dissipated to the disc is inversely proportional to the fly height of the MR head.



and the guide surface relative to one another to be obtained by sinple
nmeans, for exanple by pol i shing such a surface.

The invent iwoesiee2rel ates to an for storing and/ or reprodBETREI7/18325
information on/from a tape in a cassette, which apparatus conprises an
optical head for 20 cooperation with %he tape in order to store and/or
repr oduce i nfornmation. e An apparatus for the system
i n accordance with_the_invention characterised in that near the

LS
head the appar heeiefofasths rSusance of ke MR glezent dvg e tamperatie ds ghirectly  of
t he cassette. ‘ . SR igan fs: fats 1S
characterised Prr?pf’ﬁlaotna]t °eth§5‘ %crmzﬁ%fsthsg\ﬁﬁcorrprl ses glr?odgf: Ergtt[g?é}%%l?c sst;|

adapt ed to nmovMorégastiealard, theoesistahed due to tetmperahmedan Bei expressed iritheli nent
has the advantage that deviations of the position of the tape guide from

t he i deal folgwing eMa¥e: be corrected by neans of the actuator. These
devi ati ons can be neasured, for exanpl e, by neans of the head itself.
This enabl es tol erances in the dinensi®ng @f +thd)t ape gui de, which
arise for exanple in the producti of s 3 gui de, to be corrected 30
separately for each tape guide. This coer cfiﬁ;?i posibility also allows |ess
stringent requi rements to be inposed on the position of the second

S0P nc! AUEVE ekt iR fesiablok Bue to tentfRliRie bP o NRULEldne eRba ihfin@RPa 1 S

PCT/ 1B95/ 00750from the disc, R, is the resistance due to temperature of the MR element spated
Figure 1 is a sectional p’l an view of a cassette for the systemin
accordance wi t fistanee | Fomihe dipe, and P is a constant, and when the magnetic field on the MR
element is zero or a constant. Based on experiments conducted on magnetoresistive
heads, the resistance sensitivity due to head/disc spacing is typically between 200
10  and 1000 microvolts per microinch of spécing. This varies, of course, with the bias
current and the physical configuration of the magnetoresistive head and its ability to
diffuse heat internally and into the head structure Moreover, the response time to
changes in temperature within the magnetoresistive element is less than about 10°°
seconds, reflecting a frequency of greater than about 100 KHz. With servo
15  frequencies of the order of about 5 - 20 KHz, the response time is adequate to
support the servo frequency.

The present invention is directed to a servo system for a magnetic disc drive __
in which the concentric tracks on which user data are recorded includes regions of
different thermal conductivity arranged in a pattern. First regions have a first

20  thermal conductivity and the second regions having a second, different thermal
conductivity. The pattern of the regions along the track represents servo data. The
MR element is operated by a bias current which generates heat which in turn is
dissipated in a known manner, based on flying characteristics of the head. As the
head confronts the first and second regions, heat dissipation from the head changes
25  in accordance with the pattern representing servo data. As a result, the signal
recovered from the MR head includes a component at user data frequency

representing user data and a component at servo data frequency representing servo

data. Thereafier, a demodulator may separate user data from servo data.



Figure 2 is a sectional side view of a cassette and an apparatus for the
systemin accordance with the invention in a condition in which they
cooper at e, wb 98/16922 Figure 3 is a plan view obcaudet/mssis of

t he cooperation between the cassette and the apparatus in an enbodi nent
of the systemin accordance with the invention, and

Figure 4 is a side view of the detail-&hown in Figure 3.

