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?‘thhod and appa“atus for the high speed anal ysis of magnetic stofage disks"
Field of the I'n ention 5 This invention relates to a nethod and b
appar at us for -the-detection, |ocation and analysis of failed areas or
areas of potent : failure on magnetic disk storage nedia. The finveption
has applicati on:: to all types of magnetic disk, |nclud|hgdfloppy
di skettes and hard di sk drives. - 1= Background of the I nvegntion 10
In a nagnetlc disk drive, the magnetic reading head travels ob¥er the
surface of ‘tthe :dizsk durin the disk drive operation. The clearance
bet ween Mhﬂmdam sppar@tu ot the bighi speed anhlysis: qfsnagxpemashnynge disks"

__I;‘_n}ention

5 Thié'f:i—'ﬁventlon 'r’élates toa m“ethod and apparatus for the det"e':ction, loc'ation and analysis of failed

areas or areas ' "f potentlal fallure on magnetic disk storage medla The invention has application

to all type magnetlc dlsk including floppy dlskettes and hard: dxsk drives.

Backfgf_i"oupdz_'ol? the Invention
10 : Lo '
Ina magnetlc dxsk drive, the -magnetic reading head travels over the surface of the disk during
the d1sk ldnv 'peratlon The clearance between the head- slxder and the dlsk surface is typically
| , Itis hlghly desirable to maintain a small clearance between the head and the

d1sk surface because decreased clearance increases the 'disk storage capacity. Conversely
15 however, th" '._ecrease in clearance increases the probablhty of intermittent contacts between

the head and. e rotatmg d1sk surface. This canin tum lead to 1rrecoverable damage of the disk

and loss of the '_,ta stored- on the dlSk Addltlonally, aggressxve env1ronmental factors such as

20

25 to detect and locallse damage using conventional optlcal or scanmng electron microscopy. It

is poss1ble t' detect disk damage using the spin stand whlch normally reads the data recorded

or about the. ongln of the damage One techmque for the locatlon of the damaged area on a disk

mvolves the:mmal detectlon of data loss using the Spm-—stand then recording of a special bit

- 30 pattem on the.affected track, followed by visualisation and locatlon of the damaged area using
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> ess than 25nm It is highly desirable to maintain a small clearance
bet ween the head and the di sk surface because decreased cl earance
I ncreases the. di sk storage capacity. Conversely 15 however, the decrease
in clearance i-ncreases the probability of intermttent contacts between
t-he head and the rotating disk surface. This can in turn lead to
I rrecover abl e damage of the disk -2-and loss of the data stored on the
di sk. Additionally, aggressive environnmental factors such as hi gh
hum dity or contam nation may cause |ocalised corrosion of disk materi al
and as aamagneticiniasEbridamagedarea ciartherebastddied usimganaipticalonitrescop0r using a
Anal ysis of a:failed.disk 9r§¥ es val uab,h(‘a, i n_for_rrﬁt,i ?{(1) as to the origin of
the fai | fREDHEPPRE, FHICIOSCOP | teehniqus, s Thig appraach is, howexets i consimMigance
of the fgj e L : g s ;o fr?:ldga
physi cal add‘lt%ﬁeﬁ!gfe?r@é( gtlﬁg or dg)a( éﬁgﬁ‘)@,wg" g@%glts l?%isgﬁ lﬁ/olajtg%?hir%éégx;e)i%ﬁ ¢§§ froy
t he magnetic nedia |layer on a typical disk. It is frequently
extremely time consuming or inpossible 25 to detect and |ocalise damage
usi ng cofpethes pripgiartdsehriaue for disk analysis inyolvasithe seanaingsefdhe entjre surface of; the

possi bl e i s h i n N i Gh. NQ ly._I

Pho dat :PRuSFRESEM: i BNBAGeL B Ik Colbume brpbelte, Whicitis BBi0E! i 86 o
any i nf ofovie passibiityt oft SEMIeipRiafthge! ®fich affects Bie ANAsY addiacy. | AnNadditidae
damage. One technique for the |ocation of the danaged area on a disk

i nvol vesdisadvantage isshatdhe translationoof theSBM tp sequites g complexynd precisgimechanical
recording of a special hit 30 pattern on the affected track, followed by
vi sual i sS®t76h. and | ocation of the darmaged area using

