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;wxe3deW@4T=6G - DEFECT ANALYSI S | N MAGNETI C THI N FI LMS FIELEISFSEP
. | NVENTI O\I\ “\ “% w ‘\*166;66* The present invention relates to a nethod %ﬂUZ

anal ysi ng na magnetic thin film for exanple to determ ne 10

rel ative | evel*6$®®* def ects, the predomi nant type of defects, or defect

di stribution; and particularly, but not -eéxclusively, to anal ysiesags
nano- si zed defects in a nagnet-is thin film 15 BACKGROUND OF | NVENTI ON
Defects in magnetic thin films occur at the surface or WtW\lWWmmmmmm
(in-depth). As the size of npdern magnetic devices (such as ad
and wite heads, recording 20 thin filmmedia and ot her nagnetic sensors)

i s reduced, the thickness of netic thin filnms is also reduced. |ndeed,
the thickness of sone &EEH k N AAGNELLC STHILBBHNS ng t he
nanoscal e range. Wth increased mniaturisation, the influence of nanoscal e
defects such as 25 voids or dislocations in the magnetic thin filnms cannot
be neglec%pd. Taki ng the nagnetic recording hard disk thin filmnedia as an
exanple, it is known that one of the nobst inportant reasons for high error
rate of hard g i SEP 200Z , 2 is due to contam nation and
defects on arll:gd%inlbt Fle\ﬁteiﬁ{ErF#]??b?n medi a. Furthernore, as the thickness of the
magnetic |ayer for the hard disk thin filmnedia decreases to around 20 nm
and the average size of magnetic grains decreases to around 5 7.5nm and

W th an expected Iy @aseedft ih€enhedondiregatesatodense tyodfo aiimnadialg
recording disk nmedia up to 10 Gbit/in2 (1.6 Guit/cnR) wthin five years,

t he probl em dfefidre snainosx aheguet ect shwnt b hmt hé otrhiexaimpllm nexdide tve inhi e cone

10 relative levels of defects, the predominant type of
defects, or defect distribution; and particularly, but not
-exclusively, to analysing nano-sized defects in a magnetic

thin film.

15 BACKGROUND OF INVENTION

Defects in magnetic thin films occur at the surface or
within the film (in-depth). As the size of modern magnetic
devices (such as magnetic read and write heads, recording
20 thin film media and other magnetic sensors) is reduced, the
thickness of magnetic thin films is also reduced. Indeed,
the thickness of some of the magnetic thin films is
approaching the nanoscale Trange. With increased
miniaturisation, the influence of nanoscale defects such as
25 voids or dislocations in the magnetic thin films cannot be
neglected. Taking the magnetic recording hard disk thin
film media as an example, it is known that one of the most

important reasons for high error rate of hard disk drives



increasingly significant. 20 Wth equi prent |ike the optical mcr osc‘bﬁesgp
_the atomc force mcroscopg (AFM, it is possible to observeand 2002
characterize certain surface defects. However, there is still very little
devel opment of nethods to observe and 15 char acterise nanoscal e i n-depth
defects such as voids and dislocations inzmagnetic thin film particularly

in a fast, easy and non-destructive way. Although the high resolution

el ectron m cnesdope toHRbEMpmiay thenused defanakyze dmd inandscdlhe rstfriuot ur e
inthin film and to detect the 20 nanoscal e defects in them sanple
preparation imediedi oGy rahe rmome , consbhenthi dhuess thie HRTEM st ioh|hp e t ed
application to defect detection in magnetic thin film devices manufactured

on an indust ficA Yeodaadi 64 ski fBInFEL EBf PR R EERF VTS ney AV Dy LW to
| ocali se and 25 characterise mcron size defects. in netic thin fil

Al t hough, nmagmét itQef SP’EéaﬁeCIS&%EO% ‘Hﬁ?/n%El%s%Bansl ‘?as%esan‘if aroun
characteri_se sg)bm cro § d defects |§ netic t flrler(r:s 1n real
appr oxi mate 1’6C&¥1 0R " ha8ePBRECHEE L hercase L &5 F e re

bef or ehand. AJgedia, LGSLELAIRY S Hag {:ﬁ?ﬂ@t&f%k‘%ééﬂiq{ﬂ 4501 gegE Yot hon

equi pment to i“s€ su m cron in fects In the magnetic recording

filmmedia. Howevegs,;thise] q,g,.g]{ﬁa_tsn afgg;gnl eWhisch {:H? UgeSH PeRT A £CTHHRN 5

over coat and Iubrlcan Iayer n addition, |t I$ difficult to give

meani ngf ul | BLYIEIAIGN PABSSE 9Nyt bR AY BHROGHIGS U 11,9VREaSa bl/g 13T 6 ddhed
short tinme. An object of the invention as to provide a way of 10 anal ysing

defects, espagicildaysintane, izt dedaeds, in magnetic thin filnms which
overconmes at |east sone of the limtations of existing techniques to enable