It is to be noted that the enbodinents are shown diagrammatically and the
Fi gures are shown tkhedinst andbsecond segions are in theiferm pEcomtour glemepts afidéfferente. 10

Figure 1 is a,see¢tional.plan view of a gassette 10 for t.he stemin

accor dance wi thﬁlgﬁ%wﬁﬁvgﬁmsmrwgsgag e as® RAEEIYEH Vf%%ﬁéﬁ@ed with
a W ndow 15 i Rodtour elembhtt SB4ussd éiﬁn%é&-in thR ehdiRidBd dnductivity ©F MR BSsifatien’ €€l
hubs 18 and 19 and a tape &gl de 30. A tape 13 i§ wound to forma spool
16 on the reelpathithrongh the disndsIhgacontourcelemenss gudydee B0 thenfbrmsof dipatesached
to the re hub 18. The,tape 13.can be.mve a the wi ndaw .15 by driving
t he Se el rﬁqfssefgd by bumgsan pltsm.anormga surgad%@.?gmxgscgoq rgaygbeslg efIM| i de
view of the syshamph Br fieCO6€EIA ¢k Mrhiflallsifface of thé d¥@Nt i on. The system

I ncludes the 10 and an apparatus 20. The apparatus 20 has an opti cal
head 21 adapt ed t o Hgdpidinsitatesvd disc diiee 2Ghavirig3arf antudtbearst 22 aganged do de
reproduction of 20 .information. .The tape i de in.the cassette 10 is
si tuat ed near rpwéeqagegrtqcm?t%qugm[sﬂgtq E‘B‘éeﬁﬂil_‘eaiég EPEhzespgititn dishe head
21. A guide SufRCRAR reﬁo;aiﬂgsﬁr?aa@_sgtafdﬂsc%@.'ﬁhe VR QAR s Yaded with a €
tape 13 when this tape 13 is Taut, in order to ensure an accurate

posi ti oni Ky ofconstenttbigsecurrent in awhanmer well kegwen {t3he srtto pewivpe s timelearyiage gui de

30 t hi i hi be f d bet, the t i d
the tape and CBeERferpsared FE hat yveries ih mccordance yeif (65 resigance of the MR o
By reansof ¢ I | D, 78Aed bs daksibl bR Bghctic ARISR Gty 12528 |1 0N

spot 40 on the tape 13 In order to wite or read infornation, omthe
tape 13. The Ibiygbtating disc 3Datta deSigpvelbatns thatsthe resistegcerof/ead 26 varieswithr ect i on

43 perpendicul ar .to.the | I t udi, nal I rectLon of the tape 13, the
| i gﬁt g pot | a:J il F@of‘%gtgflg%%e‘!l‘%s%tefp&gmog ecBEé’%Hﬁ‘f’i?u ar"é are o
the optich axbacehtridlly h¥gndagad d?sa-suffkue?o.s @A nlich SN Hﬁ%ribéiﬂ%gtéitéét t hat

the distance 30 between the head 21 and the tape 13 cannot be adapted
within the ti e FiguwelJskconvfentional, except that in the present invention disc surface 30

includes a pattern of contour elements, various embodiments of which are shown in
greater detail in Figs. 2, 3, 5, 6 and 8-12. The pattern of the contour elements
provide servo signals and the contour elements are arranged at a servo frequency.

20 As will be more fully described below, head 26 recovers user data at a user data _
frequency and recovers servo data at the servo frequency and provides the data to
processor 21 which in turn processes the user data to a central processing unit and
uses the servo data to operate actuator motor 23 to maintain the position of the
actuator arm and head 26 adjacent the selected track.

25 In accordance with the present invention, disc surface 30 includes a pattern
of contour elements 50, the pattern being arranged so that the contour elements
convey servo information at a prescribed servo frequency when the disc is rotated
about disc axis 28 at a prescribed rotational velocity. Figs. 2 and 3 illustrate one
form of the contour elements comprising a dipole having a bump 52 and a pit 54.

30  As shown particularly in Fig. 3, each bump 52 rises above a nominal surface 56 of
disc surface 30 (toward the head flying above the disc surface) and each pit 54 forms



scanni ng novenent. Yet, in order keep the light spot 40 in focus on the

tape 13 during a scanni ng novenent care nust be taken that the focus
line 41 exwpnosngdas allel to the tape 13. In order to acpqpyRedifysss t he
tape gui de 30 shoul d be positoned accurately by adjusting at | east t he

