WD 2008/ 142004PCT/ EP2008/ 055988 - 1- APPARATUS AND METHODS OF
CGENERATI NG A TEST PATTERN OF DATA, ANALYSI NG A TEST PATTERN OF DATA,
AND TESTI NEORMSAPA0STORAGE DI SK MEDI UM ANDY OR A READ/ WRICTERAPIRGS598F he
present invention relates to apparatus and net hods of generating a
test pattern of data, analysing a test pattern of data, and testing a
data storage di sk medium and/or a read/wite head. 10l n enbodi nents,
t he present ARRARMIUSH ANE| ME@E0QE NG aFENERAT INGa ¢ MEGITa PRESERE PR BATES,

such as are commonl as Sk ) " dynami rj cal
test machines" in f*ﬁ‘éﬁgg?ﬂ(;s%ﬁé%@%q%{ﬂj de%ﬁoﬁ%gﬁ%&;the art
as a tool for ugeDdTR BPORESEADTIK avEbhxipy ehvupyoent keaslwawrk hesdbd
performance of the various conponents of disk drives, for exanple the
heads, disks and channels, to be evaluated and optim sed. It is now
comon tg al so USke SPEasdrandsichtlibe Feehdeof tdi skpdFdME and methods
manufacturing to test each manufactured read/wite head or disk
before it iSragsedPtetlng mt Faptdbsictegndpivadapai tanalysinga a ysisgal

spi nstand cQEPELSES,A JtPr Iy spikndl i i 1.0 he
tested can %e m)untoed ancfesﬁﬁ \%%5 abhgaga?%a%\@%c %nﬁs%( éa;&lﬁ%] di ng
and positi odan@ddex he Ead/ead/oer lreadhead to be tested. The spinstand

al so conprises a spinstand controller under the control of which the
head is "flown" over the surface of the disk when spun, so that test
data caflObe wri tIereimdnetntead theoprebenti skvan it dord heelkaead. Wien
conducting a test.wth spj nst.and, the head is 30 first positioned
over a trackeRH Fhe’ oqos&‘eﬁ‘%ldmﬁgéﬁ Eﬁ?g FREFT T2 P UG e A FaCRTMRLY

test data iksnsubseguaingstaedd "baek  Bynihec hebsht Measuredt aBdhines”

anal ysed and the results then displayed to the user. Various
par anet er s H%d%nevﬁﬁqﬂ1 Spinstands were first developed in the art as

a tool for use during research and development to allow the
15 performance of the various components of disk drives, for
example the heads, disks and channels, to be evaluated and
optimised. It is now common to also use spinstands in the
field of disk drive manufacturing to test each manufactured
read/write head or disk before it is assembled into a disk

20 drive unit.

A typical spinstand comprises a motor-driven spindle

on which a disk to be tested can be mounted and spun, and a
head load mechanism for holding and positioning the

25 read/write head to be tested. The spinstand also comprises
a spinstand controller under the control of which the head
is "flown" over the surface of the disk when spun, so that
test data can be written to and read from the disk with the
head. When conducting a test with a spinstand, the head is

30 first positioned over a track on the disk and test data is
written to the track. The test data is subsequently read
back by the head, measured, and analysed and the results

then displayed to the user. Various parameters under which



WO 2008/ 142004PCT/ EP2008/ 055988 -2- the data is witten and/or read

back can be controlled and varied by the spinstand, allow ng the
per f or manc¥ OB AWt act eri stics of the head or di sk to HeI/EF2008/055988

i nvestigated under various conditions. Usually, a conputer or simlar
5 processing apparatus is provided to ca&ry out the various tests
perfornmed on the spinstand, and to anal yse and di splay the

measur enent shaadatai 14 wivet s mstdaiod. rAddi backatay , belethmatadd.ed and

parametric ) nt. el ectronics, spectr anal yser_or an

oscil | oscopgg?r%‘ﬁeb:gyp?%%iséaeldl% - Oagrlﬁpf/??ngﬂ]%n%e LIRS G e
measur enent shardet&tidc ide wpivhst dedd bp 8bsk vayba werdfs gfcddEst s
may be conducéed, i ncl udi ng for, exanple so-called bit error rate
(BER) bat ht iB ‘?rtY%‘f:ko%lﬁég%Jé,thPéck UBHRILY . rRaeTRY G &g sdimilar

overwite, gi6cedding appd@uR0SSEl BrBvEQHACEL Ofa ¥y Wt MHL i IGukS
due to fluctuations 1n the speed of rotation of the disk. A highly
accur at e nEBFLT PERINSE Fedcospénatandhearsi el anaims e wedeby t he

di sk at tachgglsl oad Nehe Rl ered HEHEHL NG B Send NpHBlar, £peed can

only be controlled to wthin a certarn tolerance, giving rise to
undesi red fAddivmnany i fadicatedaphoanttspeateafutdmenti sihec8uohics,

fluctuation t a t n di storted _bot. n
bei ng wri tt%n oéﬁ%p%nﬁi{gse(}méﬁ ggsgg Jé]ﬁ §%$§r%e yrebéed pﬁ:a?(‘:rl%gFgg?nofhe
di sk. Théseamkhkywirig asl displayiegsthai heasuntenpsmty engld wiper them ng

t est.s where hij recision.i,s required.. According to a first aspec
o he Dot S | o a3 HETat! S %t ok Mg o6y CGBABREEfng
a test pattatidledirdatiod exdepde sbeballed BBt acrsidy age di(skryedi um

for testing, the nethod conprising: rotating the disk; detecting
fluctuati oA ThHEWHe SFEEF SAUPGES! | bRAGF ¢HErre, read/write offset,

overwrite, etc.
15
One possible source of error in testing is due to
fluctuations in the speed of rotation of the disk. A
highly accurate motor is usually used to rotate the spindle
and thereby the disk attached to the spindle.

20 Nevertheless, the motor speed can only be controlled to
within a certain tolerance, giving rise to undesired
fluctuations in the rotational speed of the disk. Such
fluctuations cause the test data pattern to be distorted
both when being written to the disk as well as when being

25 read back from the disk. These distortions can cause
significant problems in performing tests where high

precision is reguired.

According to a first aspect of the present invention,
30 there is provided a method of generating a test pattern of
data to be written to a data storage disk medium for
testing, the method comprising: rotating the disk;

detecting fluctuations in the speed of rotation of the



-3- disk; producing a reference clock signal in accordance with said

fluctuations so as to be synchronised with the rotation of the disk;
and, gener MAXBF/H240¢st pattern of data using said ref erRA¢EP208453088

signal as a timng 5 reference. By producing a reference cl ock
signal that is synchronised with the roBation of the disk and using

this to generate a test pattern of data, it is possible to 10

gener ate a @esk; paredyaincha wefeogncs otoak| vvendlorir lamstarsisingss wil hh

e o Gt LoBafy HIdial GOl Bl ANBD OSSP LAt Whal O

to the disk, I's spa correct t respec]t € surface of
t he di sk. Thosameamsof hdte tdiskdakadcageberaenty bmdesnddtrersi gial 15

obtained wiLl_be a truer, representation of the original test pattern
of data " aaeepufiad dihd REEERRCE HORAR S ARl AP BimifBen to

track onst heetksdncdn prior art arrangenents the test 20 frequency
actually present on the disk will vary to some degree along the
track, nmeaning that the recovered frequency will al so be spread,

lleading to | 0ss B RLHAGY bNrBRASBRESG-1de Higpal1 thRtcqnt rast,
this aspect of the present invention allows the frequency to be

modul at ed t¥YREEREGRMGELE the rotatiomart diodishk ehd dissrg théseby
making the widdenddequency pattern Spigaspalialiy oacigst og the
I ac K Wil Fobe

di sk so that the signal rea rom the dis ess spread.
Thi s nedfis gérrajet ecttias§ hé&teraqueatyadoputis reaclBask Sbhgnal will

concentr at i tont 1S B ol PBrattuls it Bk SiPbogar when tne
W2008/ 1420 RCHHR2M8/185%888ted- to the disk, it is spatially
correct with respect to the surface of the disk. This
means that the data can be read back and the signal
15 obtained will be a truer repregsentation of the original

test pattern of data.

