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METHOD AND APPARATUS FOR TESTI NG MAGNETI C PROPERTI ES

OF MAGNETI C MEDI A CROSS- REFERENCE TO RELATED
WARRBROLATI ON The present application clai nms t hECheGE08/000299

under 35 U. S.C. 119(e) of United States Provisiona

R b 8B A SRSy SR g B or

reference herein. FiNFABNFETIHMEDMENTI ON The present

invention relates generally to the testing of nmagnetic

media and, in particular, to a nmethod and apparat us

for dynamcally testing magnetic properties of

magneti c medi a including magnetic di sks. BACKGROUND
CROSSREFERENCE TOURELASTED NRERIICATHIONdi sks, rely on

magnetic properties to store data. To ensure that the

di sks neet certain standards of quality, these

i r t By dyi
T e e 3 S Cir o) oy States
Promoﬂam’cateham)phmgmtSanapMpéﬂt%é,%B)fto iAnt etr dstfiled Augdst 13,
manence and coerciyvit Coercivity (typically

zoéiﬁﬁ@ ¥€§°Hﬁ”@@$§¥€ﬂ?¥n&%mﬁ?§ to the intensity of an

appl i ed magnetic field required to reduce the

magneti zation of a sanple of ferromagnetic material to

zero after the magnetization of the sanple has been

P DGR 1f SRYAEEIAN | 1 per el m fef ore to the

magneti zation | eft behind in the sanple after an
external magnetic field is renoved. The coercivity and
The gressaih dwepfiory relatek generable taethe destiggi of mrangtis) mediangnd, in

paﬁggérﬁta:aﬁ% TBAAGLE Gnd b E#a%t'u? £61R hl%ﬁjcai@ té%ﬁﬁéqﬁag negx{:bt;ﬁrtles of

sweep rate " froma positive
magad:tiﬂﬁnahadlrtchﬂmgmagndtm digks. ori gi nal positive val ue.
pol ari zed | aser beamis shone towards the disk surface
at a point of interest that is subjected to the
magnetic field. The beamis reflected by the disk
surface. Due to what is known as the magneto-optic
BAKGROYND: (MOKE), the reflected beamw || undergo an
amount of polarization rotation that depends on the
magnetic properties of the disk surface. The conponent
Mdghetihigietiaf bedt &dcdigpureeldi kiisks NGl of heap@edc properties to store
pol ari zation angle Is known as
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.

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.
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
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the "Kerr signal". The Kerr signal is sanpled many

times during the sweeping of the magnetic field and a
whyeveemsd s | oop is plotted fromthe acquired PCT/SG2008/000299

measurenents. Fromthis, the corecivity and remanence

f th t] [ ‘at th i.nt of int {
a et el ey Bk G orighe! Bt Vites Arir RAbe as Bam
is Bbnd 1o aFRANEHIsk sehifsde abh pdint 6ERMGeR that Eﬁoﬁx@ﬁééfbﬂ_tto BRI Aignetic
of interest on the surface of the disk, the disk

fieldosiTh¢ deamnsis olglegied barthe ik piréases sDhe to apwhiednown e ghe
sweepi f the { ¢ fi t r ongs

sBEEDR0 05 H i TRAOEE b HAL SR S SRl B0 o

polafizgion réfafibe (RN Hemaads o theQhaghetit pedpertiea pf thakdiskdurtiices The
if not hours. This | en%th_of time for testing a single

corgpagient afnthp gefiesteg heamerhibiting ¢ ehanged pelsgigationapgle is kngwn as
n i: heri I

thef §&fk SifhaHeThORUS S fohal HsafPIARRAAIHE ABTR, MLyl of the

mappyetici il diendd hydnéredis oo tis plotted fgmathe aafuitel enaamdements.afrom
.be tested nore efficieptly. SU Y OF THE | NVENTI

this, the,gozgeiyity gndgemapence PE@& mpaengie Aisk gatdhg oin tlaﬁefést%n be

detbRGh&d. | ToPd@MhARItR CRINAN bt rdyARALS BT khe MBRRKRAisk at a
magneti c coercivi t% and reémanence of hard di sk nedi a

secasd nysubisequeatyneinbobiptareshlonKbe purddckaditheldisky thp diskatgsivien is
chI n cfhidsthmet hOds’i trh% n@gneti c disk is spun while an
aélﬁf) & ﬁ%ﬂ%i‘l SIS i s swept and a Kerr signal is
bei ng acquired. The overall effect is that the
captured data is not %ust fromone point but froma
1

Sinep syyegripg ok thavmagheticstieldHakesi sueral seeondpiifiay clgpr that testing
nuifi@36€ p&iﬂ%l ofﬁiﬁ%}e%{ gf .Tfﬁ?fercbﬂlt Pec‘r{’(;}‘glo a tﬁi&ﬁk@zﬂpﬂakg ﬂlimrtes if not
magnetic fie an %he sanpling of the Kerr signal are
howb.! Bynddmgtinbt adhei for péstisg.a Sihgleatiskuicare e Kensidared) madfficient.

data is then segnmented on. a per-sector basis for each
i JBITEP oo id PR aBY Pt aR PRG-I GHRE ofbT SGORE the
maPRkticl ROSerfi QVSH dihh &8 c hRIdiEn 3 VERSEHDKBich Eﬂﬁg‘pl@ RSAHH & the
I's then used to determ ne thée coercivity and remanence
megiunt ¢pa hedested merk efBeienatty. and then a distribution of
the coercivity and remanence forvarious sectors of the
track is conveyed (e.g., graphically). The time taken
for taking neasurenents for all sectors on one track

with each track consisting of nmultiple points al ong
SU&H”%YI%EHQINgENJJ%y the same time that woul d be

required for taking neasurenments for just one point on
the track in conventional approaches. Accordingly, a
In fvhats vilh dpedscrifedt bedovprie seredtern deteibt thore sepksided apmethiod for

dyn%nmigﬁglarrng}t)}%rslg frr?argnetic 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
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
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testing a magnetic nedium conprising: - a magnetic

field generation sub-system configured to apply a
woregnerioed field of a tine-varying strength to BCPSG2008000299

of the magnetic nedium - a light generation

sub- sys onfi.gured to.direct | ar] zed o
Ve SO S e Bison a G & mieohisger B ef o taking
méaalraﬁeﬁttl FolRYNBLLEs bih ¥hd tratk §athNeach Qrdél%tdoﬁélstukg‘ﬂ@mnhﬂtmle
| ected by a surface of the magnetic nmediumat a

pom@a glengdn arndrr@lﬁoe r¢ughbh@e wergh ditechdti wowld ba reguited for taking
meast ¥3 ;& neg nfh% %%k’?néorh%e{ﬁa ra]l?a foac, dl um |
P%‘f %H‘ %(té Y KE° B & R cHPS T he poi nt
of incidence to repeat edly traverse each of a
plurality of sectors along a track on the surface of

Acerrémwg Aeiirscaspeel afifie areverh dueatian secks e pyayideasn apparatus for

t ries of Kerr signal
tGSﬁRgsur gﬁgtgctré&g?]%t ﬁderﬂ?rg?ﬁéct ed optical beam and a
cont moignetitfialy geasrati@ndubeiystenh donfigured o by 8 emdgastiofield of
Kerr signal. neasurenents |ntgl ensenbl.es such that the

Ker Ptlgtegrrarm&éféetﬁt%%meﬁmo ARG S U8 hsenbl e are

t.hogq;ablahhsbiviil- & sthe chii %htrecpfo BR&t @B&ﬁn%@soﬁtfbaﬁbeam
correspondi ng one of the sectors, the control

subteesdse thebpartign qurthhenagnotm rrgadruml that idanetheimagnatic field,

| east one C pr.o one

s oo bR g RBRRL bRaR i BT Bk a Shrp T PR i at
corp@ﬁp@ﬂdblagn@riﬁthegneﬁc:ﬁemond aspect of the present

i nvention seeks to provide a nethod of testing

magA etqtt@nrﬁehrsuﬁ?m@@ﬁﬁgr@d Hymoxp ghenagnesic W |relat*ree'|0dhe
- of @% éaﬁeéﬁ? rSg 'aglgo é& IIlt ﬁn& Eﬁdqu &geatehgr raverse each
magneti ¢ nedium - |rect ng apo ari zed opt1 a beam
 t owaf alplutdiry pbHeectonnalofig b irecloewg thetsiirfacesati thienmt pixdticinsedium;
t he rragnetl c field, wher e| the o i cal beam i

ref P CRFSHIGREn, Whrysiew 8?“ 18 gregiieimohe Ker signal

POI PHeaQfrerh &t Q%E%eﬂ&tehhﬁtlﬁﬁ%@%' gnd 1 el d; noving the
magnetic nediumrelative to the optical. beam Sso as to -

causgecaeriel p@\tlhﬁsystﬁﬂm ewifigerede te ogtroepegheedleyea r@v&ese signal

‘each of a sect ok s atra ck. on
cur PegerSpi iftostealine® SEL T st Hidhh el o
_Ker imdshigirklensepasiél ﬁenmatesomﬁmech ehilefthepbdiatopicidedte was in a
beam
corresponding 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.

A second aspect of the present invention seeks to provide a method of testing a
magnetic medium, comprising:
- applying a magnetic field of a time-varying strength to a portion of the
magnetic medium,;
- directing a polarized optical beam towards the portion of the 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;



- grouping the series of Kerr signal neasurenents into
ensenbl es such that the Kerr signal neasurenents in an

wo naverdml ensenbl e are those obtai ned whil e PAESEmINSD00299
of incidence was in a correspondi ng one of the

sectors; and determ ni ng | east one
pr opeV g BF e, e rbrtiveria e OPGL DTS 3P oo gy the

Si g?éﬁht Hpﬁéﬂﬁmtrépéa&di}hﬁa@e%er &R Q'ﬁﬁﬁaﬁt@'&ﬁm@&t@rs zﬂbng a

aspect of the present invention seekS to provid
an Hp@mratﬂiasurrfme of st inagnesic megh,i ¢ rredl um

R G RE Er P GEE e ABIETeOR GA HacHed Ay b

ne dréiping tHE sdifes 0P IK e 4i86d] inAs@reOht8 fihtd @AsEle€ alchhRanthe
t owar ds the portion of the a@etlc mediumthat is in

t heKeugignal mepsuserdentsyineareingivi lsp‘ter@éfr agethpse; aptained while
r ef ecte 0 a
ot BRI o B BER Por B P B,

mvdﬂmﬁlhﬂigmgﬁ@ﬁ o ﬂﬁ&@ldﬁmpr@iemyl ofen laast dre @fpthe sadtors from
beam so as to cause the point of |nC|denc%
r epBStResar signal girapuemenis in @F cQIrpIPQRAIng £psedtblSect or s
along a track on the surface of the magnetic medi um
means for obtaining a series of Kerr signa

A thdsaspenrenfttbe pfestiteinverftioncteeks tppiovale deapparaing foretasting a

for the.series of Kerr signal neasurenents
“mgW?ﬁqE%E@ﬁﬂ&@§”§H¥% that the Kerr signal neasurenents
N ARads@l ppslvial aNS8IERL EiehT 6f 4 iRs & apRi AbtagtiMg 4 porhbe of

poi nt -of incidence was in a correspondi ng one of the
secthgmeagngieimediggins for determining at | east one

magnet i c.or n
ToORg o8 BREFE £ boPLkE SR Rl 0BSHL R 0P e
ensaphetic 1ﬂedlﬁllmr thbt Asipethe mdgnttie fiplde sitein mh/eenptwah beam is
seeks to provide conputer-reada .e nedla .conta

| nstePeEed B Al of ioRagIE UReuBy 4 RUFhLL Qe in the

ﬁﬁgmﬁﬁqgﬁe the conputing device to |nplenent a
t ho at conprises:receiving a tine series of

e asaesnen virgathh mazastc eredivm p@&tmttp dh¢ yptical beam so as to
[é P{:aeuz(? 2@% :plovw t ngélggc% oe“;’et:p%gtlegly Ravedse e&ﬂet £ aoﬁuraf’lty of

sectors along a track on the surface of the magnetic medium,;

means for obtaining a series of Kerr signal measurements of the reflected

optical beam; and

- means for grouping the series of Kerr signal measurements into ensembles
such that the Kerr signal measurements in an individual ensemble are those
obtained while the point of incidence was in a corresponding 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.