angle [err] between the optical axis 45 of the optical head 21 and the

gui de surface 32 to a WO 96768818
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predet er mi ned asdépressidiointa homsinglsupiase 56 eviyeftemahe Head3O 1hake ambbdififenst OP 33
and the Qlﬁs as c%nd ito& ZS%CLor osifi nin?thefirst stop 33. To
allow this po ‘H"@Fﬁ‘ﬁa 155 <2nd 3y each 9 these dipgle cantons elapagnty 30 arecrenteined
exterior of t ' : . . In
order to ensulrm;O %r opgérﬁgeé(j)oﬁfggt&%gﬂ&ieaﬁg%%gd#l%ssotth%thgﬁd%%ﬂgﬂﬁafiﬂge”éé%nd 5
stop 23 the t dpekgontini®the sonounelements fits erdsesss pigs4 dndbtheh @ baghp @y abl e.

This all mﬁ fqrces éo Se exerted on the housing 11 without "the tape
gui de 30 being novedst i @ng &8 gre waveforms dustsating thenimawaning electrizalyenent

|1 ; Lt QR | whi th h ' 11
of the caseot teanrec e MR Qemehol S 2811 So iemblable by e end s .

Thi s pr owotieemir alendents! 5@, Msﬂet;iaﬁtiﬂulmgp{hem cliff thebubh the IR element
Since the tape 30 forps part .of the cassette 10 the advantage 1s

ui de ) C¢
obt ai ned t hat qu%@mt%h@tmawmmm alongdherpath st éncludes theact
with the tape , di d unl oadi of the cagssette
20 proceeds m)sg’ %er%%nyhegﬁagﬁgwi%%o@%§°% °°n588 @‘%tb(?a‘%'h DCeB¥ 13 is
reduced, HD t lbids current i conbrant, tiey qizaity 6 Bu Fehfted Wy @O WIR, h¥dl ¥ also  ONE

tape guide is required in the entire systemwhich mninises frictional
forces on the cPByfants sThejelectricab fesistancgof thes MR heagddis Wiepensient, in parspar theof t he

tape. Moreoveienfithhidof M8 hedd ¥HFAIN turh ri]ssaproport:ional to the distance between the

head and the disc. The electrical resistance of the MR head is inversely proportional
to the temperature of the head, and thus inversely proportional to the distance
15  between the head and the disc. The voltage across the head is directly proportional
to the electrical resistance of the head. Hence, if head 26 is directly over track
center, namely directly over center line of track 40, a relatively strong sinusoidal
voltage signal 58 will be produced as a result of the change in distance between the
head and :the contour element comprising the pit 54 and the peak 52. Thus, the
20 resistance within the MR element will significantly increase when confronting pit 54
and will significantly decrease when confronting bump 52. Conversely, if the head
is off the center line 40 of the track, the resistance of the MR element will change
less severely, producing the smaller signal 60 illustrated in Fig. 4B.
Fig. 5 illustrates a configuration of contour elements comprising individual
25  bumps 52 and individual pits 54. InFig. 5, the bumps 52 and pits 54 along each side
of tracks 40, 42, with a concentric row of bumps 52 on one side of track center and
a concentric row of pits 54 on the other side of track center. Hence, the bumps and
pits are radially positioned such that a bump is radially between two pits and a pit
is radially between two bumps, and so on. Moreover, the pits and bumps are
30  positioned along the track length such that each pit or bump is offset from track

center and the track centerline passes between radially aligned contiguous elements



tape 13 remains positioned by the tape guide 30, so that in a special read

node the position on the tape 13 can be determined, thereby enabling
a piece Ofy, tion on the tape 13 to be | ocated Vegrgualigizy-

The tape gudl)gée’&rgg?cooperat es with aresilient elenent 17 situated Iin the 20
housi ng 11, which el enment bears against the tape guide and the housing. In
t he present case this resilient.glLenent is a blade spring 17, which
urges the first stop 33 agai nst the second stop 23. This ensures

proper contac42 et 94 MericB Ceabh bisthp S2 ARd ﬁﬁ 5ads hRBe %ﬁgtg%l\%%lg ggnga? t%go ut

any neans being provided for this in the apparatus
resilient el etmankicentr line spaginghetweendracks andgepSitianed betaveempuccessiviteadifl agai nst

