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"'-""'NEthod & apparatus for the high speed anal ysis of precision surfaces"

Field of- the l-nvention 5 This invention relates to a ne -0
apparatus for the detection, |ocation and anal ysis of abnormalit

precision surfaces. As used in this specification, the term "prezﬁdn
surface" is intended to refer to surfacges of devices which nust |€%
hi gh degree of uniformty in order to ensure proper operation of the

devi ce. Exanpl es of such surfaces include the surfaces of nagnetic disks,
and optical disk |J] as the praoiective |ayer. surfaces .of 10 "

seni - conduct or dzb'f"iggg &'ﬂ%l’#rﬁ?éﬁ#’ﬁ'g eﬁéﬁ!’ SHES %Bﬁlyfﬁr?ftpé'e‘f'ﬂgnégfféﬁﬁ on of
abnormalities such as wear marks, indentations, asperities, changes in
surface roughness, thinner overcoat, thicker |ubricant |ayer and corrosion
sites on t Rield ofthé IreentioBackground to the Invention 15 In the follow ng
description, the invention will primarily be described with reference to
the anal ysis of magnetic storage disks, by way of exanple only. In a

the analysis of | e di sk, .
The i Sk dur i ng THomyPEEn RRREl SmEGR Lfaraatih: E N i, 0GRl

bet ween t hefhsbadmbalitibsromptcisivh slirfdces urAsagsediia thispspeaificution; the teran "precision
25nm It is highly desirable to maintain a small clearance between the head

and the di SRrfaee’t ¥t intended focretractpcsiages pE devifiese Whirky musteexhibit achigh dsgisefe
capacity. C&i’lﬁxgﬁi?y%ln%r@e?%gx%ﬁte ﬁrg&r operation of the device. Examples of such surfaces include

the surfaces of magnetic disks, and optical disks as well as the protective layer surfaces of
10  semi-conductor devices. The invention has application to the detection of abnormalities such
as wear marks, indentations, asperities, changes in surface roughness, thinner overcoat, thicker

lubricant layer and corrosion sites on these surfaces.

Background to the Invention
15
In the following description, the invention will primarily be described with reference to
the analysis of magnetic storage disks, by way of example only. In a magnetic disk drive, the
magnetic reading head travels over the surface of the disk during the disk during the disk drive
operation. The clearance between the head slider and the disk surface is typically less than
20  25nm. Itis highly desirable to maintain a small clearance between the head and the disk surface
because decreased clearance increases the disk storage capacity. Conversely however, the
decrease in clearance increases the probability of intermittent contacts between the head and the
rotating disk surface. This can in turn lead to irrecoverable damage of the disk and loss of the
data stored on the disk. Additionally, aggressive environmental factors such as high humidity
25  or contamination may cause localised corrosion of disk material and as a consequence, data

damage and failure of the disk.

Analysis of a failed disk provides valuable information as to the origin of the failure and
thus, enables steps to be taken to prevent recurrence of the failure. Disk damage is, however,

30  generally of very small physical dimensions and, for example, a scratch only 30nm deep will



" decrease in clearance increases the probability of internittent contacts
bet ween the head and the rotating disk surface. This can in turn lead to

i rrecoverabl e damage of the disk and | oss of the data stored on the disk.
Addi tionally, aggressive environmental factors such as high humdity 25

or contam nation may cause |ocalised cofrosion of disk material and as a
consequence, data damage and failure of the disk. Analysis of a failed disk
provi des val uable information as to the origin of the failure and thus,
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layer on a typical disk. It is frequentTy extremely tinme consum
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damaged ar ama on aaisitiiswolves\the indtial tlhtection of ddta thss esing tre spin-ctand, thenseanding of

th ' t and di
€ sprn-s a ggralecxal Lﬂ %gtte[rg %g rtheI ar%Pected track, followed by visualisation and location of the damaged

area using a magnetic ink. The damaged area can then be studied using an optical microscope
or using a scanning probe microscopy (SPM) technique. This approach is, however, time
10  consuming, contaminates the disk surface and is limited to the analysis of isolated large areas

‘of damage.

Another prior art technique for disk analysis involves the scanning of the entire surface

of the disk using a SPM. This is, however, a time consuming procedure, which is subject to

15  error due to the possibility of SPM tip damage, which affects the image accuracy. An additional
disadvantage is that the translation of the SPM tip requires a complex and precise mechanical

device.

