WD 2007/ 031729 PCT/ GB2006/ 003369 METHOD AND APPARATUS FOR

CONTROLLI NG THE TEMPERATURE OF A DI SK DRI VE DURI NG MANUFACTURE Thi s
appl i cati onWd HIHE1{He benefit of priority to US 5 appl PEBIGBE#G/003369
serial no. 60/717265, filed Septenber 16th, 2005, the content of
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relates to a method and 10 apparatus for controlling the tenperature
of a disk drive during manufacture of the disk drive. During
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PCT/ GB2006/ 00%565aLY to con emperature o
The temperature of the disk drive is varied across a wide

'the

range during testing. Also during manufacture of a disk
drive, it is necessary to write data to the disk, such data
20 including servo bursts and the like. Tt 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 bearingg that carry the disk drive
operate better at a particular temperature or because the
25 fly height of the read/write head over the disk can be
better controlled at a particular temperature, A
particular reguirement 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
30 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
35 disk drive units is controlled by using cooling or heating
alr which is common to all of the disk drive units. In the
gpplicant’s WO-2-01/41148 and US-B-6826046, the entire



-2 contents of which are hereby incorporated by reference, there is
di scl osed a nore sophisticated arrangenent in which a box-1ike cel
has a front Woo001@m72Pn which a disk drive (optionally iPRCT/GB20M3369
handling tray or carrier) can 5 be received, and a rear portion in
which there is nounted a centrifugal fap. A heat exchanger is
mounted externally of the cell. The fan bloms air over the disk
drive fromwhere the air passes around one end and back under the
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hi gher rate. However, this would increase the vibrations arising in

t he apparatus 35 durlng testing of the disk drive, which is highly
There are however some limitations in the apparatus of

WO-A-01/41148 and US-B-6826046. Most significantly, there
is an increasing demand to lower the temperature of the

20 disk drive to below ambient, and even below 0°C, during the
test procedure. Thisg 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

25 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 digk drives and, again, such
products may be left at cold or sub-zerc temperatures (for
example because they are left in a wehicle overnight). The

30 arrangement disclosed in WO-A-01/41148 and US-B-6826046
cannot readily be adapted to lower the temperature
sufficientiy. For example, one possible solution would be
to use a fan that spins at a higher rate, However, this
would increase the wvibrations arising in the apparatus

35 during testing of the digk drive, which is highly
undesirable. Alternatively, it might be possible to lower
the temperature of the cold water supply to the heat



undesirable. Alternatively, it mght be possible to |lower the
tenperature of the cold water supply to the heat WD 2007/031729
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US-A-2003/0142439 discloses a unit for supporting a

disk drive for use in a car (automobile). Again, this

20 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

25 conductive plate and a heat sink.

US-A-62895678 digcloses 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

30 housing (referred to in thig patent gpecification as an
"environmental housing"). This apparatus ils therefore
again clearly not suitable for use in supporting a disk
drive during manufacture of the disk drive as it is not
pogsiblie to have the access to the digk drive that is

35 necessary during manufacture. Moreover, in particular
examples, a fan is provided to blow aix over the disk drive
but the fan is not wvibrationally isolated from the digk



35 necessary during manufacture. Mreover, in particular exanples, a
fan is provided to blow air over the disk drive but the fan is not

vi br at i onal WP J08413a12ed from t he di sk WO 2007/ 031729 PCT/ 8B20856/00038369
-4 drive or the environnent housing in which the disk drive is
supported. Wiilst this may be acceptable,in an end use application
for the disk drive given that disk drives are fairly tolerant to
sone vibration in end use applications, 5 this cannot be tolerated in
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coolin
9 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

20 the disk drive; 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 ailr-agitating device arranged to
agitate air between said at least one wall and a disk drive

25 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.

30

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

35 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



air across the disk drive, and is instead present nerely to agitate
the air between the disk drive and the heat 35 conducting wall in
order to envOwoes1zeat transfer between the wall and tber/dBshso0336o
drive. The principle of operation is therefore very different from
that of the apparatus of WO 2007/031729 PCT/ GB2006/ 003369 -5

WD- A- 01/ 41148 and US- B-6826046 in which a flowing mass of air is
responsi ble for the heat transfer between the disk drive and the
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contact can be made in all cases.

Preferably, a heat exchanger is mounted within the

20 cell. wWhilst 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

25 number of thermal interfaces or connections to be
minimised, which increases efficiency. Tt 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

3¢ 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

35 pipe, which is a rigid tube and which can therefore
transmit vibrations intc and out of the cell, which is
undesirable. Anocther advantage is that the empty space



30 and thus this arrangenent helps to vibrationally isolate the cel

fromthe exterior (such as the rack in which the cell is typically
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outside the cell, the thermal connection to the cell would have to

be made by a heat 35 pipe, which is a rlgld tube and which can
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heat punp. TH&é heat poRpursiwebvabl reast @m@ paef\m o& tthat hcah be used
to punp heatexichwareds.or away fromthe disk drive as required. 20 In
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connected tqQ the h8§ pLpe qX a he%D1P n%_t hat i s operable to punp
heat 1s operable to pump heat between the heat exchanger and the
heat conductive wall. The heat conductive wall may be a

15 part of the heat pump.

The heat pump is a bi-directional device that can ke
used to pump heat towards or away from the digk drive as
required.

20

In an embodiment, the heat exchanger is thermally
comnected te 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

25 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
30 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

35 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.



bet ween the heat exchanger and the heat pipe. In one preferred

enbodi nent, the heat punp is a 30 Peltier device. The air-agitating
devi ce may W@ 07@h22The fan may be for exanpl e an axi aPCY/an2006/008369
radial fan. Alternatively, another air-agitating device nay be used,
such as the 35 oscillatory air nmovement _generator (e.g. a voice-coi
notor connected to a diaphragm or a piézo-electric elenent or
bel | ows) disclosed in our US patent application no. MD 2007/ 031729
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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

20 said at least one wall and a disk drive when inserted into
the volume; the air-agitating device being vibrationally
igsolated from the disk drive.

