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that the drive manufacturer can ?mi‘ﬂ%mﬁ test results. Conmputer hard
drives are also usually subjected to thermal testing or environnental
This invention generally relates to environmental test chambers and apparatuses for
use therein. More particularly, the present invention relates to a hard drive carrier, suitable
10 for use in an environmental test chamber, having improved flexibility, mechanical stability,
enhanced maintainability, and thermal uniformity. The present invention also relates to a
barrier wall, and a method of construction thereof, for isolating a test area from a pseudo-
ambient area in an environmental test chamber. In addition, the present invention relates to
an environmental test chamber suitable for individual or small batch testing.
15
BACKGROUND
Computer hard drives are usually subjected to a “burn in” testing procedure
conducted in an environmentally controlled test chamber. These chambers are designed to
isolate the drive from vibrations while applying controlled temperature and humidity changes
20 so that the drive manufacturer can obtain accurate test results.
Computer hard drives are also usually subjected to thermal testing or environmental

conditioning testing during the design and prototyping phases of the manufacturing process.



conditioning testing during the design and prototypi ng phases of the

manuf acturing process. WO 01/09627 PCT/US00/ 21083 -2 This testing, also
known as "wowmmbsérrerification"” testing, is also typicall yPEDHSS2183 in | ar ge
envi ronment al test chanmbers. The manufacturer selects the hunidity, test
tenperature, and airflow inside the fest chanber so that it sinulates the
thermal stress range of conditions that the device under test is .
real i sti cafhiy teginge ale@kndwhn dsSfiral verifidation'useing) is kisé eypically eondadted/inllarge t he 5
hum dity, test tenperature, and airflow may be selected to be sone nmultiple
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to verify product quality and reliability. To optim’ze test tinme during

neat eq or TolPLiody o Fps bty 5 3p Wbkt A2 el ook gl o Gopefilfy bt °°

tenperature is 10 reached while applying specifie mdjty.. Accordingly,
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phase to ensure that tenperature gradients within the drive are typical of
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sufficient to ensure a consistent humdity and tenperature variance

t hr oughout expa@ed bnahins. THesd estslcmrgdds argatiabl thelad veify productduality emd t he
tests by the operating device (typically about 15 thirty watts per a disk
drive), buly htyat a level at which excessive |ocalized cooling would fail
to sinmulate the’tinal operational environnment of the devices under test.
Conventional enyironnental. test. ' A : 3 S.
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There is generally no feedback control fromthe drives, the )

10 reached while applying specified humidity. Accordingly, it is important to maintain a specific

airflow over the drive during this phase to ensure that temperature gradients within the drive
are typical of the end use environment. The airflow through the test chamber must also be
sufficient to ensure a consistent humidity and temperature variance throughout the chamber
while dissipating the heat generated during the tests by the operating device (typically about

15 thirty watts per a disk drive), but not at a level at which excessive localized cooling would fail
to simulate the final operational environment of the devices under test.

Conventional environmental test chambers consist of one or two chambers. One
chamber provides a controlled environmental space for the items under test (the “testing
chamber”), and is designed to provide heat and cool large numbers of disk drives, typically

20 about 120 drives at a time. There is generally no feedback control from the drives, the
control of the overall chamber temperature being the preferred mode of operation.

Accordingly, significant temperature variations can and do occur within the testing chamber,




control of the overall chanber tenperature being the preferred node of
operation. Accordingly, significant tenperature variations can and do
occur wi t hiMOOHe62%est i ng chanber, WD 01/ 09627 PCT/ USO0/ 210r€3/USotR1083i ch
result in different tenperatures for drives at different |ocations. Another
problemw th conventional environnental3.test chanmbers is that all of the
files in the chanber are heated/cooled together. Thus, these systens are
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to acconmodat e diTheseeond “igpier”ichambesi€ ingludedyEypicshy pravidgs a space Jos thedpsier
process. 10 The solid nmetal wall also allows significant heat transfer
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carrier while they undergo the bumin or final verification testing
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a "swing type" or "barn door" latch that requires a |arge rotational

10 The solid metal wall also allows significant heat transfer between the two chambers.

The drives are typically held in a fixture or a carrier while they undergo the burn-in or
final verification testing procedures. One problem with conventional fixtures or carriers is that
they are prone to transferring mechanical vibrations to the drive under test. Conventional
holders or fixtures also fail to provide good air circulation around the drive, contributing to

15 thermal gradients of as much as thirty degrees Celsius. Both of these conditions are
undesirable because they add noise to the test results and generally reduce the utility of the
environmental test chamﬁer.

Another problem with current carrier designs is that they lack “user friendliness.”
These designs typically use a “swing type” or “bamn door” latch that requires a large rotational

20 motion to engage or disengage the point clamping site with the drive. These latching
mechanisms also do not provide clear access to both ends of the drive when the latch is

open. These problems can interfere with cable connection and arrangement.



20 notion to engage or disengage the point clanping site with the drive.
These | at chi ng nmechani sns al so do not provide clear access to both ends of
the drive wbaiodere | atch is open. These probl ems can i ntgyhRpdagest h cabl e
connection and arrangenent. WD 01/09627 PCT/ USOOR1083 -4 Yet anot her
problemw th current carrier designs ig that they are relatively expensive
because they require a |large anmount of raw materials and a | arge nunber of -
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also a problemin for users who need to test a variety of devices, such as
smal | bat Erebleahiscamponnded becapse canventions! eami¢r|designsdire quatont degigned-for a
environnmental testing chanber and carrier testing station should

i ndi vi dual kipgle mbs. clidr ermuple dawrierscbuiltidaest 855 tisk drivds sould got beaedwith 28nent |
shoul d allow for 10 accurate and precise control of the environnment, and
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carrier ca | e _of. acco dat | di.f.ferent applications. There is also a
need for agéghmufa%geg%ggfeﬁ%?%%ﬁﬂ%e@ hard drive carrier that reduces
vibration and i r‘rjgroves airflow around the drive., In addition, there is a
need for a nor eldgaly, 28 envirmpmenty] sestingichagnberand cargier tesiing statipm shoplde s

cl anpi ng/ uncl anpi ng and that provides clear access to the ends of the drive
at all ti mbdividualhy/sutiect each device under test to its required environment, should allow for

10 accurate and precise control of the environment, and should allow the devices under test to
be loaded/unloaded individuglly for a continuous flow of products through the testing station.
This ideal, however, must be weighed against its cost of implementation.
Clearly, there is a need for more flexible environmental test chamber and hard drive
carrier capable of accommodating different applications. There is also a need for a simple
15 and inexpensive hard drive carrier that reduces vibration and improves airflow around the
drive. In addition, there is a need for a more user friendly hard drive carrier that simplifies
clamping/unclamping and that provides clear access to the ends of the drive at all times.
SUMMARY
The present invention provides an environmental test chamber and a carrier capable
20 of accommodating different devices under test. One aspect of the present invention includes
the concept of designing “pallets” to carry components from both the tester and tested

device. These pallets may include “bricks” that each form a portion of the barrier wall




The present invention provides an environnental test chanber and a carrier
capable 20 of accommodating different devices under test. One aspect of

t he present W7 on i ncl udes the concept of designing "PEI/USKOLI08I 0 carry
conponents fromboth the tester and tested device. These pallets may

i nclude "bricks" that each forma porti®n of the barrier wall W 01/09627
PCT/ US00/ 21083 -5 between the test environnment and tester space. This
brick and phetwetn thy séseenviromueniand fester spaces YThishiiek bhdpdllesyslerrPproViess 1ot

barrier and pernmits great fl exibility and versatklity in overall design.
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barrier wall between the testing and testér volunmeS of an environnent al

test chanber sisg € enbodi ment of this systemconprises a plurality of

pal |l ets adagf "to receive a device under test and a testing apparatus, a
framewor k adapt ed t'g receive the pluraljty of pallets in a manner
permtting a bal 2ReBenssperbefiheProsept ipvention i Agyetemof fabsicatinga barder vallai ni ng
suitable airflow and tenperature uniformty in the test volune, and a
pludality obetweenithetesting andtester valungs phansshvironnntah testehamben: Xrictembodimezat | et s.
The insul ation bricks cooperate to forman insulating barrier between the

devi ce undenf thissdystem@oinpeises @ plurdlily afypites adkipted th focking 3l Heviceindby fegtlafd @l SO
cooperate to forma plenum capabl e of being purged by an appropriate
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envi ronment al chanber suitable for individu atch testing.
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to deliver air to a test volune .
10 with the plurality of pallets. The insulation bricks cooperate to form an insulating barrier

between the device under test and the testing apparatus. The insulation bricks also cooperate
to form a plenum capable of being purged by an appropriate heated purge gas flow.
Yet another aspect of the present invention is an environmental test chamber suitable
for individual or small batch testing. One embodiment comprises a test volume having an
15 inlet; an air delivery system adapted to deliver a flow of air to the inlet; and a drawer,
received in the test volume and in pneumatic communication with the inlet. Another test
chamber embodiment comprises an air delivery system adapted to deliver air to a test volume
and a plurality of drawers received in the test volume and in pneumatic communication with
the air delivery system.
20 Still another aspect of the present invention is a method of testing a plurality of
electrical components. This method may comprise the acts of operably connecting a first

electrical component to a first test drawer; inserting the first test drawer in a test unit;



and a plurality of drawers received in the test volunme and in pneunatic
comuni cation with the air delivery system 20 Still another aspect of the
present inWwones27i s a method of testing a plurality of pelratbssiesy
conponents. This nmethod may conprise the acts of operably connecting a .
first electrical conponent to a firstgiest drawer; inserting the first
test drawer in a test unit; WO01/ 09627 PCT/ US00/ 21083 -6 operably
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inserting the second test drawer in the test unit. The test unit Tn this
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second el ectrical component to sim envi ronnen

si mul t aneous| y,subject themto different environnmental ,conditions. 5 The
present i nvﬁérﬁgﬁlﬁﬁ'égf%"d“pﬁpﬂg}aﬂ‘g@e fch#ﬁgF‘ﬁ"‘?fﬂW’PWé’i?}éﬁ§‘W'é‘ yfrgnmentale carrier
that reduces vibrations, inproves airflow around the drive, sinplifies

cl anpi ng/ urkongditipRs Ry maysimulpenpsly subjeqt them ta diffesent enyironmentalbonditionshe dri ve at
all times. One enbodi nent conprises a frame defining a test bed, a clanp

pad noveably corfibepteseht inventivn alsognevidea a simplogelrindxpynsiveharddiive dadier thixe cl anp
pad and adapted to actuate the clanp pad into operable engagenent 10 with a

hard drive.re§eevibrhosk] ifprbves BRflow? hoendBEBH Ve Siniphified QsthpihgMclAtpifg by

attached to the frame, the electrical assenbly being adapted to

comuni cat ?,g,}- Gl L | e ' al so have
a first side r'rgér%b(laerarLa%aéggg'éggﬁlfkgﬁé%@%r%g{rxﬁ%hgtnlgﬁ%}’%vﬁv&%t%émgg%l%acarri er
to receive and | easi b old both 2.5 inch drive nd 3.5 inch hard

dri ves. Tffgm??a n'&'gla\}?%ﬁ{]?f’@?’pg Pﬂ‘éeaBﬂyé’gWﬁViﬁ%P‘BﬁﬁWPpéul arly
suitable for use with the 15 environnental test chanber. Another aspect of

t he i nvent i99ARScted fo the clamppad andiadapted to-agtidtedhe qlypp padintopperable eagagement

10 with a hard drive. Some embodiments may also comprise an electrical assembly attached to
the frame, the electrical assembly being adapted to communicate signals to and from the hard
drive. The carrier may also have a first side member and a second side member that allow
the same carrier to receive and releasibly hold both 2.5 inch drives and 3.5 inch hard drives.
The hard drive carrier of the present invention is particularly suitable for use with the

15 environmental test chamber.

Another aspect of the invention is a carrier apparatus adapted for testing different
sized devices under test. One embodiment comprises a first test bed adapted for operable
connection with a first device under test; and a second test bed adapted for operable
connection with a second device under test; wherein the first device under test is larger than

20 the second device under test. Another embodiment comprises a frame; and a clamp
operably attached to the frame and adapted to selectively hold a first device under test and a

second device under test; wherein the first device under test is larger than the second device




si zed devi ces under test. One enbodi nent conprises a first test bed adapted
for operable connection with a first device under test; and a second test
bed adapt edWOMOMIEr abl e connection with a second devi ce ROTAS00/2198Y ;
wherein the first device under test is larger than 20 the second device
under test. Another enbodi ment conprise% a frane; and a clanp operably
attached to the frane and adapted to selectively hold a first device under
test and a upderdest Babdése embodiments.abe firstwayiceunder itast fnay be a 8l5\ohédhatdndtive t est
is larger than the second “devi ce WD 01/ 09627 PCT/'US00/ 21083 -7 under test.

