Redox Drug Derivatives The present invention relates to redox drug
derivatives. In particular, the present invention relates to
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in parti ty & rodergieurdse.havi ng an am de group adjacent to the two phenyl
rings. There are al so disclosed conpounds having a nitrile group adjacent
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vibrations. This is particularly important during
manufacture and testing of a disk drive as these processes

are particularly susceptible to error. Vibrations mainly



as a nuscarinic receptor antagonists. Zanamvir was first disclosed in US
5,360,817. It appears that the conbination of (i) a carboxylic acid group
at the dowmbl2er0oGpas9on t he cycl ohexene ring, and (ii) anpemigBogvosoacpara to
the carboxylic acid group are essential, in obtaining an active conpound.
The acid fornms of the parent conpounds, for exanple ofloxacin, pefloxacin
and pregabalin, _.may suffer probl L0 fer of abilLity,over an extended
peri od ofa¥fﬁ%.f$8¥ E?gﬁ§F8, 8£fgg§ag?ﬁkaﬁggé8Flgﬁﬁcpﬁvﬂé§n@ndergo
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inventionefge%éo%fd%g?ﬁ?Yﬁ%?sCoﬁ%%hﬁ%%f%ag?%gg}ﬁgr%%éﬂebf%avaiIabiIity.
Thi s i nveaf f & PFOVY d€FameaRotnds 1hoge aghiseve REeiHIrwaDI exfbwh heigbove
aims. The conpounds may be active in their own right or may netabolise or
react in GRRRTUS FHeRli BCERLST eflle aNpaf enkhact pwer corpofradudeevreing to a
first aspael e DESLMhobDVERTLAD BEAYIHES: 8n TBE N0 Ofi B CRALYLI an
oxi di sed or reduced pharmnaceutical active derivative, conprising: (i)
obt ai hb ngarad peaeniepharwackst | cal pathcigle (it )ioxpdssilbetbe par ent
pharmaceutical active Hgﬁgrovide an oxi di sed pharnpceutjcal, active
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According to a first aspect of the present invention,

there is provided apparatus for supporting a disk drive,
30 the apparatus comprising: a housing; a slot for receiving

a disk drive, the slot being received in the housing and

having a longitudinal axis; and, a plurality of isolators

disposed between the slot and the housing for isolating the



is expected that they will not be viable devel opnment candi dat es.
Surprisingly, we have found that we can provide active conpounds or
conpoundswohato/ieisabol i se to active compounds by nodi f yipog/dBrelomsiat i on
state of certain key functional groups; n known active conpounds. This
effect is surprising given that the nodification of the oxidation state of
one or nore functional groups in a known active will inevitably have an

ef fect onStRE &FER: FOAi OHF%PQVbGPFoﬁSQAétﬁéﬁc€eBPﬁd?ﬁ§a89e§ Wolt8cul e.
Sinilarl yrefsg@cewbalthes&%hg%na%a&rxxaé LLKB! ¥nke Reeakhiget gdgwai ch will
al so affect bindin ecule at the target receptor site. Thus the
findi ng oiowchVatyonnltH@lééﬂp@ﬂnds bhetderenvepnioﬁ itebot h unpredi ct abl e
and unexpgcted For ouni % gu %é areng gha% ceuti.cal active
drug conp ﬁﬂglFHg%nF aEF o¥Cs FlEO FPP@ t P6ATARESPdiRg to the
i nvent sonatt heapar eak 3u§brcqu@bﬂ1@ﬁe or nore oxidisable or reducible
functional groups. Another, requirenent of the parent conpound is that it
nmust have existing pharmaceutical activity against a particular target. The
parent compoung, i 508 €6 ghaflky ; 38928BPEOYeEnOEUGEPEELEr 8Ly, the oxidisable
or reducible fuhctiona group I's selecte rom the group conpri sing:
hydroxy!,1oagbbn@ina¢aahmsytHEeroaatmenaansdeffnesaepfandeesﬂet The
conpound aﬁ00£dk5g &o the i.nvention wll, bln oa nbodiEe t hus _contain
at | east BH8Y i ﬂﬁglngﬁﬁa hattEafi*BePSbPaf iedOBy L6 2ha¥ebE8n BBt ai ned
by reddci pgratioxhdi stngrhassChentral kyoaparenti atBrronQe8l MpEe groups in
the parent active conpound selected fromthe group congr|5|ng: hydr oxy!,

car bonyl , fedteusyfaee, thibnarranpperentnthet bhe Bstvra Nﬁ§?QEﬁé€Er©éd are
conpounds i d a e hayi n nore of:

hydr oxyl , t@ér%?ﬁ?lgﬁgﬂé gg?b?gh¥§?3&%§%% %Qﬁ%hgg%f$¥c§%980 oWﬁe conpounds
of the invebsi bs agaanshgeopar thcolanataoget whanebehdeanastr abedef or
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5,763,483, US 5,563,175 and 5, 096,890 and, in particular, in the exanples
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S, 7632683ro£§%§d§§§ 91§ra§1986agggtagﬂeLE%&g?@?dﬁ%gl'Qﬁ?%ar @ﬁléhfs
synthetic procedures are concerned formpari o e disclosure of the
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synt hetic $roce?ures are not reproduced here, a ut it ig |ntendedlthat this
subj ect nBPPRrOt stRPeRPtFEaPPYTFRiT ol Pdr SPERCTAC oV R GRS cIBEEF el of these
docunent st byqh&hey ea8ut EARE DbngheugoARDUALSs Ohnd hBeREESERE I LAVENt i ON MAy
be used as a medi canent. The conpounds of the present invention may be used
in the tr@seaest vibrabhereht BR1BABEAEial infections. For exanpl e,

di seages such as pneunonia, urinary tract infections, acute bacterial
sinusitis, acute bacterial exacerbation of chronic bronchitis, anthrax,
vari ous skin ipfefétroad, pthcenentbatt ehéalsprasdtasivish assect to

pyel onephritis ounds of the gresent Lnvention n&% al so be used in

e
t he treatE%%tl%@ngﬁé?gg%n§xf?eg?%%l% by RERT 5FF i dhse FrkiBetFBR. For
exanpl e, 1hg) LOMPRURGSLoh tHeaBELSENtdifferent modes of vibration.

For example, the isolators can be spaced from each other
30 along the longitudinal axis to provide greater rotational

stiffness about orthogonal axes to longitudinal axis.

Therefore the natural frequency of the system in other

modes of vibration is not constrained to also be low. Thus



invention may be used to treat viral infections, in particular, infections
caused by the influenza virus. The conpounds of the present invention may
al so be usedoiomsdgseati ng conditions treatabl e by nodul atcmgEABAsI2A6NOVeEr
and, in particular, in the treatnent of, neuropathic pain such as

neur opat hi ¢ pain from di abeti c neuropatthy or post herpetic neuralgia. The
conpounds of the present_invention may al so be used in the treatnent of

sei zur es. thReS¥BRPBUREE BF FH@eﬁrégeﬁﬁeiﬁQEHF?SnOﬁa?oéﬁ§oeﬁgeﬁ§§é in
various agxi,ghyfAbSBAIEY 8u18¥ChALRS 1 BAPOLAT dirfQLdeLn0heIaBREAl: SRyt
depression. The conpounds of the present invention nmay also be useg in
condi ti onsntreduabhe byabtilyowkEagtoheh&Bsyasenr aai tnapetiplkchoki ne recept or.
In particularb tﬁe cgnp Hnds of Ehe present invention nay al so be used in
the treat ABRE°BFGPi 8r$ tRcBhPPhERce, oesophageal achalasia, irritable
bowel syndronme and chronic obstructive airways di sease. The skilled man w ||
appreciate that adaptation of nmethods known in the art could be applied in
t he manuf act ur Breferpbly¥ofpeufidetohashe piesentafavehbPPofirEdr faganpl e, the
skilled p N Limedi b LAar ot : e oks such as
” Compr eheney B0 O gRan e SP RS BrBat SR Y gtk Lofb iRt AaL PR L

Tr ansf or neheoastt, a€ Laastkon® o€ys¥CHl P19891dtyl| afeisetlatooasjs "March's

Advanced O ganic em st ~React i ons, chanisns apnd Structure", Smth,
o Sodf By Sntac ot GRARFol2Rg; o RICAFLEat Pt o BheEFEEPlY port
B, ReagtigRé andc Hathestecon&Ar&aEeYthBIsSUBHREE Hee KhiWBRgAGaden ¢/ Pl enum

Publications, (2001 or later editions), Organic Synthesis - The
Di sconnectfohr@appreaparal Selavieh thel eopgltudogal opxiat ewhedeinoas),

"G debooreTo T Ban e SyraneLrEet R nREk o ko Ry S Phet PRRREnY R 1982 or

| ater edi thensdnteélincand the setenéntceset hereéfedsbayguhdesldbenskil | ed
chem st will exercise his judgenment and skill as to the_ nost effijcient
sequence df SPeeRti bacer obPRyREReRTsIBFC RV VRA R aFrgRErebimeundrahtcti | |

enpl oysprof e iRg 9604PEuaSnIeCERSE! Ywnd P Sn Wekln depsngdbPt 6F ghig on
factors such as the nature of other functional groups present In a
particul aplsubstitat es Ghearignedhent gpehef cthententyelhwel védthel |

i nfluence_the choice of reagent that is_used in th aid sypthetic steps,
the need TERSELYTES BF HPe CoRFRGLEPBURE ERa S P e iR oS ed, Bhnd ¢ he
sequence HesiBLERMMY | SGhaJdot helpr ot eehéonsbdldeprot ect tra séepselThese and

ot her reaction parameters W i_be evident to the skilled person by

r ef er enceCf ot B¢ afRiaee t EREbbBRE2 BAES t DTS Wer @ualip| e50peBvidebhacrel .

