1 APPARATUS AND METHOD FOR CERTI FYI NG A MAGNETI C RECORDI NG DI SK BACKGROUND
AND FI ELD OF INVENTION 5 This invention relates to apparatus and nethod for
certifyi nyoaonegos®di ¢ recordi ng di sk. A magnetic storageciscem/osessh as a
hard di sk drive (HDD) typically has one or 10 nore magnetic recordi ng di sk
and a read/wite head for witing to and reading data fromthe disk. It is
al so normal to test the storage device at the end of the assenbly process
to ensure that it functions properly prior to shipping out the storage

devi ce. However, if ' ' t and the cause is
due to an internal @?%éﬁ'pé é&lﬁi@g%ﬁﬂ)ﬁgds@%ﬁ@??ﬁ@ age device needs to
15be di sassenbled to rectify the defect and this result in costly rework.

Thus, it is normal for thH® MAGNEYGREGQRMNGRISK tified prior to it

bei ng assenbled into the storage device. However, current techniques of
testing and certifying the disk need inprovenent. 20 It is an object of
this invention to provide apparatus and nethod for certifying a nmagnetic
recor di ngAdKBRENIND AJDrESDaOFI INREENTI@Nof t he di sadvant ages of the prior

art and/or to provide the public with a useful choice.
5
This invention relates to apparatus and method for certifying a magnetic

recording disk.

A magnetic storage device such as a hard disk drive (HDD) typically has one or
10  more magnetic recording disk and a read/write head for writing to and reading
data from the disk. It is also normal to test the; storage device at the end of the
assembly process to ensure that it functions properly prior to shipping out the
storage device. However, if a defect is detected during such test and the cause
is due to an internal component, such as the disk, the storage device needs to

15  be disassembled to rectify the defect and this result in costly rework.

Thus, it is normal for the disk to be tested and certified prior to it being
assembled into the storage device. However, current techniques of testing and
certifying the disk need improvement.

20
It is an object of this invention to provide apparatus and method for certifying a
magnetic recording disk which address at least one of the disadvantages of the

prior art and/or to provide the public with a useful choice.



2 SUWARY OF THE INVENTION In a first specific expression of the invention,
there is provided apparatus for certifying a magnetic recording disk, the
appar at uswoanmi4es7ag: 5a certifier head for testing thePdISk2e090agpietic
properties; a product head for testing the disk's nmechanical properties,

t he apparatus being configured to enab?e sinultaneous access to the disk by
t he product head and the certifier head. 10ln a second specific expression
of the invention, there is provided a nethod of certifying a magnetic

recor di ngRARY ftsF TR ARVEQTRONSI ng: providing a certifier head for
testing the disk’s magnetic properties; providing a product head for

testing the disk's nmechanical properties, and sinmultaneously accessing the
di sk by the product head and the certifier head. 15 The certifier head
witer | preferabL{ configure to,wite wj,der trac han t he product

% idad

head"s wif BSIShIRRFHGEXNNEFEOR Ok the Fhentions terd iR, apRafaiUE Kl be
appreci ated, the described enbodi nent provides concurrent 20nultifold
nmeasur engefiEYioga magnetio segarding digler thef apparadgconawisingnd the ability to
decoupl e the neasured paraneters so as to offer distinct neasurenent for
each fypea cdrtifiesheachtbritestily thetdisljsahafyeticderogeslessui t abl e for real HDD
operation instead of just certifier pass standard.

a product head for testing the disk’s mechanical properties, the apparatus being

configured to enable simultaneous access to the disk by the product head and

the certifier head.

10 In a second specific expression of the invention, there is provided a method of
certifying a magnetic recording disk, the method comprising:
providing a certifier head for testing the disk's magnetic propérties; providing a
product head for testing the disk’s mechanical properties, and simultaneously
accessing the disk by the product head and the certifier head.

15
The certifier head writer is preferably configured to write wider tracks than the

product head’s writer head to achieve a higher test throughput.

As it can be appreciated, the described embodiment provides concurrent

20 multifold measurements over a conventional certifier head test, and the ability to
decouple the measured parameters so as to offer distinct measurement for
each type of test and is able to qualify the disk suitable for real HDD operation

instead of just certifier pass standard.



3 The certifier head and the product head may be configured to neasure the
sane track of the disk. Preferably, the testing or neasurenent perfornmed by
t he certiwDentizamg7®he product head are carried out conc®CTSGR009/00086E
certifier head may be configured to fly at a higher flying height to the

di sk than the product 5head. The certi¥ier head may be configured to | ag

t he product head by 180. Advantageously, the certifier head and the product
head are configured to read an uni que identification on the disk, and the

e . P h e of th
appara U?gb%e?ﬂfgr'h%‘éﬁe%dﬂ@ﬁ%?ﬁgmi f éthf@%dS@tr{géQ&rBr’cR e o €

correspondi ng read back uniq icationto rmne the phase

del ay bet ween the rty.f e and th rodu ead. .Preferahly,. the

cor 1111 o drel Brdlivh 3ot eRuaR e Jastel o Mol 8t B5FofRER Yitghal <
froma track of the disk, the apparatus being confjgured tg, conpare

15r espec CPUHISF @ﬁﬁ-tb%é’ﬁo‘gi“ﬁ%ag £|'%&ﬂrf'ﬁ‘i OHEF‘P'%Wré‘?’“th’eﬁ-(ﬂ‘eaﬁ?dt'fﬁfé‘e&%oduct head
to determ ne degree of mcro-waviness of the disk or degree of flying

hei ght nooay beiconfigwegdadiyrat ahigheeflyegtheighidodbedisk thhandbadrodyctwrite to

the track of the disk which is to be read back by the certifier head and

t he peodieiadh®hd ceififier apparabybenaonfigarabief laguithe productaiead [t €8@°. di f f er ence
fromthe conparison 20 and conpare the difference with a threshold to
certify the disk. The certifier head may be configured to perform

measur enent of the disk's nmagnetic properties and the product head is
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properti es, app

an unique identification on the disk, and the apparatus is configured {o compare
a magnetic image or line profile of the corresponding read back unique
10  identification to determine the phase delay between the certifier head and the

product head.

Preferably, the certifier head and the product head are configured to read back
signals from a track of the disk, the apparatus being configured to compare

15  respective read-back signals from the certifier head and the product head to
determine degree of micro-waviness of the disk or degree of flying height
modulation. Depending on the test, the certifier head may write to the track of
the disk which is to be read back by the certifier head and the product head.
The apparatus may be configured to calculate a difference from the comparison

20 and compare the difference with a threshold to certify the disk.

The certifier head may be configured to perform measurement of the disk’s
magnetic properties and the product head is configured to perform mechanical

measurement of the disk’s mechanical properties, the apparatus being



4 configured to isolate magnetic induced information fromthe product
head' s neasurenent based on the certifier head' s neasurenent. The

measur eneWP 28F1/4p¥9di sk' s nagnetic properties may incl uB#€THGILI9NF030LI se 5
or readback envel ope anplitude nmeasurenent and t he neasurenent of the

di sk' s mechani cal properties may incluble in-situ flying height nmeasurenent,
and the apparatus may be configured to normalise intensities of the m ssing
pul se or readback envel ope anplitude and the flying hei ght measurenents and

tO.S“b”SSﬁf rs?ra 1§J‘§te gﬁéon tEéeﬁﬁ%ﬁwré‘ﬁoﬂtﬁtbﬁtﬁeﬁg*o%‘ﬁlcﬁg fae magnetic

10i nduce I on. e realisatron o Fesent I'nvention,
is also envisaged t t her berl be us d to certify a disk
mhere a O&33USRY e% ‘gﬂﬁ%é %@Er eﬁgﬁdnﬁ%éuﬁ%ﬁ?lgured to access a disk
si mul t aneously or separately, for exanple at 15 two different test
stations. These aspects thus formfurther specific expressions of the
present invention. According to a third specific expression, there is
provi ded Thermpeasitenferd of the 3ish’@ raagnetic beceatties miyginekidef missttgopwie®i ness of
the disk or flying height 20nodul ation, the disk having a track pattern

written ly readirickidrivelogeahplitute meaborkraentdndittomeasimedtisittiofiead, reading
the track pattern to obtain a first read-back signal; and conparing the

first re%@%oﬁéﬁ.@al ﬂjﬁér@esS%?%nmeédngqg!ﬂ*gwﬁéi ht Hé%sﬁ?ecrﬁ G, ppad- back

signal being a signal obtained by the cer |ng the’track

pattern G, gﬁb?ﬁa%é’ﬁéwge ggﬁﬁﬁﬁemo NoHn21i48 YAiBRS e b X mlssmg pulse or

readback envelope amplitude and the flying height measurements and to
subtract one of the measurements from the other to isolate the magnetic

10  induced information.

Based on the realisation of the present invention, it is also envisaged that other
criteria may be used to certify a disk where a certifier head and a product head
are configured to access a disk simultaneously or separately, for example at

15  two different test stations. These aspects thus form further specific expressions

of the present invention.