I'n these enadihEsedond deviee drdestestdtyibe 256l hir@kiveray be a 3.5 inch hard
drive and the second device under test nay be a 2.5 inch hard drive. One

feature and adva i t.] -l S. it..orow des a. dual
chanber environ %ﬁt a“g% zeuj"'s‘it%g ﬁg?%gd?&hs? 3}2‘%@ g%dtl‘%g?&;ﬁg rﬂ{e]dgfstipﬁ/w%é g\é‘ %cf§l ?If)ﬂrmus e
with different. devi unde S test..Angther feature and advantage i s an
o oved caEPTEPRIERE fyt RGeSy Dt s ealy inted Bt e Ul e by Rehngee o
directional airflow around the drive. This carrier also provides a sinple
pul P/ push ortesbupnotherdeatyrsand adyantags s awimpreved eatrier bavingaeduced mass; incrsesedare t o
reclanp another drive for test. In addition, the carrier provides clear
access t o t Istffpesdsand fgreater omini directional aitflow dround thédrives [Thislcafrier also prabides a
connections. Yet another feature and advantage is that the 10 present

i nvention prsawplé pell/pushion phll/gesh/iwistiogsibiotudBlamip, tmgje&i anill to pRepaRh reéchiatpoer
testing system and design that provides inproved uniformty of tenperature

control, en&gsﬁm% 6.l 4aliiBBn, %géﬁipmi&gg@%&% trottislﬁa AP ariY at

design, product testing flexibilit capa atch and/ or
single "unit} testing. .E*ei\se d ot her f ur es spect.s.. and adyant ages
w17 become Bt ot Sl BFAEHSH o, JH o3 ERRRT BV BtEET T on,
appended cl ai ns, .and, 15 acconpanyi ng draw n(l;;s. L.
10 ~ present invention provides a practical, implementable, multi-drive test chamber testing system
and design that provides improved uniformity of temperature control, environmentat condition
variation throughout the chamber by design, product testing flexibility, and capability for small
batch and/or single “unit” testing. These and other features, aspects, and advantages will

become better understood with reference to the following description, appended claims, and

15 accompanying drawings.



WO 01/ 09627 PCT/ USOQ 21083 BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a
perspective view of one carrier enbodi ment showi ng the top, right, and
front facewodriogsdie 2A is an expl oded view of two a clanp _ﬁa{,}gl Iease
mechani sm 5 enbodi ments Figure 2B is a detail ed view of an a rnat e

cl anpi ng and rel ease mechanisns. Figuge 3 is an isometric view of a
carrier enbodi nent adapted to receive mul tiple drive sizes. Figure 4 is a-
per spective view of ON SR RFHFH tion showng a 10
hard drive being insert@ed rarrdt e in a "hone"

(1 oad/ unl oad) pQsiti ersp t|ve vi ew of one enbodi nent .
of the present (r.l):s f?sﬂ?ﬁ%iﬁvﬁéleg °?ﬂﬁ"r %Wle\‘ﬂi’W‘H}ePVhPW%r@%'ﬁp-l% apdhe test
bed and the handle in a "clanping" position. Figure 6 is a perspective view
of an envi f9MLEREsal test chanber pallet embodi ment showing the top and
right sides. 15 Figure 7 is a bottomview of an environnental test chanber
pal | et enbodi meFigued 2A s ayexplodied Vievguf 8o dianpingidsplesse mechanisayv Of an

envi ronnmental test chanmber franme enbodi ment containing one pallet. Figure
9 §s a fronRmbedigen®f an environnental test chanber frame embodiment 20
containing a plurality of pallets. Figure 10 is a perspective rear view of

an envi ronnment alg; 4,653 fHHIRAEG §iE@ TP ar Sternate clamping and release mechanisms.

Figure 3 is an isometric view of a carrier embodiment adapted to receive multiple
drive sizes.
Figure 4 is a perspective view of one embodiment of the present invention showing a
10 hard drive being inserted into the test bed and a handle in 2 “home” (load/unload) position.
Figure 5 is a perspective view of one embodiment of the present invention showing a
hard drive fully inserted into the test bed and the handle in a “clamping” position.
Figure 6 is a perspective view of an environmental test chamber pallet embodiment
showing the top and right sides.
15 Figure 7 is a bottom view of an environmental test chamber pallet embodiment of
Figure 6.
Figure 8 is a perspective view of an environmental test chamber frame embodiment
containing one pallet.
Figure 9 is a front view of an environmental test chamber frame embodiment
20 containing a plurality of pallets.
Figure 10 is a perspective rear view of an environmental test chamber frame

containing a plurality of pallets and a test interface device.




containing a plurality of pallets and a test interface device. WO 01/09627
PCT/ US00121083 -9 Figures 11A-11C are detailed top, front, and side plan
vi ews of anWeiP@hnental chanber brick. Figure 12 is an PeOusiziossvi ew of
a carrier drawer enbodinment for use with the dual plenumtenperature
control system 5 Figure 13 is an isonepric view of an environnental test
chanber enbodi nent having a dual plenumtenperature control system Figure

14 is an isonetr iRigurdsaWASf1CGars dergiled top, Front ah EAREPIaN VieRs 608 enQromi&itgMm

Figure 15 schematically illustrates a nultizone dual duct enbodi nent.
Figure 16 schgmbdribgigk! y illustrates a nmultizone thernal -reheat enbodi nent.
10 Figure 17 schematically illustrates an alternate vari abl e-air-vol une

i ng. a plur o | 03 P2 REPlblcic 5th Qi ot GRBTRRPS fof 8 i U B of an

envi ronnental test chanber frane enbodinent. 15 DETAI LED DESCRI PTI ON The

acconpanyi nPlenUE\ fFmReraee oRtrel sy#eM i pt i on depi ct and descri be enbodi nent s
of the present invention, and features, aspects, and conponents thereof.

Wth regard to mEigwse 1¥igan jsopeticiviny ofmmenvirorgnental testxhiamber@mbodineachdvig 4 he
conponents of the present invention to 20 formthe nmechanismas a whol e,
unl ess specidubigiériuyn @ppeaubadnablgitalse, such nmeans are
Figure 14 is an isometric view of a single plenum temperature control system.
Figure 15 schematically illustrates a muitizone dual duct embodiment.
Figure 16 schematically illustrates a multizone thermal-reheat embodiment.
10 Figure 17 schematically illustrates an alternate variable-air-volume system.
Figure 18 is an isometric view of a environmental test chamber having a plurality of
drawers.
Figure 19 is an elevational side view of an environmental test chamber frame
embodiment.
15
DETAILED DESCRIPTION
The accompanying figures and this descriptioﬁ depict and describe embodiments of
the present invention, and features, aspects, and components thereof. With regard to means
for fastening, mounting, attaching or connecting the components of the present invention to
20 form the mechanism as a whole, unless specifically described otherwise, such means are

intended to encompass conventional fasteners such as machine screws, nut and bolt

connectors, machine threaded connectors, snap rings, screw clamps, rivets, nuts and bolts,



I ntended to enconpass conventional fasteners such as nachi ne screws, nut
and bolt connectors, nmachine threaded connectors, snap rings, screw

cl anps, riwetospeseuts and bolts, WO 01/09627 PCT/ US001210&¢rushériofxgl es,
pins and the |like. Conponents may al so be connected by wel di ng, adhesives,
friction fitting or deformation, if apfgopriate. Electrical connections or
position sensing conponents may be nmade using appropriate electrical

conponent s tapgles; pink &id the ikeretdimsbhents iag b bdonRERMEBY WABRAL, dafdgRREeNnt s and
connectors. Unless specifically otherw se disclosed™ or Taught, materials

for maki ng g : DV [ el ed.from. .
appropri at eﬁgg?‘g@?g% §r %E%‘hﬁggte Er@gﬁ%n!#gt g{%f:tlhgﬁé: ﬁgr%f/tz?“sg?%%s?%o,n sﬁ?sé%gt I cs and
the |like, and appropriate manufacturing or production pethods including
casting, | exCPRAINIE MRPFs WB1RE aPRRIRHA T prriveLpomRenEre and qommeign meBS. any
references to front and back, right and left, top and bottom and upper and
| ower are iip¢ladingepnveptionalrpmppasnisand ropfssters; binlessispepificallyotharwise distlesetio
present invention or its conponents to any one positional or spacial

or Sent at i oror taught, hiatedialSforvmsakilgy coimpondnispf thie present ipeentipreare isslectsd feamof t he
top, right, and front sides of one carrier enbodinent 10. The carrier 10

i ncludes a dpprRypHatd Matefiak!saciis MEtAIBAGAGE Gl0ys Aibed) Plastics GRIAE Gk an®ar 16. The
frame 12 conprises an "L" shaped right side frane nenber ("right 15 side

bar") 18, aapg hk ' FE@% Etidn ﬁ{' dﬁtﬁ’é'?é%f' tﬁmﬂ | ally
parallel to l% aéég%ﬁ%ﬁar tht enénlljs &is?ﬁﬁe % gzgxn a b*nélpg’\%i%?{l/ of
general ly transverse cros rs "cross bars” 4 that c erate.with
the right SP3EMEmaybelys t]ﬁeﬁgﬂ’ a@’? x&ge%s tggmf’bgnﬁli*?lﬁ gggt a“ﬁ g‘%&' g0t ar
test bed 26. The cl arrpipgfg mechani sm 14 in this enbodinent conprises a
cyl i ndri calbogpeyaad npper apdjlower arg intended for sopyerionce of desgEptiony nat te imishei ng 34, a
clanp pad 36, an
10 present invention or its components to any one positional or spacial orientation.
L. Hard Drive Carrier
Fig. 1 is a perspective view of the top, right, and front sides of one carrier
embodiment 10. The carrier 10 includes a frame 12, a clamping mechanism 14, and a
connector bar 16. The frame 12 comprises an “L” shaped right side frame member (“right
15 side bar”) 18, a left side frame member (“left side bar”) 20 that is generally parallel to and
coplanar with the right side bar 18, and a plurality of generally transverse cross members
(“cross bars”) 24 that cooperate with the right side bar 18 and the left side bar 20 to define a
rectangular test bed 26. The clamping mechanism 14 in this embodiment comprises a
cylindrical operating rod 30, a linear cam 32, a linear return spring 34, a clamp pad 36, an
20 ejection lever 37, an ejection bumper 38, a non-interfering handle 40, and a hinge 42. The

connector bar or module 16 comprises a variety of electrical connections, such as a power

supply port 50, an YO port 52, and a configureable jumper port 53.




20 ejection lever 37, an ejection bunper 38, a non-interfering handl e 40,
and a hinge 42. The connector bar or nodule 16 conprises a variety of

el ectrical wOOwease1 ons, such as a power supply port 50, @CTUSG/083t 52,
and a configureable junper port 53. WD 01/09627 PCT/US00/21083 -11 In
operatidn, the user may first eject a-pr-eviously tested drive (the "old
drive,” not shown) by pulling the handle 40 outward, away fromthe frane

12. This pul | i ngn@beratich, BiRudéranay¥ilst eject a pravivadly teed ﬁﬁmep%ﬂi dHverGoflove
away from and out of engagenent with the drive's right side sur?ace whi ch

frees the diows) bppidiidg th h&fﬂ'}@ﬁﬁm{t\b&g“ 72 ofknk BYRE 1§7Tﬁ1*3p ﬁ‘ghf y S

around the hinge 4 toward the o "sS rear surface the
ej ection bu o first tact and_.then pus the old dri out of
engagenent EV\;‘)'[?“ c?uﬁg %?)ﬁlﬁ]é‘@ 8¢ Sgg? My awa’l"ﬂ?mr@ﬂ&f"@ FOE3BETPeR e f"éY"e%ls ed,
comng to rest in a position where the clanp pad 36 is in a wthdrawn

posi tion. TRSht side surface. whieh fiees thy drive; @é(“matl-'ﬁs thesjqctiprelgver3dite pivot inwardly
automatically returns to an internediate position ("honme") determ ned by
t hé maxi munarewnddshe hioge 42, tovwrad §6 olddrivets reqrsiunfigpe Swhich tamsas!the ejedtion bampernow be
renmoved and replaced with the next drive to be tested (a "new drive," not

shown) . The3gweirsticoitactah@tHef plieh thelsla idtie€lontdF engagérhenl K4th At dohidetor B 16, Ci ent
force so that it engages the connector bar 16, thus electrically connecting

the new drTlY@ha%dﬁh@%a%' ngalbeeaeéséd tcem Qofe@ﬁh‘iﬁﬁ&iﬂ@ﬂ ageleﬁg c?apﬁig%ah?g s 0.

