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Descri pti on PYRAZOLONE DERI VATI VES AS PDE4 | NHI Bl TORS
Field of application of the invention The invention

WO 2008t1€904 0 novel pyrazol one-derivatives, whi CPCHER2008/055988

used in the pharmaceutical industry for the
manuf act ure of pharmaceuti caliconpositions. Known
techni cal background In the International patent

@??ARQ@B'SoﬂNME&‘ﬁéﬁédfOPhbﬁﬁLE%'Iﬁ%eAd%'s\f‘atldA‘T@% ®F DATA,

described as PDE4 inhibitors. In the Internati ona

pat ent wpwsaNGoAsTm@mzpwzrﬂsm OVCDR/O85901, TWEAUOM 0
34 ‘ ‘

or pyr| da2| none- der| vat [ vs Wi t h a pi per| d| nyI
substltuent are described as PDE4 inhibitors. In the
Eur op&dth pagssnt a}d@?@r@%\w@nrgh@q@%sq apparatus and methods

T P AR At ot Sare vabsipg o cest

@tﬁtéhrhy:dﬁ’ Cdaﬁtai,(samtttésntﬁdg} a data storage disk medlum
EETC?]CC?V |subst|tut ed- 3H pyrazol - 3-thiones are

%ﬁd‘? /iseF a2 di ot oni ¢ and anti hypertensi ve
agents. |In USP2903460 pyrazol one derivatives with a
pi peridinyl substituent are described as anal getic and
ant ey eeml@octiowmmdsthmms’bmt omont hen | mb@té@n |t

been fou he razol one-der.jvative

e i R AA TR oo SHOBERATE SEFbIR 1ARE commonty

Keiowal 18 NgE@ints tpaatds cwAr yredviont SpeoHsi g Dpesd t @Bachines "
The invention relates to a conpound of formula 1

Ihehsd YT 1 rBprEseamnds oA rderdene] Keedfin oblie| a6t as
Dot A0 A0 Iy s seLogl ST AL ctiow cne

meinrextaeic;e arf priedordamantd ycaubsten s edf byidk udrivnes, for

TS AT R0, (Yt O ROy SRt by Y DRy FFR A and

c@mnills?é& al kaxys H &R d&me&rrp&@taeié/o Qfs PrEI0m Ad YVin the

substituted by fluorine; R4 is selected fromthe group

fdens) ifi i 9¢ dripe ammﬁﬁmlmgzc;calmt/ el marufactured
19 r bstitute fl uorj.ne;

Iclf%rgj)ﬁllq% %akdj oerd q%ésélosrzéj S‘{ dsu f r%sm leegrlomfoO a disk

dyansd siriing of hydrogen and 1-2C-al kyl; or R5 and R6

together and with inclusion of the two carbon atonmns,

to which they are bonded, forma spiro-1linked 5- or

6- membaned AMAROAIhomd | iRk dS L3 Ak And 1

is 1- SC-Bg)quyl osgﬁm and R8 tpogest her wth the lcar bo%lrld ©

cat oiicto awdictk ttheybearteedimterhn fkm maursped aid rﬂ@m, and a

ydrocarbon ri
B 3 O AR T i TR G b P AT g TS
A MEiioR ofeddhadide agait et omie Vﬂbl‘?ﬂbﬁaﬁﬁy & comprises
bonded forma heterocycllc ring selected fromthe
séenst SIAgodfler psndqaq itdish-oorrfilorfel pilyich the head
al l -
oxﬂ(}%%’n vh%fdﬁgg@lﬁl . (ﬁe_ ]<_>_fy|t_1'}e disk when spun, so that
geetr clatei ea2r dreewiriten piperidires?] Gumtirorerel -ddsk with the
nDr hoI|n 3, 5-dj one-4-yl -
lcr? u§td1n&]éa A:Gﬁt with a spinstand, the head is
ﬂlm&n@fo%ﬁqﬂllda%dl e Tl e -they/|AL &nd test data is
t hi onor phol i ne- 1, 1-di oxi de- 3, 5-di one-4-yl -ring; and
wWrg tregr tR ;ther tarag:tker e(iif@orf@StofdéttI@e icopdgafuently read
tr ht - chai | Kk radj cal Vi n
bjac%%é)(%b %ds é\lngpﬁ(f ardg ael prdip dh:t%n r%fﬁldts
Uﬁﬁrhyilslpadalytmi Szo the user. Various parameters under which
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1-2C- Al kyl is a straight-chain alkyl radical having 1
to 2 carbon atons. Exanples are the ethyl and nethyl
WO aesaados4 1- 2C- Al koxy is a radical, which in apdi/EPING/055988
to the oxygen atom contains a straight-chain al kyl
radi cal having 1 to 2 carbon_atons. Exanples are the
et hoxy and the nethoxy radicals. 1-2C Al koxy which is
[y Y, t f j
IS, ag“lraeelxsag'&pﬁlp&%}ﬁe per %u%%%%oé%,%gge L8RELBPLea ana
v 2,23 it fdhmrsxeﬁrhzcbqnd thel UoWlin@, ke apanf dxroamned hemrx@

he 2,2, 2-tr.ifluo th the rlfluororrethox
TR oy Tadi ot S ot (e nvesefbaced
ﬁidéﬂ@%dbo%ﬂcﬁ_ddlccﬁ{s i's npg&;tﬂy edy chFseot r@ﬁtéymlar
in this connection nmeans that nore than half of the
mmﬁwgatmnﬁtqsﬁelq m@arm@ 154 o@r@r eOteptlae edabious
o ko stands_ for

o B By a S oty brge and
di—s’iiIaQyQﬂmlrrlé_,dsftﬁ:td’ﬂmwcsStnm&tS Wwitth coied o oyt aved hoxy,

cl obut yl_ nmet hoxy. or qc%cl opent yl net hoxy. As

lrtciquarJrlri'-é’d slecy Wd%d‘&%%b‘hem?fh"gsemtlb@ucsr
the xo%ez“taq{‘eosaé‘ldllt&f‘c ng-hﬁ ed for
As spi ro-1inke A-, 5- or 6-ne ere ydrocar
amadg@mrmy akmei mﬁglaledlq rtéle:ymacqaxmme;s treede with the

cy.cl Qbut t ent ane and cl ohexane
s L R S e iE Y RS dradicted,
ﬁ@l@d&@i@ow Sfanflldny - chl MhEensith dx dor ef@sSeHER A

phenyl derivative of fornmulae (a) or (b) wherein R2 is
ftrgak RS oIS tGay 1, IreRdl/Arkidyg @fset.,
e% -al Iéox \@*ﬂ ch is conpletely or predom nantly

stltute y fluorine; R3 is selected fromthe group
consi sting of 1-2C-al koxy, 3-5C-cycl oal koxy,
3-5Ccycl oaI k ,I t hoxy and 1-2C-al koxy which is
conpl bﬂ?%e TrntQly SSdsst |%tt€cﬁtti§1‘-’r lifo Fisheso
f@%dt%a%%'o%%t a6 MR JrFUR-ALNSicH IdW @fe qisk. a
1-2C al koxy and 1-2C-al koxy which is conpletely or
hplg@do'mamrm’qmay:esmrt utSedlsMﬁJwaoxsaﬁe tRFdtmte the spindle

gﬁsn s?t rsogéaneCI e%le%d e;%?giq@?eo‘or R5 and

NB@etrctgletlléers artdlemﬂdtdm@p@d)rca@f drhigy i Rith@lled to
atons, to whi ch they are bonded, forma spiro-Ilinked

withdp @ Eberied U Erees Do iving 1Fe S0l mdeniad
f%ﬁ@tﬁ%t'l%n% %9 %\ﬂqléy IrocE t@%rf%'ld S e&?%}eﬁt h:@fe ‘Qiltsjk t heSuch
carbon atom ch t ey are bo form

fd picto-altiioked c&useAthdS-tersrt @art@rrtpateﬂarhydnmm Whrstorted
ri RO is.-N rei 11 and .R12 t
DREAONPER DRSS PG ST I S Gk Poed. i G Ehdp ing
r2b@ BrrdedrodiRed Neier 0a¥esLC dﬂs&@r&@o@f‘st edirf remdde
group consisting of a pyrrolidin-2,5-dione-1-yl-,

siigpilAdernt, @roa%@ﬁ@ Ay per foymisg FiontE olere ;lm-qh
1-yl -, nDrpholln 3, 5-di one-4-yl -
p e ‘?‘L 1%1%1% %‘3@‘1&% - ohe. 4y
thlonnrphollne 1- oxi de- 3, 5- dlone 4-yl - and
t hi onor phol.i ne- 1, 1-di.oxi de- 3, 5-dione-4-yl-ring;. and n
i s 186Copdingr tR & didsits GRRECSH Otfhéh@o%@lﬂ?@t HRvention,

therhel Breflaueed -6 ﬁf‘é‘%@'ﬂo@e e R rapvent Io0n It P8R of

a compound of forrmula 1, wheréin R 1 répresents a
dpltenyzio der wattlteel &b Bodmikas t(oar)ag@r d(llsk weekieim fRZ i s

AL OO R LR RTRR, el P gk ond

detecting fluctuatlons in the speed of rotation of the
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predom nantly substituted by fluorine; R3 is selected
fromthe group consisting of 1-2C al koxy and

wQa2@81&okoxy which is conpletely or predom nane¢CT/EP2008/055988
substituted by fluorine; R4 is selected fromthe group
consi sting of 1-2C al koxy and31-2C-al koxy which is
conpletely or predoninantly substituted by fluorine;
F2U ;S phAfadl a A& el Rat ed ffpm trheacgic%@ance with
consi sting of ydrogen and 1-2C-al kyl, or R5 and
stedge tfHerc tarad iwirtsh Jonclusiomefs o st b@rtlatm

whi ch t ar nded form.a splro I|n ed 5-_ or
SRR S TS SEattion i ng R SR Fo Ty PR ©f
da¥al 3G} lediar I%Ee@@diﬁ diegst helrgrdt had he wiakion
aton] to which they are bonded, forma spiro-|inked 5-
refegemSfoer ed hydrocarbon ring; RO is -N(RL 1)R12,
wherein R 11 and R12 together and with inclusion of
the nitrogen atomto which they are bonded, forma
het emyc yoldduaiinyg as eledetreh da arddie grgngl cdnsti sits ng

aroheRhined R Sy A TG yiid using chis
t@@e@iéﬁd@ % el pdrverd RE idy, 2,16 dioRRsdkidre to
nmor phol i n- 3, 5- di one-4-yl -
mq;mlep@orqa@tg,@.tmmw accounts or allows for

| 3% d| Y.

