ADAPTABLE TEST CARRI ER FOR STORAGE DEVI CES AND METHOD OF TESTI NG THE
SAME FlI ELD OF THE | NVENTI ON The present invention relates to test
carriers for electronic storage devices. The invention is
particularly suited for testing small formfactor (SFF) storage
devices in a 3.5 inch hard disk drive tester. BACKGROUND TO THE
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e
applicant in WO 2006/115465 may be modified into standard sized testing
equipment to test storage device of a smaller form factor size. This allows
smaller form factor (SFF) storage devices fo be tested in the 3.5 inch testing
slots. Modification such as retrofitting the testing equipment removes the
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The object of the present invention is a test carrier to mtigate the
af orenmenti oned probl enrs SUMVARY OF THE | NVENTI ON Thr oughout this
docunent, unless otherwise indicated to the contrary, the phrase
"conprising”, "consisting of', and the like, are to be construed as

i nclusi ve and not exhaustive. In accordance with a first aspect of

t he i nvent iimsoriveeicacs sofa'epmingcmst ieguiphoenit fos tstorgget denviaps  di diffecerdf
formfactor srr% kﬂ{r .than 3.5 inches conprising a carrier base plate
havi ng a difAEh e a 3 5 i nch storage device; an inner wall,
joined alo the carrier base plate defining a space adapted to house
a storage &g\wwer dhe pperativacf e mepdfachuing3ings i Eqedred émge interrapled

one side g I el at
| east one %'.-@F'D[I %S%Ig?l € OPE@ﬂ%ﬁl 9%&‘2%%%@@?@8@ gess%?ﬁgqe%t.gg' THiE

i nches, whéy i endbhethet tesirgeinttafbdcedo ibe sadtaplyadodifiedheEdubl tdsting matkisei ng
position by the a ast o e, pin, and.the testin s'tion
oS cont 1 qubehaHy b SRGiseats o tesEnd Bbl Ut B riEt oprePreakp i he

i nterface, tddiingemtctfaeal oft 65 iortnbi of kIS eedtetBE:. BuchsHdHNG timé &Ffpee
existing for 3.5 inch storage device. Preferably, the test carrjer

conpri ses &anfpguing lnes coatrbutasedor inaffidendndh e | fackangst 6aPli de
plate adap%gglgb%{\g ﬁ L Mfont B Eﬁcéttﬁéaﬁsdﬁ’&?ﬂnc iPlcaft Y} Wy Hhe to

hei ght. Mor e test carrier SO conprisés a
mount ed todeh@ndémcttatlomfsesaa@hérpel einglorape d@w@@ Wegaatairﬂyctuatlon in

conpr essi b I'?e gg?élﬁﬁctﬁ) Qb}e%uﬁg llg?é’gjelt Qn{gi% t| ﬁo el%érfc%t a hlql’heé'

conpr essed "po 0 a second erably,
carrier bagefigienoy. i ncl udes a wei ght hol der for hoI ding at | east one
wei ght. Preferably, a secondary guide plate may be adapted to be

removably @ taghed, tlT.OISt B%cb@é}eguﬂ))d%é”éﬁ[ﬂicaﬂr e r Bl ¥st tBfHer in WO
conpressi on_neans he clanp is resil |entlh?/ bi ased. Preferably, the

conpr essi oRC ﬂ%{éﬁ@ﬁ@% maé’sﬂqtﬁ@rﬁq%ﬂ'-’étﬂiéééameﬂ orstarage fevipes eheiffsgent
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commonly in the form of Printed Circuit Board Assembly (PCBA) to translate
the signals from the storage device interface connector to the tester interface
connector. The addition of such independent PCBA interface may introduce
electronic signal noises which degrade the interface signal integrity and

reliability. It also adds to overali cost for the test carrier.

The object of the present invention is a test carrier to mitigate the

aforementioned problems
SUMMARY OF THE INVENTION

Throughout this document, unless otherwise indicated to the contrary, the
phrase “comprising”, “consisting of’, and the like, are to be construed as

inclusive and not exhaustive.

In accordance with a first aspect of the invention there is a test carrier for
testing storage device of form factor smaller than 3.5 inches comprising a
carrier base plate having a dimension of a 3.5 inch storage device; an inner
wall, joined along the carrier base plate defining a space adapted to house a

storage device of form factor less than 3.5 inches; and at least one side guide
2



In accordance with a second aspect of the invention there is a nmethod
for testing storage devices of different formfactor sizes conprising
the steps of: (a) Inserting a storage device of formfactor |ess
than 3.5 inches into a test carrier (b) Securing the storage device
by inserting at | east one side guide pin of the test carrier into at
| east one ghumbungdhel theoihneheal tadapee tdaeteive eft [d48t Bnbanbdomtingeksle
than 3.5 ing es Werein .t he ?tor e device is inser

e

ed in an ., .
orientatiof Blorads devier of iefsdthRg cbo dligsc whiergp té“ﬁét%'?%? Hg¥icgdsi ce

of form faghgptel 8 Be HotRih Bterting PoSHioh Dyahe i icfshBhe SRIBIdUME pin; and
interface, the external testing interfaCe being a testing interface

exi sting f#re ©sing pesitien isreandigiead ipe omgrdeiionisl ipceivRamexiama! testing
conpri ses ep..o . - Of . ce
o For m t aaietee i el AEkha tidfadhiiho bERnlefied RisBHE i
Pr ef er abl yinchistorage dediceonpri ses the steps of noving a clanp to a
first conpressed position prior to inserting the storage device of

form fact oprdigbly, 98 tebt Taltd @InsHYEs WP GUIHE Db aHached Fo HRE MiHér
extended position to contact the storage device of formfactor |ess

t han 3.5 iwelhelhe oncouide plate radapiad tcrecsive the slomge davce ¢ askepwige
dovi . | X . _ . !
evice o %&Mrﬁﬂegérgt. Weprglg&réb@ ;Héc 5 c%?ﬁ@iﬁglﬁﬂ"éo% sefy clamp