connector bar 16. The handle 40 is n pus t owar

cl anpi ng PO It whi ¢ s t.he ¢ 15 en e and.tq | ock
t he new drlille +‘n vgngog& gﬁ& h ﬁ{‘gﬁ?gg%wﬁhass g% "aﬁ
conprises a plurality of cross marrbe These cross nenbers 24 are
desi gned t oS tR{aD Bitgrpe ’é‘?ﬁrﬂ"?‘&?“%l‘g‘!‘? f)FlPFSEE‘“% aagipumextension of thent

omi -directional air flow In sone enbodi nents of the present invention,
t i cross return spring 34. The old drive can now be removed and replaced with the next drive to be

tested (2 “new drive,” not shown). The new drive should be inserted into test bed 26 with
sufficient force so that it engages the connector bar 16, thus electrically connecting the new
drive’s electrical ports to the corresponding ports on the connector bar 16. The handle 40 is
then pushed toward the frame 12 into a clamping position, which causes the clamp pad 36 to
15 engage and to lock the new drive in the test bed 26.
The frame 12 in some embodiments comprises a plurality of cross members 24.
These cross members 24 are designed to maximize the carrier’s stiffness, yet allow for
excellent omni-directional air flow. In some embodiments of the present invention, the cross
members 24 may be a combination of beams having “U” shaped cross sections, “T” shaped
20 cross sections, and/or rectangular cross sections. These embodiments are desirable because
the cross members 24 define four air flow apertures 54. These apertures 54 allow

temperature and humidity controlled air to flow around the bottom and side surfaces of the



menbers 24 may be a conbination of beans having "U' shaped cross sections,
"T" shaped 20 cross sections, and/or rectangular cross sections. These
enbodi nent Wamadatesi r abl e because the cross nenbers 24 defriusecdiossr air

fl ow apertures 54. These apertures 54 allow tenperature and humdity
controlled air to flow around the bottgm and side surfaces of the WO

01/ 09627 PCT/ 1JSO0R1083 -12 drive during a test. Enbodi nents having "U

and "r' shajie darimsstesc Enibodiineihating “Uakid ‘avrshiped clieSictddilsmpdeause t hey
can prow de greater stiffness than a rectangular cross section of simlar

wei ght . Thlp%:&hiaawe&asnerm&m@tﬁé L gnwga tggﬁyérsgﬁ?%%géggng%g%reduces

their cost of rranuf acturl ng, re Si ved in a
test chanber Qper a ses t e size of the aper es, 54. Sone
embodi nent secrfb)V °gfl§'3 igﬁﬁ%soaﬂlgwﬁ °r%°r“ ‘dﬁuéeéi%‘éff’fleé? %?“%eﬂ%l?&'éedfﬂes( not
shown) that_ further |ncrease the carrier's stiffness. In sone enbodi nents,
the cross rBsibeassofRansfastusing,sedyses thephysigal warkloat involyed inadest clsgnberhese
supports 56 are desirable because they further enhance air flow across the
boBt om 10 apenafien; @ndincreases theisize of thisiapértunes|Sds Some embietiments enayralso gichxie ent s
and to increase heat transfer. These supports 56 should be sufficiently
strong to luakdrinbre disgohaleasds wembérs 24 (not Siowal) thetfuthét indréite e lchiriefs 10 and
shoul d be relatively wear resistant. However, enbodiments w thout these

supports 5i;fh&sal so within the scope of this invention. The frame 12 may
be made fromany material with relatively good stiffness. One 15 suitable

material is col i'néo%e e%ﬂro%{n?e%ks th-erg 35 H%’nﬁeﬂh gi m;_\{_la(l]lso Ifr ng?ou[r s{l}%&:ﬂggr_ ei t is

relatively i nexpen5| Ve, IS ea 0 Nnac 0€s no wever ,
ot her materi a are vmtE e );gph resent |nvent|on These
i ncl ude, WSPh £SeISUPROYS Pmetdéﬂ %%" 8 the; rrea cf,gif flow across the bottom

10 surface of the drive, which helps to reduce thermal gradients and to increase heat transfer.
These supports 56 should be sufficiently strong to hold the combined weight of the drive and
the carrier 10 and should be relatively wear resistant. However, embodiments without these
supports 56 are also within the scope of this invention.

The frame 12 may be made from any material with relatively good stiffness. One

15 suitable material is cold rolled steel. This material is desirable because it is relatively
inexpensive, is easy to machine, and does not outgas. However, other materials are within
the scope of the present invention. These include, without being limited to, grey cast iron, hot
rolled steel, aluminum, polyethylene, polyvinyl chloride. Dissipative plastics may also be
desirable because they are lightweight, relatively inexpensive, and help to further isolate the

20 device under test from vibrations,

The handle 40 in this embodiment of the present invention has a generally vertical

orientation and is designed so that it does not interfere with access to the front of the hard




rolled steel, alum num polyethylene, polyvinyl chloride. Dissipative

pl astics may al so be desirable because they are |ightweight, relatively

i nexpensi veWOQHOPskR| p to further isolate the 20 device uRGEAUSOIAIOB r om
vibrations. The handle 40 in this enbodi nent of the present invention has a
generally vertical orientation and is1g8esigned so that it does not
interfere wth access to the front of the hard WO 01/ 09627 PCT/ USC0/ 21083

- 13 di sk dr idisk drivii BhisisandlestO4thbedinnei iseedirable beexmie i bll vsTor @i e cdninedtionows
for easier connection and arrangenent of cables. This handl e 40 enbodi nent
i-s al so deshhdhtmobiféit efeables. PhiShuiS40 dnboalradnk vseJl.%l deﬁ%flfb RRARE ﬂ%még}%egr

wi thout interfering with drive insertion and renoval . wever,

handl e 40 c ' ' oy | ONSa. . . [ tions are wthin.the scope
o thi s s i Bodfuel st BB i Sn R RSB R ARVS oot bRt TR BsE o
a handl e 40 gpecially adapted for automated qQr robofi.c handling. The clanp
pad 36 in tHﬁ@"éﬁ{‘g{?cﬂ)ﬁrfﬁﬁggﬂﬂ?“% origntaiiqns.and ppsitiens ag Withip thy sceperof dhis 46,

whi ch hel ps to reduce the potential of mechanical notion of the drive
reldtive toinvention: Jhis specificafly énclydgsywithgutghging dimited o, lachandle 40 spebially adaptedf r om
aresilient vibration danping material or 10 may have a strip 47 of this
mat eri al at farcl®thated drbsbodit handiing surface 46. One suitable vibration
danmping material is manufactured by Aero E.A R Specialty Conposites with a
part nunber of @ndQRdp Bak R thid BEBGHRERA mmﬁe@'iﬁgéia&fhﬁiagkﬁfaﬁgﬁg,g:te the

vi bration danping material reduces test noise, this Tnprovihg t

results. Ho r i . . . erd als and/ or
TR R PR R A
e on . T2l pad 38Tey B0 S5 abcakcd S0 eSS RS aphng i 5

10 may have a strip 47 of this material attached to the clamping surface 46. One suitable

-

vibration damping material is manufactured by Aero E.A.R. Specialty Composites with a part

number of C-1002-06 PSA. These embodiments are desirable because the vibration

damping material reduces test noise, thus improving the test resuits. However, clamping pads

36 made from other materials and/or without the vibration damping strip 47 are within the
15 scope of this invention.

The clamping mechanism 14 in some embodiments may include a rotatable joint (not
shown), such as an eye bearing, that allows the clamp pad 36 to engage a drive of the drive’s
orientation (i.e., allows the clamp pad 36 to provide clamping force in a 180 degree range).
These embodiments are desirable because they automatically allow the carrier 10 to hold

20 non-rectangular devices under test.
The drive ejection bumper 38 is designed and located to provide a compliant, yet

firm, contact with a wide variety of drives so that it can facilitate their removal from the carrier



shown), such as an eye bearing, that allows the clanp pad 36 to engage a
drive of the drive's orientation (i.e., allows the clanp pad 36 to provide
cl anpi ng f YRY/R7a 180 degree range). These enbodi nent spcIngsoozms3 abl e
because they automatically allow the carrier 10 to hold 20 non-rectangul ar
devi ces under test. The drive ejectionidunper 38 is designed and |located to
provide a conpliant, yet firm contact wwth a wide variety of drives so
that it cani0.a0nd suitgiile matesialis & eoli bht rélamydmpﬁaxwél&ioﬁ{&c%&&ﬁ%ﬁchas

PCTI US00121083 -14 10. One suitable material is a solid, but relatively

conpliant, gRbBS! AOREV&, &ﬁér%dtéﬂa!s sl Qbsi suf:l’tjgbﬁfoamm%% lﬁuﬁ%%e rafgherials.

and deS|gns such as a foamed pol ymer nper or unper, are

W ihin Lhe AfgRSak WU S HERRRe wiB.GR00CC O bar 16 In some
n

enbodi nent s may contain a sin or-a pI urality of 5 ports 50, 52 and
53 that are designed to engr %e correspondl ng connect or, port(s) | ocat ed on
the drive. Theself5§PRREconbardS in sompe Wwym%%n&ﬁ@wrwmaM%m d
transmt information to and fromthe drive. The connector bar 16 in sone
emSodi ment sparts SPe¥2RndISB yhag arealcsigredito engage dorgspondipg conpectar posid) docatedios, such
as a groove 70 designed to accept a portion of the connector bar 16 10

bel ow fi ngethe ddv. (Thege po2td)50, SPh&gis3 prowdd gower ahe diveqind kauls trafsnif € desirabl e
because the carrier 10 may be quickly configured to engage drive types and
nodel st hatjpkiRattnfth ahEtbmikesSdrivent er f aces, such as I DE, PCl, ATA, or SCSI.
That is, users can easily attach di fferent I nt er changeabl e connector bar s

16 to t he frame ace %%gy §z{rt I?vff_” g a(Pgﬁl‘?l%ﬁtstngreh'n%%b\}ggt{agﬁedtoB\ thr

particul ar inter connector ars 16

that are 15 nent | tachedt efrarre 12 are al ovmthlnthe scope
of this in t‘gﬁe meansysuc as agroove‘ﬁ)&eplgned to accept aportﬁm of %he connector bar 16 P

10 below fingers 72 (Fig. 2A). These “modular” connector bars 16 are desirable because the
carrier 10 may be quickly configured to engage drive types and models that use different bus
interfaces, such as IDE, PCI, ATA, or SCSI. That is, users can easily attach different,
interchangeable connector bars 16 to the frame 12 whenever the user needs to test drives
having a particular interface. Despite this advantage, however, connector bars 16 that are

15 permanently attached to the frame 12 are also within the scope of this invention.

The right side bar 18 and the left side bar 20 in this embodiment include a pressure
strip 44 of metal-covered vibration damping material. One suitable pressure strip 44 is
manufactured by Aero E.A.R. Specialty Composites with a part number of SB-40-ALPSA.
This pressure strip 44 is desirable because it provides good wear resistance and reduces

20 vibrations. However, carriers 10 without this pressure strip 44 or with a pressure strip 44
made from other materials capable of damping vibration and resisting wear are within the

scope of this invention.