According to a third specific expression, there is provided a method of certifying
a disk based on degree of micro-waviness of the disk or flying height

20  moduiation, the disk having a track pattern written by a certifier head, the
method comprising, a product head, reading the track pattern to obtain a first
read-back signal; and comparing the first read-back signal and a second read-
back signal, the second read-back signal being a signal obtained by the certifier

head reading the track pattern to determine the degree of micro-waviness of the



di sk or flying height nodulation for certifying the disk. According to a
fourth specific expression, there is provided apparatus for certifying a
di sk based0afl1dEes78e of m cro-wavi ness of the disk or fPELG2018/080361
5nodul ation, the disk having a track pattern witten by a certifier head,
t he apparatus conprising: a product he&ad configured to read the track
pattern to obtain a first read-back signal; and a processor configured to
conpare the first read-back signal and a second read-back signal, the

" eadi ng RE 4 9GneThABRLRELRRo 55t AORRRALR RER, Y. Lo 0T i cr orwavi ness of

the disk or flying height nodulation for certifying the disk. Preferably, a
difference is calculated fromthe conparison and the difference is conpared
with a threshold to 15certify the disk. Preferably, the certifier head and
t he prodéeconiingitang fewéh srh%mf\g!i expresinn, dhesus|pjovided epaprajus dora fifth
specific expression of the invention, there is provided a nethod of

certifyi ogridyidg ekdiblabasgd antdegede phhtiercrwavinesenf the disk ertfiyingeheigfhead, the
met hod conprising a product head, reading the track pattern to nmeasure the

di sk’ $ MRedtRIMAH, te BRKMdViR a aadk iDettarh ivitatdFRION 8 dettifion thea@d tienf or mat i on

fromthe product head' s neasurenent based on the certifier head' s

measur emgh 0y & BSnSlhgS aPREAEL I He Y BRdUES to read the track pattern to
obtain a first read-back signal; and a processor configured to compare the first
read-back signal and a second read-back signal, the second read-back signal
being a signal obtained by the certifier head reading the track pattern, to
10  determine the degree of micro-waviness of the disk or flying height modulation

for certifying the disk.

Preferably, a difference is calculated from the
comparison and the difference is compared with a threshold to
15 certify the disk. Preferably, the certifier head and the product head access the

disk simultaneously.

According to a fifth specific expression of the invention, there is

provided a method of certifying a disk having a track pattern written by a certifier
20 head, the method comprising a product head, reading the track pattern to

measure the disk's mechanical properties; and isolating magnetic induced

information from the product head’'s measurement based on the certifier head's

measurement of the disk’s magnetic properties.



6 According to a sixth specific expression of the invention, there is
provi ded apparatus for certifying a disk having a track pattern witten by
a certifiwo naados7?bhe apparatus conpri sing: a produeCTiseachmorsici gur ed
to read the track pattern to nmeasure the disk's 5Smechani cal properties; and
a processor for isolating magnetic induced information fromthe product
head' s neasurenent based on the certifier head' s neasurenent of the disk's
magneti c properties. 10Specifically, the nmeasurenent of the disk's magnetic

propert ﬁ&g@gitgg PR é?;ﬁic”&&?@%%@n?@ﬁé’@ﬁ%@ﬂ{%n Otrherr??%pxao(f/ﬁe%nvel ope

anplitu he “neasur emnment chahi ca operties may
include in-situ flying.height asur ement nd th t hod nmay further
conpr i S@Wﬁ‘éﬁsifgf %%m r‘ﬂ%ﬁgﬁ?'f E‘@EV'BQ %ﬁ‘@?dﬁpég?%wf}ﬁ?é%y(ﬂ C?g‘ﬁé'b% renvel ope
anplitude and the flying 15 hei ght measurenments and subtracting one of the
measur enBREPPETBHSIOIBNBISHEYE to i sol ate the magnetic induced infornmation.
Preferably, the certifier head and the product head access the disk
si mul t anzpusduct hBRH EBnfSERI tBTeaN toE tfHEdk fataw NOSIe2BGuia tebiskisnent of t he
invention w Il now be described, by way of exanple, with reference to the
acconpanyiebbasicavhroperties; shdch,
a processor for isolating magnetic induced information from the product head's
measurement based on the certifier head'’s measurement of the disk’s magnetic

properties.

10  Specifically, the measurement of the disk’s magnetic properties may include
missing pulse measurement or readback envelope amplitude and the
measurement of the disk’'s mechanical properties may include in-situ flying
height measurement, and the method may further comprise normalising
intensities of the missing pulse or readback envelope amplitude and the flying

15  height measurements and subtracting one of the measurements from the other
to isélate the magnetic induced information. Preferably, the certifier head and

the product head access the disk simultaneously.

BRIEF DESCRIPTION OF THE DRAWINGS

20

An embodiment of the invention will now be described, by way of example, with

reference to the accompanying drawings in which,



7 Figure 1 is a schematic diagram of an apparatus conprising a
certifier head and product head for certifying a magnetic recordi ng di sk
accor di ngvoaoam4esthodi nent of this invention; PET$GR@9200351 a
cross-sectional nmagnified view of part of the disk and part of 5the product
head of Figure 1; . Figure 3 is a sinplified view of the apparatus of
Figure 1 to illustrate a calibration procedure based on an identification
on the disk; Figure 4 are graphs showi ng the effects of m crowavi ness

on the flyabilLit f. the CT: ad of Figure 1 as the flying.height is
Feduced: Yo GMte &is potRPAR HadEan o o stk Giobtang WHF ! & o sk
wi th goad | ube condi tiggg Wnerefas Figure 5b is a graph show ng FH signals
of a di d1easian! peskct pgrd iy Bi9sa TRALNS CyincerdRY cepreiggdoick
magnetic field i mage of an in-situ flying hei.ght measurenment fromthe
product emebediofenFpgiieinventiPure 6b shows a 15 read-back magnetic field

i mage of a mssing pulse neasurenent fromthe certifier head of Figure 1;

and Fi gure 6 iggreadis awgesseddcionatniggrifiet eiesi obpatef theadiek aoti garpof es 6a
and 6b. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENT 20 Figure 1 is a

scherat i e ¢iradii@Meatl dfffag@eprratus 100 for certifying a magnetic recording
di sk or nedium 102, such as that used in a hard disk drive (HDD), according

L0 B oL LR Ao DB Mo PR TR e 0
calibration procedure based on an identification on the disk;
Figure 4 are graphs showing the effects of microwaviness on the flyability
of the product head of Figure 1 as the flying height is reduced;
10 Figure Sais a graph'showing flying height (FH) signal of a disk with good
lube conditions whereas Figure 5b is a graph showing FH signals of a disk with
" poor lube conditions; and
Figure 6a shows a read-back magnetic field image of an in-situ flying
height measurement from the product head of Figure 1, Figure 6b shows a
15 read-back magnetic field i.mage of a missing pulse measurement from the

certifier head of Figure 1; and Figure 6¢ is an image obtained by processing the

images of Figures 6a and 6b.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

20
Figure 1 is a schematic diagram of the apparatus 100 for certifying a magnetic
recording disk or medium 102, such as that used in a hard disk drive (HDD),
according'to a preferred embodiment of the present invention. The magnetic

recording disk 102 is arranged to spin by a motor (not shown) at a



8 predeterm ned speed based on test conditions. The apparatus 100 conpri ses
a certifier head 104 for testing nmagnetic properties of the magnetic
recor di ngwoizek/@Z9and a product head 106 for testing nmechsce@oogcoperties
of the magnetic recording nedia 102. The certifier head 104 is nounted to a
slider supported by 5a first actuator garm 108 for noving the certifier head
to its destination. Simlarly, the product head 106 is nounted to a slider
supported by a second actuator arm 110. Both the certifier head 104 and the

product head. 106 are configured .t i .fanequsly acces he sanme surface
055 of PRECIIGIG Soet brarn b, St A e tp SRR S T CarE e Les a
processor 150 for processing the 10signals or nmeasurenents fromthe

certifi e?erélﬁ%r/hﬁadpﬁ)%lﬂ?ftteﬁfé'a@@W?'MPWH@W&%WQQW@@WW&@Q fisksur ed by
the certified head 104 include dide, Acoustic Em ssion (AE) [3], or

M ssi ng- B2 aad PupreducivEsad [1 06 for testing sneelhancaropertiee of éra nfagrretibead 104
is a conventional certifier head used in a 15 nedia certifier and differs

fromther&bﬁﬂﬂ%hétﬁadmk%’hbmdrﬁﬁdr hetrd €04 tis mioemtedRed slidsr dugqideted s of the
sane size as that of the product head, however, for purposes of increasing

test fhr Qtﬁi%ra&uatéhsrrﬁ@lrdai ot ﬁﬁodﬂ?ga@weleértmgﬁ ﬁ@éﬁ%& it W et OM. iéiﬁmgﬁgs I( ?;

witer) to wite tracks which are much w der than the area sense

reader.. |t | ' : ertifier hea be 20 used
for speellrrolsREenR s BB bRt Saabiad s e ASPLrIBT eqi ons of
the disk to different certifjer, K heads r concurrent inspection. |Indeed, it
is envi séﬂ'@dqphgp{h&@r%er@é‘ﬁr fB%aCi \lﬁf@}n redpet head 19 A canigwiedpr oduct
heads concurrently accessing the disk 102. WD 2011/ 040879PCT/ S&009/ 000361
9 To testo siﬁwltaagﬁ@slw@qse@pghe pamesgurtane H02% obtheguagretiorecondingldisler of
the certifier head 104 is of mcro or nano structure and is arranged to fly

hi gher (-1025Therapparaine ) 00cig@ineilides 4 peogassdud b0 Heastot@6sinbitied fil es at
sub-10nm flyi ng hei ght. However, at the higher flying height, it is

di ffiigul ighalisiet AehsHeniBRS YFdn the certifier and/or product heads 104,106.