10
Disclosure of the Invention
Itis the-.._'(:_)i__l__Jject of this invention to provide a method and ;épparatus for the high speed analysis
of magx_ié__fi‘c storage disks, which will overcome, or at least ameliorate, one or more of the above
. disadvantages.
15

Accordingly, in a first aspect, this invention provides an apparatus for the high speed analysis
of magrléﬁc storage disks, said apparatus comprising scann}ng means to systematically traverse
the disk surface and detect abnormalities in the magnetic field strength, and indexing means to
index the position of abnormalities detected in the surface of the disk, and to position a high

20 resolutiqii imaging device for imaging and analysis of the indexed position of abnormalities.

In a second aspect, this invention provides a method df analysing magnetic storage disks

comprising the steps of systematically scanning the surfaé_‘e ;.of: the disk to detect abnormalities

in the magnetic field strength, and positioning a high resi;lution imaging device to image and
25 analyse detected abnormalities. '

In one form of the invention, the scanning employs Kei'ﬁ:rdtation to provide a measure of

magnetic field strength. In other forms of the invention‘,?_ a magnetic sensor, an inductive or

magnetoresistive sensor can be used to provide a méasure of magnetic field strength.

30 Preferab!i,; the scanning means and the high resolution "-fimaging device traverse the media
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a magnetic ink. The damaged area can then be studied using an

m croscope or using a scanni ng probe m croscopy (SPM
ue. This approach is, however, time consum ng, cont am nat es

k surface and is limited to the anal ysis of isolated | arge areas of

5 Another prior art technique for disk analysis involves the
g of the entire surface of the - disk using a SPM This is,
a ti-me consum ng procedure, which is subject to error due
si bi I|ty of SPMtip damage, which affects the i nage accuracy. An
nedrface- in: umaonadnathisagu ithe indexingtof the positioniof any fdeteictedSibnbimality is

to

Di scl osure

sl Bt e RSl FR LS S ak B scanmite vt SKAC imaging JPHice s

and apparat us for the high speed analysis of magnetic storage

which wl| overcone, or at |east aneliorate, one or nore of the
The high sesphrtivndmmgingdevice is preferablydi SRMyor morepréferably ais AFM., thi s
on prOV|des an apparatus for the high speed anal ysi s
In the form of the mventmn utilising Kerr rotation as a measure of magnetic field strength, the
Kerr rotanon is preferably measured using a beam of palansed light directed at an oblique angle
of mc:dence to the surface of the disk. The Kerr rotatlon effect can be generated by existing

maguetlc data on the disk, or by magnetisation of the magnetlc media by the application of an

cxternal'f :'queuc field associated with the scanning dcv;cp. This field can be generated by an

electronjég_xiét or a permanent magnet.

In a'pteferre'd form of the invention, an electro magneii‘c field is used to the magnetise the
magnetlc medla, and by cyclically varying the amphtude and direction of the field, and
recordmg the ‘consequent Kerr rotation signal amphtude, the coercivity of the magnetic media

on the d1sk can be measured.

Additionally, the changes in the intensity of the reflected Qolarised light can be used to detect
physica'l?;_féliiidrmalities in the disk surface, for example, in the surface coating, which do not

affect the magnetic field strength.

Embodiments of the invention will now be described,. by way of example only, with the

refcrence to the accompanying drawings.
Brief description of the Drawings .
Figure 1 is a schematic perspective drawing of an appaﬁ_fié'tt_’xs for the analysis of a magnetic

storage disk according to one embodiment of this invention;

Figure 1a_;;._"1_§___‘:_'_:a_._;schematic view of an enlarged portion of the.apparatus shown in Figure 1.