The right side bar 18 and the left side bar 20 in this enbodi nent include a
pressure strip 44 of netal-covered vibration danping material. One

suitabl e pr¥OMPW2Etrip 44 is nanufactured by Aero E. A RPCEAIS0021083y
Conposites with a part nunber of SB-40-ALPSA. This pressure strip 44 is
desirabl e because it provides good weals+esi stance and reduces 20

vi brations. However, carriers 10 without this pressure strip 44 or with a
pressure strip 4Big. 2 ibanfexpanded view shawing a fifss exabgiiinéet of thedbmingmedh@hiami On
and resisting wear are within the scope of this invention. WO 01/09627

PC1/ US00/ 2104&3Fig: 3 chrhgrise2dh dzfiiraﬁﬂg RSO g YarfMiBREres seetich 9 dndla ggdﬁggdii ment

of the clanping nechanism 1 Fig. 2A conprises an operating r havi ng

| ar ge di ane{Lg ' ' t B ophine to form
the |inear %%%%?&T eng’?nac?rg?o ergh %ﬁ%&fr&%gﬁ&ﬁﬁ%@&ﬁ{sﬁ% ?glr?mg§ri S

desi gned such..t hat. the operat | rod 30 c slide freely through a hole 62
Tthe 5 ol SREPHED 5. R Shet il Sheuaing Fiio e S trsbi dhguat bolg oin e o
hinge pin 66. In operation, the grooved section 60 is aligned with the hole
62 When t heClaWRINgPaH30. FigLAwsq shows ap agteating springhdand adinge pinctifipi ng”
position. In this position, there is sufficient space between the
operating rod 30Inzperatidre thegreoved sectian6Q isaligried avithatheihdle 62 whert the gpérdingan

pi vot the clanping pad 36 around the hinge pin 66 and into engagenent wth

the hard driode30 id hai full§ insérfedion ecl@fipil@! posfioR PIn tAE po&ti6m e A SuffidRnCpadP! NY
pad 36 against the hard drive when the grooved sSection 60 is laterally

1970 ek et GRSl il e

"clanping position” Tatera aligns t \ I ar _ _
08! 2119 " i Y e b oS5 g o BB P PSP BRUEL .
anijo prevent tshe wtﬁat%)(:gtsggﬁgi > cafl%zals rt]hge ctlsaétlngirggopn;d%%aazgigg ﬂEehhear(i: (lirziivr;p“i/hneg the grooved
section 60 is laterally aligned with the hole 62. Sliding the operating rod 30 out of the
“clamping position” laterally aligns the wide diameter portion 59 of the operating rod 30 with
the hole 62. In this position, the wide diameter section 59 of the operating rod 30 engages
the interior surface of hole 62 and prevents the actuating spring 64 from biasing the clamping
15 pad 36 against the drive. That is, the operating rod 30 prevents the clamping pad 36 from
engaging the drive whenever the grooved section 60 is not aligned with the hole 62.
The operating rod 30 in this embodiment also comprises a flat section 80 that is
adapted to slide freely through a slot 82 in the ejection lever 37. A pin 68 fits into a
corresponding hole 69 in the flat section 80. Pulling the operating rod 30 from the clamping
20 position to a partially inserted or “home” position causes the flat section 80 to laterally slide

through the slot 82. This, in turn, causes the pin 68 to engage a back face 74 of the ejection

lever 37. Continuing to pull the operating rod 30 from the home position to a substantially



15 pad 36 against the drive. That is, the operating rod 30 prevents the

cl anping pad 36 from engaging the drive whenever the grooved section 60 is
not al i gnedVQWHMB62Zhe hol e 62. The operating rod 30 in thircTsimgiosent al so
conprises a flat section 80 that is adapted to slide freely through a sl ot
82 in the ejection lever 37. A pin 68-fgts into a corresponding hole 69 in
the flat section 80. Pulling the operating rod 30 fromthe clanping 20 :
posi ti on t owithdsewd érctiejeytion pesitiaricanses tRQIikss ARkt h BitcCRdmetthé bk Fadatzasect i on
80 to laterally slide through the slot 82. This, in turn, causes the pin

68 to engag i dj@fibn [e96377 Anitfrokb Biveisehd dj@iion leS¥Ss7 GRMihRUaRgat 0 pull
the operating rod 30 fromthe ﬁorrgl pgsitl‘]onmtlo a su sqtngntiaﬁ’%maOllOQGZ?

PCT/ US00/ 2 .- 16 Wi r o2 ectiony .position causes the pij 68 to
exert a fo?c 2%%’&5%’%%“#‘?% ‘%ﬁ@f?gf %Ié'éj' % wgirgh’tlﬁg""é'}bé%ﬁ ‘ﬁﬁqmﬁb“%‘?.f i s
force pivots the ejection |ever 37 argund the hinge 42 in a clockw se
direction (38&ingdhs driveq Tgﬁfqt?egfmzﬁt?,eleﬁm'blmmﬂeh% mﬁg?stlﬁ%w% efcengagementon
bunper 38 against the drive. The force fromthe ejection bunper 38 pushes
thé drive ovith thé conmgetgehanhé. Bhusi pullingthe operating rast 30fzom e clafipireg positibh tang t he
operating rod 30 fromthe clanping position to the ejection position

rel eases t like €jectivn positdoricikaes thelttantd dnd diasevahe driveiwaf fro@ahe\cnhévtordas 1616.

Movi ng the operating rod 30 fromthe honme position to the ejection position
al so causes a flange 90 on the ejection lever 37 to conpress the return
spring 34 against the frane 10 12. Wen the operator rel eases the handle
40, the return I ... D Vot N Lection | ever
37 around the hﬁ@éﬁ%ééﬁiﬁg%‘ﬁ@eﬁr{' %&%méggﬁ??ﬁfgﬁeoﬁec glgp (géétbol"c Rd in
Fig. 2A). The ejecti | ever, 37, in _turn, biases the gperating rod 30 from
Che o] ect | GAusSRb ERtEegR oRaia s IRLer A73P Poumiiess HATRILARIBE 3hog-mbe faRed 1 o

slide in a slot 91 between two stops 92 and 94. The
10 12. When the operator releases the handle 40, the return spring 34 produces a force that

pivots the ejection lever 37 around the hinge 42 in a counterclockwise direction (as depicted
in Fig. 2A). The ejection lever 37, in turn, biases the operating rod 30 from the ejection
position to the home position.
The flange 90 is designed to slide in a slot 91 between two stops 92 and 94. The
15 front stop 92 prevents the operating rod from being pulled too far out of the frame. The rear
stop 94 is positioned so that it engages the flange 90 when the operating rod 30 returns to the
home position from the ejecting position. This prevents the ejection lever 37 and the return
spring 34 from exerting force on the operating rod 30 between the home position and the
clamping position. That is, the stop 94 isolates the operating rod 30 from the return spring 34
20 between the home position and the clamping position. After the flange 90 hits the stop 94,
the operating rod 30 may continue to be pushed through the slot 82 from the home position

to the clamping position.




15 front stop 92 prevents the operating rod frombeing pulled too far out
of the franme. The rear stop 94 is positioned so that it engages the flange
90 when t hewowa®e®T ng rod 30 returns to the hone positi oredvusoottess

ej ecting position. This prevents the ejection |ever 37 and the return
spring 34 fromexerting force on the opgrating rod 30 between the hone
position and the danping position. That is, the stop 94 isolates the

operating rod 301nfarmﬁdrmroaﬁwhﬂcmﬁpihg&xeaﬁnisﬁ1 embdifdnéRR opehfinh EE3COARY T 1 ON
and the clanping position. After the flange 90 hits the stop 94, the

operating r SRYur&PLbA h . o)

home positi gﬁo g??) the cl g%}ﬁaﬁg&gﬁ?%ﬁg%ég&lﬁé&5&7@%8%%@16%?\ &&%83?{]: &({ﬁ?? I n
a second e ' in hani sm enbodj_nent . the ogeratin od 30 may
al so be co%%ﬁ&%ﬁ%@%ﬁg%g%f%Qtfeocmm 10 maYE Hnward info .theltgstE’Ff? and
enbodi nent, . the sections hav,ilire\%ia g_reat er diameter may force the clanp pad
36 to nove iNipGRRLAPt withihe hapddisledriven dhe pertions ofithe onsrating rodbavingetsmallen d di sk
drive. The portions of the operating rod having a snaller 5 dianmeter nmay

al I9w t he cHiametepauy 3Bow thervianep pad 36wamdye “omhwartl,” whichaelesses the hiwdrddivelr i ve.
The greater dianeter sections in these enbodi ments are positioned along the

length of tirRe glemer diineigr $c66bnsth thekeenibbaimehRArdporitdndtPdlonihé Rngllctad t O
engage the drive when the handle 40 is in the "pushed in™ or "clanping"

Phe oper at i Sherai 5850 Sk o ) ol A8 sPHoR R gl g B AR AT, 0,

roturn Spri A0 g osea i (5 TeBEng o b RBAEr ABTFR Hetor S karoRed no
handl e 40 froman "ejection” position to a "hone" position. It is
desirabl e, R9NSthedengthofithe pperating rod 30 such that the clamp pad 36 can release the hard disk

10 drive when the handle 40 is in the “home™ and “ejection” positions.

' The return spring 34 may also be used in the second embodiment to actuate the
handle 40 from an “ejection” position to a “home” position. It is desirable, however; that the
return spring 34 be configured so that it does not disengage the clamp pad 36 from the drive.
In some embodiments, this may be accomplished by designing the spring’s “neutral” position

15 to correspond to the handle’s “clamping” position. It is also desirable that the chosen spring
constant be low enough, or that the spring 34 be counter-balanced by a second spring (not
shown), so as to prevent the return spring 34 from actuating the operating rod 30 into those
positions where the greater diameter sections engage the clamp pad 36. Other springs 34
and mechanisms that are capable of actuating the handle 40 from the “withdrawn” position to

20 the “home” position and that do not disengage the clamping mechanism 14 during use are also

within the scope of this invention.



return spring 34 be configured so that it does not disengage the clanp pad
36 fromthe drive. In sonme enbodinents, this nmay be acconplished by

desi gni ng tWe@o0BEITNg' s "neutral " position 15 to correspongcrosobBsirandl e' s
"clanping” position. It is also desirable that the chosen spring constant
be | ow enough, or that the spring 34 bm-counter-bal anced by a second spring
(not shown), so as to prevent the return spring 34 fromactuating the
operating rod 3@renidoarttdge dfthegasioicamies 10¥¢mbiodinidits ig thaethe loading/@igingeCt | ons
engage the clanmp pad 36. Qther springs 34 and nechani sns that are capable

of “act uati nadiefterdtPmedhaniés ire AMopétsied B bittodiding @Q@hiaeirﬁag#%mgﬁo& Rgs NOME"

position and that do not disengage the cl anping ne uring use are

also withig Jhi S | i 01/ 09627. PCT/ USO0Q/ 21083. -18
One advant a{%}gb ]g(f?) "ﬁé@ﬁ@ ? I\/‘\‘B&Jggfrstﬁ %rx'%[f%g g%‘b%%gﬁ’e Nt oo Winpisy ﬂFH’égP STy

cl anpi ng, and eéoﬁ%t,i on chani sns Flre al | operated b¥ one rod using a

si npl e pusHPYHAR Copgitipnsysuck gicarpaldpnpst syndromgy ‘ﬁgﬂnlwﬁ‘B@FQ q e resgtiopglsweemnpi ng
mechani sm 14 nmay nminimze the risk of repetitive notion conditions, such a
cafpal t unrebampingmechanismefound ingopuentignal industey designs. i onal sweep 5 cl anpi ng
mechani snms found in conventional industry designs. Fig. 2B shows a third
cam mechani sm e dBrhows dthird cia mechanfsat émbidinyenat4a thitdsipiSallyGictubied asih@nal
notion, which may be desirable for use with robotic | oadi ng/ unl oadi ng

devices. ThRome Rohss withimfte LaAbRIfor e wil rébdit MeamgAiRAGh B Rsact as a

rotary cam rather than a |linear cam That is, the machi ned area 60a wl|

have @ 18" SfhATRLE forlSfs BRUr RuSH b ArlpATRRS Lol o/l Ak ign ol e

40 by about 'ni ne grees In elt ckw sé or CkW se

direction wll cau t.he | ar eegia er._are to alternately engage and
di sengage \t,ill a%; Gty 'B‘r‘s’élﬂﬁ"f‘ggg' fareg aWHﬁT—?"%E?’“ 1pcter; 4 mayi | | | atch
and unl atch the clanping

diameter arc. Rotating the handle 40 by about ninety degrees in either the clockwise or

counterclockwise direction will cause the large diameter arc to alternately engage and

disengage the interior surface of the hole 62, which, in turn, will latch and unlatch the clamping

mechanism 36. Those skilled in the art will recognize that embodiments using this rotational

cam mechanism 14a may replace the flat section 80 with a round finger 80a. This finger 80a,
15 like the flat section 80, should be sized to fit into the slot 82 and should have a hole 69

capable of receiving the pin 68.

