A MAGNETI C MEDI A TESTER AND A METHOD OF MAGNETI C MEDI A TESTI NG TECHNI CAL
FI ELD The present invention relates to nagnetic nedia testers and testing,
and partiwol2ardmo7s80 a magnetic nedia tester for certifipcatSicaooanei1d esti ng
of magnetic nmedi a. BACKGROUND TO THE | NVENTI ON As areal density of hard

di sks increases, bit dinensions on harg di sks correspondi ngly decrease,

| eading to increased testing tinme when testing each disk conpletely.

Convent i onal La d, ! ificati e y use a
fIyi g head AMEROREIICATERIA SESTER ARELR MEZHHR PEMA2BE 1S, Mk 028
sensor needs to be narrow at about 200 to 400 run, resulting in | onger
testing tinmes. For a read sensor wi GERTMNHEgi ng from 150 to 350 run, if only
one certification head is used, a conplete or full neasurenent of just one
di sk havi RgCHNIG@AILUIESD 0.7 to 1.6 inches at 7200rpm can take from8 to 22
m nutes, as shown in FIG 1. As bit dinmensions further reduce, read sensors

Wi 'l cor rEspsastnd Givintial ieRvés tb @sdghtlid@iedin t@eNatdRg, hRS partiBulbilyRs af OF
full disk scanning. In a typical nmedia fabrication process, head based

medi a scer thid : i ia. As an
alter nsgtt i @géﬁe%gggﬁggtgnggr %éel/rut@i ??@aﬁggﬁ&g% ?r% Hétgggg@g'cert i fication using

a Laser Doppler Vibroneter (LDV) provides shorter testing tinmes as shown in
FIG 2 due to use of a larger beam spot that allows each disk to be

| et el r ¢kl er, this has a disadvantage of reduced
Fesol ut | HALE QUL FothiE frventf

As areal density of hard disks increases, bit dimensions on hard disks correspondingly

decrease, leading to increased testing ';ime when testing each disk completely.

10 Conventional media testers for head based certification typically use a flying head with
a read sensor. For high resolution testing, the read sensor needs to be narrow at about
200 to 400 nm, resulting in longer testing times. For a read sensor width ranging from
150 to 350 nm, if only one certification head is used, a complete or full measurement of
just one disk having a radius of 0.7 to 1.6 inches at 7200rpm can take from 8 to 22

15  minutes, as shown in FIG. 1. As bit dimensions further reduce, read sensors will

correspondingly narrow, resulting in even longer testing times for full disk scanning.

Ina typicél média fabrication process, head based media certifiers are used to detect
defects on disk media. As.an alterﬂative to head based certification, optical based

20  certification using a Laser Doppler Vibrometer (LDV) provides shorter testing times as
shown in FIG. 2 due to use of a larger beam spot that allows each disk to be completely
tested more quickly. However, this has a disadvantage of reduced resolution due to the
larger spot size and furthermore, the detection capability of LDV -based detection'is less

than that for head based certifiers. Optical certifiers are therefore not usually used alone



| arger spot size and furthernore, the detection capability of LDV-based
detection is less than that for head based certifiers. Optical certifiers
are theraboneloav7sasual |y used al onefor defect detecti omcofsGhemnmoaiisks.
Head based certifers are nore commonly used al t hough optical certifers are
gai ning i nportance as increasing disk glensities will lead to | onger
certification times required by head based certif ers. SUMVARY OF THE
| NVENTI ' . i there | pded a
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magnetic nedra tester rising a Laser V) head and

a magnetig,. read head; the LDV head. and the nagnet.ic .read head .hei ng

cont Lgur cAPER GBI i B A R EO TSP B A5k SR e MR ¢ i sk
Dat a obt ai ned by the magnetic read head and data obtai ned by the LDV head
are pref ePdonger egffigationdanesyrequirgddyy hicad hassd cerdicagnet i ¢ read head and
calibration of the LDV head with a calibration feature on the magnetic

di sk. The magnetic nedia tester may further conprise a data enhancenent
nodul e for enhanci ng data obtai ned by the LDV head, wherein the data
enhanéenesSUMMARIYeOF THOINVBNTEANt 0 el i minate variation in a background

si gnal and enhance at | east one detected signal riding on the background

si gnal . TREHBhE (EONARERTEMAry REM: Shdrd iPpBlREAR bR houhedid0 define a

set of sequential data point$s obtained by the LDV head enconpassing the at
| east one L ect e [ T i I dat a poi nt
in the se‘foq%Frggn§anIé%te ?gﬁi’%}gﬁg{%@l}lﬁ? Ig(u%\?jdﬁ e@%%@énﬁa@aﬁ% Ife'“;:rg&e H%agdc &t ween each
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of a region on a magnetic disk.

10
Data obtained by the magnetic read head and data obtained by the LDV head are
preferably correlated by calibration of the magnetic read head and calibration of the

LDV head with a calibration feature on the magnetic disk.