a wall of the_housi 11 when the cassejt 10, 25 i.s renoved fromthe
appar at us 20. T8 ﬁ%ﬂ@o@“‘?’iﬁfﬁ’l‘??@g'o& 'ﬁﬁé‘%ﬁéﬂ'ﬁ&#}fé"@g‘*gm Retheassett e
10 when the Cagmein BetwtetHeSpBEof 4 BRGAd ipi2d, Moreover, it is thus
sinply possible’to seal the opening in the housing 11 at the | ocation

of the fifst stop B2 mapnetic kadls pryitioned dinectlytaver the centenlige ofstrafk dest and

dirt into the,cassette 10. . . At a firt,sjde 12 of the
housi ng 11 th‘@ssi‘@é’Pnltl?ﬁB”efgﬂ?esMg‘c%eég?it R theiscpill varyaeresths Wﬂsdl‘ H?@espi ndl e
27 of the appgmradibfert QwidlRbAths Riabld tasetilor-Retfér Mgy Kigk In
addition, the reel tﬁugvﬂw may hggig assu%por%i nga@i’r#g;&ngS%%Eai gmgupported
on a disc 29 or a pit.cHowbreer zthp avexsgeshedOdissipasionibetwesen theehead ahd thetdiscRl fir st
stop 33 is al so accessi bl romth side 12. As a resgl%‘, t he

(v}

cassette 10 d&ﬁ‘al?ecqnm%gﬁﬁvgpsi q(i‘?l{gl é‘%%ﬁ%pﬁ? arerultonenals regti

gggggggi gma"t ﬁrlé%te ;egag{;érﬁ? gﬂerh%sd ShIAs %stgg}’ g%%h%gn%%efo&ﬂ%ﬁmg PAPOL8

PCT/ | B95/ 0075#he other hand, if the head is off track center, heat will dissipate unequally at the
bumps and pits, resulting in a series of signals, resembling half sinusoidal signals 64,
as shown in Fig. 7B. More particularly, if the head is offset toward the row of pits
54 along one side of track center, a series of positive signals will result, as shown

15  inFig. 7B, the magnitude of which is representative of the amount of offset of the

head from track center. On the other hand, if the head is offset toward the row of
bumps 52 along the other side of track center, a series of negative signals will result
whose magnitude represents the amount of offset of the head from track center.

F;gs. 8 and 9 illustrate yet different configurations of a contour element in

20  which the bumps 52 and pits 54 are cylindrical cavities into or posts rising from the —
nominal surface 56 of the disc.

Figs. 10 and 11 illustrate yet a different shape for the contour elements
wherein the contour elements are elongated along the track length at the servo
frequency so that each transition between a peak 52 and a pit 54 is at the servo

25  frequency. In this case, the pits 54 are conveniently formed by laser machining or
other suitable etching technique, leaving the bumps 52 at the nominal surface 56 of
the disc.

Although the servo contour elements have thus far been described as being
arranged on or directly off track center, it is understood that the servo contour

30 elements may also straddle the disc center. Thus, asillustrated in Fig. 12, the dipole

elements, such as shown in greater detail in Fig. 2 and 3, are radially offset one-half



27 and is positioned by the disc 29, the stop 23 being positioned by the
first stop 33. Since t he cooperation between the head 21 and the tape
13 is withowosaeéeseani cal contact neither t he head 21 nor RATAU$A{163253
need be noved when the cassette 10 is | oaded. As a result, the | oadi ng
mechani sm can be of sinple and, consequently, ceap construction. 5

Figure 3 is a sectional plan viem/illus?rating t he cooperation between the
first stop 33 and the_second stop 23 in an enbodi nent of the system in

accor dance wi t Hrackeso that theteagkicgrier kine 4(hintgspastscalk ofethe dipoteesentaurelesierdow 15

is situated at ' t housi ng 11. . The & rst. 33 of
the tape gui de QG Hidwak Bepdéenthe Lhifer and ARG hin batihsg orbie Sat > °
present case Vigoill8e dppreiived fhat & Reddtha iSARReY BB fack H%itdrInEredd balE ¥ nd S