various itof ormati on about the defects to be gathered efficiently. 15
SUMVARY OF | NVENTI ON According to a first aspect of the present invention,
there is provi dedvd tiet égdipheahallyj&iengtloef eptscah animagrastame t Ahd filen
conprising: applying a nagnetic field
atomic foree microscope (AFM), it is possible to observe-
and characterize certain surface defects. However, there
is still very little development of methods to observe and
15 characterise nanoscale in-depth defects such as voids and
dislocations in magnetic thin film, particularly in a fast,
easy and non—-destructive way. Although the high resolution
electron microscope (HRTEM) may be used to analyze the
nanoscale structure in thin films and to detect the
20 nanoscale defects in them, sample preparation is tedious
and time consuming. Thus, the HRTEM has only limited
application to defect detection in magnetic thin film
devices manufactured on an industrial production line.
Ferrofluid detection may only by used to localise and
25 characterise micron size defects in magnetic thin films.
Although, magnetic force microscopy may be used to localise

and characterise submicron sized defects in magnetic thin

films, the approximate location of each defect must be



20 to the magnetic thin film neasuring the magnetisation of the nh@nggpc
.thin filmover a range of different field strengths; calculating a value 2002
representative of a - nagnetic hardness coefficient for Tie magnetic thin
filmfromthe magnetisati ons neasured; conparing the cal cul ated 25 val ue
with a reference value; and determ ning defect information in dependence
upon the conparison nmade. 16 SEP 2002 . 4 The present invention is
parti cul ar |y kusefnulbeffarr erraldysi agmeana- sezedrdefigchs usedugnpitloet Wik i | s
of nano-si zed thickness because the nagnetic hardness coefficient is very
sensitive to steffecte vabEatrivensonThig: Hprdret t bot Heodaddtse hanbmherdef eiot- si ze
is conparable to the thickness of the magnetic thin film The magnetic

har dness coef¥ertitentdaf8c e ddl cutha edradnshicer TGP GRgtet il omreddal ngs

whi ch are substanti al l;ﬁ‘ﬁ'i nversely pr ogorti onal to the a(gg%i ed field.,
Usual Iy, the H¥GY&S s dhiich T5843 POSPRDLESEPLCH IOl TR s RER e i3bl i ed

field as the magnetic thi i_l.m approaches saturisation.. lt. is .known that
the magnet SEVEAREAT 0o PRIGHE ¢ 3860y whBrttbEbetod | d Shiidddonlt
i ncreasing netic fjel S .t t i & [ (%kﬁ%% i e vi our
has been nodele HB’% t"i?gmlc_lar% fc‘)']f]1 ,&pnﬁ%%nc%tqlogl ﬁﬁ@u%dato;l;grﬁ Ifaa?g% %e\t/l;gjn1 y
Becker and Dgrvier}ga[lﬁrd'ogﬁ%leitﬂ SMUsh ol # Yse SPringer, Berlin, 1939, pages
154-167] which is expressed in the formof a series: 20 M= M (
l-a/H-b/HZ-. . . . . . . . ) +kH ~- where: Mis the magnetisation of a
body; 25 His the applied field; My is the saturation magnetisation; a is
t he magneti c hardmgessorpetti efenthd takahesoho ddhetougrevadeysd aWhiynef
ani stropy 5 constant; and kH represents the forced magnetisation. 1 6 SE
~ 2002 10 analysing defects, especially nano-sized defects, in
magnetic thin films which overcomes at least some of the
limitations of existing techniques to enable various

information about the defects to be gathered efficiently.
15 SUMMARY OF INVENTION

According to a first aspect of the present invention,

there is provided a method of analysing defects in a
magnetic thin film, comprising: applying a magnetic field

20 to the magnetic thin film; measuring the magnetisation of
the magnetic thin film over a range of different field
strengths; calculating a wvalue —representative of a
magnetic hardness coefficient for the magnetic thin film
from the magnetisations measured; comparing the calculated

25 wvalue with a reference value; and determining defect

information in dependence upon the comparison made.



The forced magnetisation is the field induced increase 5 in spontanqqy%EP,
_magnetisation, which is a very small contribution except at high field. 2002
Typically H has to be of t he order of 105 or 106 Oe ( 10" or 10a anperes

per nmeter) before this last term beconmes significant. 10 Neel [C. R Acade.
Sci., 220: 738 (1945)] proved by experinent and theoretical analysis that

t he above equation may be used to characterise the saturation nagnetisation
process for speci fdns widsehf f ermemnidensi tises paada chlemliyr onspbwder foke
found that the iron specinens becone nore 15 difficult to nagnetise as
porosity incrazskdsing vindgaissead fafgetsmaigheitpdnREienesin odfifling ehfs,

a. Brown [Phys. Rev, Vol. 60:139 (1941)] also showed that certain

def or mat i ons, 39T HECH r orhdi STt | 0RECBP SEhe TR t i BEIRGHLE gi RRTAPCESt 0