Fig. 3 is an isometric view of a carrier embodiment 300 adapted to receive and test
both 2.5" and 3.5" hard disk drives. This carrier embodiment 300 includes a second,
intermediate L-shaped bar 302 that is generally parallel with, but vertically offset (“recessed™)

20 from, the right side bar 18 and the left side bar 20. The intermediate side bar 302 in this
embodiment has a generally vertical side surface 304, a pressure strip 306 adhesively

attached to the generally vertical side surface 304, a top surface 308, a rear locator surface




mechani sm 36. Those skilled in the art will recognize that enbodi nents
using this rotational cam nmechanism 14a may replace the flat section 80
with a rounWO9M4%@7 g0a. This finger 80a, 15 |ike the fl atPGRAISODRIESBO,
shoul d be sized to fit into the slot 82 and shoul'd“have a hole 69 capable
of receiving the pin 68. Fig. 3 is an +19enetric view of a carrier

enbodi nent 300 adapted to receive and test both 2.5" and 3.5" hard disk
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i ncli ned bol“f’f‘}ﬁggé!raf'g&f @fﬁ?’dﬁgﬁ’zeﬁ?‘?ﬂe@t&?gﬁé’?ﬂ as%“"?f{fﬁ‘ﬁﬂ%‘ @W@]g'

crossbars 24 having an angl ed notch 320 that &eneral | y extends between the
1C

i nt &r nedi at &hpgrrrigoembadimens 300 indfig. 3gnayaisp githep the linpar latehysystemasithesotasyir f ace

310, the angled notch 320, and the right side bar 20 cooperate to define a
second r ect datchidystemt desdritiod svith ¥&fereceTo FigsZA-RBr. enbodi nent 300 in Fig. 3 may
use either the linear latch systemor the rotary |latch system described

with reference t g fegfiion fhehlhe carrid? 300RASd With 359 Bfives|iPogeddtés sthilad 0 es Used
with 3.5" drives, it operates simlar to the carrier enbodi nent

10
Qescri bed Welbief GhIAEAGR 10 QefetiB6 with el figs, Yo @hao6 bleiBlofeanl e 3,

drive sits int rst rectangul a i'n a genera ht al
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‘intermediate bar 302 is coplanar with or below the horizontal surface 314 of the left side bar
18, the intermediate bar 302 does not affect the insertion, testing, or removal of a 3.5" drive.
2.5" drives are inserted into the second rectangular test bed 312, between the
intermediate side bar 302, the right side bar 20, and the rear locator surface 309. Because
15 the intermediate side bar 302 is recessed below the left side bar 18, the 2.5" drive will sit in
the second rectangular test bed 312 at an acute angle to the horizontal. That is, the 2.5" drive
will rest in and be aligned with the notch 310. Actuating the clamping mechanism causes the
clamp pad 36 to pivot around the rotatable joint (not shown) and to engage the side of the
drive, which clamps the drive in the inclined position.
20 The carrier embodiments in Figs. 1-5 offer many advantages over the art. These

advantages include excellent vibration reduction, minimal airflow restriction, and single cam

operation (i.e., clamp, probe and latch). Some carrier embodiments also: (i) allow for both



18, the internedi ate bar 302 does not affect the insertion, testing, or
renmoval of a 3.5" drive. 2.5" drives are inserted into the second

rect angul aWa®4962hed 312, between the internedi ate si de lramaR0d21083he ri ght
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side bar 302 is recessed below the | efgp-side bar 18, the 2.5" drive wll
sit in the second rectangul ar test bed 312 at an acute angle to the

hori zont al .aufbiftediand miatieal BoaBing i) v swidch kapidBpbetivebnatiffertift diivé GARCandi (il t he
notch 310. Actuating the clanpi ng nmechani smcauses the clanp pad 36°to

pi vot ar oumgh ki ragi k%%ﬂ&ﬂ’t@lten&lg@haﬁ n) and to engage the side of the.
e

drive, which clanps the drive int I'ncl1ned position. 20 The carrier
enbodi ments in Figs. 1-5 offer many advantages over the art. These

advant ages i ncl ude excellent vibration reduction, mnimal airflow
restriction, .and single cam operation (i.e., clanp, probe and |latch). Sone
carrier enfbdModacPalleto: (i) allow for both WO 01/ 09627 PCT/US00/ 21083
-20 automated and manual |oading; (ii) can switch rapidly between different
drfve sizes; andnfthesidspecteofithspreseahinvention listhdyase\of e ffbulldirfgeblankt’ apffoachamdar ds.
H. Modul ar Pallets 5 Anot her aspect of the present invention is the use of

a "bui | di nglilimtkhe BAREDAS Assbdate@WitH 2t @ssidTendthodl bE¢onSALAS fGlomh&talV t h
the "classic' methods of constructing environnental chanbers and to

provi de an eiyil-OHIRE bRVidE 85 EnviloRmERAL caéeaﬁmﬁbilr mgéibbada%&ihie%nae%eﬁ@sy to

assenble. Fig. 6 sho a nodular "carrier pallet"” enbodinment 1 These
pall ets 100 salélﬁelo adapted to fit into a front frane 111 a and a rear frane
| 1 1b thatf™§ 1heap|urality of interior receiving slots 106a and

exterior receiving slots 106b (see Figs, 8, 9, an . Each I 1 et
Fig96 shows a modular (‘carr?er pal?et” embodgnem 1(90. ]’l(pese paﬁets 188 are

10 adapted to fit into a front frame 111a and a rear frame 111b that define a plurality of interior
receiving slots 106a and exterior receiving slots 106b (sce Figs. 8, 9, and 10). Each pallet
100 comprises an insulating/air plenum brick 104 connected to a base plate 105 by one or
more bolts 107. The brick 104 in this embodiment defines a testing space (A), a wall space
(B), and a tester space (C). The test space (A) is designed to accommodate a fixture for

15 holding the device under test, such as the holding fixture 10 or 300, and to allow connection
to a test driving electronic package 103 via flat cable(s) 102 (Fig. 7). The tester space (C) is
likewise designed to allow easy mounting of, and connection to, the tester driving components
103. The wall space (B) is designed to minimize the quantity of metal and other conductive
materials, thus minimizing thermal transfer between A & C, commiserate with maintaining

20 appropriate rigidity and mechanical integrity of the entire pallet.

In operation, when multiple loaded pallets 100 are inserted into slots 106, the sides of

the bricks 104 seal against each other and against the walls of the test chamber. Thus, as




100 conprises an insulatingtair plenumbrick 104 connected to a base plate
105 by one or nore bolts 107. The brick 104 in this enbodi nent defines a
testing spa¥™@QIM96273 wal | space (B), and a tester space (K)T/USBr2108®St
space (A) is designed to accommpdate a fixture for 15 hol ding the device
under test, such as the holding fixture1l0 or 300, and to allow connection
to a test driving electronic package 103 via flat cable(s) 102 (Fig. 7).
The tester shawein(F@d. 19sthe biitia\ins tn e difgratipdliesabbirate AYmTR Ympieg of , and
connection to, the tester driving conponents 103. The wall space (B) is

designed to iﬁ&ﬂﬁ%gﬁnéﬂﬁwﬂlﬁﬂ&%yn @t déWée@lun@e? E&P&A&t’tﬁe @Q%Vggéoﬁﬁ)ﬁng%t erials,

thus mnimzing ermal transfer between A & C, comm serate

mai nt ai ni ng ical i of the entire
pal let, In 3%8*#%‘%?%'1‘3%% i *r%bggﬁr"s@@ﬁmﬁf;sg% sEst i 14 Qe Bt o
slots 106, 86 sides of  the bricks 104 seal against each other and agai nst
the walls off ely ahowsdb belowiity Lo itsjeft\apd toriisashy (i epdty/neighboring acks?)2 1
shown in Fig. 19, the bricks 104 in the different pallets cooperate to form
a conpl ete brickt1i0f dn arpextarior slot 10gb Wil séabagaistitht side dethe epvironn@ntal st and
the test driver conponents. That is, each brick 104 in an interior slot

106a wi || sehdmbegaidhtecnbighburibeilies 1084 Uséts meccmhho% fildfiOsIb@1T06 hatighe/ above
it, belowit, toits left, and to its right (i.e., its "neighboring
bricks"). eﬁﬁgh,ahrlggdfn é in an exterior slot 106b will seal against the
side of the environnmental test chanber and three neighbor bricks 104.

compl ete. | ﬁ"ZEh%%Z’w%%Hfb%he“@etP% of BB el bely g s e 102 ng  he
Part fally. 1 BritaEt (g froshd g&pqh'a@gt? b a b orens wnsthese bt of
"filler pallets" 120 simlar to those shown in Figs 6-9, but
10 100 and completed by the user of “filler pallets™ 120 similar to those shown in Figs 6-9, but
without the device under test or the electronic testing package 103 (see figs. 9-10 and 19).
These filler pallets allow a drive manufacturer to test fewer devices at a time than would be
necessary to complete the wall. That is, the filler pallets 120 may substitute for “standard”
pallets, thereby allowing the user to test an arbitrary number of devices in one batch. These
‘15 filler pallets 120 may be particularly desirable for use in the exterior slots 106b to further
isolate the devices under test from environmental noise.
The insulating/air plenum brick 104 embodiment in Fig. 6 is about 3” thick, 3” high
and 6” long, fabricated from a suitable lightweight insulating material, such as expanded
polystyrene foam (see also Figs. 11A-C). Polystyrene foam is desirable for this application
20 because it is lightweight, relatively durable, and inexpensive. However, other insulating

materials are within the scope of the present invention. These include, without being limited

to, polyethylene foam, urethane foam, ethylene vinyl acetate (“EVA”) foam, asbestos, cork



Wi t hout the device under test or the electronic testing package 103 (see
figs. 9-10 and 19). These filler pallets allow a drive nmanufacturer to
test fewerwoewnsses at a tine than woul d be necessary topepwpsoigest he wall .
That is, the filler pallets 120 nmay substitute for "standard" pallets,
thereby allowing the user to test an .ggbitrary nunber of devices in one
batch. These .15 filler pallets 120 may be particularly desirable for use .
in the ext efd étherStsdds, okgbfe HoRddd\pldsh fibers, if64h AlbBer] &wn%%we@,%nu mitedid Rt from
envi ronment al noise. The insulating/air plenumbrick 104 enbodi ment in Fig.
6 is about jghinddd ck, 3" high and 6" long, fabricated froma suitable

| i ght wei ght 1 nsul ating material, such as expanded polystyrene foam (see
also Figs. | 1A,0).. Polystyre foamis, desirapl g f this. application 20
because it is IAF'Q%W\R@P ?“fi){?peﬁr’}jlﬁ V&H%%F gfngﬁdﬁrﬂeq?hém ‘gémp%é\ever,
other insulating materials are wthin the scope of the present invention.
These i ncl tealing YpteHalysuch as #pylen Thopk and Jogp” paesal d B8 having theyleap” sirigs.imasre f oam
et hyl ene vinyl acetate (" EVA") foam asbestos, cork WD 01/09627 -22- and
other woodtheirongaedges.bhbiresesiripd ans desiratile because sen fornbdseal orsliffusipn banidpoer, and
metallic foil lamnates. The two ends and top of the bricks 104 in this
enbodi ment béraeéh the Raling ?ﬁceﬁlm bitith®festeSspatd (0. TH Wittoml of tise bk 364 appy | ON
"hook and | oop" material 108 having the"l oop"” strips, near 5 thelr outer

edges. TheffestuiHiiod il Sbhe1RoRANARAEYs (AR S8Rk Phcll L on

barrier between t t'estl space (A) and the tester spac ottom
of the bric 04 ave a.sinihar pl ace air .of seals 109 fabricated
froma conﬁ#< ¥ ngbggiﬁef'ﬂﬁf%ﬁf%’%sgp CapabI e e&ggn‘g%rgl’xlﬁ’&c@?ﬁ%c’é‘ﬁmfﬁe flat

cabl es 102, such as an et hyl ene propyl ene diene nononer g EPDM') sponge

rubber aval ERDME) sPengs Mbheravaijableffqm ter Gafh of Ghisagadillinoisn Althongin,

10 EPDM is desirable for the bottom seal 109 because it is very resistant to chemicals, can

withstand high temperatures for extended periods, and remains stable for long periods of
time, other sealing materials are within the scope of this invention.
The bricks 104 in this embodiment have a groove 110 (see Figs. 7, 11A-11C, and
19) of about 1” wide by 3/8” deep cut into their side surfaces. The grooves 110 on each
15 brick cooperate with those on the neighboring bricks and with the walls of the test chamber
to provide a plenum network for purge air. Pressurizing these air plenums with an
appropriate gas, such as warm dry air, places the wall space (B) under positive pressure
relative to either the test side A or the electronic control side C. This positive pressure
prevents to prevent air from the testing space (A) and the tester space (C) from crossing the
20 wall space (B), which in turn, helps both sides or chambers to be maintained under

independent conditions of temperature and humidity.
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I nexpensively nodified to test different devices. The nodul ar pallet
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chanber can test different conbi nati ons of devices at the sane tine. That
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"run" may contaln y vice under test and others may contain a

second type of devi.ce under -t . dhe _exact . per t.age he flrst type
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10

III. Environmental Test Chamber
Figs. 8-10 depict an environmental test chamber embodiment 150. This test

chamber embodiment 150 comprises a front frame 111a and a rear frame 111b that extend
between a base plate 114 and a header 116. The frames 111a and 111b define the plurality

15 of pallet'éupporting slots 106, which are arranged in a grid. This test chamber 150 also
comprises insulating studs 112 that further support the front frame 111a and the rear frame
111b. The environmental test chamber also includes a main access door 152 and two air
handlers 154 (such as that shown Fig. 14) capable of delivering air at a desired flow rate,
temperature, and humidity.