15. The magnetic media tester may further comprise a data enhancement module for
enhancing data obtained by the LDV head, wherein the data. enhancement module is
configured to eliminate variation in a background signal and-enhance at least one
detected signal riding on the background signal. The data enhancement module is
preferably configured to define a set of sequential data points obtained by the LDV head

20 encompassing the at least one detected signal, compute a fitted line value for each data
point in the set of sequential data points, and square a difference between each data
point and its fitted line value. The data enhancement module is preferably further .
configured to accumulate the squared difference between each data point and its .ﬁtted

line value.



configured to accunul ate the squared difference between each data point and
its fitted line value. The region nenti oned above nmay be a defect region,
t he LDy hQA0W&iing3confi gured for determ ning | ocation SCTSRE0VGPEAI? regi on
and the magnetic read head being configured for characterizing a defect in
t he defect region. Data obtained by the LDV head is preferably usable for
verifying data obtai ned by the magnetic read head. According to a second

exenpl ar yrisegieh mdnfish&l dbove h&yiué%diefecmglmg 0 LIDRaRe4 bang%%ﬁﬁ%&é‘&t ing. The

met hod conpriSes calibrating a Laser Doppler Vibronmeter ( ead and a

magneti c ti i W Lhration feature on
a magnet ifg?g?gx%ﬁﬁfgxgggﬁa‘;i’ig@? gl%éfae?egp%g{% a%@?lh%‘a%‘}e&f 3% eg%d t he magnetic
read head; determ nin regionp.on.the di.sk using the LDV head; and

char act erqofﬁﬁ‘éregﬂrecé’?%pgr’izﬁl tquf?é&tgﬁdﬁéfhﬁg{%e magneti c read head.
Calibrating preferably conprises correlating |ocation of the magnetic read
head with |ocation of an optical beam spot of the LDV head, and may further
conprise concurrently scanning the calibration feature with the magnetic
read PeadDaadbtained bpthe\BBY. heatiés preferabdly psablefoabeyfyinpndatd slesinedbatel ng dat a
obt ai ned by the LDV head, wherein enhancing data obtai ned by the LDV head
conpri sesmgdnetit Ratlihegd.vari ati on in a background signal and enhancing at

| east one detected signal riding on the background signal. This nmay
conprise defining a set of sequential data points obtained by the LDV

According to a second exemplary aspect, there is provided a method of magnetic media
testing. The method comprises calibrating a Laser Doppler Vibrometer (LDV) head and
10 a magnetic read head on a magnetic media tester with a calibration feature on a
magnetic disk to correlate data obtained by the LDV head and the magnetic read head,
determining a region on the disk using the‘ LDV head; and characterizing a feature in the

- region using the magnetic read head.

15  Calibrating preferably comprises correlating location of the magnetic read head with
location of an optical beam spot of the LDV head, and may further comprise
concurrently scanning the calibration feature with the magnetic read Head and the LDV

head.

20  The method preferably comprises enhancing data obtained by the LDV head, wherein
| enhancing data obtained by the LDV head comprises eliminating variation in a
background signal and enhancing at least one detected signal riding on the background
signal. This may comprise defining a set of sequential data points obtained by the LDV

“ head encompassing the at least one detected signal, computing a fitted line value for



head enconpassing the at | east one detected signal, conputing a fitted |ine
val ue foreach data point in the set of sequential data points, and squaring
a di ff er eNnoeotvetiorsen each data point and its fitted |i n@eCysiGaeLo/oBmhanci ng
data obtai ned by the LDV head may further conprise accumul ati ng the squared
di fference between each data.point andgits fitted |line value. The nethod
may further conprise verifying data obtained by the magnetic read head with

data obt ah0eshtd¥oihf thD¥erE 8bue it Aam fotnt A shitiring N AORhAL Yerepect . there
IS provi deﬁpa (tnhogl of Ei]‘ata uﬁhanceneﬂr??n%’or a‘SElcon Iaexﬁgzl%gna eset
conprising.a kgr ou i gnal d at. | east.ong detected . shgnal . riding on
he backgrouil orgrar SR henBhe BBk P BT PL G2 P2 P Prie
background si gnal .and enhancing the at .| east one detected sjgnal,

El i m nat itRgReF SPIREFGRFCIRUANES E‘W@arﬁ’&l@F@?‘F&?wﬁ?e@fC@%Bﬁ“? petsﬁﬁ# des
defining a set of sequential data points in the conplex signal set;

conput i nditigdflinevaldel i ne val ue for each data point in the set of sequentia
data points; and squaring a difference between each data point and its

fitted line value. Enhancing the at |east one detected signal preferably
conprises enconpassing the at | east one detected signal within the set of

sequent i gthe GatRodPBhy hiitteEomBshe vEH?iP?HB@Q)bﬁﬁnefd% th&fagné@f¥esd hémy further
|

conprise accurul ating the squared erence between each data point and

its fi tt%ﬂtﬂaﬁg?%ﬁngg}jgﬁle%%@l PTION OF THE DRAWNGS FIG 1 is a graph

illustrating a kK testing time using a head based certifier; FIG 2
is agraph illustrating a full disk testing tine using an opti cal
certifier;

According to a third exemplary aspect, there is provided a method of data enhancement
10  for a complex signal set comprising a background signal and at least one detected signal
riding on the background signal. The method comprises eliminating variation in the

background signal and enhancing the at least one detected signal.

Eliminating variation in the background signal preferably comprises defining a set of
15  sequential data points in the complex signal set; computing a fitted line value for each
data point in the set of sequential data points; and squaring a difference between each

data point and its fitted line value.

Enhancing the at least one detected signal preferably comprises encompassing the at

20  least one detected signal within the set of sequential data points defined.

The method of the third aspect may further comprise accumulating the squared

difference between each data point and its fitted line value.