an approach |aw yvarying, as 1/H for the 20 magnetisation. The defornmations
Fesul L from tHREHELT BTE | RelaFYvECAFaIodEt o) e d inCrURet- (01 ¢ | TRLS

di sl ocati gn) opne it .of the nunber .of. atons whi.ch constitufe sucgcessive
Fous of e RTET. tBe' FRstpiBalnt htn htea & e Atr B HUELE P EEhe
pi oneering t r af i I t al re.garri C

oring, Neel an i Ean Gy BRI o E3R )| Ee oo R LR PEREaREC
magnetic thin.ddf M ciléer CRhGUIAL 6h1 o1 Dren Ef réR0Z & vl endige €05 4 €5HRN
to Msa (that is the magnetic hardness coefficient nultiplied by factor M )
or it may in fedibgs thiei dmonesd | suthersiness) cpefiverealy ghepéypeonil debect
information determ ned, in accordance with the present 5 invention depends
on the naturetlod tpplieder&hebdval udsudheyr eferencegunaltisandpnbebecomes
representative of a magnetic hardness coefficient of a control specinen.
The cont ridl sipect nenl yraye dyeo ot conphrtabltharagpdtied fhieddf abnthe magnagyia
predeterm ned defect |evel or concentration. Coviously, to give a

meani ngf ul r st fike RPrerahed Sarweliapbieeference val ue shoul d be
capabl e of conparison. For exanple, if the cal cul ated val ue corresponds to
Msa, the reference value nust “correspond to Msa', where a' represents 15

the magnetic haran§$i§q§g£$§|§ﬂgtc%hérﬁ%éﬁg%{§gtf EcéfmgLferromagnetic

body when subjected to an ever increasing magnetic field H,
15 tends to a limit. This high field behaviour has been
modeled by the Law of Approach to Saturation (LATS) as
given by Becker and Doéring [Ferromagnetismus, Julius
Springer, Berlin, 1939, pages 154-167] which is expressed

in the form of a series:

20
M =M, (l-a/H-b/H>~-........ ) +kH
where: T
M is the magnetisation of a body;
25 H is the applied field;

M, is the saturation magnetisation;
a 1s the magnetic hardness coefficient

b relates to the magnetocrystalline anistropy



Suppose it is necessary to ascertain the suitability of a nagnetic1t®iSEP 2002
_filmsanple for a particular role. There nmay be a threshold defect |evel
which, if exceeded, 20 will suggest that the magnetic thin filmsanple is
not suitable for the intended role. In which case, the reference value is
determ ned by cal cul ati ng the magnetic hasaness coefficient for a control
speci nen of magnetic thin filmhaving the threshold defect level. If the 25
magnet i ¢ har dness coosfthingi;ermindf or the sanple is greater than that of the
control specinen, the sanple may be deened unsuitable for the intended
rol e. 1 6 S~ ~' kKAog2prrAstatsattihee|fypraede maah@tdrfed gl ue may be
representative of a magnetic hardness coefficient calculated for the
magnetic thin filmwhen the magnetic field is applied in a different
direction. The mag, eti.c 5 field dgrec ions, for t netj ¢ _hardness

I

1 .
coefficient cal culdfi 6RECEP™PPBFELSBFY RS pht&l %ﬁ#g) gacrease

per pendi cul ar.. The present applicant.s _have found that. the magnetic r.dness
CoerT1ci ot iy 9ory AR the PaPT Bt Can LR wh R Pho ) efd P& Hppled . The

angul ar depepdence,af..1Q '%“hq“%Pgﬁﬁ“ggﬁéfL§§§$Eagi Vides sa (getfaod

for identifying certain defects in ce eval uating the

ani stropy- of jthendebeaks ofonpd & M peagdo’ tye- hIMaRSker sapghe degrdence
(0-360 degree in filmplane) is sufficient, for a conplex caSe, three

di mensi on 15narghe @BRENdARGE tElh BR oW r«Adnika ance def ect _
information determnation still further, the nethod may further conprise

conparing the magnetic hardness coefficient and reference value with 20
anot her reference value, the said another reference val ue being a magnetic
har dness10oeffi ci 88elcdlCcul Rt ebicdde . t BeinpgRei:c 738 n(1945) Whemovkd by
magnetic field is applied in another different direction. The magnetic
field directespsrimentahodl bheépygetheahuinel Y el haihimle dha gdioviecieanatiome 25
reference val ue and the said another reference value may be nutually

ort hogonal . Bappdse 419 stfe€baFarferd sgsdert afhttRRtpPRIPAPRENE Satiog SE P

2002 s type of defect present in a single crystal s le. Lattice defects
are clasngi8505§SFh$4}gﬁRﬁﬁ&W%n%rwéﬁgngfééﬁﬁppkégg%%F¥%@ ﬁaéﬁcgﬁ595 are

gfgﬁ;igted Wi LBh0B6Ya8Re ALt EGE ROk ALY thAC 98heEhRcifgnd BetbReakin Iie
15 difficult to magnetise as porosity increased, giving rise
to larger magnetic hardness coefficients, a. Brown [Phys.
Rev. Vol. 60:139 (1941) ] also showed that certain
deformations, arising from dislocations of the lattice
would give rise to an approach law varying as 1/H for the
20 magnetisation. The deformations result from the decrease
(negative dislocation) or increase (positive dislocation)
by one unit of the number of atoms which constitute

successive rows of the crystal.