occurring during t est. era nmpeni ng the vibration o
st or age demotstedstoatie earidrhasehdhadihirnp dravifg at yedsihing comnpesssdde

carrier. In this nmanner. the weight is.resiliently held.in I .ght
ol der " pr BPBPS P JFARR i, GEAMHE (Bl g e boaitsPd sfiglinecH

over the tsscondickeerdedipdsition. Ssecuring the storage device of a height
| ess than 15 nm Preferably, the clanp is noved fromthe first

conpr eSSEdP%?ériang{hé &&i@?bﬁ%@l g %}Lﬁé@?wtﬁﬁﬁt hoRfér R FbidiRg 1 feast

Preferably, the npeni ng t ration e storage deviCe of form
factor | esen@waighB. 5 i nches is achieved by the addition of a pair of
danpers on the clanp. BRI EF DESCRI PTI ON OF THE DRAW NGS The fol | owi ng
i nventi on Midférably, descohésnwgtlter elate emag be adaptéd! foowengerdovatings

of WA ch:  ttached to the top guide plate.

Preferably, the compression means of the clamp is resiliently biased.

Preferably, the compression means is resiliently biased with at least one
spring.

Preferably, the clamp includes a pair of dampers for securing the storage

device.

n accordance with a second aspect of the invention there is a method for

testing storage devices of different form factor sizes comprising the steps of:

(a) Inserting a storage device of form factor less than 3.5 inches into a test

carrier

(b} Securing the storage device by inserting at least one side guide pin of the
test carrier into at least one mounting hole of the storage device of form factor
less than 3.5 inches Wherein the storage device is inserted in an orientation

exposing a host interface connector of the storage device of form factor less
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Figure 1 depicts the isonmetric view of a test carrier in accordance
wi th an enbodi nent of the invention. Figure 2 depicts the top view of
a test carrier in accordance with an enbodi nent of the invention.
Figure 3 depicts the isonetric view of a carrier base in accordance
wi th an enbodi nent of the invention. Figure 4a depicts the top

i sonetric vyhaws® irkheb adani ext@oabtedting enteifade, ahe extndainestingintéiece
I nvention Figure 4b depicts the bo{qtéom | sonetric view of a clanp in

accor dance BgiNgha fgstipgrigiaehexising 108 3 PehSIUAIEAGHFR 5 depicts an
enbodi mrent of a test carrier configured for a 2.5 inch storage device

wi t h a 15mRraferghiy, theahethod soaipeises fha step dacohiquitingsart epesdaca dathg
gui de plate,in accordance wt n odinent of the jnvention, Figure
O dept ot s 41808 BEURAR P et esBeac tibRhed bndeiin lopuifie Bhte., 7
accordance with an enbodi ment of the invention Figure 6¢c depicts an
enbodi nent Ryeferaklyt 8w methed sompsises dhe exlepwof anovingi & @iamep dp ag dirst

device wt | O l e) Fi Y/ | e
steps to | GamPIElrtdHon Bitr bOnSaANGin shfaie ice SEIORRRLERF 1ich
depi cts a dhamt 13.5 dnchefsaabd rm@vibg ithe helampr tiga  skcindeexientied tpostiost to

nterface CONRREHY storkge UsVice of Torm facto? leSE tHa 3'5 Hehes, Slch that the
contact of the clamp and the storage device of form factor less than 3.5 inches

dampens vibration occurring during the test.

Preferably, dampening the vibration of the storage device is achieved by the
addition of a weight to the test carrier. In this manner, the weight is resiliently

held in a weight holder.

Preferably, a removable secondary guide plate is aitached over the top guide
plate for securing the storage device of a height less than 15 mm.

Preferably, the clamp is moved from the first compressed position to the
second extended position by a spring.

Preferably, the dampening the vibration of the storage device of form factor
less than 3.5 inches is achieved by the addition of a pair of dampers on the

clamp.
BRIEF DESCRIPTION OF THE DRAWINGS

The following invention will be described with reference to the following

drawings of which:

Figure 1 depicts the isometric view of a test carrier in accordance with an

embodiment of the invention.

Figure 2 depicts the top view of a test carmrier in accordance with an

embodiment of the invention.

Figure 3 depicts the isometric view of a carrier base in accordance with an

embodiment of the invention.



It is to be understood that reference to directions and positions
(upper, lower, forward, backward, top, bottom left right etc.) are
to be understood in the general context of the typical operational
orientation of the invention as defined in the drawi ngs, specifically
Figure 2. In accordance with an enbodi ment of the invention there is

provi ded aFiggt 4adebiels He f&H BHMaid Vieli gbhasarhpandactordaeetwih an
carrier 10 conprises a carrier base 11, a clanp 14 and wei ght 20.

Carrier ba@‘@“@@ﬂﬁﬁﬁtg%@"@ap?q er base plate 12, clanp hol der
assenbly 22 and weight holder 16 integrally moul ded t oget her. The

di mensi ons Fiduré kb @mmﬁseﬂne batempsahetrit 2iew of aalaghp yn abeordamee with ghat
of a 3.5 inc S Fbmever the right side edge of the
carrier ba?@%dip tl‘%ﬁ%"?ﬁﬂ Er for pur poses of adapting a storage
device 60 of smaller formfactor. Conmmon form factor storage devices
in the indiigurg § ﬂ@plﬁtféaeteiﬁ@@f@m@ébpﬁéste@f cagiemconfiguied rs 2icichl. g
i nch and 15&6?8 ng[:é ?é]rﬂﬁrghé?f ¢8Et°%§g%30f'the base plate 12,

the flat réctangular s as a rone rtion defined by a rear
gui de wal | t he sectloned gortlon haV|ng, acla

14, a wedge
shaped wal IFlQPSGaﬁE fgpicts\dhe s Seeandann goulde | Blate s'Ha%&o'@@PHe Wqﬁeéass.