Similar difficulties exist in relation to the quality control of semi-conductor devices such

20  as microchips. Typically, microchips are protected by a surface coating layer of oxide or
polymer about 10um thick. Failure of the protective layer can be a result of corrosion, electric
breakdown, and manufacturing failures such as holes, pits and composition breakdowns. The

typical area size of surface abnormalities in the protective layers is of the order of 1m.

25 Disclosure of the Invention

It is the object of this invention to provide a method and apparatus for the high speed
analysis of precision surfaces, which will overcome, or at least ameliorate, one or more of the
above disadvantages.
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Ta speC| al bit pattern on the affected track, followed by visualisation and
"location of the damaged area using a magnetic ink. The damaged area can

t hen be studied using an optical mcroscope or using a scanni ng probe

m croscopy (SPM technique. This approach is, however, tinme 10 consum ng,
contam nates the disk surface and is liqited to the analysis of isolated

| arge areas of damage. Another prior art technique for disk analysis

i nvol ves the scanni ng of the entire surface of the disk using a SPM This

is, h , t.i b t .0 5 d
to the possi bi | Ao F Jrtate: i enih bR HEeuied ron s iaBseef
addi ti onal axsﬂlmfe}ﬁ&aﬁsn bﬁxféc’!&%ﬁlﬁoﬁﬁﬁﬂfek%bhﬁﬁsﬁ tﬁé‘ﬁegcﬁgﬂ 1h*a81aﬁﬁg uiers%sfaee

conpl ex and precise nechani cal device. Simlar ficulties exist
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lferr]m 25 Di sclosure of the Invention It is the object of this
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precision surfages cedflaGipdd! thisSeEtdlBroiliestn dppamtus¥oP tHeHigh SpeeddGalfhis of

nore of the
precision surfaces for abnormalities, said apparatus comprising scanning means to sequentially

10  irradiate the surface with a beam of light, detecting means to detect changes in the optical
properties of the light reflected from the surface indicative of said abnormalities, indexing
means to index the position of detected abnormalities and to position a high resolution imaging

device at the indexed position for analysis of the abnormality.

15 In one form of the invention, the scanning employs a beam of polarised light and the

detected change in optical property is a change in the plane of polarisation. In an altemate form -~~~

of the invention, the detected change in the optical property of the reflected light is a change in

intensity. Preferably, the beam of light is directed at an oblique angle of incidence to the

precision surface.
20
Preferably, the scanning means and the high resolution imaging device traverse the
media surface in unison. In this way, the indexing of the position of any detected abnormality
is assisted by the physical relationship between the scanning means and the imaging device.
25 The high resolution imaging device is preferably a SPM or more preferably an AFM.

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

reference to the accompanying drawings.



“above di sadvant ages. 30 -3- Accordingly, in a first aspect, this

I nvention provides a nethod for the high speed anal ysis of precision
surfaces for abnormalities conprising the steps of irradiating the surface
with a beam of |ight, detecting changes in the optical properties of |ight
reflected fromthe surface to | ocate sajd abnornmalities, determ ning the
position of said abnornmalities and 5 positioning a high resolution

i magi ng device at the |location of the determ ned position for the anal ysis
of the abnormality. In a second aspect, this invention provides an
apparatus for the high speed anal ysis of precision surfaces for

abnor mel i t Befef DeséripAéiPaf BleDradRR" | Si Ng scanning means to sequentially 10
irradiate the surface with a beamof |ight, detecting nmeans to detect

changes in the optical properties of the light reflected fromthe surface
i ndi cative of said ahnormalities, indexing neans.to index the positjon
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Modes for carrying out the Invention

Figure 1 shows an apparatus 1 for the analysis of magnetic storagé disks 2. A light

10  source 3 which can be a helium—neon laser in combination with a polariser, such as a Glan—
Thomson prism is used to direct a beam of polarised light on to the surface of disk 2. The beam

is directed on to a selected area of the surface 4 containing a damaged region 4a. The polarised

light is incident on the surface disk at the Brewster angle and is reflected to a detector and
analyser 6. The detector analyser can be a photo multiplier or photo diode in combination with

15  aGlan-Thomson prism. A standard mirror and lens focusing system or a fibre optical system

can be used for the illumination of the selected area and collection of the reflected light. The-

use of Brewster angle of incidence enhances the sensitivity of the intensity measurements of
reflected light to irregularities in the disk surface such as thinning and variations in thickness
of the carbon protective overcoating. The diameter of the illuminated area is 10-50 microns so
20  as to detect damage having a dimension of 1 micron or smaller. The intensity measurements

are sufficierntly sensitive to detect a 0.1nm thick contamination or wear area on the disk surface.

