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. 5 The invention is
particularly suited for testing snmall formfactor (SFF) storage
devices in a 3.5 inch hard disk drive tester. BACKGROUND TO THE
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However, w thin each formfactor_classification, the height of the
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process, dedicated manufacturing 20 |lines and test equi pnent of
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testing equipnment to test storage device of a smaller form factor
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15 miscellaneous consumer electronics devices. Common currently used form
factors for storage device are in the range of 3.5 inches (8;9 cm), 2.5 inches
(6.35 cm), 1.8 inches {4.6 cm) and 1 inch (2.54 cm). However, within each

form factor classification, the height of the storage device may vary.

[n a typical storage device manufacturing process, dedicated manufacturing
20 lines and test equipment of specific form factor sizes are required to assemble
and test each type of storage device for purposes of quality control. Tests
done on the storage device include, but are not limited to, temperature test,
electronic circuitry logic test, hard disk memory test, head media test and host

interface test.

25 One cumbersome problem faced is that different form factor sized storage
devices require different testing devices. The test carrier developed by the
applicant in WO 2006/115465 may be meodified into standard sized testing
equipment to test storage device of a smaller form factor size. This allows
smaller form factor (SFF) storage devices to be tested in the 3.5 inch testing

30 slots. Modification such as retrofitting the testing equiprﬁent removes the



1 inconveni ence of replacing test equipnment for storage devices of
different formfactor size. However, the operation of the
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SUMVARY FEfEENSYWENTI ON Thr oughout this document, unl ess ot herwi se
indicated to the contrary, the 25 phrase "conprising”, "consisting

of ', andIn heliditides, it cis edisoovrered obg ttheedpgiant rthhushe destindanizlr in WO
exhaust i v%.gghr]]ﬁgccordance with a first, aspect of the invention there
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is a test POfIBRAY NobYEi aHpaaliy gelapisd & BeracsriRvicrs et diieesnter
thanl%' S wWellgGitesnG HEGHS | Atheltest Harti& iRARS RfilEs Y ettt ERBSity"
of a 3.5 1n storage device; an I nner
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

20 reliability. [t also adds to overall 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
25 phrase “comprising”, “consisting of’, and the like, are to be construed as

inclusive and not exhaustive.

[n 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
30 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 af least one side guide
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30 wall, joined along the carrier base plate defining a space adapted
to house a storage device of formfactor less than 3.5 inches; and
at |l east one side guide 2 pin nounted on the inner wall adapted to
receive at | east one nounting hole of the storage device of |ess
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testing interface existing f. .5 inch storage device.” Preferably,
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conpr i sesnéh Stoddge d&viedunted to the carrier base, the clanp having at
| east one conpressible neans to enable the clanp to nove froma
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the invention there is a_nethod for testing storage devices of

di f f er entSeEBRLKIENSH ROSKIRD. conpri sing the steps of:  (a) Inserting a
storage device of formfactor less than 3.5 inches into a test 25
carrier (Rrefdseblyr thegcdrier base pipte desludes hyweighehsdideg farthdidiagtat desst
side guide pin the test carrier into at | east one nounting hol e
of the st°6‘rea‘@%'9g vice of form factor

15 Preferably, a secondary guide plate may be adapted to be removably
attached to the top guide plate.

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

Preferably, the compression means is resiliently biased with at [east one

spring.

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

In 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
25  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



| ess than 3.5 inches Wherein the storage device is inserted in an
orientation exposing a host interface connector of the storage
device of formfactor less 3 than 3.5 inches to an external testing
interface, the external testing interface being a testing interface
exi sti ngthar 3% mchashosamextgma]desth‘@ ineeride, dbé exterhal testingdnterface
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following i AUEhY on be~descri erence OW ng
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carrier in accordance wth an 25 enbodi nent of the invention. Figure

2 depi ct §eldiB %WE'QW@W@F a test carrier in accordance with an
enbodi ment of the invention.
Preferably, a removable secondary guide plate is attached over the top guide

15 plate for securing the storage device of a height less than 15 mm.

Preferably, the clamp is moved from the first compressed position fo 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

20 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

25 embodiment of the invention.

Figure 2 depicts the top view of a test carrier 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.