The magnetic properties measured by the certified head 104 include Glide,
Acoustic Emission (AE) [3], or Missing-Extfa Pulse (MEP) [1]. In this
embodiment, the certifier head 104 is a conventional certifier head used in a
15  media certifier and differs from the product head 106 in that while its read head
(or reader) is of the same size as that of the product head, however, for
purposes of increasing test throughput, the certifier head 104 possesses a
wider write head (or writer) to write tracks which are much wider than the area
sensed by its reader.. It is envisaged that more than one certifier head may be
20  used for speeding up the certification process, by dividing different regions of
the disk to different certifier heads for concurrent inspection. Indeed, it is
envisaged that there can be two or more certifier heads and/or product heads

concurrently accessing the disk 102.



5 nmechanical flyability problens /4,5,6] such as waviness/fl atness, disk
roughness [4,5,6] and lubricant transfer associated with the disk nedia.

Fi gure 2 wWe 2a11040873- secti onal magnified view of part of PCmSGdowlodwe2 and
part of the product head 106 to illustrate the relationship between
flyability and the disk 102. It shoul d%e appreciated that the perfornmance
of the flying product head 10 106 is dependent on roughnesstfl atness,

| ubricant, clearance and internol ecular force interaction at a magnetic

spaci ng Rt tie ebdriicpiregticshefathd Afsiaafedtivens tid angeobr tecaitifkr 102.

If the nmechanical flyability problens are |l eft undetected, the disk may
pass 15 | §h Catian: i f ~ DD
avel ey ek Lo RO 00 Sl Fo a0 ariafBba 108l (RN 0 oot
rework. If the HDD |evel, {est no i.eVe. such failures, the

i nt eract irgﬁger}&pn?qﬁrgg ﬁg%&r%cfucﬁg}e@éé 1 uWH'Cﬁﬁﬁ%Sa?%ﬁu%-ﬁbﬂm ﬁY'?gcﬂe'%ptpr oduct
head in the HDD whi ch may cause head-di sk contact or head crashes. The
probl em i Howg¥Rler #atled Dohar AR N@idbdudt ds Haillichl 1o ydatgchargmeastranm or
bel ow. Referring again to Figure 2, with higher recording densities, this

| eads 5t o meahanioalt atywabiléy opudlignwhef4, 5 fle Stmbe & f wavimessftaineINCO)dide4 may
be effectively zero. Under such circunstances, flyability issues are very

critical mudhnhésd &, 80 amdalgbrcsnt wan sfee d9sboiated aithtthe sk nyedial Figyiré ssues
when certifying the disk nmedia 102. Thus, it is inportant to be 10 able to

det ect su,@hs%rems%r@eo%néhﬁmyn%m%@ dfegﬁ!t otf%ﬁéicngm A ah8iSart Hr\here the

product head 106 of the presént enbodi nent is usefu e product head 106

is arrang I : ifier. 4 LT actual
oper at | naP oS DRk fo IRBRAIE I E T SdiRi SR el ohh el e
roduct h 06 i hi s enhodi pent .is basically t sane as g read/wite
lﬁead used%sﬁ' %ﬁg‘op&gﬁm?@{%{:ﬁi% etﬁ%‘%‘arir%%n‘yﬁﬁpﬁﬁyﬁ}jﬁgt%@@&t Ega fit
is assenbled in the HDD. 10To use both heads for the certification process,
the f1Q st 188 epsi sdeperdgitbrafe (HShREssSatnassio6lubicantabl deawagenganditi ng

to the same track. The di sk 102 under test includes an identification or

mar ki ng litRerfrialecaanfgrte inteeesationbainp ragrsativesmidivey 152 ibetlvben dine gueduct
i ndi cation or pattern) at an inner dianeter (ID) region of the disk nedia

102, as sReusd 108 dnigmessudfacEifin8wlidd RO2112 causes a change in 15 the
magneti c readback signal fromthe certifier head 104 and product head 106

to produce respective magnetic inages or |line profiles.

If the mechanical flyability problems are left undetected, the disk may pass
15  certification and used in a HDD, and tests performed at the HDD level may
detect such failures leading to rejects and/or high cost of rework. If the HDD
level tests do not sieve out such failures, the interactions or intermolecular
forces could threaten stability of a product head in the HDD which may cause
head-disk contact or head crashes. The problem is exacerbated with HDD
20  products having flying height of 5nm or below. Referring again to Figure 2, with
higher recording densities, -this leads o near-contact recording where the Take
Off Clearance (TOC) 154 may be effectively zero. Under such circumstances,
flyability issues are very critical and it is advantageous to take into account the

flyability issues when certifying the disk media 102. Thus, it is important to be



Both the certifier head 104 and the product head 106 are nounted on
precision X-Y stages as shown in sinplified formin Figure 3. This allows
exact | ocwDi20n/@hH8720 one head 104, 106 to be adj usted w POTISE2MRODO30 t he
ot her 104, 106, ensuring that both heads 104,106 can neasure the sane

| ocation. The certifier head 104 prefeapably should be exactly 180 phase
delay fromthe product head 106 to ensure zero skew. To achieve this, the
certifier and product heads 104, 106 read the nmarking 112 and the processor

150 comp S, t ic e r. hi 7 . 00361
11 profi I%bge Bq B?Wg?gggr&pg%ﬂégﬁ‘%a;é% r?gé,Sgﬁﬂe%}%légél#g\%ﬁggggﬁﬁﬁgﬁg\glr%!rés)pi nni ng
vel ocity of the disk d corresponding tinme del ay between the certifier
head and g BEREB{Cth@é ]1%@23?93%?(95 remiepi ngfﬁ lésef‘:“Jl‘Jii'determ' ne the phase
delay, 6, in downtrack direction. The tinme delay refers to the tinme between
one head (e.g. 5certifier head) reaching a test |ocation and the other head
(e.g. product head) reaching the sanme test |ocation. The identification 112
may be uskwé psoduce heedt 106 dsEirmmgaddtonly Howere thiel dlye laeotilierf ngaca 10€rtoai n

| i near velocity, it is possible to correlate neasurenments fromthe two

heads st 0 thip@rSatBalt 65érafiflg! esdilicns of X Readiariex age ivfa FDNIrAs3mbije -
initial location of the certifier head is 180-6 fromthe product head. The

broduct NRRded Ohe"BRdbe! Realttd B MRS BouihdiR WBIEASKAIY fiRCEAAR)as FOT 1 he

certifie asure the same tr on t onparisons by the
processor_ 150, .the certifier h 104 is, noved, for rdéoth right, in

Fi gure 3)re?aR’@'I'tPth%gt‘és %@%ﬁiﬁdaﬁﬁﬁmg{)’esozg}% t@ﬁﬁ?'&é ESTP?Y g’ﬁ.tegtﬁdt hi s
way, both the certifjer head 104 and the product head 106 are calibrated to
measur e t#fell §dsassembleddidhatddne skew conditi ons.

10  To use both heads for the certification process, the first step is to calibrate the
heads 104,106 o enable reading/writing to the same track. The disk 102 under
test includes an identification or marking 112 (for example, laser bump or some
other suitable unique indication or pattern) at an inner diameter (ID) region of
the disk media 102, as shown in Figure 3. This marking 112 causes a change in

15  the magnetic readback signal from the certifier head 104 and product head 106

to produce respective magnetic images or line profiles.