Sensi ypve I o} n o d r ot d during
e e R R IR
convent i chaddsret bodsduted exaffhesasaldescribhedlomg! Pndiesl i aei€y oups in
Organi c nt hesi s" by TW G,eene and Wit s, John. Wl e Sons nc (1999),
and ref er DR T TRRETRET botponrBE of L LFEE | HYBrtr bt Pt habhe (Brs fen

phar maceut Cgtows@e NBY1 PEnadle abster sehas £xyst al kbReeRim@B®] PHPUS
products. They may be obtained, for exanple, as solid plugs, powders, or

films by siee¢oes Shehizelprets prtarroiouergeintsizbenonthereeze drying, or
spray,dry.Q %éi%ﬁlSpofﬁéfggé%%yéggfggééé°¥%%Q?%&%%$Qi§bér guggﬁgrdrylng

may beé~ use S’ plr pose. Conpoun I'on cont ai hi g one or
nor e asynm@iies CofarDioraal onp wahl exi stibb providindre Bowreocgosees. Wiere
a conmpound of the inventjon contains a double bond such as a C=C or C=N
group, geBARER r3kOet sHEe aheRebruG Ll i FBhers are possi bl e.

Preferably two isolators are positioned respectively

30 on the centrelines of the first and second faces so as to
be towards one end of the slot and diametrically opposed to

each other. This provides a firm reaction surface at the

rear of the slot. This is useful in isolating the slot



Where structural isonmers are interconvertible via a | ow energy barrier,
tautoneric isonerism ('tautonmerism ) can occur. This can take the form of
prot on t anbQuBEYi3geEwi N conmpounds of the invention contai rcmg;B2Dmwosexanpl e,
an imno, keto, or oxinme group, or socalled valence tautonerismin
conpounds which contain an aromatic nofety. t follows that a single
conpound may exhibit npre, than, one type of_isonerism_Jlncluded wthin the
scope of FHIM pFEREht EHoehti DRl ARROWT 1St 2 R%F sohereel §edfret?i c i somers and
taut oneriLod 0L BN 0T 1065 £OTPPYPLS Bhed NG1 4 DVEPLT ONex S ydi g conpounds
exhibiting nore than one type of isonerism and m xtures of one or nore

t her eof . @dwsoiedcduded are acid addition or base salts wherein the counter
ion is optically active, for exanple, d-lactate or |-lysine, or racemc,

for exanple, dl-tartrate or dl-arginine. Cis/trans isoners nmay be separated
by conyenti onapyré ekt Tiesn Wek b1 XHorni & oddDsEorskd | biedchd ¢decd&lind or
exanpl e, chromat ography and fractional crystallisation. Conventional

t echni queaf figre t herpk At onihe PRRPDHEDfERPR Vi HiRl S E9fant? of® s when

necessary,.inc i y i it j.cal precur sor
or resolu W%n&%%lﬁ?%ﬁér%%leim&eg %%ét#é%%%%t ea%f%qg% ﬁgoéy%l\gir{?%ati ve)

usi ng, f odamxanplByr chilvedthéghopressuskot | e ctite et ographyhd HPLC) .

Al ternatiyely, the cemate (or a racem Cc precurso be reacted with a
SUl L abl e UANEET 1AL | G CotouRe R Sxari LS 1A RTHIR , 65 i n | he
case whergnd her €ampoude Odnpdea t IVEMHAQCEQNEAAES S ©16d df £orpf Hasi C

nmoi ety, a base or_ acid such as 1- phenylethylamne or tartaric acid. The
resul ti nePii ke & komerill o xiekrs nelye bru el erdcayry wwiedodgf aphy and/ or
fractional &{%/r%eal i zati on and one or both of the diastereoisoners
converted 1o correspondi ng pure enantioner(s) by neans well known to a
skill ed person. Chiral conpounds of the invention (and chiral precursors

thereof) may be obtained in enantionericaliy-enriched formusjng
chr onat ogr aphyEr @5 2Rt Y eI T 0o rCAP ESAHER rd Sk e S f$CL Woli | e phase

consi g4 I ngs.0f 5 Gh My D684 b@@’tﬁ%%ﬁﬁééﬂt%‘f&{@r@f Fndexede : U d1g from 0

to 50% by vol une of 1sopropanol, typically from2%to 20% and fromOto 5%
by vol unedigimetr atddl apresed pieald yos 1% Thist et mangeneConiuentrla i on of

the eluate affords the enriched m xture en any racemate crystallises,
crystal s BVIRCHD 13 erBA 1Y pde® 8 D ki bie lﬁ% ir etépoet iazbcflhte racem c

conpound {Hd UEi draseied£) 1y edpderhd o Sdoveo whesed 4t i echw rbiggnentiss & or m of
crystal is produced containing both enantioners in equinolar amounts. The

second t REGIVIHE RACEIRE O XERR S IR T ¢ Iy Gheiat e iwh efA4F e F®r ns  of
t ¢ . ; AURRA
crystgh aé@f%%dg?%gﬁlﬁog&%@]&%@rv%&g&l CAE ORI 4181 19+ ST ngl e

enanti oner . e crystal forns present in a racemc m xture
have identical physical properties, they may have different physical

properties conpared tao the true racenate. Racem c. m xtures may be separated
by Gonventi onai* S ECH HUEE T LT (oSt SR 19 ITH AHeY 1010 SR 1 or
exanpl e, c3fteFE0Ghem Stie M edd@dnt£cLoMAs’sdator lproEd&d @d S H
Wlen (Wley, 1994). According to a second aspect, th rovides a conpound of

fornul a IRriMmarwwmort RandiR &0t dgettie hlssicied ffhensnt group
conprisi ng: nd. = ‘230 | S, - i s +OR I.s-selected
f rom%ie lgnr Oeﬁ%to%%n%a}'l?a%;ge:d C&%%ls -%%&m'a&'%%ng?q%&dlf&éss
about the longitudinal axis. This isolator can also be
used to provide some damping by appropriately shaping the

isolator.

30 Preferably the separation of the first and second
faces is less than the width and the height of the first
and second faces. This brings the centrelines closer

together and thus closer to the axis of rotation. This in



wherein ~Y- is selected fromthe group conprising: =N, -O and -S-; is
sel ected fromthe group conprising: -O and ~Seach R,R, R and R' is

i ndependewbl2y10ssbmet ed fromthe group conprising: - H amdT@B24102sky1k; or
each R' is independently selected fron%the group conprising: -H and C -
alkyl, and Rand R jointo forma 5 to 8 nenbered ring together with the
atons to which they are bondegﬁmandR ected fromthe % %
conpri si nGUTH, T8IHFRS| tRfdSEE eﬁs,ofnﬁﬁ? ﬂﬁeF8lﬁ°§35ﬁoﬁ

i ndependeptky asekegkredokrerpohhe group conprising: H and aryl and wherein n
is fromlto 4 ; R3, R7 and R8 are each independently selected fromthe
group conprising: H, substituted or unsubstituted C - alkyl and halogen; R4
and R5 are eac ndent S t d S it ute | ky!; or
R4 and R j of n_PobPBPmLa%S (ERparod r PG FagelRer “nefh Eneis: 5A8% o whi ch
they ase hepded; hBeikzenaasubst uket etieh unsuhibktdkedeNuheteﬁdcyhboalkyl
group conprising from5 to 10 ring atons and at | east one n|tro en atom
wher ei n, ﬁ%@FepéﬁéﬁPQQFﬁyr66§§FH?et°e§Bﬁ SRy suRB Ehek &b¢ dAs) e

'ndependeggtxlie98tttﬂt%ﬂeWEaaegpaha %hé?@%hk%uﬁek§zbﬂ@%@eEﬂeﬁ%Ey sel ect ed
fromthe group conprising: F, CI, Br, CN, NO OR' OH; d provided

t hat t he @Tbopouhe ﬂsngotudnnAdcexdsngntohaSthpndlegpecuontWQu@debent

i nvention_proyides, a npound of fornmula ( a): wherein: R and R are

t oget her QgFS%?Sg FPoﬁﬁFh *§foup conprising: oxo and =NOR'; or Rais -H
and Ripis -OR'; and2 is selected fromthe group conprising: -COOR", -CR Q
-CR'R'OR', wherein -Y- is selected fromthe group conprising: =N, -O and
S, -Y' ~is sBr@éﬁéabtyoﬁﬁphe15@695060ﬁ9@ﬁsnﬁ§ expengfdfram: thgch R, R

and R'1scbhdependenty chel eclked grge ERe; gr 2UPo6RIPE bRy mbl-aNd C

al kyl; or "eac I'S |n epen ent ecte group onprising: -H
and C - akkyh, aaddsBRaand R, wbemet D foRAkaob tbeSdMBnbecedfromgthagether

with the atonB mh h_t he e bo ded and _R ! is_select d fr t he group
conpri si n§® bgyp4aﬁ§ t% v $age PE| thGhEl8n RF tPsd gg%@ﬁted

from ghe gheuetteﬁﬁésglag tHeaBdoar ¥b; rB8atRén Roald Bnargxeachr
i ndependently selected fromthe group conprising: H, substituted or

unsubst i t upedt&en4Ebkpe madehdPugbl; krapisgatbabispiatedsorlafsubstituted C

-4al kyl ; EE |g ) sggs%otg%ggnor unsubstituted N heterocycl oal kyl group
conpri sing M5 to ng atons and at | east one nitrogen atom wherein,

wher e chentcally possi bl e, each al kyl and each aryl may be i ndependently

substituted with up to.5 substituents inde endentli sel ected fromthe group
conprising: F, PEeFepRrPlENAENGS2StOROMEr OB 4fid 1 BPOFFBER PR&t the conmpound