A fourth aspect of the present invention seeks to provide computer-readable media
containing instructions which, when executed by a computing device, cause the

computing device to implement a method that comprises:
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i ndi vi dual sector fromanong a plurality of sectors of

a magnetic nedium grouping the tine series of
woreasemaent s i nto ensenbl es of groups of neasPCESENS)00299

the groups fromdifferent ensenbl es being

time-interl eaved, whergin neasurenents potenti
rep%glgmgata, e, ﬁer{eﬁe aSUEMERtSy Sach rgﬁaéurement p%tentlally

ﬂa?}égeﬁ’t%vé" oKﬁrﬁlarﬁ?efs{%ﬁEn Wt 'rr[hgﬁ&old'ﬂﬂb VL& %lffe@tnﬁlltﬁfn an
ectors are distributed anong the ?roups of
rreamdr\edmdm ss:tcﬁrrfmm winohg a phuralipref @morefo a n@geﬁ@entdlé@;

- determ nj | east e _nmagnet i C ert pI ur aI
one8OBPIEHEC 8W0§@e1s r%fﬁffteﬁ%“rg‘?‘sft}ﬁ b!‘f‘ S ion
t hepeuk@86aRE Ghe %r&l’iﬁsfr&fl dlﬁ&eﬁﬂéﬁdéhibﬂ‘é‘s bend tlme-mterleaved
outputting an indication of said at |east one magnetic
pr opberein leagerdents ppiEntighetepementiéves et thsrganifgsjafipn of the

PR HABLT, B gt I s

pl adigtribited d@@aehe grdiﬁp@l bﬂfneesqmﬁads fromawitkit esansd dry: of the
applied magnetic field. Figs. 2A through 2Cillustrate
di f fRse@hiest ypes of nmagneto-optic Kerr effect depending
n A i Y Gl b r@f{hyge td7h G
E‘%@%j g dclrbggr am o C?Ié%éé@ doﬁ%sed teoS t est g o om
rmgﬁnetgurcmpd iof knehswrementsnil the pbeespendiog snes of thﬁ:mscmhl@s,eand

with a non-li.m.ting embodi nent of the presen
o BprBRE gt R TR Bt SRRy ogewd plurl
di f§esrtheeb@pf ati ons of a magnetic pol e established
by the applied nmagnetic field. Fig. 5 shows a tine
series of neasurenents obtained by the test bed of
Fig. 3 throughout the course of variation of the
applied magnetic field. Fig. 6 illustrates
BRIERDESCRIPTIONGF IHEDRAWINGS neasurenent s
corresponding to an individual sector of the magnetic
di sk. Fig. 7 shows derivation of remanence and
Figl % c}éﬂ)théﬂ%}t TR XA HRbS-dpRePK QP lcdfeB that 1A (PiRe in a
measur ements corresponding to an
magmmhcvmﬂmah espesedto af extérpalimappdied cnaghnstic figlilgs. 8A and
8B show al ternate graphical representations of a
particul ar magnetic property found to be exhibited by

FighT8A Mabh@H3C siRsstaiesdifbrent (PN et KptasK arr legBtt depériding

on polarization direction of the magnetic medium.

Fig. 3 is a block diagram of a test bed used to test a magnetic disk having multiple

sectors, in accordance with a non-limiting embodiment of the present invention.

Figs. 4A and 4B conceptually illustrate different orientations of a magnetic pole
established by the applied magnetic field.

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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testing using the test bed of Fig. 3. Fig. 9
illustrates a conputing unit that can be configured to
W@ 2000920908 processi ng operations and convey t hBCT/SG2008/000299
graphi cal representations of Figs. 8A and 8B. DETAI LED
DESCRI PTI ON Enbodi nents of the present invention
relate to the testing of magnetic properties of a
F1%“?Qﬂ§‘5v§ aeﬂ@éﬂioﬁrafqefﬁh@nee BAd ESGLIONS fidkh h Mgsteresisassp SBtained
he medi um where data is magnetically witten to and -
fromethe ¢nsembleSu mepsyéroents carrespondigg elprasd indgvideal sector of the
"trac , and a "track" can be actually or
magiH éﬁ Jal |y subdivided into a plurality of "sectors".
A non-linmting exanple of a magnetic mediumthat can
be tested using enbodi nents of the present invention .
Figsn@AuandsSh shovypltestat graphisnks r@prgémég@md@%@ PRBIGHERT qRagnetic
f, t [
preBERP RHTRI0 58jexhiPlied BY A 5B el B aghenk di 3P pesuit of
testidipulisingsthks mwbedst Fige3.magnet o- opti cal Kerr ef fect
(MXE), and schematically shown in Fig. 1. When an
optical beam 10 exhibiting polarization in a "plane of
Flgp@l fAfuk#akd Qrbon{p%tlhg Ginftefiht ©4h Be RERsIkE t@‘%ﬂhyrﬁul?processmg
under the i1 nfluence of an applied nmagnetic field
opdrattind@nd captey dlzd groplaiml kepresentatibheef Egs. (HA artdeSBragnet | c
medi um 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 orientation that would be exhibited in the
DEJJE ¥ DESGRPTIENY i ed magnetic field. The angle of
rotation of polarization, denoted F, is proportiona
by a factor / to the magneti zation of the nmagnetic
Emivedimemtslet, thevpesent inventiche patd éntheaesting e f meegneti¢ propexicsiof a
itsel f.\Wen the pagneti zati on of the gnetj c diu
magneticsmgdingy cQntaiptng; 15gloas onabe sgrfag,af thegme iue,n irﬂrta is
%@e Q%r Wf'lttreﬁ Qo Qh@'ﬂ@adofro&h SucHGESEAE cPbd Fe@sl:rr&ﬁﬁ‘)n&sl‘Qracks”
| , this produces a "longitudinal" Kerr
anded feadk” cWh bn actluellyrmgcmtcmztaalbowbdfvmlddelntmg phralgy nﬁdmmrS”-
12 is. aral to the urf f . the tlc ne m
A i gl s eioRt i i o n RS bl B
of (A8 PrBsdkt ifseRBofritludBh coinpur Riradikkes a "transver se "
Kenef fect. \Wen the magneti zati on of the nagnetic
medium 12 is orthogonal to the surface of the nmagnetic
I
Be@gh&%&f\ggﬂ%éb%d% Bk Fﬁ%‘?n@é‘mlg St}:géslgl'ldqf&h} erﬁée to briefly
desefib& e general principle of what is known as the magneto- optlcal Kerr effect

(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
orientation that would be exhibited in the absence of the applied magnétic 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.
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Fig. 3 is a block diagramof an apparatus (a "test
bed") 402 that can be used for testing nmagnetic
w@e@poeddes of a magnetic medi um using the PCT/SG2008/000299
af orenenti oned magnetooptical Kerr effect in

accor dance th ecifi.c non-1i n t of
WIEH 4R HRBesA o h R DR eneh€ pftanih d3dn PRalEior it Srimage of the
%ﬁ%é’dlu&lhl‘? SHRgRehe 51aHE i B Peides &ﬁﬁﬁlel%ahﬁl@(see Fig. 2A),

magneti ¢ di sk 404, however this should
thla:pmsltxcrea@d“la@tudmat Kg'r effoet. t Wdien bleedrmgtzctxzatmrpef thermagaetic

vV a tlon ta r ord and
me? grpélra} L (P; F‘r‘fgacﬁé’ﬁ q@egﬁg@%@qg%%?oﬂhogonal to the
plaﬁé"@f e i dehe dptial 664rh A0 TsdBUBEIR); tHI§ PRAGEsS “transverse” Kerr
(i ncluding coercivity and remanence). The test bed 402
effechn Wher dhewepctaptiohef st megnefty BgBlgy 42 dpwrihggenal to the
t
surﬁ l:%th{ehI%a&%%l@ %ércriagﬂrﬁ g?dagmﬁ‘g%%ﬁggéﬁ ﬁfe 1%&% ndé)?lcal beam 10
(SeﬁdF@k?_@D'ﬂils prddugdsta g;eme’r Heirafifestub- syst em f or gener at| ng
an incident optical beam 412 that results in a
reflected optical beam 413 upon reflection by the
FigMG98! blockiadierbr A &%SI G k&l ¥bagrnes ad:i Uan be used for
sub-system t hat contr I's an orientati'on and a strength
testofg magreetjn erapertics of d nmgpeticuedinmausing/tba afdrementmnad magneto-

fatrac of t na |cdsk404t

optRR] Kef"efftse in AsEepee i 4 R i Sty Smbbdient of the

pre$th thveRtiGR NI Bl Prédedt heiliMitidg e afipe) @he faghéiic Iﬁ@&huﬁntsiemg
the track under test; a neasurenent sub-system for

testad isct magpetis g #0% hghaver, thmsea@lﬂv@t be copférugeé gs mpfing. The
r

test b%ﬁqﬁ)?[%gn Sgrﬂpr?rlo%{e g\éﬂ]aglggug t szeE:c 1%firl éc‘nal‘js??rlggé hlt%%honahty

of tha st ek mouahw&&raﬁerizh@ b@m&ftamdnm@@netpmpeﬁml (thcluding
di.sk position and Kerr signal, grouping the

COCFRIAEY K ESPRRENSR)- aper - sect or basi s and processing the
acquired values in order to obtain the magnetic
properties of individual sectors of the track under

Thet ésst bedu02hean Hetcaimpssadegh it tf@lqwmg isnblisysteius|that allow the

t -
e RR SRE S EE3 fberds PoRotS ok a bt Cla hgns R e
ma@{quld@ﬁdj,ohﬂ ow in the context of a speC| fic
non-limting enbodi mrent of the present invention.