The method preferably comprises operating a heat
25 exchanger mounted within the cell.

The heat exchanger may be directly thermally connected
to said heat conductive wall.

30 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.

35 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 punmg,



to said heat conductive wall. 30 The heat exchanger may be thermally
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pl ural such aug§ratus are stacked one a ove In ate
rack. in t hICIEEEE, “PhELRE; BRUDF I VS 2T FRAGFESTEr ﬁ&ﬁ%ngpﬁléﬂaﬁf%t‘é?% ot
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di sk drives are
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, an upper heat exchanger located
above and in thermal contact with said upper wall and a

20 lower heat exchanger located below and in thermal contact
with said lower wall.

A particular advantage of this aspect of the invention
ariges when plural such apparatus are stacked one above the
25 other in a test rack. In that case, the disk drives in the
varlious 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

30 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

35 disk drives. Moreover, the temperatures of the heat

exchangers of all of the apparatusg will normally be at the



tested asynchronously and i ndependently, which nmeans that 30 for
exanpl e one disk drive in one cell may be at a low tenperature (e.qg.
bel ow 25C) Wwhepwadi7ay di sk drive in a cell above or bel oreTiER20bR00ad69 2
hi gh tenperature (e.g. above 50C). Having the heat exchangers
between the cells provides for very effgctive heat insulation
between the 35 disk drives. Mreover, the tenperatures of the heat

exchangers of all of the apparatus will normally be at the WO
2007/ 031729 RGL/ GB2006L 00336 - ang:o e.g. 15 and
thus the upper and Power pa?(tjg %Tg't% gggﬁ%ﬁg&%h{gﬁé al%%gea%jaélce%tower

each ot her PR¥tFeoirBRR apeanttyhcthmmancemddraentecathi sthertherthe
serves to tdekmakkyatsohat eahberagiacant-Lel rsikr em-each othsss by, 5

ppar at us. MV CBADIT SboALTE P eGSR baiSe k= SThEs ABpar afBdY
exchanger® ag@dsaidguppercail trodmttdlk tepercabl eéhtoaguapeheatebet ween

t he upper heat exchanger and 10 said upper wall, and a second heat

punp between the_] ower heat exchanger and said |ower wall that is
operabl e to punp  fie¥PHEt WedmMEhed ehéat 1ERENBRGEr PEHE Rafpen

| ower wal | . thEhepheat hpainpsxaimynde Reld iseri ddeppeeswald Thetappar at us
preferably ¢oapLL$ES:ANALL - ' device arranged to agitate ajr
bet ween sai dgupper and%%hm%rﬁgém%ﬁ%ﬁ%ﬁg ?ﬁ(?i E‘E%S‘ﬁ @%ag\hgﬁcﬁg%%?%eadl in
the vol dife £§1deHEBRT affel heatnd rarmSw@ndhéertecRusRi Hetpper anel 1w
wal | s and aediskxdnivgemhend i sisel tm;irnmmhehagl tABopdher Bk rtfoi»?cbump
agitating deyLce,| f nt so.as to be. vibrationa

i sol ated f ro\réngg lsjg‘?vc\ﬁg%rl?s‘gﬂ%ﬁ%%é@mk%eﬁe?nﬁﬁcﬁpgagefnaflﬁles%é‘fiI io"f‘ﬁlé walll.
ai r-agitati A§SdBoRE P WEDS bea Barkelidesr dievgoes.-a fourth aspect of
the present invention, 25 there is provided a nethod of controlling

t he terrH%rature T@L a dailrsk drivxre%’rfjﬁl#ibﬁ manuf acture of ,the di sk

drive, the nethod ¢ TRy P i géfoa‘?ﬁsﬁ?i@’é BT AP Fbet Y

arr angenment Sévigecattarged nee wed it wefiin bgtacenl sakdi apper 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. The air-

20 agitating device is preferably mounted so as to be

vibrationally isolated from a saild disk drive when mounted

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

According to a fourth aspect of the present invention,

25 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

30 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 digk drive when
received in the volume does not touch said upper and lower

35 walls; and, operating an upper heat exchanger located above

and in thermal contact with said upper wall and a lower



whi ch the disk drive is received when nmounted to the 30 nounti ng
arrangenment during nmanufacture of the disk drive, an upper wall of
the cell adyeeennsszi d volunme and a | ower wall of the ceiiGrdjsaosnt
said volunme both being heat conductive and being arranged such that
the disk drive when received in the volyne does not touch said upper
and lower 35 walls; and, operating an u gér heat exchanger | ocated
above and in thermal contact with said upper wall and a | ower WO

2007/ 031729,,BT/ CE2006( A0IA6% -cl G N1eAt BXCHANGELLoral st bel o and

in thermal contact wt sal d | owner ol the tenperature
of the di skS2d¢i ¥eves Wkl fet HEPGHodt &gt §meshptrsesebpdiatdifs a
first heat dpunp.between the upper heat exchanger and said upper wall
to punp heat between the upper heat exchanger and said upper wall,
and operating a second heat punp between the |ower heat exchanger
and sai d5l ower WERE FOLRRAPIRERTA0YhEPWREASERCOPOVR MR R U alger
and sai d | opefipVBétwediethdegipiues tTekchenfelt40d sevd CeSper b1l

met hod pr ef er abl onpri.ses _operating an air- agitating deyice to
agi tate ai r CBobVRRIEAr CTRPER Mt IBFEnEP fiaF TEOaMEn WLIEH ve
when recei vedrén vhel vohdreonaratdmeogr sgechdahest apghierbderererrhsai d

upper and | o¥gErWaLLs e;eaqargg,éii sndidave WaRBr Pseited buho #
vol une. Ehe air- agltati%ﬁ% vice is_preferabl

e
y vibrationall
i sol at edYf r BRFVERR ISk N .eaﬁu§%ﬁhap§§FtQP?nﬁaﬂgvf?%@FmNaikfeaqaﬁn.
20 Enbodi nehestopumbhe paesentPaltient iderriwesl. now be described by way
of exanple with reference to the acconpanying drawi ngs, in which: 25