For example, where a test frequency 1s written to a

track on the disk, in prior art arrangements the test

20 frequency actually present on the disk will vary to some
degree along the track, meaning that the recovered
frequency will also be spread, leading to loss of accuracy
in measuring the signal. In contrast, this aspect of the
present invention allows the frequency to be modulated to

25 accommodate the rotational error of the disk, thereby
making the written frequency pattern more spatially correct
on the disk so that the signal read back from the disk will
be less spread. This means that detecting the freguency in
the read back signal will be simpler as the frequency power

30 will be more sharply concentrated about the correct

frequency and less spread.



In a preferred enmbodi ment, the step of detecting the fluctuations
conpri ses: detectlng a plurality of marks that rotate synchronously
with the dPMR00HEMpr oduci ng a cl ock signal correspondf¢IHER0H052085
novenent of the detected 5 marks, said clock signal being used in the
production of the reference clock si gnal4- This arrangenent provides a
preferred nmethod of nmeasuring the fluctuations in the rotation of the
di sk to allow thenraferefressd cobosiigeak tbhbesmmd@@@eteﬁtanmrtm

o 00 OPL1 EShelTido s 00 MURLIRS | SSpr LA PR e

opti cal s nmay Jto f e spindle
or to any othet pardte hatnaatoatoss 1w Whtthhdiékskaanﬁruﬁnodﬂqingthe

mar ks may be netic jmarks on the disk that are detec

magnet | cal [SLORE Tt doskedbondndt B B2 mitcnay s e Ketepsed
al low a bi gherks esdi iR I sdehannbeing 48edfinciimtd @emdtiohher
rotation of the disk. In a preferred enbodi nent, the method conprises
provi di ng t ARe Fearemal QQ§ SA9PApuUt THLR PHARISHEKe®TRYiNE6pa t he

phase | ockegré 00R QeI RIS %@%@a‘sﬁrl@ﬁ@dﬁ'ﬁé BRI LT RIENGS ¢hack
signal . This provides a sinmple way of producing the reference clock

signal . Usi FFatinmed (thekédskosp allovisthaerprenanss ook shgnal to
reference spgnal,4oLe t@f;he%sgkéoméy'iaet(?ﬁtf@ﬁ | £AhIO h%%cgﬁ:g' g &0

the well 25 nomm princi s governing the operation “of ase Ioc
| oops. 10 usInqui%mﬁbdmmemﬁerbmetnnthdﬁheonﬁnmsésnpm&&umaygban

oscillator n | ator: the di.s belng 30_rotated
with a nntorégﬂh% l?o fﬁ%g%éc?flé?&#lcﬁ &ﬁ% €A FOaRRY t he
reference chdeke sgag‘rtalthlael mgtgeeeraie]ﬁl tise nYi dkhe ose:ldrhatmfremi;pckhe
AT R AT o T T SR
magnetically. It is generally preferred to have many

15 marks, to allow a higher resclution in determining the

fluctuations in the rotation of the digk.

In a preferred embodiment, the method comprises

providing the clock signal as an input to a phase locked

20 loop, the phase locked loop being arranged to produce said
reference clock signal. This provides a simple way of
producing the reference clock signal. Using a phase locked
loop allows the production of the reference signal to be
tailored to suit the application according to the well

25 known principles governing the operation of phase locked

loops.

In an embodiment, the method comprises producing an
oscillator clock signal from an oscillator; the disk being
30 rotated with a motor that is locked to the oscillator clock
signal; and, the reference clock signal being generated
using the oscillator clock signal, the oscillator clock

signal being modulated in accordance with the fluctuations



-5- in the speed of rotation of the disk in the generation of the
reference clock signal. In effect, in this enbodi nent one oscillator
is used toVreRIHE0he reference clock and to clock thePGHRIERHO08/055988

separate clocks were used for each, 5 then thermal drift could cause
the clocks to drift with respect to eacir other, which would have the
effect of introducing phase error in the pattern witten to the disk.
Havi ng one éhotRefepepdtdf He-atheommdfarbegdisk Subshargérdrtation of

el imnating i : met_ho conpri,se, rotatj.n he
di sk; det ec{:C F%g%f%%%%? i]tglnokal i jtgr-glg s'petgg gF E?%'fatlﬂgn&g s t%ngebodiglg%;ntc
produci ng aonefesentbaicdoclks sisgahltol pradeooedaheerad ¢tersad dklock and

fluctuations_so.as, ta be nchrond sed with the rotation of_ 15 the
di gﬁ ureadi g GLoEstt %tr?ogér/%‘of ats§p1af8$:netﬁ OFF eI prRA flrfé’raeﬁé’gt'

dat a si gsal thendihertmdy sd7ig s dothlkdeshudat 8hei gnadkysiNGdiTe rafer ence
clock signal as a timng reference. This arrangenent provides a

preferred phaEReFockeFdTbPtaedhi MELEHr WOUFRchal s i e IRLGecto @it er
means 20 t hatetb@udBiemanee ﬁa'é:fi%% $hoek HAPcOEn alr Al ey @Bk qisk

frequency fromthe clock si According to a second aspect of

the presentHaViRHt9%h,clasd &ors bpihyhasdthe nedvsttage afal ysing a t est
pattern of g@og@é&fﬁqﬁ, fer&qqigﬁagghg EB?E,a‘}Q gl sk medium the method
e disk;

conprising: rotating t et écting uctuations in the speed of
rotati ohOof the disk; producing a reference clock signal in

accordance with 'qnf j $0.8s. 1 be synchrani Sﬁeg ith,the
rotation of the |sk;eérhelé}:a(tittl|H%§;’| §8§8 f'%gtr g?'fler% tg*e cﬁ@ts it S’ﬁ:ef: & sk
to provi de Eliastatdates dingnak; spadd afatysanigorsafl Hhestdigata si gnal
using the ref erence cl ock si gnal ils ﬁ tim nlg reference. -6- ,
producing a rererence clock signal in accordance with said
fluctuations so as to be synchronised with the rotation of
15 «the disk; reading a test pattern of data from the disk to
provide a test data signal; and, analysing said test data
signal using the reference clock signal as a timing
reference. This arrangement provides a preferred phase
locked loop architecture. The divide-by-n counter means

20 that the reference clock signal can be at a different

frequency from the clock signal.

According to a second aspect of the present invention,
there is provided a method of analysing a test pattern of
25 data read from a data storage disk medium, the method
comprising: rotating the disk; detecting fluctuations in
the speed of rotation of the disk; producing a reference
clock signal in accordance with said fluctuations so as to
be synchronised with the rotation of the disk; reading a
30 test pattern of data from the disk to provide a test data
signal; and, analysing said test data signal using the

reference clock signal as a timing reference.