20 In operation, a user will insert the pallets 100 into the slots 106, which then cooperate
to form a testing chamber in the rear portion of the chamber 150. The user will then close the

main access door 152, thereby forming a tester chamber for the test driver components in the



10 I'1'l. Environnmental Test Chanmber Figs. 8-10 depict an environnmental test
chanber enbodi nent 150. This test chanber enbodi nent 150 conprises a front
frame | | moarmde2a rear frame | | Ib that extend betweerpcansogsiopy ate 114
and a header 116. The franes | i la and | | Ib define the plurality 15 of
pal | et supporting slots 106, which arggarranged in a grid. This test
chanber 150 also conprises insulating studs 112 that further support the
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chanber also includes a main access door 152 and two alr er
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pallets 100 _intpo the slots 106, which then cogperate to forma testing
chanber i n 2lpws ’r“é%Re“ﬁWF‘?'E‘i‘?}%ffG‘h‘Eﬁ@pErﬁ th’éfP'tYm oth chgmbErs. | ¢ hen cl ose
the main access door 152, thereby formng a tester chanber for the test
driver conponen¥Fig. 1§ denids 3RIGCMaEEE virormEH chanbey embodiment302. psmillba of
t he chanber 150. Finally, the user will activate the air handl ers 154. The
ai § handl dissusbédlindndre detail el this eestchambeantbotimenh202thas & dadl phdaai and t he
tester chanber, which allows independent control of the tenperature and

hum dity i Gugily SysteRPI00%E a plakdlity JUrslfdd £405 G dRdwed 250 Pofifidiel gatTENE Al  t est
chanmber enbodiment 202. As will be 5 discussed in noré detail below, this

o e B MBS 1,

plurality awer 0 I's "posi ervicrng and
a1 ast 14 EREHAE Bior, S A e et AR R ges
descri bed above, this test
chamber embodiment 202 is desirable because it provides: (i) a dual plenum system for
10 supplying hot and cold pressurized mixed air at a controlled temperature gradient or at a fixed
temperature; (ii) the ability to test in small batches, thus decreasing average test cycle time;
(iii) high uniformity/stability of the target conditions and fast temperature ramp rates due to its
use of a small test chamber volume, high air flow, and continuous feedback; (iv) the ability to
run hot and cold tests can be run simultaneously in any number of drawers 250 in
15 embodiments where each drawer, or nest of drawers, is fed by an independently controlled
mixing plenum system; (v) a substantial reduction of internal temperature gradients provided

by the small volume/tight control operating philosophy; and (vi) a highly compact, stackable

design that can be placed back-to-back with another test chamber 202.

20 A. Small Batch Testing
Fig. 12 is an isometric view of a drawer 250 that is suitable for use with the

environmental test chamber 202. This drawer embodiment 250 comprises four pallets 100,




chanber enbodi ment 202 is desirable because it provides: (i) a dual plenum
system for 10 supplying hot and cold pressurized mxed air at a controlled
tenper at ur Wt or at a fixed tenperature; (ii) the RIUSODI0ED t est
in small batches, thus decreasing average test cycle time; (iii) high
unlformty/stablllty of the target condstions and fast tenperature ranp
rates due to its use of a small test chanber volune, high air flow, and

cont i nuous fuchdissieiee d¢scribedtwith @fvidnicé 1o Figs. 6¢7thatwré paf@nadlydnduatddonGasfielpe I un
si mul taneously in any nunber of drawers 250 in 15 enbodi ments where each
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pl enum system (v) a substantial reduction of internal terrperature
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back-t o- back angt her te 202. 20 Spal | Batch Testing Fig.
12 is an isé\‘%?lphk {}gé'vﬁiﬁh E‘&'F@&E%Z@G‘ Wd'(‘]eﬁ%“ icg$ $290n on¢ gide wald 256, tf‘NOt he
environnmental test chanmber 202. This drawer enbodi ment 250 conprises four
pal §et s 100 oullgyorfices$36 in thevpposiioside walh 258, aml ity ewn ismpetatiseshutnidity/aip 8dwwi t h
reference to Figs. 6-7, that are permanently nounted on a shelf 252. The

pal | ets 100 sensdr 210e shelf 252 are designed to seal against adjacent
drawer (s) 250 and/or the interior of the test chanber 202, thereby

creating a subst aidgesdtibi, mﬁd(ﬂ%mﬁﬁfmméﬂmﬂﬁfaﬁﬁdm%?ﬂm@mwéwaﬁbef

254 has two inlet orlflces 224 in one side wal 256, two 5 outlet orifices

226 in the g Itgfrs.atq,?mawg% I mheo.@aﬂﬁ AT A

fl ow sensor eratl on r ve nman ur er

drives in eac. r, h the front,of the drawer 250. Air enters
the resul ti "\)B &2&2‘?{8@?‘3&3@@ quﬁ &HYW egn(f)lexlts through the outlet orifices 226. _

10 These embodiments are desirable because each subchamber 254 acts as a separate mini-
environmental test chamber, which decreases the test’s batch size. That is, the environmental
conditions in each subchamber 254 are substantially independent of the presence or absence
of other drawers 250 in the test chamber 202 and substantially independent of the -
environmental conditions in the other drawers 250. This allows the manufacturer to insert one

15 drawer 250 into the test chamber 202, bring that drawer’s subchamber 254 up to the desired
testing conditions, and to conduct the desired test -- all without having to completely fill the
entire chamber 202 with disk drive or filler pallets. Thus, the manufacturer can perform a test
on some drives while simultaneously loading other drives into another drawer 250. This
feature is desirable because it can decrease the average amount of time necessary to conduct

20 ‘the tests and because it reduces the mass that must be heated or cooled to preform each test,

as only the specific occupied drawers are maintained at the desired test environment.



orifices 224, circulates around the four drives, and exits through the
outlet orifices 226. 10 These enbodi nents are desirabl e because each
subchanmberw@Bnoss2st s as a separate mni- environnental teBCT/AUSNRI083, which
decreases the test's batch size. That is, the environnmental conditions in
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provi de a contr 212 (Fig. 13) with continuous tenperature,

hum dity, and ajr flowg.r I.nf or ' . DA i The
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environmental conditions in each subchamber 254 or in small groups of subchambers 254.
These embodiments may be desirable because hot and cold tests can be run simultaneously in
any number of drawers 250 and because the individual controls will further improve

uniformity and stability of the target temperatures.

15
B. Temperature and Air Flow Rate Control
Fig. 13 is an isometric view of a dual plenum air system embodiment 200 suitable for
use with the environmental test chamber 202. This air plenum system 200 comprises a cold
air supply duct (“cold air plenum”) 204 and a hot air supply duct (“hot air plenum™) 206, both
20 of which are pneumatically connected to a fan or blower 208 by a flow divider. The hot air

plenum 206 has a heating element 209 and can supply air at any reasonably defined

temperature above the desired test chamber temperature. The cold air plenum 204 has a




stability despite the changing operating conditions in chanber 202. 10 In
ot her enbodi nents, the sensors 210 can be used to individually control the
envi ronmentWPOHBR€ t i ons i n each subchanber 254 or in snalACTEIS0M19830f
subchanbers 254. These enbodi nents nay be desirabl.e because hot and cold
tests can be run sinultaneously in angrnunber of drawers 250 and because
the individual controls will further inprove wuniformty and stability of
the target teolingrelemene2l4 dhil cBh supplypirat ny reasanably’definEd RmpBatae baowiR Fi 0.
13 is an isonetric view of a dual plenumair systen1enbodinent 200 suitable

f-or use W igbsidell fesBinahibeFeRPBErature. Shb hﬁm%&ﬂ afrBlenund 264 &hd % Afﬁgﬂ system

200 conpri ses a cold air supply duct coI d air pl enum) a hot air
o et Lt B WS S A BB PR
has a heating el enent 209 and can r at an reasonably defi ned

t enper at uresm thefarggtempergtureand B”i‘éfhé &LFM@B& $imchidesdwai 1 pl enum

204 has a WO 01/09627 PCT/ US00/ 21083 -27 cooling el errent 214 and can
supdly air &sempiisr qopuelinddsmpers@f? anskh vasiable specd fan dydlower 220 andiissi red t est
chanmber tenperature. The hot and cold air plenuns 204 and 206 supply a
m Xi ng charmnipasunixtiBaliydonndetedita d eavicbniientaliestichembe 254 byithe dhlet clificesizgeans
into a uniformair streamat the target tenperature and hum dity. Thi s

- mixing charriaﬁaclaéﬁw;mewﬂﬁﬁwém@agq&p%ﬂou@l%ﬂm&ﬁt AAIRE kifowl diP

vari abl e speed fan or blower 220, and is pneumatically connect ed to the

Cach or awer DB oA Mantatasbiod Rfedsofimy {225, 368w ey 30660 05 1 1

pass

some embodiments may also include a humidifier 227, additional computer controlled baffles
10 or dampers 228, and a computer control system 212. This control system 212 is operably

connected to a temperature, humidity, and air flow rate sensor 210 located inside the

environmental test chamber 254, to the dampers 219 and 228, to the variable speed fan 220,

and to the humidifier 227, and to the heating 209 and cooling 214 elements.

In operation, the fan 208 draws air from the return plenum 225 and/or the ambient air

15 outside the chamber 254, and forces it into the cold air plenum 204 and the hot air plenum
206. The air entering the cold air plenum 204 passes over the cooling element 214, where it
can be cooled to a temperature below the desired test chamber temperature. Those skilled in
the art will recognize that this can cause water to condense out of the air stream, which
decreases the air stream’s humidity ratio. The air stream entering the hot air plenum 206

20 similarly passes over the heating element 209 and is heated above the desired test chamber

temperature.



fromthe testing subchanber 254 into a return plenum 225. The air plenum
system 200 in sone enbodi nents may al so include a humdifier 227,
addi ti onal woampester controlled baffles 10 or danpers 228pCwmusoozi1essnput er
control system 212. This control system 212 is operably connected to a
tenperature, humdity, and air flow rage sensor 210 | ocated inside the

envi ronnent al test chanber 254, to the danpers 219 and 228, to the variable

speed fan 220, A@BFtht ir bhkBesthidugh the e6ld %Plenﬁﬂﬂctoﬂ and {he hbeit pléiBin?2U8, thed

cooling 214 elenents. In operation, the fan 208 draws air fromthe return

oo niVBd SR ) ot S ey laing i uiffer oo
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tenperature. Those skilled in the art will recognize that this can cause
wat er to condienssfer haholufir pleramy206, that ase pperally eaan p Shecontrel gystem 21%¢ r eand s
hum dity ratio. The air streamentering the hot air plenum 206 20 simlarly
passes oveIThe bentivd systenp? 2l canraseia 29! fxord thederhpexatost/bainidity seisor 2o actdate est
chanber tenperature. WD 01/09627 PCT/USOQ 21083 -28 After the air passes

through t heneCdalpedi219 PTRIEUR 2R Adf S tHeltespbétive Flol rieCOLthR RAGnd édM@airt WO ai 1
streans are conbi ned and bl ended together in the m xing chanber 218. The

mixing  chanhts e Lhflafcl ManARPRhERGANIGh 51’?9ki8&%h@n daRTalywith'de nafae f or

the cold air plénum ne for the hot air enum 206, that are

operably connected to the control system . 5. The co t 12 can
use a si gnRrFingalsfatherthan yaer, ﬁlﬁ?f’@eﬂﬁ’ﬁ#]&}e{‘é’]‘é%ﬁ%"g s piyiﬁmtqola(a%ié? éé‘?’e‘ﬂq"ﬁe
danpers 219. This, in turn, adjusts the respective flow rates of the hot
and col d aiopmmwﬂéh@“@ﬁ'éeﬂ?al(ﬁ?tfsw“)i which gllqwgit toselegtivelyiigarease g cet on a
kitchen sink, only with the fluid

10 humidity of the blended air stream.

The fan 220 draws air from the mixing chamber 218 and pushes it through the inlet
orifices 224, into the environmental test chamber 254. After the air has circulated around the
devices under test, it exits the test chamber 254 through the outlet orifices 224. A damper
228 in the return plenum 225 can then either direct the air stream back into the fan 208, vent

15 it to atmosphere, or a combination thereof, depending on which choice is the more energy
efficient for the desired test conditions.

The heating element 209 may be any device capable of heating the air stream flowing
through the hot air plenum 206. Suitable devices include, without being limited to, an
electrical heating element or a heat exchanger connected to supply of hot water or steam.

