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METHOD AND APPARATUS FOR CONTROLLI NG THE TEMPERATURE

OF A DI SK DRI VE DURI NG MANUFACTURE Thi s appli cation
wobheimsi1zhe benefit of priority to US appli cat POWGB2006/003369

serial no. 60/717265, filed Septenber 16th, 2005, the

content of which is hereby incorporated by reference .

The present invention relates to a nethod and

apparatus for controlling the tenperature of a disk

manuf act ur o BECRSreR arpaer Pt Bty 3 12,

t he GHEK TEMPERAITORENSEr & DRSK DRINECDIRINE MAGUIFREFURE
specification. As part of the testing operation, it is
necessary to control the tenperature of the di sk

dri v&h th@p@éﬁqs?@ft&t%]r e legimsheh@ Yerngfiive ak prEdy to US
a@@nqsst?ow %%fxﬁ%ngelogu?mltﬁ%:ﬂ ngfll/e\.lé%éiiﬁénﬂ&r l6tth

ure a di rive, i necessar ite
30 25 kordent O nlen 35 Mo e ] Brhnd
relferkenke. It is deS| rable to be able to control the

tenperature of the disk drive to be at a particul ar

tenperature during such disk-witing, for exanple
becafbe rhressedr ilmysenthian calarashddiss knahtiad agpser at e

%%tatr%“cu%t £ P GH1aN LR AR A RREAWS ] &K Idkive
elg ht of the read/vvrlte head ovéer the disk can be

dyeiter meghtestued af a?hﬁaldtﬁsé%ldéﬁl"ieerrper ature. A
particular requirenent during testing in the

rranuﬁ?acture of |sk drive d5d1 g(k%g noth| Shou c s £
t ouch &S 8]8‘“5 &P Fe riwve cf'asﬁqsg %e essary Lo
tetshert\lwesdltsﬁse dctym@mws eofs udee td)w dtt oreaifs tiee required

k a TN
SPesaln l%%tté'%ead%%aﬁ%et”%éfﬁp@%m e, YA 19 € 1%
ngeeeiseant 'te e taedwihee Sempgmrdifea @furtihiny dalpﬁdhrddﬂ}se

Thie tk dﬁdﬂéfdﬁ ﬂﬂéﬂaﬂsﬁﬂéﬂiﬁgwﬂ§3ﬂ§¥ﬂéa|étross a wide

contr | ed by usi,ng coaql.i heati n
range ur%ng'%estl % lso durlng marl %facture of a disk

drive, it is necessary to write data to the disk, such data
including servo bursts and the like. It is desirable to be
able to control the temperature of the disk drive to be at
a particular temperature during such disk-writing, for
example because the bearings that carry the disk drive
operate better at a particular temperature or because the
fly height of the read/write head over the disk can be
better controlled at a particular temperature. A
particular requirement during testing in the manufacture of
a disk drive is that nothing should touch the top surface
of the disk drive casing as otherwise the dynamics of the
operation of the spinning disk and the movement of the arm

carrying the read/write head can be compromised.

In one of the applicant's own known
testing/manufacturing apparatus, the temperature of plural
disk drive units is controlled by using cooling or heating
ailr which is common to all of the disk drive units. In the
applicant’s WO-A-01/41148 and US-B-6826046, the entire
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air which is coomon to all of the disk drive units. In
the applicant's WO A-01/41148 and US- B- 6826046, the
wenvirracant ent s of whi ch are hereby i ncor por at edTiBB2006/003369
reference, there is disclosed a nore sophisticated
arrangenment in which a box-like cell has a front
portion in which a disk driVé}(optionaIIy inits own
handling tray or carrier) can be received, and a rear
orti [ i.ch there is.nount centri.fugal. fan. A
PR SR R T M ] e e ied
themebiewsligiol omest a ol slopdriistd dated wherearddmerdi rin
WAFES %&uqq_]@%eqqd@gdabg&gn@%{%& ; %'wfa%/ga disk

Bafr|l es are nopvably arrange 0 as Irect alr

FHY ehd aP e perdrgeritas e iy &@ndfH@Gitraypypr carrier) can
wlr%@biiw@dx I@@dﬁgﬁ tx@a}w{pﬁrﬂi@i ighamitdlﬁ tHetde drd \uUrdted a
oraer, 0 _ne an COoO e I S ri,ve over W ge
Bt hBare e X HHed BRI b SR T e tpally of
ther yeddccedSfeulfaand lalwsows 1t foeretre righer atilerke dfitehefnting kvhere
e %G ga %.e\éa%'r?r‘)ﬂm(ﬁ/%rnea e&’ﬁq%%d)fba%q{o%'xcfe@%}{é) HWE
qung estlng. ere are nowever sone |mta|.ons |n.
driie eap p Bedifs so DRV 141 BAS aanee AUS B-268 8046 reqipsir to

310 PichitC acan ddie 8 iz%cﬁﬁrie@._r easidng idenpid é&ééﬁ’ﬁfely be
the tenperature of the disk drive to bel ow anbi ent,

nRt R B BOORT0GIER Wi (e KELves tipriiure Bt and

donlbebtausd st sleidid WBRerare wikdey easigedat el narised athis
such laow. te at.ur.es end users. For anpl e, n

ST i BRERE i, Al Y B SR i Tove che
teimpielrat uaet ot dibnwhitsks ytiors tgs dedivekeidrd el range of

RULChe® ARG Gfgorn dLﬁ_'fi%xg} Llidor sub-zero

tenperatures. By way of "anot her “"exanpl e, portable MP3
pl ayers and the |i ke use disk drives and, again, such

pr odugles My eb @ duthterats i@ d @11 tHHI-ZRY A eImeradi R us of
LSO beePae LIX A | S dD ANV Sy, tnore
IMOaA- Qhic4ER48 nan didiBrist GRY A4 rC atheott arvgaechd tyudee of the
dﬁ%ﬂpggqv%otkpﬁﬁﬁxﬁb%n&gﬂgﬁﬂa%&kpeven below 0°C, during the
test procedure. This is because disk drives are
increasingly being used at such low temperatures by end
users. For example, many in-car satellite navigation
systems and audio and similar entertainment systems use
disk drives and vehicles are often left in cold or sub-zero
temperatures. By way of another example, portable MP3
players and the like use disk drives and, again, such
products may be left at cold or sub-zero temperatures (for
example because they are left in a vehicle overnight). The
arrangement disclosed in WO-A-01/41148 and US-B-6826046
cannot readily be adapted to lower the temperature
sufficiently. For example, one possible solution would be
to use a fan that spins at a higher rate. However, this
would increase the vibrations arising in the apparatus
during testing of the disk drive, which is highly
undesirable. Alternatively, it might be possible to lower
the temperature of the cold water supply to the heat
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sufficiently. For exanple, one possible solution would
be to use a fan that spins at a higher rate. However,

wohbw/oaonbd | ncrease the vibrations arising i nPCIIA&B2006/003369

apparatus during testing of the disk drive, which is

hi ghly undesirable. Alternatively, it mght be

possible to | ower the tenperé%Ure of the cold water
supply to the heatexchanger (s). However, this can

iy r It in the tenperature of .the water he

ePsnberd lew pﬁéiwr‘?t",erm CH WS etaﬁé?léﬁ‘ G da the
tpmplsirersiriee 0dusdeofvattioe foerimet eyl ocof tdendensatdiort, which

Wel<l I e I It
e e e TS BESA60 dtacT peas g ion of
CRRFERGEERE METREUSNSy o8 1diss RrgYOFe ther headyggawhanger
afbBg ot SksdeioVad Wwa tielS se@®1Rd pipesypported in a seal ed
"ruggedi zed housi ng" which in turn is nounted in an

“envi ronnmental housing". This apparatus is therefore

cl eaflSy Brét 3d0i00ablie cllosegs eni Rrsapgentanty fordilslusing a

'AY, i manuf Wr ft d rq as _jt..j .
SEl! Brdve, T MR sl BB EEC NG e cgping
ips sHepes§&fy iaup Beakesul aeogedl zier dovedng'hevhich in turn
i@l rBNeeEeNt n0EnUS=BE434RRA taaehot@tinddVve amy s apparatus
,air-agitating_device or the |ike. US- -20Q3/01425)9,

1§ SBEYSEeTs briPrriar NOkp FrARG Sa £ BSEr ilve SFEPAFSE N 2
diiskadeare( dutrdmpbimbe) fachgaien o ft khe siikgy @rdrid dss ifotis

[ I r.use_i rtin di,sk dr.ive durin .
2B EPASEhiS 5P FRYSR dFT8s RS Gover: niTer a Far o
nesegpavivdedringi saguée churecaudeoraioveyet when arhengieslent of
udLBEVe 432408 Haggmbltyhs%d%y %8 Al 1l ;e diYiled Qr the

be agitated and instead sinply blows air over alheat
1e¢8Rductive plate and a heat sink. US-A- 6289678
di scl oses a simlar arrangenent to that of

use. O5ne-apoR A48 P teB CheFng Piie,dhe el tano o

dgekl ddive for use in a car (automobile). Again, this

simple unit is not suitable for use in supporting a disk
drive during manufacture of the disk drive. Moreover,
whilst a fan is provided, this does not cause air between
the disk drive and a thermally conductive wall of the unit
to be agitated and instead simply blows air over a heat

conductive plate and a heat sink.

