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MethOd an(f l)pparatus (or the high speed analysis of 1mignetic storage disks" 
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5 Thi$ illventibll I'~lates to. a IJ1¢thod and apparatus for the d~t~cti011, l()(:ation and analysis of failed 

areas 0r ~aj of potentiaLfuilure on magnetic disk storag~·media. The invention has application 

to alffype~·o{magnetic di~k, including floppy diskette~:~:nd· hard.d.isk drives • 

10 

. _::: : ··=. 

Backgl:ou#d of the Invent~on 

In a ~gne~ic. di~k drive, th~ magnetic reading head travels over the surface of the disk during 

the di;kdri~~'9peration. 1b~ clearance between the head:si.ider and the disk surface is typically 
:'···· . :~· 

less·. ti¥m 25iDn~ It is highiy desirable to maintain a small clearance between the head and the 

disk s'U.rfa~:-~cause decre~sed clearance increases the'disk stQrage capacity. Conversely 
; ''·.· .· . . .. 

15 howey~r, .. th.~-d~~ease in clearance increases the probability of intermittent contacts between 

the heiid and.the '.rotating disk; surface. This can in tum lead to irrecov~rable damage of the disk 

and 1~ of th~':d~ta stored on the disk. Additionally, aggi:-~ssive environmental factors such as 

high. ~umiditf or contamj~ation. may cause localised .·. ·~rirrosjon of disk material and as a 

consequenc.e .<lat.a damage and failure of the disk . 
.. . · .. ···· "'.i." . . 

20 · .. · .... ··· 

Analysis ~f~ fi:iiled disk prqvides valuable information as' to the origin of the failure and thus, 

enabl~.St~:t~J;>e taken to prevent recurrence of the failur~·. ,Disk damage is however generally . · .. -.. . .: .. · -~ . . . •·. -.: . : . 

. of very smal(p~ysical dimertsions and, for example, a sc~:~t~ll: only 30nm deep will destroy the 

magnetic me9Ja b1yer on a typical disk. It is frequently ext~~mely time; ,consuming or impossible 

25 to detec:~·artd· localise damage using conventional optica{~r scaiming electron microscopy. It 

is possi}>le:'to;detect disk d~age using the spin stand w~icll n~rmaJly reads the data recorded 
.. . . . . ·.:. ... .. . ~;-

on a di~k; Ho~ever, this tt.c~ique does not provide any: inforniati~n about the damaged area 

or aboutthbo~gin of the ~ge. One technique for the tdba(iQn of the damaged area on a disk 

involxes.th~:i~Itial detection::~f data loss using the spin~st~nd, then recording of a special.bit 
·:.·. : . .-·. 

30 patten1on the·affC'.Cted track,.:followe~ by visualisation an(} lpcation of the damaged area using 
.. ~::" . . •. '·: :_ . . 

·.·: .· 

. ... .... ·: 

',·. 

. ...: ... ::.· . 
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a magnC:tic ink. The damag~d area can then be studied using an optical microscope or using a 

scannin.g ·probe microscopy (SPM) technique. This approach is, however, time consuming, 

contanii~ates the disk surface and is limited to the analy~is of isolated large areas of damage. 

5 Anothed'.>ri.or art technique for disk analysis involves the scanning of the entire surface of the 
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disk using-a SPM. This is, however, a time consuming prQCedure, which is subject to error due 

to the· p<>ssibility of SPM tip damage, which affects the ima.ge accuracy. An additional 

disadvanf4ge is that the translation of the SPM tip requir~s a complex and precise mechanical 

device. 

Disclosµi-e. of the Invention 

It is the:object of this invention to provide a method and apparatus for the high speed analysis 

of magnetic storage disks, which will overcome, or at least. ameliorate, one or more of the above 

disadvan~ages. 

Accordingly, in a first aspect, this invention provides an apparatus for the high speed analysis 

of magnetic storage disks, said apparatus comprising scanning means to systematically traverse 

the disk ~~ce 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 resolution_ imaging device for imaging and analysis of the indexed position of abnormalities. 

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

comprisjngthe steps of systematically scanning the surfade of the disk to detect abnormalities 

in the magnetic field strength, and positioning a high resolution imaging device to image and 

25 analyse detected abnormalities. 

In one form of the invention, the scanning employs Ke~t rotation to provide a measure of 

magnetic field strength. In other forms of _the invention~ a magnetic sensor, an inductive or 

magnetor~sistive sensor can be used to provide a measure of magnetic field strength. 