-5 of magnetic storage disks, said apparatus conprising scanning neans to
‘systematically traverse the di sk surface and detect abnormalities in
the magnetic field strength, and indexing neans to i ndex the position
of abnormalities detected in the surface of the disk, and to position a
hi gh 20 resolution imaging device for imaging and anal ysis of the indexed
position of abnormalities.. I'M*"a second. aspect, this invention
provides a nmethod of analysing nagnetic st orage_ di sks conprising the
steps of systematically scanning the surface: of the disk to detect
abnor mal Figures2 is a scheinatic perspeagivetview of ab dpparates forithe amalysio of tiagmétivgstarape gh
resol uti devi ce e anal-yse detected abnormalities.
In one f&glfﬁ %ﬂ‘g{ﬁgﬁ%ﬁwﬁﬁmm&%&ﬂmﬁw- Moys Kerr rotation to provide
a neasure of magnetic field strength. I'n-other forns of the
i nvention, a magnetic sensor, an inductive or *° magnet or esi stive sensor

can be uNHﬂleMolpcmyuigottmaBmﬁtmﬁ magnetic field strength. 30

Pr ef er ab] _y, t he scanni ng nmeans and the high resol utjon inmagi ng device
tr ave5r s eFignees h@ad 4a show an apparatus 1 for the analysis 0 ;gnetlc storage disks 2 based on the

measurement of Kerr rofation. A light source 3 "'whlch can be a helium-neon laser in

combination with a polar_lscr-, such as a Glan—T_]_mm i-'___pnsm is used to direct a beam of
polarised light on to the surface of disk 2. The bean'i "difréctedjqn_'tq a selected area of the
surface 4 containing a damaged region 4a (as shown] iguré 1a). An electromagnet 5,
10  magnetises the region 4 illux;hhated by the polarised ligh K hc polarised light is incident on the

surface disk at the Brewster angle and is reflected to.

detector and analyser 6. The detector

analyser can be a photo multiplier or photo diode in combmatlon with a Glan-Thomson prism.

A standard mirror and lens focusing system or a flbreoptlcal system can be used for the

_ illumination of the selected area and collection of the réflected light.
15

The Brewster angle of incidence of the polarised lig increases the amplitude of the Kerr

rotation, that is, the rotation of the plane of polariSatlon' of the light in proportion to the
magnetisation of the media. This increase in rotatlon amphtude achieved by the oblique
incidence increases the sensitivity of the detector. Addltlonally, the use of Brewster angle of

20 incidence enhances the sensitivity of the mtensxty..-...megsurements of reflected light to

irregularities in the disk surface such as thinning :an”"'“\___'é":"é'tion sin thickness of the carbon

protective overcoating. The diameter of the illuminate -is 10-50 microns so as to detect
damage having a dimension of 1 micron or smaller. The inte. 1ty measurements are sufficiently
sensitive to detect a 0.1nm thick contamination or we .on the disk surface.

25

Detector and analyser 6 is connected to a control unit 7 wh1 is in turn, connected to the probe

8 of an AFM. The control unit 7 prov1des an outp o_ a detcctor display 9 and to an AFM

display 10. Changes in the magnetic field strength o he _;n@gnctlc media are reflected by a

30  indicative of the presence of abnormalities in the magn media. A positioner 11 is used to




=-3- . surface in unison. In this way, the indexing of the position of
any detected abnormality is . assisted by the physical relationship
between the scanning neans and the imagi ng devi ce. The hi gh

resol ution imaging device is preferably a SPMor nore preferably an AFM 5
In the formof the invention ut|I|5|ng Kerr rotation as a neasure of
magnetic field strength, the r rotation is preferably nmeasured
using a beam of polarised |light directed at an oblique angle of
incidence to the surface of the disk. The Kerr rotation effect can be

gener at efupporéxthe wdiskg2 and i IS n with cenwentionahmedis kot showy) feroedticnaandn

f th b | I on of  ap:-1 external magnetic field
gssoc?awbﬂnﬁgé’ E&SA a%lg{; %’E‘a thwlsgaqqx °8%§n IB@’%%rfﬁﬁtéﬂabe?Peé#mn

| ect REOR
Cnvent | ont Sean o MRHER @#@% spindle motor. ThellpfsBBA gt Hiidls fodh

magnet i ¢ radidl positioming)or mptiva smbs 1o provide Hg: gcaﬁ'oamu wmud axsmdrﬁcé Fsamealspﬁt@md
the field, and recordi ng ' the consequent Ker+ rotation si gna i tude,
the céer detretor- ﬁ Mﬁ giercialipayailable paramgtershgepindle matemrotationspeed 2000