US-A-6289678 discloses a similar arrangement to that
of US-B-6434000 for housing a disk drive for "rugged" use.
The disk drive in its casing is supported in a sealed
housing (referred to in this patent specification as an
"environmental housing"). This apparatus is therefore
again clearly not suitable for use in supporting a disk
drive during manufacture of the disk drive as it is not
possible to have the access to the disk drive that is
necessary during manufacture. Moreover, in particular
examples, a fan is provided to blow air over the disk drive

but the fan i1s not wvibrationally isolated from the disk



10

15

20

25

30

35

housing (referred to in this patent specification as
an "environnental housing"). This apparatus is

wohe@Bone again clearly not suitable for use PAT/GB2006/003369
supporting a disk drive during manufacture of the disk
drive as it is not possible to have the access to the
disk drive that is necessary”%Uring manuf act ur e.

Moreover, in particular exanples, a fan is provided to
bl.ow air over the disk.drive.but .the.fan i.s nof. . .
SR BPAPF ol TSGR FOATCRE dFsklr vk B CHek arive is

seppbrordent Whodsitnghiis waiyc bet hecdipdlabdrE vie ias1 end use

[ t by ; t abl g i

R TN C A A A A R R Sl
faiglyaitrilpregitetanEoRe FoiE afilionaiino@nich Used apgd ications,
tARBl keahblNde thileredraotinbe heheraledrihe environment
nanufa%turL%%.e Vi onggn&bggplng testing of the disk
dYripE. TO8RIEE 57 EESH0LE $V&devi ce for increasing
heat transfer from an object, such as a nobile (cell)
phone._F%h IGe a | at.e, o Is .Qbj ect

to bgscgo g %ﬁggpﬁg%eégsE%Eor%fﬁé%quﬁﬂ?f%§¥&%%ﬁgg%%%Pt
trhraspessémon arembiest t seicd ies pr owhdde dmsdrlat g
TeeNEE: bien®alhe hemReabitee off whidhsknd iors LW i be
manuf agture of the disk drive, the apparatus

Ce8kFr ¢Pn§lagscel | having a nounting arrangement to

whi ch a disk drive can be nounted and having walls

defi in% ?:volgpe i%.which thetQi k. drive is Qgceive .
when“Tounted % o< Re ﬁﬁﬁﬁt?ﬁ&egrrg g& npﬁﬁﬁ%qu;lnven +on,
themef ast prevofdechepgesie tdisi or aonlteadtl iowge thed Itapfperature

h j:ace [ i-n i
R e DR L
APPAEPFES CRTORE SYddune 2d6€3 InbRviisgclk FWUdtdng eggengement

tengniehl a NGk Wi gl bt ndended eRdAM; wWells
agi.tate air hetween sai.d.at .| east .one wall, and a di s
d&%ﬂ?é%@nvlo B éd MChe TS ki rdGodragedrdaed when

mbuatngtie it ob ehwe eousalithgat rireagiernene \Galrdi rancheamudissiture of
tﬂ%iggswhggive; at least one wall of the cell adjacent said
volume being heat conductive and being arranged such that a
disk drive when received in the volume does not touch said
at least one wall; and, an air-agitating device arranged to
agitate air between said at least one wall and a disk drive
when received in the volume to encourage heat transfer
between said at least one wall and a disk drive when
inserted into the volume; the air-agitating device being
mounted so as to be vibrationally isolated from a said disk

drive when mounted in the cell.

In the apparatus of this aspect, the air-agitating
device is not used to drive a flow of heating or cooling
air across the disk drive, and is instead present merely to
agitate the air between the disk drive and the heat
conducting wall in order to encourage heat transfer between
the wall and the disk drive. The principle of operation is

therefore very different from that of the apparatus of
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inserted into the volune; the air-agitating device
bei ng nounted so as to be vibrationally isolated from

wa 28mididd sk dri ve when nmounted in the cell. | BCTIEB2006/003369

apparatus of this aspect, the air-agitating device is
not used to drive a flow of hgating or cooling air
across the disk drive, and is’Tnstead present nerely
to agitate the air between the disk drive and the heat

d ' 1] h f
e Ba e iand Triedia? o VAR & B dage of
agperist iresrionstiferefione ther yhedit! ftereamicn dmtvesn ofhe hbisk
BARRY s t@IeV\ﬁ%fe%@%xﬁﬁa%&n.d 4% %}@%&%ﬂ‘a@iﬂhé{%f hext s

owi ng mass of air Is responsible fo ea
SRR e NS BideR G ik GRVARE difd ks Ieadiially
VR ger: ail.llyn l:js’belaetm rﬁi}dﬂfﬁ t?fe :d“ﬂ% magé tvm'azrll lmay be
al r,- agl I N evice | supstant.l a vipratl onal l,
R B, SRS A PR AR BhE T R Ry
Aeivtircst ifowad Ithe sodldlt i mgiitive saing agid atfifeptdevi cend rdimk
d‘t_J].QfeC .%lfl ’ar@ 4! 'Q)rf rbef qﬁee%irq%gtdin:ea@ﬂ cgé'v"ivcee Qiuring
any V|.brat| on o . e a; r-a_gl tati n'g evl ce uri ng
opsaediiosn. The @idr-amgitating deice may de ks thp the

fgnd 1R Aot dreSERIK MACKH WD dd18 68 Imdishted in use,
noynt in . use, t%/pl cally wiwth very many other siml ar
PTG CHICe 9. TRt AR et ath P hekgentical cells.
Comtdudat ivegweadrl A Hdeer dsidubdivey v ldy eirtdedbhavdidk drive

i S _an .advan e.as different .disk driuw fro . .
5 SR NS ol Yl S IO disk arives

oot ididd canmah tt e fiag it dvey encliifidusmh sihdeee aord
prolf iQfe HAHHMAIRIAY S ONHAR A &1L RN 10H Sy déx#f’i%%ef Qr set
whi ch contact can be made in all cases . Preterably, a
EERe PRRGETS 1 ridithtEid A4St G Ve sthigh
REhtariragerofbd hissariangamdsdss. that it mninses the
space occupi ed by the apparatus, a key advantage is

that the path | ength between the heat exchanger and
t he Mreatf cc@idyct iavéhased [exichamgarmmisedyoudtieah within the

cell. Whilst an advantage of this arrangement is that it
minimises the space occupied by the apparatus, a key
advantage is that the path length between the heat
exchanger and the heat conductive wall is minimised, which
reduces heat losses within the cell. It also allows the
number of thermal interfaces or connections to be
minimised, which increases efficiency. It also means that
the thermal connection to the cell for carrying heat into
and out of the cell may be the water hoses that supply the
heat exchangers; such water hoses are typically flexible
and thus this arrangement helps to vibrationally isolate
the cell from the exterior (such as the rack in which the
cell is typically mounted in use). In contrast, in cases
where the heat exchanger is outside the cell, the thermal
connection to the cell would have to be made by a heat
pipe, which is a rigid tube and which can therefore
transmit vibrations into and out of the cell, which is

undesirable. Another advantage is that the empty space
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reduces heat |losses wthin the cell. It also allows
the nunber of thermal interfaces or connections to be
waizoi7rssed, which i ncreases efficiency. It al SBCIEB2806/003369
that the thermal connection to the cell for carrying
heat into and out of the cell may be the water hoses
that supply the heat exchang&rs; such water hoses are
typically flexible and thus this arrangenent helps to
|g%at| naII |solate .t he eII %-on1the exteri %
wik ﬁcEe Wi ERnE e Seg)- 1By Br-Caf vy o H}Oﬂﬂnt of
muieﬁurelpres&htamuthun maeeSeWherwhuba.heaun@xmhamgemt low

Hg%h?% t@% eben%h%g Q%rE@ s%ogﬁggﬁfy%tt ﬁ#ﬁﬁlld up

have be ma
Olfl gpddtenﬁéta@a WRItEA NG et ﬁ@rléf @imrlma@mﬂrtat\ndm ations
into and out of the cell, which is undesirable.

Another advant age i s that the enp pacewi thi.n the
cel | IPs 2R RMRPSETEFRi $hE Ee%tséé“c#lﬁ‘élg%&rﬁ Pfrectly

thergklneg poeasedtod tthi ratide healt co\mﬁru@tm@ WAt amndeed,
ures t?_ preve%t or t mnlmse

tﬁﬁehgﬁFlﬁ g *d6ndh sagﬁgh thﬁth é?ﬁ éﬁ?lng

egpbpagiesn. I n an enbodi ment, the heat exchanger is
directly thermally connected to said heat conductive
wal | . Indeed, the heat conductive wall may be a part

of tA® RBRLhEexcKERgELmentn ARGt HER te FFCHCMSIRL, JIEhethermallY
cbaakcexehangek ids hieher mhldyhcearrediad 1y saidatedfump that

.conductjve Il b hea u that s erable to
R &, BBty R o b e b, M e ArRgter and the
heanduohﬁuetmablwalhe haale teaducbndecwdhe mayl lbensy be a
?Eto?ftbgehg EBH%Q. The heat punp is a
Vi ce

|-d|rec |ona that can be used to punp heat
towards or away fromthe disk drive as required. In an

enbogiheeRbatt Bemeals %xwa@g%cltaoh%qr RRN L MRCIRG be
to said heat conductive wall by a heat pipe., A
used to pump heat towards or away from the disk drive as

required.