Detector and analyser 6 is connected to a control unit 7, which is in turn, connected to

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

25 AFM display 10. Abnormalities in the surface 4 result in change in the plane of polarisation of
the reflected light monitored by detector and analyser 6. A positioner 11 is used to support the

disk 2 and is provided with conventional means (not shown) for rotation and translation. The
positioner has fast and slow scanning modes. During the fast scan operation the rotation of the

disk is provided by a spindle motor. The translation stage provides for the radial positioning or

30 motion so as to provide the scan of the whole disk surface by the optical detector. The typical



" 15 In one formof the invention, the scanning enpl oys a beam of

pol ariséd light and the detected change in optical property is a change in
the plane of polarisation. In an alternate formof the invention, the
detected change in the optical property of the reflected light is a change
in intensity. Preferably, the beamof Jgght is directed at an oblique angle
of incidence to the precision surface. 20 Preferably, the scanni ng neans
and the high resolution inaging device traverse the nedia surface in

uni son. I n.ghi s 8 e Q?ﬁﬁ(" e i a e
abnormality 1S assysaggelglﬁt? et%ﬁgl%ﬁnfg‘{ﬁ?e?gét%%ns |%d b(g?(\)/\g&%&tcrh@qls asrlltrll(l)nﬁn
means and &6ami/seBEnabledby/scatning of the whole surfhee ofl 512+ ieh Imsignetic disk g BY scbonds e
is preferably a SPM or nore preferably an AFM Enbodi nents of the invention

will now besiegag) micran laspr heam spotsiggmimee shi Jamaged qrean the diskdn deteeigdbpdhe
= schomt 1 ErasErE 8L B gnal e 0 belinet 3B bkl it QpofolC mebiat, LS sfb, e’ a0 °
' S  deg/fsec, rotating stage provides the fine positioning of the damage area under the SPM sensor
again using the detector as the feedback signal for the positioning. This enables the position of
any abnormalities to be located for analysis under the AFM probe 8. In practice, this requires
positioning of the abnormality 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
10  imaging analysis of the damaged area. The data obtained by the AFM can be stored and

processed by computer.

It will be apparent that the above described technique allows a fast scanning of the

surface of a disk 2 to detect the location of any abnormalities for analysis using the AFM

15  system. Ina preferred arrangement, the SPM probe 8 and the scanning apparatus are mounted
in a fixed physical relationship so that the relative position is known. This allows a simple

positioning of any abnormality under the SPM probe.

It will be apparent that the AFM system also provides a means of measuring the

20  roughness of the surface. Roughness measurements are the major topographic parameter for
quantifying surface finish and homogeneity, particularly for magnetic disks. Similarly, an AFM
technique can be used to produce hardness measurements of surface coatings by analysis of

nanoindentations made in the surface.

25 The method and apparatus of high speed analysis of precision surfaces according to this
invention can be ready automated to provide for high throughout testing 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 precision analytical analysis, however, it will be apparent that
other suitable devices can equally be used.

30



‘5 magneti c storage di sk according to an enbodi nent of this invention.
Modes for carrying out the I'nvention Figure 1 shows an apparatus 1 for the
anal ysis of nmagnetic storage disks 2. Alight 10 source 3 which can be a
hel i um neon | aser in conbination with a polariser, such as a 3 an- Thonson
prismis used to direct a beam of pol acigsed |ight on to the surface of disk
2. The beamis directed on to a selected area of the surface 4 containing a
darmaged regi on 4a The pol arised light is incident on the surface disk at

t he Brewst Adscribed er..6. The.

det ect or aﬁglr yser Cc Q% %&%ﬁﬁé&%&t%ﬁﬂ@?ﬁ 636{6]'9%'?&] .%Waté%?aﬂiﬁrﬂ?‘fie
with 15 awﬂmmdamﬁﬁgﬁoﬁruhsmop%mwméﬁhdﬂ rror and Iens focusing system
or a fibre optical systemcan be used for the illumination of the selected
area and collection of the reflected Iight. The- use of Brewster angle of

