METHOD AND APPARATUS FOR TESTI NG MAGNETI C PROPERTI ES OF MAGNETIC
MEDI A 5 CROSS- REFERENCE TO RELATED APPLI CATI ON The present
application clains the benefit under 35 U S.C. 119(e) of United
States Provisional Patent A%plication Serial No. 60/935,433 to An et
al ., filedMEJEQP AND A ATHE EOR TRESINGr MALNEY ¢ AROBRERI TESQF .
10 FIELD OF THE | NVENTI ON The eXETI tpn relates generally to
the testing of magnetic nedia gﬁ%} Th?ﬁﬁggtgicular, to a nethod and
apparatus for dynam cally testing nagnetic properties of nagnetic
medi a i ncl udi ng magneti c di sks. BACKGROUND 20 Magnetic nedia, such
as conputer hard disks, rely on magnetic properties to store data.
To ensyr e dRe5s IRErEREKTITY REYAPED ABANELPRORT aual ity these
magnetic properties need to be teste romtinme to tine,
particularly during the manufacturing process. 25 Two inportant

magneti c operties of iLnterest include r e.a oercivity.
Coercivity € t@fﬁeeta?ﬁﬁw St glgg%tq«aﬂaea ts‘t“éﬁgggﬁggeqsﬂgéétCfféﬁplﬁ?‘\eﬁ@fetsy
of an applpk@dsiofBIednt A dplihtthn’ SGHH NeA dom3sedyas ADe: sromed | apluboms of
a sanple of ferromagnetic naterial to zero after the magneti zati on
of the sarRpfs heebybesonpareicd by referesae beraini on. 30 For its part,
remanepce (typically expressed in anperehn) refers to the
magnetrzation |eft behind in the sanple after an external nagnetic
“field is renmoved. The eoereivity and remanence of a disk can be
measured in the following way. A nagnetic field is applied to the

di sk mﬁthFHEEé¥9§VﬁHEd@683YE%@Nfron1a positive value to | a negative
val ue and then back to its original positive value. A polarized |aser
beam is shone towards the disk surface at a point of interest that

i s subj ectldd presenhénvengoetrelates f gedbmdlly Tbethbeastingsof efdgpeiethedia bfE in

di sk rface. e to what ianknomn as the _magneto-optic Kerr effect
(lvoKEi )t RTcBlenderacrieied frdiapparaive dpigdynamicatly fRttingsmagnetic properties of

magnetic media including magnetic disks.

BACKGROUND

20
Magnetic media, such as computer hard disks, rely on magnetic properties to store
data. To ensure that the disks meet certain standards of quality, these magnetic
properties need to be tested from time to time, particularly during the manufacturing
process.

25

Two important magnetic properties of interest include remanence and coercivity.
Coercivity (typically expressed in oersteds) refers to the intensity of an applied
magnetic field required to reduce the magnetization of a sample of ferromagnetic
material to zero after the magnetization of the sample has been driven to saturation.
30  For its part, remanence (typically expressed in ampere/m) refers to the magnetization

left behind in the sample after an external magnetic field is removed.

The coercivity and remanence of a disk can be measured in the following way. A

magnetic field is applied to the disk with a certain sweep rate from a positive value to
1



5 polarization rotation that depends on the magnetic properties of
t he di sk surface. The conponent of the reflected beamexhibiting a
changed pol arization angle is known as the "Ken signal". The Kerr
signal is sanpled many times during the sweeping of the magnetic
field and %negp8Yeyadys and diep baek [ bt eeeintlrppsittvieealiequl peldrized laser beam

measur ene Er .S ecivity..an manence .of, the .
magnet i ¢ dr St E ARt Ml A e Ao ot LB SE R e moggetic
det er mi ne fidd@ clier bdavi iy réfledted epriendgk aurthbre MAGN®L WwhatdisStaodtn & the
second or subsequent_ point of interest on the surface of the disk,

the di sk pB&FEI0PLCSKOr rAlvge M)t His fsflseied deqng willpensteras. arspiennt of
sweepi B9 Riolérl}%%mﬂﬂﬁwn%&' a%#)&&sadﬁetﬁeﬁﬁ Ly pr§§&895d§fdth% %iiskssu &'he
po nt er .g., di

that testing 15 nunerous nts of | est erent Ssectors
of a trackpmpanertalehaiefiatted bedm rehibitingur chanddd oldreadbh andle 19 k@ wods

testing a single disk can pe considered inefficient. Thus, there is
a need in tﬁﬁgﬁfﬂﬁaﬁ@?% ycf%@rlg%ﬂgﬁ%a? sARled RdnyEss duripg thessieepige ohghe

magneti c L t1] i i . j td.plL.e
ogi ons.off Shat HER Ay TSR g T g i ded R U i e
THE | NVENThONhE goxshiaitywhd rermedesafithbedghelcalisk (at thegatme of thedrast) can be

there .i.s provide t hod. fo 25 dynam cal ly nmappi magneti.c

coer cilVi tﬁe_gmlqegng—ﬂ‘gﬁg nB’fnehtg? &Oaricgﬁtynag@i @“@éFW@ (Pf{ttﬂg maghetic disk at a

magnet o- OpetdiRll orkbseq@bAtqflintdsFSAteldd€6n BRONBFacd B I EskTRIN@Ck pbfifon is

magnetic disk is spun while an applied magnetic field is swept and a
Kerr si gnathangedaifee proesss iegpeatdhe overal | effect is that the
captured data is not just fromone point but fi-oma ring (track)
whi ch is subdivided into actual or conceptual sectors. The spin

angl e, thesidé ap@pigdofragnehgretiti flld taded seh@alsaphdsN@ Bf clédrahifetetting
signal__are all synchronized in phase. The acquired Kerr signal data

i s thdl seBRHEREPBHS &1 perresdEiordiffasnisectrs e irack)espp|ted Bt nphe
resul ts foqftheTang gtﬁcéfotﬁmﬁ\fgxr te@Hﬁaé 'tagéil’g%% AR Yy t?fa:éoﬁs?d’e@d fMfficient.

ensenbl e. Each ensenbfe 1s then use ermne the coercivity and
remanence Tus, theee conceeden the didustry dodat hgparatudiaat rinbthidbd dor aktitid ehe
coercivity and .remanence .for 2 various sectors of the track. is

conveyed (BAgClc PrARSHIcE Af pyagneiie medin by KBRS ek MY IpleEsgions ohtht s

for all seatf@it® @R LORRAIAGK ctiditfiyeach track consisting of nultiple
points along an arc length) is roughly the sane tinme that woul d be

requi ?@d for taking

SUMMARY OF THE INVENTION

In what will be described below in greater detail, there is provided a method for
25  dynamically mapping magnetic coercivity and remanence of hard disk media using
the magneto-optical Kerr effect described above. In this method, the magnetic disk is
spun while an applied magnetic field is swept and a Kerr signal is being acquired.
The overall effect is that the captured data is not just from one point but from a ring
(track) which is subdivided into actual or conceptual sectors. The spin angle, the
30  applied magnetic field and the sampling of the Kerr signal are all synchronized in
phase. The acquired Kerr signal data is then segmented on a per-sector basis for each
revolution, and the results for the same sector over multiple revolutions forms an
ensemble. Each ensemble is then used to determine the coercivity and remanence of

the concerned sector, and then a distribution of the coercivity and remanence for
2



measurenents for just one point on the track in conventional
approaches. 5 Accordingly, a first aspect of the present invention
seeks to provide an apparatus for testing a magnetic nmedi um
conprising: - a magnetic field generation sub-systemconfigured to
apply a nwgriets sctporedighetrackuistdoneeyedr(yigngraphieetyl hThetime pakiet ifontabing

t he magnet | Lume 10Q..- |.i ght ne i.on sub-system confi.gured to
di rect ga E%?%%lg?%gﬁtso%{ gléa et (rasaﬁ'? Opg\itéarcgz(t“fl e Brtﬁ n“OF st Oﬂ%@‘”@?ec
medi um t hgbintsalbfig i ercTagB) is Goddhe) the saB @l Mat WeulQ m;ta!r&?iirem@makfng
reflected by a surface of the magnetic nediumat a point of

i nci dence MISURBCRH GRIGHF O peing on thedraektin eonventions) spmnachienf i gured to
nove the magnetic nediumrelative to the 15 optical beamso as to
cause the point of incidence to repeatedly traverse each of a

pl ural ity Axfcosieadlprasfiat aspgetaoft thalesort ihteitiod Iskesao Qo adrBgReiti s for
medium wherein the magnetic field generation sub-system and the

mot i on sulﬁ‘?sé‘i)%laé‘?“ﬁgn%%‘ﬁ‘éﬁﬁéfbc?’@m}%?& the strength of the magneti cI
field in synchr,opizafil 8Bid ehaatiﬁqggdsbggfsf%h &l}l%gﬂpéd% 38{)18'%@%%1?{%8 giel% i

the track; 20 - a measurerent s ystem confi gure _
series of Kerr agingmedryingsasungtbneapsrtoh of e mefdedchredivapt i cal beam as

t he int of incidence repeatedly traverses the sectors, each Kerr
Si gngﬁb measur er?elrlﬁq‘t t?@fl?fﬁtm‘g§€%§3fsé R FopfIgHeq 19 direetor PRRHERH PRI BBt

oh ! . . . o . et anal
€ sectors In t(‘]‘@érﬁb_tﬁ@ﬁoﬁﬁgn&f @k m%ﬁtlg%&ﬁuﬂ%at\'\ﬂeﬁ ghg%{i%fég? Sf%e%%

measur enent was obtained and (2) a corresponding streng )
magnetic fi el d vdterdihgetdptealiivem is heflekied bysi gnfate oftba sageetennediam at a
obtained; and - _a.centrol sub:syste igured to group the series
of Kerr signal po%ggﬁ’r%d%%%e[lgqp%g%g%%]?go}?m’es such that the Ken- signal
nmeasur enent s. i i Aétion fBLNE@HANERERATD ehFe8h@hlagAGROsEELAG Ml O td HR
same one of the sectors, the 30 control sub-system being further

confi dtired to @etied der satas|tegausedhe ppabnbincilengs opepeajeddy traverseeash

one O o, ST AP A TR TFRAEC) Bk s e

seeks to provi déheseimdichodgatictfesd s@gration sub-system and the motion sub-system
cooperate to vary the strength of the magnetic field in synchronization with
motion of the point of incidence along the track;

20 - a measurement sub-system configured to obtain a series of Kerr signal
measurements of the reflected optical beam as the point of incidence
repeatedly traverses the sectors, each Kerr signal measurement being
associated with (1) a corresponding one of the sectors in which the point of
incidence was when the Kerr signal measurement was obtained and (2) a

25 corresponding strength of the magnetic field at the time when the Kerr signal
measurement was obtained; and

- a control sub-system configured to group the series of Kerr signal
measurements into ensembles such that the Kerr signal measurements in an
individual ensemble are all associated with the same one of the sectors, the

30 control sub-system being further configured to determine at least one magnetic
property of at least one of the sectors from the Kerr signal measurements in

the corresponding ensemble.



magneti c nmedi um conprising: - applying a magnetic field of a
time-varying strength to a portion of the nmagnetic nedium 5 -
directing a polarized optical beamtowards the portion of the
magnetic mediumthat is in the nmagnetic field, wherein the optical
beam i s ré&¥Iseernddaspyct &f therprasmt afiventien saglsetoi pronisidi uimethodaoptisting of

i nci dence | n]% netic fi.eld; - nmoving the magnetic nmedi um
relative tr%&t gg{)np glglalcoﬁlgg%n%o as to cause the point of incidence

to repeatedly tafp?LyQ{gS@ ﬁa%ribti@fﬁad%méaiﬂaé-ya@tngswé@rs t@l0p8rtidn dOthe
track on the surtace of the magnetic nmedium wherein the strength of

the nmagnetic fiddgreliemgdiined i n synchroni zation with notion of the
point @f inci |0 . t s 0 L hi a_serie f Kerr ..
si gnal 9measur e%%?@n%fl p ﬁlgh?% lo%ﬁ?%dbegp Fé‘g%’r 52%%1 RSO e p8i Hipgpgic
i nci dence repeahaiily thatdy &r Siesndghetis aeldpivieredn®B dpatdl bengratefletld by
measur enent being associated with (él) a correspondi ng one of the

sectors in whi &Y %emﬁfnaéﬂeticrféif BRCE 2 RAHT phBidenes ikdhe magrpviglficld;
measur _emenft Wasmoxq}?%ﬂlenﬁ%%@éﬁg n(x&ﬁu r&%ﬁ@@?oo%cgﬂﬁgalsﬁeraﬁp&t E's ?)f catug'éa the
magnetic field at the ti when the Kerr sign measur enent was

obt ai ned; and -pogrtadpndaderichéo sapeatedlyafavikee radi ghaplurmag uf esvesit alonptao

ensenhl.es such that the 20 Ke i gnal neasurenents jn_an individual
ensegﬁpe are alfac4<¥y eai%g’c ({%Hﬁ? gn@é‘?’r@%ﬁ%“’o?’h?‘ﬁ@ thecttesngth ghthe.
determining at $hgastic ANeq NRANEEl CinPSRE Y aRbn aLith §ASHonOBE ﬂgé ﬁgﬂﬁ of

sectors from the Kerr signal neasurenments in the correspondi
ensenbl e. 25 Aindiilengeakpedhe wickt he present invention seeks to provide

an apparatus for testing.a neti ¢ medi um conprising:. - nmeans for
appl yi ng a nagnblEngaPe s KA PRt AR euE S RIT B ORI AL v O
the magnetic magé Waint- oMBaiGent® refbatdts ithgeRed MAkiASd, AN &tr bgan
towards the portion of the 30 magnetic nediumthat is in the

magnet!Pc fi el dmedicBIeAt beiag aprorietad wislaf )i s coresppeding dnoyf thesigetoscin
o e mane o AT e AR 0B SHERTGE 40 L0 MR v
beam so as to obtained and (2) a corresponding strength of the magnetic field at the time
when the Kerr signal measurement was obtained; and
- grouping the series of Kerr signal measurements into ensembles such that the
20 Kerr signal measurements in an individual ensemble are all associated with the
same one of the sectors; and

- determining at least one magnetic property of at least one of the sectors from

the Kerr signal measurements in the corresponding ensemble.