In an embodiment, the heat exchanger is thermally
connected to said heat conductive wall by a heat pipe. A
heat pipe is a passive device which can be used to carry
heat into or out of the disk drive as required. In an
embodiment, the heat exchanger is thermally connected to
the heat pipe by a heat pump that is operable to pump heat

between the heat exchanger and the heat pipe.

In one preferred embodiment, the heat pump is a

Peltier device.

The air-agitating device may be a fan. The fan may be
for example an axial fan or a radial fan. Alternatively,
another air-agitating device may be used, such as the
oscillatory air movement generator (e.g. a voice-coil motor
connected to a diaphragm, or a piezo-electric element or

bellows) disclosed in our US patent application no.
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heat pipe is a passive device which can be used to

carry heat into or out of the disk drive as required.
wonoamsenbodi nent, the heat exchanger is ther maCIAGB2006/003369

connected to the heat pipe by a heat punp that is

operable to punp heat between the heat exchanger and

the heat pipe . In one prefer?ed enbodi nent, the heat

punp is a Peltier device. The air-agitating device nay

R e e R

HARD O SKRPRIFEISEH, 25 METHED (OFe VOS INGAITSHY THMPERATURE OF
A”%‘A%Eﬁeﬁ)tiﬁie M RAEOr(f £d1 4 \69£ &L %dvéﬂ%&f LReaiedne

di aphragm or a piezo-electric el enent or

%é]ﬂ%@@p%%ﬁ&?e@ﬂp&l&@rtl@g M&—é*mZOQ&MQ%%n the entire

cRALEHVEE2 L7 1 telred nor BEVPERA B {ERNERG,, ARARAHE .
FOR A HARD DI SK DRI VE AND A METHOD OF VARYI'NG THE

TEMPERATURE OF A HARD DI SK DRI VE and filed on 3rd
Nov e ploero r200% ared at Im@om:rd esyped reof Fﬁﬁlé @pqzdsjem:t iiotvention,

tﬁQEéb%%pgéQﬁ§Qﬁ$¥edq%t 6%‘%%%%?%& rkéﬁﬁérature

orpora erence .
0§e@odd8éss @er@tveofdwrh@gpm@smﬁaqw@mforthq rﬁ@rséc idgrive, the

mREevdednid TRlind Ol LRI I @.st}@ %xtl%@ %r@téi rn%d}ftl&hg

di sk drive durlng manuf acture of the disk drive,
ApEERIETES O sin e o ddviing aedilsk thaty &qfdne r?oom%e in
walilcan gere i 0f dieR lihaddrg v Whdrhatoudgfddned the

I which th sk d
HORTEY B RO St (g 0 DEBHRETG Ty TRt e
adf _ltemtdlosde arahie OfattHeeaml]olaeij\midntofsatmf’e wEldme being
h@glta%%?l Brecer ev%ln%qufgqs ].J]f%r tge‘EﬁP t\f%t?"tqi edl drive

arrange suc t hat the Ive en receive e

whGiy e @3 ehdn ttdhge vodaime slodseastt dr%l%lﬂaldarﬁi: Lehst
o%e'fm&tl'lng 2898 a'dp'e@s@a'tﬁ@fg' Rgh @ﬁ\ﬂ—%%lttﬁiﬁgigt ety said o agitate

n said at a one wal | |sk driv
e bR e P e o, St PV Unen
r!eete\zt@@ld &_an dlat odaste ae em:idux@rgé ale(htsltmbrns/fex\mmtween
sa1%eH e%édgﬁ)one wall and a disk drive when inserted into
the volume; the air-agitating device being vibrationally

isolated from the disk drive.

The method preferably comprises operating a heat

exchanger mounted within the cell.

The heat exchanger may be directly thermally connected

to said heat conductive wall.

The heat exchanger may be thermally connected to said
heat conductive wall by a heat pump, the method comprising
operating the heat pump to pump heat between the heat
exchanger and the heat conductive wall.

The heat exchanger may be thermally connected to said
heat conductive wall by a heat pipe. The heat exchanger
may be thermally connected to the heat pipe by a heat pump,
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the volune; the air-agitating device being

vibrationally isolated fromthe disk drive. The nethod
wonref7@saby conpri ses operating a heat exchangeCT/GB2006/003369

nounted within the cell. The heat exchanger nmay be

directly thermally connected to said heat conductive

wal | . The heat exchanger may-%e thernmally connected to

sai d heat conductive wall by a heat punp, the nethod

c5ét NGt € ek =ith SRGER g THE Hedt SHRBLG pymo heat
b‘ﬁabvleen the hfneaatt @xmm@@r R et h:erarmlgilpa:onriem éebat
ﬁﬁbg %%at %% %#h G@% | by a heat pipe. The heat
an er na

Iy SConnected to the heat pi pe
by a heat punp the met hod conprising operating the

heat ThdNR 160 YR theRt desliveemaihgdealrexchanger and
the heat pipe . The heat punp nay b e a Peltier

device. The air-agitating device may be a fan.
Accopdicogdtigig thial d::rﬁ&@eetsp@‘ctt e phesetedanteniinvameion,

CPERor A BPEYSr L RBR Ao i (00 U AR (Ve drppFature
odi gk ddsikv €iritviee dapparamesuderpnirsi . thealiskhalding a the
%@%Eﬁa‘t @ %r %'El%t tq \@%l?h h%vq.n%k dEdOY&ltc_l.% l%1‘51‘_”1_"6;11'1(;;ement

unt e av wal I's nin vol une i n
tohwhdicgk adfﬂil\ﬁéc |®W@:Q%@Wr’?ﬁﬁ%@éﬂi e Walls

JBYRAL NGY adk/cARGRITER Wi G hER U fsaC ladiereofi d heedlisled when

Sht5 B RSO BI AeCello tOlSE: S e, o
theidgshedklmendumin@qpanNdem g atreangdd sutladdrat said
v%l %1 In\clie a g;re\ierre%\%l\ﬁ.e%f r*E:hteh e\fL(il lé'%; a%%%ﬁc r%glé %qlmme

upper an :
b@%@hb@g@lg heeat e:prahmrevaw@ndw btelmmrr@mqeaictsmh Khat a

d%%'kd QHRREY iRl andia dower theat,AXeRaRgRls IRAAURAIch said

bel ow and_.in thermal contact with said | ower wall
upper and lower walls; and, an upper heat exchanger located

above and in thermal contact with said upper wall and a
lower heat exchanger located below and in thermal contact

with said lower wall.

A particular advantage of this aspect of the invention
arises when plural such apparatus are stacked one above the
other in a test rack. In that case, the disk drives in the
various apparatus are separated from each other by at least
the respective upper and lower heat exchangers. This is
significant because during testing, the disk drives are
tested asynchronously and independently, which means that

for example one disk drive in one cell may be at a low
temperature (e.g. below 25°C) whereas a disk drive in a cell
above or below may be at a high temperature (e.g. above
50°C) . Having the heat exchangers between the cells
provides for very effective heat insulation between the
disk drives. Moreover, the temperatures of the heat

exchangers of all of the apparatus will normally be at the
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A particul ar advantage of this aspect of the invention
ari ses when plural such apparatus are stacked one

wabhawv@3the other in a test rack. I n that case, pC&EBlI®K03369

drives in the various apparatus are separated from

each other by at |east the respective upper and | owner

heat exchangers. This is sigmficant because during
testing, the disk drives are tested asynchronous |y

and i ndependently, which neans that for exanple one

SASK LAIPEE 4R 6nd °Lelq- Imay-2bE) a?ng F%HFtEﬁﬁePQPSFeand lower

p(a%t@ olfe|thwl a&@@rht\ﬂgem?ﬁ& %z@h&lt@j@rdemt idhch @Her in the
apove Or pe ma aal enper atur e. d.

Ao T80 aT o TS Gea et e hanbars i, Yerres to
tbekhalﬂyovs@éatkomhmemﬁgekkﬁﬁib@dlheiEOMnﬁmdﬁﬂdnher by
r%atm% Eﬁ%r&aak e s\éescaﬁ&@ o n HRe *a%ég%fe@{ ures 1,

heat exchangers of the apparat Wi
nornally be at thesane tenperature (of e.g. 15C) and

t hus Thie appBes taRd M9WRionRailse af fihe rapRAAHET Mitween
re adj acsnt each_other in the rack are at _the sane

EnPEPSE uPES ETRFS PPTIRe ATSk S7dS HEPEReMfdl yhadol 4t e
obb@a@djeatsnbuﬁ'@l th&afﬂlr1 mmtg@@m athlaaeﬁ;p@yarr exdac rugcdmefgml and
QSS- ween e _agj a t
<H30° SghAH Bayeand e aatenltelidy MBI Sover
herchargapnae dedS@p@erlqn@Iﬂ Wtarlé,t thatoder amae:athiqomtp pump

h@‘é{%lt b@%&\é@ﬁn thige 1%9;%@ Hagat e%%%‘&%‘if R0 s%@.'dj 1hl6%%r wall.