Li ght Generati on Sub- System
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
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

- a motion sub-system that is used to control rotation of the magnetic disk 404
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
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The Iight generation sub-systemincludes an optica
beam generation unit, which includes an optical beam
WGeyEberadd3 11, an optical mirror 414 and a pol aPCE86G2008/000299
415. The optical beam system 4 11 generates the .
i nci [ b 12 whi = Y, .al...
e PR BRSNS s TL Sl i
sur hﬁg@et@fprblblﬁ'tle@@’riﬁdﬂvmndl @kto@cﬂf thd tieckp@idar teger 415
imparts a polarization in a certain plane to the
I nci dent optical beam 412 before this beam reaches t he
f
Pl R0 Xepl Qe TRARENI G Lok TonBrfig thes sebpystems. o
wetllae aare&plamtldnhﬁf thagpmmm off thk tebDBed e, ard preovided Ibdh*mt in the
g be n141? neets the surf e of the magnetic
confpxt &GBFC a9y 1%?‘?%?? igent;of erIEFﬁeQE‘c“é(B“tH’g‘t i cal
beam 413. Magnetic Field Generation Sub-System The
magnetic field generation sub-systemincludes a
Light Gienerpteorf Swhi-8ystemnver 423, a magnetic coil 422,
magneti c poles 421 A 421B and an opti onal fleld net er
(not shown). Generally speaking, the magnetic field
Th@ et gbhadiicilbuts yatadinihdudigesh bptigeRamt GerrdiR@N@it, Cwhich
field that is applied to a region of the magnetic disk
inchles an aptirat beanyisutemetd, Fagtice] Wiroretld asdiapalargeg 415. The

optgncgi ﬁééatlﬁ} %%felnﬁe{i]?l gédegzﬂésaﬂlé F}Re%HP O@I&M 4 Whi is dlrected by

e appli testing Sectors on
an ppt[dal niifr@r4 ldrtacdoghfa poleizapgitedrite adusthceddf4he magnetic dlSk 404.

Accor.di t he netlc field.drjver 423 controls
The H%‘aE‘Fetj %g% IPRYET &g HEUER LN SRR PJé’“E i fhe J}ﬁ‘?e“tt ARtk heam
412 %@fd)lré k9 blefin! REcHS QAL is8FaQf oﬁﬂlenﬁlg icCdibit @od dt hﬁboﬂx@ of
applied through the magnetic poles 42 I A 421B and

incidener4 Ex. r €hephint ©f mmca@mcedlan@mﬁép@ thee@te@yontth@ nfaigpétiy disk

onal,.,The netd c
0 5hEupE Mol fall bRER 17 ey B SFirkS AhE el s 04
andH4efbietbdak ehesepastad eptiddybéangap.424 of | ength Gm The
magneti c poles 421 A, 42 |IB nay beoriented

| ongi tudinally or perpendicularly to the magnetic disk

Ma#éicsfqglhlﬁéne}a@ign%&%ﬁ%érﬂ s aligned for suitability

ties of the magnetic disk
404 Reference is made to Figs. 4A and 4B, which show

Ie orientations of the magnetic po
Thé, Sgneidl Befd, SeneEn O Pn TEn ALTeh R, drgs 423, o
magﬁéti%n&ﬁlt H@I‘ ﬁ’lfagﬁéﬂi% ﬁﬁ@snﬂﬁl& @@ﬁ?sanﬂzad Optidral 'iR1d meter (not
Sui tab for a |ongitudinal recording nedi um (such a

shoavn)rag@gtemlbpspe@&mgd thekinagmetic| ﬁ@létgeacr@don |snb1svﬁt@nclas@ed to
ek THOBHLE 2858 E a6 4 RuffcoCbeRhpbspee bl
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
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
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that magnetic field generated by the gap 424 covers
several sectors of the given track. In Fig. 4B, the
wW@ei0e022993 on of the magnetic poles 42 | A 42 | BCT/SG2008/000299
suitable for a perpendicul ar recordi ng nedium are

orgyell JoAgF 5ol A oA BRF R ALY B0 Pl TORRYCLIE: 00 Pl e sap

4204 hugieaqoi Batabilfte witane récordihg E%;ﬁﬁ[h@ rAtR nagndtieediganoa.
424 covers part of a given track located on both sides

Refsrendges rmﬂlpumFlgebﬂAoamdﬁBa ~vdyich showitwo eisemple osightagigns efihe

58 24000 S R TE TR S T 4, e

orianta@er b ltheeadidsdic(polest 4781 rmasﬁnmglesfa)b aSlpafieudindl Gedreding
descrlbed | ater), which dlrects the spindle 431 to
meggim (gichsasop magaCtetapticdltdig 18 tilpriraesy frothis gager thegmagnetic

Q@%biﬁdﬂ iz} grrezyrleﬂ@ﬁ 'ptafa?lgl to zﬂ%véﬂ? ad! & 8t didé § the medium so

PO Ednstructed in suc ts rotation a
that aiaghetic fidld gomggated by tlth gp 43 4coverscevmatsactoss af th@gnvem krack.

1 ed th b-
In (B0 s THEOGIROANG] S MIENE e 82h 12{Arehhblf B o
petpRBdiBRaN e&dofdifls Shedhf)are THE&HAR O $4id@ s 3Be iSagnetic poles

constructed in such a way that its novement translates
L2ihe @anmeeom@ned rpeaoehéncekadbf foasie oragnotid m&pd@hmgeghat the
maggFthct ﬁegla (ﬁ%era ed\é\)lgl tﬁ% B8R 3% epcg\lfetgse B%rﬁ gp %{g?vaegktraﬁeg?)cfé%e% dboth
SIdegsfthem'laaamimtl on stage 432 may contain a control

nmechani sm connected to the processi ng sub-systemt hat

reports the position of the track under test.
€ Sub- Syst em The neasur enent sub-system
Mdli/r.r;%%ml{?g%ﬁm‘%anal yzer 416, a photo detector 417 and an
anplifier 418.1t wll be appreciated that the
net o- opti cal rr effect rotates the riza
The RGOS RPN S B EoSrhalIad o g motion

sta%ch &3:991&@1% ZphiRM3R A @bcttd® 4 SsindaBt 433 ﬁ@lpr&%asmlg sub-
i n dependence upon the magnetization of th

sysmi orbg gesphibashlatene V{mhn direstts thecipiesthe 43 4 1@ spis o @m andl, the

f rotatl n. ol arizati
e g BB B e B BB B Rl PRe B R0 10 ot
in 8 ¥ aedy ﬂﬁﬁ it ibia€ibn ialboarofdés theNbgretic &iﬁl@d@éﬂ&ﬁlﬂ ¢oRYains a
be inplenmented as a polarizer with a hlﬁ]h extinctian
copteglimgchanismapRActpdge ﬂaf’owr@sesmstsuwést@ﬁtt g aepogigithe gtin angle
of tE sﬁﬂ@lleygﬁr (a%&%eﬂ@@%epﬁltagnetlc disk 404). The motion stage 432 is
constructed in such a way that its movement translates the spindle 431 in a lateral
fashion, which changes the track onto which the incident optical beam 412 is being
shone, i.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.

Measurement Sub-System

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

amplifier 418.
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be perfectly aligned vertically to the optical axis of
the polarizer 415. In fact, it is noted that when the
wappbizxddrmgnetic field decreases from positi VRCT/8G2008/000299
negati ve, the angle of rotation of polarization of the

r ect ed opti beam43vv|I sefr
e 3L pf paree SRR remoerety pBtoh et SR pERE e Rhization
plaaaaifythsrreﬂé&e@bﬁuadlItgeaﬁldmwaél@dnye &o&mbolaﬁzmhﬁﬂ plane of the
optical axes e signal will becone stronger no

incifient epticehdewrerd k2hdn rdGPfaldﬁmﬁ? vyl e magnsiratiopeobthe sector in
Whhcglg%%.l’\?émﬁ?g 1§% %%félp@lt gelpcs:%gc{e t I:fﬁé éx?gf%_r&‘f' }ok%{ﬁ o(%f I?olanzatlon

impeegliow ehengogtd opticad fbearﬁmlal’tﬂllvels afifongh theoardalyer 416 (which
anal yzer axis 416 can be useful ‘whj ch guar ant ees tha}1
in gneoryliming embediment imay bR P %@t%dpﬁﬁ i dOolEgretith a high

extfdcﬁl)ﬂ ra@Y 1PSRIid U@ t@@ﬁﬁ?thte ?tléﬁ%l Qﬁﬁ of$hd f}ﬁg)?er 3¢need not

{rection of variatio magnet i ¢
be ﬁ)eﬁécrﬂlyredigﬂsd Wblelcalilyg A thevepicelr axisT bf ﬁleqﬁdl&merdﬂgl dnifad, it is

an o range, Chl out 4-10 tines t .
ol (Rt R GPEre R egied eI APbugh Fort BTyt aegative, the
ang®' b8 tSRidnNd SpRtizafBh o‘f%&gl%ﬂ@&éd Bptil beah 4anoli#) alsPdedise
used wi thout” departing fromthe scope of the present

froimpesitiveote. nggaéivpholf dhel @olasizer 4151 And dhe enalyzartrel 6 are aligned

' shaﬁlril‘ger? 5! t éﬁftgélp eog 1C lng)liets at[het P&mﬁ“ rtbe%mé I'yteroﬁg{%l X% %’iatter

nal og YiCa i'gha

whtther b %t@tl&ﬁﬁr@é Bpoditiveiof nédptiRe Gilpld Iﬂdttéravﬁdﬁlﬁsr a positive or
anplifier 418, which increases the signal strength

a negithie magnelgildhds ngltq% prooedled Regativh n%?t&ﬁlm‘rh@ angle
offgeewgi a{g gfzgleaﬂmll a&%e%}&ui Svi&l g?egggg%rmatewaf&u?@ of

SI gna and can’be ex In unit
varmtllohlofdhg appis:d magltdmmﬁ;eadzcﬁays)osmva, uekgsetbe shynat etseigey and

stem roc sSi n b- syst e es .th
T DGR O 7 SRS Feetit A EANs® T gl weaker
Th@/o@fsaomg% har arflé’ﬁmﬁma@gec QHH 158 oGO O Qime@acﬁ@ Imaximal Kerr
35. The control I'er 433 nmay be configured as

rot@mmpmlgim glthgh affie0 angles putsidy his gppimet eaep rﬁOIPilcg offget angle)
can eI &Qd Iwr11t d(%g’(;]?m% %i%%lé oq’ltltle %r%ge%’t mdv%}lffflonlood' and.

program:i ns cessing uni't 1002 is
adapt ed to process the data 1004 and t he program
nstructions 1006 in order to inplenment at | east part

Th%ﬂ)hf)‘l‘?ed?tﬁ‘ﬁ%li AohFOPY§rtsothe; mEensigy tof btea sgal atrile SHpYE Qinthe
anffl}pz%} B Y6 Q9% a&ggg efé@ﬁﬁc?leslﬁﬁa'l R0 o u@of‘t‘l‘l@%ﬁf)tooéetector 417 is

gr anm ng ages for-use vvlt many conput er
thearxulpph@btmrthfs amphrﬁperéla& mhidy Stcesases Fer sigralngtaagth prior to

sa@%&?&ﬁ@o gll‘frégsgnsé su systEr ngrhe ou{puf' E){ tlI'Il(e::t | prll%er1 9 98615 ri[;ayema?’[er

referred to as the “Kerr signal” and can be expressed in units of milli-degrees, or

thousandths of a degree.

