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Thié‘flﬁventlon '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.
Backf:g:'_i"oup_dz_'ol? the Invention

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
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

to detect and locahse damage using conventional optlcal or scannlng 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

pattem on the.affected track, followed by visualisation and locatlon of the damaged area using
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a magnetlc ‘ink. The damaged area can then be studied usmg an optical mlcroscope or using a
scannmg probe microscopy (SPM) technique. This approach is, however, time consuming,

eontar_r__u_r___r_a;es the disk surface and is limited to the analyels of 1sola_ted large areas of damage.

Another-fpri‘or art technique for disk analysis involves the- scanning of the entire surface of the
disk usmg a SPM. This is, however, a time consuming procedure, which is subject to error due
to the possrbrhty of SPM tip damage, which affects the image accuracy. An additional
disadvantage is that the translation of the SPM tip requrres a complex and precise mechanical

device.

Dlsclosure 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

disadvantages.

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

resolutiqir imaging device for imaging and analysis of the indexed position of abnormalities.

In a second aspect, this invention provides a method of analysmg magnetic storage disks
comprising the steps of systematically scanning the surface of the disk to detect abnormalities
in the magnetic field strength, and positioning a high resolutlon imaging device to image and
analyse detected abnormalities. '

In one form of the invention, the scanning employs Kerlﬁ:r(f)tation to provide a measure of
magnetic field strength. In other forms of the invention‘,; a magnetic sensor, an inductive or
magnetoresxstlve sensor can be used to provide a measure of magnetic field strength.

Preferably, the scanning means and the high resolution i 1mag1ng device traverse the media
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surface m umson In this way, the indexing of the posmon of any detected abnormality is

ass1sted by the physical relationship between the scanmng means and the imaging device.
The hig_'l'__ilf.'-ij'_e_éblution imaging device is preferably a SPM or more preferably an AFM.

In the fdr'ifi of the invention utilising Kerr rotation as a méasure of magnetic field strength, the
Kerr rotation is preferably measured using a beam of polansed 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

external’ magneuc field associated with the scanning devxce This field can be generated by an

electromagnct 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?;_fébﬁdrmalities 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

reference 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.
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Figure 2 is a schematic perspective view of an ap_parét _ or the analysis of magnetic storage

disks according to a second-embodiment of this invent r___i._j

Modes for carrying out the Invention

Figures 1 and 1a show an apparatus 1 for the analysis 5 gnetlc storage disks 2 based on the

measurement of Kerr rotation. A light source 3 w ‘ h can be a helium-neon laser in
combination with a polar_iser-, such as a2 Glan-Tho

polarised light on to the surface of disk 2. The beam_:__

Pnsl{n is used to direct a beam of
fzrectedjqn_'tq a selected area of the
surface 4 containing a damaged region 4a (as shewn mFlgure 1a). An electromagnet 5,
magnetises the region 4 ﬂlummated by the polarised li gh he polarised light is incident on the

surface disk at the Brewster angle and is reflected to._a etector and analyser 6. The detector

analyser can be a photo multiplier or photo diode in com__b;_nataon with a Glan-Thomson prism.
A standard mirror and lens focusing system or a fibté?::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 hgh increases the amplitude of the Kerr

rotation, that is, the rotation of the plane of polansan m 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
incidence enhances the semsitivity of the 1ntens1ty measurements of reflected light to
irregularities in the dxsk surface such as thmmng and_ vanatlon sin thickness of the carbon
protective overcoating. The diameter of the illuminate d "area is 10-50 microns so as to detect

damage having a dimertsion of 1 micron or smaller. The inte; ' fty measurements are sufficiently

sensitive to detect a 0.1nm thick contamination or wea rea on the disk surface.

Detector and analyser 6 is connected to a control unit 7}__ i'é' is in turn, connected to the probe

8 of an AFM. The control unit 7 provides an output a eteaor display 9 and to an AFM

display 10. Changes in the magnetic field strength « Iie:_'jrﬁafgnetic media are reflected by a
change in the amount of Kerr rotation monitored by detector and analyser 6. These changes are

indicative of the presence of abnormalities in the magne edia. A positioner 11 is used to
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support the drsk 2 and is provrded with conventional means (not shown) for rotation and

translation. The positioner has fast and slow scannin o_d_es. During the fast scan operation

the rotation of the disk is prov;.,ded--by a spindle motor. ranslational stage provides for the

radial positioning or motion so as to provide the scan:( lie whole disk surface by the optical

detector. The typical commercrally available parameters, spmdle motor rotation speed ~2000

1pm, radial positioning ~6mm/sec enable the scanninig ‘'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 provr !