, and a second_heat punp between the | ower
Toec ReAGePUERE §&YdPeows twsm dewaCsSs operabl e to punp
heat between the |ower heat exchanger and said | ower

The h Pel t d The
Appar BPUSDBrEr S APy SEaTHPSe S IR S F o g Aia e Ate
dawuaﬁgedrangaglt@tegatatbebweebe&me@numpam.m@@dnmaﬂd lower
wﬂﬁh aﬁﬁd adﬁ%%kd§ﬁb¥§F¥%£Px%%%§b%%d15“t&ﬁ? kﬁﬂ? to

encourage heat trans t ween sai d
epgPrgagrdhgadi skaasifes Redveens eetded urpme@ taﬁ@ \lawgre walls

afhBezalnag batagdwiew §8siesthieharablinaminteld SO @ L9 r-
aggtating device is preferably mounted so as to be
vibrationally isolated from a said disk drive when mounted

in the cell. The air-agitating device may be a fan.

According to a fourth aspect of the present invention,
there is provided a method of controlling the temperature
of a disk drive during manufacture of the disk drive, the
method comprising: mounting a disk drive to a mounting
arrangement of a cell having walls defining a volume in
which the disk drive is received when mounted to the
mounting arrangement during manufacture of the disk drive,
an upper wall of the cell adjacent said volume and a lower
wall of the cell adjacent said volume both being heat
conductive and being arranged such that the disk drive when
received in the volume does not touch said upper and lower
walls; and, operating an upper heat exchanger located above

and in thermal contact with said upper wall and a lower
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vibrationally isolated froma said disk drive when

mounted in the cell. The air-agitating device may be a
wobam7/08ceording to a fourth aspect of the presear/GB2006/003369

invention, there is provided a nethod of controlling

the temperature of a disk drive during manufacture of

the disk drive, the method céflprising: nmounting a disk

drive to a nounting arrangenent of a cell having walls

defining a voluynme in i ch the di,sk drive.is received
h&REN SHE F*t gOFﬁéer‘?om% Oy 32T afty &E\?ﬁﬁ’f‘a&u ﬁ‘WE‘-aCt with
semAuflaciur eaafl the chdnskodr ithe, temparpeursaldt afhd e sk
d_ceII adj acent said volune and a | ower wall of the cel
4dj’&cent said vol ume both being heat conductive and

bei ng arranged such that the disk drive when received

N the eV el dee RIS E dPRYe N HPWRIFirst heat
wal | s; and, operating an upper heat exchanger_| ocated

PHBBY &S&HE Fn Hife HPRISTC SifPdc CHFPRASH @M ar haiaP i drat!
ta bower heatt exthargerthoerird helaow anthdrmydhentalsaid

contact with said |ower wall to_cpntral the

UPEfhe F’Vﬁ't]m’e aéjfiaﬂ?@r(?it%gdﬁ FEcont & er?gct S s it ythe
loorpr hees epetatigey arfd rstid datwepumz lettweanghéieat
pRRR R QXGRANGRI AR ARILLAIPRETG WAl RMUTRAIAL  The
between the upper heat exchanger and said upper wall,
head oparst MRy P EsIrtd HesteVPraF -bet ween the | ower

heat exchanger and said |ower wall to punp heat

bet ween the | ower heat _.exchanger, and sai d |.ower_wall_.

The H&& TTHRS W?ﬁ%% i Vi PR HbtHb 11~
apriefaarial) Yo itesgapetat iaig aretaigayidaitd ngowkay i ayel

lt 9 ?:giwta tles aa{nr %etcﬂes%cn d%:%.ézde %Hﬁ%f xaélidez!\PéerlﬂNatj,ﬂec‘ x%!l.qlme to
QG oIS € Whéh FaleiVedS Nt he Vol une T o encour age
ememuragsn $feart batansdiers diatwaspersaardt Unnest amd | kowgid viplls

Ak diigie phen iasel tietdd M the ¥ Anl®o1llg. The air-
alragitating device is preferably vibrational|
A PR D (A Ao . R T ARLY 'I‘Hé“%?rtrl-%]t]éf ih%ojoaet}ﬁ%efrom

Y ek dr@ifre. The air-agitating device may be a fan.

Embodiments of the present invention will now be
described by way of example with reference to the

accompanying drawings, in which:

Fig. 1 is a sectioned perspective view through a first
example of apparatus according to am embodiment of the

present invention;

Figs. 2 and 3 are perspective views showing components

of the apparatus of Figure 1;

Fig. 4 is a longitudinal sectional view through a cell

of the apparatus of Figure 1;

Fig. 5 is a schematic sectional view of the cell of

Figure 4 and a fan;
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Enbodi nents of the present invention will now be

descri bed by way of exanple with reference to the
weaceoewrpenyi ng drawi ngs, in which: Fig. 1 is a BeTiGBao®sd03369

perspective view through a first exanpl e of apparatus

according to am enbodi ment of _the present invention;

Figs. 2 and 3 are perspectiVé Vi ews showi ng components

of the apparatus of Figure 1 ; Fig. 4 is a

| ongi_tudi nal .sectional view.throuagh a.cell of the

appa?éLtguS%ofShﬁwggurae PELSPEST tvf ivéL%é'lv ¢ gtrlrla fouRtng
ageengemantyvifow d¢hea Hencdldr dhericgdide of dhdruard i, Fi g.

6 shows a perspective view of the nounting arrangenent

for the fan for the cell of Figure 4 ; Fig. 7 is a

per sPésit-i Ve ifi SWRSESRFSIHEE aaplod snoddes axggwle of
2pPe2EEIRY alce A ieVEPad RNlen®odiRRrd @Fethd MreIHdraN;
F1g. .8 is a longitudinal sectional view through the
l&ﬁ%&?&?@s of Figure 7 ; Fig. 9 shows a perspective

vi ew of conponents of the apparatus of Figure 7 ; and,

Fig. i f ront - N f N Vi
th Gabar B of TEratrae o, esH5REs, MRAF T The
aRppaRitingg offo Frllgairfg /st exanpl e of Figures 1 to 6
Figure 1 shows a sectioned perspective view of

apparatus 1 having plural cells 2 each for receiving a

di skFdsi-vé SEOWs SomETSFSHIEN {71 h&le P WS RI95s the
appatrackied orertiiceald y7 ;orgicgbove the other. In Figure 1

, two conplete cells 2 are shown and the third cell 2

is sectioned. Referring particularly to Figure 4 |,

whi cHighowd dd endinandti rdleveddiorom it lar eagtk dveerigfo tiieree of

£he! la?p%rattu@e oFeldi RirleS Ofs (QRARIAINE HERMANIH @lother
ox-like construction. A front
Referring to the first example of Figures 1 to 6,
Figure 1 shows a sectioned perspective view of apparatus 1
having plural cells 2 each for receiving a disk drive 20.
In one embodiment, there are six cells 2 stacked vertically
one above the other. In Figure 1, two complete cells 2 are

shown and the third cell 2 is sectioned.

Referring particularly to Figure 4, which shows a
longitudinal section through one of the cells 2, the cell 2
is of genefally rectangular box-like construction. A front
portion 3 of the cell 2 is open at the front to allow a
disk drive 20 to be inserted into and removed from the cell
2 and has a volume 4 in which a disk drive 20 can be
received. A middle portion 5 contains various heat control
components as will be discussed further below. A rear
portion 6 of the cell 2 contains test card electronics 7

which are known per se for testing the disk drive 20.

At the top and bottom of the volume 4 within the front
portion 3 of the cell 2 are upper and lower heat spreader

plates 8,9 which define the upper and lower boundaries of



10

15

20

25

30

35

portion 3 of the cell 2 is open at the front to all ow

a disk drive 20 to be inserted into and renoved from
woheo7maif292 and has a volunme 4 in which a di skpdTiGB20@03369

can be received. A mddle portion 5 contains various

heat control conponents as will be discussed further

bel ow. A rear portion 6 of thé~cell 2 contains test

card electronics 7 which are known per se for testing

he di.sk drive 20. At the to nd b tto f the VO
ERSWVEHIR Re £ 5 TG oSS 8.3 ar& masis of @
taneﬁhdaa\il@r chest: cspinvendert epliatles &, ﬁlamrloh Sdlefh nae; teheinc

24RB :b%W% go q:arthqss gafutr?;%s‘éo' U’?fﬁﬁ froHie 10 of

Spr éde at es re nmad a thernma Iy conduct1 ve
tingt dovelr, haafesaireasieeh rdate J A6 aqhaésferr@a%/ Yse iggapve the

ah ¥ 1R SriBWROSre Hl%kf e&ritvee@g)e aHY Ao the iligwertheat
spreader pI ate 9 j.s_chanfered t,o i nprove the aéﬂ%