IS ”OboThﬁoE9£L8ﬂbagc§898dtﬁﬁehé aeRtyct get berseBAUBES AL Lherabave second
and third aspects.
the direction of said longitudinal axis such that less
rotational stiffness is provided by said at least some
isolators in the direction of the longitudinal axis than in
said other direction.
25
Preferably the apparatus comprises at least two slots
as described above, the two slots being adjacent each other
such that the first face of one slot is next to the second
face of the other slot, wherein an isolator on one of the
30 faces is spaced longitudinally from all isolators on the
other face. This arrangement means that at least this

isolator does not share a common reaction surface with the

other isolators. Instead for a force to be transmitted



n an enbodi nent, when Rla and R together are oxo, R2 is not -COCH. In an
enbodi nent, R and R are together oxo. In an alternative enbodinent, R and R
b are togeohery/BMER'. Preferably, R a and R b are toget lper/GBI®H/050M16aNn
alternative enbodinent, Rais Hand R,is -OR'. Preferably, Ris Hand Ris
-OH In an enbodinent, R2 is selected Fromthe group conprising: -COOR',
-CR'0 and - CR'R'OR'. Preferably, R2 is selected fromthe group conprising:
-COOH, - cRromnhis preprbdr yEo et ®E Fe 1P ther aSehdbatrfeht, ™8Fs H. in an
enbodi ment, o R4 § Spgubstitisd OF LRSURSLiiM ed fhe3akkyte bR aR; enpodi ment,
R4 is substituted or unsubstituted cycl opropyl, preferably unsubstituted
cycl opr opyhat Isorea af t En@avibveaehdbodenenyy R dsssibatéeduredior
unsubstituted ethyl. In an enbodiment. R5 is substituted.or unsubstituted C
-3al kyt. PHAH e%%%%n%n%??h%sf%gﬁe?%?ﬁ%HQn%%t enpo i?é%%?l?@la?s et hyl and
R5 is getdwmhpangl R4 6gaRBed 0i NThDs f @60 @a e dretiver etsk i bf toges heglmi th the
atonms to which they are bonded. In an enbodinent, R6 is a substituted or
unsubst i theedeer riEreeye! ®bPk§t group comprising from5, 6 , 7, 8, 9 or
10 ring atons and at | east one nitrogen atom Preferably, the

N- het er ocycl oal kyl group conprises at |least two nitrogen atons. In an
enbodi nent, R I subshét ueridodimemtsubshe t appar piperdaimpe]ses eder abl y

N- net hyl pi perizine.]n an enbodi nent i S substituted or unsubstituted

O oup o1 TR b G S TASSERT | SR SRR SR Enboierte FFES HaFHden
Prefe1@bl ¥5 d7ehs AMQTOchdP Sicienbiesh nemd , £ R8st SFAYEr OPefne | S is
enbodiment, R3 is H R7 is fluoro and Ris hydrogen. In an enbodi nent, R4
is cycl oprepylto Rhe second Eace L i she roEeendbelt nefiereynithethyl, R5 is

nmet hyl , | Oi o.for ri r.wWih the
nrom 1o g e el thoohS S CBRRELECs RS SRSttt Sl
enbodi mrendyrdiged dHickRAchst cyled optopylwaRb is aethydst BastRlsyfl uoro and

R8 is hydrogen. In_an enbodinment, R3 js H. . R4 is ethyl, R5 is_nethyl, and
RA and REIFOLFLED TERTN B0 FERPRL SR ng ToHetheraRi 1 FFRAESdms to whi ch

they pse hondedh Hfeiswd PRI sObPEIL TP &R edhS $140E0 afge R8yd S
hydrogen. In an enbodinent, R' is H an enbodinment, the ring formed by the R
and R i rnwakla Bespedtinehbareavidagiworoidergndent Srercelomenber ed ring.

In an enbodi nt, Y d Y are each -0-, JIn_an al nativ iment, Y
and Y ar%u]é’ga‘é%es- §:9 %nrhe at‘f%r?%%trgasl‘?etr%?ti: V%Poesn%o%aleirrke?}%%t‘ge%gb% and Y' is
-S-. I n apngd heroedbodimemimideds =N- and Y' is -0-, |In another enbodi nent,

Yis =N and Yis -S-. in an enbodinment, Ris H In an enbodinment, Ris H
In an alternative enbodinent, R and R are each C alky!, e.g. nethyl, ethyl

or progyl. In aneiihatsve Sabodh BiecOnss fnk SRk &t | Sadb@nthd he ot her
is C -galkyl, e.g. rret%;a/%, et hyl or pro%(i/l. In an ‘enbodi nent, Y, Y, R and
R are setleeted d romovhded ofll oki digl vabtest YeppafRRis -@empGsHidH -s- o - HH
-S -S HH=N_-0-_HH . . . .

apparatus for supporting a disk drive as described above

and a test module for testing a said disk drive.

25 According to a third aspect of the present invention,
there is provided a method of testing a disk drive, the
method comprising: supporting a disk drive in a disk drive
test apparatus such that the disk drive has a low
rotational stiffness in the direction of a longitudinal

30 axis of the disk drive relative to the rotational stiffness
in at least one other direction; and, testing the disk

drive.



=N -S- H-O -0- Methyl HO -O Ethyl H-0- -0- Propyl H-S .0- Methyl H
-S -0- Ethyl H-S- - Propyl =N -O Methyl H-N -0- Ethyl H=N_-0-
Propyl Hwo0-20tm399¢8t hyl H -O -s- Ethyl H _0- s Propyl BcT®B208H/050E6hy!
Hs- -S Ethyl H-S -S Propyl H=- -5 Mthyl H=N -s- Ethyl HN -s-
Propyl H-0- -O Methyl C - aIkyI -0- -0- EthyI Cl-3al kyl -0- -0- Propyl C
.3al kyl -S- -0- Methyl Cil- 3% S- -0- hyl Cral kyl. _-S- O- Pr opy

Cral kyl =N 0- EW@Pﬁfrfneéts Sk e—HresﬁntEﬂHWn%PElell% noy. by opyl

Cl- 3a|ky|de9cr1§edN% h%ﬁycof3%&5%ble w1t§ rgnghnge %@l%ﬁg -0- -s- Propyl
Cl- 3ai kyi _s- -s- Methyl Cral kyl -S- -S- - kyl -S- -S- Propyl C
- 3al kyl NCCO&paNEungIdranMQB,—Nn W@lCEthyI Cl 3a|ky| -s- Propyl C al ky!
wherein C"atkyl includes nethyl, ethyl and propyl. APPARATUS FOR SUPPORTI NG
A DI SK DRI VE, DI SK DRI VE TEST APPARATUS AND METHOD OF TESTI NG A DI SK DRI VE
The present inyeguirenir ghaives at @iappairahushborfrsuppoktidegaaddicsl dfi ve, to
a disk drive test _apparatus and to a nethod of testing a disk drive. The
present i AeREPBRLBaSLpar A6l §rixgplreht PBRARAEHSt BSEPRGLRIDIESKk2Br i ve

during th@mﬁBBHfaéﬁE%E”thr ngggntf 9L examghe a so-called Back End Test
(BET) . However,
Figure 2 shows schematically a partial end on cross
10 section view of the apparatus of Figure 1 along lines A-A

showing two vertically adjacent slots of the apparatus;

Figure 3 shows schematically a partial side on cross
section view of the apparatus of Figure 1 along lines B-B

15 showing the two slots of Figure 2;

Figure 4 shows from the front, side and top a slot of

the apparatus of Figure 1;

20 Figure 5 shows from the front, side and bottom of the

slot; and,

Figure 6 shows a partial side on a cross section view
of another example of a disk drive test apparatus according

25 to an embodiment of the present invention.