FIG 3 is a schematic plan view illustration of an LDV head and a magnetic
read head of a nagnetic nedia tester according to the present invention on
a same trwokoofi11ersdi sk but 180 out of phase; FIG 4 depipcrsGom@es 1obt ai ned
by an LDV head and a magnetic read head of a | aser bunp region of a disk
for use in calibrating the LDV head ang the magnetic read head; FIG 5 is a
schematic plan view illustration of the LDV head of the nagnetic nedi a

tester de i i isk; FIG 6 is a schematic close-up
pl an vi emﬁﬁﬁ%@gﬁgﬁqgﬁﬁjﬁ Cﬁi‘ghﬁg)g‘g‘gwszad head of the magnetic nedia
tester characterizing the defect region of FIG 5; FIG 7 depicts LDV head
nmeasurenents of defects on a disk inraw signal form FIG 8 shows nagnetic
read head nmeasurenents of defects on a disk in inage form FIG 9 shows
magnet i ¢ Fléad ihegohphabeswating atfell disk testing §meotsingof haatl Gase@ aeértiffeaw si gnal

form FIG 10 illustrates enhancenent of raw signal data obtained by the

LDV head;FId. G.is 4 grapapilasuatiag b it éisk mdstiag titrtisinghinaiptiest destifidhe LDV head f or
features that are 200nm wi de on a disk; FIG 12 depicts enhancenent of data

obt ai red G Bhea kENnMeR Pl e ERistaBSn bi'df LBV ehead BRA: WiddReRivedd Alalior FI G

13 depicts magnetic read head neasurenents in inmage formof a region having

e (ARARRkcind Y I3t Bor LTS G phelefl HhichliBn bIPY AL BPLGSEBE ° 1"
180° out of phase;
FIG. 4 depicts images obtained by an LDV head and a magnétic read head of a laser
bump region of a disk for use in calibrating the LDV head and the magnetic read head;

10 FIG. 5 is a schematic plan view illustration of the LDV head of the magnetic media
tester detecting a defect region on a disk; | |
FIG. 6 is a schematic close-up plan view illustration of the magnetic read head of the
magnetic media tester characterizing the défect region of FIG. 5;

FIG. 7 depicts LDV head measurements of defects on a disk in raw signal form;

15  FIG. 8 shows magnetic read head measurements of defects on a disk in image form;
FIG. 9 shows magnetic read head measurements of the defects of FIG. 8 in raw signal
form; |
FIG. 10 illustrates enhancement of raw signal data obtained by the LDV head;

FIG. 11 depicts enhancement of data obtained by the LDV head for features that are

20  200nm wide on a disk;

FIG. 12 depicts enhancement of data obtained by the LDV head for features that are
500nm wide on a disk; »
FIG. 13 depicts magnetic read head measurements in image form of a region having

apparent magnetic variation; and



DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS A nmagnetic nedia tester
according to the present invention will be described with reference to

FI GS. 3 twoldionabm™d. The magnetic nedia tester 20 conpripsesGaoiloas@ns Doppl er
Vi bronmeter (LDV) head 30 and at | east one magnetic read head 40 attached to
a slider for maintaining a consistent fIlying height above a di sk 50, as
shown in FIG 3. The LDV head 30 and the magnetic read head 40 are provided

to be abl r.ead rack 52 of. t.he disk The L e 30 and
mgnet | o 1634 ERGs TV dfestfratiiniBRet oot e Fefongt2E B« each

ot her as shown, or ‘'may be disposed in any other arrangenment that allows for
their 30, 40 obtaining correlatable data of the disk 50. To achieve that,
the magnetic nmedia tester 20 is configured such that the LDV head 30 and

t he magnePECAHSHY DESARRTIONOD EXEMRARY EMBOPBIENASof the di sk 50
concurrently, and scanning data thus obtained by the LDV head 30 and the

magnet i ¢ A esgnéteatedif testen abording tethetpeebehifvéhidnssilitbesiesdiited wiggi on. | n
this way, at |least two sets of data can be obtained for any targeted region
of thg digkrafe taFidy. SttoI@tbelRy.Ng obt ai ned by the LDV head 30 and a second
set being obtained by the nagnetic read head 40 or vice versa. Were a
second magnetic read head is provided, a third set of data for the sane
region can al so be obtained. The LDV head 30 and the nagnetic read head 40

pos 1 onole TenshE PR STy tommseeh P bppFENbBrsiae L Bl ok s0
W thout requiring translation of the disk 50 in the magnetic nedi a
t est er 20. 204t lgpst ope Mmaghgticisad Arad 40atiached t@ecslider Bpmeintaiaingajensisient est i ng.
- flying height above a disk 50, as shown in FIG. 3. The LDV head 30 and the magnetic
10 read head 40 are provided to be able to read a same track 52 of the disk 50. The LDV |
head 30 and magnetic reéd head 40 may be disposed to be 180° out of phase with each
other as shown, or may be disposed in any ofher arrangement that ,allows‘fck)r their 30, 40
obtaining correlatable data of the disk 50. To achieve that, the magnetic media tester 20
is configured such that the LDV head 30 and the magnetic read head 40 can both scan a
15  same region of the disk 50 concurrently, and scanning data thus obtained by the LDV
head 30 and the magnetic read head 40 can be correlated for the same scanned region.
In this way, at least twd sets of data can be obtained for any targeted region of the disk
50, a first set béing obtained by the LDV head 30 and a second set being obtained by the

magnetic read head 40 or vice versa. Where a second magnetic read head is provided, a

20  third set of data for the same region can also be obtained.

The LDV head 30 and the magnetic read head 40 are preferably translatable with
respect to the disk 50 by use of positioners so as to be able to measure different tracks

on the disk 50 without requiring translation of the disk 50 in the magnetic media tester