i nci dence enhances the sensitivity of the intensity measurenents of
reflected light to irregularities in the disk surface such as t hi nni ng and
variations in thickness of the carbon protective overcoating. The dianeter
of the illum nated area is 10-50 microns so 20 as to detect damage having
a dinmension of 1 micron or smaller. The intensity neasurenents are
sufficiently sensitive to detect a 0. 1lnmthick contam nation or wear area
on the disk surface. Detector and analyser 6 is connected to a control unit
7, which is in turn, connected to the probe 8 of an AFM The control unit 7
prOV|des an output to a detector display 9 and to an 25 AFM di spl ay 10.
Abnormalities in the surface 4 result in.change in the plane of

pol ari sati on of




“the reflected light nonitored by detector and anal yser 6. A positioner 11
I's used to support the disk 2 and is provided w th—conventional neans (not.
shown) for rotation and translation. The positioner W
scanni ng nodes. During the fast scan operation the Hmuﬂﬂﬁluﬂmuﬁmlsk S
provided by a spindle notor. The trans|4tion stage pfoves des for st he radial
positioning or 30 notion so as to provide the scan of the whole disk
surface by the optical detector. The typi cal comercially avail abl e

par amet erséég*lgglte notor rotation speed ~2000 rpm radial positioning
~6mm1i sec) he scanni ng 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 is detected by the changes of the signal fromthe anal yser
t he radi al 1st ageA msthodforfthehigh speed adalysis biprecisign Sixfaces foreabhonnalities tcamipniging
stage provides the fine_ positioning of the damage, area under the SPM sensqr
agai n using the tﬁ??t"%ﬂ‘%fgaqnﬁéhef B"aﬁ’?@gé‘it&ﬁ% ‘%ﬁ t’t‘ﬁ@%ﬂ‘?‘@ﬁ? Hythe-pRAc

enabl es the posijion. ﬂi% Sk deh oR&@ "ﬂ*ﬂ SdetertiAak
t he AFM probe 8.ﬂr+ﬁr?hrl)érga%tl é?&[é%fs r‘seﬁatﬁsselfgﬁﬁgg\?i{ion?sﬁg%ﬁat e gg’nd(l)crwrra It
within 0.1mm sitheposition of ysid abdrmalitiesand positictigea high réselutiollimaging desicalaotlic
0.1 by 0.1mm The control unit 7 perforns the |owering of the AFMtip and
10 i magi ng anallﬁt@n&lfthqﬂ@t@mm‘tjgﬁ’sﬁ@afmﬁ@%§@ wabnoamalitys he AFM can

be stored and

2. A method as claimed in claim 1, wherein said beam of light is a polarised beam and the
detected change in optical property is a change in the plane of polarisation of the
reflected light.

3. A method a claimed in claim 1, wherein the detected change in optical property of the

reflected light is a change in intensity.

4. A method as claimed in any one of claims 1 to 3, wherein said beam is directed atan

oblique angle of incidence to the precision surface.

5. A method as claimed in any one of claims 1 to 4, wherein said high resolution imaging

device comprises a scanning probe microscope.

6. A method as claimed in any one of claims 1 to 4, wherein said high resolution imaging

device comprises an atomic force microscope.

7. An apparatus for the high speed analysis of precision surfaces for abnormalities, said
apparatus comprising scanning means to sequentially irradiate the surface with a beam
of light, detecting means to detect changes in the optical properties of the light reflected
from the surface indicative of said abnormalities, indexing means to index the position
of detected abnormalities and to position a high resolution imaging device at the indexed

position for analysis of the abnormality.



“processed by conputer. It wll be apparent that the above described -
techni que allows a fast scanning of the surface o i Ct the

| ocation of any abnormalities for analysis using t In a
preferred arrangenent, the SPM probe 8 and the scaaamiwﬂ“mHWe.
nmounted in a fixed physical relationshig.so that the, L pesition is
known. This allows a sinple positioning of any abnormality under the SPM
probe. It will be apparent that the AFM system al so provi des a neans of
measuring the 20 roughness of the surface. Roughness neasurenents are the
maj or topographic paraneter for quantifying surface finish and honogeneity,
particul arlgy forAnEspasitistas@lfidsed inTlalid 2 wWhereif Baidfb¢hincsttliphe isca pelarise beagcarido
produce hardness neasurenments of surface coatings by analysis of =

nanoi ndent at i ondherdgtected ehange in optical pmperty isrchangp dritherplangpf-palarisation of theh
speed anal ysi s orf J9 gtg!} i.on surfaces according to this 'invention can be
ready aut omated f%% ¢ for high throughout testing w thout the need for
operator control. In the above description, the invention has been
described in connection-with use of an AFM system for high precision

anal yti cal %nal y&n epparatusaselaimed imclaim Fewhensty thadetented change inmpticalpreperty of

devices can eq uathtla ¥efﬁ%te%sl?£ﬂ issaochange in intensity.