1pm, radial positioning ~6mm/sec enable the scannm'__ of the whole surface of a 5.2-inch
magnetic disk in 30 seconds using a 50 micron laser beam spot size. Once the damaged area
on the disk is detected by the changes of the signal from_ the analyser the radial stage motion

freezes, and a slow, eg 30 deg/sec, rotating stage provi !

s the fine positioning of the damage

10  area under the SPM sensor agam using the detector as: zedback signal for the positioning.

This enables the position of any abnormalmes to be located for analysis under the AFM probe

8. In practice, this requires posmonmg of the abnorma within 0.1mm, since the typically

scanning range of the AFM -p‘rob'e is about 0.1 by 0. 1mm The control unit 7 performs the
lowering of the AFM tip and i imaging analysis of the damaged area. The data obtained by the
15 AFM can be stored and processed by computer.

. It will be apparent that the technique of measuring K o_tation allows a fast scanning of the

surface of a disk 2 to detect, fhe' location of any ab 12lities for analysis using the AFM
system. In a preferred an'angement the SPM prob _ aild the Kerr rotation apparatus are
20  mounted in a fixed physical relatlonshlp so that the re "'_tlve position is known. This allows a

simple positioning of any abnormahty under the SPM probe

Figure 2 shows an alterhate emb_odiment of the invention, in‘which a direct measurement of the

amplitude of the magnetic si'gnal is performed. me reference numerals indicate
25  components, the same as those described in relation _.-the':' mbodiment of Figure 1. In the
arrangement of Figure 2, an mduct1ve or magnetores1st1ve sensor 12 is used to systematically
traverse the disk 2 and locate any varlatlons m magnetlc fleld strength that are indicative of

abnormalities in the magnetlsed media. Agam the control unit 7 effects movement of the

positioner 11 to position any detected or abnonnahtle""' 'under the AFM probe 8 for analysis in

30 the same way as described at




> Additionally, the changes in the intensity of the reflected polarised |ight

can be used to detect physi cal abnormalities in the disk surface, for
exanple, in the surface coating, which do not 20 affect the magnetic
field strength. Enbodi ments of the invention will now be descri bed,
by way of exanple only, with the reference to the acconpanying

dr awi ngs. 25 Bri ef description 6% t he Dr awi-ngs Figure 1 is a
schemati c perspective drawi ng of an apparatus for the analysis of a

magneti c -storage di sk according to one enbodi nent of this invention;
Fi gur e 1%h¢ methodeindragparatusiof\higlf spead andlysiy ofl magnetiostorage disks apeaadingue thiiown
in Figurg 1

mvehtig’x(x) can be ready automated to provide for h:gh ﬁiiroughput testing of disks without the
need for operator control. In the above de'scrip_tion-,_:_?_tt_he invention has been described in
connection with use of an AFM :system for high pfecisiqp-_analytical analysis, however, it will

5  be apparent that other suitable devices can equally be used

The foregoing describes only some embodiments of thx ; jnvention and modifications can be

made without departing from the scope of the inventipz‘__l_":;-:'_
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-4 -~ Figure 2 is a schematic perspective view of an apparatus for

t he @Pal yS| s of nmmgnetit storage di sks according to a second

enbo $Beteii|R lHcgvent i on. Modes for carrying out the Invention
H show an apparatus 1 for the analysis of magnetic

stora d on the measurenent of Kerr rotation. A light

source 3 V\/mc e a heliumneon faser in -~ conbination with a

pol ari ser, such as a d an-Thonson prismis used to direct a beam of
polarised light on to the surface of disk 2. The beam.i.s.directed on to a
sel ected area of the surface 4 containing a damagedisr ggion et
shown in Figure la). An electronagnqéhglyéf magnet i
illum nated by the polarised |ight arised lig ) o)
surface disk at the Brewster angle and is reflected to a detector and

anal yser 6. The detector . analyser can be a photo nultiplier or photo
di ode in conbination with a G an-Thonson -prism A standard mrror and
| ens focusing systemor a_ fibre optical system:can be used for the