Figure 3 depicts the isonmetric view of a carrier base in accordance
with an enbodi nent of the invention. 4 Figure 4a depicts the top

I sonetric view of a clanp in accordance with an enbodi nent of the

i nvention Figure 4b depicts the bottomisonetric viewof a clanp in
accor danéégumet éa aiepicteitos itoprisoraétrichdewngke at clampSinFageordabcal &yiihcas  an

enbodi ment _of .a tesf carrier configured for a 2.5 inch storage
devi ce WW%'Tgﬁﬁ?{]@FdﬂYGQ@& to scale) Figure 6a depicts the

secondary guide plate in accordance with an enbodi nent of the

i nvent i ofrigiegil degibtsdibpi itont eonsetdo vikw wf guslalapdh aceoadanae vdth ao
t he test (r:qa_j?rr'.er |n.,1Q0 accordance wth an enbodi nent of the

i nventi off Odjmsn%ef*ﬁ'&im I08n enbodi nent of the test carrier
configured for a 2.5 inch storage device with a 9mm hei ght (not to
scal ey FiFigure ¥alepicts ardepiboidiment of befest tarierachrdigetred dgread2bi ioeh

o or age. slArRbe Gavics Wihyarobi ha el be@donnect or - DETA LED -
DESCRI PTION OF THE INVENTION It is to be understood that reference to
di r ect i ofrigurad Gaodldpicias tHau ppsrondaopneguiide f platar h  dechkdamay  wiflp, an

bottom left righ c..) are to be understood in the general context
of the t?mmmgﬁt‘?fgﬁ“fedg\‘é@ntwﬁent ation of the invention as 20

defined in the drawi ngs, specifically Figure 2. In accordance with an
enbodi nefigwe Ghaepoienibé secbhdary gsidprplatalattached o thedesi earried ias

sho in Figures 1.and 2. The test . carrier. 10 conprises a carrier
bas\évT(il, aﬁcquréiﬁﬁef‘ﬂ%emogwe'i@ft@r”?‘{eé\t'oﬁase 11 conprises carrier
base plate 12, clanp hol der assenbly 22 25 and wei ght hol der 16

i nt egr al Fgure Baldepictsgan kerhodimentiohthesiesh sanier tdoafigusadr foera Bésiach

plate 12 _are roughly .L.he sanme as .that of 3.5 inch testing slot.
However , SIHaY? idéﬁkcegﬂ” a@&g@ a?t}{go tgrsfqazef) base plate 12 is shorter
for

Figure 7a to 7¢ depicts the steps to load a storage device onto the test carrier.

Figure 8 depicts a small form factor 2.5 inch storage device with its host

15 interface connector.
DETAILED DESCRIPTION OF THE INVENTION

It is to be understood that reference fo directions and positions (upper, lower,
forward, backward, top, bottom, left right etc.) are to be understood in the
general- coniext of the typical operational orientation of the invention as

20 defined in the drawings, specifically Figure 2.

In accordance with an embodiment of the invention there is provided a test
carrier 10 as shown in Figures 1 and 2. The test carrier 10 comprises a

carrier base 11, a clamp 14 and weight 20.

- Carrier base 11 comprises carrier base plate 12, clamp holder assembly 22

25 and weight holder 16 integréily moulded together. The dimensions of the
carrier base plate 12 are roughly the same as that of a 3.5 inch testing slot.
_However, the right side edge 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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pur poses of adapting a storage device 60 of smaller formfactor.
Common form factor storage devices in the industry include storage
devices of form 5 factor 2.5 inch, 1.8 inch and 1 inch. Part way
along a first side of the base plate 12, the flat rectangul ar sheet
has a secfad:tonQOB fract, i 08 idketi ianddt lycha Pardiwaygalodg avdirdt side dftthe base
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12 forms three nmutual ly perpendicular intersecting flat surfaces at
a corner to¢ darap . r iTwio dlathe Ereaising2four velisgneet shrigbbangles derming

shaped voUlofiinE flts g 1 PhoBh e fetdihial® e i o g Kol 16
conpr i sehaseqiatel TRIMHOWO! aaenfaiting fouehiis dad tha Idriéeoffztﬁé ReFriesf
the carrier base Iate 12 and extends al ong one of 1
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runs par exten ohe of n 't udi
si des of 2)hEheénal @rthedse wailsml@‘mhﬁ?g MCMsmwm[eremtshort

o SRS R v Bl St SR
plate 12 waﬂ%%ﬂﬁir%ﬁhe%'rr‘i’é* of]tﬁe 'c%rﬁ’éi%seedpl‘é% ousg éktéﬁdsgglbng%ﬁeao?