Dat a obtai ned by the nmagnetic read head 40 and data obtained by the LDV
head 30 are preferably correlated by calibrating the magnetic read head 40
and the DU 20ad0B0 with a calibration feature on the nRgmSGe10®0&RY 50
prior to testing the disk 50. As an exanple, the calibration feature may be
| aser bunp patterns on the |ID of the djsk 50, or may be any other known
existing or specially prepared feature or marks on the disk 50. Calibration

correl at l,ocat,i on of . .magnetic re h ith location of an
opti cal ?@aﬁ“sa%l’o eg?ﬁg (g)?lh{ﬁ%és E%Qfdﬁ%gods%ggles@ag@%?egﬁ% rrel ate data

subsequent |y obtained by the respective heads 40, 30. During calibration,
both the magnetic head 40 and the LDV head 30 are positioned at |ocations

t hat enabl e both heads 30, 40 to scan the calibration feature of the disk
50 concurlPampbigined by dhesmagnetigzeaskheat 40 and dptepbrasmedityghe LD Vshged 39xr¢ he | aser
bunp patterns are then obtained by concurrently scanning the calibration

f eat ur e ysefempblyherrebgedby calibeatthghtbachagfietamdad head|4D\Anl deed . AV, head 36hown i n
FIG 4. The two inmages 35, 45 are correlated by taking note of any

Cr 0SS5t I agith £ 3alibsdtid festate @the GipRetid &SK 5@ Bribf okestinB e ESN50.hes drages of
the calibration feature and conputationally conpensating for them when

gener ati ré%a@&?e”ﬁie%ﬁliﬁr%ﬁb‘ﬁ Fturk H{%%;é ﬁ%ﬁtg{;nﬁgg%&gm i@ IB'o@the‘ldisl%Bb,ad?g' es 54

i ndi cate me spot as | naged 0 as well as the mgnetic
read head 40. An i f.ference .in crossxtrack down-track offset_is

| eeor don b AP Kog R e of HRERLY SRS e B R o B sitath  ne
magneti c read head 40 and the LDV head 30. Once the magnetic¢c nedja tester
20 has bdetlibrafionserelatesdecation of hsappensts ead heakaQ with dqsation of an optical

beam spot 32 of the LDV head 30, so as to correlate data subsequently obtained by the

10 respective heads 40, 30.

During calibration, both fhe magnetic head 40 and the LbV head 30 are positioned at
locations that enable both heads 30, 40 to scan the calibration feature of the disk 50
concurrently. Images 35, 45 of the calibration feature such as the laser bump péttems
15  are then obtained by concurrently scanning the calibration feature using the magnetic
read head 30 and the LDV head 40, as shown in FIG. 4. The two images 35, 45 are
correlated by taking note of any cross-track 23, 24 offset and down-track 22 offset
between the images of the calibration feature and computationally compensating for
them when generating scanning results. For example, as shown in FIG. 4, triangles 54
20 indicate a same spot as imaged by the LDV head 30 as well as the magnetic read head
40. Any difference in cross-track and down-track offset is recorded and used to correct

for differences in positioning between the magnetic read head 40 and the LDV head 30.

Once the magnetic media tester 20 has been calibrated as described above, subsequent



novenent of the magnetic read head 40 or the LDV head 30 by the positioners
may be tracked and conpensated for with respect to the calibrated original
posi ti oniwg 20fo/tis3magneti ¢ read head 40 and the LDV headTB8G201ore0a1th9 s way,
calibration only needs to be perfornmed once for every disk tested
regardl ess of subsequent novenents of g he magnetic read head 40 and the LDV
head 30 to scan other tracks or areas of the disk. It is envisaged that the

magnet i c ngﬁ%&m,%nli SFE gaég?tyzé tehd Réues éﬁ@LﬁV a3 p g,ryggé[ g&tit%org& Mafbsk. As

such, as the LDV head 30 is pre ~configured for
determ ning, |l pcation of a defect region 60.0n the.disk whi L.e the

manet | ¢ Pk HTide s DERER re e B e G Pur 1 Gicthd] SoSBomBot B der ect s
62 in the defect region 60, a in FIG 6. an exanple, the nagnetic
r ead headn%e%SFadg‘éa‘&WtihﬁgDes\gﬁ% %i%@‘s(wpfgéﬁiﬁ?% A yt“Seq;féPgFm' ne

defect size. To determ ne defects using the nagnetic nedia tester 20, the
di sk 50 . qerfomed pnostfosevenndisk tesied gegandlesspy shesgdued moyementaoétheny def ect

regi ons 60. Because the LDV beam spot 32 is |arger than the magnetic read
head 40, rdphedefeadtheid4) anl the LEANhdre I acaothéd tyackoowdress afahgdisked to ful |y
scanning the disk 50 with the magnetic read head 40. Once a defect region
such as 60 is |ocated, neasurenent of the sane defect region 60 by nmagnetic
read head 40 can be initiated. FIG 7 shows raw signal neasurnents obtained
by the LRV ‘ : Ll ki fects on a

Q%?%ﬁ?g?gé%ftg%ttﬁéﬂgégﬁf%?tn’;é'é,ﬁastyg%r %(Z%m bBuselto ALt nge fs'on

disk 50. _ _ “were nanoscratc orned on the
di sk 50 udslékr.] %s%uéh?%lsj s eo%vr{ i%nFIB??,”{he iHV Hga\él s apre(gg%lg cg}clﬁguored for '

determining location of a defect region 60 on the disk 50, while the magnetic read head

10 40 is preferably configured for characterizing defects 62 in the defect region 60, as
shown in FIG. 6. As an example, the magnetic read head 40 may use a missing extra

pulse (MEP) approach to determine defect size.

To determine defects using the magnetic media tester 20, the disk 50 can be first

15 scanned uging the LDV head 30 to locate any .defect regions 60. Because the LDV beam
spot 32 is larger than the magnetic read head 40, the defect region 60 can be more
quickly located compared to fully scanning the disk 50 with the magnetic read head 40.
Once a‘defect region such as 60 is located, measurement of the same defect region 60
by magnetic read head.40 cém be initiated.