25 A third aspect of the present invention seeks to provide an apparatus for testing a
magnetic medium, comprising:
- means for applying a magnetic field of a time-varying strength to a portion of
the magnetic medium,;
- means for directing a polarized optical beam towards the portion of the
30 magnetic medium that is in the magnetic field, wherein the optical beam is
reflected by a surface of the magnetic medium at a point of incidence in the
magnetic field;
- means for moving the magnetic medium relative to the optical beam so as to

cause the point of incidence to repeatedly traverse each of a plurality of
4



cause the point of incidence to repeatedly traverse each of a
plurality of 4 sectors along a track on the surface of the nmagnetic
medi um wherein the neans for applying the magnetic field and the
means for noving the magnetic nedium cooperate to vary the strength
of the magneti ¢°§tpis| dong a tsaekicor g swtdace rwfihe magnetio medfum hehgreinntheof
i nci dence al on r P 5 r, .Qbt.ai nin series, of Kerr
si gnal mneasur egrr%ér%l gﬁ%)rfa%ﬁ ﬁ%n%'tgf Ing%?gtc%f E%Stalngt}i “88%{%1@%”‘%1&1%3‘6‘? Rpsigic

i nci dence repeat&ly tchapeitseso t ReryS bt OkGengBACHf RN rmadngnal field in
measur enent bei ng assocjiated wth ﬁghéa correspondi ng one of the
sectors in whi cHi¢ERUIEEIoNWISF mphen alsthe poipas! WkEaNgRonghe tigflnal
nmeasur enment _ i : () dj

magnet fo 1ol d o g poail g hied of KO SRRMCHIRFLAGHTLP oL rortied
obt ai ned; - neapscdldreagr suthe pEirthe isadées opeakaly trava@nal theBasukseerit S
into ensenbles such that the Kerr signal neasurenents in_an

i ndi vi dual ensdHiT 8&u anegpyremgrishringissacipied WithHd) 3 sawespradige oppef the

sectors; and - EBAASH WicHRE EBHE‘t Bt AgidRhcd \ﬁgss&khé?ﬁt%e TK‘%QJHfféﬁa‘f nRAARGHEM

of at |least one of the 15 sectors fromt err signal “nmeasurenents
i n the correspondiobtpisnisadiil ea cArdspordihg stsqett ofahe tiagngircesadat the time

i nvention seeks to prgvide c ut er -readabl e. nedia containing
instrh_@ti ons V\ﬁ’id}?ﬂﬂ? &N SW@%E@EPW“&W%H%@H%&Q device, cause the
conputing devi GRedn® hiTBIRPRR! the SBBENOH Kichalish MEdsiRfien’Ointo EAERIbYdsNY
a tine series of neasurenents, each neasurenent representative of a

mani f est at i on ofcha thedghetheerpstgnel Keasurehérge tin vant indrvidunl i enaénohld vt all

sector from anpng. lurality of sectors of a magnetic nmedium at an
associ at ed streaﬁsgq%ha?%(fw}ﬁé%eefﬁ%'ﬁogaOﬁﬁ"ﬁﬁgftfn_&?’ ?’r?d_el d, the nmeasurenents
associ at ed W t hnglink ffer estbrnSi8zio0dt Seash®h8 Gndonbi: pfﬁp%n%%&i\ée%astz&e of the
grouping the tinme series of neasurenents into ensenbles, the

neasurément s  isgctesdipne e g sigaalanepspsmestshe therossspond mgeaseanblp. a

respective one of the sectors; - determning at |east one magnetic

property of plural ones of the sectors from neasurenents in the

cor r espondi rigurdnespeot of the rewanhivestioranatk8@o praidepedrhpurer-@adable media

I ndi cati Oncog‘gainslr?é qns%tuc‘ligr?ssgvh?cr}]f wrgie nggécgteg rk?yp%r ggmggtinsgahgvigel, ucragée the
computing device to implement a method that comprises:

20 - receiving a time series of measurements, each measurement representative of a
manifestation of a magneto-optic Kerr effect within an individual sector from
among a plurality of sectors of a magnetic medium at an associated strength of
an applied magnetic field, the measurements associated with different sectors
being time-interleaved;

25 - grouping the time series of measurements into ensembles, the measurements
in each one of the ensembles being associated with a respective one of the
sectors;

- determining at least one magnetic property of plural ones of the sectors from
measurements in the corresponding ones of the ensembles; and

30 - outputting an indication of said at least one magnetic property of said plural

ones of the sectors.



ones of the sectors. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. |
conceptually illustrates the magneto-optic Kerr effect that takes
place in a magnetic nmedi um exposed to an external ly applied nmagnetic
field. 5 Filgs. 2A through 2C illustrate different types of
magnet o- o REKPES (REPAdONIOFRHENRAIWINGBar i zati on direction of the
magnetic nedium Fig. 3 is a block diagramof a test bed used to test
a magnetic disk having nultiple 10 sectors, in accordance with a
non-1imtirg ercopctpiey dhstie ﬂfe@%@ﬁﬁeté—@?@dﬂ'meﬁnefféﬂ 4Bat iRePPEcéB a
conceptual ly illustrate different orientations of a nagnetic pole
est abl i shéeagpytic medigppeipesediagnexteenaliyapgliedimagiatc fisldshows a tine
seri esgof nmeasurenents obtained by the test bed of Fig. 3 throughout
the course of variation of the applied nagnetic field. Fig. 6
i 1T ustrat ésgd. danhidugh 2 Winstedte diffeeas eviids & f Maghed optie IRAt &ffect depending
corresponding to an individual sector of the nmagnetic disk. Sa Fig.
7 shows dERRPIZEHOLEIIGCHAR REHCAN2EREe BARIVi ty from a hysteresis | oop
obtained fromthe ensenbl e of measurenents corresponding to an
i ndi vi dual sector of the magnetic disk. 5 Figs. 8A and 8B show
al t er nat e Hyg.aphi ©hlock elprgeae nif at testrieedofsed t@adst b Gulgactisragh el g multiple
properby foand to be .exhibited by the various sectors of a magnetic
di sk 49 a SPESL I a5FordaRes Wity pe-Hgipecrpedimpi pf dhe rpgpnt mventgpri g, o
illustrates a conputing unit that can be configured to carry out
processing operations and convey the graphical representations of
Fi gs. 8A agh 88 aDEPR IcEr-DESURI iIRTHaNe differBEnbodintaions off a hivenptie pelet
invention relate.to the testing of ghetic properties of a magnetic
medi um cor?tgtgllb%hﬁ%tb?’élbei %’ﬁi‘e‘iﬂmtgﬂ%mﬁace of the medium where data is
magnetically witten to and read from Such regions can be referred
to as "tracks",

15 Fig. 5 shows a time series of measurements obtained by the test bed of Fig. 3

throughout the course of variation of the applied magnetic field.

Fig. 6 illustrates identification of an ensemble of measurements corresponding to an

individual sector of the magnetic disk.
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and a "track"” can be actually or conceptually subdivided into a
plurality of "sectors". 20 A non-limting exanple of a magnetic
medi um t hat can be tested using enbodi nents of the present invention
i ncl udes a computer hard di sk. Before describing an enbodi nent of the
invention in detail, it will be useful to briefly describe the o
eneral prd.ncjple of what is known as .the magneto-aqptjcal Kerr e ct
25 ( NDKEI)O ,Pll%r?dﬁlso(‘:’ﬁe FEY R P reRRBReCARd Eogret 8 % ﬁqg/ﬁ{%"ﬁisi legp oBlxfi10
exhi bi ti ngrdpelied edkibd off MméhsuRhRA @rreBfdrdideZ & beNndivRILhINGHRNGF #R @
magneti c nmedium 12 under the influence of an applied nagnetic field,
t he inci démagngit fiskal beam 10 is reflected by the magnetic medi um
which kesults in a reflected optical beam 14 with a polarization in
a plané that is rotated an angle of rotation of polarization relative
to a ref elegic8A3BndBBestoat henkt atrapiied] defiesemdiions bed paritha Masamce
of the applied magnetic field. The angle of rotation of
pol ari zat PSPPI YRGB be) exhibited byfbe varsaisedgrspiargnetie disk ap gaesult of
magnet i zatj . ice: Joedi um 12, where f is dependent on the
nagnetic R%§§F3%PF?§Q?§?@§&€ﬁg£§the magneti zati on of the magnetic
medium 12 is parallel to the surface of the magnetic nediun11ﬁ and
inth | ane of the incident optical beam 10 (see Fig. 2A), this,
pr oduggg ?fg.| ggﬁ]élilsfrﬁfﬁ‘ fa FOMREHE Whif g@tt capyiencaiiguradgitetara PioPrOgEssinge
magneti c b ' I : ; netic medi um
129but ort oggﬁg%%%gbﬁﬁgﬁﬁé5%§%g%g$$§ﬁgﬁgﬁ%ﬁggﬁ?£b%$ﬁgg?gbean110 (see
Fig. 2B), this produces a "transverse" Kerr effect. Wen the
magneti zati on of the magnetic medium 12 is orthogonal to the surface
of the magnetic nmedium 12 and in the plane of the incident optical
beam 10 (PEEAH.ED PESCRIPTEONr oduces a "polar" Kerr effect. 10 Fig.
3 is a block diagramof an apparatus (a "test bed") 402 that can be
used fldr testing magnetic properties of a magnetic medi um using the
af orenment i : - L.cal Kerr fe [h.accordance with.a
apeci frc. RanBATEh e pBchE BeliEh e RlY She LBUAEFROBARTE a¥retiog o
present namagnetic ddgunexanplitng tégonsagneid surfirdi dfMhbehdigum twisdre dataSisa
magnetic di sk 404, however this should not be construed as limting.
The 15 t edReepglcallyovitien 9edrdoiead iy areintagsms san sacisaed © g oirarksy

and st or aggqfURGEEONA dd Yeryly dr an%‘:ﬁggiﬁkisﬁbcﬂivﬁiléd 404 Jﬁ%ﬁﬁ%@%&&&sz)e d

by certain magnetic properties (in g coercivit remanence
20 A non-limiting example of a magnetic medium that can be tested using embodiments

of the present invention includes a computer hard disk.

Before describing an embodiment of the invention in detail, it will be useful to briefly
describe the general principle of what is known as the magneto-optical Kerr effect
25  (MOKE), and schematically shown in Fig. 1. When an optical beam 10 exhibiting
polarization in a “plane of polarization” is incident on a magnetic medium 12 under
the influence of an applied magnetic field, the incident optical beam 10 is reflected by
the magnetic medium, which results in a reflected optical beam 14 with a polarization
in a plane that is rotated an angle of rotation of polarization relative to a reference
30  orientation that would be exhibited in the absence of the applied magnetic field. The
angle of rotation of polarization, denoted ®, is proportional by a factor f to the
magnetization of the magnetic medium 12, where f is dependent on the magnetic

medium itself.