10.  An apparatus as claimed in any one. of claims 7 to 9, in which said beam is directed at

an oblique angle of incidence to the precision surface.

11.  An apparatus as claimed in any one of claims 7 to 10, wherein said high resolution

imaging device comprises a scanning probe microscope.

12. An apparatus as claimed in any one of claims 7 to 10, wherein said high resolution

imaging device comprises an atomic force microscope: - - - -

13.  Anapparatus as claimed in any one of claims 7 to 12, wherein said scanning means and

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



-6 - The foregoing describes only one enbodi nent of this invention and
modi fi cati ons can be nade wi thout departing fromthe scope of the.

i nvention. CLAI M5 1. A nethod for the high speed anal ysis "of.

preci sion surfaces for abnormalities conprising the steps of irradiating
the surface with a beam of |ight, detectgng changes in the optica
properties of light reflected fromthe surface to |locate said
abnormalities, determning the position of said abnornmalities and
positioning a high resolution inmaging de hﬁga t the location of the

determ ned position for the anal ysis of e abnormality. 2. A net hod as
claimed in claiml, wherein said beamof light is a polarised beam and the
detected change in optical property is a change in the plane of

pol ari sat i oft Bicthotbandppparatwd for get high speed analysisoof precisiomseurfices dRhiutilises a

wherein t hesyﬁs%xggttig (ijrraﬁﬁa?tf] Fof the QIP&ZIIC%?h) iRk re% &f ligthrt] nd detection of changes in the
optical properties of light reflected from the surface to locate abnormalities (4a). The position
of the detected abnormalities (4a) is indexed and a high resolution imaging device such as an

atomic force microscope probe (8) is positioned for imaging and analysis of the abnormality

(4a).
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“reflected light is a change in intensity., 4. A nmethod as clained in any
one of claims 1 to 3, wherein sai.d beam’i's directed at an oblique angle of
i-nci dence to the precision surface. 5. A nethod as clained in any one of
claims 1 to 4, wherein said high resolution inmaging device_conprises a
scanni ng probe microscope. 6. A nmethod as clainmed in any one of clains 1
to 4, wherein said high resolution imging device conprises an atomc force
m croscope. 7. An apparatus for the high speed anal ysis of precision
surfaces for abnormalities, said appara&us conpri sing scanning nmeans to
sequentially irradiate the surface wi thla beam of | ight, detecting nmeans to
detect changes in the optical properties_of the light reflect fromthe

_ surface indicativelff said abnornalitieé? i ndexi-ng neans to jntex the
position of detectedd abnormalities and_(o posi ti on a—hi-gh—g&eluti on

J
i magi ng devi ce atf—phe—+nrdexed positTomjon anal ysig of, the abnofmality.
- 8 - 8. An apparatss #s claimd in claim?7, Wnerei'n bepm of 1|i ght

is a polarised béaQLgnd—
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the detected change in optical property is a change in the plane of

pol arisation of the reflected light. 9. An apparatus as clainmed in claim
7, wherein the detected change in optical property of the reflected Iight
is a change in intensity. 10. An apparatus as clainmed in any one of
clains 7 to 9, in which said beamisglirected at an oblique angle of

I nci dence to the precision surface. 11. An apparatus as clained in any
one of clainms 7 to 10, wherein said InBgIRACFsol ution i nmagi ng device
conprises a scannin robe nicroscope. 12. An apparatus_as clainmed in any
one of cl aims 7 METHGD NG APRARATUS| FoR THE HIGH SFFRRANALESLS co
conprises an atomc force nicfﬂ%éﬁﬁﬁgi ON SQRﬁmﬁﬁf%ratus as clainmed in any
one of clainms 7 to 12, wherein said scanning neans and said high resol ution
i magi ng Aemethod: and, appasatub dos the high spced lapalysiskofi pregisioposurfaces %2) utilises a

systematic irradiating of the surface (4) with a beam of light and detection of changes in the
optical properties of light reflected from the surface to locate abnormalities (4a). The position
of the detected abnormalities (4a) is indexed and a high resolution imaging device such as an

atomic force microscope probe (8) is positioned for imaging and analysis of the abnormality

- (4a).
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