By producing a reference clock signal that is synchronised with the
rotation of the disk and using this to analyse the test data signal,
it is possM9@¥H2Wdcount or allow for fluctuations in REEERBQ80559H
of the disk when 5 readi ng back the data. This nakes anal ysing the
data nore sinple and inproves the accurdcy of the results. For
exanple, where a test frequency is witten to a track on the disk, in
prior art arrangewentedudicqig ecordeagnte résckdatanal gt rigad from

the di sk w j t t fluctual | ops. . tat.ion _of. the
sk, moant ReRrREghErel Bt dhe Frrafibho Ot Phe OB Pl Ry P
| eadi ng to dof &nglivse eshe ncamasiatengitvhelsi gnals posCibllg ast adchuat
aspect allows t recovered data test signal to be 15 denodyl ated

o Th the robRFhhal “ERY G PhaoiPokn” AP ctet Rt ik (IS GHSH HOERe
speed of 5rotaaddng dadienl Sataso that hhreanabhysisi @ dHe @Sicanabre
read back fromthe disk wll be | ess affected by frequency spreading.
This means PHEPLYARMEIMRFAVRE tPEqAEREYAFY PhethdPE®EE -si gnal 20
will be sinpler as the frequency power will be nore sharply
concentrated about the correct frequency and | ess spread. The

step of anal ysi rEPIreSKEEHS-i yBesBedt FERT ahee ey sl drtiesendspaa
i | . As dj low; th 5 t I
si gna Craousap el |06 BEESENL, 2o AIAIRIRY RS rBRLLLELLAT

advant ages In narrow b measur enen
of speclPuntesialdationg immplcorpdi §eomoniverdisig widild beestistdatraedi gual

to an inter I f n by _3 1 Xi hg sai d test. data_signa i th
a si nusoi da&ﬁ%%l%%%e%r%ét%éa %gi %agééé%o r%feﬁ%%@sﬁ’ogfaﬁﬁgg hl ng
ref erence. fie srearavergengEnteqabhoywswil hbe fceiatey sppeadhel easedygi ng

operation t%t'?‘f rri.ed out op\egQ&rggtatﬁégsnialn as %rt of a WO
2008/ 142004 £5988 g gnal. ' In contrast, this
aspect allows the recovered data test signal to be
15 demodulated with the rotational error of the disk,
rejecting fluctuations in the speed of rotation of the
disk, so that the analysis of the signal read back from the
disk will be less affected by frequency spreading. This
means that detecting the frequency in the read back signal

20 will be simpler as the frequency power will be more sharply

concentrated about the correct frequency and less spread.

The step of analysing may comprise spectrum analysing
said test data signal. As discussed below, the present
25 arrangement has particular advantages when used in narrow

band measurement tests.

The step of spectrum analysing may comprise converting
said test data signal to an intermediate frequency by
30 mixing said test data signal with a sinusoidal signal
generated using said referemnce clock as a timing reference.
This arrangement allows a more accurate super-heterodyning

operation to be carried out on the data signal as part of a



-7 - spectrum anal ysing test and all ows the spectrum anal yser to
becone nornalised to disk speed. The step of spectrum anal ysi ng may
conpri se sHPIMHY2H4and digitising the test data si gnall’%%/ 084)§5988
anal ogue-todigital converter that is clocked by the reference clock.
This allows the spectrum anal yser to becdome nornmalised to disk speed.
The present arrangenent can al so be used in a spectrum anal yser that
performs soRRSGFIHN |ansFlMHEads festr antl 191l hoes yehies sliefittmain ynaAyeerdiag

to a third gspsgd rpgrr%ﬂqsgde%%nofiisgvgg%égp, there is provided a

met hod of testing at |east one a Sstorage di sk nmedium and a
read/ wite head, the nethod 15 conprising: rotating the disk;
detecting fl uctuﬂ'{ei:os sein he sgeed of rotation of the.disk; 13
produci ng a ref erence @l §ck SEFGHAM™ AMactorfadty WXRLeSrqSamp-11g
f I uct uat bonsnd adias. i iy $Y1?C|ﬂéﬁﬂi a@t_davudma}jlhe,ls]{i@igatahoanla&ogk;b@_-%slk;
generating g test pattern of data,éusing said reference clock signa
as a 20 ti it ek SORVEE-Shr itgﬁﬁgl?h%l?%]ﬁdﬁ%i{t% rStegsrget 61ewk-

di sk with the headowseadiengpbbert®SinPBfdeF t Pheddb@d hhenkt eedi sk
with the head to provide a test data signal; and, analysing said test
dat a si gnal @& fPaate r dher BreESRF RIrHIgAMANtasaa elaPner vsedeicen

25 Thi i r t f t .89 LLising
both et hod® dacert o abave. Hherof oranco sl oeic argaa Sk Hhectiurh
when gehér aiady tilse digiitedhyof data to be witten to the disk to
conpensate for 30 fluctuations in the disk rotation and al so when
anal ysing the data signal read back fromthe disk to conpensate for

fluctuations inAdeerdisk totattlhird AMROA8/0F20@4BEEEERR 0D &DEORS,

there is provided a method of testing at least one of a
data storage disk medium and a read/write head, the method

15 comprising: rotating the disk; detecting fluctuations in
the speed of rotation of the disk; producing a reference
clock signal in accordance with said fluctuations so as to
be synchronised with the rotation of the disk; generating a
test pattern of data using said reference clock signal as a

20 timing reference; writing the test pattern of data to the
disk with the head; reading the test pattern of data from
the disk with the head to provide a test data signal; and,
analysing said test data signal using the reference clock
gsignal as a timing reference.

25

This provides a more accurate method of testing by

utilising both methods described above. The reference
clock signal is used both when generating the pattern of
data to be written to the disk to compensate for

30 fluctuations in the disk rotation and also when analysing
the data signal read back from the disk to compensate for

fluctuations in the disk rotatiecn.



- 8- In an enbodi ment, the nethod conprises: 1) the disk being
rotated by _a notor that is |ocked to an oscillator clock signal; and,
2) the ref &MEH%ck signal being provided from an os%?VF%?%Wbﬁwﬁck
signal, the oscillator 5 clock signal being nodulated in accordance
with the fluctuations in the speed of rétation of the disk in the
production of the reference clock signal, wherein the same oscillator

clock signal is E@e@nf%ﬁPQﬂkﬁﬁP?E)téﬁdeYhO@nC@%Péi%?$andénéﬁﬁ,déSk
singl e osciLahor 6t 9Cks iy, US a3 :EﬂaEefLQr%'Eﬁe&?tf? the Ui oy

testing apparatUs rather t'han having separate osc ator clocks in
t he appar at a$ocHhé bawabi dnd,he lefthecrefefenter abdcldrs fgnathibeling

typically apl5g; U8l eldiPAUNGIN N0 PR AL FLOCKS e AN gL elore
hel ps avoi d”a“source of error entering € system both en -1
writing Gataldoktdibgrehlskeaing woenleeadi hg dackr@nttandalttsithg dat a
fromthe disk. . According to fourth aspect_of the presen

i nventi on, fﬁ%?%F?EF?ﬂ%ﬂﬁQNE?QaﬁﬁﬁﬁatBg ¥8Fa5&§hwgﬁi9ﬂf 1S ﬁan%Fern
20 of data pPodeciddrd tN the &edat-anskOofdgek b BdadBdiwHardan test kade
the apparatus conprising: .a spindle for rotating a said disk;

a
det ect or arPEFetR Y Sttt sfonetuadi BRedi Fox ntaifedd & dr étati 88 of

the disk; a-pfocessfigadrAngad st agPEoguee] ot &f efrnge i¢l Qekaskgnal in
accordance with said 25 fluctuations so as to be synchronised with

the rot &Pi orelgranre diogk then@ntarpateetingermmanadiusarmedhgad than
gener at e ae%l&?énd)aé A o %&i‘laEngﬂfﬁ% r&f ecﬁfé‘o%%pt Lacks! %ﬁls as

a timng reference. 30According fo a aspect € présen
i nvention, averds itherdifieged appaheatwal fari fAnathisingyaicediyparisen

of data read_ fram t t or.age di sk nmediu t he rat us
compri o1 ng 0w i R0 b AR REb At R "R R re news
aveid a source of error entering the system, both when
15 writing data to the disk and when reading back and

analysing data from the disk.