25 The present applicants have appreciated that the
pioneering theoretical and experimental work carried out by
Becker and Do6ring, Néel and Brown may be applied to the

analysis of defects in magnetic thin film. The calculated



5 1line of lattice points}; and surface defects (eg a grain boundar1y or
_stacking fault) extend over at |east two dimensions in the crystall 6ByE? 2002
eval uati ng the dependence of the magnetic hardness coefficient on the
direction of applied field, it may be possible to determne the 10
predom nant type of defect present. For eXanple, a nagnetic hardness
coefficient which is constant in three directions may indicate a
pr eponder anc¥adhiepdiant apafEarondzHey dha dthati a6 Shei RAFRGHEC daHadfdsss
coefficient in all three directions may indicate the existence of a surface
15 defect. |foghdticdendntyvditighitied Ry fegeas dht ) oATi 4 tnPayuied fegit e
sel ected part of the magnetic thin film _ Accordingly, the val ue
repr esent at i ¥8Cof "2 ABCRAGNERF ELDDS Parchtddd i cfOft E¥PRUI ed 8499t be
specific to the selected part. The.reference val ue may. represent ative of
the magnet i c1H§P5H‘8§:§°@oe$?|£8F@ﬁflegal cut af&G© %Sr%cﬁag%é?lgsaﬁ%néxﬁesf% ed
for a part other i i d sel.ect t e fmanet & th ilm By
recor di nggt hggggnﬁtgf%g’t ;5\? e%?ssi toﬁjontzleo%%ttﬁle eseﬂcgec%%d part aﬂné(:jE t\ﬂéeﬂls%i d ot her
part and repeating the neasurenent for yet other parts of the nmagnetic thin
film the variation in magnetic hardness coefficient across the nagnetic
thin filmnmy be mappedeferkiReEvR12Q02 1@ yACERr dirkgle@ e toaganrd agpect ,
there is provided a nmethod for mapping defects in a nagnetic thin film 5
conpri sing: apphyitig aampiedd ccdeéft ibient hef nmgaehteol hspetiihan . meaig i ng
t he magneti sation at known positions of the magnetic thin filmover a range
of different cohnélrdlstsmrginesny wmalclleata ngompaabbéer e@gseniat thenoffidm
magneti ¢ hardness coefficient for each of the positions fromthe 10
magnet i s&fi ohevamgsueedpraddtproinedg def o ratleie k oot s gondiend nad ice
rel ative positions and magnetic hardness coefficients cal cul ated The
mappi ng of nR§MEONE Nar dResgivsef #i desitingfivilat FBAULS, ackR s caleydsitiest e i s
useful in production _of magnetic thin fil m device ociating t he

S. as
hi gher coef f V&itBfit 814 trﬁfieﬁ@lné:&sé{&_lb‘éf é@f’“ll@v?re_s Faipta_%éﬁaﬁ’l eSOPRALS 56 +t he
ggg&} :3'(I:'I tof\lll &];:T?I | Eam Bl RI 2%', E%Otlgg Iéallc':nuluastee C{/a %el %%rzl:trlefslp%%dsz%oBﬁlaE,F the
reference value must correspond to Ma!, where a' represents

15 the magnetic hardness coefficient of the control specimen.

Suppose it is necessary to ascertain the suitability
of a magnetic thin film sample for a particular role.
There may be a threshold defect level which, if exceeded,

20 will suggest that the magnetic thin film sample is not
suitable for the intended role. In which case, the
reference value is determined by calculating the magnetic
haraness coefficient for a control specimen of magnetic
thin film having the threshold defect 1level. If the

25 magnetic hardness coefficient for the sample is greater
than that of the control specimen, the sample may be deemed

unsuitable for the intended role.



Enbodi ments of the invention will now be described, by way of exanple,
_reference to the acconpanying drawings in which: 25 Figure 1 is a 1 6 St? Hmz
cross-sectional view of a commercial magnetic thin filmmedia (1997) which

is used to illustrate methods enbodyi ng the present invention; ~Sss~p
zsoz 10 Figure 2 illustrates a magnetisatvon curve for the nedia of figure
1; Figure 3 illustrates the determ nation of nagnetic hardness coefficient

from t he magneti sdtliterrnaurime lof, fi gbhe 5 Tefga@nkiegur evally¢ | ustmpat es hehe
variation of magnetic hardness coefficient with negative bias voltage for
sputtered CoCfPARSardipdris’d n e magnerdgnehia filandrRfia ofcqaifurcdent 10