20 The cooling element 214 may similarly be any device capable of cooling the air stream
flowing through the cold air plenum 204. Suitable devices include, without being limited to, a

heat exchanger connected to a supply of chilled water or may be a vapor-compression cycle



being air rather than water. In sone enbodi nents, the control system 212
al so controls the operation of the humdifier 227 (not shown), which
allows it tWOMI082¥i vely increase the 10 hum dity of the bPETUSI2HISS
stream The fan 220 draws air fromthe m xi ng chanber 218 and pushes it
through the inlet orifices 224, into tige environnmental test chanber 254.
After the air has circulated around the devices under test, it exits the

t est chanberreftigératitnt anig I THehempapitiehumidify/aieffov2sdasor2 HianmEbe andy W vice) ok he
return plenum 225 can then either direct the air streamback into the fan

208, vent 1%ghidafobfRIREE CohabRof SensidgMicNBhpRitute Rirkiity, 8RR PRW s h¥hi ch
choice is the nore energy efficient for the desired test conditions. The

heati ng el er 9 ny devi ce capable of heating the air stream
t B hnits OF e

fl ow ng art  pl enum 206. Suitabl e devices include, wthout
being limted to, _an _electrical_ heating el enent or a heat exchanger
connected to supping baffles et ’érzlgla“'igé‘iﬂ'bQG“ iceFIcPmymatigefidevisesy nay
simlarly be any device capable of cooling the air stream flow ng through
t heScol d ai rthticamconti@band cBangeshs Bowlmié ofcair threughieiduct.WComputer ¢onirolled hafflesed
to, a heat exchanger connected to a supply of chilled water or may be a
vapor - conpr asiJampers 209 end 28 Qe phdtictTarly desitdbloBecihfSBey wilPallo®f 4 bsgftojuickly uni t .
The tenperature/ hum dity/air now sensors 210 nay be any device, or

combi nati on g4 A& chipe ticARAMBLBnShsi@GEMS testchbmBer 234P Hlo®e W Cma Shdateq and
air flowinside the test chanber or chanbers. The baffles or danpers 219 -

a0 228 o0 B P28y Yo S BE Do R gyl 12 1 ST,
8; e ? atmc)) © ;3 i (2: &|9y a r']Idhe %i%%el%e?y gtregnl i(r:1 ?’liga.lrl|3 ¥s d%%l%{ezl g?\l/eertiga?lg'eslllljégun%lt}leg% c\i\lnxsltelr ota'1 'Tow a
10 drawers 250 (Fig. 12). These vertical embodiments are desirable because the air delivery
system 200 can be easily built around the test chamber 254 such that the chamber/air delivery
system form a single, integrated unit. However, the air delivery system 200 could be located
at any other angle relative to the drawers 250 and could feed one drawer 250 or a plurality of
drawers 250.
15 The control system 212 can be any device or combination of devices capable of
maintaining the conditions inside the test chamber(s) at or near the target conditions. In some
embodiments, the control unit 212 is an microprocessor implemented active feedback control
system that uses the signal from the sensors 210 to operate the dampers 219 and 228, the
variable speed fan 220, and the humidifier 227. Other suitable controllers include, but are not
20 limited to, an analog or digital feedback device running an appropriate control algorithm.

Many variations of the embodiment in Fig. 13 are within the scope of the present

invention. For example, the cooling element 214 may be eliminated. The cold air plenum



and easily change the conditions inside the test chanber 254. However,
manual | y actuated devices 219 and 228 are also within the scope of the
present i rnwent/962r. The air delivery systemin Fig. 13 i spPCEAisocena as
vertically surrounding a cluster of 10 drawers 250 (Fig. 12). These
vertical enbodinents are desirable begguse the air delivery system 200 can
be easily built around the test chanber 254 such that the chanber/air

delivery 29%ufideibodinent Wl then suppl@itadrachbieht \ roottiispésdture it Or Rk del i very
system 200 could be I ocated at any other angle relative to the drawers 250

and could f(%ﬁe%r%%% aﬂﬁ@ﬂ%rmigﬁg cgile'l\'n/tlﬁé gi 8(; ﬁ@ﬂeh&nﬁg 0h whith NYRbre efetfly efficien( 15

control sys can be an r ‘conbl nation of deviCes capabfe of

mai ntai ni ng the, conditions inside. the test chanber(s t. or, near.the target
condi ti ons.%‘q ‘PFS st ngﬁmsnﬁmdg?'°f‘h‘§° RERTY B’Ivergﬁf‘f'{a%%f%fdg aflow %??%E”Pﬁrc essor
i npl enented active feedback control systemthat uses the signal fromthe
sensors 21Metwsen themixingchambes apdthe injet tifipr 224 This flow straightenencan 8payy f an

220, and the humdifier 227. O her suitable controllers include, but are
nos 20 | i midevide tapableof edadingoreliminiating the tirbeivg chusddby be fan220i Kyitable
appropriate control algorithm Mny variations of the enbodinment in Fig.

13 are W t lgeRicdd1Rcld Bt a8 not limitd &5 & Bink of fubesbi dfeycbmb stward ke fdmeacool i ng
el enent 214 nay be elimnated. The cold air plenum WD 01/09627 PC

| US00/ 21083139 of Qifar] dlachlbdt BaRAl. 7R oW strhightBf? iy BE biksir@bll i is @l 1

roomtenpe alrr return “tenperature r to the m xing chanber 218,
dependi ng on ich is nore er efficient for the desired test

condi ti ons.t°%%P?P?fﬁ,ca‘fsﬁg&b?%égm“b%‘?’/‘ent ion may include a flow

strai ghtener between the m xi ng chanber and the ‘H;l et orifice 224. This
f1 ow strai ght en&igsckh lﬁé“dawche%wlb’éie&’&baﬁp@‘ecﬁ" YRR YR madiments, i ng

the turbul ence caused by the fan 220. Suitable ) )
10 suitable for use with the multiple, independently controllable subchambers 254 described with

reference to Figs. 12 and 13. Specifically, Fig. 15 depicts a dual duct variable-air-volume
(“VAV™) system in which each subchamber 254 has its own mixing chamber 218. Fig. 16
depicts a multizone single plenum system with terminal reheat. In this embodiment, all of the
air is cooled to a temperature low enough to assure dehumidification. The sensor 210 in each
15 subchamber 254 is used to control its associated reheat coil 209 to insure that the air entering
each subchamber 254 is at the proper temperature and humidity. Fig. 17 depicts a single
plenum VAV system with terminal reheat. Terminal reheat systems like those shown in Figs.
16 and 17 may be desirable because they only require a single duct. This feature can
decrease the system’s initial cost and complexity. Dual duct systems like that shown in Fig.
20 15, however, are more energy efficient. This will decrease the system’s operating costs.
One particular embodiment of the present invention incorporates all three aspects

described above designed and operates in a synergistic manner to produce excellent



M

devices include, but are not limted to, a bank of tubes or honeyconb
structure that forns a plurality of- small dianmeter flow paths. The flow
st rai ght eneP"W’ﬂé desirable for its potential to reduceP@I/s0aRioshs
caused by uneven air flow Figs. 15, 16 and 17 schematically depi ct
alternate air delivery system enbodi nerdk 10 suitable for use with the
mul tiple, independently controllable subchanbers 254 described with

ref erence t curidogsity aftemperatug/hugyidity dnid@irlfloy, onfthejtestisidechmg indhisnahheht ahnsthy c t
vari abl e-air-volune ("VAV') systemin which each subchanber 254 has its
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terninal reheat., Term nal reheat systens |i ke those shown in Figs. 16 and
17 ray be de¥gel-4bs Tameyvork d Hlaagd ) 1 Hiis fabrigeed fram goldirlipdesteel; powderispated; dbe ur e

can decrease the systemis initial cost and conplexity. Dual duct systens
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wi || decrease the systenis operating costs. One particular enbodi nent of
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flow on the test side and m ni nal heat transfer ween 1

tester side Jent. thernmal insulatiqn. pro | ed t he
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fabricated from the “loop” material of nylon “hook and loop” fabric.

Although the present invention has been described in detail with reference to certain
examples thereof, it may be also embodied in other specific forms without departing from the
essential spirit or attributes thereof. For example, although present invention have generally

15 been described with reference to a computer hard drive, and in particular for environmental
testing of 3.5 inch and 2.5 inch, disk drives, the principles could be extended to controlled
environment testing of other devices. These include, without being limited to, compact disk
(“CD” or “CD-ROM”) drives, digital video disk (“DVD”) drives, tape drives, “cards” for
computer peripherals, computer memory chips, integrated circuit wafers, personal computer

20 devices, consumer electronics, etc. Aspects of the present invention can also be used as an
incubator, or the like, in biological manufacturing processes and testing. In addition, the

carrier and/or the pallets may include auxiliary fan designed to improve airflow around the



5 steel, the framework | | | a and 111 b is fabricated fromcold rolled
steel, powder coated; the insulated studs 112, the base plate 114 and
header 11Qua\sueizabri cated from a grade XX paper/ phenol i pct/gsdoRidss sol d
under the trade nane GARCLI TE by McMaster Carr of Chicago, Illinois; the
i-nsul ating bricks 104 are fabricated_?_pn1the RayLite(r) brand expanded
pol ystyrene produced by EiversiFoan1P ducts of Rockford, M nnesota; the

rubber seals are f ri at u the brick 104
top and si ﬁeé’ ‘t"’l“é‘gffrtgst ?@ H% %ﬁ%%gﬁ%ﬁs&?%abfb‘é?%g bl(%f nyl on
"hook and | oop" fabric Althou h the resent escri bed -
in detail W'lsﬁeﬁeéﬁ%ﬂbﬁé@c{s@s HB‘F?%H"H"‘ E?ﬁﬁ’ﬁf‘}?g a’t“%@?‘éﬁ%""f’ﬁ%@@@%
embodi ed in other specific forns w thout departing fromthe essentlal
spirit or aipendddufaims fdrdetemiininEthe seopergfithe inggntiBbugh present invention have
generally 15 been described with reference to a conputer hard drive, and in
particular for environnental testing of 3.5 inch and 2.5 inch, disk
drives, the principles could be extended to controlled environnment testing
of other devices. These include, without being [imted to, conpact disk
("CD'" or "CD-ROM') drives, digital video disk ("DvD') drives, tape drives,
"cards" for conputer peripherals, conmputer nenory chips, integrated
circuit wafers, personal conputer 20 devices, consumer electronics, etc.
Aspects of the present invention can also be used as an incubator, or the
i ke, in biological manufacturing processes and testing. In addition, the
carrier and/or the pallets may include auxiliary fan designed to inprove
airflow around the WO 01/ 09627 PGI/ US00/ 21083 -32 device under test.
Therefore, it is desired that the enbodi nents descri bed herein be
considered in all respects as illustrative, not restrictive, and that
reference be nade to the appended clains for determ ning the scope of the
i nvention.




WO 01/09627 PCT/ US00/ 21083 -33 CLAINMS [1HELEETETEEEEEEEErrrerererrrrr Wat
is claimed is: ¢ L " S 1. An environnental test chanber, conprising: a
plurality oWQMiP@¥s; and a plurality of insulation bricksPGrussoRrsed with
the plurality of pallets, the insulation bricks cooperating to form an
insulating barrier. 2. The environment @3-test chanber of claim1l, wherein
the insulation bricks define a slot. 3. The environmenta—test—chamber of

claim1l1, wherein the insulation bricicL.AIMSne a plenu
environnental test chanber of claim1, wherein the msﬂMML“‘“M'HH“‘
include a SRRdtidaiRAS:1 al . 5. The environnental test aof 6l arm 4,
wherein the sealing material is a strip of |oop material. 6. The
environnmental test chanmber of claim4, wherein the sealing material is
sponge rubber. 7. The environnental test chanber of claim4, wherein the
pall ets are adapted to receive a device under test and a testing

appar at us, dnd wédysBVisonmental test ghamperscomprising: i s | ocat ed bet ween t he
devi ce under test and the testing apparatus. 8. The environnmental test
chanber of claim4, faplkadityofmaflets;sindg a rack adapted to receive the
plurality of pallets. 9. A nethod of fabricating an environnmental test

chanber, conprising: aplurality of insulation bricks associated with the plurality of pallets, the

insulation bricks cooperating to form an insulating barrier.

2. The environmental test chamber of claim 1, wherein the insulation bricks define a slot.

3. The environmental test chamber of claim 1, wherein the insulation bricks define a
plenum.

4. The environmental test chamber of claim 1, wherein the insulation bricks include a
sealing material.’

5. The environmental test chamber of claim 4, wherein the sealing material is a strip of
loop material.

6. The environmental test chamber of claim 4, wherein the sealing material is sponge
rubber.

7. Thg environmental test chamber of c]aim. 4, wherein the pallets are adapted to receive
a device under test and a testing apparatus, and wherein the insulating barrier is
located between the device under test and the testing apparatus.