Referring to Figure 1, an example of a disk drive
testing apparatus 10 is shown such as may be used for BET
(Back End Test) or self servo writing or servo filling. It

30 should be noted that in the following, as shown in the
drawings, the x-axis is defined as running horizontally
from the left side to the right side of the apparatus, the

y-axis is defined as running horizontally from the front



present invention has application to nounting of a disk drive during a
servo-witing process (when servo tracks are witten to the disk drive,

i ncl udi ngwoheicasmowhere a separate clock head is used azeTwH2b10a50418e
self-servo witing process and the self, -servo fill process) , and during
normal end use of the disk drive by an-“end user. Exanpl es of arrangenents
for supporting a disk drive are disclosed in US-A-6018437, WO A-97/06532 ,
WO A- 03/ 0229970 REAr63F021998 T aklieVEPREZBE1UF118D86 the Rea&AEi L8
dlSC'OSUfaanLeﬁhag ghglhsr@Q¥ta839&90ua&39dby figtaianeas sl pomany of these
arrangenent s rive is supported in a carrier (or "tray") which is
i nserted bndmnand sgsbemdenohyaahdugzngeﬁer rehasstszlyTyp|dahE9r this
insertion_a renovgb a aut nated a@g is_carried out épa robotic arm As
is well kWB ony B S PohsF &Fi %PHQOFH fle*apparat ds2Ean et 28 operation
of theSdi&hddeVeR$néndtRtsrbHéEeE@égeQQQVé&9|QothﬁbﬂhﬁhaQ mbeepbhect of
such vibrations . This is particularly inportant during manufacture and
testi ng oprauafskher kvaxas, tNe§§1§ré@§s§e§Xéﬁe particularly susceptible to
error. Vibrations mainlyarise fromrotation of the disk and/or the pivoting
nmovenent of the disk armthat carries the read/wite head or heads. There
is also often ahéaappaeaens 1@hbompghses aiheusmngtélohavihgrwaﬂéas. I n

addi tion, ther t her sour ces _of on_w hln he test
appar at ust Pﬁcgﬁgaﬁﬁ fo éxénﬁFEaXUPSWﬁ? Eéed eo? 8%changfng di sk drive

uni tsiion HB8iaPBALAL ¥, cROWEHFSHRBI ¥.elilkt $2f Or TREPRbYLBENBOWET ebeht he
apparatus, conputing apparatus used for controlling operation of the

apparatusslahdlﬁumpsléﬁdcﬂéﬂeﬂ2fP§Mﬁ§§é§lb@ﬁ ¢BolPRg ERE2appRPAPYS. To
T mmedy ERERPEIBE 19 pULRLAEEADSn ot MBI CAL! Yo LAE GhANOR LHE LEoETASOLT Vel

cl anped t0 | arge mass. Wn, 1N gener ater the mass,
t he | ower whhenf iequepeaygets tbehbmtiathenahsh:odemé uhetcbasﬂmgatesnedf t he
di sk drive and carrier. Wilst in_principle it crease the

mass, thlénbéééﬁe§19éry EPSbFéﬁﬁtﬂé AN ﬁlWPEPdﬁﬁgﬁsﬁFPWeg ﬁré BEi ng

operated 9§ if LPBe52FB hAWSi Rle FOLKE¥RAPbeuneXi SEERGSSEIKOLWN i ting and/ or
testing apparatus may operate on one thousand or nore disk drives

S|nultane@ashyltstﬂpbychﬁngeaglngkhérmHssunet&hﬂOhtEQChSﬂp§klar|vénis
cl anped can_res

t i | d
al so |nethQBPV¥?ﬁ5b§é§gsepﬁé%égang¥|gﬁEOQGU|éneﬁPg§eg§§§E?g =3 #ﬁ ?Re
capi tal cggkaotot hatprssesathgmegkuasgandhal aoskhareost vafitkhe

20 Referring now to Figures 2 and 3, the position of each
disk drive unit 15 is shown within its slot 13 (For
clarity, the trays 14 are not shown in Figures 2 and 3 and
the disk drive units 15 are shown in broken line). The
disk drive unit 15 is generally positioned towards the

25 front end of the slot 13. The disk drive unit 15 is
generally orientated with its base parallel with the x-y
plane, i.e. so that the rotating disk within the disk drive
unit 15 is horizontal in the apparatus 10 in use. The
connector (not shown) of the disk drive unit 15 generally

30 faces the rear of the slot 13 so as to allow connection to
be made to the disk drive unit 15 more easily. Each cell
12 has a top wall 20, a bottom wall 21 and two side walls
22,23 provided by the housing 11. Each slot 13 has a top



addi ti onal supporting arrangenments that are needed to support such a heavy
total mass . According to a first aspect of the present invention, there is
provi ded wpparoatsusmof or supporting a disk drive, the appacataBomuFpsibsi ng: a
housing; a slot for receiving a disk drjve, the slot being received in the
housi ng and having a Iongitudinal axi s~ and, a plurality of isolators

di sposed between the ot and t fo ol atin ot fromthe
housi ng, e 1<%l At %téit% "%ﬁﬁan%i rté]?fr’(’ ectwatjolﬁgkéeg' @ngl tfudi nal axis
such thatpdlig SlPtaf@s eVt 108 atd ghadyisddd fiessedd the cbrectd amaof the

| ongi tudi nal axis relative to the rotational stiffness in at |east one

ot her di rides isimt By3 pUS|S¢@m¢1gth%(ﬂ3atfor]s3 withiesgeetcell the amhdia udi nal
axis the rotational -stiffne about t he | ongi tudi nal axis can
be nmade Iovf?r atlévefattl(irﬂ ﬁ?rta}%l onacfé 1 ffness of the slot about other
axes. 3t follows fromthis arrangenent that the natural frequency of the
sl ot about the Iongltudlnal axis can be made | ower. This is advantageous in

situati ons whefie (HIFE IS HoTRROLHRRM e S ARV LRIY & tp]tﬁﬁthftrye nci es
that tend 4o axoid e éé&@tap%&le@t biad i onf BdersdiPta ahout dhecdongi t udi nal

axis. Inparticular, | owering the natural frequency of the slot this
means t hatelhel hairsk amﬁe@bc@m stota i ghérhd mﬁrelrmylétlhan t he nat ur al

frequency_ get attenua | n_ot her vvords the s be ter i solated from
rotat i onaﬁrq{ﬁrbqea‘tefrb %%qih t%oeuh% t Ui HE =% axrly hlISS ki)esél n contrast to
priori@rti |rdAngarsRnts, qflg@ﬁgat@raﬁqdvmere Sone of t he noi se sources may
coincide with the natural frequency about the |ongitudinal axis and hence

excite greater vi bration in this node. Preferred placenent of the isolators

with respect taoaéﬂpo x dresg?adgtatwaxiéo%ﬁiwl Vﬁb%ésef&dﬂéci‘ Addy ng the

i solation system er ent es of ration. For exanple, the
i sol at or sticanrdrer spacdte fs]ocm eblm@tdn&rtmmr@f tdne%herﬂgntmﬂatadr aXlis to

provide greater rotation ff nes abo ort hogqnal to | |tud| nal

axis. Thétefidte T "Y‘?a]t]ua%‘t 9 et'cﬁf'en%f ‘iyast%grtﬁ'e? C?St]eét

Vi br at4 onyd Scdth S R neh s o &l e b&?ldtOVB ThugnAthes 15 Yisd S8 s be t uned
to the sources of noise expected given the particular application. This can

be done wilhButadentheaRai - hedvel reeesnertije é%]t]esm?af}s hofiGreart
appr Oachesl t,0 tfn Srﬂ? obc iy %f;ﬁc\%b%% % hg slso(tﬁ :?o dd i fiage, the first

face haV|ng a cent i ne para he |'on I'nal axis,
centreline 33 of the top wall 24 of the slot 13 in the y-
axis. The bottom rear isolator 32 is positioned on the
20 centreline 34 of the bottom wall 28 of the slot 13 in the
y-axis. The top rear isolator 31 is positioned above the

bottom rear isolator 32 (i.e. aligned in the z-axis).

A further isolator 35 is positioned on the bottom wall
25 28 of the slot 13 towards the centre of the bottom wall 28
of the slot 13. This centre isolator 35 consists of a T-
shape pattern of four sheet isolators 35a-35d and is
symmetrically arranged with respect to the centreline 34 of
the bottom wall 28 of the slot 13 in the y-axis.
30
A further isolator 36 is positioned on the top wall 24
of the slot 13 towards the front of the slot 13. This

front isolator 36 consists of a sheet isolator positioned



wherein at | east one of said plurality of isolators is positioned on the
centreline of the first face. Preferably the slot has a second face, the
second f awe 2navizpgg9a centreline paraIIeI with the | ongi tudiceEbiomsias
wherein at |east one of said plurality. isolators is positioned on the
centreline of the second face. Preferé% y the slot has a second face, the
second face having a centreljne aIIeI ongitu axi s,

wher ei n e%%htb§o?§?5¥e§$n§a%% BFUF ?IF@plga%ﬂ ? %# gﬁ g?€h£§ e
centreling,of,theifirst face or the centreline of the second face. By
posi tioni ng sone or all of the isolators on the centrelines of the faces,
the isolators are brought closer to the axis of rotation of the slot about
t he | ongi t udi ax This a o, te e t] e ut the

| ongi t udi nal 2;?5 %ﬁ%% g%r%%%e%%%% %%e%Hﬁoghé é{? ?%egg ility of the
syst enbt ocpriovider&di §bnesstabbyt roghertaxesoviae exaspteiohysspiacag the

isolators at various points along the centrelines, increased_stiffness can
be provi dER t BNt HePlABEES - of THE bVat  HaVint PEt S¥RTP | € PP VIaRR gt 5T ow
frequency. 1@9&@9%&{39%10%&&%9@{ 8% $na PL&f £ 89! YalMonksel pLEFS are
p05|t|oned respectively on the centrelines of the first and second faces so
as to be W@Mbstt@me b@dtom &hé svotsade Mahheir|@@¢hytb@9033d to each

ot her. Thlsﬁgrovi i m_reaction surfg é tge rear o %Qgsslot Thi s
i s useful PYTH T4 %tlh@o OLP o1 onT P ORET AR i ARG %ﬁ%ou?lng Sfots, as
wel |l ag iwaresisting plugging force when di sk drive exchange is carried
out. Preferably an isolator is positioned on the centreline of the first
face at the opposite end of the slot to the two dianetrically opposed

i sol ators. Thi [OV] i Ag r-xiprati o] ut the
axis of the dii%%t ?%% %g %gg%ggﬁgb?s% gt%%%? ?ggg EEI%% %%3?@ t he
effects Q@rbeﬂ@eratnebatndetgdrrge@preacthenf$@nfaeedwbichhmasmoa;nmhlch
hel ps the automati on ca out dlsﬁ?exch

._Preferabl
conpri ses %ed?%%lﬁ+?9e %?v?%@t t?%ng?%d%t%ﬁl%t?# %ibgﬁ?? “end of the
slot {9 the a@@cm@@@tab&aél Ya@Q&Qéﬁﬂohsrﬂé?t]QéSustﬂl§oaéxh@§g&ﬂ§}at has the
advant age of noving the axis of rotation the sl ot about the
di anet ri carivyeoppbs$ ngdi t0l bherarparaide 1he dT%deVYQécﬁb%%|V|ng portion
of the sl of d f hj de V. ation on
t he di sk ﬁ??%%he%ré?eragég %% ?égéé%gﬁgﬁé g% &?gd%% fér fg]%n% %
centrel i neuedmsbosetonthéaderedblioni bl ehory piois des the tray 14 is

pushed home and the connector of the disc drive unit 15
20 makes connection with a reciprocating connector (not shown)
in the slot 13. The plugging force acts to displace the
slot 13 in the y-axis, i.e. towards the rear of the
apparatus 10. The rear isolators 31,32 are made
sufficiently stiff in order to return the slot 13 to its
25 normal position after being displaced by the plugging

operation.