The test bed 402 can be conposed of the follow ng sub-systens that

allow the 20 detection and neasurenent of magnetic properties of a
magneti ¢ nedi um such as the magnetic disk 404: - a |light generation
sub-system for generating an incident optical beam 412 that results

: pt. .

in a refl ¢hauthspragsiizasionnt shamagesiicraedive 1 i najelichéo hegueeseoliihek
25 404; - i i &l rario - : trols
orientati g?]a gang gltehgﬁ E%Sg%%gpl %a& %I%fg%et?g?m?‘%%l& ggeé%gi%%%ngqgt(g% %ig'\?%r\])’
tine to atpemprodieend “bniitadikaldKert bfecta@viedn the haeddiof toliehe' inagedtic
under test"g; aqga- a Hntion sub-syéten1that is_used to control
rotation &FCHHB Iqdypepiled taihasuriaae oOnthe amrgnetemediyek 2 hgarthoaeral t thy
nmeasur ene : i i |AdL eat | f e
gl 6 o R B2 E I P AR Bgh SRV B e
413; - a pffeces$Vhmy thabnsgretieanohoof tequagheng méBunnkt andaneousl wathees

of the applied netic.field, djsk,pogition Kerr signal

gr oupi ng tSH’éfae??e%fgiﬁgé“r?@H?%c Bdiym gi Bt ?%E‘@t%?neb‘ggg‘é ”"&h‘!f’nbf’g'i‘:‘@% beagy 1Phe
acqui red Yé’ée@? @), MGGHERs AOh&af KAE effgBRINEti ¢ properties of _

i ndi vi dual sectors of the track under test. Further details regarding

t he individual conponents conprising these sub-systens, as 5 well as

.iop.of .the o ti f the t d.40 i d
bel ol e dbh R BRERRLKERR APBhHBR- R it FHG eBolrnEM borether
present i Nyeingn@iEnetid GaberERNST AfniaBiktidHRedRyif tuigiie e Rnldn8bhed magneto-
generation sub-systemincludes an optical beam generation unit, which
i ncl udes &Rt em efiseain ggeprdancg mith arspepific cain-limifing embpdimentaof the
| ari . . Qpti Tys t t i nei dent
bpt 1 cai bnne b EgeRE iRt gREAT BEEE ksBRE LR RrlF b R

a pol ari zeestetls aonbgnesic sliskf el hof etdnehigvlngd not b8 sdasd0d as [ThRing. The
pol ariéer 41% iggarts a_polarization in a certain plane to the, .
i nci dént dptiPedfUheanperrma qyaighien phihs dadsrordmaised sioregedypstivnalityy

the magnetjrGdiskn4R4at 484 PRI d%ra@'ferizécﬂﬁgl deneg m%%etiér E‘%p%fig ' Qlﬁldinlghe

incidence 419 identifies the area on the magnetic dis ere
i nci dent opticoaly dndaemdkceleet s t he surface of the magnetic di sk 404
and is reflected as the reflected optical beam 413.

The test bed 402 can be composed of the following sub-systems that allow the

20  detection and measurement of magnetic properties of a magnetic medium such as the

magnetic disk 404:

- a light generation sub-system for generating an incident optical beam 412 that

results in a reflected optical beam 413 upon reflection by the magnetic disk
25 404,

- a magnetic field generation sub-system that controls an orientation and a
strength of a magnetic field applied at a given time to a portion of a track of
the magnetic disk 404 (the “track under test”); and

- amotion sub-system that is used to control rotation of the magnetic disk 404

30 and the track under test;

- a measurement sub-system for detecting a Kerr signal indicative of the angle
of rotation of polarization ¢ of the reflected optical beam 413;

- a processing sub-system for acquiring the instantaneous values of the applied

magnetic field, disk position and Kerr signal, grouping the measurements on a
7



20 Magnetic Field Generation Sub-System The nmagnetic field generation
sub-systemincludes a magnetic field driver 423, a magnetic coi

422, magnetic poles 421A, 421B and an optional field neter (not
shown). GCeneral ly speaking, the magnetic field generation sub-system
is used to 25 @gensactorebasisnangnproicessitigethd adqaired salapplin edder doaohtayi the

of the magnetic disk 404. .In .partjcular, t netic field driver
923 det or i nes 1R ORer o AN G <Blhn o Br TR deisheri ¢ field to
be applied for testing sectors on a particular track of the nagnetic

di sk 404. Accordingly, t he magnetic field driver 423 controls the
si gnal i npartherdletals regpedipg dhreindtyidusi Fompgnentstremaisigingdbese tshbrgystems, e

creatign Le fi . | i t.hrough, t.he, magneti c
coras. 99,V ARERELRo e bhalod e G QBBLE 88, LUE USRS
the fi el dcorteerof awpechc nen-OptitighahbodimentEghnepriesenpalvestidhe 1A, 421B are
proxi mate the surface of the magnetic disk 404 and are separated by
a gap 424 of length G,,. The magnetic poles 421A 421B maybe 8

oriented kopgi i R rpendicularly to the magnetic di sk 404
so that t gdﬁ;ﬂg[l h st 3 Stg]{%‘ed for suitability with the recording
properties of the magnetic disk 404. Reference is nade to Figs. 4A

and 4 ,ch.show two exanple orientations of the magnetic poles
421A, ?Qz\f@hﬁgréktiaﬁéerﬁa% SHAGHEET cCDRMAP AR APHC &arruﬂ,enetrﬁ@nsumﬁ which

ori entat i oft1@fes bh&piBAMRELGyREMES 14 éﬁgtiéla?%%hf@gﬂcﬁa Qbrifer 415. The
| ongi tudi nal recording nedium (such as a magneto-optical disk) is
i |1 ustr at edticdl hearhisgstendé] geheatentheendident pplies bed 417, wifidiBisalirected by
oriented paral.lel to ven.track.on e side of t medi um at
mmgnet ¢ PrepHegens LA LA 45 Babar Srie ar'e Tent 8% 4 he
gi ven tradie poldiizEi 415 iBarts RBoRFiAMNAhIaQRt8hH plde toaanatidentRpties véanrA,
421B suitable for a 10 perpendicul ar recording nmedi umare _
i lustpat &d2 heforeHhis keagercaches thaghveiare op shesnagagticadisk 2408 afr @ point of
oriented . i6Hl anly. t . efqC: L hat ..t.h etic
field genE&%@%@ggggtﬁgwég%aigﬁﬁ%g§%%§hgdgg%§%%gh%?5%6) @%é§%¥%@%pg%
on both sideshetd tHehrcidadiopaical zaivbs i20mM ectbl bheSyistacdro T the mhEdnetd disk 404
sub-system i ncl ydes a noti on stage 432 and a spindle 431 The notion
st age 432 28fé @jngHHF&ﬁk§¥déwgcééﬁﬁ@éﬂéd to a controller 433 (in
the processing sub- system to be described later), which directs the
spindle 431 to spin or stop and the

20  Magnetic Field Generation Sub-System

The magnetic field generation sub-system includes a magnetic field driver 423, a
magnetic coil 422, magnetic poles 421A, 421B and an optional field meter (not
shown). Generally speaking, the magnetic field generation sub-system is used to

25  generate a magnetic field that is applied to a region of the magnetic disk 404. In
particular, the magnetic field driver 423 determines the orientation and strength of the
magnetic field to be applied for testing sectors on a particular track of the magnetic
disk 404. Accordingly, the magnetic field driver 423 controls the signal imparted to
the magnetic coil 422, thereby resulting in the creation of an magnetic field that is

30  applied through the magnetic poles 421A, 421B and whose strength is measured and
reported by the field meter, which is optional.

The magnetic poles 421A, 421B are proximate the surface of the magnetic disk 404

and are separated by a gap 424 of length G,,. The magnetic poles 421A, 421B may be
8



20 notion stage 432 to acquire a desired lateral position. The
spindle 431 is constructed in such a way that its rotation al so
rotates the magnetic disk 404, and contains a control nechanism
connected to the processing sub-systemthat reports the spin angle
of the spiongnted daiudingllnenperpendiculagnée ithe dagietit0hjk 4PHesontbet tba gap

he spi nal's® 45 TTRUPRFERIM SRS b Rlonsh B B TPl IR

whi ch t he Refigestent noidkite Figsbearand 1B i whibRkh@y t5H@REnple-Rientatibhof the
selects the "track under test". The notion stage 432 may contain a

control nEAARES ROkt B reliivertece gBagigtic ubediymt ernt Fiat 4lepbet s
the posi tioftn@fion bifhd FAGKMIASEs A28 438 b@%ﬁg%ﬁ%ﬂwn&w&n SRS
C e 17

measur enent sub-system | es an an’ vzer

and an amrpsldmfm E{suoﬁl:& a ﬁlalghemdphcdﬂedlﬁ{)pﬂ’saﬂuaia&dl thﬁthls*, base, the magnetlc
magnet o- opt % Kerr effect rotates the polarization  plane of the
refl ect ed P8|§‘t5 ¢ heldhitgrsiepied parajisl o given Fatkaen 98¢ side opihsrireditmspe

d
he seot or b RURRCRE psreraiel Y SR PAEPES s MR PRSI APEART o,

of rotatidm lof P&, athezatdntation bfrghetrsadmetic tjvdesr dP1 &ct4@dBoplitabRl fd&eam

413 tr vel s through the, anal yzer 416 (which in a non-limtin
embodi ﬁ)elﬁ’ﬁ?élﬁgﬁf RESOEHRA R age dH\g%'i‘falt%r Igjthig csqyi tgR MABPEihPOlSSN

ratio). |uyxshoubdpberenefigfted NRipdnbRuRP try fRh M Bnbfic th&i@naly 4%[1: 141@6

need not be perfectly al i gned vertlca ly to the optical axis

pol ar i zer mpeBetiq fielagenerajed tysthe igop ¢4 chredrs e f argevmptpi&édcalmmreb@tb
field decred?seﬁfromlpom tive to negative, the 10 angle of rotation
of pol arization ofme[dﬁe Teflected optical beam 413 will al so decrease
frompositive to negative. If the polarizer 415 and the anal yzer 416
are aligned _sharply normal in their optical axes, the signal wll
becong? st SylS er whether the rotation angle is positive or
negative (i.e., no matter whether a positive or a negative magnetic
field is applied). To reflect negative nmagnetization, an angle 15

of f set t o Theematival yubesystam Sichillés & amdthod dspef482, andhd sfin@lyaBantTae sndtivat

one directjon riati f the applied magnetic field, say
posi ti ve, SW&&@@ b e S@W&f ”éﬁr%%@@meatﬁ@ 10 BRI #} G eghiogmsing sub-
variationg ?&fteﬁlhﬁ) BPRLdAIIBINE G A lihds TRK %%&19@3 1t 9RGHn ngd the
This offse angle has an optlmal range, which i1s a out I nes the
maxi maf Kengtion stage 432 to acquire a desired lateral position. The spindle 431 is constructed
in such a way that its rotation also rotates the magnetic disk 404, and contains a
control mechanism connected to the processing sub-system that reports the spin angle
of the spindle 431 (and hence the magnetic disk 404). The motion stage 432 is
constructed in such a way that its movement translates the spindle 431 in a lateral
25 fashion, which changes the track onto which the incident optical beam 412 is being
shone, 1.e., this selects the ‘track under test”. The motion stage 432 may contain a
control mechanism connected to the processing sub-system that reports the position of

the track under test.

30  Measurement Sub-System

The measurement sub-system includes an analyzer 416, a photo detector 417 and an

amplifier 418.



rotation angle, although offset angles outside this optiml range (or
no offset angle) 20 can be used w thout departing fromthe scope of

the present invention. The photo detector 417 converts the intensity
of the signal at the output of the analyzer 416 into an anal og

el ectricallt Wﬁlgrbalappmttﬁjﬂputthfomagh@ommai Ket etfeor rofdtd e pslagzation

supplied to th ifi.e i C as gnal engt
prior to f% ﬁpﬁﬁ ﬁﬂﬁgei t%’%iﬁ'lo%e@gkgﬁ% M3 %té?npo atb‘lf’t Btﬁ“ &’ﬁe
anpl i fier ideldnt Sphediededf 4 B, in@ @ﬂcfeﬁéje Uﬁorﬁ%é R@ondfehtiors bR sect’l‘)‘?qn
can be expressed in units of mili-de egr ees, % housandt hs of

degr ee. Pr"‘étlfé“s Sieripiguel Bpiersn 4@)15Th>éatp<i1 o@@s&ﬂg{ﬁ slutptatiost @ﬁm@i@mﬂtms es

t he af onty.ql I er nal o

conver fer TS AGY HFERRel Bt der B SRRt kB e (e
433 may bén conbi-giuiiea &&b@dﬁm%hﬁg)euﬂhﬁlexia&&@d afs 4 hRI1drivee vilepiaChigd
in Fig. 9, which includes a processing unit 1002, data 1004 and
program i FSERGON; BHE)- 4 shwild gﬁéowﬁé@é oRiicanixis afybe analyzed 4h6 aged ipt

oot oment Ca Tsast et Ay PR AMcel B Gb BREHAEN 5L e

The progr almeldrthatr\uhctn thiasappEH6 nmgyetheﬁMIdeb&Bsds Mran posiies t®hegative, the

progr n uages _for use with many conputer architectures or
oper a? {)ng g%@togrrrg at‘% Pf pelgEzgilon ofjthe %}?éteéﬁé’@aﬁ‘lr@ﬁlﬁ“s“wt‘ﬁél %‘ﬁ%&?cdﬁﬁse

instructi gRs, %Qgﬁvén%é/ anatidEP' Wtﬁ)@anﬂep 435 pinﬁctﬁg%éf & O %m%

| anguage (such as "V-C an object- orie Rt ed progra
| anguage (sha_rab' vomnal' 1noﬁ1eirJ¢pmaL akes th«argmlab)wﬂlﬂtteoﬂn@ gomgert nugnatmrt

1000 shown,i art.of any suitable c device

i ncl udi ng, hS h%tro?altlﬂil>téﬂaef§posglvc?ec§ I{’Fé?}w&’r(l ‘Fap? 8‘&“%%‘{}3 TGP L.
The conputi Migativi makP8R f8Y ik RehNES. arv kéfact 'ﬂte@ftlfv@%ag%gﬁgatloﬁr an angle
receiving data from or sending data to, external conponents, such

t he séﬁndpﬁ&ﬁamth%h@ﬂWﬁtméﬁ‘§@a@etmageﬁﬂiwhmhem@@n%caﬂmbeawﬂgygm@mﬁ
411, the t| el 42 t he olarlze 4 nal zer
416, the APGREN Bt eSSl miehetRea! OF AR Bkt bl PRI FRE
1010 can ahethuséieedtion of @eatiin @ the @p;ﬁlterdqha@ega Fel PREKQT thé Rfc@kIMREdKR
froma user (ngt shown) via the conputing control panel 435, as well

as for relldkspifst angle élﬁ%lﬁn opEmalrangesvhich & abgusg-0nimes renavimat Keges
1t to i mph&aBa afelbSBfhobM BFEACE I IRLEIRLRA }Ri)fnatl rilgnge (or no offset angle)

20 can be used without departing from the scope of the present invention.