The clanp LfhHodimeMQFithe PREALIGT. a space defined roughly around the
central part of the sectioned portion. One of the four walls defining

t he cubed I T fet

omai ning ToLTe a0 BebdirecseahRR iiigbadef AR b W R Bt dferdr,
sitting i napt@descerith@ndinthbidimhehboftthe irpleatien of the carrier base
plate 12. The two of the renmaining four walls and the plane of the
carrier 10rRpse eel cPép‘?cté%nfé?ﬁH@d[ﬁ'l'&hﬁeffﬁéttﬁﬁ bé&n@?&@ﬁﬁ}ﬂlré&”f&*a 2.5 inch
intersecting flat surfaces at a corner of the carrier base plate 12
(the left maag%eweewstbao@ﬂmghtx{nm@mleé) The final of the four
wal I s defining the cubed shaped void or recess abuts a wei ght hol der
16. The weFigure Maltol@t dépictoiierstemstodoad atsterage dewvicefontmtheabst derisval | s
formng the corner of the carrier base plate 12 and extends al ong one
of 15 the Fppgd taJﬁbB%{s al §lRait 9%6rnt 18ct6R I8 GichP3RPady @b@ucézwﬂi‘dtseﬁﬁb‘i
beyond t he exposed short side of the carrier base plate 12. An inner
wal | 17 ruie greecios t he wal | extending al ong one of the

| ongi tudi nal sides of the carrier base plate 12 and ends beyond the
exposed shDETAILEP DESCRIPTION OF THEINVENTI@N12. The parallel walls
are joined at right angles by an end wall 18 hangi ng beyond 20 the
carrier baggsg Bé%n@i@rsta_&?tﬁé?'ré?@?erﬁ@'tg‘%f‘reéﬁ)ﬂssarﬁﬂ?Qélﬁéhé QippeHIswar,

wei ght 20 as descri bed bel ow. | ate 21 extend

subst ant i afdryagskriaskwaed| tap, petteme |¢fgﬁ|§ht ) arg7tq ﬁeaU"ﬂﬂQiﬁéOd in the
bst ant h 2 . .
substan 'abéﬂergﬁfgh{e‘i{ dromkNgy Yt%{lr%:?éram mﬁieﬁ%ﬁ 8}‘ Ahe |ﬁ@<f§r?]tgtn"‘95

si de gui de“pi ns extrude from I nner acent
carrier bade‘f"nﬂdalnéhaaravﬂmgs specificallf Figerd Dy the carrier base plate 25
12, the rear guide wall 13 and the inner wall 17 forns a bottom pl ate

24 adapt edirt acdtRdasceAwith ra@mbaaheif cfohetlmsénna@ thEtedl&/ Srovidedm edss
the carrier base 11 (test carrier 10 with the clanp 14 and wei ght 20

removed) . G#ESMSOght SHBWAER igutssnpranses- 1 Magdeslearmisngl qofaprises a
wei ght (s) %ﬂb\sbéﬁ?{@gah{ﬂfﬁ% “)éfqhigbb hol der 16, it pushes flaps
ara

S4a, 54b agal nst e ‘outer wa to 30 the inner wall 17.
Upon the i sertlon of, the we |.aps, 54a. 54b, are enpabl by
Cpon the | setiencol) Lis ol K2 BNt Atng Tiold SeET R 2
the outer émdiaveaﬁ&tl h&iBen® Iriedrally mex@déd negatherli TiebIdimpnsionss!iot the
agai nst the wei ght

20 to secure it in place. Additional ht s
may be adde’Tieb 9%mﬁéegﬁtarﬁdpaahlyﬂbetsam avithat qf rfb?’dseﬁ‘ichéﬁgﬂ%ﬁ‘%g
wei ght  forbRevéeShe RGNt Ste legd of the carrier base plate 12 is shorter for
purposes of adapting a storage device 60 of smaller form factor. Common

form factor storage devices in the industry include storage devices of form
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The purpose of weights 20 is to mnimze the vibration of the test
carrier 10 which could be introduced by the test system s cooling
fans and ot her noving parts of the tester. Such external source of
vi brations coul d degrade the performance of the storage devi ce under
test and faatrse?.2 intls,dl.&gnoisiandot ihch. EFéart-wéyoaltﬁ'vgaaﬁirst sideagirthei bxgea

fectl d 60 fal'se f | hol d
Pesentl y M3 1245 (AtdacrRov e soeet Nancuspupnes petion dgingd 3y a rear
conpri si r@ndé‘mﬁéu' ﬁ?&h@%béﬁoﬁ%ﬁgﬁm éconahibelfi?aa{ Wegpggﬁgggﬁb@éne

12 that forms a C 10 shape | 1 der
mount ed ofpasilrfgur wallenefiaing hecubedr shapdds valdfomictgss h@he wheedp slidajged

[ har Bhe HenBhed A% sbatReinast AP EIRERGS CellabBarten daspeianes
house t heyditigHPOhd dﬂﬁ’fi!ﬁé'fddr Wéiisschéﬁhm@‘tﬁé BLBEE shdhed PRI éﬂ 2Re8d ablR

slider guides 30a, 30b are biased he rear portion of the carrier
base 15 phatdamp k-t rTwo Dﬁﬁl%mamn@fmrwalbnmeﬁhet sightlanglgsi fdemiega

L- d f
base of {HESL Ceied e Sl BoRfoes dprbaniiilas 3p e PIghe of fhacanid®,
| engt hwi seageailhte312. THOEvEBEIHe r@fmé;hmgsféﬁp%lﬁ bh@ftﬁe %r@oﬁﬂ@ catr)rler

protrudes substantially parallel to a second | engthw se rail
Rai | 191b hasespipta AAdeuns (hrearavivally perpendicdarinterseviing flabserfagaseat: o

sob vi a rar TSl e eatas b E IR (i BTeR: Lobr STl TR
to fit rat) $hafiaal Silthe fJivevalis defirting kiske cebadehapétbveidbriratess s a31b

are desi ed ul e known to the persaon skilled in the art_to
provi de B@?@J@g 38 lag Weighy holiRrai coBpliaama crRtingglionsfbeneef the