30 Preferably~ the scanning me.ans and the high resolution 'imaging device traverse the media 
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surface;}11unison. In this way, the indexing of th~ ~ition of any detected abnormality is 

assisted ·by-the physical relationship between the scanning means and the imaging device . ........ 

The higlf~es~lution imaging device is preferably a SPM or more preferably an AFM. 

In the fortn··Of the invention utilising Kerr rotation as a Il}~~su~ of magnetic field strength, the 

Kerr rota~9n:is preferably measured using a beam of pohnised, light directed at an oblique angle 

of incidence <:to the surface of the disk. The Kerr rotatiQn;:c:ffect can be generated by existing 
.·: ·. ·.--: ·,:·' .. 

magnetic_4a:t8 on the disk, or by magnetisation of the magnetic media by the application of an 

10 ext~:DJ.a&*eticfieldassociated with the scanning dev~c~. This field can be generated by an 

electrom~gnct or a permanent magnet. 

In a pref~rred form of the invention, an electro magnetic field is used to the magnetise the 

magnetiCJ~iedia, and by cyclically varying the amplitude and direction of the field, and 
.. . 

15 recordingtheponsequent Kerr rotation signal amplitude, the coercivity of the magnetic media 

on the djsk can be measured. 

Additionally, the changes in the intensity of the reflectecl polarised light can be used to detect 
. . ' . 

physicaL~bnc>rmalities in the disk surface, for example,. in the surface coating, which do not 

20 affect the-magnetic field strength. 

Embodi~e»;ts, of the invention will now be described,. by way of example only, with the 

referen~ to the accom}>anying drawings. 

25 Brief de~.~ription of the Drawings 

Figure 1. is a schematic perspective drawing of an apparatus for the analysis of a magnetic . 
storage disk according to one embodiment of this invention; 

Figure laJ~·a schematic view of an enlarged portion of the ~pparatus shown in Figure 1. 

30 
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Figure 2 is a schematic perspective view of an appar~ttl~'for th~ analysis of magnetic storage 

disks according to a second· embodiment of this inve~ii~~.· 

Modes for carrying out the Invention 

5 Figures 1 and la show an apparatus 1 for the analysis of:.4!?;gpeti_c storage disks 2 based on the 

measurement of Kerr rotation. A light source 3 ~hi~lJ ... can be a helium-neon laser in 
. ··.-·.:· 

combination with a polariser, such as a Glan-The>m~i{ptjsm is used to direct a beam of 
. \·: :::·.···.,, 

polarised light on to the surface of disk 2. The bea~'.i~·dfrected on to a selected area of the 

surface 4 containing a ~ged region 4a (as showtf)li Figure .la). An electromagnet 5, 
: . ·.··· .. 

10 magnetises the region 4 illuminated by the polarised light.l Tb~ polatised light is incident on the 

15 

surface disk at the Brewster angle and is reflected tc;> ;:d~tector and analyser 6. The detector 

analyser can be a photo multiplier or photo diode in coni'-'irtation with a Olan-Thomson prism. 

A standard mirror and lens focusing system or a fibr¢'·optical system can be used for the 

illumination of the selected area and collection of the reflected light. 

The Brewster angle of incidence of the polarised ligl}.t ilicreases the amplitude of the Kerr . . . . . . . . . 

rotation, that is, the rotation of the plane of polatisa,t~Qn of the light in proportion to the 

magnetisation of the medi~. This increase in rota,ti~It: ~.IDPlitude achieved by the oblique 

incidence increases the sensitivity of the detector. Addjdonally, the use of Brewster angle of 

20 incidence enhances the sensitivity of the intensity me~urements of reflected light to 

irregularities in the disk surface such as thinning an~ ·varla,don sin thickness of the carbon 
. -: ... ·.'·.:,·. 

protective overcoating. The diameter of the illuminat~(farea is 10-50 microns so as to detect 

damage having a dimemion of 1 micron or smaller. 'J'he'i;hte~ity measurements are sufficiently 
. ~- .. ;:.. ·.::·· .. 

sensitive to detect a O.lnm thick contamination or weaf'are~ on the disk surface. 
:.:; ';·;·:· .. 