The photo detector 417 converts the intensity of the signal at the output of the
analyzer 416 into an analog electrical signal. The output of the photo detector 417 is
then supplied to the amplifier 418, which increases the signal strength prior to
25  sampling by the processing sub-system. The output of the amplifier 418 is hereinafter
referred to as the “Kerr signal” and can be expressed in units of milli-degrees, or

thousandths of a degree.

Processing Sub-System

30
The processing sub-system comprises the aforementioned controller 433, an analog-

to-digital A/D converter 434 and a computing control panel 435.
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20 programinstructions 1006. Optionally, the conmputing unit 1000 may
i nclude additional interfaces (not shown) for exchanging information
wi th additional devices, such as a conputer network connected via a
wired or wireless interface (not shown). 25 The A/D converter 434 nmay
have severldk cohielies|433 fnory sy crotigoredies as¢agmaltingauyiti 1900 iobithe typoepicted
exanmpl e, a tirst _channel .coul d produce |, es t he i nstant aneous
Ker r signg?%“? c&ﬁ&%dnﬁPﬁﬁﬁ{W@C ﬂ??%ﬁﬁﬁggfaé&&ééﬁﬁﬂnéﬁﬁhHQFUESWFd
produce saopé.esh®brdcBRing Wit BILAR %@é}?‘-‘ted’fﬁ)%lﬁéésg Itﬁe‘ k1 @(}4 ﬁﬂgchg program
ce

reported by the field nmeter and a third channel 30 could pro
sanpl es ofnsmetionssilnimarout igplement gl least ppiiof gt fhyctionelityif e test48d .

The digit S | es (nmeasur enent output fromthe fiyst channel form
S 02 IR 8 P ARHE SIS e ShPHS oR p s e Rgtping
{K(i)}. Thengdagist Rk wanpitesmadyreasplitermarinsibctotet B of Rt BRIGRCONthr

channel fonn a "tine series of magnetic field strength neasurenents”
that will ehENRlEnis: wang wpbodiments,hE Pyograthandivgtions 1anpiebe implemented

(rmeasur enent.s t_fr ' c nel &orm a tiye series. of
spin anglng[YI anélgg%%ug%e%{og&rhgg %HH a%ﬁe(qgéehng ey? AT }\?'glh{ﬁeor{?{’( PBS’}}e?t'
{Mi)} andrighed)grogragnsihgrladguagsd (TEABKIeDY’ bi reASQUT riok | &ampR3. The
contro|ler 433 processes the {K(i)l, flvl(i)} and _{A%i)} to

det er n? ne SPHBU LRI VP4, shavg néiedy b pParhel gny pyiablsemmrtiag skevice
5 magneti ¢, g WA ' al.l later on. The
conputing%g%ﬁﬁﬁ%#gggﬁg lﬁ%gbﬁgﬁ?ﬁgﬁwglﬁggi&%%$g%$g§g@%hat allows a
user to view and control the overall operation of the test bed 402.
In particylar, the co ' contr ol nel 435 is connected to the
control | e ﬁ§§n¥Hﬂn%Pﬁggm¢(g%&¥ é?cq\c ofn Qﬁdmfa%l%) é’éf“{iw&’é’a%ﬁt_ﬁ dom,
certain par semig @atd Ralexithdal c&ﬁg&%’ﬁ@, chithe sﬁﬁfﬁﬁé A1 el Addod! E’tgé@/gﬂ,
testin of the nmagnetic disk 404. For exanple, the user coul d use

t he coaputhnmeptishbewh sypgametl 1438 nogseic fild damplRhgthegicdarofkr #he, BED

converter r o) eed of .the . spind|e, 431, sjgnificant val ues
and rate 8’? ﬁi}%eérﬁgé?%]? ﬁqugo%alﬁ%ﬁ% arnldgpgm i‘l.“gd.lt,m‘%lg’ {hgg/géwé‘%tf’r ac lﬁ
profile) tan beuswnot fdeivihg HreorRy BighhlCantiioeigkorhatkRr frdd 3 ustN@oP Sdvid) On

of 15 the track under test, the nunbers of sectors that nake up theé

track und&#® thesrompyéingspptrolpanehddy, asoeslt pofrragieasing al sengl that deives al t

is concei i t. oul d

e onCe SRS, IES oL LA e L SuE iR t5 e
20 program instructions 1006.

Optionally, the computing unit 1000 may include additional interfaces (not shown) for
exchanging information with additional devices, such as a computer network
connected via a wired or wireless interface (not shown).
25
The A/D converter 434 may have several channels for synchronous signal acquisition.
For example, a first channel could produce samples of the instantaneous Kerr signal
received from the amplifier 418, a second channel could produce samples of the
instantaneous magnetic field strength reported by the field meter and a third channel
30 could produce samples of the instantaneous spin angle reported by the spindle 431.
The digital samples (measurements) output from the first channel form a “time series
of Kerr signal measurements” that will be denoted {K(i)}. The digital samples
(measurements) output from the second channel form a “time series of magnetic field

strength measurements” that will be denoted {M(i)}. Finally, the digital samples
11



gi ven type of nagnetic nedium The user could recall this profile in
order to use the test bed 402 to test simlar nmedia w thout having
to set the paraneters again. It 20 should be understood that the
conmputing control panel 435 nay be inplenented as a separate

physi cal CHRFYFERMNLG oW Bemt Bet thad chanrad | foan 2138mg serigs wif rspih engle

W rel ess 1.on : ' : .aphi.cal ..user

't or  ace "TarnEe. pe bR dt A B e BRI A seores
control | ein #8orby (Beenatrdltst 408. TastoBedieADR3 Mokéssemt RS (vaheraace
to Fig. 3, operation of the test bed 402 to test the magnetic disk

404 can now(be taedstspre theacomeivity mpdaremsneneshet ithg variguschrstors (96 the
magnet kc i . 4 1SR : en interacts with

t he co?rpuﬁ%ge%coﬁ?kr%’)(?4’%?1%%1?B!Z%gl‘%bﬁfféﬂ}sl%g%aﬁﬁﬁ@%lg'st bed 402, enters
or recalls fromnenory any required paraneters for the test (such as
the rotation speed for the magnetic di sk 404, the sanpling rate of
the A/D lgrrg‘ﬁ\FB uing sontrql Wé‘qaa‘&ée%qt%asr?é‘ﬁﬁ iBiesipeg Bat alews g 41s¢r v 1gW
the track ;4ndghirdIORE ovbRf ofdbRE oY haf, k&P '
under testa, etc.r), ar?cvi ini(%pi'aat es Otetsf?%g%g(?%to%e%m mé&%&k{e?&g&u@ﬁﬁ
404. Once coiteoltpasel 43§ is notricateddo ye ¢dmeroliered33 dridealloorstarwkt @rot 4i38vn) to

activates the test bed' s 402 constituent onents. Specjfically,

The cohtr ofi4f 8a{ setfin SresCERab oYK Sed e IREPRl Hoya CRBESHINA o
431 5 andftifenxBeart disk dosk FR4xh@pld) e RRE QBhIdALR tlél@%bﬁq;pgﬂ?ng e6ntkd1e
track under test. In addition, the controller activates the spindle

431 to spipAngl HBSdostet d@4sanmiinigrigtet efsthenfyD cartvertend 3¢, irotatisp epetdodf thie

ki rea i ol 5t 'SP PEp spiber SR AR Mibes A BRBERrBRVRR i e

speed of niaphetid Heldgoofild) ebatdphiee GyttBe MAEYaticaBeld dAgera®3t iR Jﬁ)@ﬂﬁ")ﬂ of
versus _tine relation is known 10 to the controller 433 and data

acqui $9t i & S3ekamdsniestatheormbers ok seciops at mpke ppéhe trrckginges test (as well
instructi - s dit.i coft.t ql - t

magnet ¢ ol donavR Rirg Bl e "EL Roh v B b ¥iPblifhnsd,
portion ofpatahetdrs @oklduredeved ewthin Spe coftiotlat K3 it hiee fagnef b gprofild bt el d

driver 423.energizes the magnetic coil 422 based.on e strength and
ori ent at i G BFYRHY HAGIEE Medye dhAdsd& ulﬁd@@%h@fsaereﬁg TQEHfEy ese the

field. Thesgagaetbcof e §mARPicath w‘i’thé‘uttﬁh‘%/ir{?%%titﬁe %‘afa%:eté}’g ]a?ain.‘lzﬂtB

(over the gap 424 of length G') magnetizes a portion of the track

under 29 estshoubd be mgderstopd fpt theneonapiing edninelgrasel 43 5finey Ue isplsmepted iam a
separate physical component connected to the controller 433 via a wired or wireless
connection, or may be implemented as a graphical user interface by virtue of the

program instructions 1006 within the controller 433.

25 Operation of Test Bed 402

With continued reference to Fig. 3, operation of the test bed 402 to test the magnetic
disk 404 can now be described. A user (human or robotic) attaches the magnetic disk
404 to the spindle 431. The user then interacts with the computing control panel 435
30  to start the test bed 402, enters or recalls from memory any required parameters for
the test (such as the rotation speed for the magnetic disk 404, the sampling rate of the
A/D converter 434, the magnetic field profile, the position of the track under test, the

number of sectors that make up the track under test, etc.), and initiates testing of the

12



accordance with the magnetic field profile selected by the user or
stored in nenory. 20 In addition, the controller 433 causes the

| i ght generation sub-systemto shine a polarized beamof |ight onto
the currently magnetized portion of the track under test.

Speci f i callagnetihéislogdd.c Binchdentesyis iretmatdd by geneegtths cotiwllend? deaattvates
optical beam 412 th is.directed by the optical mrror 414 to pass
t hr ough t tﬁgl59?f@&‘@3%“%%¢8@8pwgﬂ hing 25 the surface of the P
magneti c di sk 404 at the point of incidence 419. Naturally, the
exact |ocation of the point of incidence 419 within the track under
test vari epealiedlly, thermontigllarHid 3 maigyrdtsi the tiotikn 4i@ge 431 ttresve thhendiakdét e

the track under test.is ac |1y or conceptuall i vided int

ol ur ai Fty 207 teeatgpeic fif Gortoghe ShurmbRRE TR it e b et feflcan

419 travenggsiohBe ¥adtiles a&RGERI the Q¥iRAlcaN] tOV¥SH ROk 466 Dhfngagned,i C
disk 30 404 rotates. The anplified output of the photo detector 417

(whi ch capharestiggaspecdf off Hie megnasist digk 464t iscairmsBnrkent Jordantt aldepugh
t he anal 4 LS - I . onverter | L i
the oroLY BEfsons S i3 L LA Wit ablcifte EORY R LaBofimens Bl LhAg "

that the rdtié€bouldbgRabwes tPvapoidloagal tHedspehEveragnihe Zahticanis khowhe
magnetic disk 404 at the point of incidence 419. Meanwhile, the
out putlOof t@ Hhe foairelldetBerpd dalthrediisihien exr@gonirmionnist eatieheyldy the

strength ~ [ magnetic field) is sanpled by the A/D
converter pg%‘gigmﬁgés%m%??ﬁnsgﬂég the tinme series of magnetic field
strength neasurenents {Mi)j. It is recalled that the applied

magnetic field follows a profile that can be user-defined or stored
in menoryn afigltlﬁadﬁhﬁi%ﬂt,ml ‘Tﬁe‘&éi YHAFICY BTyl K swr%wpréY%ﬁ o
(whi ch i ndpERtESabRe: 1R - i - AfpetfiRapRiRdhEaAdY)
is sanpl edﬁ‘[)g?t t hggﬁﬁf)]f%é%gyzér ?g&trtﬁgg?i%&% t?%é(lr}llntaigﬁdgeﬁi ;g%eﬁlgﬁ ?I?Pﬁéﬁ%er %Iges% of
spi n dfgl diekkdgvarei?d renerg{za¢ the magietic spil A22hgded oni the strength end ependdtion| vy

fromOtoé)?%g degr ee tpe netic disk 40 pins aneg.ﬁll WS ..
ot i 11 o4 MR e neet ol Skt BsBllt Hadl gRe maft e e
poi nt of ivigitemagndditDolét 421 AJiAam AP tHeNghp M54 amenf;&xSGlni nilgaetids e
appreciated that the sanpling rate may be controllable and can be .
synchr oni 29ifian efifha treek gedar tat.gParing Gseiaefthe applied mpgnetie figlfeis syicpinal
can be r eca%&yrg&hce with the magnetic field profile selected by the user or stored in memory.
20
In addition, the controller 433 causes the light generation sub-system to shine a
polarized beam of light onto the currently magnetized portion of the track under test.
Specifically, the optical beam system 411 generates the incident optical beam 412 that
is directed by the optical mirror 414 to pass through the polarizer 415 before reaching
25  the surface of the magnetic disk 404 at the point of incidence 419. Naturally, the
exact location of the point of incidence 419 within the track under test varies over
time as the magnetic disk 404 rotates. Thus, where the track under test is actually or
conceptually divided into a plurality of sectors, it will be seen that the point of

incidence 419 traverses the various sectors over and over again as the magnetic disk

30 404 rotates.