According to a fourth aspect of the present invention,
there is provided apparatus for generating a test pattern
20 of data to be written to a data storage disk medium for -
testing, the apparatus comprising: a spindle for rotating
a said disk; a detector arranged to detect fluctuations in
the speed of rotation of the disk; a processor arranged to
produce a reference clock signal in accordance with said
25 fluctuations so as to be synchronised with the rotation of
the disk; and, a pattern generator arranged to generate a
test pattern of data using said reference clock signal as a

timing reference.

30 According to a fifth aspect of the present invention,
there 1s provided apparatus for analysing a test pattern of
data read from a data storage disk medium, the apparatus

comprising: a spindle for rotating a said disk; a detector



W)2008/ 142004PCT/ EP2008/ 055988 -9- arranged to detect fluctuations

in the spe otation of the disk; a processor arranged to produce
a referenc?g%?@é)li&é@gnal in accordance with said fluct ugﬂr@ﬁ%‘m B2

to be synchronised with the rotation of the disk; a controller 5
arranged to read a test pattern of data3tomthe disk to provide a
test data signal; and, an anal yser arranged to anal yse the test data
si gnal usi n§*FABIPES BP efReael didivgitdlonas in thei spgeedfef ensmtion of

10Accordi ngh@ a;Sikxt sent_jnyention, -there i
provi ded appar at Uus 1‘04'?{I j?IZstl nsg&fatatljl}ggg{e%oﬁg 8%8351“%%% %“?%ef*raed]é:ediciﬁ":k
medi um and &igead/ ¥wizechidahcd ha thppaddt Gduconptichngio asspicndee for

rotating a i I sk, detector arranged to_detect fluctuatiqns in
t he speed o?%gh]?%@;%el%nmgﬁ t%%‘ee &'ios’l:ﬁl?l in%cE@%o 18k i dhge e ldeaduce
a ref er eAceactankedignatedd saceetdpaceewht Br S@hth f 46t Uald @N%IS@AS
to be synchroni s$d with the rotation of the disk; a pattern generator

arranged t o°hRAEFAt? e detBationalor 2Bgt AUSIRRYL KT rEBEoEsc §0

clock si gnainabyse tind nes20 daebeteRasl as At L alrdrdanoed Lo wite
the test pattfern of data to the disk with a sard head, and to

subsequent | 193 ¥ tfedtid@CarrEeRenAR- di sk with the head to provide
a test data signal; and, an anal yser arranged to anal yse the test
data signal using the reference clock signal as a 25 timng

refer eng@. Aqoeysdinge s aobixhk peesentof rienthiresenitl inoentben,

g?;\% Inlg)gd P%]hé\llﬁcl%f p%mlfg_ %bgréglsr?&?etetsotitn%e a3Cq2MRENYL0% ¢
data storage disk medium and a read/write head, the
apparatus comprising: a spindle for rotating a said disk;
a detector arranged to detect fluctuations in the speed of

15 rotation of the disk; a processor arranged to produce a
reference clock signal in accordance with said fluctuations
80 as to be synchronised with the rotation of the disk; a
pattern generator arranged to generate a test pattern of
data using said reference clock signal as a timing

20 reference; a controller arranged to write the test pattern -
of data to the disk with a said head, and to subsequently
read a test data from the disk with the head to provide a
test data signal; and, an analyser arranged to analvse the
test data signal using the reference clock signal as a

25 timing reference.

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

30
Figure 1 shows schematically an example of a spinstand

according to an embodiment of the present invention; and,



Figure 2 shows schematically an exanple of a spectrum anal yser to be

used in copj I with the spinstand of Figure 1. 5Referring to

Fi gure 1, y@%ﬁ%&%ﬁ%d 1 conprises an air- bearing spi ndF‘éT@P%fﬁ‘f’?Pé??sby
a notor 3 to which a disk 4 is nounted. The spinstand 1 also has a
head | oad mechani sm (not shown) for holdi®ng a head ginbal assenbly 5
and positioning the read/wite head 6 of the head gi nbal 10 assenbly
5 over the surfafédBFet ResHpek chematigsdilvdanacsamncbe of i 2 tspeciorand
read from a g n tbhe.s o iy ; SCLI u

ar the spimeiang 1 reosr o i TR i el RS ol

| aser encodd&dgyyetém 7 associated with its spindle 2 to allow the
position of the spindle 2 to be accurately determ ned. The principles
of a | aser encoder system 7 are generally well known in the art and

thereforé will nRefbertegctd ednire det ai kphasebnd 1 ncafppasdd A air-
sui tabl e IaEer encoder (ﬁ/steng 7 have been devel oged for use with

servo track G tPAg® S5, e DhéyMeEeTrud el t B Gy disk 4 is

successi vel yowhtbfien Bes Ve IdAGks 110 D@ okaAE LMhike Lo4d erdcRASE:
w th each other with the necessary high degree of accuracy.

Nevert hel es$Ph BReER) Bar dipd dmchdl &opds gambehcarenialal®e and
attached thgpet i ghihd str?élckégao/%.{ittge ‘h'%gddb.sgf‘ltl?é_ %é&ﬁiﬁxbbzag Crom

conprises a diffraction grating, i.e. a series of trans
bl ack t @ Owhpeaembty ghguey rihe SurdapespEi theddisk bk swritdiitati dawat h

the axis of I ) I r ef y.at, .l east thousands
of such traﬁéﬁﬁ%ﬁg%%rgn&% hraiglrd‘ra|r%5l(?fl g%aﬂpgsg%%% onﬁ?lﬁl%eor?surdfit‘ace 3t
transiti onsth@hdisk ahsi tAsomesgrébedabhysofenr whé¢ lemmsaguidanigdlsabf a
spaci ng arogﬂngwrtlhte ring. A grating interferoneter 7b is
nmounted to e Spl}‘%%'and 1 for reading the scale 7a on the spindle 2.
The interferonmeter 7b has a | aser (not specifically shown) 5 which is
di rectegPonto the scal.e 7a to(,tag%owt e transitions in the scale 7a
n

to be defected by a THEHH SsPetPFRE atISPEoMYE e the
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encoder system 7 produces a raw encoder signal 51 neasuring the
det ect ed 105R¥E 2 to be accurately determined. The principles of a
laser encoder system 7 are generally well known in the art
and therefore will not be described in detail herein. In
20 particular, suitable laser encoder systems 7 have been
developed for use with servo track writing machines, where
they are used to allow successively written servo tracks to
be kept in the correct phase with each other with the
necessary high degree of accuracy. Nevertheless in brief,
25 the spindle has an encoder scale 7a attached thereto at its
end opposite the disk 4. The scale 7a comprises a
diffraction grating, i.e. a series of transitions from
black to white, arranged in a ring positioned to be
concentric with the axis of the spindle 2. There are
30 preferably at least thousands of such transitions around
the ring, and possibly millions of transitions. The
transitions preferably occur with an equiangular spacing

around the ring.