The rear isolators 31,32 also provide sufficient
isolation to the slot 13 to prevent cross-talk between
30 wvertically adjacent cells 12 when the slots share a common
reaction surface. For example as shown in Figures 2 and 3
the same interior wall of the housing 11 provides the

bottom wall 21 of cell A and the top wall 20 of cell B. It



primary support for the slot in the housing. The slot is in effect bal anced
on this isolator, allowng |ow stiffness about the |longitudinal axis . This
i sol at or wenoalsmsbe used to provi de sone danpi ng by appcomB2atiealsyo1shapi ng
the isolator. Preferably the separation,of the first and second faces is

| ess than the width and the hei ght of e first and second faces. This

brings the C ntrellfes cl oser together and thus %ﬁser 0 the axis of
rotation. 19hP€S+H2RE Gr hOrRHGEERT1 fie TrFRfABsROPFLPHE ¥FBF2ELC ot ati on about

the axis Qbn&phebioProhNoREAETbEC13t BBohi hEingNdraRsADEr-Eaces h the sl ot
may be horizontal in use, with the disk drive unit in the slot positioned

rel ative adjahens| stosuth. t hdhet headi skolatpusabl eB2whrh th@reéeég and
t heref ore_hori zont al ln Th | 0 a Ne
configura?|5% %%@Ig %§$§?| gﬁ%égglydggiégghgf%%gg%yl%ac |so?a?or does

not extendshéromt he centrellne of the face on which it is positioned by
nore than a distance D, where D = 25% of the distance fromthat centreline
33,34 to the side edge of the slot. This allows the stiffness of the slot

to rotation abpyt fPﬁ%@Xi§09£ 5Pt 851 QPRoLOa8e gadent ovs by keggi ng the

isolators close to t axi s o rotation. Preferably at |east sone of said
i sol at or sdameipostoi paddcel dseplacehentehroe therguboihanion thetslot in the

d f d | di h I ff
or ovi ded #5743 TGt CF oh&: LBRCT abi AF of &) he eRASHTTERL | ohSofcpRbred o 1S

| ongi t pdi D@l mexé saébanli Pesaw( ehbesldtresthan. a Phefeeabiyi t heegppar at us
conprises at least tw slots as described above, the two sl ots being

adj acent &hc®- o Het9BeEhIERRYal hEr eARERCY hcEOBFRBBOLIOR FRAMEKPT tRY t he
second fage.pf the other slot, wherein an isolator on one of the faces is
spaced Iongltdﬁlnally fron1a|| i solators on the other face. This
arrangenent neans that at | east this |solator does not share a connnn
reaction surface with the other _isol ators. orc

P oty e ke e D BRe CPhte LEHEaCot of s or SV f feh kS pass

al ong18 sgeihOReptitle HQYSHPE. tdhensféiest 0. thigel Sehbdé SOHBa@brthe
vi bration energy is dissipated as it passes along t he housi ng, neani ng that

sone addi 3% ohal hielhdy ngareedbfalr nBY. arfhi Bz deeftaRes Pwe ¥Psk of cross talk
bet ween agj acentsh9tse LRo2DghbeL: erRor pEPts 5 tDe,aRPASaLKg conprises at

centreline 34 of the bottom wall 21 of the slot 13 in the
y-axis, the centre isolator 35 provides relatively little
20 stiffness to the Ry motion of the slot 13, i.e. the
rotation of the slot 13 about the y-axis, meaning that the
slot 13 can rotate about the y-axis relatively easily. In
effect, the slot 13 is balanced on the centre isolator 35
in the direction of the y-axis. This means that the slot
25 13 has a low natural frequency for Ry motion. As will be
appreciated, the other isolators 31,32,36 at the front and
rear of the slot 13 are also positioned along the
respective centrelines 33,34 of the top and bottom walls
24,25 of the slot 13. This positioning maintains the low
30 stiffness in about the y-axis and thus also promotes the

low natural frequency of the slot 13 for Ry motion.



| east two slots as described above, the two slots being adjacent each ot her
such that the first face of one slot is next to the second face of the

ot her sl ovo 20fver3edsm t he housi ng between the two sl ots ceaprgmen/dsvmaespaced
wal | s arranged such that the first wall;is at least partiallyisolated from
the second wall . Thus a gap is created between the two walls separating

the two slots. _The two walls.respectively provide two.independent reaction
surfaces to thEthBeQFBFsl§8l?E8? g%oggstﬁgweb@?ﬁﬁﬁﬁa}hﬁpf§885$59§ is
m ni m sedyhAceendiByihe 345¢¢0Bd ampechrpbt e Phesenthbpeention, there is

provided disk drive test apparatus congrisin ,apEaratus for supgorting a
di sk drivésasateseri bBEigbdFetanguaet 5e fballélityr ofesShpnglatsaPd di sk

drive. Ac di.ng hj a .._aof the present invention, there is
provi ded éﬂﬁekﬁoagnggésF?ﬂS gggﬁgﬁgdrive, t he net hod conpri si ng:
supporging a disk drive in a disk drive test apparatus such that the disk
drive has a | ow rotational s%ifgne§§ ég t he direcéign of a | ongitudi nal
axis of the di SRedFFOLEFEFSL PYe3fo Phd®r BERYEohSl I8 PPn8Bs3 A aP | east one

other diregthefonakdy tastknget he dhskndrivexEgbodppertsash vt henpsesent
invention wll now be described by way of exanple with reference to the

acconpanyanfjisdeawragstipn ki ehprPkguebelyshodway beewetnotehe front, side

ambod nent Br = Ehe BP edan? 1 b ohiEoR st it B0oEahoUe AEnaRat Pogl 1) a par i al

end omocr esse&ect 808 vbewnef pkbeimppar afushef iFbgaterd alopg,Bsngs A-A
showi ng two vertically_adjacent _slots of the apparatus; Figure 3 shows
schemati chPl §he pERErglispae3dn3ér85stigcEPBnaifeiPbEorhEadpparat 83 of

Figure 1 ?#8”9hé;?§§a§1@e§9 @hegttﬂsigme ékOEﬁeoglgkgy;g gne Figure 4 shows

0
fromthe ont, e and top a slot of the apparatus of Figure 1 ; Figure 5
shows fromsbhetbrendl,3Rdd5and boet dbm effebe sbsitiandd EbgheecBoshows a

partial side_on a cross section view of anoth exampl e.of a _disk drive

Pest appaFat b8Saster dPhat e EACBIBoAFENE 1GF The Br BERnESFROGHDTORE

Refernbngthe ¢Lauie.l Thas pxambtesoion diskidebyeabesti BHeappakatus 10 is

shown such as may be used for BET &Back End Test% or self servo witing or
Fol¥

servo fil leagingt tehaulawbBahsrad tRAEUPRACY hEO oWPhE§onas shown in the
Preferably the stiffness about the y-axis is lower than the

stiffness about the x-axis or z-axis. It is expected that
for typical implementations, Ry will be preferably lower

20 than 50Hz.