constructed as a 10 non-rotatable el enent which has a guide su?‘?‘ace 32 at
its side, faci rdipelpelepientdequally prdyeingiabalanced signakisimilirgotia dluiBated ieFigape
guide 30 h fl s _35 at th edges, of the,tape 13.. These gt‘péil es 35
also formthe f g\{eheﬁa(?B%@P&’M@%&?@éfﬁmﬁ“ﬁ?ﬂﬂ%Fet@gﬁ%?tP‘é"é@ P&gﬁ 17,
whi ch ur geméreestroh@p h& hribthe? the et Gipofel) TN alseridd 6 IEHLA) op 23
has ans23a, which are QE_ pl acedqagai n'stﬁ?hz i rst staopHSJ?:@t;% opbgssﬁion
to the pressur &ig.ctA, imwhichthesignal strengthyis ageragelyhighfor afirsodipofe anddowdard 21

of the apparatt{ﬁ 20 with the cassette 10. By neans of the second stop
23 the first st f)n%’%' Is accurately positioned relate to the had 21. “Since

the second st OpA%d'tgﬁth%!sE%tc?ﬂg[oﬁxg aéﬁeﬁ@héda%d(}%%e%dégkgﬁ a3/a TRl 1O

achi eve an accurate positioning o . second stop 2 elative to the
head 21. A0t heofl evealyi spacesk burpspandaer pits aranged hat theesev@ fretivency, it willdgee 13
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the tape 13 which is remte fromthe ndo 5. As a t, ere 1S no
mechani cal contthebumps and pitsvesy berseleptively hrrangefi 2o econbeyt the ihfipmafiGn.and t he
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t hus be optimsed for mnimal Triction with the tape gui
m ni mal wear. Artapged sa thai when the disc is rotpted atits predetesntined orodesigharatatiogil- speed
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design servo frequency, different from user data frequency.
The magnetic head reading the disc having contour elements as herein

20 described produces a signal represented in Figs. 4 or 7, comprising low frequency _
servo data frequency modulated with the high frequency user data, as shown in Fig.
13A and 13B (which illustrate user data signal 66 modulated with the on-track servo
signals of Figs. 4A and 7A, respectively). As illustrated in Fig. 14, the signal thus
produced from the héad is amplified by pre-amplifier 70 and separated by

25  demodulator 72. The user data is recovered at significantly higher frequencies (20 -
100 MHz) than servo data (5 - 20 KHz). Demodulator 72 demodulates the signal
from preamplifier 70 to separate the low frequency servo data to output 74 from the
higher ﬁ'equenc_:y user data to output 76 for processing in a manner well-known in
the art.

30 Although the contour elements cause changes in the spacing between the

recording surface of the magnetic disc and the read head, resulting in changes of the



18 and vice versa, thereby enabling a short access tine to a given piece of
I nformation on the 30 tape 13 to be obtai ned.

Figure 4 iwoaspéeii onal view of the sane detail as shown i npET/gsems®s
taken at the location of one of the arns 23a (see Fig. 3). This sectional

view cl early shows how t he second stop 23 engages with the first stop
33, in the present case forned by thel0- flanges 35, without comng into
contact with the tape 13. W 96/ 08818

PCT/ | B95/ 00758istance between the recorded magnetic information on the disc and the read héad
Figure 1 also shows that, the apparatus 20 has an actuator 25 adapted to

nmove t he secofRRfEangpe the disg,the peak-torpeak ¢fdhe dasa signalspnly slightlyivagies| ectri c
tuator. Thi | Ll . . de 30

el ative to t hu emiBGtAe g B SAMer 1fub BRI Mlanbi BB A

corection for sighdriviepligible. Thy figtalopredicedtab e rdsal of ¢hangks iBdisohead3pading

appar at us _20. In addition to the enbodi nents
descr i bedSher efthe gemtgursienents apppasancre A shown in Figuee 3dswith the perkto-peakhe scope

of the inventjgqn . kS 1.9ni i de_ . 30
may be ext endggu so@%&%@@ %gnrn ggas%?a%ﬁdgggé%gw%{‘/mtr?e@%é&g%%gq'% gui de
30 it is al soinaccordafsiit sricinformbtionds shbem bbggnall 8. d¥ehas] cyahlizatibRopr der to

keep the |ight spot 40 always in focus 10 on the tape 13 while the tape is
bei ng read or the signadjfor changes in disc/head spacing is unnecessary. .