The raw encoder signal 51 is passed to optical timng clock

el ectronicg, 8 wWhich are arranged to process the raw encoder siqgnal 51
to produce§g?ﬁﬁg%é@§ed encoder signal in 15 the form off /%g%@%bams

signal 52 whose edges correspond to the_detected transitions of the
scal e 7a. I't should be noted thafldther arrangenents are

possi ble for measuring fluctuations in the rotation of the 20 di sk 4.
For exanple, the scale 7a can be attached to the disk 4 or any other

part that rotates wiibidbe sk 4 dskeadol sbghng-ad tached to the

spindle 2. It is not necessary to use optical marks. Magnetic narks
can be usedspihetap@nktier maakdsngathgestotaeda o t tiee sarifrade @f. 2Fhe

the disk 4.. i .S t p ¥ d |l oaop (PLL)
10, whi oh piogeEeerGef R 1t WS 18y al PRGN 5 o
wi || be &ppwktcatesl direanedlontoedhiensthte3aried evdidw aftie, there are

i | enentin PLL. .On one, wa il | described in
Gari 1 Ys henfBe FIR P e sean 8 e B8 orE Matt o Bl B cseerat
i nformati on(hoonepdei £1 @k sisgidah ) 52natle NMDgtd At &For@t S Gib hat ehey

clock signal 54 froma crystal oscillator 11 with the phase
i nf or mat i on™P6e RIHHuCE] HESET-er SRCEPEF OFRY sFRfatassy efgosles p¥sheMe

by feeding baskodileed of ertnea ohaeks kel 5§3méarb&i@1%9%thi]9§/@eftéég@&(3k

|l oop. In this exanple, the reference clock signal 53 1s first divided

by a di ¥Pdes®§i® Tounter 12 to provide a divided reference signal 55.
This division | owers the frequency to sonewhere near the frequency of

t he
The raw encoder signal 51 is passed to optical timing

clock electronics 8 which are arranged to process the raw
encoder signal 51 to produce a processed encoder signal in
15 the form of a clock signal 52 whose edges correspond to the

detected transitions of the scale 7a.

It should be noted that other arrangements are
possible for measuring fluctuations in the rotation of the
20 disk 4. For example, the scale 7a can be attached to the
disk 4 or any other part that rotates with the disk 4
instead of being attached to the spindle 2. It is not
necessary to use optical marks. Magnetic marks can be
used. The magnetic marks can be formed on the surface of

25 the disgk 4.

The clock signal 52 is fed to a phase locked loop
(PLL) 10, which produces as its output a reference clock
signal 53. BAs will be appreciated by one skilled in the
30 relevant art, there are many ways of implementing a PLL.

Only one way will be described in detail in the following.



10 cl ock signal 52. The clock signal 52 and the divided reference

si gnal 55 a phase detector 13, which determ e
differenceeﬁg¥&ggﬁ&$he two. The phase difference is expﬂgggé $%§§§§DC

| evel at the detector output 56. This g _be optionally filtered by a
filter 14 15 to inprove the performance of the PLL 10, as is known in

the art. This filter sjgnal 57 .i.s provided to a vecfor modul ator 15
as a control sigh%?.Eﬂ?Vggﬁﬁ?“ﬂﬁﬂ&WéFggrfgtﬁagh?%% *W#?QQQ£}QH el 57
as a first chRputlodbestdyst @2 es@ hbahokcdd &nosueesl 4ty QaeidK at or

cl ock signal ;54 which 20 is also fed to_the vector nodul ator 15. The
vect or nodufafBrl 14 EreRk Pargedted REGLLARECY hkl pridlde tdte BH&@sienconi ng

oscillator $hgpahabfosod haodie Bﬂésﬁegbiéﬁéén&foé%@té’ﬁ%%ﬂt iag ,di yhded
g Ive t he

reference clock signal 55 and the clock signal 52 derived from
motor 3 Ps tedderd by redegubegk2sheonatgsenee ovlqtuss ignedf 8envea

cl ock sign | Se 98NEHAL (S a t f the
fluctuatioﬁéegﬁt%ﬁ% f%?%??gﬁ O?n?ﬁ%?%iéfﬁ%ég%.géﬁié%%%%gkcg
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of standard,tests nmade b .Spi;nstand require. usin arrow band, power
measuronont & Chetiane o iVRERR PRRCL ML St an L TRl RE0L BRPE
Thi s test i|hvwedwesthe ifiictgencpatbesomeihéestngat aca\freguantir 6 the

f to, a track disk 4 with th d/wite head 6, and
{hen SublocGLATT VA | nGPENFLOFE SHoTek 15 P (heaSSRLBRA 5

pattern of tesdr&faia Jipiangss dibf eegnto f4 esuencetHiR okl agk {Bithen
read back with the head 6, and the signal obtained is analysed to
neasure t hedSEigas Shgnahagswet L 6eT emee RAAMATT ¢ ot er BhatPhare

first frequenesertic ii$ %&geaggiaahgg DYp@ Nafd10W hand ElégéHESP?”t

system focussed 10 on the Tirst frequency. It 1s generally desirable

that the nat@wttbdfd nEhdegr BaEnbe syt ena sl ferldisiredober aafid der 14

|nauensy TRTSSSIA, DSRREEROLAMNAN, 5P A 0 88 Bhesaalaly o

di sk in testhengrtd.n fghast fcéfened signal 57 is provided to a vector
modulator 15 as a control signal. A vector modulator 15
has the filtered signal 57 as a first input. The crystal
oscillator 11 produces the oscillator clock signal 54 which

20 1is also fed to the wvector modulator 15. The vector

modulator 15 is arranged to modulate the phase of the
incoming oscillator signal 54 so that the phase difference
between the divided reference clock signal 55 and the clock

signal 52 derived from the motor 3 is reduced to or reduced

25 towards zero.

Thus a reference clock signal 53 is generated that is
modulated to take account of the fluctuations in the
rotation of the disk 4 so as to be synchronised with the

30 rotation of the disk 4.

Now, a number of standard tests made by a spinstand

reguire using narrow band power measurements. One such



15 tuned spectrum anal yser or apparatus simlar thereto is commonly
used to pe he signal analysis. Because the residual

si gnal povxé‘{&%@/ﬁﬁ@“fi rst frequency pattern is general | YCFEPRP§/4pE85
low, it is 20 necessary to use a neasurenent systemw th a high
dynami c range in detecting and neasuring3the signal. In practice,
this neans that the spectrum anal yser needs to have a | ow resol ution
bandwi dt h (RBAF 18rCtheiso ek "oasramisranpest - neRigarmrtatinowlves
spi nstands grespeci fylng. 2 0k However, due to
fluctuations in tﬁe s%eed %} t et%fr%t gﬁqggﬁﬁg\gﬁ%nawfl%ﬁtng&%@ggt Eo
data and whentraadi oy teeldidie 4 edtthdaha, rehd/dir eggiensyd donteidt thbn

t he data si ltimately read.b e head can be distorted and

spr ead. Forggggﬁ%ﬁléeéﬁ r° aert"‘i}:ﬁ‘lcéc‘:lﬁJ t‘r‘fﬁ%ﬁr%ﬁ%‘éd"%ﬁ?ﬁn 36 ¥ 20566998 in
the worst cpaetéherer wadu dataahaeingr 2081 0£802% | frdhrdFequeney of
t he measurepent. sj gnal e., .0.001%error when the pattern is