40a, 40b \and fofhiry t%%acorﬁéeﬁﬁhé’?%rf"‘éﬂ b gg)b[a&e%‘érnﬁhé{teﬁé@ QW“?td?%la

here. When the clanp 14 is slid into ace ed by the rai
and 35b tthe levgitudinal sideshef ¢I1lmrqaniar |bsaseoplater dﬁqaddbend\edreyandeﬁme
end br acke

the cl arrp%ﬂ?é%g Sﬁ Hr%gﬁ ﬁg B t{n%ﬁa%é?pft O %W”&”"@glt']?ﬁvr?esrng%tagglf

rear wal lrag wapwiendealPg’ @@ ofbe %ﬁ@ﬁ@‘ineﬂ%ldés af the edrric® e
rear wall 36. The rear end bracket 42 is

plate 12 and ends beyond the exposed short side of the carrier base plate 12.

The parallel walls are joined at right angles by an end wall 18 hanging beyond

20 the carrier base plate 12. The weight holder 16-is adapted {o house a weight

20 as described below. A top guide plate 21 extends substantially

perpendicular to the inner wall 17 in a plane substantially parallel fo the carrier

base plate 12, At least two side guide pins 26 extrude from the inner wall 17

| adjacent the carrier base plate 12. The space defined by the carrier base plate

25 12, the rear guide wall 13 and the inner wall 17 forms a bottom plate 24

adapted to house a storage device for testing. Figure 3 depicts the catrier

base 11 (test carrier 10 with the clamp 14 and weight 20 removed). The

weight holder 16 comprises flaps 54a, 54b. When weight(s) 20 is inserted into

the weight holder 18, it pushes flaps 54a, 54b against the outer wall parallel to

30 the inner wall 17. Upén the insertion of the weighi(s) 20, flaps 54a, 54b are

enabled by a resilient mechanism such as deformable fingers fo move away

from the outer side wall 56 and thereby exerting a suitable pressure against

the weight 20 to secure it in place. Additional weights 20 may be added to the

weight holder 16 to provide the desired démping weight for the test carrier 10.
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adapted to accommpdate an end of a spring 44. The spring 44 extends
into and affixed to the clanp 14 within a connector recess 45. The
connector recess 45 as shown in Figure 4b is connected on an
undersi de_of the clanp 14. A second rectangul.ar recess 46 situated on
t he opposl g Psirpse of weght® ZRdstiermingsizesthesvibeatiangfttba test carrer 10

accomodat g: ' T lanp 14 is adapted to nove
roac Abfich QUPEY ML AIER B hetdst el SIS ot 218 RS ouon
the firstpatypf essadstedsi Suem.extdreabebercevet Vit cbhid d&gladaotear
recess 46 contacts the forward stop pin 43 and spring 44 is

conpr essaErotmange efelhensiossae Aguigepaiari et andecausaen migHiagnesisos!
X ! . . .
2’1 St T SRR, dRRBREA oty Mrtl Yl e, A0 & B

positionifaguaf the clanp 14 to its first conpressed position is
facilitated by a round recess 36. The round recess 36 is adapted for

a robotic r I i . CO

osi 11 on. G e AReoiIE 22 B Rl g Wb Sebned PRlcERORFESRER,
to danp amomprigiog when the clanp 14 is in use such that contact with
a storage device 60 15 | oaded onto the test carrier 10 may prevent

excessi ve, Laugeolibambe! AR bEf 2 LRfie} IR0RA Y R ImldS ¢

danpers are further 'ada 0 contact the storage~devi ce
t hat 10t revhpedschanbehtd secoid siterguideageb devirted dpnbsingt eatdregoef (hae

d . Qf ft Pol th terial. 20 The bott
ol at e 24 RHE VEIRCREITN G lovrehas BDRRRILTERESS TQHING 2 WaFl ot rerdiay
of a storpggesdilee 1$tholvalnich tﬁ&”ﬁbf\ﬁéﬂ %dC{ﬁé'sﬁgﬁ féﬂ?ﬁ%h%&dda},?rgb g °

i nches. The bottom plate 24 further conprises a plurality
openi ngs $@ped gheonete heuss that tlamp Refveni ihis sl it plaee5Thetpesition

e o 3R 58430 b, SHRSHE M0, 1R TRP BRARAAL Safle e e
15 plate 12 within the sectioned portion. The slider guide 30a is an L-shaped
flange protruding from carrier base plate 12. At the base of the L-shaped
flange connected to the carrier base plate is a lengthwise rail 31a. The shelf
of the second slider guide 30b protrudes substantially parallél to a second
lengthwise rail 31b. Rail 31b is substantially {Sarallei to rail 31a.

20 With reference fo figure 3 and 4 Clamp 14 is removably attached to slider
guides 30a, 30b via rail shoulders 40a, 40b. Rail shoulders 40a, 40b are
adapted to fit rails 31a, 31b. The rail shoulders 40a, 40b and rails 31a, 31b
are designed as would be known to the person skilled in the arf to provide an
appropriate sliding contact between the rail shoulders 40a, 40b and rails 31a,

25  31b and will not be further elaborated here.