The amplified output of the photo detector 417 (which captures part of the reflected
optical beam 413 admitted by the analyzer 416) is sampled by the A/D converter 434,

resulting in the time series of Kerr signal measurements {K(i)}. It is recalled that the
13



fromthe spindle 431 and indicates each new revol ution of the
magnetic disk 404. Alternatively, a clock signal can be introduced
for timng the sectors. The clock 20 signal is synchronously sanpl ed
by anot her channel of the A/ D converter 434. For the case of 64
sectors, & gekalds pioarrtiohal2sehperagedizaper of e ohagnpiondick 404 et gpipedite
431 coul is neans that the acquired data in the tinme of
t he firstqﬁ?ﬁggﬁé%%ﬁ%f the clock signal belongs to the first sector,
the data acquired in next 4 periods belongs to the second sector,

and so on, up to the 64 x' sector. gthe clock rate to the
splh n 25 r M%ﬁnﬂ@ilﬁggf AV UEeTthe ﬁ@)@.@@c@pﬁw@a hndl@ﬂﬁ;@ th?yasmetaam?hscrongth
achi ev Su nts ta on.the.
oundary box e Caarar e et s Shfig By REARTER ek S8R g lafEin e

appr eci at eithd baies by ntapnttiolieidgrdnp mamakdmtsr avei)} .t heisspeattdohat the
rotation of _the spi ndle 431 and the profile of the applied nmagnetic
field, th@PREkPegIcHF figldfollays 5 909 U 4U3F eanteatsrdofined of Saraseln TR
nunber of Kenn signal neasurenents K(i) is collected per actual or
conceptual sector of the track under test and that the collected
Kerr signah axkh@w,eﬁmnts‘gnm(irﬁceav&l viinh  dhies tpindlet @8ll ogwetich hﬁdlrcaﬂagethef

f. t f th
"ot adbs. mrigeaud SR8 amela e Sl #uDdh SO PG, A cqrBrip g,
track Und%sultﬁ%t inRge @ind deids bPtAn aﬁgPétIMeefsﬁf&neﬁ@A%A@ﬁCtﬂ{ess n‘f"gﬁ% g{:lﬂn

correspond to an actual distribution of sectors can
concept ualcyela bdweweﬁi)ofmmméo Bobrelegeres es thef mKeratic slignad4 apaas Lané rwlmws

{K(i)} ing S 10 of aved gr

measur emsn%eng% téo “ﬁgc%aﬂ‘ﬁ % ﬁglé“r?BPuéFfﬁiﬁEf Cﬁntagl ?%53190%0%8?@%8 #Pom
Kerr signatagh@suiBpkipisstéfi ) obtained fromthe reflected optical
beam 413 while the point of incidence 419 was traversing the N h one

of théSsectors of the track under test. For exanpl e, the ensenbl es

610 t hat d ot erle nal

measur errent gﬂf'&? % }%tréﬁfét tf:ﬁ\t @gn%er?%flger or msagstfe coxﬁ ”%‘8 n%f(gamkibf,
anot her emymlﬂnd)reze‘domth ectrigger’igha e r&yiceificky, thodrigdd saat bal bensrndle
for sector #64(de ggéKM Simlarly, the time series of magnetic

field strdifg rng ipdicates eait Pemaevoiopf devsazushis ehth 8¢
660, wher %l%e?l@dtlwglh, %@@é@g@nﬂsca@eﬁé Yrﬁﬁi)dtl Lydragi g t‘ﬁrfe ?tggma%hé KN

measurenments M) “obt al ned g., fromt eoptlon ter)
whi | 20 he sigBabisi synclobndustyi dmmlai U another thaavelrdithg A/DeconvértanB4ofFdrhe

e 1, Sl B ok PR B SBT3, 890 1

could be set. This means that the acquired data in the time of the first 4 periods of the
clock signal belongs to the first sector, the data acquired in next 4 periods belongs to
the second sector, and so on, up to the 64 sector. By tying the clock rate to the spin
25  rate using this alternative approach, one may be able to achieve more reliable results,

since measurements taken on the boundary between sectors are less likely to occur.

It should be appreciated that by controlling the sampling rate, the speed of rotation of
the spindle 431 and the profile of the applied magnetic field, the controller 433 can
30  ensure that at least a set minimum number of Kerr signal measurements K(i) is
collected per actual or conceptual sector of the track under test and that the collected
Kerr signal measurements K(i) are well distributed over the range of magnetic field

strength measurements M(i) for those sampling instants.
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magnetic field strength neasurenents {Mi)} include an ensenble for
sector #1 (denoted ML), another ensenble for sector #2 (denoted M)
and anot her ensenble for sector #64 (denoted Mo64). 20 To identify
whi ch neasurenents in the tinme series {K(i)} (or {Mi)j) are

associ at edMorngi spacifibalish voth refierergesionbiges, B10hg brckoedjer teshdecbnidedlinter
433 considers.th upber of,. sectaors of the track, ynder .test, the
speed of POVBTTBIoR NEREs YR e S ewontd ahdcirb tEEREPS A rAPE o5
the A/ D ceay Bt bgurdddondpRaEsubiRiSOEt PESHimd Gl of N erf SBER L da3hrkmBARE
25 not contiguous and/ or are not of equal are length around the

circul ar tiKadk indlprdes “cagmblesieriOofinsdeavedgsovnsde measoretrants; ovherkide
t hese yari i i.n count.. i r how t hat the nmaanei . I sk
et oSt LRRROITGoE SR GRS BOYHAM oL MR i

nmagnet i c ffiogh chet fedibctedvepiil beam4t1 GviKeethé Hhett b diisdnde 08y staedsyerbidg -
30 10 kCe and,back to +10 kGe in a |loop lasting 10 seconds (i

.e., a
sweepi ng 11 ¥ one ot hesegers o decotitpk untlRi streion sXample, thpengssibis @ that

i nci dence 419 SRaRNASd @roﬁ?@x@%éré ggri!e% IO?R%W%’I&?H]G%@C&&H@I&&%%E%} gﬁﬂlde an
returns to that sector every E5m T Il seconds on & peri1 odi asis. |If
t he desi r edsembibéor softonth&denerd it § anotheeerdsakble for tdutat #2 (demgédEK,) and
sector before the j of incidence 419 noves to the next sector is
one hL]JRdré‘BOt%TSer(STg&G%Y?‘Féf?rf#ﬁ%?‘gegﬁﬁfji ‘rate needs to be 256, 000
measurenents per second. It is also noted that the total nunber of
revolutions is 400. Recalling that the individual neasurenents in the
time seri ésmdfrlKethe twnegysales & memste diehstsengR( imehsuaereerde AdI(BY ikflides( i

=0, 1, ... t hen t he .av e, Ker jggnal asure t for the pt
Craver sai iiagves bntdioi e BRAIRLEEhe RPARpp T RGHGSEE Hont Faehel B
poi nt of istehdRe@sdrehs M@&%@qlelﬂei ., ¥dth Ghe bptidal BBldOMeter) while the

i =((p-1)x6400) +(j -1)x100+99 Kp,; _ | KQI{ /100. 1 =(p-1)x6400+(j-1)x100
10 OndScarotfiehifcalonre AP Kay rawrgnathedhsembriehe sactarh el jhetiragleondar test.

reasur emeri’s o P orha sg§% 60, it sl SepEin il BhOUR, g sgic ot
magneti ¢ dhsiedO4ield Biroddie rmawtumentSi {M(H) Kihclhidel asPens&ABIQ} for Tdattor i#9
(denoted M), another ensemble for sector #2 (denoted M,) and another ensemble for
sector #64 (denoted Mgg).
20
To identify which measurements in the time series {K(i)} (or {M(i)}) are associated
with which of the ensembles 610 (or 660), the controller 433 considers the number of
sectors of the track under test, the speed of rotation of the magnetic disk 404 and the
sampling rate of the A/D converter 434. Where the sectors (actual or conceptual) are

25  not contiguous and/or are not of equal arc length around the circular track, then

adjustments need to be made in order to take these variations into account.

Consider now that the magnetic disk 404 turns at forty (40) revolutions per second
with an applied magnetic field that sweeps from +10 kOe (ten thousand oersteds) to -
30 10 kOe and back to +10 kOe in a loop lasting 10 seconds (i.e., a sweeping rate of 4
kOe per second). This means that the point of incidence 419 spends 0.390625
milliseconds on each sector, and returns to that sector every 25 milliseconds on a
periodic basis. If the desired number of measurements to be taken within a single

sector before the point of incidence 419 moves to the next sector is one hundred
15



shown conceptually in Fig. 6 for the Kerr signal ensenble KI, i.e.,
the Kerr signal 15 ensenble for sector #1. Recalling also that the
i ndi vidual neasurenents in the tinme series of magnetic field

strength nmeasurenents {Mi)} are denoted Mi) (i =0, 1, ...), then
t he aver ad&00)nthgmdtei semiplisg dats heaeln gt be AE@SUT mrEwtenfiants pdneeqanld. It is also

t | 5 oy 400 f the jth t 0=1, ..., 64) b
t[]gvgcr)isﬁt n%%di]th%i%aeetr%aénﬁﬂ’ge’i)%fga‘éohg?e(@% IM})@O \?\ﬁ?cﬁri s given by: ) by
i =((p-1)x 6400)+(. j-1)x100+99 Np,.i _ EMi) /100.

[ =(p_l)X6400+§ﬁ;i -1)x1 00 One can then formthe nagnetic field
strengt h &vsahbg ethporthe Hadividyak setasremgets oine dhdVitin®s sbyresgrodulemgsignal

toget her t ayver age netic field.strepgth surenent s far gl
400 reSOIu %%%Enl%giggg,E??@Fm%ﬁgfﬂgflfhg’hagﬁg E@tgFﬁﬁmﬁggﬁgphmg?ﬁer
wor ds, M eafiddheht thr t2 p"okRsal (PRS2, S, 30@WT tkOFiaepbHaEl Y. . | B4FhPtheb
for the magnetic field strength ensenbfe M, i.e., the nmagnetic
field str@rltRf Biidenes ¢l Fioderaied Ky, #hich iggivenbyi | | be noted t hat
gradual |y sweeping the applied magnetic field while spinning the
magnetic di sk 404 creates the effect, within each sector, of stepping

the applied nmagnetic §;@})d1)%gdb)@pj_qyﬁr0@g§9 decrenent (or increnent)
of 100 Oc per step and a = duty Sg: f G,,/igﬁ) for the case shown
in Fig. 4A or nlj7eD, for the @a gh))vvn i14 ig. 4B (where D,,,

and D, are the dianeters.of ctivel t he magneti c pol es 421A,
421B and the track under’_t(éjs_tgx. *Qr‘iixéﬁ? a simplified, yet
real i ghic representation of the Ken- signal ensenble K, and magnetic
field strength ensenble M for sector #1, only a fi-action of the
total nunif¥re ah tkdOformvisd Kitir sizgalodnsthblerfagihe | scottirsdendfd K;sby grouping
represented in Fig. 6. Next, a magnetic property (such as

r emanence 2D Fhec%"éfa(%e\:}{)%ﬁlg‘?% [E3SPEMERTE %rpfafor agé"@ig &rvol@iags (Pgleds or:
#J) is detgonim otdid th tgnal —ensemyl ef o1, € Thic i
particul ar sjené?g{ré %ﬁ%ﬁ?yﬁékﬂﬁél aglagﬁﬁlg{ Wt%ﬁg ?égn t‘i’J::rqf el 642? 'enTéltl%lS
ensenbl e fshown lsenceptirellydolfag. &dot be Keramehyl, envpinbleVKt, .o, ethe keanc eighd
Fig. zs tQ%$§£ﬁf gigq@ peasurenent 15 in mlli-degrees for a

parti cul ar’sec %frg CP%%'track under test (Y-axis 804) was plotted
agai nst the applied magnetic field neasurenment in Ce (X-axis 802).
The resultin