20

FIG. 7 shows raw signal measurments obtained by the LDV head 30 of four features 71,
72,73, 74 mimickiﬁg defects on a disk 50. The four features 71,‘ 72,73, 74 were
nanoscratches formed on the disk 50 using a fdcused ion beam, all having a depth of 20

nm and widths of 500nm, 200nm, 80nm and 100nm respectiv'ely. As can be seen from



run and wi dt hs of 500nm 200nm 80nm and | OOnm respectively. As can be seen
fromhe generally simlar output for the features 71, 72, 73, 74, detailed
i nf or mat iwo 20fo/tibs3def ect s such as defect size cannot becCascas@toedy9

obtai ned using the LDV head. If detailed defect classification and
characterization is required, the defegt region 60 can be zoomed into using
the magnetic read head 40 which has a very high resolution conpared to the

LDV head 30Q. For,,.example. Fl nd ow, r ective.imge formand raw
St onal T oPmest LB GupiiiGhie Tefs dr 2 4B BERhr froPRdPnpblth 1 oo
83, 84 on di sk, Again, .the foyr features 81, 82, 83, 84 were

nanoscr at ‘E%%cés ’Fl}‘lbﬁége‘%ﬁgﬁ s C&nFthiﬁsaéﬁer'GiV oRtained using BisiRY bsadiept h of 50nm
and wi_.dt hs of 200nm 500nm | O0Onm and 5000nm respectively. As can be seen,
out put fromthe magnetic read head 40 is able to distinguish nore clearly
between the different wdths of the features 81, 82, 83, 84 scanned,

al | owi ng Hetaided defealdssifibationcmnidrehbtigridstionristreyited Rhouefdetggibnto cihe LDV
head 30 and the magnetic read head 30 in correlation with each other in the

magnets ¢ peshomed8ito/ssing @hd MdgnclclrOShda@ 0 Thithds N ¥ hiPhaAsIRRNt Si nce any
defect region can be quickly found using the LDV head 30 which is sone ten

e 2SS DTSR SRR 0 SR SENPRLL OBkl €

regi on nee using t magneti c

d head_ 40 i ti f | yzi h | e. disk i i ing the
mmanet | o PUda ! B obip of Bepntie e pren B Toir dui Al R 45
magneti c nedi a can be reduced w t hout conprom si-ng testing resolution even
as areal PehdiskyAgainthnfous featyses §1o 8P $4. 84twesmpanasciatcher fromead vaipaBi | ity of

the LDV resulting fromits beam size,
focused ion beam, all having a depth of 50nm and widths of 200nm, 500nm, 1000nm

10 and 5000nm respectively. As can be seen, output from the magnetic read head 40 is able
to distinguish more clearly between the different widths of the features 81, 82, 83, 84

scanned, allowing defect sizes to be accurately determined.

Providing both the LDV head 30 and the magnetic read head 30 in correlation with each
15 other in the magnetic media tester 20 thus allows faster full disk measurement since any
defect region can be quickly found using the LDV head 30 which is some ten times
faster than the magnetic read head 40. Subsequently, only the defect région needs to be
analyzed in detail using the high resolution magnetic read head 40, saving time from
" analyzing the whole disk in detail using the magnetic read head 40. In this way,
20 certification or testing time of magnetic media can be reduced vﬁthout comprqmising

testing resolution even as areal density increases.

Due to limitations in detection capability of the LDV resulting from its beam size,

- detection of very small defects such as those less than 1 um is possible but relatively



detection of very snmall defects such as those less than 1 urn is possible
but relativelydifficult. The magnetic nedia tester 20 therefore preferably
al so conpwpzewny/aoat a enhancenent nodul e for enhanci ng #arsGaatosveieel by t he
LDV head 30. The data enhancenent nodul e enhances LDV detection capability
to resolve feature sizes of 100 nmor 1pess iin width and 5 run in depth. For
exanpl e, an 80nm w dth defect can be routinely detected using the LDV head

30 with dagRuRNTRORREREC R¥dik R&tedl2b %&%i?ﬂ?&fe%ﬁly AREYbAprifla Hef ect

detection in hard di Sks, down-track spat accuracy .I's not of absolute

| mpor t ance%hﬁ?ceﬁlggt xH&ithge ?c}jr{e?nﬁ%r?mﬁ %a’t;tg o@tgﬁlgﬁtoaﬁlﬁ? fér -en etafl%O.d'i' I?egc%a?as well as to

provi de opportunity I ngul s ypes defects with
reasonabl e, preci sion,in down-t k, positioning. FIG. 1Q(a) shows V

oot B orEREPRRR L aP enncr LBV icRaRbn TR fo oruf fopke sge oG BB. 103,
104 that were fornmed on a disk using a focused ion beam all 200nm wi de and
havi ng ddpe bslessinzodih angoham in depih g esampleeap 8nm yadth defest eamrbepe seen, LDV
nmeasurenents are sensitive to | ow frequency variation 106 due to factors

such as dostinelydaedtedandngriberld> Vidiead2( withfdatahmhdnceknentby theelataur es snal | er
than the anplitude of the |ow frequency variation 106, a sinple threshold

det ect i OnenhardcemeAtmy@Il&. P @efct ftedtiol M hardhiial &ssn-taék spaaslact@atyises are
at a different voltage |level with respect to each other. For exanple, as

R L e e s T

Ot BT 7 S EAB, o Re RO eI b SRR ™

precision in down-track positioning. ‘

10 FIG. 10(a) shows LDV displacement raw signals of four defect-mimicking features 101,
102, 103, 104 that were formed on a disk using a focused ion beam, all 200nm wide and
having depths of 50nm, 20nm, 10nm and 5nm respectively. As can be seen, LDV
measurements are sensitive to low frequency variation 106 due to factors such as disk
runout and micro-waviness of the disk. For features smaller than the amplitﬁde of the

15 low frequency variation 106, a simple threshold detection will not work where the
signals obtained for these featﬁres are at a different voltage level with respect to each
other. For example, as shown in FIG. 10(a), the signals of the four defect-mimicking .
features 101, 102, 103, 104 ride on top of the low frequené}; signal 106 and are at
different voltage levels with respect to each another.