Processing Sub-System

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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in a procedural progranm ng | anguage (such as "V-C' or
"V-B") or an objectoriented progranm ng | anguage

w@ 2doab22002W " or "JAVA', for exanple). The conpait/8am0s/000299
unit 1000 shown in Fig. 9 may be part of any suitable

evi ¢e i ngludin but t d . )
Th aRialls 9% g BB riiet g adnebas vihd G R IRiEr deted
in %06 WRih iGhdtdQ p%scésélﬁg Rt Q0b2CEtal DA0H rarprbg@s Mkidctions
data from or send ing data to, ‘ext er nal conponents

10Gu chhet mcgﬁpmgdlnet 1992 Is adnptadopipsecess tigalatpa04tand the program

t.ical tem t.he netic field. driver
s 1T P BT Pt 411051 FRSDED & FkbEbl i B b
40X 0ITHe fﬂr@éraﬁ%stﬂ&oﬁ@ 1006 mAydbd weitteh liy a dudsber /0P programming
interface 1010 can be used for receiving a contro
langyaggs | fonpag oyith FraaY nemiMerf Arshitectirs® or (GhsTatigl owstemyp; g For
[ I
excirife, 8 TRHle| AbcBRAL n A Bront enuBrtlcbe By B ipplemented
in agpreesiurdl grogiampliegeaiguagel(Ruchi at EVIET er i‘IVpBErentandolyyct-
the program.in tructlogf 1006.

tionally, the
orignierh O HYMINIE 14588 HRER42 SIcTAS Oriaifof (REPPlgkes The
co dm oSHMY00f SOWRXE TRED Ry U\ IS AfNsulvabil c@ﬂwlhg Qdice
evi ces, such as a conputer net wor k connected via
1ncmdn@albmrnq1\ﬂlmﬂeé$cs aideslgop ackplopotomputingiievidthe A/ D
converter 434 may have several channels for
synchronous signal acquisition. For exanple, a first

The& baip@ingCai thoprmskERIudaMAl 18 itrfidee 01 0o eftenRgURita from,
Kerr signal received fromthe anplifier 418, a second

or s@néwgélatact@umergalowmnﬁw% thsy spindlei43d: themanticsuage 432,
the %‘agﬂ l'ge%mI éﬁtﬁg Sh efh%trﬁ dé?@ dBYed Sh%kgltaﬁg&eﬁls, the

nnel ~couf uce sanplé
analyrset 4b,ahedvd copvanrteadgd and ecp)ont edidivyonhtiy thel/Qdineerfadd 1010
The d| ital .sanples (peas out put fromthe
canf e e QARFT M Gr Oy B doretiRb o gpf|(mot shown)

via qﬁ@%HﬁlﬁM Sontfol PhnM 435, e \A@ﬁn&t B réldsing a sibh8 Hadltidds a

anmpl eS (measurenents) output fromthe second channel
dlspley mng 1'Gl2nandseausessit 66 implanesnt @ dserlinferfacecimpi¢mented by the
asur nts at wll be denoted {Mi)}. Finally,
mﬁ?ﬁ@18§ égﬁgles(neasurenents) out put fromthe
third channel forma "tinme series of spin angle
measurenents” that will be denoted {A(i)}. ﬂ K(i)}.,
Opt{l(mailly} thg ,s;gmpyq(upg l}mh]f(g)O@@f wgludg aﬁ@ﬁ@x@qﬁ 1159rqu¢§ (no shown) for

I 3 oces,
oxSRR8 i TR GG LRG0 RA0SE RS Sonle, poyort
conancted enmnemetookirélbs inrfacu@osdoiarn).s of the rragnet | c

di sk 404, as will be shown in further detail |ater on.

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
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
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The conputing control panel 435 acts as a user

interface that allows a user to view and control the
W@@patl99dperati on of the test bed 402. |n parPCTsGz008/000299

the conputing control panel 435 is connected to the

t rol 43 d allp t .
(mépeimaptSioga AR B, GHE Brtf Tt 1FE Seligt S B ppele
meGIh&td ehathdidl sHdenbdt{@gh)i. nmh@gK tilne {!W(@)f} &t q Adi)§ kire stored

404. For exanple, the user could use the conputin
i momonchy paneliolbs 4 Bex cobelsdipimmggsratie oK G hdNpand
{A@)} t S n%4t el (906?(§IV1 2 a% %gra% kb hgf ﬁl%' D o%s4§?e%tor of the
gn| I'can ues” an of¢lan et i°¢

mafheticdlidk 402, as d&zhEbemi@mtm (furfhee detad Ilzﬁéﬂ drE) to be appl [ ed
by the magnetic field driver 423, the position of the
track under test, the nunbers of sectors that make up

Thél P@m %tn %‘%ﬁm%aﬁé 55 62R 48] hseﬁz%fsﬂ?fdertthoﬁLJd/soz!‘ uéfo view

i'S concelv e t hat
andatarteirgind doarald opanaanmak)é ttise wstubedi $02. s v pdrtioutahn the tdomputing

Co troII 433 .in the forn1 rofile for a given
corfip] BRH T AR U coTR e aar agdalavs sess Bphitgw) o
set Bﬁ@ﬁdlj'uﬁ deﬂalﬁrﬂ%mét&s WL will8e LE&E byP@E cBRZoNlR 438 Huring testing

simlar nedia w thout having to set the paranmeters
of ﬁ)gamgnetw ditkod04d Ber amjepls,t chsetheruld e dlasrpemputing control

43 nent e a_separat e
pargfiet s samened B A LB BRHE ot SRR S g ghe
spiddlwid3ed sighifivhfitel 166 &0 RAE toif Phan@ ofTehe hrghdtid B8N ed the

as a graphical user interface by virtue of the program

magnedic fipdd prodide) 1o s applied by theanagmstie feldedrives 423 e pasition of
theq;acﬂ-%ﬁ&erqgﬂ @0 %m)%%g dtl8 ab:‘gggg n‘iﬁé‘e et'ﬂg b0 ubd - tes’t)’ (as well

oper ati on of HEne magnet i c
as thesrk pasidorc and ram/vlcbgt}destcrl e cb. cdhcas/able( thatrtie aforementloned

robot i t ache t 4 t
parigdsiersrin E e SR, B doneolr 3 e Me oy PO 1o o
givEPRpe f niaA&ic AddiuhP Phcdiser Ehfd tQal thsPratld in sfafeefosuse Ithe

recalls fromnmenory any required parameters for the
testt loesk 4@% m hesé§lmlﬂfé mediatwigous peeds ftorset He pargmetercaghisk It

shou%e lcll’ '§e '8 utu%%éon?ro%'ime(f 98y ?ne#ebe 1{11%)‘11611%% 1 as a

magne pro I e posttion o

sepuﬁckeph}tsﬁﬁl corhﬂitﬁleﬁut’(’ilﬁéct@(ﬂ ts et h&olléred33nvik e Wﬁed bﬁw1reless
track under test, etc. and initjates testing
connggtipiy BN B é’R‘PWnt%ea EFphicak psqrginferface é’b’e\ﬁ”ﬁ? of the

prog% fﬁ§€ﬁct1o‘h?‘?O(S@Mtﬁﬁ’i'thééon‘ﬁ%ﬁ% Afj3 vates the test bed's

constituent conponents. Specifically, the
controller 433 activates the notion stage 432 to nove

o t he sséEdlge4gi and the magnetic disk 404 to the

tion for the track under test. In
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 theﬁ interacts with the computing control panel 435
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
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addition, the controller activates the spindle 431 to
spin the disk 404. During testing, the rotation speed
w@toovkzedpmgneti ¢ di sk 404 is normally kept conBCEHHG2008/000299
although persons skilled in the art will appreciate

a8l 05 BT RO TR P PSR It U BHUREs e
thelt€dt BEd’9 02 SolctieIMRt Ednpdhengont rol | er 433 and data

acqui sition synchronization is carried out by the
program instructions 1006. In addition, the controller

SRSt TRy L, DR S b

on o
andltidemagresic. disipeo4 o cial hpprojrivte msagneﬁ ifer ﬁlreetkazhkdmd\te test. In
423 energi zes the %netlc co 422 base
t

addition, thg rpngﬁaermﬁ@ﬁﬁ%\ h%rpleéleéﬁbt%ﬁ&qdeq?‘?%‘r &%&@aﬂn&
the! &tafir%ﬂ%p%@ & BRI (didd %4 Tp%oﬁﬁ %I Eﬁ Edﬁ%{a‘ﬁt although

via the nmagnhetic poles 421 A over
pergars skildedofn thenagt Mlm@ppmgihetthaz @8 sanpoq:mbamnemts,t tlne speed of

rack er test. Durin estin t.he applied. ma
rotgtcB cpufLOS TS th A o dEE (o SheciGriR oyt TPl a o
to MeOtodtR1RL1488t £ Bitat NGudARD HnchioRiAfon s BARIIY outl By the
addition, the controller 433 causes the |ight
mbgemenﬁﬁu@ﬁmsdﬁoéystenrto shine a pol arized beam of
light onto the currently magneti zed portion of the
track under test. Specifically, the optical beam

In sdditi@intde ddnt@BeLH 33 adtivahs thoeiagaeic figldi geatratiedsuttdydtem to
that is directed by the optical mrror 414 to pass

apply A SRAgRCE Beld dp arnozt&n qfltee reflo rader destn Sﬂﬁlﬁwyswf%eﬁc
ﬁelafdrrveezrf@a glke tﬂﬁ aﬁgé&% &il 40%hR0d B aefstreﬂ%rh%tﬁa g]‘fientatlon

Nat ur a xact location of the pol
of uhn mageemeﬁeld Qewledrto endrate tarmadaetin field. tBwetmagnetie ﬁekulvcmplied

. time as the nmm [ [ sk 404 rot Th ere
via e Po b ae s 1200 Jeve et 0SS gHty P o penalies o
portibh Of theRkdékantiéitetf HaGHOESting, theVﬂﬂﬁhecbﬁlagﬁ&fé fidldlis $WAgpt in
poi nt of incidence 419 traverses the various sectors

accorfiencayith theanagngtit ficklorohle sgiggtied by shaisskougared in memory.
The anplified output of the photo detector 417 (which
captures part of the reflected optical beam 413

In adtitidd,etle DyontrberasEl yaees 406 Jighs gemrgiondsubysysteen A6 Shine a

converter 434, resulting jn the ti seri rr
POlgmﬁiQé]eaWégsltghé ﬁgt,qttg e eprent mpglqugec{rgggpp Q tl{eﬁéch under test.