Recglling also that the individual measurements in the time series of magnetic field
strength measurements {M(i)} are denoted M(i) (i = 0, 1, ...), then the average
magnetic field strength measurement for the p™ traversal (p=1, 2, ..., 400) of the j"

20 sector (j=1, ..., 64) by the point of incidence 419 is denoted M,,;, which is given by:

i=((p—1)x6400)+(j—1)x100+99
My, = > M(@) /100.

i=( p—1)x6400+( j—1)x100

One can then form the magnetic field strength ensemble for the ™ sector, denoted M;,
25 Dby grouping together the average magnetic field strength measurements M, for all
400 revolutions (p=1, 2, ..., 400) of the magnetic disk 404. In other words, M; =
{Mp; | 1 <p =400}. This is shown conceptually in Fig. 6 for the magnetic field

strength ensemble My, i.e., the magnetic field strength ensemble for sector #1.
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pl ot takes the shape of a hysteresis |oop since the Kerr signal
measurenent may be different at two different sanples for which the
magnetic field strength has the sanme value. Specifically, the Kerr
si gnal nmeasurenent will depend on whether the applied 20 magnetic
field was It Wél basotad that stadurlbasyerging the hppliddrreagnietic freldswnibngiiningte
t aken. 1e hys i.s. loopfor the particul ar ctor i.s .
pl otted, O{?x?afgn%@%d?%k vib'(?{/%geﬁfzes tﬁ%%%@%c%lt VR S&éf”er?ﬁﬁ%la’.m%r e applied
coer ci vi t yndgienotierd wih ahOivetugs @t Rimefif (briifcrefRhG 0T 108OEert SiBp YAH YE
of the applied magnetic field at a Kerr signal (or 25 nmagnetization

val ue) of 4t eyclawi Ge/tthdor bawasenthewhdedivg.eth MRP 7D det diervasreshoas inhe

Kerr si.gnal. neti zatyon value) at zero a ied magnetic field
win r sopait FHOTRALBLBTH. BhPEriaRbifiof ShBeTrRl fratBatinb Ry i
t he coer ci4il Byan(itkkefidkl iridr feef) € T8Srédent a §itplikiBdl, SycP AdalibifciepfesSRAIA of
can be determined to be around 4300 Ce while the remanence

(i dentifi dbe Kerresignal paembde Korand magnstée field stigngtbeenskmde tlnéd stgob#l,
around 73 mJ Li e dviant us| .t he gve techni que can
be perfor n01:rgﬁ % o@acg%f/%ﬁgﬁ gor%alo@&s{%(gtoggﬁ'?gorﬁvgl%lﬂ%nst ?tg rﬁ?’ﬁ?@ﬁ‘:{a Sgtz,?m 15
based on trhgewatadasFondi ng Kerr signal ensenbl e and nagnetic 17
field atrength ensenbl e for each desired sector. Al the ensenbl es
are fdPmed from the same tine series of Kerr si gnal neasurenents

{K(i)} anq\léxlf',e? ﬁ}?ﬁ{%ﬁé {ﬁgoq%ﬁtﬁr;@%}f;fas rJRGNAEL %nﬁ)gglcﬂer%wt?g%{){: g %articular

measurenments { , the single pl'i cat
sweepi ng ragneld.g., Seadrd#ljhis| detdringnedalgn piatiingredi Ketrrdgral essastie Her tieed

to determ ne. 5 magnetic properties of nultiple sectors of a track
under t estPAUEHAL Sgr%ltR"eénet“El*)Fé?' =p§803§§§“t _Fhﬁr@_a%‘?qﬂiccﬁei‘itw?%}h REfMg Terothe
separ at el paaRRlaY stdier GURER! M) AGMEEfeferdck & Higd 9, t%@m{_rhg%ﬂ}néa%raﬁgﬁ

sector to be neasured individually and in sequence. ysteresis
| oops lPor idinfifliedegneesderca parsiculpt $ectoe oditlief taacknindemntestr(Yraxis Bid) waseplotted

coercivity .1 nd_r nence. o hese sectors_are, corr ondi ngl y.

di fferent ag?llggtt %ﬁsapPﬁee %gﬁegéc ﬁflﬁlmeaﬁgﬁﬁﬁeﬁpm Qter(?%ﬁil? §ﬁ§’DI ﬂﬂe r‘%}%ng
parti cul amplottthleessé sBdpeVat! AIBGstéreds ESoPNihdROthe KRN FBEA BOEurcGREl flayidey
of the sectors of the track under test can be depicted in %raphl cal

formats stiderenisat thatdifierent samplesdfor whichabe evagnetimafield smeigthhag theptame
1o L0 SRR YRGS L 800 3 L Lo ©
sect o26. Imagregc fi8A wa ipossiny @ ddtshsindut thefimeahe kesue@esa vk takehor
each of the 64 sectors of a given track are plotted in a col umar
Once the hysteresis loop for the particular sector is plotted, its coercivity and
remanence may be determined. The coercivity (denoted H¢) for a sector can be
determined as the value of the applied magnetic field at a Kerr signal (or
25  magnetization value) of zero, while the remanence (denoted M) is determined as the
Kerr signal (or magnetization value) at zero applied magnetic field. With respect to
the example hysteresis loop illustrated in Fig. 7, the coercivity (identified here as Hc)
for this particular sector can be determined to be around 4300 Oe while the remanence
(identified here as Mg) as for this sector can be determined to be around 73 milli-

30  degrees.

Advantageously, the above technique can be performed for any number of sectors on

the track under test, based on the corresponding Kerr signal ensemble and magnetic
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graph. Specifically, a sector's coercivity in Ce (Y-axis 904) is
pl otted against the sector's ordinal nunmber (X-axis 902). In a
non-limting exanple, this type of graph 20 could be used to conpare
the coercivity found for sectors on a given track of a nagnetic
medi um agdiohé strenghnsesieinhte foo esdedésiret! lsecter. i Allaheliehdearbdercare fednaddi fr@nt o
the baseljne. In the. affirmative, further i tigations coul d be
made to id %F???E?ﬁée“?ﬁﬁgéﬂTF@Pﬁﬂﬁgmaﬁﬁﬁﬁﬁr@§%géwaé SEMEURA SFRASAs
observed GomeIiYiitM sHahdB meafdehbsts {?@l@?}l. | 1 §his SRy Hh8 singRe a%?ﬁ%ioh%‘?a

o]

same distribution of the coercivity for plural sectorsin gr aphi cal
format t h&awesping maghett fisid maple dbemagneictmeritikm 30Btes fars be tigrdso 96@ANine

908B, 208C o circular disk. In this form ranges of val ues for
the ¢ ogr c %allg['ﬂfﬁ% re()pglglf o8 F g{uztépﬁg\f?cﬁoré of §ﬁ’é’8¥ flf“iér(f‘fﬁt‘o &?’ISF‘B?keé %Woé?ssa
coer ci vi t yndretef@eant30Q0 h&Enanel s§PfelPoappSHaR Pfechitg3RagiRbl HelPRBEKH

may be set to_be displayed In |I8ht | ue, while a coercivity between

3201 Oe aRHNtIservheectpsiodrs ragpsingd dedivigralboge)in seguebes. set to be
di splayed in green. In this way, the coercivity for multiple sectors
of the track 906 can be viewed sinultaneously, and anonalies can be

i denti fi edHedystdresis 1bd18 fapdicarenn st wall 5paiftdrét, mealifs thalhe cBércivity
shadiqg. Thi,s techniq#e advant ageously al|l ows the rapid .

i dent ilPi c&Rf gsmaneacept gt s5reory fgcorepopdinglyoliffsieatanst thyp detadireniviid
maxi mum ofgo i N AMBLabyEes ; I I used
to flag segtors on a tracﬁlgﬂggggﬁgg?égbfggspggréﬁfﬁgﬂngggég?%hﬁ2%%00
Ce or is greatvely dfithe sGO@ obehe sakhumier itest s@cbodeBOB8Cin geiphhnformats

col ors or shadi ngs .be us to identify sectors whose coercivity
may fall St ?ﬁgggugﬁwagt%ﬁéﬂﬁ%F@H§Vm6%F§W@$%rs necessary for
equi pnment to properly effect read and wite operations on the

sectors in question. Wiile Fig. 8B shows the distribution of

coer cil¥i t FigsoBAqansl §yllbustragdosamplavagpletal dormasl thatnesuld heased tadilepict
t he sane f uld.al so. be used to show the distributi.on of . 10
coerci vit }1% %?{a%u‘?%eiagﬂ gt aie %264%8"10%% Fie S Rgssjile disribution

appr eci at ed tlidaderditiey fo2 AL BEBe G kbR LOMNY 8t thalld O PIeHkddSinQf colrhhdr
degrees into units of anpere/m Mre specifically, the relationship

is M=f" g4er ebeciliGallyaa paetonoy corrpiiftiantOaY 1Kt YRegrie pidtedegang tad
(A ARSI Lo 6500 ] A EPBIOGR I
20 could be used to compare the coercivity found for sectors on a given track of a
magnetic medium against a baseline to see if there is a difference relative to the
baseline. In the affirmative, further investigations could be made to identify the
reason for the disparity between the anomalous observed coercivity values and the
baseline.

25
Fig. 8B shows the same distribution of the coercivity for plural sectors in a graphical
format that schematically represents a track 906 of sectors 908A, 908B, 908C on a
circular disk. In this format, ranges of values for the coercivity are associated with a
specific color. For example, a coercivity between 3000 Oe and 3200 Oe (such as in

30 sector 908A) may be set to be displayed in light blue, while a coercivity between 3201
Oe and 3500 Oe (such as in sector 908B) may be set to be displayed in green. In this
way, the coercivity for multiple sectors of the track 906 can be viewed
simultaneously, and anomalies can be identified based on the appearance of a specific

color, hue or shading. This technique advantageously allows the rapid identification
18



shoul d be noted that calibration may be required to determ ne which
preci se value of f to use. However, relative values can be used to
conpare the remanence anong different sectors of a track w thout
necessarily having to conpute the true values, thus avoiding the
need for odlstdomtthgrare 201 Astside of prdvettrpiredivasnym dthairdpuincedludse dror

system 411 generates.the incjdent optical beam 412 continuously .
during a teég‘fll?ler %acro(y?rerseg C(S’fd. %Pﬁgrtoaﬁ%%ﬁ’ir%%ﬁttﬁc WHQFE ORIty 18
bei ng per feahérEidssofat heooTBgRRtd Erefies Kiafi Qoo IOk, dudteds iantcdf oddte oekhad
and apparatus described above, the optical beam system 411 generates

t he inci deatoropt shadinge maydemised 20 odenyifywbestora wireseseoeeareitt miag faléedtsiet o

b by th troll 433. T, i nt j ttent t f th
opt L oar baningeRbplotl Ml ReS o Or sy PBLL Piosr st tpeen
or extend Vtzﬂﬁeobéﬁﬁg&fontthes&@(ff@g{l@ﬂ;sﬁoﬂﬁ the optical beam system 411.

30 As described previously, the tine series of nmeasurenents {K(i)},
{Mi)}, {A(i)} received by the controller 433 during a test

d ; ' . g€ t . f ts, .
proper oxcedt b aF TR b & HREE G ocERANENER She CRABKPBAGR Gee

vari abl es nseddlm 8sch bvea disirhed sadie HE6E0I0SIdRE0 be el t@Fhdvi theR@ABItidh of19
medi u the rotation speed of the nagnetic nedium and the profile of
the appli eqerehalyriet meltpleiraeks Pflﬂilesmégﬁ@ei vabl e that many or all of
these variables will be knowmn well in advance, such as for a test
bed that is pre-configured to only test disks used in a particular
t ype of hdt éhalid be.apbrecatehthat dasemanbecevaani ot soreraediftons uaikd of anllbe

built 5 up from nmeasurenments taken in real-time, while the nagnetic
medi um r ot958EEs i FaisVampere/ah P speciipiive degelsionsham ist & /Aligderec
field str t i - -predi.c re: a1
reasur od. T inay e S EER! iy ol bla B0 RRBRGALES S AEKDET G Ty mill
cont r b ouepreth evineigneicpendentedttha prighett hyditineandalgnaitical aaiflgudiZiznyvita

10 the gap, 4 can estimte . the applied gnetic field that it
expect s sﬁB&‘ﬁg’bS%PEﬂ@t (s aﬁ%@%ﬁs ropUred {0 JSiFTT e VRIS YAk S

can feed thigel NHRYWERES, QBlafil & vaiugl tah bE AU 6 QBmp%Cﬂﬂesx*@fﬁgﬁélc'éieﬁﬂong
directly to the controller 433, without the need for a separate

channel idafferpet sa¢tDrsoafmvisackevithp®t neckSsasiynhdvang tp, coittpushtbe brde belues, thus

appr eci at g Lkl g, FRE DA, Masurement s A(i) can be

20
As described previously, the optical beam system 411 generates the incident optical
beam 412 continuously during a test, regardless of whether a measurement is
currently being performed on the magnetic disk 404. In a variant of the method and
apparatus described above, the optical beam system 411 generates the incident optical
25  beam 412 only when a measurement is needed to be performed by the controller 433.
The intermittent nature of the optical beam generated in this variant may reduce

power consumption or extend the life of the components in the optical beam system
411.