DETAI LED DESCRI.PTI.ON CF:ERA NGS Figure 1 |IIustr§tes the cross- sectlon of
a typical na&ﬁéFP&QHﬁQ1 thedine g VWECH #Bt KddS ey FRG fReres-ic

present inventi are i cabl e. hlcknesses t he I ers are
as |nd|cated@ H§§$L leeapﬁgﬁai %&%ﬁ&ﬂ%ﬁby gb&tﬂ@ﬁ

el ectropl gl i pgcqqs g%t (Ali%n L&A THANELC %edc RS eafﬂ%%%ec
thin fil msanpl’é a resulting nagnetls ions 0 i€ “Sa npl'e “wer

measured ove differ el ma i o wer e
measur ed u5|%8q§5%gggé§$%g anpﬁﬂkﬁ%g%%t neter Bﬂﬁﬁﬂgg%'byggfglt be

Measurement  gygiemaize 1By . | RHOhr MsTaeHHadaht Othefe IftuidadiBNS iy

measuri ng magneti sations include a Magneto-Optical KerrEffect System an
Al ternating faagtieanic et dbgnetonei €lentindap Super earduchiend iQuartilon
Interference Device. The 1 6 SEP 2002 11 device used to neasure
magnet i sati oag wWhimgdt thypoitaint ,iprapplieedit Theabhgutiergdepeadenzef iodf d
sufficient to saturate or substantially saturate the sanple. 5 The
magnet i s&Pi oRagaepict t dprapa It ¢oefigierhgt Previdesai o amedhedat ifor

magneti sation curve. The saturation _ _
identifying certain defects in <certain samples Dby

.evaluating the anistropy -of the defects. For a simple
case, two—dimension angle dependence (0-360 degree in film
plane) is sufficient, for a complex case, three dimension

15 angle dependence may be required.

To enhance defect information determination still
further, the method may further comprise comparing the
magnetic hardness coefficient and reference value with

20 another reference value, the said another reference value
being a magnetic hardness coefficient calculated for the
magnetic thin film when the magnetic field is applied in
another different direction. The magnetic field directions
for calculating the magnetic hardness coefficient, the

25 reference value and the said another reference value may be

mutually orthogonal.

Suppose it is necessary to ascertain the predominant



magneti sati on process may be considered as if divided into two parts. The
_first part is mainly controlled by kinds of nagnetic ani sotropies of1 BnatP 2002
magnetic material and nay be 10 described by an inverse square |aw or 1/ H2
termat mddle range of magnetic field (about 4kCe - BkGCe or 3 x 105 - 6 X
105 A/m . . It is believed 'that the- se8ond part of the saturation

magneti sation process for the nagnetic thin filmnmedia my be well

descri bed by tatpd nedr sdelfawtor pIgbenér M5 & n shingh ef | erdsitahgesgmbbat | OkCe

- 1 SkCe or 8x105 -1.2x106 A/m). From Neel's experinent on the iron powder

and Brown's daltdullca idnf ebbutdineciadsubir® f el H RIS b Y hdhape.
magneti sation process, it is believed that the second part i.s nmain

it y
control | ed by Yete @5l (89 ng VBFABCYD02dPsPSERCEES%and Y KK Y 2% i ngs
etc) in the etic thin filmsagplLes, If the etisation. s plotted
agai nst 2/ H iriar?gch'%e f?%lr%lt‘raLb%,e {{Etegﬁﬁvéegpﬁr gil% © 2“6’6‘ astraiYgit dine

as 25 shown iy} fd gk € 3 The 0l Uil SLIALINL hLPECES (el ned ag, | he

magneti c ness coefficient "a and’i't 1s belleved at t elates to

defects in magRRldLryd bR fd | BBacRCAG dndley) LREeARIBRC pardrast two
coefficient is ~ S s~P zooz 12 useéd to characterise the defects in

magneti ¢ thi mifrddBidds i afhes s al10 beyapps echat ge tmtdé{@xd@ﬁ@@ &f the
applied field used to determ ne the coefficient depends on the type of

sanpl es. 5 Armxpaagiertichasabagbsgonsbiet £0cidnor dar taei | dusécaient hee
above for magnetic thin filns. As is known, there are many possible origins
of defects i mpmgreli cfidiid, fidtm medt a,bsugiossilpioor tpl atdewgp ke aylgre and
insufficient 10 cleaning of the substrate before sputtering and arcing and
re- sput t &0 npredamigwt e tird ngfspdefecitngpreaentii-s i n8erncearphet had of
re-sputtering was chosen to i nduce on purpose nore in-depth defects in
magneti c recHAEARFihi BAFires fedrafbécdgas i ebSyCPBSEBRLr dP tHE SR gr ee

of re 15 sputteri by appl ying, vari ous negati.ve bias voltage to the
substrate. Qi RSt B VRGBS bR R RAGRERRECRRFE P ROdth Aefects,
whereas a variation in magnetic hardness coefficient in all

three directions may indicate the existence of a surface

15 defect.