8. The environmental test chamber of claim 4, further comprising a rack adapted to
receive the plurality of pallets.

9. A method of fabricating an environmental test chamber, comprising:



WO 01/09627 * CL a S -34 providing a plurality of
pal | ets, wherein each”’ummlnmﬂmj”mnas'f one insulation brick; and
assenbl i ng WeI/09627r al | ty bf palM et’s duch that the insul atmgamgkﬁ
cooperate to forman insulating barrier. 10. The nethod of claim9,

wherein the pallets are adapted to recgjve a device under test and a
testing apparatus, and wherein the insulating barrier is |ocated between

the device under tesﬁmﬁaﬁgalpmrﬁmﬁwme@waie&hpélﬂethmtliah%nelmsﬂlﬁu&@r“er
apparatus, conprising: a frame defining a test bed; a clanp pad noveably

connected to the frargapd a camoperably connect ed to the cl anp pad. 12.
The apparatus of claim 11, wherein the frane defines an air flow aperture.

13. The apparatus of ¢ he air. flow a ert provi des ommi
directional air fl ov?éeﬁmnﬁéiegﬁgftﬁ8???&'?55?%’(5?3&mesm bjfﬁéfsrfﬁ"meﬁ’rl ve
under test. 14. The a paratus of claim 11, wherein the frarre defines a
handl e adapted to al ["6UP aRWHsY IatingdaEickccess to a front side of the drive.

15. The apparatus of claim 11, wherein cam conprises an operating rod that
moves from 1@ cl Hephethodefslaindnwhereia theopaliety eiatiapted tooeczivejacleticeoumdensstt i on.
16. The apparatus of claim 15, whereby noving the operating rod to the

cl anpi ng  pasd 4 le@iihgappdtithe; and WherGin Aindtidding Bhrfiei focaell BerR@aPd@eB®ide Wi th the

drive. WD 01/09627 ¢ L M'S PCT/ US00/ 21083
under test and the testing apparatus.
11.  An hard drive carrier apparatus, comprising:
a frame defining a test bed;
a clamp pad moveably connected to the frame; and

a cam operably connected to the clamp pad.

12.  The apparatus of claim 11, wherein the frame defines an air flow aperture.

13.  The apparatus of claim 12, wherein the air flow aperture provides omni directional air
flow and reduces thermal gradients surrounding the drive under test.

14.  The apparatus of claim 11, wherein the frame defines a handle adapted to allow
continuous access to a front side of the drive.

15.  The apparatus of claim 11, wherein cam comprises an operating rod that moves from
a clamping position to a home position to a ejection position.

16.  The apparatus of claim 15, whereby moving the operating rod to the clamping

position actuates the clamp pad into operable engagement with the drive.




-35 17. The apparatu ' mnm rther conprising a return spring that
actuates the operatmﬁ\“\mlmm jection position to the hone

posi tion. 1WOOTME2Bppar atcustof"cli m 15, wherein the oper #idmusoiadsshas a

| arger dianmeter section and a snaller dianeter section. 19. The apparatus
of claim 11, further conprising a vibrajsion absorbing strip operably
connected to the franme. 20. The apparatus of claim 11, further conprising a

vibration aligor biTRgafpardu of BRIR D5 Yurtle BRBFrisHL 4 RrukdGorink AH sthe- 1he
apparatus of claim 11, wherein the carrier is adapted to operably connect

toa 3.5 ' d : | . pard di sk drive. 22. The
appar at us opﬁgﬁagﬁnggﬂoﬁmgéjel ﬁmﬁﬁ%ﬂéﬁ%@%@a&%gﬁ)@és mechani cal notion of
the drive. 23. e apparatus, of _.cl.aim 11, wherein the frage is made froma
vi brati on da}ﬁpi néﬂe ﬂ@ggaﬂsé{r EP%BS’W@%T)% RErainggpd ks 4 lareen diametes segtion
conprising an electrical assenbly attached to the franme, the electrical
assenbl y beianda soallar diametsr sesiigini cate signals to and fromthe hard drive.
25. The apparatus of claim 11, wherein the camis a linear cam 26. The
appar at us ofl9¢| alThe agparaisef elaim 1 hdutizmcomprisingat vbntiarabsorbihg stripcopepBy at us

of claim1l, further conprising a fan operably connected to the frane.
111111211111 %dedriebted toldhd Flatmbi 2 WO 01/ 09627 * C L M s PCT/ US00/ 21083

20.  The apparatus of claim 11, further comprising a vibration absorbing strip operably

connected to the clamp pad.

21. The apparatus of claim 11, wherein the carrier is adapted to operably connect to a

3.5 inch hard disk drive and to a 2.5 inch hard disk drive.

22.  The apparatus of claim 11, wherein the clamp pad reduces mechanical motion of the

drive.

23.  The apparatus of claim 11, wherein the frame is made from a vibration damping

material.

24.  The apparatus of claim 11, further comprising an electrical assembly attached to the
frame, the electrical assembly being adapted to communicate signals to and from the
hard drive.

25.  The apparatus of claim 11, wherein the cam is a linear cam.

26.  The apparatus of claim 11, wherein the cam is a rotary cam.

27.  The apparatus of claim 11, further comprising a fan operably connected to the frame.



-36- 28. An environme , conprising: an air delivery system
adapted to deliver al !ﬁ““ﬂﬂm nﬂmﬁmre and a plurality of drawers
recei ved i wahavaest UdTE Lan ) operabl e conmuni cat i orpcyushorzidgae air
delivery system 29. The apparatus of claim28, wherein each drawer in the
plurality of drawers conprises a subgfganber in independent operable
comuni cation with the air delivery system 30. An environnental test

chanber, copgri %eroﬁnéxﬁﬁftesv&laﬂiﬁﬁr Bengeithgan inlet; an air delivery system
adapted to deliver a flowof fluid to the inlet; and a drawer, received in

the test vol une I th.the inlet 31. The
appar at us of Clgﬁ%ﬂ%ﬂ%@s@ﬁxa e%i’&e?%gon%gtvobﬂe’%ﬂtroIIed 32. The
apparatus of cl ai erein is humdity controlled. 33. The

appar atus of cl &.Pm@e}? 0 W&’?F‘FY@"%‘L‘”&@IVPWQ%‘?@H l?d%?ﬂ"!"é‘é’én%{' With
supply plenumand a cold supply plenum 34. The apparatus of claim 30,
further conpri sithegir deliseryisystemssoci ated with the drawer, wherein the sensor
is in operable comunication wth a controller. 35 The apparatus of claim
34, wher ei re9t he Thé appedtasioficlairs 28 velitreinegoh deeer i theplulityiof diawet cobipritdze
controller, the fan being adapted to control the flow of air to the test
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30. An environmental test chamber, comprising:

a test volume having an inlet;
an air delivery system adapted to deliver a flow of fluid to the inlet; and
a drawer, received in the test volume and in operable communication with the inlet.
31.  The apparatus of claim 30, wherein the air is temperature controlled.
32.  The apparatus of claim 30, wherein the air is humidity controlled.
33.  The apparatus of claim 30, wherein the air delivery system comprises a hot supply
plenum and a cold supply plenum.
34,  The apparatus of claim 30, further comprising:
a sensor associated with the drawer, wherein the sensor is in operable communication
with a controller.
35.  The apparatus of claim 34, wherein the air delivery system comprises a fan controlled
by the controller, the fan being adapted to control the flow of air to the test volume.

36.  The apparatus of claim 34, wherein:




-37- (i) the air deliv jIses a hot pl enum danper controlled
by the controller, thglmmmﬂmjmmer adapted to control a flow of hot
air througwaeiwee27suppty ol enuty &nd*(ii) the air deliverpcHySdoRioss
conprises a cold plenum danper controlled by the-:controller, the cold

pl enum danper adapted to control a flowpf cold air through a cold suppl'y
pl enum 37. The apparatus of claim 34, erein the air delivery system

conprises a nixing cagmréﬁv&p@%&,ﬁrﬁﬂﬂggﬁngédgﬁ%&ﬂ&owbmgm y

pl enum and the cold supply pl enum alrm erein

the controller is a fe Kk roller. 39 . .The apparat of..cl ai m 30,
further conprising a ﬁﬁ%ﬁf’t@eﬁp P‘gag?@ggr?ﬂapgedptpﬁggmq?ﬁ&dl\%%ts,
wherein each drawer in the plurality of drawers is in independent operable
conmuni cation with at theeughabp{supnly Rlenym; apde bl urality of inlets. 40. The
apparatus of claim39, further conprising a plurality of plenuns in

oper abl e conmmuni cat i di) the ain delivsrysystem|comprises aicpldglenumddampéhneonaplial ytths of
cl ai m 40, wherein each plenumin the plurality of plenuns can be operated

at different environmeshtedlles, ditiold sleum ditnpel BdapRARG Edtiieba AbwoF 3610aiR0,
wherein the drawer is adapted to receive a device under test. 43. The

apparatus of claim 30, ﬂdiﬂﬁ‘{iﬁlvgﬂ& is adapted to receive a plurality
of devices under test. 44. A nethdod of testing a plurality of electrical

CoMponent S, SR tial dPran® BRAARI 34, SROBR S Afachivldy sSihent tSirtses Smuing 0"
chamber in operable communication with the hot supply plenum and the cold supply plenum.
38.  The apparatus of claim 34, wherein the controller is a feedback controller.

39.  The apparatus of claim 30, further comprising a plurality of drawers and a plurality of
inlets, wherein each drawer in the pluralﬁy of drawers is in independent operable
communication with at least one inlet in the plurality of inlets.

40.  The apparatus of claim 39, further comprising a plurality of plenums in operable
communication with the plurality of inlets.

41.  The apparatus of claim 40, wherein each plenum in the plurality of plenums can be
operated at different environmental conditions.

42.  The apparatus of claim 30, wherein the drawer is adapted to receive a device under
test.

43.  The apparatus of claim 30, wherein the drawer is adapted to receive a plurality of
devices under test.

44. A method of testing a plurality of électrical components, comprising:

operably connecting a first electrical component to a first test drawer;
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Inserting the first t ;m ul l Lest unit; operably connecting a
second el esto 01maé27Cc0 L U0y d test drawer; and PGNISE621083g t he

second test drawer in the test unit. 45. The nethod of claim44, wherein
the test unit subjects the first el ectyg.cal conponent and the second
el ectrical conponent to simlar environnental conditions. 46. The nethod of

clai m 44, wher eijpctdie thefist Wtidtavek fiH e@RRRUS! Y Subjects the first
el ectrical conponent to a first environnental condition and the second

el ectrical conpagne .Sec ' oNdkdd . arrier
appar at us, conprOPgﬁ%hlé':CBg“e?[ll 1t &?%s‘fe T%@ﬂ&%&%%’gég tfoor o%ﬂgﬁé%ﬂé&grd%r‘fgct i on
with a first device under test; . and, a second test bed adapted for operable
connecti on wi t h iBscEingdhgsegens) test drayspinythe estunity b iy the first device under
test is larger than the second device under test. 48, The carrier

appar at us 045.c| arhmmethoduif elai A4.twherdin the testienj subjectp thefirst lectrical camponent nch
hard drive and wherein the second device under test is a 2.5 inch hard
drive. 49. #daRe set€iid eiRprivabdonshonam apsimilarregvironmehtahomlitionsl a cl anp oper ably
attached to the frame and adapted to selectively hold a first device under

test and a g§ConfeQRafiditor ¢S 44, Wikkein the test unit simultaneously subjects the first

electrical component to a first environmental condition and the second electrical component
to a second environmental condition.
47. A carrier apparatus, comprising:

a first test bed adapted for operable connection with a first device under test;

and

a second test bed adapted for operable connection with a second device

under test;

wherein the first device under test is larger than the second device under test.
48.  The carrier apparatus of claim 41, wherein the first device under test is a 3.5 inch
hard drive and wherein the second device under test is a 2.5 inch hard drive.
49. A carrier apparatus, comprising:

a frame; and

a clamp operably attached to the frame and adapted to selectively hold a first
device under test and a second device under test;

wherein the first device under test is larger than the second device under test.




wherein the first devi i, | arger than the second devi ce under
test. 1111111111111111 Eﬂi] E!“!‘;Iil!’l!iho 01/09627 ¢ L M * PCTNS00/ 21083
-39- 50. ThWO®&HpIeRTr c 49, wherein the fiRCIUSOR2108%c under

test is a 3.5 inch hard drive and wherein the second device under test is
a 2.5 inch hard drive. -39.

50.  The carrier apparatus of claim 49, wherein the first device under test is a 3.5 inch

hard drive and wherein the second device under test is a 2.5 inch hard drive.