Fig. 1 is a sectioned perspective view through a first exanple of
appar at us accor df g FR-RPH HRIRGRRTY GPTPKESSHr BBRR TR et i B~ Fi gs.
2 and 3 areapetapeadi devitewso HpwWate earpbBeRtsn said upper and

15 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. The air-
agitating device is preferably vibrationally isoclated from

the disk drive. The air-agitating device may be a fan.

20
Embodiments of the present inventlon will now be
described by way of example with reference to the
accompanying drawings, in which:
25 Fig. 1 ig a sectioned perspective view through a first

example of apparatus according to am embodiment of the

present ilnvention;

Figs. 2 and 3 are perspective views showing components

30 of the apparatus of Figure 1;

Fig. 4 is a longitudinal sectional view through a cell

of the apparatus of Figure 1;

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

Figure 4 and a fan;



30 of the apparatus of Figure 1; Fig. 4 is a |ongitudinal sectional
view through a cell of the apparatus of Figure 1; 35 Fig. 5is a
schemati c s&c?r06med172 ew of the cell of Figure 4 and a PawGBD6/003369
2007/ 031729 PCT/ GB2006/ 003369 -11 Fig. 6 shows a perspective view of
the mounting arrangenent for the fan foy,the cell of Figure 4; Fig.
7 is a perspective view of another exanpl'e of 5 apparatus according
to an enbodi mnent of the present invention; Fig. 8 is a | ongitudinal

secti on?! vi ew tfrrs‘?@.gks tshﬁawearép%][e%:sééceivgi QU JE ft]%%_ %ilcgmt;%nghozi\s a
perspective view of cqnmponents e ar S igure 7; and,
B0 10 i 5 o Tieny B o S ACK A T T e a2 he
apparatus of Figure 7 stacked one above the other. Referring to the

first e | f =g i hspElgl i . e
irst exanple of Hguresd 49 % pﬁbgy{,g +i&ho c%ﬁ%%f gagﬁnpfl of

perspective view of apparatus avi ng. plura or

recei vi ng’a WRAHMVEFPTIDG 157 SRe BRBGHIFRROL tHe ©28%E x cel | s
2 stacked vettrealidgn;one above the other. In Figure 1, two conplete
cells 2 are shown and the third cell 2 is sectioned. Referring
particularly to Figure 4, which shows a 25 |ongitudinal section

t hr ough one of tHe%eld &2 2 tivegdérfipal septiopmbralsy trawmaigiher
box-1i ke consgtgaieitan.of firiite 7portion 3 of the cell 2 is open at
the front.to allow a disk drive 20 to be inserted into and renoved
fromthe Cell 2 and has a volune 4 in which a disk drive 20 can be
30 received. A nilidl-e $HEhdvsn &5 pegsparhsveari ewsohesmmpomnts of the

conponent s agpAde e H seussed #f,ughher bel ow. A rear portion 6 of
the cell 2 contains test card electronics 7 which are known per se

for testing the disk drive 20.
Fig. 10 is a front elevation of a rack having three of

15 the apparatus of Figure 7 stacked one above the other.

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 disgk drive 20.
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

25 longitudinal section through one of the cells 2, the cell 2
is of geneially 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 dxive 20 can be

30 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,

35 At the top and bottom of the wvolume 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



35 At the top and bottom of the volune 4 within the front portion 3
of the cell 2 are upper and |l ower heat spreader plates 8,9 which
defi ne the WoPE#7/@h32| ower boundaries of WD 2007/ 031729 PCT/GB2006/003369
PCT/ GB2006/ 003369 -12 the volune 4. The heat spreader plates 8,9 are
made of a thermally conductive material., A netal, such as a zinc

all oy, may be used for this purpose. elzfront edge 10 of the | ower
heat spreader plate 9 is chanfered to i nprove the 5 airfl ow around

the di sk d“eﬁf‘e %Qal%ﬂx@ 4o fagkl hEéE%pfé@&éf l;%t%fs t8h© direk dBkves 29
into the vol The volune 4 is sufficieéen 0 as to. | eave
f‘f‘?éy% sr?u&

an air spacé e&é‘la\ﬂvéé’ncf’ﬁguFBbVSn’aaB%%’%% of® #€ 20Z3RE t he
upper and | addrovheatiyspeeaderl pbat elsi 8, Quwmspect iMhel froh@ &dgeol( nof e

heat pipes 1} cqnpect hEQ% Qﬁ%aéﬁﬁﬁﬁeat exa%]ec%aﬁlf%rfe‘& %ohﬁﬁ%xBUthﬂ@

which is in thermal contact at punp

The
12 and heat 2ig&dp¥nger es he gosktieher 1th %Iﬁﬂegf@er#ﬁ%llﬁéﬂ:ﬁ on 5 of
the 15 cell ihsdrtiion bd heaenated thatetie :hﬁﬁ:t u@wrmroﬁm@nd theheheat