(i.e. / :
written, an r%‘.:]f)oll/g E?Ibrreiﬁr‘ﬁell?afﬁewbéﬁ ERR 124 dad BHEKPe WhERALHI s
error is -3ddtaniidied drladeubiceanedbits efnd raBeAL $ignah Bbwer
500MHz, the read back frequency will vary by nore than 10 kHz i n the
wor se case. OFhtle qyeywyr A§CrRBr @Bsthe| §imatoirameneyt.o This is
i mpl ement  a; KBWdhalhd$ Ly Q) u [ t L.ow:l ev
si gnal whil st co%i ng w t]:’kqlﬂf—)ios\séll;':gf%ea g%?%g&%lﬁi%#ﬁe ij}r%é:qeglerflggugged
Furt her #Br eon tHiss figrsd Freaueycpr obl enmiaisgernmrallandldsi robdeathat sthor
t he signal -t.0-n0i ' ro.,. s. 6 1o becone_ever |ower,
neani ng tha%%%m? Zﬁr%%ygggggeﬁggﬁuﬁgggglJbs\?veorpeﬁ? SR of Yh&€narrow
10 band fi |fmquianavheasgecvitin gnadl ysesol Wism swexls gendeaFieRible
spi nst and egui t 1s_expected. operate with.a witten frequency
of up to 2%%5%2%8[}‘%&“ r%t g’ﬁgérgl%%ﬁ "iq?e‘%ec%’reém&?@oﬁifnﬁhien@?lé%si ngly
i nadequat e.palt3Rimisl arriereaqubvehendi$k obl afssGaused thy pbhbetigatipon in
t he spi”{;%le speed arise in other types of spinstand test. In one
enbodi ment , "R FEFETEHTeBR: _ﬁeﬁi%ﬁaﬂp%aitélszélﬂéaafotéem%@ ek
generator lfpnadshlysededstd be&PFHEm the signal analysis.

Because the residual signal power of the first

frequency pattern is generally relatively low, it is

20 necessary to use a measurement system with a high dynamic
range in detecting and measuring the signal. In practice,
this means that the spectrum analyser needs to have a low
resolution bandwidth (RBW) for this purpose. As an
example, next generation spinstands are specifying a RBW of

25 down to 10 kHz. However, due to fluctuations in the speed
of the motor both when writing the test data and when
reading back the test data, the freguency content of the
data signal ultimately read by the head can be distorted
and spread. For example, for a typical motor speed error

30 of +0.001i%, in the worst case there would be an error of
t0.002% in the frequency of the measurement signal (i.e.,
£0.001% error when the pattern is written, and *0.001%

error when the pattern is read back). Wwhen this error is



reference for generating a test pattern of data 58. The test pattern
of data 58 j hen witten to the disk 4 by the head 6. The spati al
spr eadi ng 3#8?#?38?23% pattern of data 58 witten to thePHFER2008/0R3888t o
fluctuations in the 25 rotation of the disk 4 is therefore reduced.
Thus, when for exanple conducting an ovélwrite test as described
above, this technique of generating a test pattern of data 58 may be
used i n wi PR ieHe tPi RsEVRieybameit trn tiamauencyestgdal ao Ansld @Hz he

second frequepcycpat LeER ?Ee%ﬁ%ﬁcfk%filsga&‘ b emgkéktﬁﬁ%nafét e

mtigate the problens of distorti'on and spreadi ng  of
frequency. thesworse caghe fThuetuadtt diss becombiegr dhatréasiogly he di sk 4

will also a fideli of the ata,signal 59 (also known
as the headkglggﬁg{nggb{: ?ﬁajfrﬁé/lsel?eéle{:d %5‘?1‘?‘} Bg‘aﬁ:hésh AHERY TR itGat e
the ef fed spatkt hpsthe nlonel endiodiigeiall, whhesd a8piygiwi il feydiged
on the test dat adsi nal 89 :tsieg{the reference clock signal 53 as a
timng refePEREBYERY tHat P h L TSI e EPghEFTBOrEs EehbdiA & eromwing

the referenpgecbiatkasi @ialthha Thusheagaini Whes- conduct dnNg an . i
overwite test, this technique of analysing the test data si gnéjl 5§

can be 10 uBHP°herIWTH ST Gmtankirgels BveT ebewatat aesingmal thatt o
detect the fesjgdusdesiOng PR okt EBWQ}_‘GEM@'%&& fdf{)scthef E%%‘%%chy
s 0

pattern of test data so as to further mtigate the proble
di st ort t8n BaRd shikRn rig: ¢fhe Ispemtirumeanél veerencyadren ridxt s r ead

back fromt g, disk; E S an_ exanpl e of par at us
20 for perf%rm%]%&sc%lec#a&;taaﬁa ?ggg‘ggﬁgghgg}t,%@e%ta%cg% é)ﬁaaragg.w a,é
spect rum andl yserte0 frasugmciynpdit ust age2 t hatHxor khwen sthedard
"super-hete ing" principle. In,this, the test data 20 signal 59
nmeasur ed byégge hqé%d'3 %ries%r%% Sd i iﬂcﬁeii}@%&fﬁ%@y@?@y si ne wave
60 in order to frequency shift the frequency of interest to an

i nternedLate freguenc IF). Ln the present exanple, a tunable
synt hesigéer 21 ?Sg“l}g@é‘ %’5 GEHEY AL 81 T Y% Fasegu Sic F 1BOtuThEoR est

data signalirb%he spindle speed arise in other types of spinstand
test.

In one embodiment, the reference clock signal 53 is
20 fed to a pattern generator 16 and used as a timing
reference for generating a test pattern of data 58. The
test pattern of data 58 is then written to the disk 4 by
the head 6. The spatial spreading of the test rattern of
data 58 written to the disk 4 due to fluctuations in the
25 rotation of the disk 4 is therefore reduced. Thus, when
for example conducting an overwrite test as described
above, this technique of generating a test pattern of data
58 may be used in writing the first frequency pattern of
test data and/or the second frequency pattern of test data
30 to the disk 4 in order to mitigate the problems of

distortion and spreading of the written frequency.




25 and the generated frequency 60 are fed to a m xer 22, where the

signal s ar ] | .in order to shift the frequency of |nterest to th
IF. Alter ngf(]moégg“b({lhe tunabl e synt hesi ser can be i nkeHCT/EP20 ’g%é%

generator so as to performa spectrum agal ysis across a frequency
range of interest 30 The shifted Te3T data signal 61 is filtered
by an IF filter 23 to renove unwanted heterodyni ng tones. The

filtered signal 52°iSlUHeIREORS éd &hG dPHREI Qe hythm disis4 will
anal ogue- t 058 8i 4 8f e SONMEY 11813 0ARY) %4théfhee§& O&J&aﬁ%f a1l kg ARg24

is derived fromthe reference cloCk signal 53. The reference cl ock
signal 53 iXnewd 2 Geabead @@M@}nﬁﬁéstbet’- P5 wedd hapndnattés head

Ci gnal 53 28" a T R0 PoTer e SHAGE PO o | e ARG B e e

signal 53 as a timng rence. is' T Pt hé
referencé chozkysigniad 3 fanthesio ohheheatid ediastagnailgrid [5!90&11‘3(1&@' byie

t he ADC 24 ts f due.to fl t t
rotation oft TREdIet oot SLoR H oA FLFinthd A HroR Sendhepatted

to a digitatesi ghtla priegedsisng iD8Bhosysi sl 38 1A thd HefleehkbbStlguk
buffer 31 (F] FQ 523 use as the,input stage to the DSP system 30 and
recei ves th%l%réf#p ¢ s | 8gaig hﬁlF"t‘?rgfiucitSm& e CYSIYyrR4s test,

protection ffs ocrézﬁh@%eaefnaha@peyﬁgcméktma% $Q ghhat 5§hea955’e
system 30 perform ng the processing can be cl ocked at "a nuch hi gher

rate thhf t4ed e HSTd orre §REAEYUBT aRdky NDC Y testi fptoveiohall A ebey
of the anald@t%ct?Q;heTli%s@gtBaiyéis f’op@nlréf’ecff)'m{é %%g 4rghﬂbhahe§% .