1 Ui ndt | on A APRWEAWE fercthe drigh speed aalysis fer magnetisy storgerdishsesaid appargis. 15
The Brevst el aglndf slfibSiEas0 HAfaRRCAT Hlehl UL SACEERRE okl ferecr

anpl i tude of ation e rotation e plrane of

pol ari sat i on abjorhidities fhthei lm@éﬁ@ﬁérd strength, étiﬁemdexmg NR@ASto indéx the pdkitiohe
media. This increase in rotation anplitude achiieved by the oblique

i nci dence in @f abexmalities §éﬁ¢§t¢ﬂlm thesusface 196 thredisktand.to pesition ankigh yesolutionus e

of Brewster

ggmg %ewce for i 1magmg -and analysis of the mdcxcd position of abnormalities.

2. . Anapparatus as claimcci mclaun 1, wherein said'sc_a____xi_ning means employs Kerr rotation

to determine the mag__:iét_'_ié_:;_fi;_’éld strength.

3. An apparatus as clalmcdmclalm 2, wherein said Kerr rotation is measured using a beam

of polarised light direqfédi at an oblique angle of incidence to the surface of the disk.

4. An apparatus as claimed-in ='c_':__l_aim 2 orclaim 3, wherem the measurement of Kerr rotation

is performed by magnttiéihg_a section of the d1skus1ng an electromagnet.

5. An apparatus as claimt_:_c_i____; il}_j(_-_:laim 2orclaim 3, wher'gf:in the measurement of Kerr rotation

is performed by magnpfi#jgg a section of the storage disk using a permanent magnet.

6. An apparatus ast:lalmed in'claim 2 or claim 3, whcrc he measurcment of Kerr rotation

is performed using the magﬁetxsatlon of the disk su ge through the storage of data.

7. An apparatus as clalmed m any one of claims 2 to 6, whcrem abnormalities are detected

by a decrease in the amphtudc of the Kerr rotatlon ::(:)W a selected threshold.

8. An apparatus as claimed in'claim 4, wherein the iaiﬁﬁ_l:itude and direction of the field

produce a measure of coercivity




“incidence enhances the sensitivity of the intensity neasurenents of
efﬂmﬁmgmHM| hwd irregularities in the disk surface such as
th|n |on sin thickness of the carbon protective
over aneter of-the illum nated area is 10-50 microns so as to
det ec anage havi ng'.a di nensi n of 1 micron or smaller. The

I ntensity neasurenents are-suff|C| en sens,l-LLALELto detect a 0.1nm
t hi ck contaninati on or weaf-area on the di sk surfacé‘toZ‘&}""‘:] ,,""""'E:tete tor and -

anal yser 6 is connected to’a control unit 7, which is i t,ur - conhected to
t he probe of thg magnetic maedin’ontthe diskt r ol unit 7 pr \neles “an: cht put_to a
detector display 9 and to .an AFM di splay 10. Changes in the rragnetlc
field strength of the magnetlc media are reflected by a change in the
anount Ker Ap @;ﬂq,so& %ﬂ ges
are 30 |nd| cat | he" F’ag{eﬁ? Pﬁﬂ%ﬁg%ﬁ‘?‘?xgs Irl\%?ﬁ&nﬁg(#?{i?@o

A posi tioner dflthe sbeamemf ;ioinnsed light reﬂected from the surface of the disk is used to dctect
-5- suppo t he di:sk-2-and i rovi ded with conventional neans (not
shown) for ro® ;cg Ig}qgnalmes in the disk surface.