crohanger 13, ane ot aus lavaled Wit n fhe Joapint.of ihe gell

2. One or noreée heat e connec ec
bet ween -t he Q&g e Itéﬁeﬁﬂﬁehf)t§@ﬂeﬂa’féle¢h%l<%i{€éfs &ige @Oepsdr 8hehat

they are at Zpdrhensaneweenpekat YpLeaddie pRAPWIRS rib%p@é:)tlb%l?f any
sui t abl e éorm but Peltier devices are preferred owing to

si ze, th]e r efficiency, their ability to punp heat effectively over
a w de tenperat u@er argacrantictherinet 11 hennrdwy thee bsiatdispgetienal

and thus can,jhg selgeet ‘t%elaNh%étog%%tfﬂ H191 BN Q%ttﬂé}n%ilt Rehtact
direction. The hea%\? excha eat es 11, and heat punps 12

are preferdblS G ia&eﬁ’xﬁ §g§§aﬂéd st U;?“ps& a?ntdoheﬁltevent
or at | east andhamose B strer eobutidrad amotﬂml ddgsal gamrdrentsof3the

15 ¢ell 2, It ig to be noted that the heat pump 12 aand the
heat exchanger 13 are therefore located within the
footprint of the cell 2. One or more heat pipes (not
shown) may alszo be connected directly between the upper and
lower heat spreader plates 8,2 to ensure that they are at

20 the 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

25 operated to pump heat in either direction. The heat
exchanger 13, heat pipes 11, and heat pumps 12 are
preferably provided ag a sealed sub-assembly so as to
prevent or at least minimise moisture build-up around these
components.

30

Referrving 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

35 which ailr 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



Referring now to Figures 5 and 6, the rack-like apparatus 1 in which
the cells 2 are nmounted includes plural shelves 14, one for each
cell 2 and p¥sRrt7HnEY bel ow the respective cell 2. An awcalGHam0d569
i.e. a fan through 35 which air flows parallel to the axis of
rotation of the blades, is rigidly nounted to each shelf 14. The
central portion 5 of the cell 2 has a correspondi ng void such that
WD 2007/ 031729 PCT/ GB2006/ 003369 -13 when the cell 2 is fixed in the

apparatus 1, .bg Eﬁ@ cléll pﬁ 01§C§l§céd‘lt Q ttE;% %g{ﬁgjigrzu%hf cepiral,

portion 5 of the cell ) hi s not connected to
the cell 2 BhBIEREF e‘F%‘F% L?3€'i”r‘f'y ‘(Fillﬂ'aﬁ sheorephgal apoutiomr§ rpf the cell
operation .52doesnnohicause, ae (Rirgnisf igaabk Mbﬂﬁént:t@cm of tihe «lisk?2

drive 20 in the ¢ g;ego¥%g%$%ﬁ§i%%tk%§r%%r%%gr%a era E%%§%?UQ$; ation

vibrationally 1so ated
15 in genér afc8deRChotaprddite Bidreiicontimyiboatapr . obnthhedisk
contrary, tharpaen2fungtiosn afi1he 1Qhka$ai51551§0tﬁﬁfé§6ﬁéEHﬂf around

the disk drivye the v 4 _of th ro portion 3 of_ the
cell 2 so angnge%A%%u‘Fagrea ‘ea qIlryar;lL PSP CH5t &E@ﬁ‘ %’% %r%lﬁ %“Fjr‘{/ee %o
and t he hea@Pgb@Ea@F@rO%I‘@l‘n%s’fé@ d.5 1% Tesersl| d@es snopuptedit® & Hdow

shel f 14 viaca hhexi bk eaipi vain M@bo%l%ra&»yon@hénﬂa% E@&:@ fofl%he
whi ch engﬁge m$$h a corres ondln%_cut 0 é shown) on_the ce
aB b

2, and BF St Ut SEPHEP r§£?8 ikt frel et § Wﬂfhln
whi ch engagetha Violwse of cv:%ctelrseisro(motposrhd:m) 3i aft biee 20eLndersd des ab

the cell 2. gggo@{»égggﬁé@@ttfa%ﬁe%f YRbk¥n khgedigﬂtd]gjoﬂ?%gﬁ%’lchﬁled

claimed in our co- ding US patent application no
23rd March 2B83ta e%‘?ﬁ? Rt S8PBARATUS FOR SUPPORTI NG A DI SK DRI VE
AND DI SK DRI VE TEST APPARATUS and the correspondi ng PCT appllcatlon

25 no. PGF/ GB20084000970, 4 N, epiieccant ents pl whigh,are. Perehy .

i ncorporated by reference e arrangene
earlier US aRdv9® patentlhppt mﬁue@ﬁs Ofsthe shelf 14 whlch engages

with a corresponding cut-out (not shown) on the cell 2, and
via a pair of stud-mounted isolators 18 on the shelf 14
whiich engage in holes or recesses (not shown) in the

20 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

25 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 digk drive 20 is mounted, which

30 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 marmer generally known per se. For
35 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



such that the centre of rotation of the cell 2 is outside the
portion in which the disk drive 20 is nounted, which 30 mnimses the
errors that wanoosthgen se ari se when reading from and wedt/egpobanosise
di sk during the testing procedure. The disk drive 20 nay be nounted
inthe front portion 3 of the cell 2 in_a,mariner generally known per
se. For 35 exanple, the disk drive 20 nay be carried in a carrier or
tray 21 having a front handl e 22 which can be gripped by a robot to
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of thermal interfaces or 25 connections (%oaéb

e sons IR Pen Wy easss piate T ohh e & arive
20 in the tray 21.