1REGid PheTdithe driste B Vand & d TR iMAS A YIS
vofluiee 4diisk stififde 12 dIft aallle seoldsmeot Leakke atoldie shace

suffl entI t as t.o.leav. I.r._S
bﬁ% e t p g?dbr? 9:[ om of? tthhedg‘ e}k arive agldd the
lnpm:erupp@r lawed dwert meateasimreadartas &.¢s BPpectively.
respectively. One or nore heat pipes 11 connect the

heat spreader plates 8,9 to a heat purrp 12 which is in
t her e EANIREE WSt PiReR lox IPANGSE 1he bppd Hppeader

pmarﬂésl% and oheath x¢C anger 21 iarcd rar%srﬂﬂ anegmidl tdhtact

ST R R T e b B

ebdmezrae:fg@rxe 1130 @atee pom itthiometch e rf quorqemtmfl tdrertciedrd P of the

I
G302, e JE% WSRO, W alsfypar o coe

hg@rteaad@ha@lg@tresl% area charaficra Hacatas) wirtd ig tthrﬁe
ﬁ@f?)rtﬁl@%rfattq‘fee .cefine sheato RS n&%e‘%é@f&fpe?@y (not

able form but Peltier devr ces are pre d ow n
RS PRS0 iRl GOTTRS b S Pada o RRRY and

lhﬁﬂir @fe‘a%c@pt@a)ddlv@ﬂaa:é& ds 9 aefperaiude dtangeshantre at
%e same temperature. The heat pumps 12 may be of any
suitable form, but Peltier devices are preferred owing to
small size, their efficiency, their ability to pump heat
effectively over a wide temperature range, and the fact
that they are bi-directional and thus can be selectively
operated to pump heat in either direction. The heat
exchanger 13, heat pipes 11, and heat pumps 12 are
preferably provided as a sealed sub-assembly so as to
prevent or at least minimise moisture build-up around these

components.

Referring now to Figures 5 and 6, the rack-like
apparatus 1 in which the cells 2 are mounted includes
plural shelves 14, one for each cell 2 and positioned below
the respective cell 2. An axial fan 15, i.e. a fan through
which air flows parallel to the axis of rotation of the
blades, is rigidly mounted to each shelf 14. The central
portion 5 of the cell 2 has a corresponding void such that
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that they are bi-directional and thus can be

sel ectively operated to punp heat in either direction.
woheo7heet9 exchanger 13, heat pipes 11, and heaPCPGB806/003369

12 are preferably provided as a seal ed sub-assenbly so

as to prevent or at least mnimse noisture build-up

around t hese conponents . Reﬂérrlng now to Figures 5

and 6 , the rack like apparatus 1 in which the cells 2

re unt e clud | ur.al hel ves 14, o r e ch
gy Beafe A, e e dc e Fhn 45
pao el tlsadnt, trhee voadd at ttlhreou@mt\mlarlclpoe:rtrlofﬂ OV £ the cell

ohar ?c('rﬁ %ltsox} e P af%%l Té%ﬁ; oﬁq'iltee&'t e, e & cell 2

r' gi mounted to e e central por
aedofthtehref@eta aZtharsbafadCerqnegfort@lengfamﬂ@ sixmrtqtamﬁmtlon

dohe ﬁ%klc%dé%'fh§EQ§ gnﬁﬁﬁcéﬁﬁﬁraﬁm§akroﬁ'5%fBHEZHiSk

prOJects into thé voi central portron 5 of the
dgdve 20 i, thg §%1y t héPeafars 15 Ifotthehmfetiedn o
stube teglde Zuaﬁ@tt:rcberae_fl@r & sl tddbrfatonorc e dihee faanivikd 20.

durin oper ti.on .not_caus signi ficant
OB S e TR i @St e AT PR 10w
Of5mas8t e eﬁm e iOm ;ﬂhi@st@mmte’amybr atheommlilry firggltaitaed of the
ehiomet e disidliave 20, peiald ALlaldle dAkd %d Within
neral does ot produce a OM/O mass air
tg!@ntfroéwe thefmiihe ot @rPré;flotﬂne°> o & dherzgld 12 so as to
e@r@loh@*a%ealﬂeaa:r QaReh e Wethveldid L2 QWK M e v déBhe
f the d{?ont p rtlgp 3 of the cell 2 so as to
oTPAGE éaﬁﬂfﬁaﬁ% ar ‘bet ween the disk drive 20 and
the heat spreader pIates 8,9. 5 The cell 2 is nounted

tot S*&%‘ 1%4]‘1 'é%' S HY W 1%0'1% vih & ﬂg&lble
end O engages SMEh a correspon
p@motor@pl(nrtotl7s|¢¢vm@)neor$rtdw@fcé1he zshelaﬁwdtlw@latﬁpﬁrrgacﬁes

wi iEhd 2t A 3 /0TS L8N (e ShRun)14bdih &Ngage and

i.n hol es or recesses (not shomn) in he 0 undersi de_ of
VilRe 3¢ B2 OF ﬁ@%ﬁ%ﬁﬁ@ﬁ%ﬁt&@%@fé@a nythe shelf 14

which engage in holes or recesses (not shown) in the
underside of the cell 2. The arrangement is preferably
like that disclosed and claimed in our co-pending US patent
application no. 60/664170 filed 23rd March 2005 and
entitled APPARATUS FOR SUPPORTING A DISK DRIVE AND DISK
DRIVE TEST APPARATUS and the corresponding PCT application
no. PCT/GB2006/000970, the entire contents of which are
hereby incorporated by reference. The arrangement
disclosed in these earlier US and WO patent applications is
such that the centre of rotation of the cell 2 is outside
the portion in which the disk drive 20 is mounted, which
minimises the errors that can otherwise arise when reading

from and writing to the disk during the testing procedure.

The disk drive 20 may be mounted in the front portion
3 of the cell 2 in a manner generally known per se. For
example, the disk drive 20 may be carried in a carrier or
tray 21 having a front handle 22 which can be gripped by a
robot to load the disk drive 20 and tray 21 into and unload
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i ke that disclosed and clainmed in our co-pending US

patent application no. 60/664170 filed 23rd March 2005
wan7aatizd | ed APPARATUS FOR SUPPORTI NG A DI SK PRIrNB260d003369

DI SK DRI VE TEST APPARATUS and the correspondi ng PCT

application 5 no. PCT/ G2006/ 000970, the entire

contents of which are hereby~incorporated by

reference. The arrangenent disclosed in these earlier

5 818,V ey BB L) 9F° a8 LI ST e
fwhhehothshgi sleldr i2ue 206p§rﬁ§aﬁt§@nnw@¢e@n@ @ingi reheed ike

aEEep%BQQH%dFE%It%%ﬂr%%EGBW'%%ea%bi%ﬁ@h%nf%%an%%éE%Q%h to
nd Mﬁltln t he di sk urlng the testing procedure.
e

tﬁtﬁe a?3§kdae-rf\¢e2@o ney- S ETRYu At e §Yn PehEorngRd Far thhen cell
23ueﬁn§;h ehee bl rangenniadieclgeadr ahl )bulmw pRejerse.

For . xa | e, dri ve ma arried in a
bR PR pPy, Bo7 halns ants Fok SRbta e s ien can
PB@/QBBppédO@¢9aOrmderEncbdaabbhe di gk dremesra2) dame tray

2 di d 4. .

23 ) Blylhe! BEPpRY el dhe (HReIdihG ERA qifdl oBba in

oprePfrpcal0éofRédili2dns U&nartZIQé) SHORE 7P  pU§riAded Ot 0018397

htaewbeat 20 5t/hesesloumend Lol i¢eneeelican ot & kwlldﬂhs kbre
may. be nounted | he ceI

hﬁ%ﬁh@’ tlﬂgoﬁippiﬁ‘&@ﬁ]e%’(y 6ﬂe§€|r8§é’& ‘i ntourt
eapplicahicoshoamn , 6 0cbedEE) ahe EGEyaQM|haﬁ|nm1ba$e or floor

sgcgﬁggzgggé%09%7g.t%fere%%%%ee%o%%enélu %ﬂ?&%ﬁ, éreader
pdrsel 8send fheudiss M®@42@2@311£:’211 logged 1505 0067698y 21,

whSef- 208910018397 rand t‘é@néf%@o%/fo%‘é%%oby e R,

contents_of _which_are hereby incorporatéd by reference
betygephEhpr drwieredcdith SBTRERCTsRIFTS RoReerthg s#réylve

281lihasheotkasge2ar. fl oor so that there is nothing

bet ween the | ower heat spreader plate 9 and the disk
drive 20 when | oaded into the tray 21, which

f aci I’ht.at epechdé itcr axsiprleobrieats by nooineet toifo mdvetnvegre s

obBe Lawer o3t $Rr eadeh RIALe S affel e WSk iR print
occupied by the cell 2 is minimised. The path length
between the heat exchanger 13 and the heat spreader plates
8,9 is minimised, which reduces heat losses within the cell
2. It also allows the number of thermal interfaces or
connections to be minimised, which increases efficiency.