descri bed bel ow top guid late 21 extends substantiall
per péhdi g dengitudinal SIdaerOMehe carriembase| plate §Qbsndnem¢3 Ibpypad aheel

to th ' .pl a 12. At | ea i de

ext rude eroeh g G e Griok ppSE batb iR ACRARENES BL e Reree)
The spaceo deé i ekpentiig Ql@hglcﬁfe badte Mrijitdital bkied bEtHeL BamarifiRe
wal | 13 and the inner wall forms a bottomplate 24 adapted to

house a ledgcarntends beyend tha exppsad @mrés@edéﬁh@tcgrmeféva?@rpla@MZ
base 11 ('I{h%sﬁar%ﬂ‘élr\bﬁfs A8 ﬁﬁfntea attr}ﬁgh(f laﬂEﬂ%slb%/ Qﬁlgnwgp% %gnbﬁgnﬁl%d

The _
20  the carrier base plate 12. The weight holder 16 is adapted to 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 carrier
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 16, it pushes flaps 54a, 54b against the outer wall parallel to
30 the inner wall 17. Upén the insertion of the weight(s) 20, flaps 54a, 54b are
enabled by a resilient mechanism such as deformable fingers to 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 damping weight for the test carrier 10.
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wei ght hol der 16 conprises flaps 54a, 54b. Wien weight(s) 20 is
inserted into the weight holder 16, it pushes flaps 54a, 54b agai nst
the outer wall paraIIeI to 30 the inner wall 17. Upon the insertion
of the weight(s) 20, aps 54a, 54b are enabled by a resilient
mechani srﬁf@mwp@§ed@‘fwe@gtﬁ &01is g emisinnige tbeevibiatign of tbentesfecastierd 0

ner ght - o0vieh BB fe XA Y A8 Bt R s G R TN S5 RY R R malang
to the wvrirghtf e dested6 Soctpretdraal shercdest vibdattmzptagdd vedghatef e
the test carrier 10. 6 The purpose of weights 20 is to mnimze the

vi br at i orfPEhiorABCE é%‘ttheﬁtprqae d@wcmr&eréean ang Cauge ra Mmisdiagngsis raf
test gystem SgpQob ef@laggéﬂﬂg Qf Meéfl?r J{(ﬁﬂ'lal Bgirég%giew%@%fd §§E%rse

Such éxternal sourc ons egra or mance
t he stordgiéurdevi ce under test and cause a nlsdlagnosis of 5 test -
for exanple di agnosing a perfectly normal storage device 60 as a

Sect i oned ST DRy HReRF 22 BIRERIY T the §eﬂﬁ‘§*eef&8 1R dffgure 3

nount ed aohprisirg,carrier base plate 12 that fornms a 10 shaped
channel, a second slider guide 30b nounted opposing, on one of the

four wal |5 s Q1iigg 30 ,ﬁgpﬁgdsgﬁﬁg Sucﬁ&ﬁ‘%ﬁ Ha%% a% ﬁZStHthff F%e?f

ext ends perpendicular 'to at t
f or mién shppsd rhatnek kapsxbnahslidee igutde Bk seourtied «nppcrsmg4omm aoftthies

lid intq pl t f the slid des 3 0
b1 ased 1 BB HHGUTE T Gbeth SN Feressa IS 3 A0ET 5oV ERIRIS: he

sect i oneghepgsidi@iar Fa‘ﬁwes\lvbﬂl%ﬁcﬁlfhﬁethé%all Sndfhé sRERRSH ah!dHpeRing C
protruding fromcarrier base plate . At the base of the L-shaped

fl ange cénaped @banoeltﬂ@&wer’ﬁhercl@mpe%waee it is glid istegplave sEhe gokitisna.

par a1 o % sl RS S03; w08 aulesB 1 18 iy $6155n R Baleh bake

substignt ipkdtey1 22 a¥ithlin ehe tsactiohéd pbriton. 2PhdNslibler gliRIce80# it @rf LiHaped
and 4 Clamp 14 is renovably attached to slider guides 30a, 30b via

fai | shodPaeR PrBHINGoBoMRAATIEE hasedRate 48z Abdhe dase efifis beshapes t
rails 31 g@nadlolneddd foithk SHRY B pAldis éqgnﬁ\ﬂgllsreaféll%% Fhe Sheht

of the second slider guide 30b protrudes substantially parallel o a second
lengthwise rail 31b. Rail 31b is substantially parallel to rail 31a.