This specific example brings a number of advantages

20 over the prior art arrangements. The space or footprint
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

25 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

30 wvibrationally 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 thesrmal connection to the cell 2
would have to be made by a.heat pipe, which ig a rigid tube

35 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



It al so neans 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

t he heat exd@aAyew317uch wat er hoses are typically fl exiPoreenadonizes
this arrangenent helps to 30 vibrationally isolate the cell 2 from
the exterior (such as the rack 1 in whi the cell 2 is typically
mounted in wuse). In contrast, in cases wrere the heat exchanger 13
is outside the cell 2, the thermal connection to the cell 2 would

have to be magdgcbyyfenheatndips 1 vgh' %ltcﬁ 3l tgkﬂ ﬁmﬁnﬁé??n%m ch
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operation. t h spre de ates th i sk
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with di sk dr@geésts &% é?lélﬁfe t3fpd sangoididpemalibey uskee ofethe? eate
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range over which di sk dr %2 n _be varjied to pe maxi msed and
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Fi gures 7 toPabtieniddvistirow allseconticexampbeavhrappangt usved Wwhich

according to-pa enhedirmm 2(9fcatrh%e%%§§eh LBVEOLhQRY miTHEs ratus
101 incl udes all_ijecel 102. Referring briefly to Figure 10 the cells

102 20 are pPePEraEt v art i Fééﬁ)ngFtt?‘i?@éerone stacked above
the ot heiks The volune 104 in the cell 102 is again

Reference is now made to Figures 7 to 10, which show a

second example of apparatus 101 according to an embodiment
of the present invention., The apparatus 101 includes a
cell 102. Referring briefly to Figure 10, the cells 102

20 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

25 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

30 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.

35



sufficiently tall so as to | eave an air space between the top and
bottom of the disk drive 20 and the cell's upper and | ower heat
spreader pl #¥esnIOd72D9 respectively. Each 25 cell 102 haxTapsmxi/mbico
fan 115, which again is preferably vibrationally i solated fromthe
cell 102, which may be in a manner simlar to that described above
for the first exanple. Again, the main “f-8fction of the fan 115 is to
agitate air around the disk drive 20 within the volune 104 30 so as

Spreader plates 108 109 Each ob L6 o as TS T8 o Ene el 102
spr eader at es e side

hgs an |nFerﬁ§P Fﬁc? tg%JTeﬁiﬁ)Jnﬁpamﬁ%:ﬁhﬁﬁelﬁaF??e?eFP%§ £ e
di sk drive 2®hean9él|aé2 has rurdit hef diesk dxichend@rsniihe vk useing
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between the firs and second exanpl e the ce
the second eXBnpféch the et dovhd 4spaeredvefeat TeRchanger s 113
one being pe&uhdadeaboye3ammbcuheﬂmaﬂﬂy—Qb&wbdeddbEbOﬂhéh@e&ﬁé@ﬁﬂ%@l04

5 in which tﬂ%ag'§§r9£&¥ Eﬂa&éé |%ﬁp TQ%Shg% 1$éc griﬁég

thermal | y connect to t respec Ve rea
by respectlv@hﬁéﬁtaﬁﬁﬁ%sméﬁébe 3@ﬂ%ﬁﬁﬁnﬂﬁW4C#§y b@hpehE@ErpdmN$ck%2

The heat pUWﬁélé&21VéBi/€1§ﬁlhﬁq4lé’ahtptﬂﬂtd1%gﬁd bakggan_?_ﬁ@uaegﬁ éﬁ@lﬁﬁ?@érs
exchange 1 1 o] nd t ri e heat exchanger

113 a%dlﬁeagl% §r5$ gaﬁd %# é%é%l lﬁﬁbﬁﬁeatTESrﬁﬁﬁEreﬁ? geger 113
108, 109 are Bﬂ@féﬁéblyu@@@vlk&xﬁnﬁ;Qpbmaabédysubeahsehbﬁgre@densplates

prevent or atokeast Q%Q'ﬁi§§é£35f¥lﬂﬁ%d@&eﬁdagpaaﬁggﬂgd é@ﬁsgssembly S0
conponents. 15 This %artlcular ﬁ{range whi ¢

exchangers 113 5PePTRVGY et To %ﬁﬁt\M%FﬁmPﬁ§ ﬁ@é?tbﬁﬁp€u1ﬁ§ZPEWﬂﬁﬂ¥nd
t hensel ves akbefa dormeetexiont act with the heat spreader plates
108, 109, iavoids the use of heat pipes,

This particular arrangement, in which the heat
exchangers 113 are in direct contact with the heat pumps
112 which themselves are in direct contact with the heat
spreader plates 108,109, avoids the use of heat pipes,

20 which is desirable given that the presence of heat pipes
inevitably introduces some uncertainty in the temperature
of the disgk drive 20 that caﬁ be obtained owing to the
temperature differential that is required between the ends
of & heat pipe in order for the heat pipe to operate. The

25 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

30 comnection 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,

35 minimising the volume of alr within the cell 102, which is
beneficial to minimise the moisture content within the cell

102. Moreover, and referring to Figure 10, when plural



20 which is desirable given that the presence of heat pipes

i nevitably introduces some uncertainty in the tenperature of the

di sk drive 2802HaP31E#n be obtai ned owing to the tenper atPiTEB2006/003369
differential that is required between the ends of a heat pipe in
order for the heat pipe to operate. The i? path | engt h between the
heat exchangers 113 and the heat spreader plates 108,109 is

m ni m sed, which reduces heat |osses within the cell 102.. It also

al I ows the nunber cof 15163 @%elrﬁ&ﬁ{éﬁ%ieoabe@@ne%' Qeﬁﬁf%beae tester

m nim sed, which jncreases efficiency. It_also peans t

thermal 30 cOAfSct o TTSRHECER |VBRY g LUPFyRAGE hexthamaerand Somt
of the cell 02acaytbecihe T02x13 eadvalcentheses dvhAkrsuppby, irhe heat