Spécﬁ?éé rTg'rth@ b?ﬁ@ﬁ béai E‘%s@é?ﬁ’ 4| %Ee}?ératEchE RiSei dEA9 Bt dat Bédn‘P ﬁ 12That

net di sk 404 at t olnt of iIncidence 4
is dMEatnmbyltm optivel mirtqil4db pawehfqugh dlajm:tleaeoﬁli htﬁocehreachmg

theisﬂgfiageag{s %het Iplggnetlctda sﬂct gt ﬁlesﬁ&%”gft 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

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
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of the applied magnetic field) is sanpled by the A/D

converter 434, resulting in the tine series of
worener29e3 fi el d strength neasurenents {Mi)}. PET/BG2008/000299

recall ed that the applied nmagnetic field follows a

rofile that .can be user-define r stored..in nory. .
kR el prorion € SigarerbeuiRe Bt BennE Gt AR A point
of indflefidt 410di cat es the instantaneous spin angle of the

spindle 431) is sanpled by the A/D converter 434,
resulting in the time series of spin angl e
measuyr ement s The
Meralé pgz out rtgoﬁgl&) %eld ggﬁctgp g phelcglg%élgca S tllle ﬁlgt%tt%neoua strﬁngth

of éﬁﬂappnemﬁmagﬁmti fdldpiassainpeidt byf thea«f&ﬁmébmfermhnm restllti,t@ in the
or conceptual A sector contains the point of jincide
timg jsgrigy of mgERtic @%lmreﬁghurﬁ%atswentst (Mfidul & sgecalled ihat the

ep R B Aot AT Bl Rer D o Ak Th bRy,
Specifically, the trlgger signal can be received from
t spindle 43 and.l di.cates each, ney re ti.o
In (40Git R Be | siewls Foorsa Fpterihe Svmls T4 MGl eFledrs the
1ns&ﬁﬁn@(ﬁjs' i 2sbic ¢ the 5?1581@143@ tlé"'?anﬁﬂ&ﬁ Q?Sthe WP &nesker 434,
signal is synchronously sa anot her channel of
restltiog Avt thectome settiesr of4pin amgle melaslrgla@ets dA(@s dbetspinsangle will

eGPt Bb 0 3R RS PERHEL Hike el Gy pge

idefl@ficution of Ridhi VP br EdiReptuslectdr PRithiAs theGloidthd uﬁ‘dlm&e 419
signal belongs to the first sector, the data acquired

at 4 givefesempAing distasds bel ongs to the second sector, and so
on, up to the 64th sector. By tying the clock rate to
the spin rate using this alternative approach, one may

It ¢heukibbe dppreamhddethat e samplingalodte mas bet @ntrellalde and can be

asurenents t.aken.on,t ary between sectaors ar.e
sy BRBVEY RO & (HeBEQUATAL | SPERBE. B RSFE Seatioqn, fagechyed
ﬁoﬁloﬂPlE rsgldd'lm:si B8d sRTRdtENhchate®s rdvBRIIDASTANE mdRbaE dRR 404.
of the spindle 431 and the profile of the applied

Altmgmqu,ca iclosk chigniah ecar dret intrpuned 483 tigung s g«rCéors hakheaglock

ast a,set unber. of , Ker n t
ey SynRgppd SapBRTRRR bS] P BT A1 SERRYGFIEE For
thetche 61 GiCiectond] @rclédksdigrain of Eﬂﬁpeﬁdﬂl@ p@ﬂi‘dv@ﬁitled ol e spmdle 431

signal neasurenents K(i) di stributed over th

coql(ég@ getofl hipgpenes fthat fhEeacaug%dr @ﬁ@tqqthﬁ@amféh%ﬁf% 4wer1§>dsr<zfrthe
I

cloI:ll1 ggﬁaelﬁ% %;5 fk%tﬂerﬁg%ltztg)tr : gatt§ 9@@&%3& erJreX% ‘é gle&gﬂs belongs to

thed;awmiesdcton taod S0 xmyuﬁ wuthe 66‘3f)sec$<ﬁctBJ5r tyingihieclhockante to the spin

corre d to. an actual dlstrlb ion of sector ca
rat iR [ SIS R CEROAG otk BRER D S vE i SR ITeR s
sindSthbastiGitats tARESH ®EBBLRIary 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
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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{K(i)} includes "ensenbl es" 610 of interleaved groups

of measurenents, where the Nth ensenble (N=I
WQ@2009/02043 is derived from Kerr signal neasur er@n$62008/000299

K(i) obtained fromthe reflected optical beam 413

whi | h t t
MAE roElicTY B eliredsPaodie: frelcl e i er (oL e dipifed into
s1x%>§ﬂiﬁp|(64 ddoRre rmsﬂp tas c&&Qp brmato gRAchgl diselhiién 6 sédidtlor
he tlne series of Kerr si measurenents {K(i)}

can bei pd@lsacp@ﬁ@e#tﬂubdwmons e edtm# series é fesriesignal measurements

T L

N"Singehblel (N= 1;2h €. 54)@ devddeorafK sragipgili medsieitbngt K@ gbthined
measurenents {Mi)} includes interleaved ensenbl es

froppie refegted ?Meahk)wneﬂé?e hile ﬂi“’sP%FQF pliwgidepesnd IthyAB irpersing
R
theicbfle OF e ARl BPERUERTERLG, D FoP BIAINEING Erlmble 80 Hhat
carﬂﬂfgldeﬁed frvearthé nmetdeaed\lbﬁwKem gignhl mlazesuwmetrmsr §K@f} inblade an
k under te ex t he nsenbl Ot
ense Tepfor ?%%Wt’%lf @s&otef Kb el eﬁéerg%lF Sesﬁ@rﬁéé%meé% and
andth&leﬂséﬁﬁlg?&ts@ctmg#@"{ JRARBA Kéi)'\/(l )} include an ensenbl e
for sector # 1 (denoted M), "anot her ensenble for

sector #2 (denoted M2) and anot her ensenble for sector

ted 4 ' i f ich nea
Singifigih U0 B elE b mbtpdetc et ol HeARAHEGRTILS ifydes
intea0bd efischibiesesrde WHees tHe 10" (ckerl0)is dehieeds BB Mhf@stic ﬁeld
433 considers the nunber of sectors of the track unde

strqngth mepigeragiie 1f ohteiped (o, Fom He riigRE: idd anegd) Xeule the
pmﬂﬂgf HBQeR AR 'v&g t al%&n%fthé e cﬁ/e QF BREOEESE S fack Retest.

sectors (actual or “conceptual) are not contl guous
Foawrgldmpleatie amtemblesefinltharaanl bengdént]ﬁleduﬁnoint the tome csaties of

track t hen ust nents ne made in rd r to
magaghie flﬁlé‘s%tf‘??gﬁ{ Brepymemenis o{?\g@é‘oﬁﬁ ude ), epse g%’ persgr #1
(dehbRd MY N&idtiter %&Jmﬂ@fortseaeﬁ#@tdeﬁlefeamg)% ahBihe} eHse@BR: for

per second with an applied magnetic field that sweeps

sectar gifrt {dmokadaMgd.en t housand oersteds) to - 10 kQe and
back to +10 kCe in a |oop lasting 10 seconds (i.e., a
sweeping rate of 4 kCe per second). This neans that

To tillentifp Whlicholﬁleésﬁﬁdnﬁﬁﬁmlﬁ thd ﬁrr&aps%ﬁ€§ (RGO 2AM() }) are associated
mlliseconds on each secto returns to th

with il okt epsepihles 910 @éé@%@ecﬁenﬁolﬂ%ﬁ% dresifers .ﬂge nynpber of

secw}g oﬁ'ﬁhl% HRE HIOES: BF s HE{]BSM x%{E‘EBL 1R xﬂﬁ%rﬁe% %‘ikaﬂMHn'a the
e sector before ol nt o I ncidence 41

sanlqﬂugsratecnftth@Ar‘Ie)cbn@euet 434.i W}mrﬁethh secdtosdadt0d )or cbtnrmptttat)eire

notzgtg‘gj | 193| flt?(f/gr gxi%glgdci (t) eq%eal %r506 lencg)tql gr%%% tﬁg%ﬂtcf?laxp ?rrack, 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 -
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
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noted that the total nunber of revolutions is 400.

Recal ling that the individual neasurenents in the tine
W(se(mb/@zz%af Kerr signal neasurenents {K(i)} arePCESG2088/000299

K(i) (i =0, 1, ...), thenthe average Kerr signal

(1@(Sa§nﬁ1é réteqre]}h@ 8% Eﬂt,tlg gf S to e %{()e 68(213335581{/&119@@ qulsmonélf (}t Ps also

notdaGhSRE @1t hambr SHRBRIIAR0SRE 400.Whi ch i s given by: One
can then formthe Kerr signal ensenble for the jth

sector denoted Kj , by grouping toget her the average
nts KPJ for 400 revololtttkons

Re(:% 1pg T?g{] %e 1 1v1;’lé)tg measyrements nget tl&lile Sl et signal

méﬁbﬁt@ﬁleﬁ@r?@h)} I@re ﬁe{t&@d’ K@Li<= p, f40()} thehhthg aIVSragé’l(KYUﬂr signal
concept ua i,h Fig. 6 for the Kerr si;gnal ensenb

le
meagurepet. for fHee Keaverta] @7l 2ens 80| theoy seetor 67 141 64) by the

Poﬁ(?%f‘lrtccfégceails)olstd%teczﬁe,. g{h&kgﬁ% g}easurerrents in the

serres of ma th neasurenents
{Mi)} are denoted Mi) (i 0, 1, . . .), then the
average magnetic field strength measurenent for the
pth t raver se((#pbko4GD)+(i=1)x190699 of the | sector (j=I,

64)_ by the poi ci de 19 i s denoted
KRAHl ch is given Ekglieycan Zﬁgﬁform t he
rmgnetl c fiel t(ptnpwgod+@nepabde for the jth sector,

denoted M , by grouping together the average magnetic
field strength measurenents Mpj for all 400

o8 Uty PR el g B8 BETRE §dﬁ<p%%gaogpmg
togelRMheCRREBR Kual Sllg’naﬂ ﬁleEstﬁem@mt Qr,; fohell reg n&toutmofns g, 2, .

strength ensenble M, i.e., the magnetic field

408} plethgthagnge diskedGor Insettsltrotvomdfz =ikl | Be<poE&H0}-hdthis is
L RSERLL, Ky Paol OB L AN s

ensdnitilé for8edtbr #lect or, of steppl ng the applied nmagnetic
field with an average decrenent (or increnent) of 100
Ce per step and a duty cycle of G pDt for the case

Re%glﬁﬁ\@ alsh thit%he #Hi GHudTh&ddbrehRhtstgns 8RR SReVBr hidghitd field
where Dmand Dt are the dianeters of,

Strcr@lpmaswmymst M(ipagretemtgbM(s) 4214, 4213, dred thheaverage

. T t d -th
magh i G EPah sudinekieB RR TG S PRI pLiap Lncopuphtse
sedtbr (FAd . NPEN) Bl/ithe poifd 6F intidaeuno engpoRdeviM whith is giet®by:

#1, only a fraction of the total nunber of 400

revolutlons of the magnetic disk 404 is represented in

andi or. coer EFUPC AR paFTOERar o Tnenee
My, ;= M@G@) /100.

i=( p—1)x6400+(j—1)x100

One can then form the magnetic field strength ensemble for the ™ sector, denoted M;,
by 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 M, i.e., the magnetic field strength ensemble for sector #1.