A low natural frequency in the Ry motion is desirable
because it has been found that there are typically fewer
noise sources at low frequencies for Ry. Typical noise

25 sources are found as follows: Rx < 20Hz, Ry < 25Hz and Rz
is 60Hz to 120Hz or even higher depending for example on
the drive rotational speed of the drive being tested.
Thus, by achieving a low natural frequency in Ry, the
higher frequency noises can be better isolated such that

30 the effect of the external noise sources on the disk drive
unit 15 is reduced. 1In other words, the typical Ry noise
is not at a frequency that can cause problematic Ry

rotation to occur.



drawi ngs, the x-axis is defined as running horizontally fromthe left side
to the right side of the apparatus, the y-axis is defined as running

hori zont avbyoforemsbhe frontend to the rear end of the apparGaum,/osend t he
z-axis is defined as running vertically, upward. Wthin this co ordinate
system Lx, Ly and Lz refer respectively'to linear notion in the direction
of the x-axis, y-axis and z-axis and Rx, Ry and Rz refer respectively to
rotational novenent around the x-axis, y-axis and z-axis. The apparatus 10
conprises a howﬁbngséia@a¥gnglw@bl§5tb@tceﬁﬁaa% 2o3p¥ofigeray of cells 12 .
A slot 13 is positioned in each he cel 12. The nounting of each sl ot
13 in |tssuéfhcléntSSdeiénebedand ansefdecaehtbéEUw& BacHazmbangl3inhas a
tray 14 a%hthg frogt gnd of tgg §Iot }3 which is arrap, ged hg hold the disk
drive uni t"FerfighPest &8 PAUR FEPP/ ThEPr 4§°125¢an REFahi™ r om t he
slot 13 igsendeb bachvkget Besdi skidei vaiupi t5agaeshebkeote flachikitate
exchanging disk drive units in that slot 13 . In a manufacturing

envi r onnmeftPigatl éiaVesh 6@6?l§h8ﬁnﬁonﬁ?eb§rﬁ§é§eténéuféﬁﬁﬁFéQﬂ?y exchange

t he dlsk e r n r h osition of
each di sk é%?gégﬂ%%g EE Fggs g%ﬁ ??@%?nEF?E g gg?égﬁo%lgrﬁty, the trays
14 are nosushesefumlﬁlgntesfacanW13handetbéoﬁ|QB dr Aveaumnitslds are shown

in broken |i The, di sk drive unlt 15 is osi.ti oned. t owar ds
Lhe f rontoshBikn iRotois: fegpect d8utor grro ST Bosh tReRtblopE: £he

ori entat ed - Whthokt shhageopanal.| elrnei {Brtheax- yobh&nenihgeorsenthat the
rotatlng disk within the disk drive unit 15 is horizontal in the apparatus

10 in usefr¢h§ eénhbet 8RotndB sRomfifeetethandpraktderyarukyt RX5 general |y
f th f t to th
aces the Le 015%H§tﬁe9ﬁo}% ngaCﬁEgg?#Egg’ﬁgngﬁg &QBlEQngogﬁge 0 the

di sk drive’ un| nore easi as a top wal a’ bottom
wal | 21 addpémﬂlﬁgdenMﬁhbﬁrzaoaQtpnovhdﬁdah¢ the mauermglélusEach slot 13
has a topwall 24, and bottomwall 25 a i de wal |_s nount i ng

nd 26, 27.
ar r angemeHprygwi §h pF@WP&éGtHE?meeﬁhﬁﬁemEQPF Egagnﬁh?hérgp5t°f3tﬁ€ secure

the shat é§oﬁn&@Iﬂayhergégvd%éoanqnaerpaegIQslgﬁelahbanafehaha@ gkot 13 .
The nmounting arrangenent 28 conprises a plurality of isolators, each of

whi ch aretémpedaberaeencaraal|Infthhepcesenmzaandnqemaht ofhehe slot 13 .
The partlcm

arrange o] the unt arrangenent 30 LS Eest
1T utr ot GRORI BT Gur 66 4. 4Ra°6 CORMEKosFBrPIaVRAS FuB FLoPbEBre 31, 32
posi tionedtNeahetbeahgale0blt BE ghfibing €ANShset RROmefeatshpetviesol ator 31
on the top wall 24 of the slot 13 and a sheet isolator 32
droop/creep issues as well as to damp the "out of balance"
20 wvibration. The out of balance vibration is referring to
the magnitude of the excitation at the frequency of the
spindle of the disk drive. As will be appreciated, if the
disks and spindle are not well balanced the there will
occur a high level of vibration at the rotational frequency
25 of the spindle. In other words, the out of balance
frequency is the first fundamental of the rotation of the

spindle.

Linear vibration issues are also dealt with well with
30 this arrangement of isolators. In general, dealing with
linear vibration levels is less of a problem than
rotational vibration and generally, when looking at the

drive requirements, an acceptable solution to dealing with



on the bottomwall 25 of the slot 13 . The rear isolators 31,32 are keyed
into their respective walls 24,25 of the slot 13. The top rear isolator 31
i s positiwoediopnishe centreline 33 of the top wall 24 ofctrleB2siontsodid i n t he
yaxis . The bottomrear isolator 32 is, positioned on the centreline 34 of
the bottomwall 28 of the slot 13 in th y-axis . The top rear isolator 31
is positioned above the bottomrear isolator 32 (i.e. aligned_in the
z-axis) .CREILPERBIONRYL| UEBFBECRSIBBeT T Ghtt dhSPheShbt YORPWAITe2E of the
slot 13 toygrdsithe;cepige of the bottomwall 28 of the slot 13. This
centre isolator 35 consists of a Tshape pattern of four sheet isolators
35a-35d and is symmetrically arranged with respect to the centreline 34 of
t he botton1ma|% 28.of1%£e slgt 13.in ihe g-g%is. A further_is Ia%or 36 is
posi tioned on TR TOP #mPTS 25°5f SYAEPEF o1y 3°F oTRTIELTRE PFoRLSSFSt he sl ot
13 . Thi sofreatidss! abot 3bac0mest Sandl geBdephitBolat a6t peshtaoned-1i on
the centreline 33 of the top wall 24 of the slot 13 in the y-axis . The

wal | s of $helePpt 1Bhanysehetesf|may Beetlonsthacied 9»chsi¢dldeC¥igid to
provi de ayfeastioOnNysurfa i spl . Ry r.exanpl e be
made from3 {)1 g%t?%g ?ragt%r%g?igﬁrﬂégg‘f’%?ﬂlg{g%%r%%grgﬁ%@ée%?:hgﬁagéeﬂf%%r wal | s
(top, bottoadand twmwestbe patrfeimansechfttiae isohatihonpsestesolmat ors may be
posi ti oned qgé%@ere pn these walls. The primary purpose of the rear

i sol at or sS&47 32 S"¥6°Drovide a relatively rigid reaction surface which

mai nt agpns the position of the slot 13 in the y-axis (Ly position) . As
descri bed above, automation may be used to swap disk drive units 15 in the
appar atus 10. peiheypseheng favothesishkation aB g e@bski dglve " pl uggi ng
force" fr o) ' ' e dir ' f Vi @XI the tray 14 is
pushed hoér?rée%%g%rf#é %@S%%%g %@ %ﬁ tf}ﬂée %%fv%&ﬁuﬁ?t[@gb%% e% connecti on

W th a resppldcaticng CoOAReZ0d 08/ (00T86Hhowklishédel GtiotTdBuadhe2 Pdggi ng
force acts to displace the,slof 13 in the y-axis, i.e, towards the rear of

t he appar%lﬁ%sc‘i%‘?el?‘heoﬁe‘éli‘i?]%ojr%t]%‘?ge@{[, AFROTR stif f1eFent 1y stiff in
or der 150 gt pracy he 5504-2804 p0iésa0r EBLoROS|L Lol Ler (behogn i spl aced by

the plugging operation. The rear isolators 31,32 also provide sufficient
i sol ati onranaledeus|or U3etolr evbntherpsssent kivetmetonyeravad |y adj acent

cell's 12 ¥{§£ht$§}€i§gf 5?@6@ @bﬁgyggnthe rear of the carrier. It

has been found that US-A-2008/0007865 works well at
reducing Rx and Rz vibration. However, Ry vibration can

20 still be problematic in some situations. In general, it is
found that for Rz biased systems, such as the arrangement
of US-A-2008/0007865, the Rz vibration tends to excite a
secondary Ry mode of vibration that is close to the drive
out of balance frequency. The Ry mode of vibration can

25 therefore have a negative effect on the performance of the

disk drive unit.

As mentioned above, the rear isolators 31,32 of the
present arrangement are highly loaded and thus permit only
30 small movement of the rear of the slot. The rear isolators
31,32 thus perform to some extend a similar function in
controlling the movement of the slot as the fixed pivot

arrangement of US-A-2008/0007865 and thus provide similar



reaction surface. For exanple as shown in Figures 2 and 3 the sane interior
wal | of the housing 11 provides the bottomwall 21 of cell A and the top
wal | 20 oWoceld13®s9 Itis desirable to prevent as nuch agcpasbil@oamsbrati on
generated fromone slot 13 fronlbeing_{éansnitted to an adjacent slot 13.

The rear isolators 31,32 are therefore arranged to isolate vertically

adj acent slots 13 fromeach _other. The front isolator 36 provides a

const r ai nedEHACASFPI hg EBSr E4HEE BL¥PF aRERRRESFEBM Phe aut omation t hat

woul d excijsenRzoys P 6b 7 9852k n! O8hEFSIVEAS B2 oA RBNhHQBEdoEN NOre detai
bel ow, the slot 13 has a higher stiffness (i.e. a higher natural frequency)

for Rz novilrathem. f cHoRgvent i dherFae Wrangennt00786heprenidesi sol ator 35
provi des the in vertical support to.the.slot 13. The cent i sol ator 35
b Ght v SEHPERES of Mk Bha T Bt ReS TRE FBe pSRrFI8a o e he contra

i sol at or PbeséseatPahfemerdt trEi N€oB4t 6Fs t hevdobéem malréd2inoéffber sl ot 13

in the y-axis, the centre_isolator 35 provides relativeléhlittle stiffness
to the Ry2WdYibromfthaesifies 28 theesleohel? ot BAYSFIEHERSI ot 13 about the
y-axis, i tsfhe,ysfpt il rptate abpyl kbe yraxis,rel atively
easily. rﬁég#fg%%?ét%%'g?o% 15 ?sgggfan%ed on tﬁ% centreéisg ator 35 in the
directi omatutde Fregqusenci¥his ReansThhatalhews| odhe 1By has kel batnat ur al

frequency for tion, As wl e appreci at t he_ot her .i sol ators

e s Rt R PR oH SRECFEarS oTSeTer o Bh 45rarb ar S BOSFE Bhed ol ong
the regpegib¥ee COALHELE NBSeR 3r8dr @brifieih ophangr8oéh O WRhh§erdn2d of the
slot 13. This positioning maintains the |ow stiffness in about the y-axis

and thus Speel biowbles thethevbnasertl arFrapUeneyt Ryt he shetfiBstor Ry
tion. T ' . i al th treli
3 (11 odESE MABEELEA 9P RESLE S TPRE N1 BledP RRLuEAPT LOE ha O 1 e