When the clamp 14 is slid into place guided by the rails 31a and 31b the
movement of the clamp 14 is constrained between a rear end bracket 42 and
an opposed forward stop pin 43. The movement of the clamp 14 s
approximately in a perpendicu!ar'direction from a rear wall(not shoWn). The
30 rear end bracket 42 is affixed to the rear wall 36. The rear end bracket 42 is
adapted to accommodate an end of a spring 44. The spring 44 extends into
and affixed to the clamp' 14 within a connector recess 45. The connector

7



the bottom plate 24. The storage device is placed such that it
extends beyond the bottom plate 24 to provi de adequate access between
the storage device host interface connector 64 and the existing
testing interface for a 3.5 inch storage device housed within the

testing JEGEHRERt 23S ThRWR Wb Figle Huiseoriiastedsonza Hndetsisis of teedamp
bst ant i a4 | the i i d 1 17
ook oot B4y K, S8 Rl Shsoho gl B i SpiBlhg 1080 e

Gener al | ycanretotorageesiedd meadibted b abeoramaidatetist fodwsidisoppimidng
hol es 62, 2 each on opposing sides. The |ocation of the side nounting

hol es. 52 Tie AFhAH™ 419 Rkl ACHRAL o Ukt %oRhAREALS BRicARY, Yary

for differen actor 'siz st orage devi Ces. ng p

are adaptsstond éiténded podificte At theufittt cgmpaiseed fpeisitione frecoeiel @il 48a
i ndustry rd | ocation oi@rt he side nounti n(% hol es of a partjcul ar

d
Storage’ dIVNEaorGnaRIa; £etess ABrhaviants e TaRM B TeD 2 17 GE RIBEOr i
| gt et . B . |
upper m ol fpRREEHONAPLKK h%cbﬁaeéﬂé?ﬂér'do gsltio , ttp%"@n@f g{%ua}@?ﬁ thé?

17b, suitably spaced apart, exten hou rea e top
gui de pl aestarpuiar tdvess vt contiets fihe Hersamie stopheirheilgland 18profg ¥Heist op

uide' prate 21 fromthe bottomplate 24 is determ ned by the height
gf t he Paqz)ftgg e%f%?tﬁ’&ewgg@i@é‘%@“"[@%@%% pP%’rtt'Of‘esti ng, typically

15mm for the 2.5 inch storage device of this enbodi nent. For testing

a st dfagelhieppsitoniogwi tie alahw d4hto e disstidoamprebsedrpsitiomis acilkatad]blye

that depicted in Figu 6., the tqop quid |ate 21 have a

secondary? GoRa TpPete3Bo 1NP JRUBTowErSS R fsopdadted Tor a foboflc am to
retract the clamp 14 towards the first compressed position.

Clamp 14 furthe}_r‘c‘:omprises dampers 52. The dampers 52 are to damp any
force when the clamp 14 is in use such that contacf with a storage device 60

15 loaded onto the test carrier 10 may prevent excessive force from being
exerted on the storage device 60. The dampers 52 are further adapted to
contact the storage device 60 such that it reduces vibration of the storage
device during testing. The dampers 52 are made of soft Polyurethane
material.

20 The bottom plate 24 has a length and width dimension slightly smaller than
that of a storage device 60 of small form factor devices smaller than 3.5
inches. The bottom plate 24 further comprises a plurality of air openings 50 to
provide ventilation.

Referring' to figure 5, when in use a‘storage device 60 is placed onfo the

25 bottom plate 24. In the 'curren’c example a 2.5 inch storage device is placed on
the bottom plate 24. The storage device is placed such that 'it extends beyond

the botiom plate 24 to provide adequate access between the storage device

host interface connector 64 and the existing tesiing interface for a 3.5 inch
storage device housed within the testing equipment. The two side guide pins-

30 26 are positioned substantially near the bottom end of the inner side wall 17
and are adapted to fit into side mounting holes 62 of a storage device60.



15 guide plate 21. A rectangular slot 19 on the top guide plate 21

adj acent the inner side wall 17 is adapted for receiving a clip 82

for attaching the secondary guide plate 80 over the top guide plate

21. The secondary guide plate 80 na% be renovably attached onto the
@

top gui deGsna&aélyzalsll@ya%dﬁwC@fGQ wél Bays aBleastreside covidding l@@ieaéiZmQate
ol | ow bodi b magBAe8fo; SabPr ThPLRHKER P 4 X, ofoMife pbRs Bz s

Fi gure 6b:)eteﬁhlaedlbwtf&%mmétﬂlrﬁaewti@éndﬂdlaﬂﬁ phatansraifgrendfre
t he rectafggul ar slot 19 of the top guide plate 21 so that it is

secur el y ‘@105 SRS Storges degices THeLPRLBENG NS, gt aﬁameél ioekiloitmside

gui de 4l 0 h est
carrléf 438u§@n¥%éﬁ?§ggpg§%r?g&&%sa RﬁﬁgﬁXw?%hagngggggﬁ %ﬁqﬁé|§€%bn
t o fi gur end@uniing heles afbepdrticilanstoogmy déviondd bextestpie. To test a

storage device 60 using the test carrier 10, a storage device 60 nust

first be d‘f%ﬁﬁﬁpﬁl@%ﬁt)léﬁeﬂ %?&r&i’ésr kEfn &B%er-rrlilﬁddlgggb% bFH‘Fé fnlﬂ%f side

per f or me operat or or I'c machi ne
cont ext ofalt thTBm; pmuqskms 17&( a7y, fmutbbamm%inabarnl @ddnddhmughsutar e

Phowny B radiR diERtoR g PIaE £ TEMe uily SR Wb dapia: 1 Rchejsls
20 t O (COWFttRE t(g@baméep bf@ezwoamhé)ﬁoﬁ&ﬁ AR PH% @&\éhﬁﬁw@%f% Qg

any undesired brations arising due to the testing .
wei ght s 20 thedallestsiterege wcegﬁartom yted femiesting twpicgty 1 ﬁmmléor then

e oo s B8 o Bl Db bR ST S SHETR ]

first conpitteaseithosdd ihen tHe ki forlRadkhipla kAt depicted in Figure 6, the

| top guide plate 21 may have a secondary guide plate 80 slipped aver the top

15 guide plate 21. A rectangular slot 19 on the top guide plate 21 adjacent the

Jnner side wall 17 is adapted for receiving a clElp 82 for aftaching the

secondary guide plate 80 over the top guide plate 21. The secondary guide

plate 80 may be removably attached onto the top guide plate 21 by means of

the clip 82. The secondary guide plate 80 is similar in shape to the top guide

20 plate 16 apart for a hollow body 84 adapted to slide over the top guide plate

21 .(see Figure 6b). The clip 82 on the secondary guide plate 80 clips onto the
rectangular slot 19 of the top guide plate 21 so that it is securely attached.