TR 16 AT Sk M oon nag e ene
tle%tlpartt%r,n drs afxsltereemtsnnﬂre @ifls‘me iconpowrhtidl 1a
further preferred enbodi nent, the invention relates to
CRIEGH oMo SSHSAR £o1, thiheugifage P dftestiftls g This
mRBRRY e LART IR 168 LicPUBIAR Bacd Al METEIHIP | s

sel ected fromthe group consisting of 1-2C- al koxy and
Obtz@na&myilv\mecha it uEanpeptrElserdra orcederfi ride loriginal
S stlk%}ed b orine R3 is selected fromthe group
@5 s P& %4l koxy and 1-2C-al koxy which is
conpletely or predonrnantly substituted by fluorine;

R4 is selected fromthe group consisting of

1- ZCﬁﬁﬂk@ﬁfmﬂ%f 1WPErs @o%@%ﬁuﬂﬂ$QQ$ﬂﬁﬁnﬂ%ﬂWﬂ%FQﬁn to a
I t t

FSHOTIR MR YRt Wl e oot

feensiesicyn g oafualiygr @gmanrtd ob 2Gealddylk, mrl 1R5raacn/d te6 some

t oget her, and with inclusion . of the t carbon ato
aeg e Bt Py e Lotk o S e D e

f@ %e@e%lhﬁdeqe@r BRN giredd, Rléa%l%l@@oalﬂeéls %ﬁd aF&?curacy
IS 1 3G al kyl or R7 and R8 together W th the carbon

izt ovee s 1w d;ﬂilet Isegngrle bd@d@@ntfr@rsm a tdyisr @spatke @ 5-the
6- nenber e dr r N(
\}\fﬁﬁeg’reé]itn niff é%ng(i% % ttﬁler rfgﬁe ue Kere) %1e HPO%]U%. ttehd to

toge an iclusi on of
a@lcbm@aetet @md @ oMitdldniahe e ratoe I@Qnderéa diekn ahereby
het erocyclic ring selected fromthe group consisting

]klélgp p/vréltﬁ:eg_n £ X ANSELCY- ﬂatteirgloimﬁ)g& _spa:b;lally correct
ofl @B Zrivhe sdP Q! 't%'e” A oRRe 1:e>é'd bagk, from the disk will

pi peridin-2, I one-1-yl-,” norpholin-3,5-di one-4-
biehilessr rslgmGard- 3Thidi owens- yhat detecting the frequency in

onor.p oI ne 1-0 |de di_gne-4-
B ORGP Rl ube § 1ADdEonass SHe. Fraguegsy Rover
wh&llb@r m%re sharply concentrated about the correct

frequency and less spread.
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or a stereoisoner of the conpound. In a further

preferred enbodi nent, the invention relates to a
wa@orpowrod of forrmula 1, wherein R 1 represent SPEI/pPmng/H55988

derivative of fornmulae (a) or (b) wherein R2 is

sel ected fromthe group consigting of 1-2C- al koxy and

1-2C- al koxy which is conpletely or predom nantly

substid W gd-dpedddprdifaffdds, sehecdesh f&pmdhec 019 Pche

consi sting of 1-2C al koxy and 1-2C-al koxy which is

Tdovpiuattell onso re uoticra srantd g estibistd tatedanyl $tyiorf rearks

R4S %hﬁgggqlfron1ap r ol qzqgigféng of .

tfl-aZtC-a oxy é’né:hf-%asi oxYy ichis c]%)’ ‘?ré?’ell?/r% ucing a

dlrrgos a1l e atsiddndiety Mo fduo mdtesmd®e | f Metdydetected

and R6 is hydrogen, or R5 and R6 together and with

MEFHSus IS DfC ke Sy B nd oteed t i P oyclaken of

Ihd Qs fdeed Sy - Hggﬂggg -
%(rige%aer%eg%dgr ?:n%%{? llglsr{gil-'BC-ng}%lapran %t provides a
rlre¥eraldd/ Ime tR®d o MRl uhiRkR, thvhef lrict R dilorandi iRlZhe

t oget.her d.with i.nclusi.an of the nitrogen atomto,
SR Thelf dHE BRI FOLITG T GrOyHrTee IIRPk signal to
e RURG g oMthe nG M BN BStdtd M1 @narks that are read
pyrrolidin-2,5-dione-1-yl-, norpholin-
ug ingdilarer dylter fgriontsiphol iThe3, i e MRrHs gy be

i r | ine- 1,.1- di.qxj de- -di qQne- 4- vl ring; d n
CRTPY 0% hilgf U 3,561 R BATD 0 ey
ofttetrhexarpr efrert ed terdeadiwient tHheligw.entdlrersred @itvesl 0 the
conpounds _of fornula 1, wherein R 1 represents a

M3EERy Mode ASy FEFE T FHERA &8 (e SH9b)thaterdia derqated
RXa1RS 1 s TetiRogEn 24 1i1S, Bridibe B d %laﬁ?é by

I's hydrogen, or R5 and R6together and wt
magrglsus iten adfl owhe highear bsrs cdtudnn tio wie tedrntiheynaartshe

onded, .form.a iro-linked 5-_ qr, 6- ered
R st PR g it s T Hthyl: RO is
-N(R1L 1)R12, wherein R 11 and R12 together and wth
inclusion of the nitrogen atomto which they are

bondéd, & PrfeEeCeabpdiment nghsemaihad fGasmntises
r : hsti Hrald din-: - di - -
p%é)%%éﬁ%ﬂf&h%’ g_ﬁ%icgc]; es_ g%l_ %asn%na 1%1’p§1t Sl la=Y Jp'l'}élse locked
lobipo miheh ehias-e3 1 9-ciiedn 8-obpy loaiimmg ararthged ol pdadue said
rfgl%rther pr red enhodi nent, the.inventiaon relates to

f
SRS TLOES Greerd -1 OP1S RS adIeSofers TRIReEY OF

PR ngRchel RIFRSRAACE 21RR&NYK! Ban .Vat(js\i%fgpfa gﬂfa@é 4 ocked
a) and R2, R3, R7, R8, R9 and n are as defined above.
lpgra afldevisethsr predued iombodi et rafierenpeestiiomal to be

t%?&%&%% E% %uﬁ%”%%%”%p%ﬁiE%Eq%E?a%d%i 1n%t%&FQﬁ§9g%hl
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
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
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t hereof, wherein R 1 represents a phenyl derivative of

formula (a), R2 is nethoxy, R3 is nethoxy and R7, RS,
wRo0angon are as defined above. In a further pPef/EP20081055988

enbodi nment, the invention relates to a conpound of

formula 1, wherein R 1 re presents a phenyl derivative

of formula (a), R7 is nethyl, R8 is nethyl and R2, RS,

9 @ Jpade s Hafd hesh aboviend ng Asit WA hele PEEAEFE €Ton of

enbodi nent, the invention relates to a conpound of

tthy meferenaherlaak B ionabr esentef fephenih et s vambo@iment

of . faornul a),. R2 is.nethox R3 i.s net hox R7 is

et hoyéer{TlI{LF%%l t-‘l(osl) et h%/sf e,d and %Lh%e ntl_zla\(? e geﬁé??% e%iOCk and
rab@lecK reite mydder prefssgok eahoth dedtwetdeused for each,
invention relates to a conpound of forrmula 1 or a

St 1By dHerfedtouitheiaise e refp@sents & phienyith
Aeida@t i Qfcd YmdA (@i fuza %ﬁ%h&eg%t RBe

and R9 are as defined above. Ina further preferred
ierthodluteEntg dHes e rvenin dm rdiatest teara wonpoemdcofthe disk.

ormrula 1, er. el R.1 represents a. phenyl derivative
R it LK HPT Dot e, i Sabaridisys n s 1
sult Rht 1R8 190 dIRM A iafy defided-above. In a further

preferred enbodi nent, the invention relates to a
conpound of fornmula 1, wherein R 1 represents a phenyl

deri vat | I . ' . is .
ot hody Wred Ml rifipe Ca A IR dFLLS ggreqring
fAsadefdtriechsabloy ehd rspeddirdtherotuatef@at refl widath grent ,

the invention relates to a conpound of fornula 1 or a

PEOSETTSo e SRS T ei Tt R rdprasaidenr oy said
IRl i\iPls d FMWA dR)syrhidchised with the rotation of
nor phol i n-3, 5-dione-4-yl and R2, R3, R/, R8 and n are
the déisknedealdove a rtestf watimrpraef etated erwdientisk to
the .invention relates to.a conpound .of formul.a or.a
PECEEST Sors & I‘liert@ofs,lg\ﬂﬁ_’g‘r’eiaﬁ1 PR he Y é‘i%ﬁn%data
sdgmiavdatisie goft HeoBfcr e FADJIS signal as a timing
mor phol i n-3, 5-dione-4-yl, nis 1 and R2, R3, R7 and R8
T&EEreychef i 1Ed SaBFEndeneA Y MRIVEAqs of eaderred phase
i ! N ntion r t o Ny N o]

PR Iope A P B S e S PR means
thepr ehentre farenery Ic ldek \sdigned afarf dremata o a)i, £ RRG-drsc
pyrrolidin-2,5-dione-1-yl .and _ R2, R3, R7, R8 and n are
fiéq&gﬁch’egré)ﬁb\?g‘.e Icﬁro§1¥l§’ﬁtg’r’?€ll'pr ef erred enbodi nent,
the invention relates to a conmpound of forrmula 1 or a
stereoi soner thereof, wherein R 1 represents a phenyl
der i weCoreliog ftor pulsg@ceal, arpsios of the present invention,

rol.i din-2,.5-di ane-1-yl. i_S nd R2, R3, R7.and
tﬁgfgr ésaéggéfli%ﬁgd%a g\J/cgl?édl r?q‘:a Vi P’%elrngpraeftéarsrteé)at%ern of
dembodicsEnttroihe idatentitoragel aiek medd wwonpeEthedhod
formyla 1 or a stereoisoner thereof, wherein R1 _
CPEPreéSeRds aTlphéiyRddéticy stisve éietfe&tﬁamga flmctadd ipps in
tRe sBRedRbr B8rallcAnd N ke A xdeH e APV e: Adtdence
further preferred enbodi nent, the invention relates to
caoctnpagnd lofinf ecrwirdahcer wa tét seedi Sdnetuahdoesf so as to

wherein R 1 represen a_phenyl derivative of formula
Do Py AR P AEEn By | KBS SORBLIGR. ofte 1S Hydidgen ande 2
tBér B8raednRYranetas radeh re¢ ahBeke ton pdfMIher test data
preferred enbodi nent, the invention relates to a

ségRpouna@ng; PHRANSANG 6R18 $esitefiosemsidiRér #6fing the
L.n R p S h l. _deri [ of formula
e e R S e " R Bger S S i ¢ h
i nclusion of the two carbon atons to which they are
bonded form a spiro-1linked cycl opentane ring and R7,
R8 and RO are as defined above. In a further preferred
enbodi nent, the invention relates to a conpound of
formula 1 or a stereoi soner thereof, wherein R1
represents a phenyl derivative of fornula (b), R7 is
methyl, R8 is nethyl, and R4, R5, R6, RO and n are as

Y Y Y L
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the two carbon atons to which they are bonded form a

spiro-1linked cyclopentane ring, R7 is nethyl, R8 is
woreaolsgth2oand RO and n are as defined above. | n BCT/EP100&055988

preferred enbodi nent, the invention relates to a

conmpound of fornmula 1 or a steéreoi soner thereof,

wherein R 1 represents a phenyl derivative of formula

(D), By igrdadithd FfefbhcRTc1 58 a1 afiga@Sis

deflned above. In a further preferred enbodi nent, the

Symadrdrors ek vdtds the o eorpoundbftiordisla aln@ruelng this

t er eoi. soper, t hereof (e R 1 represen en

tSerarnvaa |Svéeecgte tkoersrertul%a% lgﬁ%ls netjgo@osﬁzbf% ‘)’(ccount

detdlllow Rod s lhyenegeinond i dhantbtRytid8 ot &€k when

as defined above. In a further preferred enbodi nent,

LRSI Gk e dates: toTtal%drﬁdaﬁmﬁrtﬁhfForrrmrtahq @ty more
iSRE! f phenyl

T P Y R, S R S e

together and with inclusion of the tmo car bon atons to

whi ch, they are bonded form a spiro-I|inked cycl opentane
ring, 9f i ainpgr?d Q%er@ aa:Eoe pédre@%eéq%fjr%é’ﬂma ove. Lo @

dridck foir ther qared erine G rermo dire i r driiRerdMeNti I recovered
relates to a conmpound of formula 1, erein R1

tespr svdmt $ ignsHempadidimomttinge Bfsk ofin abe( istRrtied due
té?l@(}fl\%%ldascf&%}éqyln r% JH’%P ]4 S I{Etr{?rlrg that
1S 1S

IS as |ne Above.
mmﬂhﬁﬂﬂn@ﬂ&ﬁbﬁh@@uﬂﬂmyﬁwmmﬁ bdrﬁrequgﬂny(ypﬂéﬁ&uemeadnng
Qun of faoarmula 1, wherein R 1 represents a

Snéh iVAS Ve o (9 S1Rals nethG@Rtaest, this
22 IR 1AGRIN M ARG M d NS e f &@%&N&&%@Oﬂ

atons to which they are bonded forma spiro-|inked
mwﬁ@mm@mmgh@rqtﬁmm erRsm odtheyldigk,is 1

i s as. defined abov r f.erre
R Tt 1o i et o' el o the
diemulsa l:I@lt ahsl ereqhsareiof E@fé@‘hgﬂ&ler@dﬁ Rakk from the

represents a _phenyl derivative of forrmula (b), RO is
SiskpMaILiinLe, degisordtaaned hvd fveauRcyrRePrRAIRE andhi s

@ fi ref
e RTINS ot By Pl Bt pag signal
widlmivea sln@rlea: sisertdé@ Fomerucniosr eafve wherldi rbeRmbre sharply
repr eny derivative of formula

aﬁf UndP A FOr TR Gt T SEETRY, 1r?<§s ﬁ?read

and R8 are as deflned above. In a further preferred
enbodi nent, the invention relates to a conpound of
for mhg BteP @fstaéuaécfsg@@ernawh@oe@rrlaﬁh@mqtmm analysing

r p |- deriyat4. f £ I (
R o M e s Lt R R
amrah@rearendeihia@;e@aaﬁd\b&lab:n aalvfatrhn:b@%rs pmetne fused in narrow

emhodi nent, the invention relates to a conmpound of

FSYTSMeRtstesESi-soner t hereof, wherein R 1

represents a phenyl derivative of fornula (b), RO is
pyrrolidin-2,5-dione-1-yl, nis 1 and R4, R5, R6, R7Y

and R&easee@sOdesp@edramoaealwsimg maybeompdesst godverting
t hat g entlon ﬁo¥ers al.l _conbi na% o&s of b

S8ubs FF eft Srgﬁﬁga nglepgeﬁ@Fgﬁ Sové SFFICY OY
mp&hihigcgbad, tkhe davankignatovers al kieosbiaati eagnaf
preferred groups described herein. The conpounds of
geﬁeraﬁeéntlﬁéﬁgwﬁyll@o mea&RH eneey Clkén ass 8l &fiBdngnreference.