It also means that the thermal connection to the cell 2 for
carrying heat into and out of the cell 2 may be the water
hoses that supply the heat exchanger; such water hoses are
typically flexible and thus this arrangement helps to
vibrationally isolate the cell 2 from the exterior (such as
the rack 1 in which the cell 2 is typically mounted in
use). In contrast, in cases where the heat exchanger 13 is
outside the cell 2, the thermal connection to the cell 2
would have to be made by a heat pipe, which is a rigid tube
and which can therefore transmit vibrations into and out of
the cell 2, which is undesirable. The mounting of the heat

exchanger 13 within the cell 2 also minimises the empty
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20 in the tray 21. This specific exanple brings a

nunber of advantages over the prior art arrangenents.
woheo7apere or footprint occupied by the cell 2PC$/GB2006/003369

m nimsed. The path | ength between the heat exchanger

13 and the heat spreader plates 8,9 is m nim sed,

whi ch reduces heat |osses withirn the cell 2 . It also

al l ows the nunber of ther rral i nterfaces or connections

to be m ses fficiency.. It also
RSSO Bl COTGE (g T HE TS fore
modlstyireg clo@dtenitntwd. tAiich aiite @:fe]ﬂhéz ceI'IIhl% ney iedhent
wat er hoses that supply the heat exchanger; such water

HIsEs thce Py’pltéglﬂefafquéfﬁsol (ediny i's SERF Ermsﬁfld
lnp%ot% %‘ B{ca&b%?k ¥o!rsgh%t altsiaedssgue 3of E?,‘E‘eﬁz»ﬁ%d to be
ex erior (such as the rac I'n whi t he 'S

acygievald gurdmet epermatise). . The dem dastis ivilpadeipnally
1\whar %eﬁ"%r‘%ﬁ@t’ch@“&l@w(%{rl% %) O%ﬁ’ilgrﬁé I}gg qeld @fﬁect on

the t errral connection to the cel have to be

t#@a@w AriEs 2% 5 ami éﬁhl@téoﬂ gﬂfd tth?oefaahdlw%ng
ot atiemef OUbnt’cIa&ftS Bdtwader aiﬂeoml%atntsg;xami&utpl@ftéshes 9

awﬁatthsxeﬂﬁ“’%gér 3 Wt oo ) o, e e et
uariMeyspdds \mstetﬁu’l tme:h:ei:]s]Q d,r:wlmsl:h)ﬁ rdﬂﬁﬂerrenmlﬁpmsand
S e areen e G thp B G o Banler

P@é;tlﬁgoéewm evdd aws Qe mmmx@rt)um)rramee divge which

@i Wﬁs%odkﬁb%HQﬁiidé%.Qﬁaﬂﬁ%ﬂf@&“%dﬂﬁé h-BRErAtd Qhg The
n 15 js vibrat,ionall |solatedfromthe di sk drive

LERSE AfsiPnd &EfFeiend e SHri ve 20 of any
vi bration of the fan 15 during operation. Cont act

bet V\%er‘z}: tré%cr]eeaj,ts %Dr ead e | a :Lsgu8 2 %nq:ot I'}I_eO di 1ch show a
drive TS5 Qv oitded,” |ng
SErFioner %aml@samlamanatm%M@ me:smﬁlrm ftfce regntenthygsli ment

o%anéhﬁﬁ%se£Qe1%%%ﬂgldﬂ“3Iﬁﬁg dﬂﬂg¥%ﬁﬁé fﬂﬁj.ﬂbludes a

partlcul ar Peltier devices, allows the tenperature

C@&ﬁgé Ogver Refiegring briefly to Figure 10, the cells 102
are preferably arranged in groups of three, one stacked
above the other. The volume 104 in the cell 102 is again
sufficiently tall so as to leave an air space between the
top and bottom of the disk drive 20 and the cell’s upper
and lower heat spreader plates 108,109 respectively. Each
cell 102 has an axial fan 115, which again is preferably
vibrationally isolated from the cell 102, which may be in a
manner similar to that described above for the first
example. Again, the main function of the fan 115 is to
agitate air around the disk drive 20 within the volume 104
so as to encourage heat transfer between the disk drive 20
and the heat spreader plates 108,109. Each of the side
walls 119 of the cell 102 has an internally facing rail 120
on which the carrier tray for the disk drive 20 can slide

to mount the disk drive 20 in the volume 104.
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the disk drive 20 can be varied to be nmaxi m sed and

achieved in a quick and efficient nmanner. Reference is
waaw7madedt o Figures 7 to 10, which show a secea@/GB2006/003369

exanpl e of apparatus 101 according to an enbodi ment of

the present invention. The apparatus 101 includes a

cell 102. Referring bri efly‘tlé Figure 10, the cells

102 are preferably arranged in groups of three, one

t d ab t Th | 4 | th |1
Too° L BRAE A SRl DRI dTi, Wbl Al sEiana
expapd dseoleding lveltlep 2ar1d>2batsx diadf irhehti Heanid ex@iple,

d | I
+@2d Lhe Gl }%éj%p%ﬁn%%@l‘@%{ %g%t% Sadsr, P aotrfes being

108, 109 respectlve s an "axi al

Preyidpsi @borgaiemd STer Sedngh by oviisiast Rsdam (ches sicduame 104

ifr emitche teRl |31 ER2 ariRicC 2 oMY Beddlwadmnngle Hddd ar to

th descrlg%d abo for]’h/ first e r% Agai n, the
n@&ﬂf@tu 5 GOSSs t

hblae @mleam&exvgal%(tam t119i8n 1t0%e bwo e 4 va&o mu Qumps 112,
u h ra f et t he sk rlve 20

W?E%%h %tgﬁgl r?% dté)r %I%&ftesel}lgg%%%g Eaglﬁleofh%t e 151 esaIrZLdlz

S\@élelc§lYPQYof9WIﬁ7e heelt] ip¢2 lvasl st wferthal |hesftacixmhangers

1181 520 200 WY et taieisqcaﬁfr’l%re iy 9l t]'l_té%tdle%&}%[ﬂgx@f 113

20 can slide to nount the disk drive 20 in the vol une

ARG4DPRE R SdlilflFe PERC OPFEREdA Yt e iNeSE &Ry sastsndlates

1e)8aml))|9e&r@f ﬁﬂﬁe@:&'ﬂlgf Z).rb@ad'eﬁ zhkata i?édlféei Ssﬁhﬂdﬂ’&i;sembly s0
np ce a_pai.r. of heat exchangers

S B Rt Py LG aBOTRTHAS BRE SRy FH o iy around

thelsewcrmponeingme 104 in which the disk drive 20 is

recei ved. The heat exchangers 113 are thermally

connected to the respective heat spreader plates

108, Tha spparddsadeiry e reagpenss 112 whikc khegdiantmay
ckenBebkirer 1devisees inThe eat d%ﬂﬂ@%tlﬁafﬁﬂﬁﬁa|%ﬁ?ﬁ/Iﬁﬂgs
WUTR SR b AN 0w oL L he heat gxghanoers, 13 flal
sbheatdpunmpd at®Ed 408,400, oraldiyist b eheate yFr émder ilpaies
which is desirable given that the presence of heat pipes
inevitably introduces some uncertainty in the temperature
of the disk drive 20 that cah be obtained owing to the
temperature differential that 1s required between the ends
of a heat pipe in order for the heat pipe to operate. The
path length between the heat exchangers 113 and the heat
spreader plates 108,109 is minimised, which reduces heat
losses within the cell 102. It also allows the number of
thermal interfaces or connections to be minimised, which
increases efficiency. It also means that the thermal
connection to the cell 102 for carrying heat into and out
of the cell 102 may be the flexible water hoses that supply
the heat exchangers 113, and thus this arrangement helps to
vibrationally isolate the cell 102 from the exterior. The
heat exchangers 113 again occupy space within the cell 102,
minimising the volume of air within the cell 102, which is
beneficial to minimise the moisture content within the cell

102. Moreover, and referring to Figure 10, when plural
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108, 109 are preferably provided as a seal ed

sub-assenbly so as to prevent or at |east mninse
wonbeEtare9 bui | d-up around these conponents. ThPET/GB2006/003369

particular arrangenent, in which the heat exchangers

113 are in direct contact with the heat punps 112

whi ch thensel ves are in direéf/~contact with the heat

spreader plates 108,109, avoids the use of heat plpes,

whi ch i.s desirable given that the pr enc of heat

Do ey LA MRk o160 AP R SHEM TS (1 7o tester

raef) e tthkeu re s@fe dtiered ngdp adr iangl z&mdxaﬂqecaan eectehtgdnred 13 of
0 erature di rent hal q ed

abé?ﬁ%@% Fﬁgﬂéhgﬂﬂz a a%ﬁ%ggn%e%%ﬁ&br er%%or ‘é E%{t

geineeratlo @gér atfe. tHEhélG;@a?t mx@wgqgﬁer@eﬂwéemntlﬂe Weat the same

E@Hﬂ@%&%ﬂf@ %%@nﬁﬁgHEBEkQ?Qinﬁﬁﬁéﬁﬁﬁyé @kﬁkﬁs ]fk%égﬁédéive

m ni m sed, which reduces heat | osses within the cell
ofpzhe PCtiiedo LAMRRHR e S Bib dh o ittt Ve Shtddt fmaumed in
t<1>1re GeiRpReidiens dd1 ke o mMasedn, wmtclis ndedases] that any