34 (i.e. ar s ape i'so 0 tune the
st abi | i t yEpéqghdecg) oflud3tanthé ol pwoytilEfsese odAnphagsldbel 3 sabator s

31, 32,35,36 serve, to define an axis o rq&atign for the slot 13.in the
y-axis. PrafeYadris- t k¥ 1R SRef SPorRti BAYE sohppt ke mheR! {1 nfdwhly bet ween

the ceptrgidnese 3§e§<§n@f1&@@&%@@%?%%@@@@&%& 247RPs 4 Pr&hdSfént due to
the proximty of the isolators 31,32,35,36 to the centrelines 33,34 of the

top and botamdn Wakt stke B8 and the Relzatwedl Sheurenhelghtdodptipelerot 13,
(1, 1201 SLELS, T 32 58, A0 B sl et PRRLLANERLA Qg dgpi il 245
| ow st i f fyEissa@bowt atheiygaxt Sthe out of balance frequency excites
the system to a lesser extent. Rz is the third mode of
20 wvibration (i.e. it has the highest natural frequency) due
to the large stiffness about the z-axis caused by the
separation of the front isolator 36 and the rear isolators

31,32.

25 As can be seen most clearly from Figure 2, the centre
isolator 35 of slot 1 is axially spaced from the front
isolator 36 and top rear isolator 31 of slot 2. This means
that these isolators 31,35,36 do not share common wall
material of the housing 11. Only the top and bottom rear

30 1isolators 31,32 share wall material of the housing 11.

This means forces 50 of the isolators 31,35,36 acting on
the common wall of the housing are separated by portions of

wall. This arrangement reduces potential cross talk



| eading to a | ow natural frequency for Ry notion. Preferably the stiffness
about the y-axis is |lower than the stiffness about the x-axis or z-axis .
It is expwoterythab for typical inplenmentations, Ry wilipcoasmosicoabl y

| ower than 50Hz. A | ow natural frequegfy inthe Ry notion is desirable
because it has been found that there are typically fewer noise sources at

| ow frequencies for Ry. Typical noise sources are found as follows: Rx <
20Hz, Ry kepwepn apelRe 13 691RCeotho0ME brofvERe ighetndeptnd@®RgPEor

| : t a2t f i ted. Thus, b
exanpl e gﬂ%&$6t9f5ﬂ§b£§ 1599@£oﬁp§ﬁQE§y %ﬁg ﬁ@ﬁ eréga@a trste us, by

achi evin ow natura requency In gher frequency noi ses can be
better isollatadisncdneéhaty thetefsfectanémtbecéxfeomabnaoiselsvorces on the

di sk dri it 15 i d ..1n,oth ds,, the typical ' i t
at "o 11 oTRAEYT oo LAk aSERbT obf et FERRYS bt 60| O FOOTREUFoTRE.

i sol at 9rs; 331 32039, 30 €REDbALOE 0aPE OViHErsUf §bTheBEs Stih{ 88EBy agafe
sufficient |evel of danping in the Rx node to prevent droop/creep issues.
The aut oneeimwen usatl s et chaggebdi ake dpiheethi @ IBCTraashe 519kscfi3 js

typicallyc¥ %%téfﬂgiéévﬁeé?i53?a8é59iéfSﬁngﬂ{fgeéﬁfpée positioning of the

slot 13 sO mati on- can success y interface with the slot 13
A particular problemin this respect is the vertical positioning of the

front of the slot 13. The vertjcal gositionin of the front o thﬁ slot 13
is affected i n*Pa?RPElPhr SHIRKE nDREPBR. PEUF 1 HEFFof e, CYRSRRFPRNEREISf t he

i sol ajgrsygagm Aependi pPofhat@ehecFosst vastiom apdadhecanrt ecbals Nsgd, vary
wth tenperature.” This neans that the front of the slot 13 may creep/ droop

under itssaetight ahe®p a2 hasgéovhed chpevaenreheckarsom|wathe2 preent

arrangenent.,.the isolators 31 , 30, ine t oV{ ficient
stiffnessCaht #e $ Bged ﬁ%iwgfgngghégﬁégg%d%'tdﬁ%gév%%?gﬁgog% creep issues
as wel | agalDsdaop21heo "ot iobldatantedmvedtiatdboner TheThits wéahal ance

vibration is referring to the na?nitude of the excitation at the frequency
of the spriifethe Ewe ARdRCEARFVEIORS If | #O HROBPPRREF af ¥HNOR{Wehd di sks and

spindie afe apizwebl babansadihberineks 2o 086K nAvDI Shckush o

vi bratron at the rotationa reguency of the spindle. In other words, the
out of bateaceidnesuehayei s Thesfarsanfencapeitatreases heross atdabh of the

indle. Linear vibration,i es are al dealt with well with thi
arr angenchELEFCR SEPEE bYe1 LY rAgenGrar , CObLT it wi t h e

In general, it is preferred that each isolators
20 31,32,35,36 is centred on the centreline 33,34 of whichever
one of the top and bottom faces 24,25 to which that
isolator is fixed. In any case, it is preferred that each
isolator 31,32,35,36 extends from its centreline 33,34 by
no more than a distance D, where D = 50% of the distance
25 from the centreline 33,34 to the side of the slot 13 in the
x-axis. More preferably, D = 25% of the distance from the
centreline 33,34 to the side of the slot 13. Even more
preferably, D = 15% of the distance from the centreline to
the side of the slot 13.
30
Embodiments of the present invention have been
described with particular reference to the examples

illustrated. However, it will be appreciated that



| inear vibration levels is less of a problemthan rotational vibration and
general ly, when | ooking at the drive requirenents, an acceptabl e solution
t o deal i ngowntonhsor ot ati onal vibration |evels wll al sectamowidshoisi near
vi bration levels . The isolators for gfgnple may be conprised of sheets of
various soft elastoners and gels which do not contain silicon. The

i sol ators nag ge t he sane for.ea%h isolatoh 31 é%’ES’gg or _isolators with
di f f er ent VBFOoB&FOPEs 2PEnTBE G468 CE 8 FuRaYt RE PaPFoFftafils §FFR&SPsol ati on
system i ngeaekigAERSEBAN ARet BebpschemenboprbBentsehathenoaf. ardi-sk drive
carrier is disclosed in the commonly owned US patent application

US- A- 2008£860P865 pubPNOKBEET16KAMPARUERE PODBOM: KeakoAEEARLEE WAI BRY s

her eby inggrBRF@Egg inits entirety. US-A-2008/ 0007865 teaches a carrier
(general | y "anal ogous to the slot of the present invention) having a fixed
vertical pivot towards the rear of the carrier. It has been found that

US- A-2 008/ 0007865 works wel |l at reducing Rx and Rz vibration. However, Ry
vibration can still be problematic in sonme situations. In general, it is
found that for Rz biased systens, such as the arrangenent of

US- A- 2008/ 0007865, the Rz vibration tends to excite a secondary Ry node of
vibration that is close to the drive out of bal ance frequency. The Ry node
of vibration can therefore have a negative effect on the performnce of the
di sk drive unit. As nentioned above, the rear isolators 31,32 of the
present arrangenent are highly | oaded and thus permt only small novenent
of the rear of the slot. The rear isolators 31,32 thus performto sone
extend a simlar function in controlling the novenent of the slot as the
fi xed pivot arrangenent of US-A-2008/ 0007865 and thus provide

sim | aradvantages to the fixed pivot arrangenment of US-A-2008/ 0007865 in
controlling Rx and Rz nodes of vibration. However, whereas