S i ng ol s

T B R TR PG Ch o BenEPey Alents 875 lRR S heterodyning
opkernefione toabke sekvakedsoat bhettenpatadsighafloesubart of a
and the stereoisoners thereof. Hydrates are a

preferred exanple of said solvates. The conpounds of
formula 1 according to the invention include
stereoi sonmers. In case R7 and R8 re present different
groups and/or R5 and -CH 2R6 represent different

groups, the conpounds accordlng to the |nvent|on have

e s — 1

o o,
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The invention further relates to conpounds of fornula

4 , which are key internediates in the process of
w@e@daeiong t he conmpounds of fornula 1 accordi nBCT/8P100&055988

i nvention as described hereinafter. The invention

therefore also relates to a epapound of fornula 4 ,

wherein R 1 represents a phenyl derivative of fornul ae
sk t@unf Rheh e_L'n% Radts Sl eatiedd QB R AP analyser to

consisting o C-al koxy and 1-2C-al koxy which is
begwplee neirynadsl sgde donidiskt Ispesgbst i t ut ed by fl uori ne;

R3 is selected fromthe group consisting of

1- 2C- al koxy, 3-5C-cycl oal koxy, 3-5C-cycl oal kyl net hoxy

and TheCsaldpoxy \Wpietlt rush cerphetieldy nely piegenigw@tdnpling

substituted by fluorine; R4 is selected fromthe group
a@énérlgtlutﬁglélﬁ £h@ct@|sr€o>@at§n§lgr@¢ A&y aFhisgipliague-to-

SSPTRL, l pedagnai Ly s bipl, Do

Thawss S liowsg mhehﬁ@mmgemmam@aly%@z&dqﬂbeammd%hammﬁH%%ed to
tog&%her and th inclusion of the two carbon_atons,

PERY hef Ngr BTESRIEd ATFERFTGN A Friedd b8 Used in a
s@=tRFIAr athah @c@heen erFdrm3’ siohel 03CaalikWr ad RYectrum
Is 1-3C al ky R7 and R8 together with the carbon
aﬁﬁéwﬁlﬁodWHléﬁlﬂNey are bonded, forma spiro-1inked
3-, A, 5- or 6-nenbered hydrocarbon ring, a salt
thereof, a stereoi sonmer thereof or a salt of the
st er aciceedehat ker @eoftthiva bspelctt be corpirgenef invention,

formula 4 or .the salts_of the stereoisoners thereof

theEeude QFPVFQ€§g§nW€t§ﬁ§ Sﬁg§ﬁ§§l§@‘&taéﬁﬁﬁﬁoﬁn§aFﬁea
aapd sabl-aqw h@skaﬁeaau%sa%era'Eéa@/mre@%r%%%%ut'%§ It thod
acceptable i norgani c and organic acid a dition sa
camgrialing:w rhtbades, tbardnskbadbyeathng fluctuations in

har maceut i_cal accept.abl e i.nor ganic and org
Be GBRER PronoSArioTang. Shf S1aie h PEROuE legs PomRrarpace
cused bmgﬁaarﬁa0$cc5xaaﬁbesw@&haeeddaQQMbteetiehesso as to
include, but are not limted to, hydrochlorides,
bﬁyéV@Bhéﬁﬂéé§d Wﬁéépﬁ&?e§0tﬁ¢@9§t@§ tygl fasks, generating a
t r a e I n ,
B BT erh b, AR R B Sa ) bRl S1UER3ERe1 a5 o
tsomibsgl reyeatese; mareatey, thautasespanakanesf Kackates the

fumar at es, . succi nates, _oxal ates, tartrates, stearates,
ShBRzUAGBUERanGERS (EESATABeLhE F6F GcRBLHFFBnategata trom
thbogi kRt §$)h ﬁetehaeaaulceo%f%e%d@wes ikbatedhtandignal; and,
3- hydr oxy- 2-napht hoates. O these, hydrochlorides are
apaéﬁerﬂedsamaﬁgses datassaliosawi ulibasébei melfedencieurclock
s3hfaioks! At adntor bLLlum sodi um potassi um

caf ciufy &l um nu magnesruam titani um ammoni um

megl um ne and guani di nium salts. The salts include
mater-lnsoluble and, particularly, water-sol uble

sal t$h l$h€r88h€8§nésmBFef6FﬁHF§t2 mefhedsaft §esthag by
@&@5@%@0%&& ﬁ@@h&ﬁ@ ééEEthedt Qﬁo%ef €0L80PRES renc
hereof “may contain, e.g. when isolated in crystal P ne
Ciockrsvgnyﬂngsaneadtbooh wbkregeserbntchgdetdewpbhkrrnhef

op t he ven herefore, all | vat es of
a8 EanpE G EBFR bPoire. :sknEouaProkasehe” SOF vat es
f@ﬁctﬁ§t§@hbslntBﬁesﬁﬁéﬁokéeﬁﬁﬁénaaﬁdtBﬁséa%hénoénbm§s1ng
st ereoi sonmers_of the conpounds of forrmula 4 . In
theefletredignpddrredt bark ﬁﬁventh@ndrekat@scempansate for
r a aR 1 represents a
fgﬁenyﬁgggggvggi\g}eﬂaogl?orrm?ggEL a) or (b) wherein R2 is
selected fromthe group consisting of 1-2C-al koxy and
1- 2C-al koxy which is conpletely or predom nantly
substituted by fluorine; R3 is selected fromthe group
consi sting of 1-2C-al koxy and 1-2C-al koxy which is
conpl etely or predom nantly substituted by fluorine;
R4 is selected fromthe group consisting of
1- 2C-al koxy and 1-2C-al koxy which is conpletely or
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R5 is 1-2C-alkyl and R6 is selected fromthe group
consi sting of hydrogen and 1-2C-alkyl, or R5 and R6

wo o@stimens and with i nclusion of the two car bonPEL/BR®)8/055988

to which they are bonded, forma spiro-1linked 5- or
6- menber ed hydrocarbon ring;-& is 1-3C-al kyl and R8
is 1-3Calkyl or R7 and R8 together with the carbon

at omy 4 Qv diheh@r erhongdad,od %ﬁﬁrﬁég o-14 )nk@s*e Misk

or 6-nenbered hydrocarbon ring; a salt thereof,
betigrpoicg@rtmd tthereeafotmr el tlsaflqdiee@teqr e.m scmmxllator

t.her eof. anot preferre enbodi

e A L ) e IR (it o el hs in
JRol iRy e:&eﬁt Sra mMatctﬁr Id’.L&idWQ;lenaflOT MHaed@)l Mtor
C%P)mhereln Is selected fromthe group consisting of

opls Slapal Hedno zr@%h@ds@;d it GG &8It ety e
flf‘ir 9{%&%@% % S YRRL | s;plgl i3 Jg%/ JJ%a oAU SRlECHEhe

e group consi oxy and
mommjmwmm neafetmmeetcélqc}orsmeﬂomwimfttém the same

suhst.i tut ed fluyori R4 is selected fromt roup.
Bt g IO SEAoRy AR5 5 B Wi D -

rgplaectr%lrﬁgé&rerm edorginRNtd Y substd ddast e@hcmk fldarddie;as

R5 i s nethyl R6 is hydrogen, or R5 and R6 together

raignende ifeal u;éxeorerbflrtehc,tqamr@armaraam ratdathi tdman

the are_honded, for S ked re
SN B Ied o SO A SIS e Ol b RIReT e
alro3@=aldny e fE gald dﬂweﬂmifmala cﬁtle?rtemmmrt@m&faamfy Mrise
a salt of the stereoi soner thereof. In a furthe

Oyeat drified ReRvEE IO ERPAGAShG G kel ARss ql}grefore helps
a%mao%n%%ugfcéc Jemy a4 ’en‘Mlﬁrﬁid" fRel e)gactr&?‘erﬂosc}? when

phenyl Ivative of fornulae (a) or wherein R2 is
muethmmydd%&luormmmdMWk Rhd svhreet head iR hesckretriwy |

R6.i s dro en, together and with
aFﬁ&Miﬁ ﬁ3QN;§ g%‘ ‘atoms, to which they are
bonded, forn1a spiro-linked 5- or 6-nenbered

hydrocarbon ring; R7 is nethyl R8 is nmethyl; or a
sal t AOFOrEaNg |69 2 freurdy QﬁRﬁQQ QhﬁxﬂﬁQﬁﬁﬂt ifreention,

ntio
T pasn S AR A R S TG £ Pgen
ofs daetah oy beR¥ris tret haxyy, ddta $ tvetadyd dﬂyklﬂédrnm for
nethyl or a salt thereof. In further prefer

et FRR AT ORS¢ & Tofrotating

f%%ﬁ@.@l%kz %h%@%é&d%rl A ERMRERNLS, @dﬂ@%ﬁ”fﬂﬁ%ﬂd&ﬂﬂdﬁ% in
of formila'(b), R4 is methoxy, R5 is methyl,

tﬂﬂyadr&md 0F§7 n@ate@hylofart@eRsmséc et hwclocemswr §a11tanged to
'y \‘;are"f 0 furthen preferred enbodi mend,, the, aid
pr?élﬁtlg‘n LEECAEES S 518 Corp S fnfarrrulaf W& &3
fRuk thepieseniss @spft@ﬂyde @8ichaionie eof Wiermihe @ratién of
is methoxy, R5 and R6 together and with inclusion of
%ﬁ&tC@P@onaaﬁ@ﬁ§erpogﬁﬁQﬁﬁqpﬁéﬁlgﬁ@QﬁﬂuPQjQQQﬁﬁﬂQ? a

t%@%r%at%%&%do%y%aQ%e%EQQ% dﬁ& ﬂg%éf%d@giaﬂock signal as a

timing reference.