30 As described previously, the time series of measurements {K(i)}, {M(i)}, {A®)}
received by the controller 433 during a test undergoes post-processing to generate
ensembles of measurements. Proper execution of this post-processing depends on

knowledge of variables such as the number of sectors per track of the magnetic
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predi cted rather than nmeasured. That is to say, the controller 433,
whi ch has control over the spinning of the magnetic disk 404 by the
spindle 431, can estimate the spin angle that it expects should be
applied by the spindle 431 at various sanple tines and can feed this
i nf or mat i GRS, §1eg1i0f3éllonf5@?¢ﬁ of the rpagristic amgsliwn,” artd) theiprefiiel of the appleed20

control l er433,. w.thoyt. the n for a separate, channel in.the A/D
converter Iﬂ%g}%uf \#eg]llcﬁ 3 C(s)gceeﬁ\ga&’?eot,hamé% Og&{l hOfﬁH?er?ﬁ‘&ﬁ{é]F? & ﬂ? i0g gown
strengt h anel inhelvapiensi@hgls doied st fodadiGh geb-saieredtth 3Ry BANLE dsed M€
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measur enerft RHGHIT typsofridl drivg ey Fuck acatso thenwiioys efsembes i @ sembe built
i nvent ison [ : lllustrated, it wll be par ent
o thode <l Trad R ERa e Ref AR e SAC Rbienkls Ml el

vari ations can be nmade w thout departing fromthe scope of the

invention . as defi n%d br; t he appended clains. 30 20 WHAT IS CLAI MED
1S 1. AppaPEPUE: flothopgs be fgriscitegnidal thepmagnatic Bddsiersthgneasuzgments
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pol ari,zed tic beam. t rds the portiaon of the magnetic nedi um
that 10 1 At B® Tdyhdl ?Séllﬁﬁ?%ﬁﬁ,appw&wlf%@wp%ﬁ‘i iEgrPesahryld cxist paetsed
by a surfage Fgf 42408 vaReRedant BRI M BLanSeePRid W Bnatifg tig%l{igﬁl Ed}mt, h&
magnetic field; 10 - a notion sub-system conflgureg to no t he
magnet i c reael samme &) divectlydo tieecontptlercd3, bethoutsbe aeedtfor € sapamtd Eennel

poi nt of i.ngid epecatedly traverse each of a plurality of
sectors allg%’g)ﬁt&é‘% rt‘E!;)rnéi%t%he surface of the magnetic nmedium wherein

the magnetic field generation sub-system and the notion sub-system
cooperate to vary the strength of the magnetic field in _
synchriteni 2a0ilay-vit tshouldsbergppresiated thatethgoiprt anglei meisuemestsahhgan e
track; - SRasH L ERENhars HR; e igured t taj.n a,series of
Kerr signal — measurements o ﬁieﬁrlag? :Tn{é)c?dg’dﬁlgp%ofqga ergdggmwgécit}}?é CBR Rl
of inci denwer the spinning of the magnetic disk 404 by the spindle 431, can estimate the spin
angle that it expects should be applied by the spindle 431 at various sample times and
can feed this information (in digital form, for each sample “i”) directly to the

20 controller 433, without the need for a separate channel in the A/D converter 434.

In such a scenario, where both the magnetic field strength and the spin angle are
predicted rather than measured, the only measurements taken by the test bed 420

would be the Kerr signal measurements K(i).

25
While specific embodiments of the present invention have been described and
illustrated, it will be apparent to those skilled in the art that numerous modifications
and variations can be made without departing from the scope of the invention as
defined in the appended claims.

30
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repeatedly traverses the sectors, each Kerr signal neasurenent being
associated wth (1) a corresponding one of the sectors in which the
poi nt of 20 incidence was when the Kerr signal neasurenent was
obtained and (2) a corresponding strength of the magnetic field at
the tinme when the Kerr signal neasurenent was obtained; and - a
control swbHSieM agMEPDYsed to group the series of Kerr signal
measurenents into ensenbl es such that the Kerr signal neasurenents in
an 25 individual ensenble are all associated with the same one of

t he sectors, ,th trol. -system being furt.her configured to
deterninelatAﬁ%%gﬁggﬁéa%%gﬁe2¥%EU%¥%§gy¥gm8Pn%Pgleast one of the

sectors from t hend@efic feldna@herdBassibesrRhScdntigutdd@o apply asRamdiidgeld of
ensenbl e, 2. The apparatus defined in claim1, wherein the magnetic

medi un?i s ci r caltERe-yiryRegirengh tempeition 9f theersichc msdigh sub- syst em

conprises a spi - ) :

passi ng througﬁqs ?&&géﬁﬁéﬁ. %%ﬂﬁ%y$R%H§%%§%%?Hg§§%?§%§ &#%p% 5?%%?,
wher ei n t he notowards e pyisioa i the trh&gnetic angliig ehataisnbt thermadnade ffeix,
translating the spindle so that the circular track containing the

poi nt of inci déw@éel%g’rer@élﬁemmﬂére&leg&%gwfai S@rffa%%ﬁéhﬁ glagaeticgaedpm ai a

The appar at us %%fﬂt@?ﬂmid&n&%iﬁitﬁ%&m%m&rf?eﬁd‘ the |ight generation
[ u

sub-system 5 conprises a lig sdurce and a polarizer. 5. The

appar a0us def i nedotion sbaiysted, contignesidrio ive el thg htaggetivanediinorekitibe sydieem
further conprises . at |least one myror. for. diyecting an output of the
['ght  sour oo, t KPBRRRCTHE 154 Anrrdpe Peint ohircidshS tor etk HBtFrseach
claim4, whereif atm@aﬁgm%@tagrﬁm@@nw@ beMLCRAMAEE SEe rdbndtic medium,
pol ari zati on anal yzer for admtting the reflected optical beam and a

phot odet ect or ¢deptie dha magnesic disld genenaticorsulirsabtymesnd tiie nRiionaspparsiens

defined in claim6 erein,th gt]lhar' ation analyzer h an opti cal
o s ohat o oS e R A8 hRRRI BT o 3BoRRa R LR

appar asus def i meslionrvfehapdintof indiesek AlonBehopidkeal beam det ection unit
further 15 conprises an anplifier for anplifying an output_ of the
phot odet ect or . QMEFHECHHY apHY TSteabfORBEIERE to] abtAnea §ahis e9fnKeresignal

control sub-sysfemeompki §8Sh@Meflected optical beam as the point of incidence

repeatedly traverses the sectors, each Kerr signal measurement being
associated with (1) a corresponding one of the sectors in which the point of
20 incidence was when the Kerr signal measurement was obtained and (2) a
corresponding strength of the magnetic field at the time when the Kerr signal
measurement was obtained; and
- a control sub-system configured to group the series of Kerr signal
measurements into ensembles such that the Kerr signal measurements in an
25 individual ensemble are all associated with the same one of the sectors, the
control sub-system being further configured to determine at least one magnetic
property of at least one of the sectors from the Kerr signal measurements in
the corresponding ensemble.
2. The apparatus defined in claim 1, wherein the magnetic medium is circular with a
30 center and wherein motion sub-system comprises a spindle for rotating the

magnetic medium about an axis passing through said center.
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anal og-to-digital converter for converting an output of the

phot odetector into digital sanples representative of said
nmeasurenents and a nenory for storing the digital sanples. 20 10.
The apparatus defined in claim?2, wherein the control sub-system
conprises a controller that carries out grouping of said series of

measur enent SThdtappsahd demaMH ehibasedvigieia 1Rt §08bn " Aediem Hrdde
magnetic medium a rate of obtaining said Kerr signal nmeasurenents
and a profi | eonapizses defmpriens stge doi aahgating thehepindle enghht thef citdubar track
applied magnetic field. .25 11. The apparatus defi.ped i.n cl ink%O,
wherein the Lot P8R ‘U%ygyg?@ﬂg%%ﬁﬁ?ggﬁgnéHn@6ﬁﬁﬂ5?ﬁﬁd%@&ngfe_ane
that all ous Bhdlsagﬁarta@s s@dfirefieinPeRfmh | B tihateirfehd ']%flt tdaReral@ 1s8bisPdleRf
the strength of the applied nmagnetic field. 12. The apparatus defined

in claPm 1, cepeehaligbt sosrrersf apglriegst em conpri ses a conputi ng

_ _ s sgriereof agglsrisgst em conpri ses a cor
isplay 30 CramRREay RTREHSLERRR 4 RheRhl Hrdb el kRl e

magneti c progenpriseohbt tdast @te mireashbr olectdl dnh@utp@CIfans lighPsolidee thi®igh
apparatus defined in claim12, wherein the conputing unit further
i npl enents  ROLIGEET ons for driving the display unit to

si mul t anequstye ABRkAYISHIRN Giim 4| PRQENRE ARAAAANGRLLY Syl BbfRR!
one magnetic property of plural ones of the sectors. : e
appar abus ded i pddrizatiool ahatyder Whreradinittinpe tlet refeaséd ospgicalndieainl and a

ropert i ncl ud magneti ¢ remanence, 15. The apparatus defined in
2Ia?n11¥ mheﬁ@ﬁﬁ%%ﬁ réP“P%ig{t ﬁ@gﬁﬁgﬁﬁk$ﬁbﬁﬁbperty i ncl udes
nmagneti c coerkd ¥idavatusl@efinBd MBLARE 60fhiest t'él@ %o%ﬁ%%%a&z%s e oIptical

conprising: 10 - ‘applying a magnetic fi el f a time-varying strength
to a porti onax$ thahs ofiseiginemiag opedhil angs of thtti podarizeng a pol ari zed opti cal

beam CoverorhMERED) Sl DTSy SRR e

of t hesmagnetdreprived b inplifier BPAMPliBIngd MIERNGE tHepHoRRlcrBR@REL i ¢ fi €l d;

15 - noving the magnetic nediumrelative to the optical beamso as to

cause t he9- The apparatus defined in claim 6, wherein the control sub-system comprises an
analog-to-digital converter for converting an output of the photodetector into
digital samples representative of said measurements and a memory for storing the
digital samples.

20 10. The apparatus defined in claim 2, wherein the control sub-system comprises a
controller that carries out grouping of said series of measurements into said
ensembles based on a rate of rotation of the magnetic medium, a rate of obtaining
said Kerr signal measurements and a profile that defines a variation of the strength
of the applied magnetic field.

25 11. The apparatus defined in claim 10, wherein the control sub-system comprises a
computing control panel that allows a user to set the profile that defines the
variation of the strength of the applied magnetic field.

12. The apparatus defined in claim 1, wherein the control sub-system comprises a
computing unit that implements instructions for driving a display unit to display

30 graphical information indicative of the at least one magnetic property of the at

least one of the sectors.
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poi nt of incidence to repeatedly traverse each of a plurality of
sectors along a track on the surface of the nmagnetic nedium wherein
the strength of the magnetic field is varied in synchronization with
notion of the point of incidence along the track; 20 - obtaining a
series of Kerr signal neasurenments of the reflected optical beam as

the poi nt 16f Thegpaeneeddrapeal einy 12 AN@ER e dEpuiRE Lalt FurtlRIGRpKBIchts
signal neasurenent belﬂg associated with (1) a correspondi ng one of

the sectors ingtruetiong hfor ibiviyes rike @iisplaycivdié nioe siwadtangraslyt Hispldgr gragliigaial
nmeasur ement ined. and. (2 correspondi n trength of th
nagigtic fieﬁ@@%wgﬁhgh ﬁﬁg% %%ghk%% Wﬁé“ﬁé&%msﬁaﬁﬂﬁ’ﬁg&%ﬁ%ewgﬁto

obt ai ned; angkcggroupi ng the series of Ken- signal neasurenents into
ensenbles such that the Kerr signal neasurenments in an individual
ensenbPe drfeThf PPRA3yE dsfinel i cliimhk whemia GReatdeast Ivae seeanstis prenedy

determ ni ng LC property of at |east one of the
ey EheRRt (RANGLL

sectors fro measurenents in the correspondi ng
ensenbl e. 157Thd heparetubeldfidef imethihnl clvhérainlfhe £ dBFE iohk NPagneldd property
obt ai ning a se{ies of field strength neasurenents of the applie
magnetic fi el'§ludes Ragn§tis|caestiyngt h neasur ement's bei ng obtai ned in

etic ( CoC . groupi ng the series
synchr oni 9 Wihiinbder Katife o kAL ERARH SRR OF 0upi ng

of field strength neasur into ense ch that 5 the field
st rendfh neasurappbmigs ai magretic néldi aflal timaserybige staergeth ho se poidioai efethe
while the point_of jncidence was in a correspondi ng one of the
sectors; deter G HEUEL | east one nmgnetic property of the at

| east one of_t hﬁre@t@&% Qr Polafiz@Mobhal Kedam SHPRAS MBAHISTEIH fhel ﬂlagﬁlﬁlc
correspondi ng ensenbl e of Kerr “signal neasurenents and fromth

field strength mehentkareninsthe magnetic fieldcwhermapthndipticel desmribraleofed by
field strength urements. 18. The thod defined in claim17, )
wher ei n det er maﬁﬁféc‘?%e at” %%%CtmgﬁngE@%ﬁt 8Fmﬁ{}185%erlwﬁ%@_elgrf1%m£eld’
| east 16ne of - t heoHRE HRY BaGRHPTheRSn relafbl & tHeNtidalBEIhEIELE ® LRGP HRY
plotting the Kerr signal neasurenents in the corresponding ensenble

of Kerr signal RAHSARGENCS tatrapssdlytieerse epeh of a plurality of sectors along a

track on the surface of the magnetic medium, wherein the strength of the
magnetic field is varied in synchronization with motion of the point of
incidence along the track;

20 - obtaining a series of Kerr signal measurements of the reflected optical beam as
the point of incidence repeatedly traverses the sectors, each Kerr signal
measurement being associated with (1) a corresponding one of the sectors in
which the point of incidence was when the Kerr signal measurement was
obtained and (2) a corresponding strength of the magnetic field at the time

25 when the Kerr signal measurement was obtained; and

- grouping the series of Kerr signal measurements into ensembles such that the
Kerr signal measurements in an individual ensemble are all associated with the
same one of the sectors; and
- determining at least one magnetic property of at least one of the sectors from
30 the Kerr signal measurements in the corresponding ensemble.