Figure 6¢ illustrates the use of the secondary guide plate 80 with a 9mm
2.5inch storage device loaded onto the test carrier 10.

25  The test carrier 10 will now be described in relation to figure 7 in the context of
an operational example.

To test a storage device 60 using the test carrier 10, a storage device 60 must

first be loaded onto the test carrier 10. The loading is either performed

manually by human operator or by a robotic machine. In the context of this
30  example:



10 I n accordance with Figure 7b, step 74, the storage device 60 is
i nserted fromthe exposed side of the test carrier 10 using robotic
arns at step 74. -This nmay be achi eved using conputer control neans to
mani pul ate the robotic arms which is known to a person skilled in the
art. Duri® haseadingrand welogding stansoareoperformert osigea debolie nemhing

such thatC%@Qgﬁaﬁf’é@%’f@%ﬁmﬁ%ﬂﬁ%ﬁf’r 15 64 of the storage device 60

faces an exp acen e inner side wall 17 of the test
carrier 10. \Wen the storage device 60 is positioned within the test

carrier 1) The cupight heldaield dp sjiiebly poiusted with meighise?0 sdeownier

dosi gned paaht, s Bbiont or 306 HaFadE UG8 S do,UiTES Ay, Ligesired
- ensur & t habrdtiveissdriving eudetoi he ©1iAG. Tepisgibynesighe 2hersaatpiedly ber

10 during testing so as to prevent any unnecessary novenment and

vi br at i ongraiMavaigi). snddhguyeighiphldep gan et lhaded 4ip ©a8 mivges1of weights

I nserted 4 : ' nting holes 62 at the side of the

st orage d%@/gﬁd]g%eé%\%tﬁcdtjﬁﬁﬁhe i nner side wall 17. The storage
device 60 is then fully inserted into the test carrier 10 as shown in

Fi gure 7biN 28§0{daReR Milntelwi (% Biegurd, TRosiienipg 18 darapcl4ip its4isk
rel eased Mprgssg?ﬂgogmoﬁmgiﬁ%théym%gggq?hand pushes the clanp 14

forward towa torage devi ce e danpers 52 are pushed
agai nst the rear the storage device 60 as shown in Figure

wal | . 63 of , ow g9
7c. T SifiFeaeedancs thh}'%‘ﬂ?i% stap Jfdthenatosans Arwise 50 sriaserigmhErm 52
can be b n@\% diQRtAsm Indecit L r LN he-. -
st orage S{lg%i ce GS%BW?ItHﬁ dgg?uéﬁg?tt g?r@rég;ﬁiooﬁah n'%}jﬁgc %b?gg%t. &?g%ﬁfet g.rh}fci ne
t he opti nuByvheérashieveddasipg ngprefdiectconirehsueareid nednipblates tios agieotic

devi ce' s vi brati.on.ener en it is runni,ng, in the_test .carrier are
ot a1 ned. 318, AU SR KL & petsol SHURT 4 She s ecrb o ufShtion e
vi brat i oromeaktidowethe BREAGS HeVica SN SRt kRO WMast thiérfRES 88fnector
skilled in the art. The optimal is achieved when the vibration peak

powerldspe4 plifia storagredevicTfe feaps sindepgerdsids A8 aeifadand dhe e iside
the mounty,n919%Yi88e et Yarddte &t WRFEHANS ST e 60 is positioned within

the test carrier 10, it contacts the top guide plate 21, the inner side wall 17 the
rear guide wall 13 and the bottom plate 24 where it is designed to hang over
and extend beyond the bottom plate 24, To ensure that the storage device 60

20 is secured fo the test carrier 10 during testing so as fo prevent any
unnecessary movement and vibration, the two side guide pins 26 of the test
carrier 10 are inserted into the two side mounting holes 62 at the side of the
storage device 60 contacting the inner side wall 17. The storage device 60 is
then fully inserted into the test carrier 10 as shown in Figure 7b.

25  In accordance with Figure 7c, step 76, the clamp 14 is released such that the
spring 44 extends and pushes the clamp 14 forward towards the storage
device 60. The dampers 52 are pushed against the rear wall 63 of the
storage device 60 as shown in Figure 7c. The stiffness of the spring 44 and
the softness of the dampers 52 can be balanced and optimized to provide firm

30  clamping on the storage device 60 with optimal vibration damping effect. To
determine the optimal vibration damping effect, measurement of the storage

device’s vibration energy when it is running in the test carrier are obtained.

10



5 prevent the storage device 60 fromnoving forward. This position
secures the storage device 60 to the test carrier 10 for testing.
Wth the storage device 60 |loaded in the test carrier 10, the storage
device 60 is ready to be tested in a standard 3.5 inch storage device
tester. ﬁ@sﬁ%}ﬁﬂéy theseonpapurenrrig arelesed do vbtaiea vigration gbwer

conpl et oiPsT PLEE Ay RIS P tad phisSso AR PE A f e ooptBes e
unl oaded duhigliegicahaacthiengbtdinspedid aodes. Spdchehh & Mveee. Texi 0. biist er
fromthe host interface connector 64. Step 72 is then repeated to

push t he @idenpinsy26 dnsarted infe the miesindisg dples 2t Gfdhe sterage: dviggss 60
devi ca 60 ' The, .s0f
Wi ¢ rrefeliie SGHBERL e donbiPtVhgtoMRard " oS HosHRh heBLRE AF.

devi ce 6Gstomgefddavive 6@ etHecieghtarmine/ Ofof @stihgact or size. |f the
storage device 60 is of a different height (say 9mm of the same form

factor si ' | t ' » ts
the. secorithhe Siatabdiafibe ddBaHERM e BRERARAY HEMiAS HeliBEB0L 0
72 to 20 ig6ready tappéitedtedHivey standakd the inekt sistaycadevideviesterc0 The a