In another embodiment, the magnetisation is measured
for a selected part of the magnetic thin £film.
Accordingly, the value representative of the magnetic

20 hardness coefficient calculated will be specific to the
selected part. The reference value may be representative
of the magnetic hardness coefficient calculated from
magnetisations measured for a part other than The said
selected part of the magnetic thin film. By recording the

25 relative positions of the selected part and the said other
part and repeating the measurement for yet other parts of
the magnetic thin film, the variation in magnetic hardness

coefficient across the magnetic thin film may be mapped.



di sks which had the structure.as shown in FIG 1 was 20 prepared for this
_ purpose, where CocrTaPt |ayers within the disks were deposited at T‘thSCEGPr?ﬁ[}Z

negative bias voltages (0, 100, 200 and 300 V) while keeping the other
deposition conditions constant. The nagnetisation curves for all the
above- nenti oned di sks were obtained using@the Vibrating 25 Sanpl e

Magnet oneter (VSM which has a sensitivity of 10-S enmu for nonent
measurenent. Sanples with a lcmdianeter were cut fromthe disks, and
aligned so that the nmagnetic field was in the plane of the sanples. The
magneti sati on of the ~ ~ SEP 2p02 13 sanpl es was neasured al ong the
tangential direction of the disks. The magnetic hardness coefficient
(constant a) was ASCOFENgd ¥ om t IRCPRGnEEPSAH ontReF G ed SasPHRELAPBed

above. 5 FIG 4 shows a graph of the pagnetic hardness coefficient plotted
agai nst the BR&&°Wol £83e WSBR1PY p‘?%ﬁﬁgEsth’ensﬁpI"&qneﬁfé?eﬁskl’h Sfp o,

i ncrease Ln the magnetic _hardness coeffici.ent.. n,th i |t

i ncr easesgf r 5ME r@%tlggéoﬁ‘py.lylltngi § E‘ﬁg\f\lﬁ%tlﬁatfltehgé r?ggarﬁ%vgi%g;{l%stl\%ﬁ:th;igle

| nduces 1 e- SRYLLEr kBEslihaCHAEoRA oL b e [HhMBNEhSWRIpddY 81 dhd log AnfDSt
inevitably result In nore defects such as dislocations and stack faultings
in the film HeRe:Fl €ndnShewan hevke! akl o aelgemagret igq i @nass fi®ld
coefficient with increasing |levels of defects in the magnetic thin film
nedi a. The dgrgehy tdfs;deheehsatihgi B vARuSBGNSEE Soh BYELvE NET @ASRENTIUS
resulting in a corresponding increase in the magnetic hardness

coef fi ci ent shaz@néluys, cdyf Lompait ndorheawmgnef i ¢hearpheistsi eoef £iromerttheof
one sanple with that of another (eg a control sanple), it is possible to
grade t heOsampbestacadridinsg t onddmresd at i vand eveblottdefiect ¢ ndetracttadn For
a magnetic thin 25 filmwith mainly one kind of defect, the type of

predoni nant geteespeadimg déver rihged rigy addivar POGitdRst | @nidlar deeetic
coefficients cal cul ated when the magnetic field is applied in different (eg
t hr ee nut ual Pprpaesengiceditdcients sademizd®st-14 directions. As a sinple
exanpl e, suppose magnetic hardness coefficients are determ ned for various
angl es between the direction of applied nagnetic field and a set reference
direction in the ane_of .the netic. thi i r 3. .Qf_.
magneti c har dness%@e?‘??&“&ﬂtovel%s%%e%ln%:}lea?cﬁée@prdeé grnglﬁ%e%ﬁetl%gge}ét%ttlfﬁle in

the samyg M¥rBes deBhbbiedee! s A0LEL P hn DY difl ik MR LRI CAlen i n

Kerr-Eff gact syst ens OI’. ot her I'T?t. measure n’ggnet! sation In a non
destructive yRYaheVate@Us BYShbisBRIaYEG the Magheli eodfificients with

increased defect levels, it enables parts of the magnetic

thin film liable to fail in use to be identified.
20 BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by
way of example, with reference to the accompanying drawings
in which:

25

Figure 1 is a cross-—-sectional view of a commercial

magnetic thin film media (1997) which is used to illustrate

methods embodying the present invention;



10 film calculation of the magnetic hardness coefficient would enpable the
| ocation and distribution of defects in the magnetic thin filmtoleSEP 20
mapped. 15 20 25 1 ~ S~~ 2002 15 CLAIMS 1. A nethod of anal ysing defects"
in a magnetic thin film 5 conprising: applying a magnetic field to the
magnetic thin film neasuring the nmagnetii®ati on of the magnetic thin film
over a range of different field strengths; calculating a val ue
represent ati ve of Fagwagneli d llasdress scoef Mbghett shi onhecumigmet pr tthien
filmfromthe nmagnetisations neasured; 10 conparing the cal cul ated val ue
with a refer@sddavaifudiane det ermi ning defect information in dependence
upon the conparison made. - 2. A nethod according to claiml, in which the

reference 15 val u€iig% 4% pd eddritifttispdest B Aragrecirdinatdirdssoodanateit for
a magnetic thin filmcontrql sanple having a predeterm ned defect |evel. 3.
A method accBATARS o CORATMCL SN EFATCRE HRAY'AT Bt ERELO 20 VaY Qs & +auTe
representgti&e o%da magneti ¢ hardness coefficient calculated for the
magneti c hi @7f "M when t he magnetic field is applied in a different