Both the certifier head 104 and the product head 106 are mounted on precision
X-Y stages as shown in simplified form in Figure 3. This allows exact location of
20 one head 104,106 to be adjusted with respect to the other 104,106, ensuring
that both heads 104,106 can measure the same location. The certifier head 104
preferably should be exactly 180° phase delay from the product head 106 to
ensure zero skew. To achieve this, the certifier and product heads 104,106 read

the marking 112 and the processor 150 compares the magnetic images or line



When calibration is conpleted, the certifier head 104 and product head 106
are ready to neasure the magnetic and nechani cal properties of the disk
medi a 20 wO2oriemmeset i vely. It woul d be appreci at ed that PChiSS2en9rassgenent
bri ngs about unprecedented advantageous of allow ng ot her new types of
measurenments to be used to certify thelldisk nmedia 102 and al so enabl es
measur enent of conventional paranmeters with better accuracy. 12 The new
types of nmeasurenents which nay be used to certify the disk 102 are:

(1)1 n-si tgrofiled Fah8eeaMIek A& drid with KiowleddE bPNRAMSHHiRgd | nfl uence

on slider flying [6] (iii) lube effect and influence on slider flying

(Note: T esubby biinbldisid02 3k éorﬁé@o?ﬁﬁﬂ*&afg@%?dg%}‘éwg “t’h%”’c"efilfiﬁ%ﬁ;ﬂéoald now be

descri bed: a neasurenent Us | f Hgure e used
ot er act | N BT BeBtL IR TR S AR rdine o8 ekt e 6881y LS
'n a HoD. dqwntrack direction. The time delay refers to the time between one head (e.g.
5 certifier head) reaching a test location and the other head (e.g. product head)
reaching the same test location. The identification 112 may be used as the test

location and with the delay known for a certain linear velocity, it is possible to

correlate measurements from the two heads to the same testing location.

10  In the example of Figure 3, the initial location of the certifier head ié 180°-8°
from the product head. The product head 106 has zero skew (perfectly in
downtrack direction). For the certifier head to measure the same track, based
on the comparisons by the processor 150, the certifier head 104 is moved
forward (to the right in Figure 3) to eliminate phase & and achieve zero skew

15 position. In this way, both the certifier head 104 and the product head 106 are

calibrated to measure the same track and at same skew conditions.

When calibration is completed, the certifier head 104 and product head 106 are
ready to measure the magnetic and mechanical properties of the disk media
20 102 respectively. It would be appreciated that this arrangement brings about
unprecedented advantageous of allowing other new types of measurements to
be used to certify the disk media 102 and also enables measurement of

conventional parameters with better accuracy.



As expl ained earlier, the certifier head 104 flies higher than the product
head 106. It is therefore subjected to |less interaction wth surface

M crowaviwess1iaos7abri cant interaction conpared to the prascecosweesd 106 and
is nore stable. The 15product head 106 is configured to fly over the nedia
at a flying height which mirrors that %@ an actual product head in a HDD
and t hus, product head 106 is nore susceptible to the m crowaviness in the
f or m of fIyi ng hei ght nodul ati ons of the nedia. If the product head 106 (or

its slideme héw Wit 8f hRaSerPh&ite WhitRInhaybé @%e&‘t&%@ﬁﬁ;‘/'tﬁ@ﬁ%k(wzearet he
m cr o- nodul atlons of the nmedia), especially when 20the” flying height is

further red o e egording, this could . affect the
stability ow:t he %Ig%ﬂg %“/ J}ébbg I3 gé]o conpare the graphs of

Fi gure 4 whj. h|IIustratethat 1 einallll f OW ITi Cr owavi ness

i ncreases aHd f 1 JIHQWRY® ?’H)dd'ﬂﬁ‘é?n‘&ﬁg) '9%&@'8%34@1“ bat ed when flying

hei ght is furt her reduced. WD 2011/ 040879PCT/ SG2009/ 000361 13 With

unstabl e fl {ig Bﬁbet?@@qr@e'ﬂﬂkﬁnoﬁr%ﬁ ideniyng {Nete: resutsiayig £is &b)
vibrations or jitter both in cross track and down track direction. The sane
flyi ng hei ght nodul ati ons (neasured by in-situ flying height approach) can
be used to 5evaluate disks (during certification process) for their

m cr owavi Tresadditidnalf e hseasurémgnistwabli howbe described:

Such a measurement using the apparatus of Figure 1 may be used for
evaluating surface micro-waviness of the disk 102 and [ubricant interaction

10  effect on flying performance when the media 102 is assembled in a HDD.

As explained earlier, the certifier head 104 flies higher than the product head
106. It is therefore subjected to less interaction with surface microwaviness or
lubricant interaction compared to the product head 106 and is more stable. The

15  product head 106 is configured to fly over the media at a flying height which
mirrors that of an actual product head in a HDD and thus, product head 106 is
more susceptible to the microwaviness in the form of flying height modulations
of the media. If the product head 106 (or its slider) is unabie to completely follow‘
the microwaviness (i.e. the micro-modulations of the media), especially when

20 the flying height is further reduced for ultra high density recording, this could
affect the stability of the product head 106. For example, compare the graphs of
Figure 4 which illustrate that thé inability to follow microwaviness increases and

flying height modulations become exacerbated when flying height is further

reduced.



One direct consequence of using both the certifier head 104 and the product
head 106 for this kind of evaluation is that using the certifier head 104
as a 10 rwberaraes?’wo obtain a stable magnetic read backP€ir§eat09(0as361
expl ai ned above, the certifier head 104 flies higher and thus is nore
stable), the product head 106 is used 8 eval uate the surface condition of
the di sk and assess the degree of disk m crowavi ness and subsequent adverse
effects to an actual product head flying in a HDD. In essence, for a good
di sk and conpati bl e di sk/ product head 15 conbination in a HDD, the product
head is able to fly stably. Through the neasurenent of the degree of

m crowavi Ke%s unstableSrpRg of Heeslider ptbauttiee i enrimbheanse dikthtihiaad
flying height nodul ations and if it is beyond a threshold, then the disk

102 under j i SRR Rl probl ens
in an act Etéﬁﬁéftﬁ)%ﬂb %ﬁ&%s%%lgg%(?ggg@ {rﬁ%lgglr%t% hghgt%%ﬁg]ﬁticﬁé{aﬁﬁty t he
20sane hei ght. One to nerate .a.threshold is use flyi hei ght

i mil at | omrdaies @ikanteRBUihduf faag RO aPoisheh eHE Do d Rer “and
product heads. The sane simulation can provide cal cul ated val ues_of flying
hei ght 5 mo@YRIAIR Aisks AdWdagp 6RALECEEOR PERGEESS :ﬁOFJPekEéTP'Fﬁ?Wﬁ\GB%Sae'B‘iﬁﬁ@?fﬁcs
including flatness, flutter and m crowavi ness. Alternatively, one can use
ot her t estoni fiyf efabdity.on such as Acoustic Em ssion signal during touch down
and take off process to determne reginme of intermttent disk contact and
find the maxi mum al | owabl e anplitude of fly 5nodul ati ons before near
contact occurs as the threshold. In this enbodinent, it is proposed to

per f or m t hgnsafBcf doHsRguBitS Bl uERAVHIRMRACeRNict RBag &Y dnEhsR@duE04 and
product head 106 and the results conpared. The certifier head 104 is

arranged t,0. py pyd tﬁi%)ﬂiﬁtg gg@/zﬂpéﬁc}r‘?ié‘fh%ﬁ%@ﬁw‘ O:Hetéé?ﬂifiérﬁne%db¥q4359%“0t when

it is certifying the ik T , tor exarrpedgrlng m ssing extra pul se or
litud .. Dur i h a. t, th tifi h 104 i

cont 1 dilr e oTaBFs FEOHA P e P ad R el A e ARSI BIE e BPBYn PP om 2l |

|"s pattern can be processed by the processor 150 for flyi ngn hei%)ht_

cal cul at i GifrilRydpash1 ¢ Hiesdughsrerrchthusyisiere stable), the product'nead 706 is

used to evaluate the surface condition of the disk and assess the degree of disk
microwaviness and subsequent adverse effects to an actual product head flying
in a HDD. In essence, for a good disk and compatible disk/product head
15  combination in a HDD, the product head is able to fly stably. Through the

measurement of the degree of microwaviness, it is possible to obtain the degree
of the product head flying heighf modulations and if it is beyond a thfeshold,
then the disk 102 under test should be rejected as'it is highly likely to cause
problems in an actual HDD which uses a product head flying at substantially the

20  same height.

One way to generate a threshold is to use flying height simulation results based
on slider designs for both the certifier and product heads. The same simulation

can provide calculated values of flying height modulations in response to disks



15certifier head 104. Background information on flying height neasurenent
may be understood fromreferences [4,5]. Next, the product head 106 is

confi gur esoto1weaestot he all |'s pattern witten by the cectisGzem/ohesad 104.