3.5 inch storage_device, the robotic nachine will connect the 3.5
i nch st or%@%d%8v$%@%§t%ﬁg% 05%@ fexer iimicanngsted: i iae st gatertace

bypasgy ng:&rﬁ%?fb‘?%q &ghé%%"ﬁéé‘%b% . It is to be noted that during

t he process of unloading t tested storage device 60 and | oading the

next untested storage.device, there is no need to, interrupt 25 or,
stop the theceqippiggon ioﬁie%t@gﬂﬁ@ SHrpge davise @hithe storgge deNice ) he

o hage, {BRAR B0 eorTibing ORIl AR ARKEE AR ANt o O
same ori dhedwosbintadacehgonnector 64. Step 72 is then repeated to push the clamp
14 to its first compressed position. The storage device 60 is then removed by
15 robotic arms. The software program within the tester performs a check to
determine if the next storage device 60 is of the same height and/or form
factor size. If the storage device 60 is of a different height (say 9mm} of the
~ same form factor size of 2.5 inches, the robotic machine automatically inserts
the secondary guide plate 80' onio the top guide plate 21 before steps 72 o

20 76 are applied. However, if the next storagé device 60 is a 3.5 inch storage

device, the robotic machine will connect the 3.5 inch storage 'device fester o

the host interfa(_:e connector 64 bypassing the need of test carrier 10.

It is fo be noted that during the process of unloading the tested storage device
60 and loading the next untested storage device, there is no need to interrupt
25 or stop the manufacturing line to retrofit, reorientate, or replace the storage
device tester. This is due to the host interface connector 64 of any 2.5 inch
SATA or SAS stofa’ge device 60 being placed in the same orientation as that
used to test a 3.5 inch storage device. The test carrier having a bottom plate
24 adapted to allow the host interface connector 64 of a small form factor
30 storage device to extend beyond the base plate and interface with the storage
device tester used for 3.5 inch storage devices. The test carrier 10 is

effectively recognized as.a standard 3.5 inch storagé device 60 by the tester,

11



used to test a 3.5 inch storage device. The test carrier having a
bottom plate 24 adapted to allow the host interface connector 64 of a
smal |l formfactor 30 storage device to extend beyond the base plate
and interface with.the storage device tester used for 3.5 inch

st orage degrEdass ghiermdaeto size; beiaht, ang weiohtt Thisl ipsulés syeensiderablea
standardtﬁn boﬁgsstorage device 60 by the tester, regardless of
formfactor srze” height, and weight. This results in considerable
time savings. It should be appreciated by the person skilled in the

art that I ﬁbouldv%tap@rﬁq@teﬁdzy thenpesent IKiliageineifisoat thalt Hredeventidseis

i tnout (APt g bltbetBheRl dpsnBBaE, i, feldping,

10 cars bemedifipttishs mayemt matibevittmdepartbbFrarh e ecosewf Besnediipn:
than the 2.5 |nch formfact or. This involves addi ng and/ or

repositionin 26,1 Str for
thg nount i nggh f%(gg ﬂ@ $‘f’ ﬁdag%&&ﬁséﬁihﬁe%é EYGgﬁgn%?@gelo
adj usting the demceg;mﬁ@r m@imeasaﬁ@h ﬁﬁﬁpﬂa@afryTﬁwuﬁaalpé@h@di%g afn(él/érhe
desired height. The positioning of the cla between its first

and second posEPPBOREY thiesydeedide minsraa f@%& induelry Iséansigris for the

Lanptod Tor o MoHfuAdIRIeT & U1 L SmalRf S¥E, Sodd deift B s
conprigssed posadjisting thEntpr ghidei plateehi arel %@br@%rﬁ@md@pr@d 8i0otouthzoad
and rel oad the di. ffg_@eé]% si zed storage devices 60 based on the

quantity of ediSF st orage device 60. For exanple, upon
conpletion of the testing of the requisite nunber of 2.5 inches

storage deviceBhéPositibringosfothecclamphil Aebetween its first and second position
' may also be performed by a human being in replacement to the robotic
arm. Specifically, a square recess 47 is adapted for a human finger to

15 retract the clamp 14 to its first compressed position.

* The robotic machine may be configured to unload and reload the
different sized storage devices 60 based on the quantity of each type of
storage device 60. For example, upon completion of the testing of the
requisite number of 2.5 inches storage devices 60, the robotic machine

20 autonﬁaﬁcally unloads the 2.5 inches storage device 60 and loads the
test carrier 10 with the new batch of 2.5 inches storage device 60 of a
diiferent height.

e The secondary guide plate 80 may be further configured to other
“heights other than 15mm or 9mm as described in the embodiment.

25 » The host interface connector may be either the SATA or SAS interface.
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20 automatically unloads the 2.5 inches storage device 60 and | oads
the test carrier 10 with the new batch of 2.5 inches storage device
60 of a different height. The secondary guide plate 80 may be
further configured to other heights other than 15mm or 9mm as
described in tiogmmydi nent. 25 The host interface connector nay be
ei ther the SATA or SAS interface. CLAIMS 1. Atest carrier for

st or age divi es co 1; P‘ﬂ' a carder base.having a dinension of a 3.5
i nch st or dgB TABVAREEST T9R SIRRAGP ARXICES SORMNSINGI ong the carrier base

defining a space adapted to house a storage device of formfactor
| ess than 3.5 amahder;basechaving Balrmensina ofiad® 5gnchlstgrage devicepd on t he
inner wall adapted to receive at |east one mounting hole of the

storage devi ceaRinddSiall fifed o aord a8 8L Beliifio 5aaPadnba ol S

adapted to be In a estl ng e at one si
gui de pin; andhom asiiragg mmetofdnrmﬁaaionfasguhmd&&imhes|auiat ion to
receive an external testing interface, the external testing interface

bei testi [ I t
The Ceat carri & \aeear Bt aha QISR Fhoghied, B S RiRGR AP ddeBied fo

pl at e att achedreceivehat ieaséonwahbunﬂir‘rgahblmoogmejetqmage eleaitepifeless dhan
receive the st raﬁel?)devi ce of a known maxi mum height. 3. The test
carrier accordi tlaim1 or 2 further conprising a clanp nounted
to the carrier base, the clanp having at |east one conpressible nmeans
to enabl e wherehihe staragevieviceomaslaptedsto bemeld isadegtoyy position by dhe
second extgp (il éjstpor?é |Goen'guide pin; and the testing position is configured in a
orientation tfo receive an extemnal testing interface, the extemal testing

interface being a testing interface existing for 3.5 inch storage device.