down- converter 32 which receives the sanp si gnal rom-t
31 and t herfxRsmerconpatternhefshapt edatsd gﬁtala564:Ot duztbesehanhdgstgnal

o o ace o A OO LB BERSE LA IR e LB T
to a power frequency when it is read back from the disk 4.
15
Figure 2 shows an example of apparatus 20 for

performing spectral analysis on the test data signal 59.
The spectrum analyser 20 has an input stage that works on
the "super-heterodyning" principle. In this, the test data

20 signal 59 measured by the head 6 is mixed with a selected
frequency sine wave 60 in order to frequency shift the
frequency of interest to an intermediate frequency (IF).
In the present example, a tunable synthesiser 21 is used to
generate the desired frequency 60. The test data signal 59

25 and the generated freguency 60 are fed to a mixer 22, where
the signals are mixed in order to shift the freguency of
interest to the IF. Alternatively, the tunable synthesiser
can be linked to a sweep generator so as to perform a
spectrum analysis across a frequency range of interest.

30

The shifted test data signal 61 is filtered by an IF

filter 23 to remove unwanted heterodyning tones. The

filtered signal 62 is then sampled and digitised by an



25 detector 34, which nmeasures the power in the signal 66,. so that

this can b ] or displayed to the user. Since the ADC
sanpl i ng cﬁo‘%@ﬁgw:&@ derived fromthe reference clock sPgGHEP20854055988

nodul ated with the speed of 30 rotation_of the disk 4, the sanpled
signal 64 produced by the ADC 24 rej ect'dofr equency spreading due to
fluctuations in the rotation of the disk 4. This neans that the

spect r um an&PLeru0tBet b h RN (8080 skispeBle clagk 63 for

Nonet hel ess thh@be 8h€; 81 AEFi V&Y Srddh WHLCh RS eARECLT SR %ﬂqaslersaz.o
can be made nornalised to disk speed. For exanple, Instead ©

derivi ng t h&hapresarpneagckideiciamed Blodst fedr bbeaehl@ cladk signal

53, the sup N I can erl f th

ref erence c%é’%gﬁ%?%%‘gf %ggﬂ%cﬁg%ﬁ%a%%ss ?hgggfge%tw%g%tgf[?eorsgﬁ?ﬁ ed
si gnal 64 pRdGueédbbyed hapdiDCEA rmedjegensef céquknsiygsal esdliayy adud iag
fluctuations in_the rotation.of e disk 4 d_so 10 nornmlises the
spect r um an&FySEFSH: ¢ oﬁ'&fss E:hsep@é% A 3 F?’logﬁaﬁit?%n&? e‘?eg‘?‘?rieﬁ’&et 0
Figure 1, theookteigtantidlder 40 cnehisahpilsdusegndd soBPrRluddien

rotation of f_lhe di sg 4, js clocked by, or otherw se | ocked to, the
sane 15 oscFPFafBr 44 IHRCTE JTRSUEREYPEPTEBA1TG F4f Fudhiuckusitigne

oscill ator g¢hogkeSAotSritiedaTha Kekergnce for the entire testing
apparatus 1,20 rather than having separate oscillator clocks in the

apparat&8. This avoids the effects of thermal drift between two

separate clocks gnd 20.4her efigne1hghpssavpig ﬁ‘aé_[éiq’ééﬁ cc]%s%f ﬁﬂtaqﬁgg\%hen

entering the system both when witing data to t
readi ng bacRigmel aredsiigaddDSP)r eweter Y0 sk A first-in-firfhesetare

onL SO exaERLESO1 ok IS GERY SRORRE0 BhElS ST RiopRghe
O her fornssestem 30 and receives the sampled signal 64. The FIF0O 31
15 preferably has protection for crossing asynchronous clock
domains so that the DSP system 30 performing the processing
can be clocked at a much higher rate than the sampling
frequency of the ADC 24 to improve the latency of the
analyser 20. The DSP system 30 also comprises a digital
20 down-converter 32 which receives the sampled signal 64 from
the FIFC 31 and then down-converts the sampled signal 64 to
a baseband signal 65. This baseband signal 65 is passed
through a low pass filter 33, which acts as a RBW filter.
Finally, the filtered signal 66 is passed to a power

25 detector 34, which measures the power in the signal 66, so

that this can be recorded or displayed to the user.

Since the ADC sampling clock 63 is derived from the
reference clock signal 53 modulated with the speed of
30 rotation of the disk 4, the sampled signal 64 produced by
the ADC 24 rejects frequency spreading due to fluctuations
in the rotation of the disk 4. This means that the

spectrum analyser 20 becomes normalised to disk speed.



possi bl e dependi ng on the application. Enbodi ment s of the

present | nw&o @ﬁve been 30 described with particul ?%%‘r’ﬁé SIACSst

t he exanpl es rated. However, it will be apprecia

vari ations and m)dlflcatlons may be madg to the exanpl es descri bed
wi thin the scope of the present inventi A7 -18- Claims 1.A nethod of
testing at |east one of a data storage disk nediumand a read/wite
head, the nethod conprising: rotating the disk; detecting

fluctuations in tibeesnertsof duetal hed 8Enthey §km which Rheducing a
reference clock signal in accordance with said fluctuations so as to

be synchr onFBRECTHE i sest 20 eanobet haddi srrmalised genddiglki rgead.
test patt erﬁOPfeﬂaﬁﬁlQaV'z{&e%é %%t abLegYRICYnUSARY S ihef 218R%Es3

Cl ock S|gnal as atimng refe
from the reference clock signal 53, the super heterodyning

frequency 60 can be derived from the reference clock signal
53. This also has the effect that the sampled signal 64
produced by the ADC 24 rejects frequency spreading due to
fluctuations in the rotation of the disk 4, and so

10 normalises the spectrum analyser 20 to disk speed.

In addition, referring to Figure 1, the motor
controller 40, which is used to control the rotation of the
digsk 4, is clocked by, or otherwise locked to, the same

15 oscillator 11 that clocks the PLL 10. In this way, a
single cscillator clock 54 is used as a reference for the
entire testing apparatus 1,20 rather than having separate
oscillator clocks in the apparatus. This avoids the
effects of thermal drift between two separate clocks and

20 therefore helps avoid a source of error entering the
system, both when writing data to the disk 4 and when

reading back and analysing data from the disk 4.

These are only gsome examples of how the reference
25 clock signal 53 can be used as a timing reference for
analysing the test data signal 59. Other forms are

possible depending on the application.