According to a fifth aspect of the present invention,
there is 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
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and R8 is nmethyl, or a salt thereof. The conpounds of
formula 4 include stereoi soners. In case R7 and RS8

wo esasmemt di fferent groups and/or R5 and - CH PERBEP2008/055988

represent different groups, the conpounds of formula 4
have one or two stereogenic cgenters. Each of said
stereogeni c centers may have the absolute
oV gr-1 r | ute sconfj ' : £

R B e P e ey ST SR B g ion o
thiee dSsér;eal pooees sE4Rp ra@thgefS)td preelrafa araftrpouwsl clock
of fornmula 4a* and the stereqjsaq ners (2R 4R), (2R,
S350 38 SRPTARICE S TPl GISE TR LT g be
shakmba 145ake thakhOf-oithe iV R itk ik Nk roller
refer to the atons indicated in formul ae 4a* and 4b*).
aTengedetoi geafuet kesti peltiden @f deiva Jmesmn dfhe sk to
st ereqi soner ntion hove J ndepe nt. of the
ok FEreh g tene [Phcanatod M s as gpmaed to
ahalpgka theafesthda¢ameounds efs ingr Miea rk fReeeIcd rRY ddk

the invention can be prepared as follows. As shown in
Signéti 68 &cheéméng RESEERFSunds of fornula 1, wherein

R1, R7, R8 and R9 have the above-nenti oned neani ngs

and nis 1 can be obtained by reacting a correspondi ng
conpdurdrdfinorpulba s2xut kspectmpdurideofpriesremil dnR®ion,

erei.n R9 has the above-nentioned meanings in.an

o ir RE8VA0R o RP A oo GF St agpre 1eabe bne of a
ablc Bt dicortbrl Beeremeds uml et BY reRy/Maliitdl fredON&he

et hanol, 2-propanol, 1-propanol, butanol, acetonitril
apparatughgerprafang: prRefRLakily ﬁﬁrtﬁ@t@¢é§§h@es@ﬂQadlski
aPA8EecSUEN a?%gn a ‘?:%Sa@‘]Q't%c@tf%%%'t‘&@tg%&l%og?ﬁ ‘%b & %gJe‘é'H of
carbonate or dirsopropyl ethyl am ne and preferably at
rbabsednt efipehat diekypat orvheskoid angapoicd tof privgluce a

saol vent being. used. The conmpounds of formulag 2 , i

r @F_@PﬁeRf?O%JF ShETRE AAvECCRE O3BGFe ViRt PaHdd Tluctuations
SBEQQ'EgsbéagyﬁéhQQhﬁb%@deth%ﬁ%tk@%a%i%%fb%SQ%%dHﬁ%k; a
conpound of formula 4 with chl oroacetyl chloride or
pehkervagenerasnhydrirdaged &0 ioraerasel vemestspelttagn of

for exampl e_di.,chl aromet han hl or of orm_ t.ol uene,

SpEp: HROHP0 SPUPanS T8 CASS SROCK B I9BPat 8FaBl Y IH Ehe
rpfesenee;oh aohasellsuchraangkdr texample thieetyltampaneern
or diiso propylethylam ne, preferably at a tegg;rature

chefipEantenthgndiakbiast Pefpéfatgre.” PRE ConsopsgaIusntly
rE%ﬁnglee%t_ﬁﬁﬁgefgoﬁ_%heRaigﬁswﬁ@ﬂ %%ehﬁﬁﬁdt@% proyide a
above- nenti oned neanings and nis 2 can be obtal ned by
teeactiahg aigoeilespoddi g eoaposed efrrbogwd &o3awafllyse the
conpqund of fornul arR9- wherein R9 has the,
cEBbyEanaNEEaHaY HERPNGES! ACar aBE Pof LoR e S4GPadnes 2
t$MeRgaserbeenexanpl e N, N-di met hyl f or mam de,

1- met hyl - pyrrolidi n-2-one, nethanol, ethanol,

t et rahydr of urane, dichl oronet hane or tol uene,

Pr ef rABLY bR LNG PLASCRPE.Bh 20, BRRE: AUEN 135 nolObe
exanpl € pot assi um carbonate, sodium'carbonafe,
ddscsapedppietvhyl affi Beaspler wvethy rafierencandopriker abl y
at raised tenperature yp to . the boiling point of the
AEEPYRARY hBENG GYaRISThe e WRpStinds of fornmula 3

wherein R1, R7 and R8 have the above-nenti oned

nmeani ngs can be prepared by reacting a correspondi ng
conpbugdref 1f ehpwbasghainehiprépy2asneyxbmphkopifde Epiastand
inert.solyent, such.as or .exanpl e di chl or onet hane,
SERPEPARG: FE BReEURPAITEGr Of ot PARGAPOPaqE ShELsR; " and,
preferably in the presence of a base, such as, for
exanpl e triethylam ne or diisopropylethylamne. The
reaction is preferably carried out at anbient
tenperature. The conpounds of fornula 4 , wherein R1,

R7 and R8 have the above-nmentioned neani ngs can be
prepared by reacting a correspondi ng conpound of

formula 5 with an in 4-position activated and in

L ) T B - s
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The conpounds of formula 5, wherein RlL, R7 and R8
have t he above-nenti oned neani ngs can be obtai ned by

WO e@stliizogs an appropriately substituted PCT/EP2008/055988

a, a- di substi tuted- b-oxobenzene propionic acid ester

of formula 6 with hydrazi ne hyglrate in an appropriate

sol vent, such as, for exanple an al cohol |ike ethanol

or @P% : e

espggfilla y a2t %ﬁﬁ§+%%€é%%%?f%f&t@%§%o géen?fbaei%%e(:trum

arseldys shhec esteruodd the epridicubst | witledehd- spiohenaedeot

E‘p,rol{)i onic acid ester may be a 1-4C-al kyl ester;

paf'tiutarly preferred is - as shown in reaction

scheme 1 - the nethyl ester. The conpounds of fornula

6 , wherein R1, R7 and R8 have the above-nenti oned

meanifefewamd e privigited by 7 esringpnt heednprbges an air-

gbea”rzio ¢ acidyderd vatd ye, fao.r;{{%&%' é!mv%eéﬁ R 48RSy s
€ "aboverenti oned meani ng% Wi An ester’d of nuta~ 7

mouMtesel N TYe adish RB-drey el tdies ahove-dremnda @ neshdetechanism

nings, in an inert_solvent, such as, for exanple

Mt SRAFDF randoidathy? aerIinipepesenbly 5 and
BN SRty | Rt R §8,:01 ¢ KBt VA -y T 10k 16 4 25 DA 1 T N
the presence of a strong base, such as for exanple
ddasembirg di icopr dpye annEcdhw | the tdisin drssoli timmt data
hydri de, .at_lowte rature referably bel.ow -40

GE & (Do S TE I a0 Ao Tdr Qhart S WeLRGE OF
t2rdTeiiNK [y opeuatdss dEtdvd -t ivd buidosd Bhstand 1 is of a
nmet hyl - 2- et hyl but anoat e, net hyl 2-nethyl pentanoate and
kY |EYB& opent ancar boxyl ate. The esters of formula 7
are comrercially avail able or can be prepared

according to procedures known in the art. The

act | viatee dhierstaire] deilthlex | e esnadddorgwd tte3 tan be

obt ai.ned, _ for _.exanpl e,. accordi ng to the procedures
RETI A (W Ehe. ThiSH AT Orial Chat SH™ ot (ReR 1 ot? Of the

ML W oo WOH QAAGH: e MOWS (lddithand WIRE/ 08399 p P of a
alternative synthesis route to conpounds of fornula 5

lias edespydastay igysten Buraspeaeneunanty appld kmvwonin the art
EP0126651. APPARATUS AND NMETHODS ,OF, GENERATI.NG A TEST

T TR CH O PA L AR SN TEST PATTERR TR AP D 77
pHZSHING oA, DATA SEIRAGR Ja:Stkerlddd d M ANV i A/ REARY WRSE

HEAD The present invention relates to, apparatus, and
bif GerEatiiid: £FI6Q PaRTerr diihmachines, where
. qt I it 1 1 ﬂ
e e R e e W (S A Y ks eo
bentkeghitmemt S ha o mresge mhdsw evittiloread! aitgsemendrial the

S0P Rk DO U5, SUED 8 SOIDAL Y e,

HRCRigies]]1d hddheirdldnccdRinERds Mera fddisdd dewetonedit ics
in the art as a tool for use during research and

sl sioperarite tthaaldick the P&Ye Gramlfc & fCURE AARS Gus
t j s dri ves,_f . :
d&f’f'sﬁ%%%}ﬁdo shc ?T]g:r? S]{e , t'o be aev%rulg%gg)é a(re1cdII aglgstllh&r}laog’gsd.fﬁ%m

blsdkowc ominre | aralswadsarrspi nsitrandsod it itdreed il beof
di sk drive manufacturing to test each nuf act ur ed
FERIi Tddt O SIS 1851 dre 19048 L Semb P 4 %

HeFediiiNe dNiftea A TOHRIGRAINEPIJIS ANt GO d S8R around
not or-dri'ven spindle on which a disk to be tested can
the ot e dirgh dossubl vamd 18l irvesed d fodd-anscitdrinsm f drhe

hal di.&q and poosﬁ'qti %rii n ther reaccrlll vvrnite hee}ld 1,0 be :
HrESYdd ™ OHive srrﬁ T$t%and also’ cditpri $es eéluslrﬂil ISt difg SPactng
GINDIdrer wirder the control of which the head is

"fl owmn" over the surface of the disk when spun, so

that test data can be witten to and read fromthe

disk with the head. Wen conducting a test with a
spinstand, the head is
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first positioned over a track on the disk and test
data is witten to the track. The test data is

wganivsageent |y read back by the head, neasured, PEIEP2008/055988

anal ysed and the results then displayed to the user.
Vari ous paraneters under whighthe data is witten

and/ or read back can be controlled and varied by the
spi nstand, allow ng the performnce and
characteristics of the head or disk to be investigated
underA \card wiugy cigntht ieamsnetdsudlld yis anaompad ero othe

St H e SR PR A b S S F - e
iR Ee- ot &h ST avad he mRasur el tspdede; w1 h, tdheown )

spi nstand. Additionall y, dedi cated paranetric
righehitredted raric sshe sqea rigm ethat Yswy ©ie an

avigde
PR RS AT S SRR LG He MAIRDO B derpotor
(Im;ti mp&ommic&m@rls&mmf tias tthanain ther farahed e, 7b as they

|nclud|ngfor e |l e so-called bit error rate (BER)
MK PR %ﬂnﬁeez@ s Ve ithe, aseid/sHGqder system

ﬁfﬁrwucéév%{ Wl &nc&ider QMRS Pl AAWF GRy offh@rcfé)iected
in testing is due to fluctuations in the speed of

sicetlat i7en of the disk. A highly accurate nmotor is

usually used to rotate the spindle and thereby the

di sk attached to the spindle. Neverthel ess, the notor
speedieanrsnlendeRicrontiipldled 1t d Vgdidge® teerd@iital timing
tolerance, giving rise to undesired fluctuations in

ek eladtsivanl cspdeatsch r@éf%aéqzar@tﬁ% tfq mqpeﬁ%rréﬂe raw
t Qat 0
e%gﬁ%ﬂw@?tg%%ﬁ t%t e&%f wg}%éa%lssSst en bel ng rea 1in
thhac KK o ft lee addicsik sthesd CEQStmmiseomigm] aausspond to the
|f|cant r.ohl ens | rfor tests wher e high
d%l‘%&tﬁdor? srlédlﬂr}sed’éqA{%@o (ﬁaﬁj& G-a first aspect of
the present invention, there is provided a nethod of

generating a test pattern of data to be witten to a
dat a Tét @nh@gléddi@ negdicurbedr atéswri myrareenesttifogre

[ te fl.uctuatijo
PR N0 WA L0 e SO B RO ene
diefkerencerord esdamgilgnalthien saeder danecarnideh aS:a:Iad:hed to the

fluctuations so_as to be synchronised with t

Fiskath OF 6% RENGTs PaTdnFHafe ko AttSRy “‘a%tthe&hepé%ltsé? it
19 13k s 'b'é&r@a'a%t%%%rde%%e tHeOglh iHgraly as @ Lidmfg

reference. By producing a reference clock signal that
rnesegysmfyrm sise Wiotth celle magtkat. | oma@fnetth@ diagiksamén be

si-ng is_t nerate.a test . pat
BT BoTEREIE Fet kR B H EPT B T R IS Of
caled eawsskf ar. fluctuations in the rotatlon of the disk
such that when the test patternis witten to the
disk, it is spatially correct with respect to the

Surf%%% %ﬁo%&3545%51 Eaiis fed to a phase locked loop

(PLL) 10, which produces as its output a reference clock
signal 53. As will be appreciated by one skilled in the
relevant art, there are many ways of implementing a PLL.