25 ,: \ . 
.. '· 

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

8 of an AFM. The ~ntrol unit 7 provides an ou~utto·a·d~tector display 9 and to an AFM 
.. ;· .. : ...... 

display 10. Changes in the magnetic field strengt)l hf'jthe tn~gnetic media are reflected by a 

change in the amount of Kerr rotation monitored by dete~toi ~cl analyser 6. These changes are 

30 indicative of the presence of ~bnormalities in the magn~f it media. A positioner 11 is used to 
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s1,1pport the disk 2 and is proyided with conventional.means (not shown) for rotation and .. . . . . ····,· 

translation. The positioner has fast and slow scanning::mddes. During the fast scan operation 
··:·.··:.:.: 

the rotation of the disk is provided.by a spindle motor. ;T:J1e .translational stage provides for the 
.. - . . 

radial positioning or motion .. ~o as to provide the scan.~o~;the whole disk surface by the optical 

S detector. The typical commercially available parameter8;"~pindle motor rotation speed -2000 

rpm, radial positioning -6Jl1m/SeC enable the scanni~~·:·of the whole surface of a 5.2-inch 
. . .. 

magnetic disk in 30 seconds tisi11g a 50 micron laser ~aµi spot size. Once the damaged area 

on the disk is detected by t]ie cl,l~nges of the signal fr~#i;the analyser the radial stage motion 

freezes, and a slow, eg 30 deg/sec; rotating stage proyj~~s the fine positioning of the damage 

10 area under the SPM sensor aga1_n using the detector as:tji:~ feedback signal for the positioning. 

This enables the position of any abnormalities to be lo~~t~ for analysis under the AFM probe 
;··· . 

8. In practice, this requires positioning of the abnonn~fity :within O.lmm, since the typically 
... ;.-·;·, :'' 

scanning range of the AFM probe is about 0.1 by O.Jitlfu. The control unit 7 performs the 

lowering of the AFM tip and imaging analysis of the d~M"_ged area. The data obtained by the 

IS AFM can be stored and processed.by computer. 

. It will be apparent that the technique of measuring Ke# "rotation allows a fast scanning of the 
·-:;:·.::.::: . 

surface of a disk 2 to detect}he: location of any abnplfo&Iities for analysis using the AFM 

system. In a preferred arra~gement, the SPM probe:J:~ ·:~nd the Kerr rotation apparatus are 

20 mounted in a fixed physical n~lat~onship so that the rel.~~ive position is known. This allows a 
..... ,,.; 

simple positioning of any abnonrt~lity under the SPM prob~ . 
. . . ·.::. · .. 

:. · ... 

Figure 2 shows an alterhate emb<xijment of tlie iilventioh,·in ~hich a direct measurement of the 

amplitude of the magnetic $ignal is perfoqnecl. the' ~Pie reference numerals indicate 

25 components, the same as those described in rplation.:t~··the\embodiment of Figure 1. In the 

arrangement of Figure 2, an inductive or Qlagn,etoresistlve ~~nsor 12 is used to systematically 
'" '_..· .:·.' . . . ·:·:.· 

traverse the disk 2 and locate an}': :variatiOns _iµ _magnetic fi~ld strength that are indicative of 

abnormalities in the magn,etised D1edia. Again~ the control unit 7 effects movement of the 
:~ . . . . . . . : . 

positioner 11 to position any Qetect.ed or abnormalities.'urider the AFM probe 8 for analysis in ' -;· . . ; . ;.· ~- . . . .... 

30 the same way as described a~v~{' 
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The method and apparatus of high speed analysis of Illagii~tic storage disks according to this 

invention can be ready automated to provide for high tJu.oughput testing of disks without the 

need for operator control. In the above description;_: the invention has been described in 

connection with use of an AFM system for high precis~~µ analytical analysis, however, it will 

5 be apparent that other suitable devices can equally be used. 

The foregoing describes only some embodiments of f#i~ -~nvention and modifications can be 

made without departing from the scope of the inventio~·-
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CLAIMS 

;' 

1. An apparatus for the high speed analysis for ~~gnetic storage disks, said apparatus 

comprising scanning riJ.~ns to systematicaliy #averse the disk surface and detect 

abnormalities in the ~,aghetic field str.ength, an<;ti~clexing. means to index the position 

of abnormalities deteCt:ed in the surface of the <li~Jc; :and to position a high resolution 

imaging device for ~~~ging and analysis of the i:1.1<i:~xed position of abnonnalities. 

2. An apparatus as claimedi11Claim 1, wherein saidsc~:nning means employs Kerr rotation 

to detennine the magnetkfield strength. 

3. An apparatus as clahned:in '¢laim 2, wherein said Kerr rotation is measured using a beam 
. : ... '.."~ . . ~ : 

of polarised light directeq at an oblique angle of itleidence to the surface of the disk . 
. '· . . 

. . . . . 

4. An apparatus as claim¢: in daim 2 or claim 3, wherein: the measurement of Kerr rotation 

is performed by magne~ising_a section of the disk,1.lsi;ng an electromagnet. 
::;·.· 

5. An apparatus as claime4 in'Claim 2 or claim 3, wherein the measurement of Kerr rotation 

is performed by magnei~,i~g :a section of the storci~~: :c;lisk using a permanent magnet. 