exchangers 1 t i Spar S rafi

i solate the égPF§€%2 %P%rr%]?he %x}%‘%[r]??ﬁ%ﬁggkﬁeéw&%gn}%r%@iﬂ ¢ same
agai n_occupy “SPagEF Wit i el cey R Zor3s*ATRILfi $PREG) thérW%ﬁRﬁﬁikﬂe
air wthin tbhe eetladbzal whinthetsScudeneflti ehal diexknmanitesert hbunted in

noi sture con t 0, t he 2. Mor.eove r

e bor e S0 Ok ER oL RN LB L 1002 b BRy §Es i B0SabsLEtd (ot oy
cells 102 ar élﬁbuﬁlﬁ@deo?h% Hhovey tdrel btlfer mpy het att eny reumkerathere
respective upper e &@y@in@eﬁn@cmﬁgﬁg 313 ﬁ&y BE] acsentp&rl $0E02

are adj acent ea t he at. exchangers
15 W I5e 48 E R s ey 8ﬁ%§}gsﬁsf%r§e&%%%%%q
i rrespecti veefﬁéCth@mtmmrmMrmq}ﬁa@ (ahet HesHi dkidesved 20bm each
mount ed i n Bbﬁefe&&?(‘écﬂ?/ &?&Iﬁaé@; oﬁgﬁbnceﬁs@oée&%'g@ that any

disk drive 20 in any cell 102 nay be at any tenperature over the
testing rang&p %?1&%1%]9%5( tlh%ys‘?ﬁ%e fhgresetsReoc Thuap Foem0C Brithor e)
The heat exchangers rid I thdwen=el anesefthert beelgehhettabéyr i salia @02 .
the disk.drives 20 fromeach other and adjacent parts of the cells
102 are at substantially the same tenperature. Thus, there is in
substance no t herWEPORHIRIEES A% HG WSEHCAE] ABEARCEEN| Bavygbeen s

described with particular reference to the examples
illustrated. However, it will be appreciated that
variations and modifications may be made to the examples

20 described within the scope 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-coll motor connected to a

25 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

30 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 heai spreader plate) or heat pumps
may be provided at both ends of the heat pipe(s). Each

35 cell may hold only one disk drive or mav hold plural disk
drives. Depending on the embodiment, there may be ocne or

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



Enbodi nents of the present invention have been described with
particular reference to the exanples illustrated. However, it wll
be appreci at®eA24'A4%172% ar i ati ons and nodi fi cations may be PR 2045/00 3569
exanpl es 20 described within the scope of the present invention. For
exanple, whilst an axial fan is preferred,for agitating the air,
other air-agitating devices may be used, “including for exanple
radial or centrifugal fans, an oscillatory air novement generator

(e.g. aI VOIt C@am:memté}fcm@acb | t ephed @rapZErQ&a]@aﬁ@%nmﬁi haetc The

pi ezo-el ectrjc_ el ement or bel l.qus not he

in enbodi mente " t R REAE Y e%’&ﬁlcal Eély(g)f ﬁa?a%g ¢ eﬁ?ﬁ%a}? eﬁgﬁ}
connect ed tﬁiwnmmehpmmdlmmééy, bheclmﬂan’@ccccadiumamevadxl may

nore heat phoes p&Ft CNNaE et %u%@ewﬁénnﬁfévf@@é PUFRSre P113%1
connected_vi.a one_ or_ Imore heat pi pes and one ﬁ nore heat. punps.
Lﬁ?ﬁ“(“se)“r‘?a/ T

Where provi daef - tHiePHeatt EBe@cHhNEtE P - tat BHRE &S 6t RERT
end of the h@mhm@@(,s)a (heae; radipacemt hehe sheeddexglicaiger tire tdels of
heat spreadegnplial®) Oipdledt, %@O%lﬁ%ayt oB' Gt etk ts bl nno%%%ng

t he heat pi p}af %{e Each 35 y one drive or

hol d plural BH3 B&ﬁ@ﬁ&%tBntFﬁesmlm theeedrapiise
one or pl urmdueaty @dcamgerysbeO@&eObfpbhéahe&neaépﬁém tn dis ,or WO
2007/ 031729 PCT/ GB2006/ 003369 -18 each heat exchanger, one or plural
heat punps, etc. The heat conductive wall may be a part of the heat
exchanger. Alternatively or additionally, the heat conductive wall
may be a part of the heat punp when provided. Where plural 5 heat

pi pes are connected to a single part, such as a heat exchanger, a
heat punp, or heat spreader plate, the ends of the heat pipes may be
fixed to or enbedded in a nounting plate which is attached to the
single part. Indeed, the nounting plate my be one of the heat
spreader plates. WD 2007/031729 PCT/ GB2006/ 003369 -19



CLAIM5S 1. Apparatus for controlling the tenperature of a disk 5
drive during manufacture of the disk drive, the apparatus

conpri si ng: VMO@&II0312i ng a nounting arrangenent to whi clPCa/GEB2896/003369
drive can be nounted and having walls defining a volunme in which the
di sk drive is received when nounted to 1?5_10 nount i ng arrangenent
during manufacture of the disk drive; at |least one wall of the cel
adj acent said volune being heat conductive and bei ng arranged such
that a disk drive when received in the volunme does not touch said at
| east one wall; and, 15 an air-agitati 208 i ce constructed and
arranged to agitate air between said st one wall and a disk
drive when received in the volune to encourage heat transfer

oL 3 BB s el debvectpen,chretsi el e
\ u ; . 11 - | Vi | u S
vi brational | ér?’gSl SEBLRY BT S o 4 it tgﬁei desbingniNBunten apertaas

cell. 2. AppaDEPUSSgn@prding to claiml, conprising a heat 25
exchanger mounted, Wit mine,sel !moﬁ:ti%p%%ﬂﬁ REEOT dihngn ! 9, ¢l a2,
wherein the heat exchanger I's directly therm ?y connected to said

heat conductFVESWERT . PN leh st JEVdREoralhy falenanm 2, vahsreiin
the heat exehanpethésdidierdmitey iconrectieddt eheai dohrabdcondued i ve

vel ) DY 2agbupuRy! ool RS Bl RUTR ek Dst eed ol e D

PCT/ GB2006/ 0033692t - bega st Q‘Eb%&*f%%%?fad:é@r gehg edlietanim saigherlaine t he

heat exchangeingshédersmbdyccopnesieddiagsakd-hgali seBHUELIVE: disk
drive when received in the volume does noi touch said at
least one wall; and,

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

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

2. Apparatus according to claim 1, comprising a heat

25 exchanger mounted within the cell.