10. An apparatus as clalmed in claim 1, wherem saxd scanning means comprises a

magnetor esistive SCDSOI'

11.  Anapparatus as clalmed in.claim 1, wherein said scanning means comprising a magnetic

sensor.

12.  An apparatus as clalmed m any one of claims 1.to 11, wherein said high resolution

imaging device com s a scanning probe mlcroscope

13.  An apparatus as cla ed m any one of claims 1 ';t:o 11, wherein said high resolution

imaging device comprises an atomic force microscope.

14.  Anapparatus as clalmed m _any-one of claims 1 to 12, wherein said scanning means and

said high resolutioni_l_m ging device traverse the surface of the disk in unison.

15. A method of analysmg magnctxc storage disks c' nprising the steps of systematically

scanning the su’tface;_ '1sk to detect abnormahtl :;m the magnetic field strength, and

positioning a higli :olutlon imaging dev1ce ‘to image and analyse detected
abnormalities. ' .

-

16. A method as clain;_:_"l

nning employs Kerr rotation to

in claim 14, wherein sai

determine the magrietic field strength.

17.  Amethod as claimed in claj 1

I \\m\\m\ ‘ '
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+ trangl atjon. The positioner has fast and sl ow scanning nodes. During the
fast scan operation the rotation of the disk is provided by a spindle
notor. The transl ational stage provides for the radi al positioning or
notion so as t:o provide the scan of the whole disk surface by the optical
5 detector. The typical commercial fy avail abl e paraneters; spindle notor
rotation speed [err]2000 rpm “radi al positioning [err]6mm sec enabl e
the scanning of the whole surface of a 5.2-inch magnetic disk in 30
seconds using.a 50 mcron | aser beam spot size. Once the damaged area
on the disk iofpelarised Hahtigirected a¢ pn phliquemginef isrigance orthersurfaceof shedisk. ¢ he
radi al stage not i on freezes, and a slow, eg 30 deg/sec, rotating
stage provides the fine positioning of the damage 10 area under the SPM
sensor agai n AlgiefifixitabelafifiécEialcRimas or BRith 26 0RGKinth@ Arhsireneht 6T KRB dtitRIH Q.
Thi s enabl es the position of any abnornalities to be located for anal ysi s
under the AFNS pexomned by magnetisingarsectionof the idisk usingAnr eectpusagricbni ng of the
abnormal ity within 0.1mm since the typically scanni ng range of the
AFM probe is about 0.1 by 0.1mm The control unit 7 perforns the
| oweri ”g9°f tﬁ‘ﬁleﬁizowak icRirAétfin! cm'l'sg)rgﬁ%gﬁ'\ﬁh&émttﬂgn%m%gma&fq@en fogidiAt a
obt ai ned by the 15 AFM can be store processed y conputer
will be apparisperfoinsdd byunageetivingqueectibn ofths storage disk usingapermaneat nagaeta
fast scanning of the surface of a disk 2 to detect the |ocation of
any abnormalitles for anal ysis using the AFM system In a preferred

arr ange A8 b oof ; .
nmount ed I N a él xgﬁa thrsalﬂg&* iﬁr e t’.kg’ﬁs NI~ plgox%ﬁéfpcl?% %{%Pl\?/te&ggesr? tatxon
known. This &k bemgsmd using thé niaghetisation of it digk surfare Yhebgothemstorage umtaa t he

SPM probe igure 2 shows an alternate enbodi ment of. the invention,
in whi cRla d,Amhqql@ggmmtanﬁpng pEclaims 15 to 19, wherein abnormalities are detected

by-a decrease in the amplitude of the Kerr rotation below a selected threshold.

22. A method as claimed in claim 17, wherein the amplitude and direction of the field
prOduc:ed by the electromagnetic is varied cyclically to produce a measure of coercivity

of the inagnetic media on the disk.

23.  Amethod as claimed in any one of claims 14 to 21, wherein the intensity of that portion
of the beam of polarised light reflected from the 'Q-su-_rfacc of the disk is used to detect

physical abnormalities in the disk surface.