16



10

15

20

25

30

sector (e.g., sector #J) is determned by plotting the
Kerr signal ensenble for the particul ar sector
W@ p@awe2dp93 K ) agai nst the magnetic field strenp€iiSG2008/000299
ensenbl e for the particul ar sector (nanely, M). Wth
ference to Fi t he 'rr .i na nea
te il 19 T e Iy S yskp e S el Eragnonit R Eplaing the
magﬂé{ﬁf dfsl%3404( Freftés ﬁhéggfﬁct\’\@ﬁthm @ﬁélﬁge@&aloﬁ%‘teﬂph% the %pphed
applied magnetic field neasurement in e (X-axis 80
maghesior ‘é«sldlwutfngn plvenagq deaemenic(os htap@n@ﬁt) af K¢ Qe pai step and a

| h |
oo PR s 0 EAAACTEEL g e s i
Flg‘TaQr(thfe Iﬁ ' @ﬁ(ﬂDﬁirE enRadibnbes th&sﬁe%ﬂeelyatlhé ﬁ1agnetlc dpoles 421A,

DECI i cal e Kerr si na measurenment w | | epend
424 anﬁéteﬁmckmnéeratqu) i dewa@ﬁ @tsiroplifiesd, oremghstmﬁma@nw@on of

decr easin t the tine t SUr.emne
nee SEnE SRS 8% e SOSME TR Ry B gy #1,
onl§l DEhebn bf theCtot Guxhbby oANOD FEBRREINE &FITAY nd@netic disk 404 is
determ ned. The coercivity (denoted Hc) for a sector

repeesanted iBigefni ned as the val ue of the applied magnetic
field at a Kerr signal (or magnetization val ue) of
zero, while the remanence (denoted MR) is determ ned
Neagts d hgi@icr popgityg|l(suchr asmegraatncadndior vadrciejty)aforze particular

d field Wth r. t to th
sechy St o 1oy A eeied DuPloiner G Toer” sigdel, SERRRIA fy the
par(lb@iﬁﬁgé&éreelaﬁ%rﬁ Ka}§ agmstftﬁé rﬁ%héumcetd Stelndfh 8RCHBle fRNhe

det er m ned be around Ce while the remanence
par(lp@lechfqr éniarhféy,d\/la)s vm; r@fsrefl@r totifigs/, ke Ko signal measurement

. det.erm ne I|de

in e ol SR ik B R Cxap s pangloned

agdigdt R yppliediasigmetic TR BleSs@EmédantOACK-axxd802)! €M, resulting
based on the correspondi ng Kerr_ signal ensenble and

plofrigkse thecshape of athystsiste lepi simse éhe Beresiga! measyregent may be
dlfﬁe?éhtt af twdo‘hiffe'i'{h‘? KSH?I%QJ?&G@P@IE ﬁlef 195 fﬂe?mé}%hq fias he I:s]ame

I me series si gnal neasur
valsel n8pédifikeallyethic d&erosi gmigmmtsmremiehterI dd:pfeed] ghiwhether the apphed

T T R L B i

magneti c nmediumrotates can be used to determ ne

magnetic properties of nmultiple sectors of a track
Ongndee ItyetgteSISThqog foakibe nah@c%arroe@é@ topotieds ite | comrcivityagnd

rerf 000 1RCRALANELY. 0!GP YESRIAOTRERST (6odd Shoe

eac I'n each 'sec nmeasu

deteigihed cisakHey vard bh tsecap@ne@ magetiby sitkdr asis Kevo égrfabr(or
different sectors will be different, neaning. that

t he
magrgization Yaluanf Zermitil dhe tomappresd deratecdMs) i dstermined 25 the
f S
IR T U g o
therecxpllnp]ﬁd‘msterglsrlenmrlh,lstraedmdFlg 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 MR) as for this sector can be determined to be around 73 milli-

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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coercivity of the sectors of the track under test can
be depicted in graphical formats such as, but not

wo 2ewPNEX¥93 0, tables, charts and/or graphs. Fi gBCT/S8620a8/000299
8B illustrate two sanple graphical fornmats that could

e use e re nence coerc t
fiel e p D oaRR gL A B SRy DT el ol e from
theQhmERBn & Q81es bY Kletr didal %@Ehr%eﬁtb K &ﬁpﬂfarsamefmﬁe series of
given track are plotted in a columar graph

masrmxs:u ftel & sthdngth xaezsssmnmn‘tss{(bft(ér}c uhvthug/way; thkSl(lgle applecagonpta

otte he sector' ordi nber XIS
swosg Ridiehe AR VRl IR ERh et 8 g BERey i pfeinine
magfetichrofertiesest heltiprRngRatons dthetredkelndey tésyy Ty Iﬁdakfe@fhe process
sectors on a given track of a nagnetic nedlun1aga|nst

moge pifisiant thanthatvingeto) seppiatale aprly ghelsweenins awepeticaiielgdotegeh

pol B0 Bl S0t BehfRoRhENIABUY Fe sLUEIER 1 ¢ caor

for the disparity between the anonalous observed
coercivity v Iu and the b hows t he

sel ig.
The hystergsis tooph faridgttergnt seﬁtersc%@lr ‘i)ffwn?» &eamngrtﬁ tt@%&qe&@glty

and RnBnSi@RFIGRL sg&&@md% E&?ésp&ﬂ%@mf?&éﬂtﬁnﬂ TRISSRE R}Eﬁﬂeﬁwﬂl
track 906 of sectors 908A, 908B,  908C on a circul ar

forniu 8 Idlstnhuttdml sIf qramnular; thregest off valadsumprdsentintgheemanance and

d t fi I
cof QTR TR 2B B0 b SohPgl o
sucﬁ%b'cﬂ'ﬂltﬁ& lihit&ee! @bleQO&ﬁ}ts pRY/obgasigt to be displayed in
|ght blue, while a coerC|V|ty bet ween 3201 Ce and

3500 Ce (such as in sector 908B) nmay be set to be

F 1g9 ? laﬂ%’ @g ﬂlH & R’Q 4rﬁpelg %ﬂ}hﬁ@gg éhﬁ{% i Jo?ﬂ&/ f)é gsefd%) depict

8°seciors of can e Vi ewe
thesernmiehamambﬂeqummdf a0 vhb4 esctaanlbiigi 8iend pdssibie dissbddtion

ST e AT
grabﬁje@p'e&ﬁEﬁU ANQhto? R Svib B ORN (& -5:ab 0@ isSp1ReP hgainst the

predet er m néd maxi num or m ni num val ues.” For exanpl e,
sectdns ardinel nurelgkr duidxds Be2)u sleada Q- hﬂnatglgs@@mpﬂes thm t)zepet ofagrkph

se ¢ rCIVIt hs ei t her
cou B8 5P T o e ot By 8% Fed B GRS e e gk o =
magﬂiuefrﬁedlﬁmszﬁg’&msﬂgsbdéeunebﬁ) vt therel @entiffeteri@CleRitiSe to the
whose coercivity may fall outside of the operational

basghineamdn dhes affemasiver frthey insgeHgsHent coWdhopeds yo éﬁ?fé’&’ the

realf ot g UYS RAGEA (8" BRI R DO RERE S Sk i Gy 9 e

basalisd. ngl e track on a magnetic nedi um such as a dISk,
the sane format could al so be used to show the
di stribution of

Fig. 8B shows the same distribution of the coercivity for plural sectors ih 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
sector 908 A) 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
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coercivity for multiple tracks on the nedium It
shoul d be appreciated that the remanence can be
w@orvweeesl fromunits of millidegrees into uniRGI/862008/000299
anpere/m More specifically, the relationship is M/*

F,  wher enden on.the mag netic
of SistpTR g o, it AS B pEsBENGRY PP T i YAses. Por
exHABHENGAE ol R red QSulHHﬁJ‘@eH Go TREi sBfotNeh hheackpidaalcoercivity is
configuration It should be noted that calibration may

eitlirs less dhary 2000t Qe @riscgragteretham 000 Preesucheasyalseron?(8G. oCertain
e rel
ol ERUREE by SRLAR P HBSE-GR B R, SR7RAT Busic
of e Bgutitionar @Sﬁﬁfetdrsl nb@gsaag foroequapmuiitetot prdpérly effecl reed and
thus avoiding the need for calibration. As descri bed
WIitG QRETEINES P thesectopt estit®am syst em 4 11 generates the
i ncident optical beam 412 continuously during a test,
regardl ess of whether a measurement is currently being
Whker Figr 88 dhows ttirediseiipotdn of doakivit§Lor hisirfglc/ trackaon aghagnetic
the ne hod nd appar t us de d ab

mefa i Bk dp i Soan <P Ll wopt By ARfsiSon of

coé&%tﬁ%r&fnﬂl’ﬁﬁl&t@acﬂ@%ﬂk%ﬂm' s needed to be perforned
e controller 433. The intermttent nature of the

optical beanigenerated in this variant may reduce
1t PR bE oggsr%m el Yfat rﬁﬁlg;rét SRSt Mo Ioe! @ufbrdd' RofOIRR"S i
dedé&\ih@URitY of hiPerel e MaRE is}e&lﬁa‘aumg el eRIShip i§ KL + Y3, where
{Mi)}, {A(i)} received by the controller 433 during a
Sfis @sf@ct@m@lmeg@@g Opotb@ TpEnees siediym gndgdhéy thedKemsigngl wsmilli-
de%ees MRARN S eh&e er e)%% lfﬁed gltld hlf} &tlcal figuration. It
roces epen ge 0 art bl egElTh

shoasd lbehﬁot&ll ﬂ‘fi&éalfbﬁ'atﬁﬂﬁh@f I5e @Qﬁlréd t@&iet@fmﬁd'whlch precise value of f
magneti cmedi um the rotation speed of the nmagnetic
to P@di uHPWEYRE: FREIVS GHTesecagt b HEPdalRp ForaRerfrebf SIMANense PRONS

dlffek?nllt §%&&E oL Yaht 9/ th&ﬂtne@@s@%I had % t@t:orh SheVild @a%&sthus

nown wel dvanc or a test bed
avdndhagthemqadéemhbraguned to onl y test di sks used in a
particular type of hard drive. In such a case, the
various ensenbles 610 can be built up from

As RaFbeE PR Sust BB  optital 88dm tsidt8m i % Retaftd thegedent optical
medi um rot ates. Mreover, it shoul d be appreciated

beamh 12t pentipagusdy j dirmigen desit regegdlnssnefsubathasne smegsiemeh is
el Gy RIEIL ISR NR ! DEDIRSN 4 BBy b e
appmmeddsenlﬁededbdvapm btitablyednheystemgAel penecared thd 2kiddnaoptical
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.