O e on, & T e MR el AL bfe SO o
magnetic fiehd @inc@Gl | e RaPensi @il afegative bias voltage for
sputtered CoCrTaPt layers in the magnetic thin film media
of figure 1.
10
DETAILED DESCRIPTION OF DRAWINGS
Figure 1 illustrates the cross-section of a typical
magnetic thin film media to which methods embodying the
15 present invention are applicable. The typical thicknesses
of the layers are as indicated. Such a media may be

prepared for example by sputtering or electroplating a

substrate.

20 A magnetic field is applied to a magnetic thin film
sample and the resulting magnetisations of the sample were
measured over a range of different field strengths. The
magnetisations were measured using a Vibrating Sample
Magnetometer produced by Digital Measurement Systemn,

25 Burlington, Massachusetts. Other instruments for
measuring magnetisations include a Magneto-Optical Kerr-
Effect System, an Alternating Gradient Force Magnetometer,

and a Superconducting Quantum Interference Device. The
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further conprising conparing the cal cul ated value and reference value with
anot her reference val ue, the said another reference val ue being
representative of a nmagnetic 5 hardness coefficient calculated for the
magnetic thin filmwhen the magnetic fieldiis applied in another different
direction. 7. A nmethod according to claim6, in which the magnetic 10 field
di recti ons apptvieck f oseghetcaheabatred meaings; i seie aref ek enee tval meonhant he
sai d another reference value are mutually orthogonal. 8. A nethod according
to claiml, iBFamidedthd 15Smadnet i sat igmerate neasiireld f 6nf4isdleadt eliopart
of the nagnetlc thin film 9. A nmethod according to claim8, in which the
ref erence vaﬁﬁ%‘?%a?%p?és%ﬁPﬁF?9E16+lé AagnERFe ﬁ%?dﬁé@gl€oeff|0|ent 20

cal cul ated from nagneti sations nmeasured for a part other than the said

sel ected part of the magnetic thin film 10. A method according to claim9,
further c risin ete nlnln the relatl |t| n £ e el ected, part
and 25 thgygald ot T lo%ﬁﬁ% tlc%F% K S% 9 Io?f?ﬁ Icﬁh &8

positional i @ﬁm' 9” s\él'ttub:atﬂ%n %%tg&éalvs%e/@weéuwgr esem@téa'@upitmn

magneti c hardness coefficients. 2 17 11. A nethod according

to claim 10, ﬂ&&ﬁ@@fs&@i@ﬁ'?t@@e%ﬂ &Y abd r@oﬁsi’@ét’&i represeiWdde Phtd
magnet i sati on hardness coefficient for yet another part of the magnetic

thin film dedwes Paig t MhPEEidstopach iBemsahdyyebnapotbea bypritdsebative
to the selected part or the said other part, and plotting the sane. 12. A
met hod accor diaighdtoi@nynbsetodbpieai 68 thbomhgneitd cwmadiertilkd vvaldienay be
representative of the nagnetic hardness 10 coefficient is determned in the
range whér®e tdwsamigred i but aonibseoses ssubsteantavaldy 1 AVertsainy g opotdlenal
to the applied field. 13. A nethod according to claim 12, in which the

val ue 15 repredas of weafetire fisgitbt (abhey dieds T et ¥ 40et €6 & ned
by calculatlnq}the rate of changf of the nagnetlsatlon with the inverse of

the field appi¥ed/™4. A hetA§d BokLewashi ffdef et s SPROAINERMEE | ©Tt HERE i | m
20 conpri sing a magnetic field to t netic thin fi

roasur g t hEHaTAT GBS Saoah %&%%EOSP%gﬁem%’@ﬂE%?ct}Bh? £ m
over a range of dlffer nt f| L gtrenggg cal cul atin

represent at i V& 0f° d"Mag %tV% PAREEE>E0ePYi &1 eﬁflvie(’frsgegc?ﬁ’ ot t:'r/el'l posf®i ons
from the ?55 ”ngrhelodﬁafié’féa%ﬁ‘ﬁaéﬁ%o@@dle Bkt Lng 5y ?57 ord rptg}&rbscorlr?%gadl ng

to the re ative positions I ¢ hardnéss coe clients cal culated

CARCATLLA?. AQY/Im)ALl 'A}!‘“{”oﬁL'@eﬁ\y@eélp'eéYnfgh% AfnASthe iron powder and

Brown’s calculation about the influence of dislocations on
the magnetisation process, it is believed that the second
part is mainly controlled by defects (including voids,
20 dislocations and stack faultings etc) in the magnetic thin

film samples.