20
The enhancement module is provided to eliminate the low frequency variation 106 of
the background signal by irhplementing polynomial fitting according to the low

frequency signal morphology. However, elimination of this variation often results in

erroneous information obtained. To avoid this, enhancing the LDV data involves first



t he background signal by inplenenting polynomal fitting according to the

| ow frequency signal norphol ogy. However, elimnation of this variation
of t en r eswbt2810/moB®Br oneous i nformati on obtai ned. To avoipdTiSle2610/0e0hanci ng
the LDV data involves firstdefining a small error noving down-track w ndow
108 conprising a set of sequenti al datq1 points (e.g. JOG to xn) as shown in
FIG 10(a), wherein a detected signal 104 is enconpassed within the set of
sequenti al, data points. The.aﬁvanta of ;this is that, for .a small w ndow,
si gnal ?ﬁdﬂm%@ fS ereragyIng BWPttrq%E "@3@?"’9@8 BURPILTRE 3 5§tiof sequentialc c or di ng
to standard line fit formulae such_as a linear fitted |ine. Accordingly, as
can be se®da point (gi2o%eogp asrshewe inFladM@owherging detectei 1ignal 404 isnear fitted
line 109 has been conputed for the sequential data points in the w ndow 108
so t hat eenchmgpassad pothmt theisetifisequeatial datbopein8 Thasdwntage o€ gpoisdhatgfok at t ed

| i ne val ue, as given by equation (1) below where a Subsequently, by
squaring éndll wirtloeneignilehaypBologRtilindat @nhdoieistaspittherfosmal lidedHt abédi@ingal ue,

and accunul ating this infornmation across the whole downtrack scanni ng range

usi ng £quatd I i 10( B i def ect
Tos0. cnt ae ek eI By Sy R tnRar e LHR) Blconi el A odin BE e

enhanced gi 1G. 11 e s @bt aik-ned..b e LDV head 30.for four
features ﬁﬁés%" ° tge a l?c?)b%z(g%%\{is%l? Eg(gbhﬂ aolrlln < ﬁﬁg‘gl,m%} qghrfagbferf ‘é‘%{?}ﬁﬁtg‘gfoﬁei ng
200nm wi de with depths of 50nm .20nm | Onm and, 5nm r espectivel y. Conpared
to the no ﬁﬁ?ql}eﬁ’ééé‘%‘talﬂ?ts iy e window i@élé‘bg’]ﬂ ¢ach dfanoutivitug theghiRdeWenent as
shown in FIG 1l (a), enhanced inmages 111i, 112i, 113i, 114i (FIG 1l (b))
that are HSasacemespondingfiitedding velvy, apegivenity equatiarpd) belpse

10 Ym=ax,+b -

OIS0 035) IS T V35
ny. ()~ (X xf m

Subsequently, by squaring a difference between each data point and its fitted line value,

where

15 and accumulating this information across the whole downtrack scanning range using
equation (2) below, as shown in FIG. 10(c), information of the defect 104e obtained by

the LDV head 30 is now greatlﬁf enhanced.

n

V=Y -vaf -@

i=0

20

where y,, 1s the enhanced signal.

FIG. 11 shows results obtained by the LDV head 30 for four features formed by a
focused ion beam on a disk, all four features being 200nm wide with depths of 50nm,

25  20nm, 10nm and 5nm respectively. Compared to the normal images 111, 112, 113, 114



114e (FIG 1l (c)) are clearly superior. Simlarly, FIG 12 shows results
obt ai ned by the LDV head 30 for four features fornmed by a focused i on beam
on a di skwoablo/fioss features this tinme bei ng 500nm w de PairsiG2e®poéiz9 of
50nm 20nm | Onm and 5nm respectively. Again, the enhanced inmages 121i,
122i, 123i, 124i (FIG 12(b)) that aregogenerated from enhanced LDV data
121e, 122e, 123e, 124e (FI.G 1l (c)) are clearly superior to t he nornal

i mges 12 24 obt ai n t hou ance .(a)).
The pr es =&t e Rl Moo e iﬁ% SPBRE Tiesh AL G
removing the lowfre variation of th nal iLle
enhanci ngl el lééfgé@t 9@@&&%‘?@“‘? ﬁeé’terart‘?chéo’@r?ns gﬁ}\g aatF‘ 63/1 $orl éa‘ﬁrm
variation. This data enhancenent nmethod is not Iimted only to the LDV but
can al so bléedpl#ild(c)) aresidady supssiorng and neasurement appl i cations where a
detected signal is found to ride on top of a larger but slower varying

backgr ounsintlagigaF1G. A2 ahdnes reanlvscotitaiged by therldYV dearh3 bfuir ourtfeatlldy férerd 30 and
the magnetic read head 40 in correlation with each other in the magnetic

medi a st espyes fRlsddSioh Bédm dALAiKDAR AR dedtitrel NEs kY bBBRS 0B8R WAMe Bethused to

verify data obtained by the magnetl c read head 40, or vice versa, so as to

t
opti cal. CRPHisof SRRt ARl or S Rpeclely ™ A e L S, ot bl €
t . h f t
oo e, A%ﬁ@‘f%?fﬁ@ﬁ%areeig%&e%‘i bR R TR B e a0
and magnetic read head 40, neasurenents from both the LDV head 30 and the
magnet i ¢ }?égdlifff@dgl(adlﬁqg)g,ar@@q;glgéuperlorto the normal images 121, 122, 123,124

obtained without data enhancement (FIG. 11(a)).