It should be appreciated that the |I's pattern is nmuch 20 wi der than the

wi dt h of the read head of the product Mead 106. The read back waveform from
the product head 106 is simlarly processed by the processor 150 for flying
hei ght cal culation. 15 The processor 150 then conpares the flying hei ght

cal cul at'd?%értﬁﬁﬁ@dﬂr@éteﬁ)ﬁléshﬁ\oﬁ%ﬁgfléﬁ{es@eﬁ@ttér%cﬁﬁﬂcrbﬂﬁavm&@mt head 106 to
obtain a difference. l'ying hei ght nodulations (i.e. the difference)

thus obt s4safs uo%%t nﬁ%%‘g‘#ﬁ%}ﬁgéethfn Boditin G SaSHAGESICE RSPl e sever e

nodul’ations ¢ Urface con i ons on e di sk 102
and t hus i.sk 10 houl d rej.ected. e dlfference is less than
the t hr ool dUiRg 11 3958 st el Bhties 1 goimibe s6EF Ponet based on
flying height. I't should be '%F? (§CI ated that certifying a disk based on
flying héel MitisisiRk cantassans fig ey mayyalivakis mgitade pfect i ng a
disk. It should al so be appreciated that the disks under certification do
not have meduiations beitse near gadtachascuistay herfbregisddi bl e t o conveniently use
a product head to performflying hei ght neasurenent. The present enbodi nent
solves this by using the pattern witten by the certifier head 104 for the
product head 106 to keep on track since .

in this embodiment, it is proposed to perform the same flying height
measurement by the certifier head 104 and product head 106 and the resulis
compared. The certifier head 104 is arranged to provide flying height
10  information that is a by-product when it is certifying the disk 102, for example
during missing extra pulse or amplitude measurement. During such a
measurement, the certifier head 104 is configured to write all 1’s pattern and the
same readback waveform from all 1's pattern can be processed by the
processor 150 for flying height calculation based on the measurement by the

15  certifier head 104. Background information on flying height measurement may

be understood from references [4,5].

Next, the product head 106 is configured to read the all 1's pattern written by
the certifier head 104. |t shoﬁld be appreciated that the 1's pattern is much

20 wider than the width of the read head of the product head 106. The readback
waveform from the product head 106 is similar.ly processed by the processor

150 for flying height calculation.



15the witten pattern is wder than the read head of the product head 106.
In this way, the product head 106 is able to fly within the region of the
track andwoeducaog’he ri sk of going off-track caused by wchrsazomwmoel t her mal
drift. Another advantage of the "two head configuration” shown in Figure 1
Is that the 20certifier head 104 may Wlite wide tracks of a special pattern
required for concurrent in-situ flying height neasurenent by both the
certifier witer head 104 and the product head 106. This elimnates the

need to UN® pleeesssit 150 ﬂ‘rem@@ﬁlgéﬂel%;&he(ﬂymgl\héfgﬁt thieulzgigts neshqabd @yn for
I n-situ nmeasurenent) followed by replacing the certifier head 104 by the

pr oduct ﬁﬁé@e%t?%rfr@ad&m@%d ks Sidduct M&@%&@%&%ﬁfy@ﬁ@&&%@%l 16

measur enent s e required pattern cannot be witten product head as

1 o 62RO MRt £l L) Blel el Hiaglponsi Bd Y

during a u “nmeasur resulting c¢ant time savings.
5 As t d li by havi. th tifier,.head 104 and th duct
head 106 HERSHOL AbiStoaret HOSHRIE SENELR ML MAdHaions SaHsesabaary oBi’s

c

al | ons measurenent of conventjonal paraneters wth better accuracy, as can

be appr ecsiitase gwidiiension therfigkilRg ang tausy Big diskdGet shasddbespiastad. iy t he .
certifier head 104 and the product head 106 accessing the disk 102
concur r entheydifferescenis tessdbastiye thraghaeldr thef disk 10@adouldbeacettifibe tppestict head
106 cooperate to provi de neasurenents which nmay be conbi ned or conpared

~ at least based on flying height.

It should be appreciated that certifying a disk based on flying height

10  modulations offers a new way of passing or rejecting a disk. It should also be
appreciated that the disks under certification do not have servo information and
thus, it is not possible to conveniently use a product head to perform flying
height measurement. The present embodiment solves this by using the pattern
written by the certifier head 104 for the product head 106 to keep on track since

15  the written pattern is wider than the read head of the product head 1086. In this
way, the product head 106 is able fo fly within the region of the track and

reduce the risk of going off-track caused by vibration or thermal drift.

Another advantage of the “two head configuration” shown in Figure 1 is that the
20  certifier head 104 may write wide tracks of a special pattern required for
concurrent in-situ flying height measurement by both the certifier writer head
104 and the product head 106. This eliminates the need to use the certifier
head first (to write the required pattern for in-situ measurement) followed by

replacing the certifier head 104 by the product head 106 for actual in-situ



15 to achieve synergistic results, over and beyond what is possible in
current certification process. For exanple, using such an arrangenent, it

i s possi bWe 2bu/a4e87vat e noi se caused by cross tal k from parseGeemrsoset her
than the one that is neasured. By using two heads of a different nature, it
is nmore likely to be able to decouple i%%f or mati on and extract required
data. 20 In conventional nedia certification wwth a single head it is not
easy to decouple magnetic defects from ot her non-nmagnetic origi nated | ube
or physi catcasucement @hs veduicel Edtfent sanrsitiheentithen batiieprodutt tausens | yi ng
instability | eading to change in head-di sk spaci ng and subsequent changes

i n magnet itg witadbasiot irfteshiBlBanoudh4e elirhinate f-tBCRPosaMIRP RGBgIRUPE abl e
to isolate effects of magnetic and non-nagnetic origin. 5To address the

above, it iS; L sa0 a erd Lt : nd the product head 106
are strucﬁmrég‘ﬁwéandg&&n@f ?%néﬁgﬁ'ﬁﬁébgﬁéﬂfﬁ@%ﬁg’ﬁ@; they are not affected
by the sanme conditions. For exanple, a certifier head flies higher than the
product head 106 and is unlikely to be affected by the same conditions. To

el aborate further, Figure 5a is a ,graph show ng flying height (FH) signal
of a 16 difskmeplPRedeErisgoBYhAYIRG the r@rtitieymeaghtieand theypredush headd U§r aph
showi ng FH signals of a disk with poor lube conditions. Depending on the
flyi ng. heiagaessingt Hbecanedipi elhesencogenilt ony simultanecaikhecttbis bgllomse di sk
whi ch exhibits the poor |ube conditions of Figure 5b but this may be

det ect ed byeafigeprevdust chbreehtbdal Baseckters wiks @etlef fascrmnaes, astcars be

envi saged that nore accurate neasurenents 15may be perfornmed and this wll
be el abor afpfledititddissiotel ow. Figure 6a shows a read-back magnetic field
image of an in-situ flying height nmeasurenment fromthe product head 106 and
Figure 6b shows a read-back magnetic field inmage of a m ssing pul se

nmeasur.gnme : [ d 20104. The product head 106 uses
harnonlﬁc s Ifa{"q datif b PlodiEt H{é%ﬂ u flying height neasurenent which is

nore resilient to magnetic signal intensity changes, as conpared to the
m ssi ng pul se neasurenent which is affected by both spacing changes and
magneti c defects.

By having the certifier head 104 and the product head 106 accessing the disk

102 concurrently or simultaneously, the certifier head 104 and the product head
106 cooperate to provide measurements which may be combined or compared
15 to achieve synergistic results, over and beyond what is possible in current
certification process. For example, using such an arrangerﬁent, it is possible to
isolate noise caused by cross talk from parameters other than the one that is
measured. By using two heads of a different nature, it is more likely to be able
to decouple information and extract required data.
20
In conventional media certification with a single head it is not easy to decouple
magnetic defects from other non-magnetic originated lube or physical
microscale surface effects, since the latter can cause flying instability leading to

change in head-disk spacing and subsequent changes in magnetic readback



18 Figure 6¢c is an inmage obtained by processing the images of Figures 6a
and 6b and in this enbodinent, this is perfornmed by nornmalizing the

i nt ensi t ywoanpe40879i mages i n Figures 6a and 6b, and set tcmgGém/obasskgr ound
intensities (of the normalized i mages) of both neasurenents until they are
the sanme and then 5Sperforma subtractidh and in this enbodi ment the fiying
hei ght signal of Figure 6a is used to mnus the nagnetic signal of Figure
6b (al though the reverse can al so be done, i.e. inage of Figure 6b m nus

i mage of digualr €hes )it isHigreasadvamtages dotbeastile to voldtbeffadid bRglgABE S what i s
inportant since this represents the isolated defect information. To

el abor at eand henim@grstielorfgiriur e 6a represents a 10flying hei ght signal as
measured by in-situ flying height nmeasurenment, and Figure 6b is the m ssing
pul se nmeasurenent as explained earlier. As nentioned earlier, these
measurenents nmay be obtained at the sanme tinme as processing the readback of
the all 1s pattern. If the product head 106 flies higher due to surface

interaction w,th l.ube artficles or face defects et n the surface
15108 of 10 Aldrsehe ool L i e afind therihe BRI eed fobad ik od by whi te
region 200 in Figure 6b - depression or |owest signal is represented by the
whi t e r egP@Fuchiea® 286 afre sikeiuralli Inddunstinngly diffgrgnband thus theysalist ed by
bl ack region 202). Dropout of reduced nagnetic signal can be due to either
| ocal def pettaffentedrbyties samei cndliithsorFaraxsethibya cheiiige hieadffliad highbei ght
from ot her causes. ‘

than the product head 106 and is unlikely to be affected by the same conditions.