If the magnetisation is plotted against 1/H in high
field range, the curve approximates to a straight line as
25 shown in Figure 3. The slope of the straight line is
defined as the magnetic hardness coefficient a and it is
believed that this relates to defects in magnetic thin

films. Accordingly, the magnetic hardness coefficient is
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instance, a method of re- sputtering was Chosen to induce on
purpose more in-depth defects in magnetic recording thin
film media because it is easy to control the degree of re-
15 sputtering by applying various negative bias voltage to the

substrate.

One set of 3.5 inch (8.9cm) magnetic thin film media

disks which had the structure as shown in FIG 1 was

20 prepared for this purpose, where CoCrTaPt layers within the
disks were deposited at different negative bias voltages

(0, 100, 200 and 300 V) while keeping the other deposition
conditions constant. The magnetisation curves for all the
above-mentioned disks were obtained using the Vibrating

25 Sample Magnetometer (VSM) which has a sensitivity of 107 emu
for moment measurement. Samples with a l1cm diameter were

cut from the disks, and aligned so that the magnetic field

was in the plane of the samples. The magnetisation of the
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samples was measured along the tangential direction of the
disks. The magnetic hardness coefficient (constant a) was

calculated from the magnetisation curves as described

above.

FIG 4 shows a graph of the magnetic hardness
coefficient plotted against the bias voltage used to
produce the samples. There is a 30% increase in the
magnetic hardness coefficient when the bias voltage

10 increases from 0 V to 300 V. It is known that the negative
bias voltage induces re-sputtering in the growing thin film
and that this will almost inevitably result in more defects
such as dislocations and stack faultings in the film.
Hence, FIG 4 shows the relation of magnetic hardness

15 coefficient with increasing levels of defects in the

magnetic thin film media. The density of defects within

the magnetic layer increases, thus resulting in a
corresponding increase in the magnetic hardness
coefficients.

20
Thus, by comparing the magnetic hardness coefficient
of one sample with that of another (eg a control sample),
it is possible to grade the samples according to the
relative level of defects detected. For a magnetic thin
25 film with mainly one kind of defect, the type of
predominant defect may be determined by comparing magnetic
hardness coefficients calculated when the magnetic field is

applied in different (eg three mutually perpendicular)
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direction in the plane of the magnetic thin film. From a

5 graph of magnetic hardness coefficient verses angle, the
predominant defect type in the sample may be identified.
In addition, by using Magneto-Optical Kerr—-Effect systems
or other methods which measure magnetisation in a non-
destructive way at various positions over the magnetic thin

10 film, calculation of the magnetic hardness coefficient
would enable the location and distribution of defects in

the magnetic thin film to be mapped.

15

20

25
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film; measuring the magnetisation of the magnetic thin film

over a range of different field strengths; calculating a

value representative of a magnetic hardness coefficient for

the magnetic thin film from the magnetisations measured;

10 comparing the calculated value with a reference value; and
determining defect information in dependence upon the

comparison made. . -

2. A method according to claim 1, in which the reference
15 value is representative of a magnetic hardness coefficient
for a magnetic thin film control sample having a

predetermined defect level.

3. A method according to claim 1, in which the reference
20 value is representative of a magnetic hardness coefficient
calculated for the magnetic thin film when the magnetic

field is applied in a different direction.

4. A method according to claim 3, in which the magnetic

25 field directions are non-parallel.

5. A method according to claim 4, in which the magnetic

field directions are perpendicular.
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another reference value being representative of a magnetic

5 hardness coefficient calculated for the magnetic thin film

when the magnetic field is applied in another different

direction.

7. A method according to claim 6, in which the magnetic
10 field directions applied for the calculated wvalue, the
reference value and the said another reference value are

mutually orthogonal.

8. A method according to claim 1, in which the
15 magnetisations are measured for a selected part of the

magnetic thin film.

9. A method according to claim 8, in which the reference

value is representative of a magnetic hardness coefficient
20 calculated from magnetisations measured for a part other

than the said selected part of the magnetic thin film.

10. A method according to claim 9, further comprising

determining the relative positions of the selected part and
25 the said other part of the magnetic thin film, and plotting

the positional information with the respective wvalues

representative of magnetic hardness coefficients.
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12. A method according to any one of claims 1 to 11, in
which the value representative of the magnetic hardness
10 coefficient is determined in the range where the
magnetisation becomes substantially inversely proportional

to the applied field.

13. A method according to claim 12, in which the value
15 representative of the magnetic hardness coefficient is
determined by calculating the rate of change of the

magnetisation with the inverse of the field applied.

14. A method for mapping defects in a magnetic thin film
20 comprising: applying a magnetic field to the magnetic thin
film; measuring the magnetisation at known positions of the
magnetic thin film over a range of different field
strengths; calculating a value representative of a magnetic
hardness coefficient for each of the positions from the
25 magnetisations measured; and plotting information
corresponding to the relative positions and magnetic

hardness coefficients calculated.