&tﬁ!en%¥2c}t al so neans .t hat th ggnal onnectlon

S0 20l R R 0 s B Y S e

oszelxi the? treeyt ivey tdeendd efuitilah \Waem hn@a/eéaet Hators Upplow 0°C
he heals ngens 1

lﬁkﬁf%%?ocslgratlonalIéﬁfsgﬁg§ég&% ?’from ﬁfore

Stestiigiel yTidevaml lak diigerss t délgfd‘i nirdcaﬁp & pfaeqan each

d@hteli' '&n‘d"%@%!derﬂ@%;aﬂ'ﬂsﬂ'd’ﬂ $iHyg dhe valggmesf Aair
hi n cel | which is beneficial to_mninjse

ctmeﬁﬁm% YR E RS | B \OIESverS 1
Siilmﬁtfaelfcﬁ i g Hetrntal 1g e S0t alhke b giwideal sijaceid scdilz 102.
are nmount ed one above the other in a tester rack, the
respective upper and | ower heat exchangers 113 of
adj adewoddeldnsgs10X drtee adjesterit ientsin totdrerhawpvpedm

Renelifeq AlilerPlp atzfta_&ﬁa&r SLHANGRIS ol 31 |éx£@p?és the

same tenperature (which may be for exanple 15
ildusdpadadre SlowateTactifalvVitldnRs ARRTES Jﬁt‘-ﬂn etfaﬁi‘sk
vféﬁ_’il\éﬂﬁo%ﬁ; @i&&&ﬂi:ﬂﬂddﬁd@@@@l iBee nefld Sl Ohe Agdnbles

deséﬁiﬂ% %Lk: IEE 'QGpe of the present invention. For
example, whilst an axial fan is preferred for agitating the
alr, other air-agitating devices may be used, including for
example radial or centrifugal fans, an oscillatory air
movement generator (e.g. a voice-coil motor connected to a
diaphragm, or a piezo-electric element or bellows), etc.

By way of another example, in embodiments, the heat
exchanger (s) may be thermally directly connected to the
heat spreader plate(s), or connected via one or more heat
pipes, or connected via one or more heat pumps, or
connected via one or more heat pipes and one or more heat
pumps. Where provided, the heat pump(s) may be connected
at one or other end of the heat pipe(s) (i.e. adjacent the
heat exchanger or the heat spreader plate) or heat pumps
may be provided at both ends of the heat pipe(s). Each
cell may hold only one disk drive or may hold plural disk
drives. Depending on the embodiment, there may be one or

plural heat exchangers, one or plural heat pipes to the or



di sk drive 20 in any cell 102 may be at any

tenperature over the testing range (which again may be
worammeizow 00C up to 700C or nore) . The heat PCT/GB2006/003369

exchangers 113 therefore effectively thermally isolate

the disk drives 20 from each other and adjacent parts

of the cells 102 are at subs@%ntlally t he sane

tenperature Thus, there is in substance no thernmal

E glk bet ween adj acent gell 02 Enbodi ment s o%h
e?ﬁ E‘FS— eﬁf‘c AYER or‘? favé Be8fiddeSERATHEY Wit h StC ©
hpakt conbdartietewedtemby bleaepanpl e ithleudteedat eckchanger.
I hate h ari,al

TN At T e g él%%?—.v%” all may
begj ﬁhpﬁrﬂ'—héfs@bﬁe ghtt pempr whent PravéAeon. Where plural

h@é@nﬁhgeswah:leseoaﬂe@&bal tbap ikgnpnef %&%d fRlch as a heat
gbtatln air, other ajr- gltatlg% g}\rlecesm%y £
cfseaSFhel E‘d RE tf BFBx a R BSPEIFRIE SGFEeRLAtRugafe ends o
thanheaanpageslhayob¢ d&hixedoenmetnt egredatiorin @ goudting
e ot gr, connec d .di_ aphragm or.
pi%é%o er %t%scatFeﬁe ? %% é%l%ﬁgfageP%%tBy %&%ﬁﬁd’ the
manotheg elatpl mayi beewb@dprﬁertm@, hehé bpaeasiech@igaes -
(s) may be thermally directly connected to the heat
spreader plate (s), or connected via one or nore heat
pi pes, or connected via one or nore heat punps, or
connected via one or nore heat pipes and one or nore
heat punps. Were provided, the heat punp(s) may be
connected at one or other end of the heat pipe(s)
(i.e. adjacent the heat exchanger or the heat spreader
pl ate) or heat punps may be provided at both ends of
the heat pipe(s) . Each cell may hold only one disk
drive or may hold plural disk drives . Dependi nhg on
the enbodirrent , there may be one or plural heat
exchangers, one or plural heat pipes to the oreach
heat exchanger, one or plural heat punps, etc. The
heat conductive wall nmay be a part of the heat
exchanger. Alternatively or additionally, the heat
conductive wal |l may
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be a part of the heat punp when provided. Were plura
heat pipes are connected to a single part, such as a
waeadi7/exehanger, a heat punp, or heat spreader POTARB2006/003369
the ends of the heat pipes may be fixed to or enbedded
in a nmounting plate which is gttached to the single
part. |ndeed, the nounting 59 fe may be one of the
heat spreader plates .CLAIMS 1 . Apparatus for
controlling the tenperature of a disk drive during
manuf acture of the disk drive, the apparatus
conprising: a cell having &LABYSti ng arrangenent to
whi ch a disk drive can be nounted and having walls
deflnlng a volume in which the disk drive is recelved

Lwhen 2ppaseddst & ath & Mbddtildgdartfien femaRr i et a disk

draref aeturg efarddmcivse &f wele @idkeastivane v lagfaratus
the cel,l adjacent said volume being heat conductive
CRA®*BEMY ‘arr anged such that a disk drive when
receiavegliln Hdwﬁngnlaumﬂﬂémgmh:xtamgamesaj ctcnmhieca”sta disk

I r i
LG Ry P e RO M QA S S in
whngha thiesIdigk i iMeerd s easiaiadd whee Wl’u?rféi tt the

m%ﬁglt%lihgg%ﬂi%@igénreaﬁsf&fmb@ WReh st deagie Qﬁesmlllve,
and a sk drive mheqblnserted into the vol une;

ai r - &6i t&FT W "G & nd oGt el S volume
b‘eulngahe@maldqndmﬁmlazteemfd ajmalgsazd:adjgeid dricte e a disk
mounted in _the ce L ARRArat us, accar cl ai
A s 2l b e e e e d (i e d et
leelslt. o3ie wadgdar @ngs according to cIa|n12 : mhereln t he

heat a%%*l?ﬁ%%&ﬂah@igf %S‘etx}l)é:et RSB e e R ‘%{Haaqgféi do
heat conductive wal Appar atus according_.to clalm
aglpaW@e@@qqhqﬁyqﬁgnsald ‘at least one wall and a disk drive

when received in the volume to encourage heat transfer
between said at least one wall and a disk drive when
inserted into the volume;

the air-agitating device being mounted so as to be
vibrationally isolated from a said disk drive when mounted
in the cell.

2. Apparatus according to claim 1, comprising a heat

exchanger mounted within the cell.

3. Apparatus according to claim 2, wherein the heat
exchanger is directly thermally connected to said heat

conductive wall.

4, Apparatus according to claim 2, wherein the heat
exchanger is thermally connected to said heat conductive
wall by a heat pump that is operable to pump heat between

the heat exchanger and the heat conductive wall.
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exchanger is thermally connected to said heat

conductive wall by a heat punp that is operable to
wounp/aead bet ween the heat exchanger and the ReatGB2006/003369

conductive wall .5 . Apparatus according to claim2 ,

wherei n the heat exchanger is thermally connected to

sai d heat conductive wall byzg“heat pi pe. 6 .

Appar atus according to claim5 , wherein the heat

exchanger is thermall],y connected t.0 the heat pi by a
Shoat ARRBACHS CEGEIRGE CIoptg  h A Bt FERe
elreabingechasgeheand tllye domakecpiege to FaidAbheatatamductive

oy di ng claim4 or claim6 , wherein the heat
W%E%pkgsgahggFt%Q I%}Ievice. 8 . Apparatus according to

any of claims 1 to 7 , wherein the air-agitating

ef.lew ﬁgp%a%a%ufs?%-cca%pd%& _ bhggaa_tn @QnWh‘é'ﬂéiEﬂ:g ttH?aefhetar’]c
enperature of a dis rive durin nuf acture o e

SHCERIgRIy &S HheTReHYd C@&?&ﬂ@@n&% %tﬁ%} PIRSPY a heat

plmbveht@ d smoweaidaid eardoapgene ilcatf betoeldn g ngeamal | s

th tnd%finedat%% me.in.which the disk drive is

exclla =} ea 1 . .
recel ea en nmoun e& tpoptehe mount 1 ng arrangenent

during manufacture of the disk drive, at |east one
Mal | aghat-he  eeldle RUBGRN: S 311% 1 HPlURE- RAING heatyherein the

I
conductive and being arranged such that the disk drive
hgRénPHBReiFed B¢ HEW Sl Sdoes not touch said at
| east one wall; and, operating an air-agitating device

to agitate air bet n said at | east ane N d .
B s K TPV & ol A O e P Hn e ol B oo agBierein
theat itragsfert imgt Wesn czaiidd &t famast one wall and a

di sk drive when inserted into the volume; the
air-agitating device being vibrationally isolated from

Sthe & sRtieidvel rontxodined thec segmeratond #fma disk
JSRRY SRS ORRFRMANRG Fe of the disk drive, the method
comprising:

mounting a disk drive to a mounting arrangement of a
cell having walls that define a volume in which the disk
drive is received when mounted to the mounting arrangement
during manufacture of the disk drive, at least one wall of
the cell adjacent said volume being heat conductive and
being arranged such that the disk drive when received in
the volume does not touch said at least one wall; and,

operating an air-agitating device to agitate air
between said at least one wall and a disk drive when
received in the volume to encourage heat transfer between
said at least one wall and a disk drive when inserted into
the volume;

the air-agitating device being vibrationally isolated

from the disk drive.