~ To elaborate further, Figure 5a is a graph showing flying height (FH) signal of a
10  disk media with good lube conditions whereas Figure 5b is a graph showing FH

signals of a disk with poor lube conditions. Depending on the flying height of the

certifier head 104, it may not be affected by the disk which exhibits the poor

lube conditions of Figure 5b but this may be detected by the product head 1086.

Based on these differences, it is envisaged that more accurate measurements

15, may be performed and this will be elaborated further below.

Figure 6a shows a read-back magnetic field image of an in-situ fiying height
measurement from the product head 106 and Figure 6b shows a read-back
magnetic field image of a missing pulse measurement from the certifier head

20 104. The product head 106 uses harmonic ratio to obtain the in-situ flying height
measurement which is more resilient to magnetic signal intensity changes, as

compared to the missing pulse measurement which is affected by both spacing

changes and magnetic defects.



20However the in-situ flying height signal is |ess affected by magnetic
signal dropout, and it correctly indicates increased flying height (darker
cont rast W0 2Bilgdos96a represents increased flying hei ghrCTaG@d/00§3680ne
surface interaction). Thus, by subtracting magnetic signal image from
flying hei ght signal image (or vice vet¥sa), the flying hei ght change

el ement common to both WD 2011/ 040879PCT/ SG2009/ 000361 19 neasurenents are
reduced or elimnated, |eaving behind signal mainly attributed to nmagnetic
changes (Figutdbs icars imdgopbtdisgd dplpyocessindtise inggesookFigares Gobhat bmagnet i ¢
defect information from spacing i nduced changes. 5The above is opposed to

convent | offd irfid bibBahert, ST psEISELPhothpiziAG!thé ibnbigadngBlor does

not differentiate magnetic defect information fromany spaci'ng Change, nor

d f I db
oroduct TR AP ] %Pg%i‘%’t%t%'@élﬁ‘é“@?&@@ﬁdQ@eﬁéﬁﬂﬁé@{}E?ractyi on,
th I t til Furt h t f

pul s nealtiny %@?m%gééﬂaﬂeotgrm#ﬁaﬁw%ﬁ%@ﬁﬁ&)@e‘#éao{sﬁﬁa e G580 used.

Based on the above, it can appreci ated that the descrl be errbodl ment
uses 15 aPRBRRR ARUPEACHRN @erdtmﬁh@ﬁmmm&ﬁath%ﬂymgmwtm of bigeict head
for disk certification. The conbi ned use enables certification of disks to
condi t i onBa s bsed ta minusatheHbDBYbEks siphshofWhigure Bk (altheugtho the reverseaansone of
the problens in ultra-low flying height configurations. Instead of relying
sol el y onagorbeetbdn®nal image iof Feyurk st minusdnarld gf Eigues 6ayl Thesweesdltaritor

exanpl e flying hei ght, head-di sk

contrast from the subtraction is what is lmportant since this represents the
isolated defect information. To elaborate, the image of Figure 6a represents a

10 flying height signal as measured by in-situ flying height measurement, and
Figure 6b is the missing pulse measurement as explained earlier. As mentioned
earlier, these measurements may be obtained at the same time as processing
the readback of the all 1s pattern. If the product head 106 flies higher due to
surface interaction with lube, particles or surface defects etc on the surface

'15 102a of the disk 102, the magnetic signal drops (as represented by white region
200 in Figure 6b — depression or lowest signal is represented by the white
region, whereas the protrusion or largest signal is represented by black region
202). Dropout of reduced magnetic signal can be due to either local defects at

- magnetic disk 102 or caused by change in flying height from other causes.

20  However the in-situ flying height signal is less affected by magnetic signal
dropout, and it correctly indicates increased flying height (darker contrast in
Figure 6a represents increased flying height caused by some surface

interaction). Thus, by subtracting magnetic signal image from flying height

signal image (or vice versa), the flying height change element common to both



20 interface, waviness/flatness and |ubricant conditions, that are becom ng
increasingly inportant to advanced HOD products featuring ultra |ow flying
hei ght, ¥ 2BH/HTPessed by t he descri bed enbodi nent. APCRGGIHIO8I¢ENt i onal
flying hei ght neasurenents may be conducted in the final assenbly of the
HDD such as during servo witing or pr]o(?duct read/wite test, it is proposed
to filter out 20 the disks induced problens during the nedia or disk
certification process so as to reduce rejection associated to !nedia

probl ens measiragents are cuucad ioe eliminbtdy, ileantg behindaigndlahhingl es etc. Wth
t he descri bed enbodinent, it is also possible to nmeasure magnetic and
fly-hei ghittripuesty BN@egRens bhamisd (in trﬁ%é@@%ﬁbh@ ohiie IrPfi’ﬁQWaé/f %héﬁzaﬂf

n

certifying disks. The described enbodi nrent shoul d not be co rued as

limtati gojafelfaBNeiPhefedt féﬂhﬁ’atﬁﬁFﬁb' .lﬂ?e@it certifier and
pr oduct heaas 189 1%'acece215ed t he sahgg ?Q(E}Q%r m@satﬁ]ggﬁént/testi ng.
However, this may not be necessary 10and the heads 104, 106 may test

different tracks. In such a case, calibration of the heads 104, 106 may not
be necess@]re{. It s mi c%l for the certifier head 104 to have a w der

Wi t ehead'd A20VE 5P g tnepventiongl ariiticationnuberettbeiuspraftae cegtfier

t hroughput but this may not be always the case and depends on application.
It is prdfaadrerly deestied ditarentigte magaetiadedfach infpmoatiort frormaahyt spacing
15read/test/ nmeasure the track under testing sinmultaneously or concurrently
but it i scheinge, raviseg édnedmire dpinghesighp erddulatiorishehitie staypef i rst fol | owed
by the other head. For exanple, the certifier head 104 nay performthe

magnet i c @@fe’ribﬁbé@‘bk@p@d@ct"h@éd i ABEDES infplBfRRe4tidnes of the disk are
known, then the nmechanical flyability testing by the product head 106 is

carried out. 20 In the described enbodi nent, the identification or marking
112 is provided at the ID of the disk 102. This nmay not be necessary and

the identificati .112 may be ovided or .created at other |ocations of the
D SR Sy R B > Bl Eomeathbs e Bkl
Further, instead of missing pulse measurement, readback amplitude envelope

measurement may be used.

Based on the above, it can be appreciated that the described embodiment uses
15  a combination of certifier head and low flying height product head for disk
certification. The combined use enables certification of disks to conditions
closer to real HDD operation which is able to filter out some of the problems in |
ultra-low flying height configurations. Instead of relying solely on conventional.
certifier tests, normally untested issues, for example flying height, head-disk
20 interface, waviness/flatness and lubricant conditions, that are becoming
increasingly important to advanced HDD products featuring ultra low flying
height, can be addressed by the described embodiment. Although conventional
flying height measurements may be conducted in the final assembly of the HDD

such as during servo writing or product read/write test, it is proposed to filter out



21 As a variation, it is envisaged that the m crowaviness or the flying

hei ght nmeasurenents may be perforned by the certifier head 104 and product
head 106 w0 285pE0EWe test stations, which neans that bothTisead®s/0d@61 106 do
not 5 access the surface 102a of the dISk 102 concurrently or

si mul t aneousl y. Likew se, the i sol ati oR%0f data from product head may be
used for certifying the disk 102 by the certifier head 104 and the product
head 106 at separate test stations where one head neasures the disk 102 and

then the thexdisheadiuckdl groblens doriegtheapediatdralisic veniGiohtion drecessrdd & er s
may be upgraded to performthe present invention. For exanple, since the

current nRArEd GRS FoibERSS 480¢iHOIE rWeHﬂa %rd&ﬂémbfél‘i’émﬁe@&n hhotng|is gposed
to upgrade the nedi'a certifiers by instal |ng a product head so that both

heads may.aiiuh A0RKAL haAFOES N Sne HRotLA AR bl iigegpbed e

i nvention apparen to one o nar e ar t hat

many m)dlflca S can bhe nade reto artlngfromth ope as
cl ai med. %{?1%‘) 0%‘?56&‘7‘%@%&9/%@ %hecﬁg?@ﬁ‘ggs condlrently YRag
[1] Magnet | c. Recor di ngSol ut i onswebpage: ht t p: //vwwv nrs-

5  Improving the productivity of certifying disks.

TAhe described embodiment should not be construed as limitative. For example,
in the described embodiment, the certifier and product heads 104,106 accessed
.the same track for measurement/testing. However, this may not be necessary

10  and the heads 104,106 may test different tracks. In such a case, calibration of
the heads 104,106 may not be necessary. It is typical for the certifier head 104
to have a wider write head than the write head of the product head to improve
test throughput but this may not be always the case and depends on
application. It is preferred for the certifier head and the product head to

15  read/test/measure the track under testing simultaneously or concurrently but it
is also envisaged that one head performs the testing first followed by the other
head. For example, the certifier head 104 may perform the magnetic
certification and when the magnetic properties of the disk are known, then the
mechanical flyability testing by the product head 106 is carried out.