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

30
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.

35



wal | by a heat pipe. 5 6. Apparatus according to claim5, wherein the
heat exchanger is thermally connected to the heat pipe by a heat
punp that i|isWOREr&apI78¢ t o punp heat between the heat excharmgeszoeanasssy
the heat pipe. 10 7. Apparatus according to claim4 or claim®é,
wherein the heat punp is a Peltier devi 8. Apparatus according to
any of clains 1 to 7, wherein the air-agltatlng device is a fan. 15
9. A nethod of controlling the tenperature of a disk drive during

manuf acture ef thg,giskegdLi agaof@&m%qalﬁow L\;ﬁéﬁgm”%@t#?& t hat

di sk drive to a nounting arrangene avin

define a vol GFER ?ﬂgﬁﬁlkg ther Y GRngeted F@cé?@@dhﬁﬁﬁncﬁ%ﬂﬁﬁ¥kyq(3
t he nount i ngwail i angeaeinéat duipbeg manufacture of the disk drive, at

| east one wall of the cell adjacent said vol une bei ng heat
conductive and being arranged such that the disk drive when received
in 25 the WoPune YIRE-HBES t BECP St ot clleast Sonvhairpin g, heat
operating aneathaﬂ@erai$n@h@&m&l&ytdbﬁmyckéaetalthebﬁé&@eﬁlﬁélﬁbéﬁ heat

| east one Wagt ?pan&%diék éfé’&é’m&e“ rec ARk ‘é’eﬁ& \Flﬁﬁu%e%tdlsk

encour age he weern - sal & 8ast
dri ve when i f¥eReeEeT mued E%ﬁthﬁﬁﬁuﬂmmme t he alr agitating device
bei ng V|brat|onally isolated fromthe disk drive. 10. A nethod

accordin to clal i erati a 35 heat , ex
mount ed aﬁthln thég% ??tr%&? ?R%bké@. g%%WGéZQEG?gﬁﬁ@G x?ﬁ? tRe
met hod accor 8eag P@mmlaﬁnmlB@lW&ﬂﬁwﬁavubhe heat exchanger is dlrectly

thermally connected to said heat conductive wall. 5 12. A nethod

according to_claim 10, wherein the heat
8. Apparatus according to any of claims 1 to 7, wherein

the air-agitating device is a fan.
15
9. A method of controlling the temperature of a disk
drive during meanufacture of the disk drive, the method
comprising:
mounting a disk drive to a mounting arrangement of a
20 cell having walls that define a volume in which the digk
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
25 the volume does not touch said at least one wall; and,
operating an alr-agitating device to agitate air
between said at least one wall and a disk drive when
received in the wolume to =sncourage heat transfer between
said at least one wall and a disk drive when inserted into
30 the wveclume;
the air-agitating device being vibrationally isolated
from the disk drive.

10. A method according #o claim 9, comprising operating a
35 heat exchanger mounted within the cell.



exchanger is thermally connected to said heat conductive wall by a
heat punp, and conprising operating the heat punp to punp heat

bet ween t he Wea¢078xFBanger and t he heat conductive wal | .PCUOGHB0G6/003369
met hod according to claim 10, wherein the heat exchanger is
thermal |y connected to said heat conductikye wall by a heat pipe. 15
14. A nmethod according to claim13, wherein the heat exchanger is
thermal |y connected to the heat pipe by a heat punp, and conpri sing
operating thélheat mEﬁDOﬁOa@uﬁ@ibﬁﬁﬁxnbﬂkMﬂeﬂOLhﬁhbﬁaineKE@aHQ£i and

whorrn PhESpciinges b LIS A AiRa L LATLAA B S4Bt o

wherein the s a evic

any of clai msP99Eti%e GRbktein the alr-agltatlng device is a fan. 25
17. Apparatus for controlling the tenperature of a disk drive during
nmanuf act ure th r| ar.at,us ri sing;

having a nnug |nggag?§%%% é¥él%ﬁ1 %&ade%o SU ar Fvé E%ﬁ %ﬁﬁt
mount ed and RE¢hAGIRE] {8 @@éxmﬁlﬁyzpqnﬂamh@d o ehidhheht dosdudiiwe

is received when B?UQtEQaEQp&ﬂ§ r&ﬂﬂ“ddﬁ%r@%ﬁﬁaggﬁgPétgH? PBe heat pump
manuf act ure gf t he d% q%% %QH%RE%J he cel'l adjacent

sai d vol ume &fd®d™® Fregt Y eX4PapeRt %’aiidtb%lla%t bot h
bei ng heat 35ocndndbttvewveahhd bei ng arranged such that a disk drive
when reqgived in the volune does not touch said upper and | ower

wal I's; and, 2007/ 031729 PCT/ 3B2006/ 003369 -22 an upper heat

exchanger | otat ed®aBBVRCAMCFH TG il cleght 48y Wieresai Bhappert wal |
and a | ower herahaegehahgethetmciateddielcowedndoi Bat herart eondaetid t h

said | ower wglly §y1§-h§Q@?§EB&S according to claim17, conprising a
first )

15 14. A method according to claim 13, wherein the heat
exchanger is thermally connected to the heat pipe by a heat
pump, and comprising operating the heat pump to pump heat
between the heat exchanger and the heat pipe.