Embodiments of the present invention have been
30 described with particular reference to the examples
illustrated. However, it will be appreciated that
variations and modifications may be made to the examples

described within the scope of the present invention.



witing the test pattern of data to the disk with the head;
reading the test pattern of data fromthe disk with the head to

provide a test data signal; and, anal ysing said test data
signal using the reference clock signal as a tinmng reference to
nmeasure the narrow band power of said test data signal, 2. A nethod
according to claim1, wherein the step,of detecting the fluctuations
conpri ses: detecting a plurality of marks that rotate
synchronously wi th the disk; and, produci ng a cl ock signal
correspondi ng t€laime novenent of the detected marks, said clock

signal being used in the production of the reference clock signal.
3. A nethod according to claim2, conprising providing the clock
signal as an Lnpua mhetmophdseedinioked:| Dept bhe phasaatoakedaboop

bei ng arranged. t.0_produce said reference clo sigonal,. -19-. 4. A
met hod accor d‘lgllns'gk gdﬁﬁﬁ a&fjsgl raelang?wflg%ﬁfad(foﬁ%‘? i"ﬁ%ﬁﬁ‘.ﬁ COMPTISIHIY he
di sk bei ng rot at edobytinargherdidiat is | ocked to an oscillator clock

signal; and, d the cd,0ck _sj e erat.ed
using an oscill at o?t%%%ltcr{% gligéna a,%qlgﬁse ionsf:\tlklﬁfel I?alft%okfé 8?()%@%&%3%{;9[3%%9
modul at ed i n ¥e&dér dance with the fluctuations in the speed of

rotation of the dpséaidinghe SeReLacéo Rl thgndehar 8868 ehogkssignal ,
said fluctuations so as to be syncﬁronised with the
rotation of the disk;

generating a test pattern of data having a test
frequency using said reference clock signal as a timing
reference;

writing the test pattern of data to the disk with the
head;

reading the test pattern of data from the disk with
the head to provide a test data signal; and,

analysing said test data signal using the reference
clock signal as a timing reference to measure the narrow

band power of said test data signal.

2. A method according to claim 1, wherein the step of
detecting the fluctuztions comprises:

detecting a plurality of marks that rotate
synchronously with the disk; and,

producing a clock signal corresponding to the movement
of the detected marks, said clock signal being used in the

production of the reference clock signal.

3. A method according to claim 2, comprising providing
the clock signal as an input to a phase locked loop, the
phase locked loop being arranged to produce said reference

clock signal.



wherein the sane oscillator clock signal is used for steps 1) and 2).
5. A nethod according to any of clains 1 to 3, wherein the step of
spectrum anal ysi ng conpri ses converting said test data signal to an

i nternedi ate frequency by mxing said test data signal with a

si nusoi dal signal generated using said reference clock as a timng
reference. 6. A nethod according to any of clains 1 to 3, wherein
the step of spectrum anal ysing conpriéﬁs sanpling and digitising the

test data signal using an anal ogue-todigital converter that is

cl ocked by the reference clock. 7. Apparatus for testing at |east
one of a data storagle gi k mediumand a read/wite head, the
et oé

appar at us conprti si‘h dFArE 1% o BRI NGIa18%i d Qi Sk a
det ect or arr angaeitsaindet ect fluctuations in the speed of rotation of
t he di sk; a,pr SSQr,_ arrange 0,produce a reference clock
signal in accordan eggvlgt J'Sskalgﬁll??f u@t%ﬁé??gﬁ’sas’iﬂméqsr ttgaBel%}r‘?E%?‘gnl’r%ed
with the rotath grscéfileher dilokk sig2@i; and, a pattern generator

arranged to generaye t f V] t, freguency
usi ng said ref er_engetg(? OCE glgg‘%%leglgggas%q’%ﬁgng&rzg%regﬁc%?ed us:.lggaan
control | er ar?igédted shickesidmalreshe practidiatef cdath $iwnehebelinmk

with a said hpathiagdd 10 -ebseauanthyn _rﬁ@df@ué@%ttmﬁ;aﬂ R Lhg i sk
with the head to proyi de a test data signal; and,
of rotation of the disk in the generation of the reference
c¢lock signal,
wherein the same oscillator clock signal is used for

steps 1) and 2).

5. A method accoxrding to any of claims 1 to 3, wherein
the step of spectrum analysing comprises converting said
test data signal toc an intermediate frequency by mixing

said test data signal with a sinusoidal signal generated

using said reference clock as a timing reference.

6. A method according to any of claims 1 to 3, wherein
the step of spectrum analysing comprises sampling and
digitising the test data signal using an analogue-to-

digital converter that is clocked by the reference clock.

7. Apparatus for testing at least one of a data storages
disk medium and a read/write head, the apparatus
comprising:

a spindle for rotating a said disk;

a detector arranged to detect fluctuations in the
speed of rotation of the disk;

8 processor arranged to produce a reference clock
signal in accordance with said fluctuations so as to be

synchronised with the rotation of the disk;



a spectrum anal yser arranged to analyse the test data signal using
the reference clock signal as a timng reference to neasure the
narrow band power of said test data signal. B.Apparatus according to

claim?7, conprising: a plurality of marks arranged to rotate
synchronously with the disk, the reader being arranged to read said
mar ks; a decoder arranged to produce a clock signal

correspondi ng to the novenent of the e ected marks, said clock
signal being used in the production of the reference clock signal.

9. Apparatus accordipfgtéth Genbfihr GOFRIdSI RS geriase Logdwd | oop
arranged to receive the clo si gnal asegn ingut, t.he ghase | ocked

| ock
| oop being arPANGEE f’g %E}t@dﬁéglg i% *PaF rETRENTY dtR Y| 10.
Appar at us accosithmgctockyk efigndlaiansa 7t in0ing, repagunicgt Ng: an

oscillator arranged [ C n cillat.or ¢l ock si | ; a
notor that is ar'r%naé - c)oﬁrg%t g’f% g%é £| S rlgﬁd&i‘es =5 ké%:act%“t RE
oscillator cléwtie soghla¢ disfrerdim a heigrivegssand it® anbesgedtly read
generate the o -l nelLra8Ge:fl olysh HAlUSLAR, [ICoB5HJ 8l Lol ock
signal by the oscillator clock signal being no ulatBd i n accordance
with the flucdatd Fé%21n 2PHe speed of rotation of the disk, the

oscillator clock gi gﬁﬁétx{a&egnaégsweam;@fedaw 41408 HOERSEael Ng
the sane. 11., Apparatus according to any of claifms 7 to 9, wherein

t he anal yser Wﬁﬁgi%%’é‘gatﬁ?xﬁfeéﬁf’%g‘é‘d’ oStoMilePf 3aiidipgst data
signal to an defeeensditat echs@GlRReYndWr oW KhRY forked deHaidatassi gnal
wth a si nusod'a%gl s:Lsi,_%nlal generated using said reference clock as a
timng reference. . ‘Appar atus according to any of clainms 7 to 9,
wherein the anal yser conprises an anal ogue-to-digital converter that

s clocked by t heagef,er6ace: &l a5k A ALEANPCL kS-S e and digitise
the test data signal. .
a plurality of marks arranged to rotate synchronously
with the disk, the reader being arranged to read said
marks;
a decoder arranged to produce a clock signal
corresponding to the movement of the detected marks, said
clock signal being used in the production of the reference

clock signal.

9. Apparatus according to claim 8, comprising a phase
locked loop arranged to receive the clock signal as an
input, the phase locked loop being arranged to produce said

reference clock signal.

10. Apparatus according to any of claims 7 to 9,
comprising:

an oscillator arranged tc produce an oscillator clock
signal;

a motor that is arranged to rotate the disk and is
locked to the oscillator clock signal,

wherein the processor is arranged to generate the
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reference clock signal using the oscillator clock signal by
the oscillator clock signal being modulated in accordance
with the fluctuations in the speed of rotation of the disk,
the oscillator clock signal used by the motor and by the

processeor being the same.

11. Apparatus according to any of claims 7 to 9, wherein
the analyser comprises a mixer arranged to convert said
test data signal to an intermediate frequenc§ by mixing
said test data signal with a sinusoidal signal generated

using said reference clock as a timing reference.

12. Apparatus according to any of claims 7 to 9, wherein
the analyser comprises an analogue-to-digital convertezr
that is clocked by the reference clock and arranged to

sample and digitise the test data signal.