Only one way will be described in detail in the following.
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means that the data can be read back and the signa
obtained will be a truer representation of the

woeoogitmabs t est pattern of data. For exanpl e, WPET/BPR08/055988
test frequency is witten to a track on the disk, in
prior art arrangenents the tgst- frequency actually
present on the disk will vary to sone degree along the
tracky,dreani ng thate.the v ecgvered; fheauencyr Yihd « 850 rom
be spread, |leading to | dss of accuracy I n neasuring
tthee Gliggrkalsidnalcdit reast madilstEaspest afcihepresehck

i.nvention allows the frequency to be nodul.ated t

GGt Thé (LA onal® @y tha driaks Hass
iFEEg i tile, WJ tdreiddee GURN Gk Matdriid A&k SPidnial 193 . This
correct on the disk so that the signal read back from

ishelagiss fovnifldediang dasls prendiefRiianGeaiodhatignal 53 in a
j t f cy it C ' '
R S TR IS B T edlidnse
danke rtircatadd 58bd fiihes te arindceied regue iy iads-¥yess counter
spread. I n a preferred enbodi nent, the step of , L
Ifet e &Ry 1de & IUSH GRS S BT sediadet et i igrie division
R ithhe ofr IRV Y JolRlr R Y OIS | s s ldh P& £ the

di sk; and, producing a clock signal corresponding to
allpsknsviemedt 53f. t el etlestked iemyeks 5 airgl ditoe ldisiighed

bei ng_used .in _th roduct | of . the reference cl.ock .
RS L i S P P L0 o IR 00 rhich
defc arpdsids e daldalcdifddrettd bdthedmttald adweof the phase

disk to allow the reference clock signal to be

PBESRFCEFS Tife SHBIESSREY A5e SoMG daAvHards thtatdeher vad

MgiRg %g%effhﬂgenge&Qﬁﬁﬁdt-oﬁQTiy3 ﬂf%gréﬁﬂéysén¥ﬁf%%r 14
attached to the disk i1tsélf or to the spindle or to
tanympiriosre (et peheto rmetatee © fnitttle tHid dicck.as is known in
Al ternatively, . mar ks .may _b netic .narks on the
s R et TBE GOESTEN midrir ol By Do et @ [gpetor
mdef albed 1150 skave dERrY oTRIkgnad10 ald @ dY GRfulator 15
resolution in determning the fluctuations in the
hest &hicod idftepipe @ilgrall 5 7aasr éf dired dmpadi -mefihe iystal

. A rovi di t I ' .
st e DR R T S R U Bt wmion
ikeiangcarfranged the preadvee mediud arcefrerience Ttlenskeciognal .
Thi s provides a sinple way of producing the reference
MOPYRESEgRal T SSRGS Sh&Se rqo@@%@&_ 9 &8 aesWs Afnéhe
iPOAIEL 08 9N 166! EHGHANCE 1SN0 . LY &l diRrence

suit the application according to the we nown
betiveenpltés govedesidng etflee emyer atliook ofigpledsé 3 eckedhe clock

l.oops .l n an_e di nent, the nethaod conpri

o8 c Ay ek B RPalor Fe GOEoR gnar Fdlcan o or reduced
teseirdsatero.t he di sk being rotated with a notor that

is locked to the oscillator clock signal; and, the
reference cl ock signal being generated

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

rotation of the disk 4.

Now, a number of standard tests made by a spinstand

require using narrow band power measurements. One such
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using the oscillator clock signal, the oscillator

cl ock signal being nodul ated in accordance with the
wo baostieavd onsi n t he speed of rotation of the dPGREPIV08/055988

t he generation of the reference clock signal. In

effect, in this enbodi nent ang-oscillator is used to

produce the reference clock and to clock the notor. If

£y Us C en r

T e aite Fhe aroeks e dP R Toopane to dach vorves

watitedmg \Ehlp(alt’aﬂmi Gbﬂﬁalse;tt e tef fhectimgyf & Minooucdimgguency to

phase_error t.he pattern itten to the dis Havi
RS GE FHHE B Mol e SRy MR & diRih A A Ehen
SRIHERRNNG I RieTwlitAhg Hg JTBhed Bt COPhi%e a second
rotating the disk; detecting fluctuatlons in the speed
p@fctlmtqforte@rt td@étamh@wnm @dlﬁcufrf@raentef@eeh@w oc K'he

al. ccor fI ct S
tB: %%ynl ron| “sed ﬁa eﬂrto |eor¥l%o &136{1 dst% rea g

obthasiedpdlst emralngs ednte fnresamdﬂaf theskeded difalVIsi&_;r&]I gsdwer
data signal; and, analysing said test data signha

oésﬁﬁl@ ONETMET¢ERc ®aTTER Stgridie d8 55t ifRamiency. This is
2l RI91CEea BhyS AHANIRMEMn P rRU A8l ehald&d Mas&eq
| ocked | oop architecture. The divide-by-n counter
ome s ﬁmmsulﬂzaiwﬂmenceﬂﬁch<g§Qﬁnalkxndd&;nﬁbk£ that the
di ffer uenc ron1the clock Si Accor di n
g T, SR e S s Y SEL I QRIS P A T
RIQVIcERY damRiched tof )t%sr&@ltcﬁlstsopaatst ey ﬂ%}@_ble
read froma data storage di sk nedium the nethod
e@@#ﬁh §|On@’0r|koﬁ”&tt|hn§h{ﬁ%@r(ﬂf§3« fr@é:t)@éﬂl@g% fafucthaatdediis
fttel}%ss Gicli,t%& t%t% eo!?il%fk lI?le chg ro%c'ﬁg%&lce

erence c¢clo signal in accor th sai

thbndte@eoam&nsanaﬂy@@rberswmgbmamuseéumﬂﬂantuhereto is
rotation of the dis rea ttern of data
COFERRL e UFieSk T gﬂ Q; 1S and,

anal ysing said test data S|gnal u3|ng the reference
clock signal as a timng reference. By producing a
r ef eBegease ¢éle sie@néluatlh@tlgn@lsp@@\m’romfsé:dlewiﬁlrrstthe

rotation of .the dISk nd usi-n se t
A L S S S UL

nkekeskhuet wat uers al ﬁletaﬁ@ﬂeﬁfe@tﬂ @S/s(tfent hﬁtdi gk nM@en dynamic
readi ng back the data. This nmakes _analysing the data .
TRBPE épwﬁﬁéeéﬁ&nﬁhﬁpéb€§3§Wé1§@bG?ﬁtfl@Pa@he rEsprestice,

Rk %EE%' ®ha g’”%‘h% byt QAUARGE $1aMdst Lo htaneaa low

trac on the in prior art arrangenents th
resoduened besﬁwddt@.dﬁ@mhlfmea¢hhﬁomuﬂmea$:ﬂ<AmIdn.be

di storted e to th |uctuations, in rotatia th

i oo SRS AT SEITSAHCE B Soey Y i & RBW of
doveauenay wpizeadpHohRadg due &d filedtiaes ony MeAsWd Rebeed
the signal. In contrast, this aspect allows the

ofe tbeeFed caba thesthes gidlting réeddvsdulcated arct Whcre

re%t(i?Lqﬁx o@)%'cke r t%f t t@i%t%' S’lf:’hher %r%%tu'e%%yf lc%(flttlé?ltt' A the
speed 5 £at o of The

data signal ultlmately read by the head can be distorted

and spread. For example, for a typical motor speed error

of +0.001%, in the worst case there would be an error of

+0.002% in the frequency of the measurement signal (i.e.,

+0.001% error when the pattern is written, and z0.001%

error when the pattern is read back). When this error is
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di sk, so that the analysis of the signal read back

fromthe disk will be |less affected by frequency
wa@prosadiony. This nmeans that detecting the freqRPErER2008/055988

the read back signal will be sinpler as the frequency

power will be nore sharply camcentrated about the

correct frequency and | ess spread. The step of

agﬁﬁ A)?HEFHl SE SPast B AN %31 058 do £ eS§omuz,

ata si gnal di scussed bel ow, the present
tdver aregeihdratcih s quarari ay | vair L ladresrt e@esnwmntmdﬂ@t kHz in

narr ow band neas ement t est The. s ect
R T o e e Worvbra el s e ity

Y dN@ndtd And fﬂn@ﬂ@@rﬁi & fHBauency Ly mhxdg Sedegh to
test data signal with a sinusoidal signal generated

H}éil]?tglpsaﬂtﬁ rlemerlavad @ igeialas il 19 i ¢ g ere voshiRle

%&%‘% q-‘|be caeangé{cgﬁsc ﬁ}? ata slhlg%(:l oas arl%owmg

};n:fokﬂme@tsr Lﬂheartaiatsi nigh ttest aartd id [ fows thee ssmamlﬂm noise

ana &f{ to bec %gr% ed to dISk speed The ste
c?v\z]egr,aﬁﬁeanln that

1d:' gid 'rﬁéd&etaﬁ%/ tt@tfﬁ%}éﬁ'mr Lt%é"gﬂl"ﬁ\:h of the narrow
anal ogue-todi gital converter that is clocked by the

mr@mmlmwhqmm@ﬂmﬁ&ﬂef%ﬁmct raiiganatsester to

becq Qr mal.i_s ed._ The esent .

R e e SRR s, W R e wien

a hati rend drsnseey off ald wf 2 e @Gpect rchoanasdarsdsed

e:qg)léytagul@?% According to a third aspect of the present
atﬁ?elk@q%nlﬁ%\ﬁ%aag%@%dl% & GHy at

| east one of a data storage di sk nediumand a

read/ wite head, the nethod conprising: rotating the

di sk;Sigsetleat iong a‘quic/talaztritormfdhietntfe cpestl dfy ridtettiution

di.s r oducj a reference cI ock si
O S AR TSR TR (0 G P3Es 3 e pinstand
t@grchroni sed with the rotation of the di sk; generating
a test pattern of data using said reference clock
si gnal as a timng reference witing the test pattern

of dats est
pattern (%]f% (?agoa%fl rom t he kfc#js %ﬂ ﬁta&head t rIparlov‘r):%d is

faad est adalaa teirgn@genearatorand ysihgssal g estt idaitrey

naI usi the reference cl ock Si gnaI tim ng
8150, OFhiTS TG s o T Shelirc

tte%%t 'p%%t@fnlﬂdﬂ IitRg ot "E@Iéﬂp%'ﬁr i48se] 'tl%?dct?é)%esk W%y

reference clock signal is used both when generating
tihige hgatt ér.n dthed@mttl@lb@maatdlem tch ttﬂne;e disk tgttern of

npensat e .f ar qu uat onS| rot i on. and
dz?l%go%:%ln@’ﬁltr‘ltaelnyst’longth[ehéi $ha & gna rea atk EFom't Hee
rditsk ilon caMmersadield ar ifd utidiadfiomns ﬂeaittdw di Sﬂhus, when
rotation.In an enbodi nent, the nethod conprises: 1)

ficke SRS Lise (G TUSAFEH BBy O FRIGIES Has G $9 Gtaes isn
a0 | als ek i$hANYE RBLrad nd BE JRFEIRNGS A WK data

si gnal be|n
58 may be used in writing the first frequency pattern of

test data and/or the second frequency pattern of test data
to the disk 4 in order to mitigate the problems of

distortion and spreading of the written frequency.
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provided froman oscillator clock signal, the
oscillator clock signal being nodul ated in accordance
waowdaok/1sdeed f | uctuations in the speed of rotati oPCDEP10b&055988
disk in the production of the reference clock signal,
wherein the same oscillator -gkeck signal is used for
steps 1 ) and 2 ) . In this arrangement, a single
osci lphat ¢ yeleek sichU9ed @S TfelaRee JONHN &R i4 Qi1
testing apparatus rather than having separate
adsoi klffecit ¢h@cisded1tWeodppamaK&§t'ﬁa&azamgnﬁitﬂﬁa(also

R o s ) S 3 0, e

62VOITe AitadhEe QheE%EQ@cQ@t%EI&%;%helﬁysﬁﬁﬁneﬂyﬁdimMﬁﬁ1 the
witing data to the disk and when readi ng back and

aaﬁéwsﬁngswteéfpﬁfmdt pa dihek teatcsledien§ iggrad fABuisHing the
f pr, t; izRventi_o V. d

~31B8EheS] HUPALISAIN LAV LORsgk b S IR R e cne

tesict tamat m@nﬁat &9stier @@ﬁmo«dilusllatmd wdnhf athe estfierggndeheclock

apparatus conprisin pindle for rotating a said
SPSRL 23det dEUSr %‘éﬁge’gletnocﬁ tlﬂguéﬁh&%%ﬁéf%tr? test,

thhe %@%ﬁglaher%&a%h%ﬂygﬁnbh%hQJ%%stad%&%P%%§ﬂal 59 can be
arranged to produce a reféerence clock signal in
ugedoitdapes farrh spgict iy enadtisdss ozo testt gad@ signal 59 to
nchroni sed wi.th-.the ation_of th di sk

e R g O b
f@éqdeh@yusaﬁge&al6fre%ete@eeacb@chssm@nauﬁthex1Mﬂﬁﬂgate
reference. According tgo a fifth aspect of the present
theverePsRMSt ﬁér él§§06rté\?ﬁd@61da§§éﬁé@&§19f Of &ha y&Eiifden
f&eghea@yt%h@ f rdaka ead phramsa Jatg s B§s§9% di sk

medi um “t he apparatus conpr|3|ng a spindle for

rotating a said disk; a detectorarranged to detect
fluctuation t he speed of rotation of the disk; a

bt oo ESGtFend Shod B BrOBRLE 3% BPRREACE RIS gna
pb@f@%ﬁ@h@agﬁéchbﬂ sakdyklidCbuathens cs@ dStho sh@nal 59.
synchronised with the rotation of the disk; a
Taenepepltérlmaaﬂaﬁgé@rt aor@a@ ant é@pupatsttelg@ ct;fna@awrks on
chOMLLBE  dhakLaephonide 3 Leshadal ael ongly AL Ae aca

rarrange nafyse tes

smgnag Bbemea%ameﬂceychhekhea@nal1aSmaxhﬁnmﬁgh a selected
reference Apcordln% tQ a sixth aspect of the present

ErREBRPLYN SifRel8VEs 8r69|8€§eép§8r§F§Qu@8Fyt§§ﬂfﬁg

fE%@ﬁ%n@Qeo@f1ﬁt@§E§t3E%r%ﬂelﬁ%%%mgggb%@'%Q@q@ency F).
read/ wite head, the apparatus conprising: a splndle

Ihorchleopaersagtaegamﬁ)ldﬂ,sla tandbilecsyntaesanged2lois used to
detect fluctuati.ons i_n the spe ot n of the
offiefaty shE Ebied rRebienpheRd O 2h BBl a Monat 59
aghoekesyghakattedageendancy 6ot Arsaifédf |tl2bct3.u@1tlb(@|i‘s 299 where
as to be synchronised with the rotation of the disk; a
that BéBRagENEF &t BAX&Fr aRgPHIEE §enErafte &hee £ epriersin of

1At egak U3 RYLSFE 1 aheLeNGE Ghatk £haN2lind%1d LWMAlsiser

can be linked to a sweep generator so as to perform a

spectrum analysis across a frequency range of interest.