As described previously, the time series of measurements {K(®1)}, {M(i)}, {A(1)}
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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the gap 424, can estimate the applied nmagnetic field

that it expects should exist across the gap 424 at
wa 200002993 anpl e ti nes and can feed this inforne€T/66G2008/000299

digital form for each sanple "i") directly to the

ontroller 433 i thout t he.need. for eparat e .
e B 5 G et B e G T anf B PRV B sy pndicd
mdpfetdPREIEC R LebrichidhbleRBatSRAMy angll of MRRs wakased &ilAbe known

can be predicted rather than neasured. That is to say, .
wellia adeance.clurleps 183, testiied tha isspresanfigired ieenly fiest disks used in
a p%ﬂlcﬂﬁlr rt]y%e%ff hta{bﬁdx{@eg 5L ?Ez?slé éigle/m?yust Jﬁ@erflﬂl'e? ﬁ k & Fzﬁls%e built

can esti'mate the spin angle that It expects shou e
up &Rl ineskubymdritetak@i indesl-tiiad, vdiilewhe magsetRang@liemtrotaes. and

can feed this information (in digital form for each
sanple "i") directly to the controller 433, wthout
e . .
MESEETRSINAR B SRGIAE e P’ R SRR YR g
M(g) caprigtpredioted ratbersthamneeagyired. afkatps exsay; 8t magretr fichibdriver

ured, the. onl ts tak the test .b .
23 AreH ReTaF P Gia  CHARo TP LG TRENSHR G 122 via
theSRPUHI Can@IRRHTROLSHIRH tidbfelid £88Mhat it 04pBéts SHoUl@¥Eist across

been described and illustrated, it will be apparent to

thet gap<i@4 ok vaniaag shmplertanesrandioaa feed s ipfgsmatian @n digitablesm, for
raat | h Lk i t

ead b iy e RGOS 485 i HRRRED KOh Seh e e

in e al/Decoidder US4.CLAIMED |S: 1. Apparatus for testing a
magneti c nmedium conprising: - a nmagnetic field
generation sub-system configured to apply a nagnetic
irhil&lyd iPkhdld HaEs ' HROYhR {21 nRALIEARKRT AL 8an b

St rragr?gtlfg ﬁledibgfnapﬁ?&gdt%?éﬁ tgﬂ% 1r a%li%on sub-rsysltl'em (tdj an ve

predotdd gthree thanonelisnredt Thapol tarsay.atie opitraker 4B3awhichwas dentrol

t arti f th ti [ t is in th .
oviraf SnEBiRG e Mo HE BEMCRI oty Reh Pabae dhgrin
andd¥ that flekpagesduld Beapplied 8Y itke sPRelile! a3 Bht varidQb BAmpIE times and

Incidence in the magnetic field; - a notion sub-system

care deed; gy enforraatingy nt digitalaériay i for rreeh wamplel ak’) vdaregldy ttpethe

b i Nty of dnegi 0
coBE 81 5 20 8 63RO e o
along a track on the surface of the magnetic nedium a

measur enent sub- t fi d t t ai [
In gychya rspelglgangfﬁeresgosthet e (r:r?arf];nletgl]cu %gld st?engt glrllc{] thae ssp?lg Ia(relgle are
predicted rather than measured, the only measurements taken by the test bed 420

would be the Kerr signal measurements K(1).

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.
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WKerp/0z9ghal

nmeasurenents of the reflected optical beam and - a
control sub-systemconfigured to group the series of

Kerr signal neasurenents in an individual ensenble are

h t g hile the point of incidence was in a
Vvﬁéﬂfggggﬁgbﬁﬁgsﬁg of the sectors, the contro

sub-system being further configured to determ ne at
| east one magnetic property of at |east one of the

. Jemamtes for tasting e megneticsnediam, epseifiRgents in t he

cor | | e e ined. i

o TR R SERGRL s Son RS BARALR Sl o
a cegfifrervaayitdg wieigth 1o MpdrtiomoBihb nfigatttdmediom; | ses a
spindle for rotating the nmagnetic nedi um about, an axjs
pasailiggt eencsitipn Sbrysteanerigured to,diregh Japolarized paticlbeam
in [ [ | - t:em f :
corty e the YEEE GR (BOTERLAC helithy T 15T (€ bkt feld,
so whetirt the opficat bbam i relledted by b aurfacegfitiempgnetit nofdium at a
inciden%g cqrrespgnds to.a_specific track to be

)

tesP@ﬂ?o NOTHECAY| r%ﬁ%@“ﬂgﬂﬁned in claim1, wherein
theg hiogibh sO6RdtéthicBRfiSHEd BY HibOANHAARI BB tncidrh 8dlhtive to the
source and a polarizer. 5. The apparatus defined in

cl apptical bedne sepnta epuse thgmoinjeafaneidénss te mepesipdiyetnverse each
further, conprises at, | east .one.mrr f Lrecting.an.
oun Ut ARG REBr henE R Bl ek s ol Rt g
Thea apgRurintgt dabispgemi Borfigated 4o oblh &d Retidye of Kerr signal
nmeasur enent sub-system conprises a polarization

anamgasremets ofthe Fafletgd ontcal bepammcindd optical beam and
a pho tegl u e api.zatkon .
ana yégpg .ggﬁgkg%géggﬁgg&ge%?ngggbn&%Ig%%?%fﬁ gpéﬁg¥MI
t hempaduamadt irvo easemiblesesuchabatathe ddr sizhalamessutdnadnts g1 an

of fset .from an tical axis o e polarjzer..8. The .
app AT FEEER e et B WhLF AP OHE EHEighce Was in a
det gitelporddivid MRAE 6OMRE | B&SrsANthaN®nitibl SfubisQéte@MBLinkY futher
an out put of the photo detector. 9. The apgaratus

a

def ¢andigured tol detemngie atHedséone n@neimpopkrts abatslpasteme of the
CONPLL oS o hé R%l QP g%%lretngla nt Cl?lr%g r(gr?{s &%rln ensemble.
{rp OIFI e photo e%ec Br Irﬁo

cCoOnVErting an ou

. dihgiappdratisdpligsl iheMigSE RitrRtdiN eheohagiid nisdas ie¢iRnlad with a

and a nmenory for-storing the digital sanples. .
center and wheérein motion sub-system comprises a spindle for rotating the

magnetic medium about an axis passing through said center.

. The apparatus defined in claim 2, wherein the motion sub-system further

comprises a motion stage for translating the spindle so that the circular track

containing the point of incidence corresponds to a specific track to be tested.

. The apparatus defined in claim 1, wherein the light generation sub-system

comprises a light source and a polarizer.

. The apparatus defined in claim 4, wherein the light generation sub-system further

comprises at least one mirror for directing an output of the light source through

the polarizer.

. The apparatus defined in claim 4, wherein the measurement sub-system comprises

a polarization analyzer for admitting the reflected optical beam and a photo

detector coupled to the polarization analyzer.
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10. The apparatus defined in claim2, wherein the

control sub-system conprises a controller that carries
wWoei09He299pi ng of said series of neasurenents i PEDSCZ08/000299

ensenbl es based on a rate of rotation of the magnetic

dium a rate of ohtajning .said Kerr signal .
7. e npbabis BT IR iR dbe RUETAASED 3ngrsr des g opticl
tRe thhti€BEEd ¥ ANEptRAPIE6F B YORELE, fiel d. 11. The
apparatus defined in claim10, wherein the control

8. Sitis-apparatyndeHngst ingdaimed, cdrepein ithegphodm detestopfmider eayaprises an
al | (fiﬁse g user. .o getuttﬁe f{H{lofi Itedgtréctrdefi nes the
VAR 6H 46 f’ﬁegsrtheRgE(h o?pl%%% appli'ed magnetic

9. fT1R| dbparkis dfiRed PP arladhUE vetekhdin @Be onted] FuBIsystemh@ngirides an
the control sub-system conprises a conputing unit that
ianplogriedigital semvagier ifer somvsFting Ay joHEpuh ofithe |pg9t0uﬁ¢tt>ct?romt0

. r . .

30h U PO O I A S Roror o
skgitabsanpldsd. The apparatus defined in claim 12,

erein the computing upit_ further i enent s .
10-&1& et Bridng Vheret E‘ﬁ! w%{] ﬂrﬁwtem comprises a
oWl NEAUSArYiedlicoP| RYupdi ABRI G sdriths O fMRichQRements into said

i ndicative of at |east one magnetic property of plura

enegnlyés bdsed seetrate of ratationictha preneticmedivfi, aaateiof obtaining
| eas

Rt o rePinahangior s BNT o B afaPl L Eh e

id][ﬂi‘d;gip[[bd.mawcqidm,t he at | east one magnetic property
i ncl udes rm%neti c coercivity. 16. A nethod of testing

11. g hegapratatus pdiin claghphly sihsepin theappitspl sub-aYSters repgiSes a
2 . S . t . ‘
ol SR s Qs 0By PGS AL ol e
tvanatidsofithestpmpth afithefpilied negedd fiddnmedi umthat is in

t he nmagnet i i el.d, whereip the_ optica eamis .
12,130, Bpiugeged iR k8. b DR G TTE! AR comprises a
RBPLLRE uhif Sl AP RSt ih?chGH@fdrcﬁrfviirg% 8 arwynahit dedisplay

magnetic mediumrelative to the optical beam'so as to
apdecal irifopwation inflicaties df theeattloast epe anagieyc propedy 9o the at

ach of lurality of sectors along a track on the
iﬁﬁsp% eeoﬁ?gieﬁg)r%gneti c medi um

13. The apparatus defined in claim 12, wherein the computing unit further implements
instructions for driving the display unit to simultaneously display graphical
information indicative of at least one magnetic property of plural ones of the
sectors.