20
In the described embodiment, the identification or marking 112 is provided at
the ID of the disk 102. This may not be necessary and the identification 112

may be provided or created at other locations of the disk 102, for example at

the OD (outer diameter).



usa.com products nedia certifiers.htrnl. 5 [2] Agrawal et al., US patent:
7164557 B2, Apparatus for burnishing small asperities and cl eaning | oose
parti cl eswbnonmmegypet i ¢ recordi ng nedi a, 2007. [ 3] Crar/SHecayanosst al .,
United States Patent 7121133, System nethod, and 1lOapparatus for glide
head calibration with enhanced PZT cha®hel for very low qualification glide
hei ght s. [4] B. Liu and Z.-M Yuan, In-situ characterization of head

di sk cl earance, Proc. ASME/ Tri bol ogy Synp. on Interface Tribol ogy Toward
100 Go/in and Beyond, 15Seattle, WA, pp. 51-58,2001. [5] Z -M Yuan, B.
Liu, W Zhang, and S. Hu, Engineering study of triple harnonic nmethod for
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5 access the surface 102a of the disk 102 concurrently or simultaneously.
Likewise, the isolation of data from product head may be used for certifying the

disk 102 by the certifier head 104 and the product head 1‘06 at separate test

stations where one head measures the disk 102 and then the next head.

10 It is also envisaged that current media céﬁiﬁer’s may be upgraded to perform
the present invention. For example, since the current media certifiers would
come with a certifier head, it is proposed to upgrade the media certifiers by
installing a product head so that both heads may simultaneously access the
disk.

15
Having now fully described the invention, it should be apparent to one of
ordinary skill in the art that many modifications can be made hereto without

departing from the scope as claimed.

20



conprising: 5a certifier head for testing the disk's magnetic properties; a
product head for testing the disk's mechanical properties, the apparatus
bei ng corWPg0r1éd0878 enabl e si nul t aneous access to the diPSKR/SHROGINBOIGL oduct
head and the certifier head. 102. Apparatus according to claim1l1, wherein
the certifier head and the product head?are confi gured to neasure the sane
track of the disk. 3. Apparatus according to claim1 or 2, wherein the
testings by the certifier head and the product head are carried out
concurrentRgferdriced. Apparatus according to any preceding claim wherein the
certifier head is configured to fly at a higher flying height to the disk
than the product head. 205. Apparatus according to any preceding claim
wherein the certifier head is configured to | ag the product head by 1800 .
6. Apparatus _according to any preceding claim wherein the certifier head

24 [1] Magnetic’ Récording olutions webpage: http://www.mrs-

usa.com/products media certifiers.htmi.

[2] Agrawal et al., US patent: 7164557 B2, Apparatus for burnishing small

asperities and cleaning loose particles from magnetic recording media, 2007.

[3] Chu, Norman et al., United States Patent 7121133, System, method, and

10 apparatus for glide head calibration with enhanced PZT channel for very low

qualification glide heights.

[4] B. Liu and Z.-M. Yuan, In-situ characterization of head disk clearance, Proc.

ASME/Tribology Symp. on Interface Tribology Toward 100 Gb/in and Beyond,
15  Seattle, WA, pp. 51-58, 2001.

[5] Z-M. Yuan, B. Liu, W. Zhang, and S. Hu, Engineering study of triple
harmonic method for in-situ characterization of head-disk spacing, J. Magn.
Magn. Mater., vol. 239, pp. 367-370, 2002.

20
[6] Zhi-Min Yuan,Siang Huei Leong, Sumitro Joyo Taslim, Ka Wei Ng and Bo
Liu, Sub-mm disk waviness characteristics and slider fiying dynamics under

thermal FH control, J. Magn. Magn. Mater.,vol. 320, 3189, 2008



t he di sk, the apparatus being configured to conpare a nmagnetic inmage or
line profile of the correspondi ng read back unique identification to

det er m newohelphese del ay between the certifier head anectise2gmmdessi head.
5 7. Apparatus according to any preceding claim wherein the certifier head
and the product head are configured t83read back signals froma track of
the di sk, the apparatus being configured to conpare respective read-back
signals fromthe certifier head and the product head to determ ne 10degree
of m croechAmiBess of the disk or degree of flying height nodul ation. 8.
Apparatus according to claim 7, wherein the certifier head is configured to
wite to the track of the disk which is to be read back by the certifier
15head and the product head. 9. Apparatus according to claim8, wherein the

compare Tne. o pPayie B oS Re i dilecbRIATRY, HRTagPERRRT0 " 07"

Appar atus accordi ng to any preceding claim wherein the certifier head is
confi gured t oCPEPH'e¥ ¥ measurenent of the disk's magnetic properties and the
product head is configured to perform nechani cal neasurenent of the disk's
nmechahi cal pr apéerifiaseadier tgshagdbaisles magnaticinjopedieso 25 isol ate _
magnetic i nduced information fromthe product head's neasurenent based on
the certifier ahppadust hesasfor éeadimg. the1diskspaecthiancal peopetitieg, the cl ai m 10,
wherein the neasurenent of the disk's ,

apparatus being configured to enable simultaneous access to the disk by

the product head and the certifier head.

10 2. Apparatus according to claim 1, wherein the certifier head and the

product head are configured to measure the same track of the disk.

3. Apparatus according to claim 1 or 2, wherein the testings by the certifier

head and the product head are carried out concurrently.

15
4, Apparatus according to any preceding claim, wherein the certifier head is
configured to fly at a higher flying height to the disk than the product
head.
20 5. Apparatus according to any preceding claim, wherein the certifier head is

configured to lag the product head by 180°,

6. Apparatus according to any preceding claim, wherein the certifier head

and the product head are configured to read an unique identification on



5magnetic properties include m ssing pul se neasurenent or readback envel ope
anplitude and the neasurenent of the disk's nechanical properties include

i n-situ fweizop/daes7ght nmeasurenent, and the apparat us i sPcorsiGeguneasst o
normal i se intensities of the m ssing pul se or readback envel ope anplitude
and the flying hei ght nmeasurenments and4to subtract 10one of the
measurenents fromthe other to isolate the magnetic induced information.

12. Apparatus according to any preceding claim wherein the certifier
head's wite headiskstHeoadparatieobéingvedrfigumdiercdmpsaksa emadriticdinaletdnan t he
product 15head's wite head. 13. A nethod of certifying a magnetic

recording di < ine!ohBriER)r A c6REBBORIAG reBd %\ébfégiﬂgqg@ fe@hiicaten ead T or

testing the di S magneti c proper ;. provi a product head for

et urS by (B ERIERLR SRAPRMAER B REA T grHeLisatee eosi no

2011/ 040879PCT/ SG2009/ 000361 26 15. A nethod according to claim 13 or 14,

wherein the t ngs by the certifier head and the product head are carried
out C(S)ncur'r ently.
7. Apparatus according to any preceding claim, wherein the certifier head

and the product head are configured to read back signals from a track of

the disk, the apparatus being configured to compare respective read-

back signals from the certifier head and the product head to determine
10 degree of micro-waviness of the disk or degree of flying height

modulation.

8. Apparatus according to claim 7, wherein the certifier head is configured
to write to the track of the disk which is to be read back by the certifier

15 head and the product head.

9. Apparatus according to claim 8, wherein the apparatus is configured to
calculate a difference from the comparison and compare the difference
with a threshold to certify the disk.

20
10.  Apparatus according to any preceding claim, wherein the certifier head is
configured to pérform measurement of the disk's magnetic properties
and the product head is configured to perform mechanical measurement

of the disk's mechanical properties, the apparatus being configured to



516. A net hod according to any of clains 13 to 15, further conprising flying
the certifier head at a higher flying height to the disk than the product
head. 17.wé mtdiesioaccording to any of clains 13 to 16, prussGhenr/oo@apri si ng
10configuring the certifier head to lag the product head by 180. 18. A

met hod according to any of clains 13 t«9 17, further conprising reading an
unique identification on the disk by the certifier head and the product
head, conparing a magnetic inmage or line profile of the corresponding

15read back uisalate rndgneti¢ incaicedmib ematibarfronend peodutaseadsl ay between the
certifier head and the product head. 19. A nethod according to any of

claims 13 to IReadutbhitet b@@@@bb&h@&éﬁm{&o@;&a&? grdrhem.a track of the
di sk by the certifier head and the product 20hea N Eonpg%r'i ng the respective

read- back signals to determ ne degree of mcro-waviness of the disk or
degree of flying height nodulation. 27 20.A nethod according to claim 19,

further Cﬂr_rpr 'ﬁﬁprégatutshaecc%%i%bftc') %[ainqe’?(sj,’wherein the measurement of the disk’s

5 magnetic properties include missing pulse measurement or readback
envelope amplitude and the measurement of the disk’s mechanical
properties include in-situ flying height measurement, and the apparatus
is configured to normalise intensities of the missing pulse or readback
envelope amplitude and the flying height measurements and to subtract

10 one of the measurements from the other to isolate the magnetic induced

information.