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
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reference; a controller arranged to wite the test

pattern of data to the disk with a said head, and to
wanivsaguent |y read a test data fromthe di sk WCTEP1968/055988

head to provide a test data signal; and, an anal yser

arranged to anal yse the test-idata signal using the

reference clock signal as a timng reference.

Hpedi- et s of 51 he) REGSEM £ & AVERSE PR M | | THOWDSCK 63 for

descri bed by way of exanple with reference to the

tHor APaA4 ng diean res, from wihe hre fFegemee 1ckbokmssignal 53.

che i call n exanpl e of Spi pstand ac di to
T AR SrOThe BFRbr i T erit e i Gures s
SAOWSe Sihematd Gald oh aferexcdid e OfcBospesi gwdn agal §Serthe
to be used in conjunction with the spins tand of

MGt baseqRairgnt | Hip teeerrree 1clogk spigrahne 12s a timing
' a ' i ' e iven b
A HeRE. PRl DAR M SPLAE G fodid Oy Whé FptdForce
dldadigead e hand 9o (tod sdapingd f ot ghwol dbéhgorodieasd by
i mhal assenbly 5 and positionin he read/wite head
tg“%f@%ez‘hé%ﬂ '%a‘qnf %fgé%?ﬁ@r Y N9 KU Ut P abkpfuations
ihewl sioh siugh dhathLdajasican be witten to and read

froma track on the surface of the disk 4 . As
described thus far, the spinstand 1 is of a known type

. The,spi nstand, 1 .has a ser .encoder systemy .. .
a0 SR T 1 e o o PR AR S it
ditthSlpigied e itray bepFEic unad edny 3®! eran feek t The-first-out
principles of a |laser encoder system?7 are generaJIg

R ek nbwn( BT Phel sarts eth P Heref ot ni $1agpttpethe DSP

ﬁ%s&ﬁﬁ befd 4y detald, dengld.sd 1&?&3& & gAY ARl &r1ro 31
aser encoder systens 7 have been devel oped for use
o frersdrwo Hasagkratredtingn nfchi aress s e rass Yinelyr are@usiselbck

o all ow sucgcessively witten servo tracks to .be kept .
FAME Gt At PR (YUt T A" W T Rt ie processing
RRL S A DoIUGD HedH et RICEHERACYs t Newedrt heh € SSangll ing
brief, the spindle has an encoder scale 7a attached

frpguansatof thefdPbpifosia e o sihe laterey caf &ir
: " . o e, \ (o
at%roag%éﬁszeszf" i aq’éé %&tsgée%'ﬁg alsé c&n&%{éé‘? ao.dnlggltal

ions from blac ite, ‘arrang nari
duasi-tdoaned tar 32 canicantrecewdd) e samsled diwnal 64 from

spindle 2 There are_preferab t | east thousands of

. I
HFe i HTOAS) (F6h SR I IRPT GRS chiRP (ARG Slomal 64 to

AN d W Pfs gNS i dd ONSpn & ddANSid | SN T ablassed
occur wth an equi angul ar spaci ng around the ring. A
gratigly a rtcer frerseneticitetbh 33 miuimlecha s tae s@EBIGtRNder .

far. readi ng..t.he scale 7a .0 he spi ndl 2 . The
Hiarohs de i TR S fR0be I WIS & 3 Ber
WMttt drs i r egtieth o dhes saad ket oimldiw dihal 66, so

transitions in the scale 7a to be detected by a
tdatedityys can be recorded or displayed to thé user.

Since the ADC sampling clock 63 is derived from the
reference clock signal 53 modulated with the speed of
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.
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(not specifically shown) in the interferoneter 7b as
they nove past the laser. In this way the | aser

wer@sdenosyst em 7 produces a raw encoder si gnaPCBEP2008/055988

nmeasuri ng the detected scale 7a. The raw encoder
signal 51 is passed to optical7-ti mng clock
el ectronics 8 which are arranged to process the raw
encoder signal 51 to produce a processed encoder
signal in the formof a clock signal 52 whose edges
cor r doperidialesshe tderecteat tatdresi twayss iof wihieclsddie

L.t _shoul.d be ted that other arrange ts ar
SERCHIIG PO T ) R PR AR GHETIL IR 1G5, 4L1o0h Seee
Fidie oo 14, iRt ¥R QlerdiRg Rl BDC HumS atd achask 63

to the disk 4 or any other part that rotates with the

faosk the gefexersre Kdiank aﬁltga@%ecﬁ%o e ssmendiheterodyning

f%%ﬁggécﬁigﬁf§%ﬁ% Lgéﬁgﬁic mar ke can be:?%gﬁggion t '%ﬂgnal

58ur f amasofaltslme lfﬂaisSPthfé efffee tcltdeke sgnaang? 4 s‘:gghat]o 64

hase | ock Ioo L |ch roduces as, its
O e ot oAl A EE ISCY sl s HE e nd Gue to

fapRteGIraLeE *i)h %‘?1% %t'a't%%ri e hgd Qil%\!f@fht alda ddere
are many ways of inplementing a PLL. Only one way will

npgrgddSeishédis wogettaium jamatliye efroldowion glitke sRlded.0

general ly extracts phase information fromthe clock

signal 52 and nodul ates an oscillator clock signal 54

fromia exyistdlongsaidflaatrdmngl X ometikpdrdee 1phase motor

information to %ﬂoduce the reference clock signal, 53 .
¥

CPRICE Ol eFoAd - bYPEEEILT UsSck Hoh&E P& leddE & ion of the
d%'s&nil 33 'c'io%k%%g%ﬁz' vef egdback doap,cildy 1Y S the same

exanpl'e, the reference clock signal 53 is fir'st
odcuﬂdeaobyla dmmmd@lbwkﬁ chentbé. 12 .t o Tor dhige wey, a

divided re nce 55. Thi dIVISIO | oners the
S ey L~ E eSO aan st STt Giuence Tor SE dpiEhe
eﬁtQE@|t@%tlﬁ@ea@b@Q&t%bgﬂab05%d%Méﬂ|Mhdi'Hd$¥ig separate
reference signal 55 are fed to a phase detector 13,

ofRiLdA e CAORES fife thitag@pairpiasenc &Het woer dshdheno.
?E%c%?a%% di fefr?x%gg‘(‘ﬂ?_il.f% B %%e‘éw%sg,n g%?at%v%]lo%t %%d

et ector ou i's nay e optl
taetkelfoer hélpe BNpLidy e Bbexpﬁgkﬂimﬁnc&-@htkﬁ&n@LthtD
as is k n the art. This filtered sign 57 is
SYP&FMde o% WheBe g thoguCatsr ths the é‘lé%nt‘lr G GREY

rBa¥eeh0batRAUhat Bhal9shay WRe of ifhiar edesiq@ral 457 as a
first ‘input. The crysStal "oscillator 11 produces the

oscillator clock signal 54 mhlch is also fed to the
vectq nmodul at or .15, The vect %u ator_, 15
e i

arr ahg&d t 8- Fodlit & Of'fre SFRES e&f O &b fgrerence

cosekl kagarn1sbgnabnShesasthdatst he trihaslg defflegepee for
bet ween the divided reference clock signal 55 and the
apROYR1IBPgRAR £2SfefPied SEPBMt RE -nofPéhes iformedaged to

pBEsi89UCRdpending on the application.

Embodiments of the present invention have been
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.
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towards zero. Thus a reference clock signal 53 is
generated that is nodul ated to take account of the
wo baostie@vd ons in the rotation of the di sk 4 soPEFEPMOHES5988
synchroni sed with the rotation of the disk 4 . Now, a
number of standard tests made by a spinstand require
usi ng narrow band power neasdrenents. One suchtest is
the so-called "overwite" test. This test involves
witing a pattern of test §&f&MRaving a first
frequency to a track on the disk 4 wth the read/wite
head 6 , and then subsequently overwiting this first
lpat t &r mewhbkl @fsgeord spdriern tefs tt esit téatra dfavdatg &o be

di.f fer ent The t th i th
e RB00 " G RO R SBnPaTHeAl I I S 1 ¢ 1o

mBRASHI ectbe ikesigdual si gnal pomer of the overwitten
pattern at the first frequency. This is acconplished

by are&ptéWobahe RE&durenent system focussed on the
f'rshegr%ﬂgﬁﬁékluckua%l%%%e %!E%e %%J 'd%tﬁgﬁagﬁgh f the
nar r ow asurement systemis o I'e over w de
diisgguency range with good resol ution so as to be

flexi ble enough to work with different fre cies of
{he BEPRUEAREoPn S AT (O Obte SISO % SeAarganGe with

sa&actfllg% rudthbned sepeGt rtl«bnw ¥R 8Ir R RRPAFaIS he
simlar thereto is conmonly used to performthe signa
rahatygnsofB@@3u§eSkheam@bldual si gnal power of the
first fre ency | rn._i eneral vel y

1 BeREEaLalE) o Tl bathe ARl Bt oL yilald Wil Pleevence
chbgR dypasilcacaage imindetredidregcand nmeasuring the
signal. In practice, this nmeans that the spectrum

anal yser needs to have a | ow resol uti on bandw dth

(RB b 058 S AR igXaANPhe 28X RNl Yk
zsplx%tg%gsbgrgcggg?iéé;ng a Réw/of do&% to 10 kHz. ﬂ
deoweveng dhe ﬁduttuatuaMson@mpmlmhe :speed of the notor

bot h_wh ting.the test back
he FELECHATE, ot A PRddoer S

syheRabnelkhfatelky terd dhwkt; h@nlaead can be dl storted
and spread. For exanple, for a typlcal not or speed

er r oPTORUC1001% Cileckhe LgiRdt COFFESPIPRCa Ngo oD the dlpvement
O%TEBT 8€t%cQ%%%%83f§hes%5%Q%ﬁg hég%%? %E§§Hf§ﬂ§§§ in the

naI error when tern
prdhbemonabd @hel T¥fetrcocendnckne igatatlern i s read
back) . Wien this error isapplied to a typical witten
frequency signal of 500MHz, the read back frequency

3“”l|AVﬁeE£OQYa@%6%dEQ%nt%ocKﬁéﬂ Bt ROMMHI%E GRS oviding
Thus, it is becom ng increasingly ‘problemati ¢ to

thﬁ!’plcénfeht sagRBW Blsaeni $NpAtr G eneligiser ¢ opikeid llporgne the

ow | nal |Ist co Wi, t h |bIe S n
OBRSEnd S8 SNDY. BRrThEr aaraea oo ROt Sty Zereidnce
chbek! eagagithe trend in the art is for the

signal -to-noise ratio of nodern heads 6 to becone ever
| ower, neani ng that

4. A method according to any of claims 1 to 3,
comprising:

producing an oscillator clock signal from an
oscillator;

the disk being rotated with a motor that is locked to

the oscillator clock signal; and,
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it 1s necessary to further lower the width of the

narrow band filter in the spectrum anal yser. Al so,
WwWmeoss/1ggener at i on spi nstand equi prent i s expect BAT/EP2008/055988

operate with a witten frequency of up to 2.5 GHz.