24.  Amethod as claimed in claim 14, wherein said scanning uses a magnetoresistive sensor.

25. A method as claimed in claim 14, wherein said scanning uses a magnetic sensor.

26. A method as claimed in any one of claims 14 to 24, wherem said high resolution imaging

device comprises a scanning probe microscope.

27. A method as claimed in any one of claims 14 to 24, WhErein said high resolution imaging

device comprises an atomic force microscope.

TagUo R M § ® o h




--anplitude of the magnetic signal is performed. The sane reference nunerals

i ndi cate 25 conponents, the sane as those described in relation to the
enbodi ment of Figure 1. In the arrangenent of Figure 2, an inductive
or magnetoresistive sensor 12 is used to systematically traverse the
disk 2 and | ocate any variations in magnetic field strength that are

i ndi cative of abnormalities in-t!tRe magneti sed nmedia. Again, the
control unit 7 effects novenent of the positioner 11 to position any
detected or abnormalities under the AFM probe 8 for analysis in 30 the
sanme way as descri bed above.

- 6 - The nmet hod and appar at us of%spéed anal ysi s of magnetic
storage di sks according to th| S BY can be ready automated to
provide { ol "u APPARBIUS “FOR II&&I ~1 '\w.n XNAL Y %t AGNETIC "«'e-'ﬂ hfdks
oper at or —€6f ' AL oo . Te

descri be@, hﬂ:thod aﬁ@ %Bﬁﬁhhﬁrfo%ﬁh‘i? bﬁ&dcﬁnaMmAEMn%gﬁétmtﬁfhrgeme& @) aftlsePa
anal ytical analysis, however
systematic traversing of the disk surface (2) to detect abnormalities in the magnetic field
strength. The position of the detected abnormalities (4a) is inclined and a high resolution
imaging device sent as atomic force microscope probe (8) is positional force imaging and

analysis of the abnormality (4a)

(Fig 1)



"5 be .apparent that other suitable devices can equally be used. The
foregoi ng descri bes only sone enbodinents of this invention and

nodi fications can be made wit hout departing fromthe scope of the
i nventi on.
- 7 - CLAI M5 1. An
.apparatus for the high speed anal ysis of nagnetic storage disks, said
-appar at us 1/3 o
q
10 s
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> conprising | ow resolution scanning nmeans to systematically traverse the
di sk surface at high speed and detect abnornmalities in the magnetic
field stength, and indexing neans to index t he position of
abnornalities detected in the surface of the disk, and to position a high
resol ution i magi ng device for imaging and anal ysis of the indexed position
. of abnornalities. 2. An apparatus as claimed in claim1l1, wherein said
. scanni ng neans enploys Kerr rotation . to determine the nagnetic field
strength. 3. An appar atus as clg/ﬁed in claim2, wherein said Kerr
rotation is neasured using a beam of polarised light directed at an
oblique angle of incidence to the surface of the disk. 4. An appar at us
as clainmed in claim2\or claim3, wherein the nmeasurenent of Kerr rotation
is perforned by gnetingi ng a section of the disk using an el ectromagnet.
5. An apparatus _as clyinmed in claim2 or claim3, wherein the
measur enment of Ker N\ i s performed by magnetising a section
of the storage disk pagnet .

4q
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* 6. An apparatus as clainmed in claim2 or claim3, wherein the

nmeasurenment of Kerr rotation I's perfornmed using the nmagneti sation
of the disk surface through the storage of data. 7.  An apparatus as
claimed in any one of clains 2 to 6, wherein abnornalities are detected