20 15, A method according to c¢laim 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 & fan.
25
17. Apparatus for controlling the temperature of a digk
drive during manufacture: of the disk drive, the apparatus
comprising:
a cell having a mounting arrangement to which a disk
30 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 ofithe cell adjacent said volume and a
lower wall of the cell adjacent said volume both being heat
35 conductive and being arranged such that a disk drive when
received in the volume does not touch said upper and lower

walls; and,



heat punp between the upper heat exchanger and said upper wall that
is operable to punp heat between the upper heat exchanger and said
upper wal | , wangomssaeond heat punp between the | ower hestT/essbangsmo
and said lower wall that 10 is operable to punp heat between the

| ower heat exchanger and said |lower wall. 19. Apparatus according to
claim 18, wherein the heat punps are Mﬁ%ler devi ces. 15 20.

Appar atus according to any of clains 17 to 19, conprising an

air-agitating de%&P%g%%%aﬂgggmhgcﬁgﬁéégEﬁé%ﬁte&kﬁa en S Id UEB %mgfd

| owver walls and cei've
encour age heRnEaAnstéR Fatdetnren valdl apber lawed @W@ﬁ wabhsnaﬁa a

di sk drive whemtdmsektied ahft Ont BEe¥@h UNBontbt ABRY alUS acrardi,AgLt o
claim 20, wherein the air- agitating device is nounted so as to be

vibrationally 25 isolated froma said disk drive when nmounted in the
cell. 22 ﬁﬁbaré@m@ratéérdbngrdbngl%@rﬂlﬁimwllﬂaﬂqmgrmsrwneaeﬁmrsthe

air-agitatingeHeve b%tﬁegﬁnthéouﬁﬁerﬁhéE%tg%%ﬂﬁ.g%gn%E sbga LBBer

t enper at ure of at%@? drive gﬁrln manuf acture o rlve
t he met hod ng® ABERE d?%@?cﬂ?QREQQ§W?Q%ME%ﬁ H@per heat
ar r angenent QMChangaﬂ bntasahg mppés wetl niangl & welasee heawhibohpt he

di sk drive 1333, ¢ggl ESQg EQ%HDHQE%é& the V\'%‘J{E‘it il?)%e%; &%‘i‘?e{?ﬁ&%

during nanufacture 0 rive, an upper

adj acent*$aild PEEFREL SnHOaPPﬁﬁeheﬁEJ¢e%We$%éﬂE%ﬁpwﬁﬁ'@@@ﬁtevehanger
2007/ 031729 RdI/«ER2006(s0033691 .- 23 said vol une both belng heat
conductive and being arranged such that the disk drive when received
in the volunme does not touch said upper and |ower walls; and,
operating anSuppéPrhREat exeREngeiny ceatdhiabdie afdriein Shehbestl

contact wi t hsasd appetlwakl asdidetower heat
15
20. Apparatus according to any of claims 17 to 189,
comprising an alr-agitating device arranged to agitate air
between said upper and lower walls and a disk drive when
received in the volume to encourage heat transfer between
20 said upper and lower walls and a disk drive when inserted

into the wvolume.

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

25 isolated from a said disk drive when mounted in the cell,

22. Apparatus according to claim 20 or claim 21, wherein
the alr-agitating device is a fan.

30 23. A method of controlliing 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 wvolume in which the disk drive

35 is received when mounted to the mounting arrvangement during
manufacture of the disk drive, an upper wall of the cell

adjacent said volume and a lower wall of the cell adjacent



exchanger | ocated below and in thermal contact with said [|ower wall
to control the tenperature of the disk drive. 24. A nmethod according
to claim23WeeHpPssthg operating a 10 first heat punp baGHEEBROHNO3369
upper heat exchanger and said upper wall to punp heat between the
upper heat exchanger and said upper wall,_and operating a second
heat punp between the [ower heat exchanger and said |ower wall to
punp heat between the | ower heat exchanger and said |ower 15 wall.
25. A net hodsatdovdinge tiooeh %éﬁr?gﬂ hestelcenduthevheahqd PYaPSy @fleanged

Pel tier devi 6 accordl ng _to.an of clai ms 23 t 5,
conpri si ng o%gégt ?ﬁ%ga%hé; cgreé] c? A (?Eetlgeég?“?a’flée arel urbeetq(/)%egn
sai d upper aRf%| bueehvwegid Wﬂ?la afics K oreirv wahbhen andceived in the

vol une to encour aggeheatng raa«{laiﬁiezb@iéé&e@xcﬁah?eypﬁ%a@é@ 4119 : cﬁ%ﬁ 13,

t .
ccor di ngot o BHATH 260 Gt TR (i 1PRRG: 1AL nE-Acy benp Beat

vi brati onal | 9X¢h@ﬂl@@edl¢¢aﬁﬂd H?eﬁldiuslanddrmvehesﬁa28coﬁtmt hetth said
accordi ng t 016%&k M2l Mo LHIPAT M RIGHAENEa0E - AgL LR Lpgs Ayl ce

is a fan.

24. A method according to claim 23, comprising operating a
10 first heat pump between the upper heat exchanger and said

upper wall to pump heat between the upper heat exchanger

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
15 wall.

25. A method according to claim 24, wherein the heat punps
are Peltier devices.

20 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 digk drive when
received in the volume to encourage heat transfer between
saild upper and lower walls and a digk drive when inserted

25 into the volume.

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

30
28, A method according to claim 26 or claim 27, wherein
the air-agitating device is a fan.