Thus standard techni ques are,gecom ng increasingly

i nadequat e. Simlar or equivalent problens caused by

of SRS ERTETEEE. TR ns WERBIarRORS, AHE TG iR the

o%lcquia%logn@lo%& iss dred t @R Raldianm wan ¥ sliGrad being
used as a timng ref erence for generating a test

mpml@rt@doflndmossiaﬂmae viigdy the tidrtofatdans 581 jthe speed
then wri.tte S t T
orRag o 5% WHCHH' P R ot (g Hence

cdilbekdisskh1due to fluctuations in the rotation of the
disk 4 is therefore reduced. Thus, when for exanple
conducting an overwite test as descri bed above, this

stechni gue1ofy generatiRd y tesleRatdaine.Qf fatd S8 /B from

be used in witing the first frequency pattern of test
wdaamw@m@mdmmlmeqmwmmmruam dat a

to the disk 4 i r to mtigate the problens of

di st 6 &ﬁngnc?hﬁpn%éggﬁ ‘ng of the witten frequency. The

fl uctuddldcensnd Fikke usetiaiison rofe Hhegliesk F Wddatdl®o of the
affect the fidelity of the test data signal 59 (also
dégdun as the head signal 59) that |s read back by the

head [ f o :
enboggr?éiﬁlt-gqn hteal g%‘;fl%éﬁpl% |slg)§ or éhoﬁntr?g:test aet a‘lﬁlth
ssiigndll us@uasiingst Be el erebee sginatircsiigral Wwwlasle

timng reference . so that the test data signal 59 is
r éﬁﬁd?ﬂnatoéd t%iet t‘?lts%é reference clock signal 53. Thus,
agai B-aemC NG RE ROV YMIAS % dHY Hisk to
techni que of analysing the test data signal 59 can be

prroad deo ap&rEiser maéip@e@tllg@mlan@mel s on test data signal

59todtect t he idualy_sig
over\ﬁrl e r&ld?%ee%ﬁer?gflc p%t V\%TS gstg}l%atrzslefsegence
clodkurstiReta1malsi @atee ndikey ﬁfecfbir@ilBJle di storti on and

spreading of the witten frequency when it is read
back fromthe disk 4 . Figure 2 shows an exanpl e of

6appa[7-\a'inlé§:h%% cogglfn%r_l_'@on%l%g?fp t5r akyNal 1 ¥siHhon tté'ﬁia of

test data si gnal he spectrum anal yser 20 has an
dietyputt istgagéet Hatuoroeks oos tdwpm@@@r het er odyni ng"

by RS REEA"E 0 BRI MRt G (R T PTGy S ne

SN r8R dulk 197 @Rt @ e @ﬁlé;qtr}C)é_nﬂjl ft the frequency of
interest to an internediate frequency (IF) . In the

pr es@FOdEcamsl @ Cdocimshidaady soEESisPaNAing S dd® mevement
Og_rel%%r at tel?: (?%l[eadar % fr %ql(ﬁe% %c@os % t%%tl %fatu%ed 1611'1 the

Slgna eﬁerated re uen 0 are

piodeic tadn \dfen:elet h@f@r@maies camlqnsme;malln order to

shift the frequency of

7. A method according to claim 6, 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.

8. A method according to claim 6 or claim 7, comprising:
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interest to the IF. Alternatively, the tunable
synt hesi ser can be linked to a sweep generator so as

W o00pasfoos m a spectrum anal ysi s across a frequrei/EP2008/055988
range of interest. The shifted test data signal 61 is
filtered by an IF filter 23 tg0 renove unwanted
het er odyni ng tones. The filtered signal 62 is then

| ed d digit -t O0-
o o i S e RIS S B Bt

dyﬁjﬂmg%JﬂOHWthe reference cl ock S|gnal 53 . The
reference clock signal 53 is fed to a ADC cl ock

synt Héxt stk Daific F Pyateardities a ek Hrafhals 6B80¢krpd to

ase Bl r ef nce clock signal 53 as
H%IIﬂ ng ré?%réﬂégﬁggkégﬁpﬁeégkﬁ 24 is clocked by the
ref ergnceraflaatda s grladclo 3 iagrth 1S dod ey Sparpd ek edl gminc_f‘p4the
produced by the ADC 24 rejects frequency s readj due |,
QoS ARG (51176 1 R [T OF AT (7 s SioFl being

RRATRALE SN B dahdd6l BRSSRI A0 G 4 fﬂglﬂ?é speed
processing (DSP) system 30. A first-in-first-out
dfufrfedra t3br( FIFQhd diged rashshadngplat sraget tdhe heefigrence
c§¥§%$n1ggggrd receives the sanpled signal 64. The FIFO

Yy has protection for crossing asynchronous
cl ock domains so that the DSP system 30 perform ng the
proceSS|n can be clocked at a nuch higher rate than

%-he S"arﬁﬁq d?ro Y ALC QRS | Q)\f’e« tfrerein

éc}getrrprl es a 3{% dovvn convertg 3 SGI%E};] recel VeSSa:Ld

tdwer St aignagnal 64 fromthe FIFO 31 and then
down- converts the sanpled signal 64 to a baseband
signal 65. This baseband signal 65 is passed through a

1ew pasetidd lecdbaiy b actsim a wiRWdid tede step of
Finally, the filtered signal 66 i's passed to a power

sdv@tc@emr a8 1 vighinsh qmﬁwrs@ss tqﬂél\fﬁmelrnq rsqma ghadata

o.th L t.hi.s

naS:L §On2ae t]hnteﬁ%%%sl | ng C&é@ ergidve 4:‘tgerrs1t
ddﬁéréﬂ@&ﬁW@ﬁiﬂiQﬁkﬁﬂuyvﬂdé13dﬂyﬂﬁkﬂgﬁhamdﬂédfusfngﬁﬂhid
of rotation of the disk 4 , the sanpled signal 64
1SESHREE 15 Ae 38DE Mg R AL §58 Rency spr eadi ng due
to fluctuations in the rotation of the disk 4 . This
nmeans that the spectrum anal yser 20 becones nornal i sed
lm)m%mamﬂwawmﬂﬁm%§9cm%ME%mMmmmnw%$smm<ﬁ

h t he spect.rum anal ser 20 c be .nornal.i se
PRl SRS P GUARAES S o Ber Y T Coe
t/&%@ Sﬁ!”ﬂ%l Isﬂggrfalloqksl@i%g faro raﬂdle;gxﬁﬁ;rcﬁrwl@lodﬂc kesiwnaler

t he super heterodyning frequency 60 can be derived
Gwm#%@mmme tdodefsraie 53.0Ckthi s al so has the
effect that the sanpled signal 64 produced by the ADC
24 rejects frequency spreading due to fluctuations in
he motadthod aff thes tdirgk ok ,lemst smenarfiimal idae:sa tdirage

q%%ﬁéfn{q%?qn? %L rréo ?/qulh%k Ilpé)agfd thlen maedt Iot C)cnomprls ing:

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;
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controller 40, which is used to control the rotation
of the disk 4 , is clocked by, or otherw se | ocked to,
w0 b@sgsees osci |l lator 11 that clocks the PLL 10PCT/RP1008/655988
way, a single oscillator clock 54 is used as a
reference for the entire testjing apparatus 1,2 0
rat her than having separate oscillator cl ocks in the

gg?aeg%%%srm%tlse%ara e cl J‘% %tsw%é)ée g?%ﬁl %%{%Léefereme

A MIrCieref]l ey o Eeintietd r@fdsnsemysi em both vvhen
witing data to the disk 4 and mhen readi n ck and
anal Y& g Hatd S it r@tiﬁ%tknép THeR e~ Ar % % ofpth the
| es of how the reference clock signal 53 can be
used as a tinmng reference for analysing the test data
si gnadeasBindt ey tfthrr&Darteems@f bilc’et@iemm e ohishewith
l.i cati.on. Enbo the pres |n ention have
R T e G i Bart L T B e T 1 he
exanpiresl yd it tdptedcedovmed ,sidgnad |ﬁsﬂ@gaﬂ@éeﬁé%ﬁ@nce
that variations and nodifications may be nade to the
Ehefpldonfds &S Fed- MR FeiRreR@pe of the present
invention.CLAIM5S 1 . A nethod of generating a test
pattern of data to be witten to a data storage di sk
Ireedi wnfearhdde stdaug; d itrive tmatdﬂmllmolﬁ),r ighewgein otlad i sigep of
t he disk; ecting fluctuations, in the speed of
qeSte b iow eihé1 [g’xa Wb‘?}l&c?r?%“as’?%f erence cl ock

Si gN&e tdb AGRPIARMGE- W {4, S5 dhd Hetiadd oRSc S0 as to
be synchronised with the rotation of the disk; and,

sgmcélmnngslaftvelsﬁh pdte etiplof akeda using said ref erence

glcgg:.(r_)dfsl-]gn 11’1 a ClQIlCrﬂ ns%%r gjie:_]g?]ﬁleé#Oﬂd% (? a%el nnéovement

dfhe-Hd ldﬁd@id@&nalﬂimrlﬁeﬁd cuﬁi]ecsig‘rgah kp)ém@mgeydoin the
marks that rotate synchronously with the disk; and,

P PPk IR RITEPOEFMAt 0 the novenent
of the detected marks, said clock signal being used in
the production of the reference clock signal. 3 A
et hod resgwrdliamrdmliciai e Z]aigonpt scpcng)lprmqjlmgoﬁrémg

ock si. gnal a an in ut to hase | oc 0 t he
i SR Fbethg M ot T DA A po0. che
O e q%;slkgm{g aﬂrang‘b@”e@&%c&ﬁﬁ% Ok 1K e Bdlyence
of clainms 1 to 3, conprising: producing an oscillator

stk ssliggedl - from an oscil | ator;

15. A method according to any of claims 12 to 14, wherein
the step of analysing comprises spectrum analysing said

test data signal.

16. A method according to any of claims 12 to 15,
comprising:

1) the disk being rotated by a motor that is locked to
an oscillator clock signal; and,

2} the reference clock signal being generated using an
oscillator clock signal, the oscillator clock signal being

modulated in accordance with the fluctuations in the speed



the disk being rotated wwth a notor that is |ocked to
the oscillator clock signal; and,the reference clock
W@ 2@nakh2obei ng generated using the oscill ator cPOIEP2008/055988
signal, the oscillator clock signal being nodulated in
accordance with the fluctuag'gns in the speed of
rotation of the disk in the generation of the
reference claock signal. .5 . A nethod of an in
O oS0 L BALOBr Aot PBatA ke il FONPRGk 16F0 dg iR de ference
cBdicugy ghhe method conprising: rotating the disk;
detecting fluctuations in the speed of rotation of the
di skwvhpreducichg aamef esendd agiosckloicinsiidngladGorastEor
ﬁﬁth i?idnflggtuations so as to be synchronised with
SERRS ! aff'Sn“df the disk; reading a test pattern of
5 data fromthe disk to provide a test data signal; and,

anal ysing said test data signal using the reference
18|-oc§p§a§ﬁ598a§oa PERERG tiBPePehCEt BALtRTRRHodlata to be
w258eLdi 08 LOAGkal BB aglhen Sl e & eR Ok dlatiod | e
t he uctuations conprises . detecting a plurality of
apabkattibatomptrasengynchronously with the disk; and,
producing a cl Qck si n%L corresp%ngin%.to t he novenent
of t ReSHEPEdFedCrarRE 2 459 3 FoeKk G4l being used in
10 the pradueticer afrthgeteter ereect! Fakcsh@hdlons? in Ahe
met hod according to claim6 , conprising providing the
spkedkosi grahtasnanti fpet dieka phase | ocked | oop, the
Phase Logked 1,00R, DelRAALLARISH IR Bf QUIEE SR c1ock
reference clock signal.” 8 . et hod accor ing to
sthakin 6noacebaidemée, wiahpsiadidndlpoedadciiogsaso as to be

oscillator clock signal frogman oscillator; the disk
SHBLRGOPFae b} gh%offertattﬁé?fl o toach ' emdl

15  0SCi Ll gEOk chogkneigRal a@Rdnqlhe thelrnenee Llodest
si gnal being génerated using the oscillator clock

psicgrah, ofhdasscissliagosaddockfsirgngle sdiosy wodwadt & ian
accordan%e with the fluctuations in the speed of

CrBEREi OREGF SPHE di sk in the generation of the

reference clock signal . 9 . A nethod according to any
of claime 5to 8, wherein the step of analysing
18enpAPpagasysc BEGRICARERY $On§L18dMd Lt/es COFREA SdiNgnal .
20 10. 4 g&hQQQiﬁgcg%Qhﬁgkgoa%&@d@é%’th?aEQt% R S8 Rously
of speCtrum anal ysi ng conprises converting said test
wdaha thiegddkkt, o thr ireteeretediny frequeecy toy nead sgid
said test data signal with a sinusoidal signa
M3EKSrat ed using sai d

a decoder arranged to produce a clock signal
corresponding to the movement of the detected marks, said
25 clock signal being used in the production of the reference

clock signal.