. by a decrease in the anplitude of the Kerr rotation bel ow a sel ected

t hreshol d. 8. An apparatus as clained in claim4, wherein the

. anplitude and direction of the field produced by the

el ectromagnetic is varied cyclicall$/30 produce a reasure of coercivity

7 T
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?of the maghetic nmedia on the disk. 9. An apparatus as clainmed in any
. .one of ~e+ﬂ+~ncs—l__r_o‘8_,_Mel n_the intensity.of that portion of the

beam of: sed li ght refl.géted fromthe surface of the disk is used to

detect ’Eil!ﬂ" yﬂ"ca normal irties in the disk sur . 10. An

apparatu 21, whérein sald. seanr , es aj
- ragnetior esi st|ve sensor ~ An appar at ug. ) €l aimadpes
““wherein sai'd s¢canning - nea onprising a magh - An

“one of clalns 1 to
devi ce conprises @S
i anyC cla
_device conprise

‘apparatus as claimed in‘a
S#resolution selnmagin
- #13. An appar at us as cla
~high resol utl on;

rrevw

1. An apparatus for E ‘speed analysis of .magn R

compnsmg low- resolutlon scanﬁmg means to systema ra\ierse the disk surface at high

- speed and detect: abnon'nahtles in the magnetic fi fiel
- the posmon of abnormalmes" etected in the surface

disk, and to position a high

§ resolution imaging _ge_wc_q r lr_nggmg and analysis of the indexe _.p.(_')_sﬁition of abnormailities.

¢laim. 1, wherein said scanning means employs Kerr rotation

" to determine the miagn 1cfxeld strength.

3. “An apparatus as claime dim2, wherein said Kerr. rotation is measured using a beam

of polarised light directed an oblique angle of incidence to the surface of the disk.

4. . An apparatus as clal' iniclaim 2 or claim 3, whe the measurement of Kerr rotation

f "'fl'ls performed by ma_ ising a section of the disk Using an electromagnet.

5. .-:-iAn apparatus as clail

is performed by m: gnetxsmg a sectlon of the storagc :dlsk usmg a permanent magnet.

6. An apparatus as claimed in 2orclaim 3, whcrcm the mcasuremcnt of Kerr rotation

ation of the disk sutface through the storage of data.

is performed using the m

qglc Lol —4
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T4 " An apparatus as clained in any one of clains 1 to 12, wherein said
scahnumnmmﬂm“m said high resolution i magi ng device traverse the
surfa _ uni son. 15. A nmet hod of anal ysi ng magnetic

storagd dfsks donpriding the steps of systematically . scanning- the
surface of disk at high speed and | e®-resolution to detect abnormalities in
t he magnetic field strength, indexing the position of abnormalities
detected in the surface of the di sk, and positioning a high
resol ution i I’B}ghé’l&agﬁyﬁ&ﬁe&g oh oG siand anal yse det ected

abnormalities. A method as clainmed in claim 14, wherein said
scanni ng errpl oys Kerr rotation to determ ne the magnetic field
strengt A neth d'aj claimed_ in claim115, wherein said Kerr
rotatio | S ,@hgqﬂaéaduw med ipany.one of claims 1to 8, wherein the intensity of that portion

of the beam of polarised light reflected from the surface of the disk is used to detect

physical abnormalities in the disk surface.

10.  An apparatus as claimed in claim 1, wherein said scanning means comprises a
magnetoresistive sensor. '
11.  Anapparatus as claimed in claim 1, wherein said scanning means comprising a magnetic

S€nsor.

12.  An apparatus as claimed in any one of claims 1 to 11, wherein said high resolution

imaging device comprises a scanning probe microscope.

13.  An apparatus as claimed in any one of claims 1 to 11, wherein said high resolution

imaging device comprises an atomic force microscope.

14.  Anapparatus as claimed in any one of claims 1 to 12, wherein said scanning means and

said high resolution imaging device traverse the surface of the disk in unison.

15. A method of analysipg magnetic storage disks comprising the steps of systematically -
scanning the surface of disk at high speed and low resolution to detect abnormailities in the
magnetic field strength, indexing the position of abnormalities detected in the surface of the
disk, and positioning a high resolution imaging deVice to image and analyse detected

abnormalities.
16. A method as claimed in claim 14, wherein said scanning employs Kerr rotation to

determine the magnetic field strength.

17. A method as claimed in'claim 15, wherein said Kerr rotation is measured using a beam
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