s the fine positioning of the damage

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

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

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

scanning range of the AFM probe 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
AFM can be stored and processed by computer. '

o_tation allows a fast scanning of the
surface of a disk 2 to detect;::_tihe-_;location of any ab _.:_al.ities for analysis using the AFM
system. In a preferred anaﬁ'gement the SPM prob _ arrd the Kerr rotation apparatus are
mounted in a fixed physical relatronshrp so that the re "'_rrve 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 signal is performed. : me reference numerals indicate
components, the same as those described in relation _.-the':' mbodiment of Figure 1. In the
arrangement of Figure 2, an mductrve or magnetoresrstrve sensor 12 is used to systematically
traverse the disk 2 and locate any vanatrons m magnetlc fleld strength that are indicative of

abnormalities in the magnetrsed media. Agarn the control unit 7 effects movement of the

positioner 11 to position any detected or abnormahtle""' 'under the AFM probe 8 for analysis in
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The method and apparatus of hzgh speed analysis of mé‘gpg-tic storage disks according to this
inventi(_m can be ready automated to provide for h:gh throughput testing of disks without the
need for operator control. In the above de!scrip:tion;f_Z' the invention has been described in
connection with use of an AFM :system for high p'recisiép-_analytical analysis, however, it will

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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CLAIMS

An apparatus for the: hlgh speed analysis for magnetxc storage disks, said apparatus

comprising scanmng means to systematically - t"'_ erse the disk surface and detect

abnormalities in the mag_;)etlc field strength, and gqulng-means to index the position

of abnormalities det'_;ctf_ft_:p_f_d;in the surface of the q;_sk; and to position a high resolution

imaging device for 1magmg and analysis of the mdcxcd position of abnormalities.

An apparatus as claimed mclaun 1, wherein said'sc_a____xi_ning means employs Kerr rotation

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

An apparatus as claimed:in claim 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.

An apparatus as clalmed m clalm 2 orclaim 3, wherem the measurement of Kerr rotation

is performed by magnctlsmg a section of the d1sk using an electromagnet.

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

is performed by magnpfi&i‘xig a section of the storé‘éé disk using a permanent magnet.

2 orclaim 3, whcrcm the measurement of Kerr rotation

is performed using the'magnetxsatlon of the disk surface through the storage of data.

An apparatus as claimed.in any one of claims 2 to 6, Wherein abnormalities are detected

by a decrease in the amphtudc of the Kerr rotatiéj':jfﬁél:(}\%' a selected threshold.

An apparatus as claim§d in‘claim 4, wherein thé; ﬁiitude and direction of the field

produced by the electro

nc is varied cyclically to)produce a measure of coercivity
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of the magnetic me

d ;:ih.any one of claims 1 to SE:thrcin the intensity of that portion
i dhght reflected from thesurface of the disk is used to detect

h’}fhe disk surface.

ed in claim 1, wherein said scanning means comprises a
magnetoresistive sensor.

An apparatus as claim in-claim 1, wherein said scanning means comprising a magnetic
SEnsor. CET
An apparatus as cl_a_l_m_; d in any one of claims 1.to 11, wherein said high resolution

imaging device comp ses.a scanning probe microscope.

An apparatus as c:l_zu;_n_gfdi m any one of claims 1 ';t:o 11, wherein said high resolution

imaging device comprises an atomic force microscope.

An apparatus as clalmed'm any one of claims 1 to 12, wherein said scanning means and

said high resolution i 1magmg device traverse the surface of the disk in unison.

A method of analySiﬂg’”’ﬁ;?éngtic storage disks comprising the steps of systematically

scanning the sutface’ 6f7di5k_ tq detect abnormalitit in the magnetic field strength, and

>'t0 image and analyse detected

positioning a high’ resolution imaging devic
abnormalities. ' '
'{éanning employs Kerr rotation to

A method as claimed-in claim 14, wherein sai

determine the magrie field sirength.

15, wherein said Kerr rotation is measured using a beam
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ofpolansed light directed at an oblique angle of incidence to the surface of the disk.

A method as claimed in claim 15 or claim 16, wherein the measurement of Kerr rotation

1sperformed by magnetising a section of the disk using an electromagnet.

A method as claimed in claim 15 or claim 16, wherein the measurement of Kerr rotation

is.performed by magnetising a section of the storagc disk using a permanent magnet.

Amethod as claimed in claim 15 or claim 16, wherein the measurement of Kerr rotation
1sperformed using the magnetisation of the disk surface through the storage of data.
Amethod 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.

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.

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 'qu-_rfacc of the disk is used to detect

physical abnormalities in the disk surface.

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

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

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

device comprises a scanning probe microscope.

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

device comprises an atomic force microscope.

ey R e R S