10
The present data enhancemeht method thus has a two-fold advantage of removing the
low freﬁuency variation of the background signal while enhancing the defect signals
that ride on top of the low frequency variation. This data enhancement method is not
limited only to the LDV but can also be applied to other testing and measurement

15  applications where a detected signal is found to ride on top of a larger but slower

varying background signal.

Another advantage of providing both the LDV head 30 and the magnetic read head 40
in correlation with each other in the magnetic media tester 20 is that data obtained by

| 20  the LDV head 30 may be used to verify data obtained by the magnetic read head 40, or
vice versa, so as to ensures result integrity. For example, it is known that when using
separate optical certifiers or head based certifiers to test a disk, non-repeatz_ible or
systematic errors present in each certifier cannot detected. By concurrently scanning or

testing a disk using the correlated LDV head 30 and magnetic read head 40,



for cross checking to elimnate spurious test results and thereby prevent
m sinterpretation of test data. For exanple, as shown in FIG 13, nagnetic
read headwoQoiomagisag of a nmark 90 created by an optical psursiGace/camay yzer on
a di sk 50 shows an adj acent regi on of apparent nagnetic variation 92.
However, concurrent LDV head 30 inmagi g of the same mark 90 as shown in
FIG 14 shows no actual defect present on the disk 50 in the same adj acent
region 9 |t i i,ght t ider fl]les over a
physi cal Hephihbal R pbfithe L X REG30 a0 AAMER TR IE B0 S o7 VD)
t he magnetic read head ép for a subsequen} region.adj acent the physi cal
def ect . UB\FREAedyng iclimmatesRupeys i3 o7sythand, steby 1% v dat a obt ai ned
by the magnetic read head 40 to check for spurious results so that such
spuri ous REEErPEtatign obtestddtal v i gnored. This is made possible since results
arising fromactual defects would be present in both sets of data obtained
by the nmagnetic read head 30 and the LDV head 30, whereas spurious results
woul d appear in only one of the sets of data obtained and can thus be
saf el ¥ | ghRleRsnmpl¥dsl shbwh e FEG NS npagsdticdesthdde imagingerhah£890 Betated
description exenplary enbodi nents of the present invention, it wll be
under st o PASErak | 6 b BRKSOSHRL A0 SQRE RipRthlappirefIBNY
variatioﬂgw?*) eta?ﬁg d%hggg%gn, construct?gnjéﬁﬁfoﬁ operg |8n may be nade
wi t hout depart.ing.fromthe present inv i, ON. M. 1. magnet i di a
Lester comelt RgiaeR e B wB Pty P T, B T i ol it i SF

as shown in FIG. 14 shows no actual defect present on the disk 50 in the same adjacent |

region 92. It is known that fly height changes when the slider flies over a physical

10 defect on a disk, causing spurious MEP results to be obtained by the magnetic read head

40 for a subsequent region adjacent the physical defect. LDV head 30 results can

therefore be used to verify data obtained by the magnetic read head 40 to check for

spurious results so that such spurious results can be safely ignored. This is made

possible since results arising from actual defects would be present in both sets of data

15  obtained by the magnetic read head 30 and the LDV head 30, whereas spurious results

would appear in only one of the sets of data obtained and can thus be safely ignored.

Whilst there has been described in the foregoing description exemplary embodiments of
the présent invention, it will be understood by those skilled in the technology concerned
20  that many variations in details of design, construction and/or operation may be made

without departing from the present invention.



a magnetic read head; the LDV head and the magnetic read head being
configured for obtaining correlatable data of a region on a magnetic di sk.
2. The nmagoeabinciiosdi a tester of claim 1, wherein data olpcaiscedoyoiimne
magneti c read head and data obtained by the LDV head are correl ated by
calibration of the magnetic read headlgnd calibration of the LDV head with
a calibration feature on the magnetic disk. 3. The magnetic nedia tester of
claim1l albm 2, further conprising a data enhancenent nodul e for
enhancingﬁﬂg obt ai ned by the LDV head. 4. The nagnetic nmedia tester of
claim 3, wherein the data enhancenment nodule is configured to elimnate
vari ati ort-i A TB2ESHK BICGIRIESte (YMANSHgH enhance at | east one detected signal
riding on the background signal. 5. The magnetic nedia tester of claim4,
wher ei n t he datlasenbepplemébromeen (L Vsheadrdridgur ed to define a set of
sequential data points obtained by the LDV head enconpassing the at |east
one detected simgagetic esadmedd, a fitted |ine value for each data point in the
set of sequential data points, and square a difference between each data

poi nt sand its thd { b&Chdali AR MR HEeR1ic 738 HERIBELE ‘éorﬁ?%i{r&l foreb@ni®y claim4,
wherein the data enhancenent nodule is further configured to accunul ate the

squar ed dif&g&g@g@e?g&@@gqa§§§§§g%%‘ggg%@&kand its fitted line value. 7.

The magneti C ne ster ng claim wherein the regionis a
def ect
2. The magnetic media tester of claim 1, wherein data obtained by the magnetic read
head and data obtained by the LDV head are correlated by calibration of the
10 magnetic read head and calibration of the LDV head with a calibration feature on
the magnetic disk.
3. The magnetic media tester of claim 1 or claim 2, further comprising a data
enhancement module for enhancing data obtained by the LDV head.
15

4. The magnetic media tester of claim 3, wherein the data enhancement module is
configured to eliminate variation in a background signal and enhance at least one

_ detected signal riding on the background signal.