10. A method according to claim 9, comprising operating a

heat exchanger mounted within the cell.



10

15

20

25

30

35

heat exchanger mounted within the cell.11. A nethod

according to claim 10, wherein the heat exchanger is
wdizoasiRot hermal |y connected to said heat con#aTiGB2e06/003369

wal . 12. A method according to claim10, wherein the

heat exchanger is thermally nnected to said heat

conductive wall by a heat pJ%‘E,‘ and conpri sing

operating the heat punp to punp heat between the heat

h d _t t N | .
e Coro e Lo AR IRCraen RO hene S ey e

gERmelary icofieecdd v dhegimg IHeatcoedediad V@ veddld Bieat
cheat; iR wkd.1 A nmethod according to claim 13, wherein
t he heat exchanger is thermally connected to the heat
pi pe by a heat punp, and conprising operating the heat
1punp A ety Beaiorddingean tdieikedto exthargar tand Hdear

i pe.. 1 A _met-ho ccor.di to . claim12 or ¢l ai.m
e%%?}a e?r'% ety t%rﬂq‘é3 e lyp%:r?% nles<,:Jr tge%%()t isgrl%c%lvela(]:t e.cof%fucit Ve
wadtlh&y acdeedi myrro amd cfomgrdisisod aneres;inghertat headie pump

i b N :

R e e R b e T R T
CREAUWCAENE @23 -t he disk drive, the apparatus
conprising: a cell having a nounting arrangenment to

[ ' dri t d . havi, |
Tlat i A 5RO PEREE i e S T HAREATE Yt e
ewlcdrngeun tied the rred. Iiyo watnineg: tard amgereent et ngonductive
ngqu%gg_taukgac&f gt_-L?%_disk drive; an upper wall of the

a

cell j acent volume and a |l ower wall of the cell
adj acent said vol une both being heat conductive and

l?ﬁi ng, iafertal&gie@c%&ltai:ﬂ@attﬁa c‘i!aﬁ.'fn dr3 ,V%vl—i@‘i%:lrf QGRl \&ﬁf&ﬂ n
Vol ung does no oucn sal upper_ _an ower, wal | S;
BRI TS TSR SRt oV Sin@iRE BY @ heat

puler, maind comprising operating the heat pump to pump heat
between the heat exchanger and the heat pipe.

15. A method according to claim 12 or claim 14, wherein

the heat pump is a Peltier device.

16. A method according to any of claims 9 to 15, wherein

the air-agitating device is a fan.

17. Apparatus for controlling the temperature of a disk
drive during manufacture of the disk drive, the apparatus
comprising:

a cell having a mounting arrangement to which a disk
drive can be mounted and having walls defining a volume in
which the disk drive is received when mounted to the
mounting arrangement during manufacture of the disk drive;

an upper wall of the cell adjacent said volume and a
lower wall of the cell adjacent said volume both being heat
conductive and being arranged such that a disk drive when
received in the volume does not touch said upper and lower

walls; and,
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contact with said upper wall and a | ower heat
exchanger | ocated below and in thermal contact with

weabd/Boeer wall. 18. Apparatus accordi ng to cPar/aBRé)6/003369

conprising a first heat punp between the upper heat
exchanger and said upper wall that is operable to punp
heat between the upper heat'@%changer and sai d upper

wal |, and a second heat punp between the | ower heat
exchanger and sai.d r_wal S.0 erabl u
heat “BethEsh tHE 1 S i 3ﬂ%§F-éf§W§ﬁ§£ 2bev Snal

omaltact Mg.thAyspardattweaz:wldJ red @ dlcaiem Iﬂaats./\he{céianger
118 gﬁﬁoe%moana" {Pﬁﬁéﬁ{ald Wri8s+ AR AR W er wall.

according to any o al s 1 to 19, conprising an
air-agitating device arranged to agitate air between

1eal dA@@%erata{sﬂ dc@&rdl\ff@t It &1dig Cilesﬁ cﬂ{lﬂﬁtieléw a first
el ve n e v une 0O encourage ea an
B D B e S e ke Sy i A Arb upper
Waﬂén tﬂ'lraserltse@plenctaﬁultehe:cwq:lumpe hea&lbe‘kmw:ﬁttﬂﬁa upper heat
eéc%%% N9 g'h‘& %laqlcf(‘nu%%efm “%1 e cft 'qe” de‘” ¢e
i on a e r

nted so as Iy 1'SO
beéM@e@I§%Edﬂpwenmh§ahnﬂﬁqhamgar1am@.@aud 12pver wall that

lép@@re@ta%aea%owr@g He € Rt %ecllwe@hea@eéﬁﬂanger

the air- |tat|n device is a fan. 23. met hod of
a@éntsla&ldi @’etrhé’at erature of a disk dr| ve during
manuf acture of the disk drive, the nethod conprising

un 9.2 disk drive to.a unti rran of.
1801 PR R SR 5 TN R e
e airs Pedsilved delvéreerount ed to the nounting
arrangenent during manufacture of the disk drive, an
upper wall of the cell adjacent said volune and a
20one PPREFRLHE BRECESINdFracent 4 ¢lvdmsne Tbdich ei ng

chegl-ieanduehi we rand kel g aanged a&&%&g’é@ttd hgridiatde air
drive when received in_the vol

between said upper and lower walls and a disk drive when
received in the volume to encourage heat transfer between
said upper and lower walls and a disk drive when inserted

into the volume.

21. Apparatus according to claim 20, wherein the air-
agitating device is mounted so as to be vibrationally

isolated from a said disk drive when mounted in the cell.

22. Apparatus according to claim 20 or claim 21, wherein

the air-agitating device is a fan.

23. A method of controlling the temperature of a disk
drive during manufacture of the disk drive, the method
comprising:

mounting a disk drive to a mounting arrangement of a
cell having walls defining a volume in which the disk drive
is received when mounted to the mounting arrangement during
manufacture of the disk drive, an upper wall of the cell

adjacent said volume and a lower wall of the cell adjacent
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not touch said upper and |lower walls; and, operating

an upper heat exchanger | ocated above and in thernal
woani7asi72si t h sai d upper wall and a | ower heat PCT/GB2006/003369

exchanger | ocated below and in thermal contact with

said lower wall to control the tenperature of the disk

drive. 24. A nethod accordiﬁ&3fo claim 23, conprising

operating a first heat punp between the upper heat

hanger an( ald mall bet ween t he
836§Er heat exc éfggﬁﬁf rﬁ%ﬁ%?‘ﬁhﬁzg ng arranged
S@p@r&h@ﬁgt@eséa@mdéhawe mdnplbgmxmﬁmedlunluhauvdmuMe does
n%%CQ%ﬂ%%rs%&@.% 4l Quey %;‘ﬁ%lﬂ%npaﬁﬁ?t bet ween the

| ower heat exchanger and sal | ower 25. A net hod
accoPPEAG tHadcPaE MPPET Westeisalisa dREatl qaafsyl kwve and in

tRektdaer %@FGQQS wid®: s%ﬂ@tha%?rld s 10 1@%10Ihetat
ns (0] (0) | S op a an air agl | ng
DRyt ohek e BT, Arp ay TR ey

1warelrs waid aodn@htdmﬂv&hwhm@mpanaaumé|dftHME\aﬂanﬁﬁﬂwe.
encourage heat transfer between said upper and | ower

wal | s and a disk drive when inserted into the volume.

227. A methed accordiimy to cflaiim 28, wieeneiisifte operating a
faikaghlatl RandeYetsdeh \HHY ideRaklay d %94&1 %g;é‘xr URd NRiia

di sk drlve 28. A nethod according to claim

UpPErmat L \Rﬁ’epélfﬂ@ tiRe e tiGiera ey WeEt: &ead @aner

and said upper wall, and operating a second heat pump
between the lower heat exchanger and said lower wall to
pump heat between the lower heat exchanger and said lower
wall.

25. A method according to claim 24, wherein the heat pumps

are Peltier devices.

26. A method according to any of claims 23 to 25,
comprising operating an air-agitating device to agitate air
between said upper and lower walls and a disk drive when
received in the volume to encourage heat transfer between
said upper and lower walls and a disk drive when inserted

into the wvolume.

27. A method according to claim 26, wherein the air-
agitating device is vibrationally isolated from the disk

drive.

28. A method according to claim 26 or claim 27, wherein

the air-agitating device is a fan.