6. An apparatus as'tlaime4in:ci~ 2 or claim 3, whefuintJie measurement of Kerr rotation 
. -:· .. ~ ·, 

is performed using the magnetisation of the disk ·surf3,ee through the storage of data. 
: . .. · .. ·.·!. 

7. An apparatus as claimed in aiJy one of claims 2 to ~:·'~li~rein abnormalities are detected 

by a decrease In the ampl~tiide of the Kerr rotatiop bel,~W a selected threshold . 
.:.:· 

. . ··t: ·;· ;-_; 

8. An apparatus as claimC<:fin claim 4, wherein the'.~iil~'litude and direction of the field 
. ···.;· . ..:; . . 

produced by the electrqm~grietic is varied cyclically ·to:produce a measure of coercivity 
'•· .. · .. ' ·' '. .. · .. 

. : . ;~.:: ·. ·: . 

. +11111111111111111111111111111: . j 
* . ·. ··c ., .... ·,.L· M ;$_;;,; .. ·*··.· 

. '.: . ·>i:· . 
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. . ... 

of the magnetic m~~ia.··on the disk. 

9. An appamtus as clafuicii..in any one of claims 1 to 8~: wherein the intensity of that portion 

of the beam of pQ~~sbd'light reflected from t~~.sµrface of the disk is used to detect 

physical abnormal~#ts:in:tbe disk surface . 

.. ,. 
10. An apparatus as Cl~imed in ~laim 1, :wherei~ :,s~id scanning means comprises a 

·: .:·.·. :·. 

magnetoresistive sel'l~6r. 

11. An apparatus as c}ajtned bH:laim 1, wherein said ,scanning means comprising a magnetic 

sensor. 

12. An apparatus as clairil~~ iQ. any one of claims 1 to 11, wherein said high resolution 
·.··;".-·. 

imaging device coropri~$~a scanning probe microscope. 

13. An apparatus as cl8.iI~.ed in any one of claims l :to 11, wherein said high resolution 

imaging device com~tl8es an atomic force microstope. 

14. An apparatus as clanned·in a.nyone of claims 1 to 12, wherein said scanning means and 

said high resolutiol).iril~ging device traverse the surface of the disk in unison. 

15. 

. . . . : . . 

A method of analys~~g rilkgne.tic storage disks ~~~prising the steps of systematically 

scanning the sutface;~{disk to detect abnormaliti¢;s· in the magnetic field strength, and 

positioning a high·:·}esdlution imaging devic~; :to image and analyse detected 

abnormalities. 

16. A method as claim~djn ci~im 14, wherein sajd_ ~canning employs Kerr rotation to 
.... . ~ : > :'.: '. 

determine the magrt¢H¢ fie id strength . 

. .... :~: ,_;. 
-:··· 

17. A method a8 claimec(i~ '~1~'irii: 15, wherein said Ke.fl"::rotation is measured using a beam 
. . . ~ 

. ! 

· ... ,' ·· HlllMIQ~ pRlllllMI ... ' 
· .. ·. ·*'' .. .-·c '.• L . II\ S •... ··. . ·_: 
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ofpolarised light directed at an oblique angle of incidence to the surface of the disk. 

18. A:lJlethod as claimed in claim 15 or claim 16,-wherein the measurement of Kerr rotation 

is.1*rformed by magnetising a· section of the disk using an electromagnet. 

19. A m~jhod as claimed in claim 15 or claim l6, wherein the measurement of Kerr rotation 

isJ>eI'formed by magnetising a ~ction of the storage disk using a permanent magnet. 

20. Aint;thod as claimed in claim 15 or claim 16, wherein the measurement of Kerr rotation 

is.performed using the magnetisation of the disk surface through the storage of data . 
. .. · ;: . 

21. A lil~thod as claimed in any one of claims 15 to 19, wherein abnormalities are detected 

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

22. A me~hod as .claimed in claim 17, wherein the amplitude and direction of the field 

produ¢ed by the electromagnetic is varied cyclically to produce a measure of coercivity 

of the magnetic 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 surface of the disk is used to detect 

physical abnormalities in the disk surface. 

24. A method as claimed in claim 14, wherein said s~I$.ing uses a magnetoresistive sensor. 

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

26. A method as claimed in any one of claims 14 to 24, ';¥herein said high resolution imaging 

device comprises a scanning probe microscope. 

; l ~-

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

dev~c:e=comprises an atomic force microscope. 