20 5. The magnetic media tester of claim 4, wherein the data enhancement module is
configured to define a set of sequential data points obtained by the LDV head
encompassing the at least one detected signal, compute a fitted line value for each
data point in the set of sequential data points, and square a difference between each

data point and its fitted line value.



region, the LDV head being configured for determ ning |ocation of the
defect region and the magnetic read head being configured for

char act erwoizog/aothef ect in the defect region. 8. The nagoesSGeo®mdéiayt est er
of any preceding claim wherein data obtained by the LDV head is usable for
verifying data obtained by the magnetijg read head. 9. A nethod of magnetic
nmedia testing, the nmethod conprising: calibrating a Laser Doppl er

Vi br onet d ' - t] ia tester
w th s oari SPatPsRRanPls R BEORk) 4 Rads BR g BRI BAER B S Red by
the LDV hea nd t netic read head; determning a regi.on on the disk
1St ng t ho. L BB sertra Bk Setlae 8 ke EFRe bt et gRBPOUSERG 1 ho
magnetic read head. 10. The nethod of claim9, wherein calibrating .
conpri ses cdsfigediippyaliocati on of the magnetic read head with | ocation of
an optical beam spot of the LDV head.11l. The nethod of claim9 or claim10,
wherein calibrating further conprises concurrently scanning the calibration
feature with the nagnetic read head and the LDV head. 12. The nmethod of any

one ofs clai The habfleticlmedib tdshe bf SBNHELSIiNGCIaM alerdis tHéatgiof s atieeet by the
LDV head. 13. The nethod of claim12, wherein enhancing data obtai ned by

the LDV head. gompid i ALnat.d FA i f i+ and
enhanci ng a’?e eésté ]?)Igg Hsgétl g%:l'? gg&g?gguyngt{ o?fdg?ﬁainghr@ t0 Eégfbég{: E%Hr}%elﬁéé é%nnal .
and the magnetic read head being configured for characterizing a defect in the defect

region.

10 -8. The magnetic media tester of any preceding claim, wherein data obtained by the

LDV head is usable for verifying data obtained By the magnetic read head.

9. A method of magnetic media testing, the method comprising:
calibrating a Laser Doppler Vibrometer (LDV) head and a magnetic read head
15 on a magnetic media tester with a calibration feature on a magnetic disk to correlate
data obtained by the LDV head and the magnetic read head;
determining a region on the disk using the LDV head; and

characterizing a feature in the region using the magnetic read head.

20 10. The method of claim 9, wherein calibrating comprises correlating location of the

magnetic read head with location of an optical beam spot of the LDV head.



14. The method of claim 13, wherein elimnating variation in the background
signal and enhancing the at | east one detected signal defining a set of
sequent i avodatea1pmBnt s obt ai ned by the LDV head enconpa®sirsg2oto®oat9 | east
one detected signal, conputing a fitted line value for each data point in
the set of sequential data points, ang squaring a difference between each
data point and its fitted |ine val ue. 35. The nmethod of claim 14, wherein

enhanci ng.,dat a_oht ai ned. by the.L head. f urt her ri ses _accumul ati ng the
squar ed gilfﬁ? @ﬁﬁ’@glﬁ’gf%ﬂé Oéggaﬁm% g%ﬁﬁf%?ahb}:?gmﬁgfggg'rtcf’g}?nrc’?sne val ue. 16.
The nethod of any one of claing 9 to 15, further conprising verifying data

obt ai ned bycensETgaileanping therahbrgonifeatirg xith the magnet 159 head angythdread. 17. A

nmet hod of data enhancement for a conplex signal set conprising a background
signal and BDVleadt one detected signal riding on the background signal,
the nethod conprising: elimnating variation in the background signal; and
enhanci ng the at | east one detected signal. 18. The nmethod of claim 17,
wherein elimnating variation in the background signal conprises defining a

set 05 SqgUeRL hdthol dk BnPBhdSiSclaiths!d® 19ORIEXcihslikdhe Sfifancin@dRdt i ng a fitted
line value for each data point in the set of sequential dafta points; and

squaring.a gﬁé{ngﬁgy&%ﬁg{,\ﬁ%g& each data point and its fitted |Iine val ue.

13. The method of claim 12, wherein enhancing data obtained by the LDV head
comprises eliminating variation in a background signal and enhancing at least one

10 detected signal riding on the background signal.

14. The method of claim 13, wherein eliminating variation in the babkground signal and
enhancing the at least one detected signal defining a set of sequential data points
obtained by the LDV head encompassing the at least one detected signal, computing

15 a fitted line value for each data point in the set of sequential data points, and

squaring a difference between each data point and its fitted line value.

15. The method of claim 14, wherein enhancing data obtained by the LDV head further
comprises accumulating the squared difference between each data point and its

20  fitted line value.

16. The method of any one of claims 9 to 15, further comprising verifying data obtained

»b‘y the magnetic read head with data obtained by the LDV head.



19. The method of claim 18, wherein enhancing the at | east one detected
signal conprises enconpassing the at | east one detected signal wthin the
set of sey0eftwidDP75dat a poi nts defined. 20. The net hod ofPCEIS&R2eM0NB01GY 19,
further conprising accumul ating the squared difference between each data
point and its fitted |line val ue. 17

17. A method of data enhancement for a complex signal set comprising a background
‘ signal and at least one detected signal riding 6n the background signal, the method
comprising: - |
eliminating variation in the background signal; and

5 ~ enhancing the at least one detected signal.

18. The method of claim 17, wherein eliminating variation in the background signal
comprises |
defining a set of sequenfial data points in the complex signal set;
10 computing a fitted line value for each data point in the set of sequential data
points; and

squaring a difference between each data point and its fitted line value.

19. The method of claim 18, wherein enhancing the at least one detected signal
15 comprises encompassing the at Jeast one detected signal within the set of sequential

data points defined.

20. The method of claim 18 or 19, further comprising accumulating the squared
difference between each data point and its fitted line value.

20