The bumps and pits forming the contour elements are formed of the high
10  thermal conductivity magnetic material forming the disc. Heat reaching the disc is
dissipated through the high thermally conductive material. However, the different
spacings of the contour elements from the magnetoresistive element also provide
thermal dissipation pﬁths of different thermal conductivity, due to the different air
gap between the different contour elements on the disc and the magnetoresistive
15  element. The thermal dissipation path formed between the disc and the head is in
parallel with the thermal dissipation path from the head to the head support and the
air surrounding the head. Hence, the amount of heat dissipated from the head
depends, in part, on the thermal conductivity of the dissipation path through the
disc, which in turn depends on the contour elements on the disc. However, the

20  bumps and pits forming the contour elements also provide a rough surface over =
which the air-bearing surfaces of the head and slider to which the head is mounted
must fly. In some cases the disc surface should be smooth, to more precisely control
the flying characteristics of the head and slider. FIGS. 15A, 15B and 15C illustrate
contour elements 52 and 54, as in FIGS. 3, 8 and 9 having a layer 80 of low
25  thermally conductive (high thermal insulation) material over at least the pits 54 and
preferably also over the nominal surface 56 of the disc. Surface 82 of layer 80,
together with the tops of bumps 52 (if not encapsulated in layer 80) or the nominal
surface (where only pits 54 are used), forms a smooth surface to the disc
confronting the air-bearing surface of the confronting head and slider. In any case,
30  layer 80 encompasses the contour elements, by filling the pits and/or embracing the

bumps.
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CLAI N5: WO98/16922 1. A system for storing aREF@S97/18325
reproducing informati on conprising a cassette (10) and an apparat us
(20), whi ch cassette pas a housing (11) which acconmodat es

a tape (13) and a tape guide (30), 5 whi ch
apparatus conprises an optjcal head (21) for coo eration with the tape in
order to store and/Aé§h°P5‘b G&eéeli‘tnﬁﬂfié% #s bggrydescri ed with reference \ii ch

tape guide is
t he head and gé %&n@ci:%%%g‘?&tg Eﬁork%é@%xggfm g%ﬁt a e | S&?F&%n o) der to
accurately pobetmade ihHforoh apé defhl thhdnardbphﬂmg%minlthe kpifit and scope of the

the tape guide (3Q) has a first stop (33), and t he
appar at us hasi¥eB@bnd st op (23) which cooperates with the first stop to

position the first stop. 2. A cassette (10) for the
storage of infomation, : . :



15 - whi ch casset a housing (11) with a w ndow .
(15), which housing ““\““ mﬂrm‘“mf accommpdat es a tape (13) and
a tape gundog(u:i@gz which tape is novabl e ppeT/ushrisazsndow,
and whi ch tape gw de is situated near the window and is in
cont act V\nththetape when the tape is taut in order to
accurately position the tape, 20 eH@racterised in that

the tape guide (30) has a first stop (33) which is accessible fromthe

exterior of t he housCh4INIE1) . 3. A
cassette (10) a| med aim 2 char cterised in that, the tape guide
(30) is m)untled | f‘fé{ ﬁ%ﬁ&%ﬁ’% a(niagxégrbdxgg R magpetoresistivgielement

A cassette (1) cairduhink B8sHicR ofh fothaBle ﬂﬁé@&&gﬁﬁg&%{'tﬁer}@%&ﬁ %g digpe gui de

(30) cooperates wth a'resilient elenent using (11),
whi ch el enentbaving ctmzngicatgecks sm whmhtlapedgpalm hndeadnéechwalutgr data 5.