12.  Apparatus according to any preqeding claim, wherein the certifier head's

write head is configured to write wider tracks on the disk than the product

15 head’'s write head.

13. A method of certifying a magnetic recording disk, the method comprising:
providing a certifier head for testing the disk's magnetic properties:
providing a product head for testing the disk's mechanical properties, and

20 simultaneously accessing the disk by the product head and the certifier

head.

14. A method according to claim 13, further comprising measuring the same

track of the disk by the certifier head and the product head.



witing to a track of the disk and, the product head and the certifier
head, reading said track. 521. A nmethod according to claim 20, further
conpri si yocaliodbswi ng a difference fromthe conpari sonramgGeanypasicng t he
difference with a threshold to certifyé e disk. 22. A nethod according to
any of clainms 13 to 21, further conprising, the 10certifier head, nmeasuring
the disk's nagnetic properties; the product head, perform ng nechani cal
measur enent of the disk's nmechanical properties, and isolating magnetic

i nduced information fromthe product head' s nmeasurenent  based on the
certifier head' s nmeasurenent. 15 23. A nethod according to claim 22, wherein
t he neasurlénentA ofethbe adceiding tragaiet 18 @r dheviiéred iheckstiegnbgsherg pul se
measur enent or readback envel ope anplitude and the neasurenent of the

di sk’ s mechani cadrtifferdeid ans tioyoddet hBagidrd chfdd@utheinghrepBasur ement, and
the met hod further conprises normalising intensities of the mssing pul se

or 20readback envel ope anplitude and the flying hei ght neasurenents and
subtracting. one of the neasurenents fromthe other to isolate the magnetic

Cnd Ny ) : ¢ : di Gifi havi
L Cer ot 1 o hodh iiehod ZteSiind Y6 BB B Suh iR fidroa

i Si th t Of installj, produyct head f testi t he di sk’
mechani cal prop BPCPRYIE fIehArbibRet By RoMelehtindne cifk thanithe PrecuGted a
certifier to enﬁeballde

17. A method according to any of claims 13 to 16, further comprising

10 configuring the certifier head to lag the product head by 180".

18. A method according to any of claims 13 to 17, further comprising reading
an unique identification on the disk by the certifier head and the product
head, comparing a magnetic image or line profile of the carresponding

15 read back unique identification to determine the phase delay between

the certifier head and the product head.

19. A method according to any of claims 13 to 18, further comprising reading
signals from a track of the disk by the certifier head and the product
20 head; comparing the respective read-back signals to determine degree of

micro-waviness of the disk or degree of flying height modulation.



5si mul t aneous access to the disk by the product head and the certifier
head. 25. A nethod of certifying a disk based on degree of m cro-wavi ness
of the diwRk20ri/dbgng hei ght nodul ati on, the di sk havi ngCa/SGeamwlogsat t er n
witten by 10a certifier head, the nethod conprising .a product head,
reading the track pattern to obtain airst read-back signal; and conparing
the first read-back signal and a second read-back signal, the second

read- back signal being a signal obtained by the certifier head 15readi ng

the trackgpat Wméthd&aét%réfn@'tﬂ%lélhﬁ1@eﬂfrﬁ‘%r%n{ﬁr@m§x W cBRffer dkatihe di sk or
flying height nodul ation for certifying the disk 6. A nethod according to

claim 25, fur f arlson
and compar i ng "TRESIPFY Seeh BEnERER ol e kil foad R tho PelibrfReR

28. Apparat us for cert‘ {% ng a di sk based on degree of m cro-waviness of
the disk or Iy ?ﬂ‘&gﬁé% Ktodul ation, the disk having a track pattern

witten by a certifier head, the apparatus conprising 5a product head
configured to read the “track‘pattern to obtain a first read-

5 21. A method according to claim 20, further comprising calculating a
difference from the comparison and comparing the difference with a

threshold to certify the disk.

22. A method according to any of claims 13 to 21, further comprising, the
10 certifier head, measuring the disk’s magnetic properties; the product -
head, performing mechanical measurement of the disk's mechanical
properties, and isolating magnetic induced information from the product

head’'s measurement based on the certifier head’'s measurement.

15 23. A method according to claim 22, wherein the measurement of the disk’s
magnetic properties include missing pulse measurement or readback
envelope amplitude and the measurement of the disk’'s mechanical
properties include in-situ flying height measurement, and the method
further comprises normalising intensities of the missing pulse or

20 readback envelope amplitude and the flying height measurements and
subtracting one of the measurements from the other to isolate the

magnetic induced information.



back signal; and a processor configured to conpare the first read-back
signal and a second read-back signal, the second read-back signal being a
si gnal obweaiznad4b879t he certifier head readi ng the trackPpatsSGeen/00e361
determ ne the 10degree of nicro-mavinegs of the disk or flying height
nodul ation for certifying the disk. 2928 A met hod of certifying a disk
having a track pattern witten by a certifier head, the nmethod conprising
15a product head, reading the track pattern to neasure the disk's

mechani caP4 pr opentthes; ofamdjradiog & megiaregriéer bavindueceettifief heatfardastirgom t he
product head' s neasurenent based on the certifier head s neasurenent of the

di sk' s nmagneti g K@ AidgnRSic prdh&lies AHEIMBEbRESAPHSIAG the stdd 6f 29, Wherein
t he neasurenent of the disk'"s nagnetic properties include mssing pul se or

readback envel %?ﬁl@ﬁb?drH?ﬁcJWoﬁ@é‘thg@ﬂ%gdiﬁgs rﬁ?@&%rﬁé&?ag%;gértiég?o di sk s

mechani cal proper i'nc e In-situ I ght neasu nt, and the
nmet hod 30 furgher conpri.se roml i Si. intensit] of the m ssing pul se
or readback en%ﬂﬁ '5’8 Inﬁ%l’ltlfl?ﬁ%@é)gﬁﬁhé%ﬁ%ﬁ:qﬁ W&Hf?ef;%fﬁﬁeh{eoagr&?e%ﬁents and
btracting one, of the neasurenents fromthe other to isolate the nagnetic
?ﬁduce‘d :mgor nmaimgianeous aceess 1o ghesdisk%ytt!we product head and the certifier 00 o

head,

25. A method of certifying a disk based on degree of micro-waviness of the

disk or flying height modulation, the disk having a track pattern written by

10 a certifier head, the method comprising
.a product head, reading the track pattern to obtain a first read-back
signal; and
comparing the first read-back signal and a second read-back signal, the
second read-back signal being a signal obtained by the certifier head

15 reading the track pattern, to determine the degree of micro-waviness of

the disk or flying height modulation for certifying the disk.

26. A method according to claim 25, further comprising calculating a
difference from the comparison and camparing the difference with a

20 threshold to certify the disk.

27. A method according to claim 25 or 26, further comprising configuring the -

certifier head and the product head to access the disk simultaneously.



5 31. A nethod according to claim?29 or 30, further conprising configuring
the certifier head and the product head to access the disk simultaneously.
32. Apparwbusitfoaos7gerti fyi ng a di sk having a track patt ecmSeromwtoerscby a
certifier 10head, the apparatus conprising: a product head configured to
read the track pattern to neasure the %0 sk' s mechani cal properties; and

a processor for isolating magnetic induced information fromthe product
head' s neasurenent based on the certifier head s neasurenent of the

15di sk’ s magnetic properties.

28.  Apparatus for certifying a disk based on degree of micro-waviness of the

disk or flying height modulation, the disk having a track pattern written by
a certifier head, the apparatus comprising

5 a product head configured to read the track pattern o obtain a first read-
back signal; and
a processor configured to compare the first read-back signal and a
second read-back signal, the second read-back signal being a signal
obtained by the certifier head reading the track pattern, to determine the

10 degree of micro-waviness of the disk or flying height modulation for

certifying the disk.

29. A method of certifying a disk having a track pattern written by a certifier

head, the method comprising

15 a product head, reading the track pattern to measure the disk’s
mechanical properties; and
isolating magngtic induced information from the product head’s
measurement based on the certifier head’s measurement of the disk’s

- magnetic properties.
20
30. A method according to claim 29, wherein the measurement of the disk’s

magnetic properties include missing pulse or readback envelope
amplitude measurement and the measurement of the disk’'s mechanical

properties include in-situ flying height measurement, and the method
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further comprises normalising intensities of the missing pulse or
readback envelope amplitude and the flying height measurements and

subtracting one of the measurements from the other to isolate the

magnetic induced information.

A method according to claim 29 or 30, further comprising configuring the

certifier head and the product head to access the disk simultaneously.

Apparatus for certifying a disk having a track pattern written by a certifier
head, the apparatus comprising:

a product head configured to read the track pattern to measure the disk’s
mechanical properties; and

a processor for isolating magnetic induced information from the product

head's measurement based on the certifier head’'s measurement of the

disk’s magnetic properties.