2. The test carrier according to claim 1, further comprising a top guide plate
attached to the inner wall, the top guide plate adapted to receive the storage

device of a known maximum height.

3. The test carrier according to claim 1 or 2 further comprising a clamp
mounted to the carrier base, the clamp having at least one compressible
means to enable the clamp to move from a first compressed position to a

second extended position.

4. The test carrier according to any one of claims 1 to 3, wherein the carrier
base plate includes a weight holder for holding at least one weight.

5. The test carrier according to any one of claim 2 to 4, further comprising a
secondary guide plate adapted to be removably attached to the top guide
plate,

6. The test carrier according to any one of claims 3 to 5, wherein the

compression means of the clamp is resiliently biased.

7. The test carrier according to claim 6 wherein the compression means is

resiliently biased with at least one spring.
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4. The test carrier according to any one of clains 1 to 3, wherein
the carrier base plate includes a weight holder for holding at | east
one weight. 5. The test carrier according to any one of claim2 to
4, further conprising a secondary guide plate adapted to be renovably

attached t,0 et i late. 6. The . | er .accardin 0
iy one. of 1 st Bafler secRimhE g, Aot b Pitimf o g L RS hE R dln,
s resi | aitildeda paraf dampefSforiturngthe elorags dediceg Lo claim 6
wherein the conpression neans is resiliently biased with at | east one

spri ng. . Jhe tes arrier according to an of. ¢l ai tQ. 7
wherein ¢ He A1 Biay6e PRl DBRAdR Tty B BMRcERL Folh Brbrs 8isPsge
devi ce. 9compieinifelsdipd 5t ng storage devices of different form
factor sizes conprising the steps of: (a) Inserting a storage device

of formfactor less than 3.5 inch I n a_test rki.er: an (b
Secur ng (e SeEREE Haos e LT PR TSt ER e DFaES JPc ity
of the teghrrearamer into at |east one nounting hole of the storage
device of formfactor less than 3.5 inches wherein the storage device

Is insert kN _an ori entation expesin hast,_ I nterface connect f
the storadd aaoRiasie Pisfad dertP a0SRrdieetidi 868 S PE AR
testing i wsechats infohd IgadterzainoLnthg hold of befacRigeadd\icaiot Bt fagtor

i nterface exi stlgg for 3.5 inch storage device. 10. The method of

claim9 flessHban ﬁﬂmf!ﬁ%\gfhemin §h%p§t@’ﬁgédiﬁ\é‘é& iﬁw'@S&ﬁeddBeﬁn PHeptagen
the stora I ce : "Hefo ?B}ﬂ-?

gui de pl a?’gj&ﬂé %T?fggtr%éé Eogég%%@ﬁg%oﬁjg tg?as?%r%]ggrq e‘%ﬁ?grrprl g?c?%rt %Eg
steps of thawn 8§ iachesuigp ahcexdefnial $¢stingniptartaned tipe external {esting interface
inserting_the siorage device of for actor less than 3.5 inches and
oving 1 PBE Aol a0 e e 6XeHnG oo 5dh F1ogR08 JORERt aet t ho ot or age
device of formfactor |less than 3.5 i nches, such that the contact of
t he cl anpl@nd The rsethodgef dimimc® fofthéo confpaising the step drcoaditactingcar s

danpens Vlijglajpgea}'tija%g o(%ctﬁgrsrt(i)rré edéléviigég otf ?oenﬁ ?ésétbr less than 3.5 inches under a
top guide plate.
11.  The method of claim 9 or 10 further comprising the steps of moving a
clamp to a first compressed position prior {o inserting the storage device of
form factor less than 3.5 inches and moving the clamp to a second extended
position to contact the storage device of form factor less than 3.5 inches, such
that the contact of the clamp and the starage device of form factor Ies_s than

3.5 inches dampens vibration occurring during the test.

12. The method according to claim 11, further comprising dampening the
vibration of the storage device by the addition of a weight to the test carrier.

13 The method of claim 12 wherein the weight is resiliently held in a weight
holder.

14. The method according to claim 10, comprising the step of aftaching a
removable secondary guide plate over the top guide plate for securing the

storage device of a height less than 15 mm.
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12. The method according to claim 11, further conprising danpening
the vibration of the storage device by the addition of a weight to
the test carrier. 13 The nethod of claim 12 wherein the weight is
resiliently held in a weight holder. 14. The nmethod according to

claim 10, IS : 0 [ e, d ;
ui de. pl a3 SHEnT RS HsBoti R nTbhBES o8, FEREYE MR RET AR EhHp s,
of a hei ghiovedsrorh the fitst scompresded pbbgioneblthd sacond dixtendea pogitiomeyof
claims 11 to 14, wherein the clanp is noved fromthe first conpressed
position #&PIIRE- second extended position by a spring. 16. The net hod
according to any one of clainms 11 to 15, further conprising danpening
the vi br ai$.oTheiméthedsdcebadiag dedreond of @laimisatt @ 150 $arthéracorfiplising

i nches by additjon of a pair of danpers on the clanp,
dampening the vibration of the storage device of form factor less than 3.5

inches by addition of a pair of dampers on the clamp.
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