US- A- 2008/ 0007865 provides isolators that are at the side of the carrier,
in the present arrangenent the isolators have been noved in effect away
fromthe sides of the slot 13 and towards the centreline 33,34 of the slot
13 to allow for the low natural frequency in Ry. This allows the Ry to be
better controlled as described above. In effect, the nodes of vibration
have been reordered in the present arrangenent. Specifically, in the
present arrangenment Ry is the first node of vibration (i.e. it has the

| owest natural frequency) due to the low stiffness of the slot 13 about



the y-axis . Rx is the second node of vibration (i.e. it has the second

| owest natural frequency) . This arrangenent neans that the Rx and the Ry
natural fwequenchems drop bel ow t he out of bal ance frequegTyGB2itv@Gode turn
means that the vibration arising at th§9gut of bal ance frequency excites
the systemto a |l esser extent. Rz is the third node of vibration (i.e. it
has the hi ghest natural frequency) d the large stiffness about the
z-axi s caused by the separation of t nt isolator 36 and the rear

i solators 31,32. As can be seen nost clearly fromFigure 2 , the centre
isolator 35 of slot 1 is axially spaced fromthe front isolator 36 and top
rear isol ator %@para§p§tf9r STRPOT e ANAs 2t Rafkt REd¥el sShat 6ppagatus, 36 do
not share_g gggg Hg material of the housing 11. Only the top and bottom
rear isol ato 1785 share wall material of the housing 11. Thi s neans
forces550 of thehbseliagers 31, 35,36 acting on the common wall of the

housi ng are separated_b ortions of |]. This arran reduces
potential cros iPEbéP&egﬁcééVﬁgglﬁ g@?kcgrﬂﬁﬁ WELF githéeﬁﬁgsing 11 can
be made te.aR$oel YhbEabi ABusRaLI¥naANHal/AHg heduagitlaiubhrakien energy
that is transmtted fromone isolator to another isolator. This is in

contrast &sdarrangenents of |solators in the prior art where isol ators

Iy sh - b by dahhsk of
e bt B ERUERR R b RO LRBLEDH A8 B OLEE L] LRSI BIBEAaRESK D

cross tal k betwe rove Uhi N anot

Fi gur e 06 thév\hoagaﬁgdfwl hsoiatZﬂagrrayiebe1pto‘irdﬁdthet weagmgrt taal ly
adj acent cells A ,B so that a gap 29 is forned between_the bottomwall 21
of cell AléﬁaaFﬁéstBSlﬁﬁlPr?énaﬁdc@FFhBreS?ﬁF§ 5PI b8 LRBOWAPAEN2H, 21 to be

| solated biom each ghber chIhbsoreans Lhabu! bechuooadiagedtrakgtsid2 do not

share comon wal l material of housi ng 11 and do not have a common
reaction ShefdceeCEhDs afrahgeﬁengldedneaéesxmsosslaahkebEDMEBQ vertically
adj acent ce IE 12..1n ggﬁera erred %g ﬁach solators

31, 32, 35, 38°F5BBAL r BHZ A ERE &Bn? e §n§4 Sih &HSS F°Bne of the top
and bQ5t0n1faces 24,25 to which that |solator is fixed. In any case, it is
preferred that each isolator 31,32,35,36 extends fromits centreline 33, 34
by no nor@-t hahPR28RERENBECOrdiffeER Eﬂ3180¢60Wh?ﬁ@16|§h8n§éOFrBﬂ$tﬁe

centreling;33,34,L0 tha.skedepof fLhe gLO X3 ﬁ gipreferably,

D=25%0 lt%e g?stanceefronfthe centrelg‘n g %g ?olt ﬁar o% t he sl ot

13. Even wbtk phef toaplyudbnal 169% sf Wherdustancéeasbnbnheofesaiéline to
plurality of isolators is positioned on the centreline of

20 the first face.

3. Apparatus according to claim 2, wherein the slot has a
second face, the second face having a centreline parallel
with the longitudinal axis, wherein at least one of said

25 plurality of isolators is positioned on the centreline of

the second face.

4. Apparatus according to claim 2, wherein the slot has a

second face, the second face having a centreline parallel
30 with the longitudinal axis, wherein each isolator of said

plurality is positioned on either the centreline of the

first face or the centreline of the second face.



the side of the slot 13 . Enbodi ments of the present invention have been
described with particular reference to the exanples illustrated. However,
it wll beoappreedsat ed t hatvariati ons and nodi fi cati ons poayGH2e10m8086t O t he
exanpl es described within the scope of he present invention. For exanple,
i n anot her exanple the bottomrear |so%ator 32 may be omtted. CLAIMS 1 .

t f t k d th i NQg: h :
o For-r ecapbRrgtuS InleSuRtvg thnsLers, ShBEng P etofyetnbhSthe CHBus: ng.

and havi ngsg1bengit Hdengbsaxi sheandespebkival it ynotnesekatersidespesed
bet ween the sl ot and the housing for |solat|ng the slot fromthe housing,
R

t he isol atbesfbebhgandr argesdwienerespedt £6 PRetPyagisuangarnadxP$ such
that the %hgts98§ gnboﬁ/ERE@Eﬁgﬁﬁhy %gg&gsastb“ Pﬁ difaetion of the
ati 0

| ongi t udi nalk axrs re ve to ronal stl ness 1 n at |east one
other direction. 2 . Apparatus according to claim1 , mhereln t he sl ot has
a first face, the first face haV|n a centrellne garallel h the

| ongi t udi hal aRPRATARBEePACALILBYstCoRe2ON Sai WRBFELRI PPy 16PLPEBFalsrs is

pos't'OneﬂoQEtEBEeEGBBVEhbn@eﬁErEmﬁnél pst thaceir3c. rABRapat Wpeaccording to
claim2 , " wherein the slot has a second face, the second face having a

centrel i neppasatkeendi ofi the séng|tgdthaltug|§1amhérépﬁlév pergeedne of
sai d pIurall é of |solators is positioned on the centreline of the second
face. % FaFtis according to claim2 , wherein the slot has a second
face, 1bhe second face having a centreline parallel with the |ongitudinal
axis, wherein each isolator of said plurality is ?05|t|oned on. either the
centreliné-of PRBAFREYE Pﬁ@@réﬂnghéocéﬁﬁi@l?n@roF fhB SechhrraBethe.

Appafatus A5COLMl, gglggycgaaqhﬁ akleeargbé1v1ﬂ@e%8kg15ﬁ01bé9£@aoaﬁ are

positione respective e centrelines of "t Irst and second faces so
as to be theaodsosneceaddobft hbesbkbdbtand thantwepi dabhptoppoesést t o each

ot her. Aﬁga rat us Ecordlng to claim5 , wherein an isolator is
p05|t|one8p8 BfelERNEFBFPne of the first face at the opposite end of the
slot g the two dianmetrically opposed isolators . 7 . Apparatus according
toclaim5 or claim6 , wherein the slot conprises a disk drive receiving
portion | 8cat eliPRETrEhBSOPEESEEENEnHC0RNY hefsFbaing ﬁhéotﬂm whawetrical |y

an isolator is positioned midway along the centreline of

the second face.

20 9. Apparatus according to any of claims 3 to 8, wherein
the first and second faces are opposed to each other and
the separation of the first and second faces is less than

the separation of any other opposed faces of slot.

25 10. Apparatus according to any of claims 1 to 9, wherein
each isolator does not extends from the centreline of the
face on which it is positioned by more than a distance D,
where D = 25% of the distance from that centreline 33,34 to
the side edge of the slot.

30
11. Apparatus according to any of claims 1 to 10, wherein
at least some of said isolators are positioned close to the

centre of rotation of the slot in the direction of said



opposed isolators . 8 . Apparatus according to any of clains 3 to 7,
wherein an isolator is positioned mdway along the centreline of the second
face. 9 .woppaviabass according to any of clains 3 to 8, woereB20100d3e916i r st
and second faces are opposed to each ler and the separation of the first
and second faces is less than the separatlon of any ot her opposed faces of

sl ot. arat us according to an | ai rein each

ol at o HOMEL AR GRGLS 7L FEAL ehEPSI § HER BT hE $5LECORSANTEN it i s
posi ti onegy @Vl@@&eb%héélé gdistanse HbneWMesLatdbrs 2000 phet Berdisignce from
that centreline 33,34 to the side edge of the slot. 11. Apparatus according

to any of of | ehersl angbtudinahersin Bhanebstsabfeobhesafiresbiators are
positioned close to the centre of rotation of the slot in the direction of
sai dl ongi tudi nal axis such that |ess rotational stiffness is provided by
said at |east ﬁp@@r&ﬁ@éa&@ﬁpri@m@eadiIe&étom@fsmesl@@gbfam@atoaxi s than
in said other direction, garatus conprisipng at | east two slots

accor di ng?E% %Eyc%ﬁl%$a§n%°31%o e e $hRtsIBEE Bt RiR et Bcedteach ot her
such that, #ﬂﬁféﬁéﬁ tRge eﬁeOPfrét%aeé HEXnd 0s1be §§019é‘£|tf@89t1% the

ot her slot erein an 1solator on one of the faces is spaced
| ongi tud|$1ad:d>1ydffmead>f tkel atlbes @hOtheNmmxnfmelsQBatOAp@ar@n@s

i | east t t di t 11, the t
Sobs. bel it aptret eventried Sone Prat e bl Pl flledhligrddy op® o
next {0 tHige secwed face. of the other slot, wherein the housing between the

two slots conprises two spaced walls arranged such that the first wall is
at least partially isolated fromthe second wall . 14. Disk drive test

apparat “Slgo q@é A ap.?&ﬁéi’fs%&f% é#’pf’é’éét Ng,& ks dééc‘!&ﬁ&%ﬁ&r% ng to any

of cl ains or testing a sard dis rtrve. 15. A
met hod ofamﬁséfrmﬂanmhsk doi Ve, the ummh@ﬁot@ﬁmelngn@djau@@brea©@ a disk
drive in a disk drive test gpfaratu such_t hat t?e di sk drijve h s a |l ow

rot at i onaPtRET PP RS SERAL t HRe gb 1 B8t BACD°h PORgT 1M hal PeXkF stof tife di sk

drivejsel @tiyeatoatdest otigli 9PRbr stidt Nefiset &idt theaASbuONEy ObEEFesh I ecti on;
and, testing the disk drive.

the two slots comprises two spaced walls arranged such that

the first wall is at least partially isolated from the

second wall.

20 14. Disk drive test apparatus comprising apparatus for
supporting a disk drive according to any of claims 1 to 13

and a test module for testing a said disk drive.

15. A method of testing a disk drive, the method
25 comprising:
supporting a disk drive in a disk drive test apparatus
such that the disk drive has a low rotational stiffness in
the direction of a longitudinal axis of the disk drive
relative to the rotational stiffness in at least one other
30 direction; and,

testing the disk drive.