A cassette as_clained in any one, of .t he alms to 4, haracterised in
t hat frequencys ggpetoresistive element ga resxsta.nce based on a magnetic

PCT/ 1 B95/ 007?&1(& rgen W?“ om user data xfgﬁea;&ﬁészﬁ{dt Baded n ?Qﬁ'ﬁyrétgx??ioﬁ'sf?xlé”ber of

reel hubs (1 are driva si de
(12) of the hnagnettgedistity eleawnt, and a bias current through thb enaghetetesistiapelédent i S
accessible fromthe firs A cassette as

Lde (12). . 6. . .
claimed in arPeEAtEs 9Prev @@HP@SQ b resistnpeebths magnetqrgsistive element,

the servo system being characterized by

10 the surface of the recording disc having first and second regions arranged in
a pattern representing servo data along at least one of the concentric tracks, the first
regions having a first thermal conductivity and the second regions having a second
thermal conductivity different from the first thermal conductivity; and

a demodulator responsive to the signal based on resistance for providing a

15  wuser data signal and a separate servo signal.

2. The servo system of claim 1, wherein the user data is recorded at a user
frequency and the pattern of first and second regions along a track has a servo
frequency, the servo frequency being different from the user data frequency.

3. The servo system of claim 1, wherein the first and second regions comprise

20  contour elements having a height such that the distance between the
magnetoresistive element and the contour elements is different from the distance
between the magnetoresistive element and a nominal surface of the recording disc.
4, The servo system of claim 3, wherein the contour elements are bumps
extending above the nominal disc surface,

25 S The servo system of claim 3, wherein the contour elements are pits extending
into the nominal disc surface.

6. The servo system of claim 3, wherein the contour elements are formed as
dipoles along the length of the at least one track, each dipole having a bump
extending above the nominal disc surface and a pit extending into the nominal disc

30  surface.



5 that the wi ndow (15) is provided at a :s),gcond side (14)
accessi bl & tosd second side lllllll\Nll\IIIIf\ﬂﬂllfllllst O S koptseams

claimed in any one of the Clains 2*to°6," cfardcterised in t hat the
tape guide (30) is in contact with the side of the tape (13) which is
renote fromthe 10 w ndow (15). -83 - An apparatus (20)
for storing and/or repoducing information on/froma tape (13) in a
cassette (10), 7. The servo system of vlaint B, mphdingtaMatedalifoiniag adlaiiP bingale head
(21) for cooperatjon with the tagpe (13) in order to store
and/ or repr odu®8 thedigs wétepeﬁmpafsng thiecricueslements,ithe material forming the planar

posi t1 oning a Serice taag 8RRkt up i) Hindedt S e peled btetEl e

9. the discAn appar atus as clained in daim@8, characterised in
that the apparat us nprises_an actuator (25) which is adapted to nove
the second3st of- (23)ThFéF’é‘l°| systemo of plaim g gvisepeip 2hg first and second regions are

positioned along the track.

9. A magnetic disc drive having a rotatable disc for recording magnetic
orientations along concentric tracks, and a magnetoresistive element for reading
magnetic orientations in a respective track confronting the magnetoresistive elemen£
10  as the disc is rotated and a predetermined bias current is applied to the
magnetoresistive element, the magnetic orientations representing user data, the user
data having a predetermined user data frequency when the disc is rotated at a
predetermined rotational velocity, the improvement comprising
first and second regions on a surface of the disc confronting the
15  magnetoresistive element, the first regions having a first thermal conductivity and
the second regions having ‘a second thermal conductivity different from the first
thermal conductivity, the first and second regions being arranged in a pattern along
at least one of the concentric tracks, the pattern representing servo data having a
predeten;lined servo frequency different from the user data frequency when the disc
20  isrotated at the predetermined rotational velocity. -—
10. A recording disc for use in a magnetic disc drive for recording magnetic
orientations as user data along concentric tracks on the disc, the disc drive having
a magnetoresistive element for reading the magnetic orientations in a respective
track confronting the magnetoresistive element as the disc is rotated and a
25  predetermined bias current is applied to the magnetoresistive element, the disc
having first and second regions arranged in a pattern along at least one of the
concentric tracks, the first regions having a first thermal conductivity and the second
regions having a second thermal conductivity different from the first thermal
conductivity, the pattern representing servo data having a predetermined servo

30  frequency when the disc is rotated at a predetermined rotational velocity.