14. The apparatus defined in claim 1, wherein the at least one magnetic property
includes magnetic remanence.

15. The apparatus defined in claim 1, wherein the at least one magnetic property
includes magnetic coercivity.

16. A method of testing a magnetic medium, comprising:

- applying a magnetic‘ field of a time-varying strength to a portion of the
magnetic medium;

- directing a polarized optical beam towards the portion of the 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;
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obtaining a series of Kerr signal neasurenents of the
reflected optical beam and grouping the series of

wEeop/029hal neasurenents into ensenbl es such PCESG2008/000299

Kerr signal neasurenents in an individual ensenble are

t hose obt ai ned e .the point of inci ce was

or FExfF Aeofe BrabACrEeidp dhe SREEERER AP b g Safbe the
| ea?&n@@ﬁm@ﬂgﬁ‘&t foGepdaRIBY fr¥vepde &ch loBASNuARE $HseétbR along a
sectors fromthe Kerr si'gnal neasurenents in the

cor tre@mhfdiﬁﬁgrfmsénﬂtﬂ wagnktic medampet hod def i ned | n

g lt ra(lelh Higﬁ% 5?8; Ié)r%rg{]n 851%1?&{1 aril,llenals&% entsse If! &g% ﬁeg{ected {pd f:ad beam;
thea[fd eld strength measurenents be| ng obtained in
synchronismw th t he Kensi gnal neasurenents;

gr o&eLPigetthe sexies jof Kegr signad Mpasyremgps fintfreaseRtlabFich that the
i nt I t

rmecr oy epantdibhd Bl HaRidlsP chehlel £ Hose obtained while
obt thie petht whiircelehbeew poinrit confespandimpenee {wassectors and
correspandi one of the sectors; eterm

I eaéﬁteraﬁen&ég Iep enegpagstie property il aa? CAPEQft O &Hg S%ﬁmf from

SeciRiierf 481 hﬁ:%s&%&n@ irDihe 'coHE‘s%%H&%g‘%ﬂée?nﬂlél the
corresponding ensenble of Kerr signal neasurenents and

17.fThermethesd ddfmied is tlnism §6.lcompaisumgenent s in t he

18.

19.

20.

o, OFRB et 06" RoRTRCHCTaA: B friontS QP appie nfETet fia,

det e o E\ﬂerigtlﬁnﬁ&sulr@ﬂﬁits Bélfg BBANRKMIA sphcpeiii with the&Kerr
at | east one of the sectors conprises: obtaining a

hy stigRad spegsyrg@entsy pl otting the Kerr signal

t I
I AL ol 1568 S0 BUaRF PR T CorbltRt uch
e athe rfeid sttalgtmnieMrmmseﬁpmdidngdm sasdnitde amfe thosel abtained

st reggtgl measur.ene and - derivin the t I east one
magWets thepogief el PW%@ ARPLEEPUGHIE ¢ Theciont o
et f&nAfihk Medat 1 BasE bl M didtic PR&Pefty BT m?zeat q’éasi! SRt tl‘i’en@ctors

magneti c property |ncIu es magnetic remanence. 20. The

et fiod defKeredignal olcasumem@ts whéhecorrespending leasemble @é Kerr

"Hgsqgﬁ m%arls%?emeIXS and from the field strength measurements in the
corresponding ensemble of field strength measurements.

The method defined in claim 17, wherein determining the at least one magnetic

property of the at least one of the sectors comprises:

- - obtaining a hysteresis loop by plotting the Kerr signal measurements in the
corresponding ensemble of Kerr signal measurements against the field
strength measurements in the corresponding ensemble of field strength
measurements; and

- deriving the at least one magnetic property from the hysteresis loop.

The method defined in claim 18, wherein the at least one magnetic property

includes magnetic remanence.

The method defined in claim 18, wherein the at least one magnetic property

includes magnetic coercivity.
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i ncl udes magnetic coercivity.21. The nmethod defined in

claim 16, wherein said noving conprises rotating,
wab@pera99kach of said sectors is exposed to a Pal/Se08/000299

magnetic field with a period corresponding to the tine

21 BB TR o Ay SR PR Bl i
ol df SRASHERREN Sexpbsed RfliaClis¥® rRigndfic i ewlh a period

pol arization rotation relative to a reference o
aroimgspoatingrio the tine talsr by éheghagnigtic mediven foceffackonp repglution.
The. net.hqd fined. n claim16 I n.t tain
22,3, Rt el O bl " il B0 et B, AR e
ledicativield ah ehpRaIf§dRRhiiGatotdRaAFelativd oL Agsrefcdtientation in

pol ari zati on analegzer and a photo detector. 24. The
rfBtakernce af theaepgnalicfigddm 23, further conprising
j t. - of 0 '
B P
dian rthe 3efldetadt dysticat bognj diengflsetaglaprigalalmeaamid pfdcesbed by a

out put .of the photo detector to obtain the Kerr signal
@%@f@%ﬂ?&mg@d ﬁ'?ll?é)t_ ?tﬁffar'_defi ned in claim 25,
24 WY @ktRod Fefin&PIPLINE 23S fGrdlel icBRpALihg 2hmPlia HR! dudsht of the

rate, wherein said grouping is carried out as a
fnimtet detgstasfto phiginstheles mesasupgmenthe net hod defi ned

25 PhernfhOL At B ERIA 3T b M A R R b Tl ot

fofiied pHofo @dtedorstb @BehimtheerE§ghidlendaB@eEhts. medi um
rotates. 28. The nethod defined in claim?27, wherein

26.glheamgihed platiged sncelpim &3, otherap seidagamplingés icamiedf oynat 2
SEpUEARE Bl byl AL S % AT B
traegger signal to indicate a new revolution of the

netjc iym Wwherein said grouping is.carried oyt .
27-%%&%@%%@% AT 26 cigspig pe e iR aptafiag, Wherein
rsgfaer¥@ing 30carfibe oPAIBOds dahhIRR dfM el Mt FhicH Wetietic
conprising providing a clock signal synchronized wt
tnhediyrayethigs.i ons of the magnetic nmedi um wherein said

o PR R S5 RS 350
rragiehiof ah bl 1eh &R BPEACHET said sectors. '

29. The method defined in claim 28, further comprising providing a trigger signal to
indicate a new revolution of the magnetic medium, wherein said grouping is
carried out also as a function of when said trigger signal is received.

30. The method defined in claim 27, further comprising providing a clock signal
synchronized with the revolutions of the magnetic medium, wherein said sampling
is synchronized with the clock signal.

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.

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.
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sweeping the strength of the magnetic field over a

range of values in accordance with a profile. 32. The
woreaobozkogief i ned in claim 31, wherein the profiPE&l/b6208100299

by a user. 33. The nmethod defined in claim16, wherein

e Kerr,signal. neasu nts. are indicative of a :

34 Jh5 e bod AP B TR T e p et REPHEERAIC e Bppqanble of
RQirNbigRdl MBALARHE SdresghiRlinEthedpeafit Reslod 3 4 abdfagkbof a
wher el n each neasurenent in the ensenble of Kerr _
Pilyaldly ofsasples b aKercognad tken diripe 8 singlasiaerdl ef hespesific
[ r urality of sanples of a Kerr
sslgcéﬁgtfﬁ\tég §%‘?8§{rnf’ﬁd§8%e'si ngl )(; travelrrrrs)al of the specific

35. 9%e in@sthdayddfined potlaim 08, fufthérd@ngRisingbas alpréoredphaehslating the
defined in claim33, further conprising as a pri

) or .
Sragpetiq digks sat hal hhirpalghdiack epirngg flitapohedt incidence
CbirSdpofls tgf KcifRhal fi idedile poi nt of incidence

corresponds to a specific track to be tested. 36. The
36. it oethatbdéfired in mlath A 5mfigther omptising cesgving kngwledge from a

receivin now ed froma user of the track to be
Pé?toé&é%afﬁtﬁwgtﬁi‘?gﬁhod defined in claim36, further

37. ARBRhétRbA deShdilint AMBPYS)| MirtlERBEhEdihy sﬁﬂmaﬁyduagjt %\xtaphically
e

| east one magnetic property of at |east two of
seevaying at 3@t onganagachoprogetty abef lpast svaphthe sectater ei n

i.d_direectd dsintermitent .sq. t . | cal
38. R AT i ol PRERECI ERrhIRk 1 MaRhf b ot he
obtiadl beaig iOfunf@nTeand thee oKaEdin Yefidthn the astaingipesT dnsedftive
I,%gpalr,at us for testing a magnetic nmedi um conpri sing:
g eaRPENEHY a nagnetic fiel d of a time-varying

j j,c medi um nmeans
39'?&?%%%28{ @%tglgg@%%?%ﬁc%egﬁdgg’t | cgl [)dggm t owar ds the
pormeans fof appigngagmeenetc freldi afm tithetvarysng sirenigéh towmgretiorc of

field, wherei nd.t he optical beamis reflected by a
surPEEEEBRIGHE H¥gnet i ¢ medi um at a poi nt of incidence

Ln &B&s”ﬂ)@rkﬁfécﬁn% iae%)shariﬁ@iaaﬁﬁw bRy t\JariH ShETBBARNI 6f the

mediumrelative to the optical beamso as to cause the

poi megnstic imedieraribe is n thp evsenetic fieldavderin decoptispl beam is

Pl urreﬁlecjzttI:&/ b9fa 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
sectors along a track on the surface of the magnetic medium;

- means for obtaining a series of Kerr signal measurements of the reflected
optical beam; |

- means for grouping the series of Kerr signal measurements into ensembles
such that the Kerr signal measurements in an individual ensemble are those
obtained while the point of incidence was in a corresponding 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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medi um - neans for obtaining a series of Kerr signal
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groupi ng the series of Kerr signal nmeasurenments into
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ensenbl es being tinme-interleaved, wherein nmeasurenents

pot diftribated\amangrtbe graugs o¥ meafurerhentsriaimf withiatg spmeggnet ¢fghe
magpet o peg,ti c Kerr effect within an individual one of

t he secPor’s are distributed anong the groups of

e adetéraiiRing it ldasnond mbgietia ppepeetywTelahl bhe d@the sdt@s from
determ ning at | east one nagnetic_property of plural
oneldiegroupp of Bisasugeraents yhihe sRrePandias BPeSrfé%%%?IEﬁ%'ﬁ{eé; g

t-heoﬁ?ﬁtfiﬁ% kA qg&i@%}o?ln@ﬁsaﬂf aft A&t I8 Efic ﬁ%%rt? of said plural

outputting an 1 ndication of said at 1eas e’ magneti c
pr opess oy thefsestarsd pl ural ones of the sectors. 41. The
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property of said plural ones of the sectors.
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