17. The method defined in claim 16, comprising:
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15 strength neasurenments in the correspondi ng ensenble of field
strength neasurenents; and - deriving the at |east one nagnetic
property fromthe hysteresis |loop. 19. The nethod defined in claim
18, wherein the at | east one magnetic property includes nagnetic
remanence. 20 20. The method defined in claim 18, wherein the at

| east one magNehifniRE AREAINOF HeRCItASH HBLRRh s L fﬁiiEcYma%&eticmd,
nmet hod defined in claim 16, wherein said noving corrprpl ses rotating,

wherein each dhe §eldstrseghongsirsmerisdeey thdaiaepin sadmoagnewith ths Ked
with a period cor{es%)ondieglgs,to the tine taken by the magnetic nedi um
to effect one rev8lBETISH™25>22. The nethod defined in claim 16,

wherein the Kergowigele J8E8$ ¥f ERRN{tTengfiemehditald HRo @hsedithi@nglcs it
poI arization rotation relative to a reference orientation in an

absencé of t he thaafpldtstiengthenepsuzgientsha anandisdivdledrisemble are thase wbtedred
wherein to obtaj.n.t si.gnal neasurenents.. fromihe refl ected
e PR b R B0 PRI TE N Pk BN B 40

optical beam the re i cal "beam

pol ari zat i on- anteym@fingihe adldaktaine deloaet Opropedy ofliie anbNede defhenedoisn
claim 23, further conprising sanpling an output of the photodetector

to obtain the KE¥R (RS & sigedlsupashismests pythesorreprondinghetserble plelferm
cham 23, Ut ek PBRLSHDABARLLA L SR gt Bt (R e,

phot odet ect or tarn err signal nmeasure
definé@ in cl aicon2fpondingreasemidabifisldnpbhgiy niedsiwaneited out at a

sanpling rat wher ei ai.d grouping is carried out as_a function of
t he sanpl ilﬁg%%mre od ‘%ﬁ%ﬁidmé{%tlﬂod"h&@m Hel§rmiming He pt Xesst Gpfepapetic
sai d moving GRR §/§F'§1e%Pfe@étioggofﬂfé%E&Bﬁtcr?ﬁﬁ‘airigeQrOUpi ng is carried out

al so as a function of a speed at which e magnetic nedi um rotates.
28. The net hod obéfininga hystarésad mop7hy plogingy thedéérd signelupicayrémgentairr ited

20 The mot hod ‘SEFTRBGEn SKCHITH 28, CFUr COR CORRFOERY PO oihg
trigges signal shengthnfhieSat@nantdaW fHRYebiispeidifg rREMPRIBE! fiGd NRELBIR
wherein said grouping is
measurements; and
- deriving the at least one magnetic property from the hysteresis loop.

19. The method defined in claim 18, wherein the at least one magnetic property
includes magnetic remanence.

20 20. The method defined in claim 18, wherein the at least one magnetic property
includes magnetic coercivity.

21. The method defined in claim 16, wherein said moving comprises rotating, wherein
each of said sectors is exposed to a pulsed magnetic field with a period
corresponding to the time taken by the magnetic medium to effect one revolution.

25 22.The method defined in claim 16, wherein the Kerr signal measurements are
indicative of an angle of polarization rotation relative to a reference orientation in
an absence of the magnetic field.

23. The method defined in claim 16, wherein to obtain the Kerr signal measurements
from the reflected optical beam, the reflected optical beam is processed by a

30 polarization analyzer and a photodetector.
24. The method defined in claim 23, further comprising sampling an output of the

photodetector to obtain the Kerr signal measurements.
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carried out also as a function of when said trigger signal is

recei ved. 30. The nethod defined in claim27, further conprising
providing a clock signal 15 synchronized with the revol utions of the
magneti ¢ nedium wherein said sanpling is synchronized with the
clock signal. 31. The nethod defined in claim 30, wherein applying

the magnebikCcThd Bkthod AERASRSIaiFVVEE Finfithr tcb@pﬁsihg BP0 ard L18pIRANRHNE
field over a range of values in accordance wth a profile. 20 32.
The met hod deffthapglbtpdetedter tmobtain thigdtest signdhengarwtinpeisi s set by a user.

33. The h defin in claim16,.wherein the Kerr signal

reasur ool 5 S el s PREED 8 ofiblihe Taciles gy, oo
Kerr effect @imfling ritel Wherefn saidgicdiphgss cadied e adR iRQof @F itiesinipling
claim 16, wherein each neasurenent in the ensenble of 25 Kerr signal

measur énent sfaor responding to a specific sector is an average of a
plurality ,ef . .S I [ Sl r .sal
o 'the spdai THomeEd a8 MR SN Ber ST M8n Sl o BT
defined in céad gradPingf rcafieid @onmyol & H@indtom ophispeedsitephich tansbaddtiog
the magnetic disk so that the circular track containing the point of
i nci dence 30CEHFYO&Snds to a specific track to be tested. 36. The

met hod defyigned, i ' i TE i Sil Vi
R N L L S
cl ai mi86, f ufunkieen citampare sngth ofiaatlh dBsaebsestoys.gr aphi cal |y  conveyi ng at

| east one eti roper of . at _least two of the sectors. 38. The
ot hod dePonele MFReRAIRRA&In i anfErEePats HGVIcns hOGHEH Cieaft oso
that the opfiicale RERW k&volutfonest afef mapsktcheBdiam, agRin RatdveRApiMeis
obtai ning of consecutive 5 Kerr signal nmeasurenents. 39. Apparatus

for testing earnednetals asadiuetioncdvdrenshidgrigger sigankis reneivegpl yi ng a
et c ekl oL WY YRS SR DR PBRRL e B
towards the p@aichiodivedfwithhBie rebQ1uTREN6E he nitRebiidmbdiai, wheteih §Esampling
TRINeL ¢ Tl O yneonised with the Sock agnal o ©

31. The method defined in claim 30, wherein applying the magnetic field comprises
sweeping the strength of the magnetic field over a range of values in accordance
with a profile.

20  32. The method defined in claim 31, wherein the profile is set by a user.

33. The method defined in claim 16, wherein the Kerr signal measurements are
indicative of a manifestation of a magneto optic Kerr effect at the point of
incidence.

34, The method defined in claim 16, wherein each measurement in the ensemble of

25 Kerr signal measurements corresponding to a specific sector is an average of a
plurality of samples of a Kerr signal taken during a single traversal of the specific
sector by the point of incidence.

35. The method defined in claim 33, further comprising as a prior step, translating the
magnetic disk so that the circular track containing the point of incidence

30 corresponds to a specific track to be tested.
36. The method defined in claim 35, further comprising receiving knowledge from a

user of the track to be tested.
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reflected by a surface of the magnetic nmedium at a point of incidence
in the magnetic field; - means for noving the nmagnetic nedi um
relative to the optical beamso as to cause the point of incidence
to repeatedly traverse each of a plurality of 15 sectors along a
track on the surface of the nmagnetic nmedium wherein the neans for
appl yi ng t3reThageiddcddfingl dn AMEmt 3 fRREG ScohQrisIRVERAIhRSu RIS Glly
medi um cooperate to vary the strength of the magnetic fieldn

synchr oni zat PAYeWing [t leaitionn nuignetteprppértit ofolt 1danictivderidles wicony t he

the refi ecroae aosgleBuRd BRuReR oy Fe Rl GrStiEioleR FapREtehis

traverses theptiaCb@mnsis te@ed off@idrth&d G adaiMBasLES RVbtdinp &1 865eekAked
with (1) a corresponding one of the sectors in which the point of

i nci defice wakcuifinal measkesmenss. gnal measurenent  was obt ai ned and (2)
a cor rESp%@d'éggarﬁttug?&qgﬁin far{’x eﬂg%%ﬁfulgg c&nﬁlraigin t the time when the
S0 ed’ 2hean

Kerr signal surenent aln “for grouping the
series of Kerr mséapnddr apphsn € mRighstid fidle of asemdl a$ingSuehgth héth poRonker r
signal measurenents in an jndividual ensenble are all associated

with the same & %“%gm¥ﬁém§@@?brs; and - neans for determning at
| east one magnefd.Gs RLPREEYnLh BllalifRAS B%t?%? hm! %%vr%fsgﬁeoé%ﬁfgé?@ the

Kerr signal measurenments 1 nthe correspondi ng ense

Conputl@r - r eadabhagneed insedoon tizt s mg thensbpueic fidld, whérein, thetvpricaxXeatt 8d
by a conputin evi ce, cauyse t conputing .device to inplenent a
rrgt hod t hat cgﬁipdl)‘?ci\{esde@ a-Suﬁ??e?{;‘i?‘ﬁd“%p’F'il?rﬁleg’éﬁ 852 BPIng A MfideRenit the
each nmeasurenenfiagnefié gei@nt ative of a 5 manifestation of a

magnet o-optic Kerr effect within an individual sector from anong a
plurality of - sewtaps $orohowngdmeiagectivodedinmatladme &s Swaipticadegtr engt to

o 20 oL Lo TBATRL! Gyl St TESSHRSTRY 2058 S8k, Ml o
of measur enent SeétBisOalGMs AMPARSon HRE sURRS WIEHB Hhienedd nidli@RACHheRE: e
t he ensenbl es being associated wth a respective one of the sectors;
means for applying the magnetic field and the means for moving the magnetic
medium cooperate to vary the strength of the magnetic field in
synchronization with motion of the point of incidence along the track;
- means for obtaining a series of Kerr signal measurements of the reflected
20 optical beam as the point of incidence repeatedly traverses the sectors, each
Kerr signal measurement being associated with (1) a corresponding one of the
sectors in which the point of incidence was when the Kerr signal measurement
was obtained and (2) a corresponding strength of the magnetic field at the time
when the Kerr signal measurement was obtained;
25 - means for grouping the series of Kerr signal measurements into ensembles
such that the Kerr signal measurements in an individual ensemble are all
associated with the same one of the sectors; and

- means for determining at least one magnetic property of at least one of the

sectors from the Kerr signal measurements in the corresponding ensemble.
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- determning at |east one nagnetic property of plural ones of the
sectors from neasurenents in the correspondi ng ones of the
ensenbl es; and - outputting an indication of said at |east one
magnetic property of said plural 15 ones of the sectors. 41. The
conput er -readabl e nedi a defined in claim40, wherein said outputting
conpr i ses 40a0smPtebidiiilanaeis @haRhheahsteRIYRY ME®, Afhdhhexhitel 9fsh

one magnetic property of said plural ones of the sectors. 26a
computing device, cause the computing device to implement a method that

comprises:

receiving a time series of measurements, each measurement representative of a
5 manifestation of a magneto-optic Kerr effect within an individual sector from
among a plurality of sectors of a magnetic medium at an associated strength of
an applied magnetic field, the measurements associated with different sectors
being time-interleaved,;
- grouping the time series of measurements into ensembles, the measurements
10 in each one of the ensembles being associated with a respective one of the
sectors;
- determining at least one magnetic property of plural ones of the sectors from
measurements in the corresponding ones of the ensembles; and
- outputting an indication of said at least one magnetic property of said plural
15 ones of the sectors.
41. The computer-readable media defined in claim 40, wherein said outputting
comprises causing simultaneous graphical conveyance of the at least one magnetic

property of said plural ones of the sectors.
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