19. Apparatus according to claim 18, comprising a phase
locked loop arranged to receive the clock signal as an
30 input, the phase locked loop being arranged to produce said

reference clock signal.



reference clock as a timng reference. 11. A nethod

according to claim9 , wherein the step of spectrum
wW@r@Bsg$Iong conpri ses sanpling and digitising tPET/ERRDS/055988

data signal using an anal ogue-to-digital converter

that is clocked by the refergnce clock. 12. A nethod

of testing at |east one of a data storage di sk nmedi um

and a read/wite head, the t hod _conpri sing: .rotating
20he APPRT AFESe ARG P t:0atS il% {%e Céﬁé%ﬂ Tt

dogiatisamaf the disk; producing a reference clock
signal in accordance with said fluctuations so as to
be symcloserildedom iy remgadttat PaPdice @ disskillator clock
generati ng a test pattern of data using said reference
S¢O8EK 'signal as a timing reference; witing the test

5 patter modbordahat adt herdingfeandch rddwa theardie ragiark rghd hies
test pattern of data fromthe disk with the head to

LpcH@dd&oa thes Osdatld adiogn &L cend * Bifdlysi ng sai d test
dat a,sjgnal, weng)ﬂf%%s%%&eri%n &R HIRNAS @& the

timng reference: nmet hod according to claim 12,

relference ld ostke s ighade iediong ehesfdiddtaratd ansock signal by

onpri s . detecting.a plural.ity of rks. t.hat_ rotate
tg'fn(?ﬁrc&ﬁrjﬁstlof \ﬁ'eltor?kt %elgéﬁpag‘k ,be&ﬁ’c??/ n]t?rdég??cqeﬁjg Gk dhee
10 wit@naheCanrespendiong tie e e afoddia detectiat disk.

mar ks, said clock signal being used in the production
of the reference clock signal. 14. A nethod according

o clai C i_Si rovi_di j
3 | s S SRR o SR T e
fhenng a@atangeo ragrep Ivhdic enesdiuh,r efter empardtock Qimgnalsing:
15. A nmethod accordi ng t.,o any of, c:qai 12 to 14,
wher & FRERELIS dRTof ARE VG [y Séarth ’ spectrum

15 anal ysifg (3 8RR 9 WA¥eclE1 R NMRINChs in the

according to any of clainms 12 to 15, conprising: 1)
stoeeddicdk rodiartg arotodt ediebyiskrot or that is | ocked to an

oscillator clock signal:,and, 2 the reference cl.0c
Si gn§1 pEé)lCﬁaé;‘ S&&n&%%&?elﬁisi%ﬁg pé:r1o C%lsccﬁ 19 arteofferc nocg Alogﬁ{

sSiggRal it e ces@arncat ot eek sifgnalt eaiitghgrodulat b ive
accordance with the fluctuations in the speedof

swcaLosy s tHNditdie 19 tarte Ferrdr iR et it he

20 reference clagk, signal, hereinthe %?'H?) BGiddAt Y gata
cl ock signal 1s use or steps 1 and 2). 17.
fAppartdicuslifsdr tgeperoatiidey aa tesst dedta eyigrefl ;datrad,t 0 be

an analyser arranged to analyse the test data signal

using the reference clock signal as a timing reference.

25 22. Apparatus according to claim 21, comprising:

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

30 corresponding to the movement of the detected marks, said
clock signal being used in the production of the reference

clock signal.
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witten to a data storage di sk nmediumfor testing, the

apparatus conprising: a spindle for rotating a said
waol@k/i14m04det ect or arranged to detect fl uctuati POIFEPI008/055988

the speed of rotation of the disk; a processor

arranged to produce a referepge clock signal in

accordance with said fluctuations so as to be

ynchronised with the rotatign .of e disk:. an a

2%at t PR G fGC ST A% ed < agléthe@?;t ARG ht FHRse
10fckdat a8 obyl RE SRy elenence w atle AW Sl idB ngh

reference. 18. Apparatus according to claim17, .
igempri sihegphass drogikad) leomiaddarhfgsted & argdice sald

syhchronousl y.w t.h_the di sk, the reader being arranged

L0 AT S A 5>le r l%n;alla’ decoder arranged to produce a

cl ock signal corresponding to the novenent of the

detect ed marks, said clock signal_being used in the

2 oG BEERG S AR AR e SE S Fio to 47,
q@ﬁﬁy%?dﬁﬁ:according to claim18, conprising a phase

oCke oop arranged to receive the clock signal as an

i nputan tdseifiagel eokehdasbp b anafure @y did Ixtotucelock

said _reference clock signal.20. Apparatus according to
SA9%hi18 or claim 19, conprising: an oscillator

arr angeddsr peduce alrestidd aldrradaaoK Wgnilsk emd is

notor that is arranged to rotate the disk and is
Josddesd tio thfe assdil it Isek Sigat,, wherein the

pr O%ﬁlse%iins Hd %gg)%#s%@%@rﬂl%ﬂé@i ref &5 nse & agke

signal using t ator clock signal by the
reseiddrteorcladdc ks igjrgraludiging- e chd Gt leldh ior actioorkdarnicgnal by
with the fluctuatiqgns .in the speed of rotati.on of th

s RSB AT FohS ARG BT AT Gt Tory G cance

Hata dfikad i amaa data st anrpgesgliak dredidiacidie of the disk.
apparatus conprising: a spindle for rotating a said

di sk; a detector arranged to detect fluctuations in

g?e eed of rotation of erg;%ﬁ PrOcessaly 94 wherein
Z 'raﬁ%ﬁﬁ?ﬁ%&ﬁﬁw? ué@xgl¥%ﬁ%$é% e C S%k S|g§§f ih et v

ARC ARG M i Saidhdddicialaipansnen amlysdesaid test data
synchronised with the rotation of the disk; a

sdélol | er arranged to read a test pattern of data
fromthe disk to provide a test data signal; and, an

anal yser arranged to analyse the test data signal

A6 nghpgeer aeferanmme dlnr ke sigimin a5 a whereig the analyser
%r ef erfsge%?da Zrnzixeqppaarrraa%ry@c’ec?c‘goorc%r? rtt'f) sczéf}:ll rrﬁezslt data signal
to an intermediate fregquency by mixing said test data
signal with a sinusoidal signal generated using said

reference clock as a timing reference.

27. Apparatus according to claim 25, wherein the analyser
comprises an analogue-to-digital converter that is clocked
by the reference clock and arranged to sample and digitise

the test data signal.
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a plurality of marks arranged to rotate synchronously
with the disk, the reader being arranged to read said
woraeoRa42008 decoder arranged to produce a cl ockpGT/gPzN8/055988
corresponding to the novenent of the detected marks,
sai d clock signal being usedjdq1 the production of the
reference clock signal.23. Apparatus according to
claim 22, conprisi hase | ocked | oop arranged to
Focel AT H 0 STHHAP A an THHuICTT he phade'f otketroe
d1Qap kel iNgn Ad@ngetbdd/ BF Debicees@] el greanegr b ock
signal. 24. Apparatus according to any of clains 21 to
EABPEErd si ng: an oscillator arranged to produce an

osci |l | ator_ ¢l oc iggg!'- tor. th S arranged to
r ot ataeasi%len |eské(oarf1 S t?lorg%er%g %%l(% h(gfso%’ci [l at or cl ock
si gha ,davwertein dihesprat ess addet scar f anged t Doge ner atlee

the reference clock signal, using the oscillator clock
sfepthiohyr ARt gt f i €¥9Ek signal bei ng nodul at ed

I n aceorqance. t&ﬁg}fgzéch UG Ut OnSe 1 D tbe-speed ofock

rotati on of the disk. 25. Apparatus according to any
sofgnelaiirs Ricqmaddse whictlei seidef et yserons 2w rasnged be

to ect.rum anal.yse sai d test da signal, . 26.
AR US S O] MO o LT M2 HAT atir Fhe anal yser
CONPrd SR& therfl XRinafd thged- tonh g Ve tgspdehtesd dasa
signal to an internedi ate frequency by m xing said

nadstergatal slafifalusing i MabmRncei geek geherat et 2
%gyi saig reference clock as a timng reference. 27

paratus according to claim25, wherein the anal yser
conprd ses taroldrat eouesrigedi g tvaf 1 tonves teest hedttsrn of
e reference cl ed to sa

| ked t k d |
R i T e G B i A A SR et fy read
d edd i@ Als 1|ast e ofsie fate Sloragey dis ko redi gen andest

a read/wite head, the apparatus conprising: a spindle
dedra reotaatdilng andsai d di sk; a detector arranged to

det e%tn fa{nuaclt usaetri oanrsraimn etcyjz Spfr?éjl&gge rﬁgté g‘t ocﬁaé esignal
di sk;7a processor arranhge 10 produce a reference

Uik tSgnad f drerase e ldsdlc 6 Wridll sid h f i ieinmt tofsrstce .
as to be synchronised with the rotation of the disk; a
pattern generator arranged to generate a test pattern

of  dalausing st F ey et oeke $) WdhpASs fndi M Ny
referénce; a controller arranged to wite the test
pat t er mlofradattey taf ekl skewanded sai b e, syanchtenously
ﬁ%%sﬁﬂﬂs%EQ%I%%%areader 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.

30. Apparatus according to claim 29, 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.



a test data fromthe disk wwth the head to provide a
test data signal; and, an anal yser arranged to anal yse
W0 b@stiexdv4 dat a si gnal using the reference cl oCRCHEBIWA$/055988
as a timng reference. 29. Apparatus according to
claim 28, conprising: a plurakity of marks arranged to
rotate synchronously with the di sk, the reader being
rran ed t read sai S ol 0 in
grodﬁ B 5a gcﬁcgpﬁgapgggﬁresﬁgnge%g%ﬁgS?ﬁgaggsgﬁin‘Mhere
8t bhai1detected arikseds diod spleatk usi gmall vieei mgpigbeesth data
the production of the reference clock signal. 30.
sAgpadat us according to claim?29, conprising a phase
| ocked | oop arranged to receive the clock signal as an
i nput, the phase |ocked |oop being arranged to produce
5 3gai dapehenense aclcoakdisioggral a3, ofprdredigs 2dcdet dilng to
any of clainms 28 to 30, wherein the analyser is
CerPER§dd% o spectrum anal yse said test data signal
32. APPRRLYS ACROLGIRGIR ary fodld e 28did Bior clock
conprising: an oscillator arranged to produce an
sagmialll;at or cl ock signal; a notor that is arranged to
rotate tho digk and 50 oghed dp e @scild a i ek o
sign&dl ™ ﬁﬁgke proce I's arranged to generate
10 ﬂd@&eﬁpﬁﬁfeﬂﬁﬁ(iﬁdﬂﬂqahQﬁuﬂldﬁkrﬂygﬂai,OSCI||at0r cl ock

signal by the oscillator clock signal.bein nndulat
RS (7 QGRS T st BT T L&l Ete

rfe%te%tén% Qf ddie dsqg%al the Reaind aiﬁllclaowr %mtat su;smbl by
he nmotor and by the processor being the sane.
the osc1llator clock signal being modulated in accordance
with the fluctuations in the speed of rotation of the disk,
15 the oscillator clock signal used by the motor and by the

processor being the same.