20  With reference to 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 art 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 is
approximately in a perpendicular 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
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are designed as would be known to the person skilled in the art to
provi de an appropriate sliding contact between the rail shoul ders
40a, 40b and rails 31 a, 25 31 b and will not be further el aborated

here. When the clanp 14 is _slid into place guided by the rails 3la
and 31b t'AEESHHY @fetiowst in Riguss hpis pnneciednen e rpidevifdhe £larear
end br acket a‘?m%] ed. | : | 3 t.Qf
t he cl an?ﬁizi&fsse%g%p'%g% %Z’I %qe%&‘gfépg,}tgén |§hlntzg?é %PJ%’??%X r@n%hg

rear wal lconoeciehosegss 4bhie addiptexhto acubnimadétetthéFohveardfstopxpith 4 t he
rear wall 36. The rear end bracket 42 is adapted to accommbdate an

end of a1§py ipgnd44 E‘%d%@ﬁéd’% %o@é(gfﬁﬂfﬁsa Lo coﬁ‘{ﬂ)q? é;ii f)SgitiBR tbgsas

clanp 14 wthin'a connect recess 4 he connecto ecess
shownS$i n secgnd extendies positivec t Aitherfirstrcampresseéd eositioh hiheadwdempwall 48a A
second recgtangul ar recess 46 situated on the opposing side to the
connectoP?5@%2%%%@'?@6&&3514@06@63%&% 21 S{RP P SBFing 44i 1A
43. The ¢ | S Ny : € ithson
to a5 SERIRGIS SHRCHR Stoomi BHERdeL BoRtbh; Mo TR Ba] PR tha

t he out eregltanpulé8aecess e corarctindhd dorwardestop4pincdt and spring férisar d

stop pin 43 and spring 44 is. cqnpressed. At the second extended
posi ti on,exfef{gpeidrfﬁ%rt'vﬁg? the, gpring gg}%gmqrg§ e&ﬁ%‘?ﬁ'ﬁ?”'r ecess 46 contacts
the forward stop pin 43 and spring 44 is extended relative to the
spri g 44 heopsitiyirgiopthe clamp. 140 ithirsp compressadgpaditiorhis fatilitabed byt o

Its first. co essed sitjion is facilitat.ed ound recess 36.
The roun® f Eecfési:g.'ad qgaug%gege%soggttlppac%/qw&ﬁr raefqbfi'f: @r}%?fo
clanp 14 r¢teaértds cldiep fildiowvatiyBeahsesbnsesié®posiEibamp 14 further
conprises danpers 52. The danpers 52 are to danp any force when the

| _aal nh ; \ 5
Coaded oftampnid Rl rintesieRhRe!s v, SR G4BhRES 52 Hh i i Ay
bei ng exesricedvigeh tHieciahy agés HEMEE Subi9 that R rERdNEES aStorige ddvidden

adapted to contact the storage device 60 such that it reduces

vi br 48 ofPasted petas thy dget camsier c10 duRy n@revent| expessive sapdramsbeinge

made of 3QLheEUY HLERMGe JRIR' 68! - 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 onto the

- 25  bottom plate 24. In the'current 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 bottom plate 24 to provide 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 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.



20 The bottom plate 24 has a length and width dinmension slightly
smaller than that of a storage device 60 of small formfactor
devices smaller than 3.5 inches. The bottom plate 24 further
conprises_a plurality of air oBenl ngs 50 to provide ventilatiaon.
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the top guitd@orhaldHe2remdVtdiy SREKE ¥n@iHdSop 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 B¢ 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:



pl ate 80 nay be renovably attached onto the top guide plate 21 by
means of the clip 82. The secondary guide plate 80 is simlar in
shape to the top-guide 20 plate 16 apart for a holl ow body 84 adapted
to slide over the top guide plate 21 (see Figure 6b). The clip 82 on
t he secod@afte deadiag @ngt enigadie; sleps e RafEOrMescUsing A sebajicomaghings

the top %Hﬁlﬁhqp&&% ﬁ.&est@gi shéwhg securely attached. Figure 6¢

illustrates The use o econdary guide plate 80 with a 9nm
2.5inch storage device | oaded onto the test carrier 10. 25 The test

carrier 10}vihg weighthBolgesclb i suitablyepdivpied withf wgights 2Q o tgpanter
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ghts " 20 ? a

pi eces of wel equl ent to 300 grans) In accordance with
figur conpy essed
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74, the SheragRse§\dide ofthd Sedt"SRFELY0TIHR rEHRICERAS &F ﬁ%&%‘.—"f Thide
test carrier 10 using robotic arns at step 74. This my be achieved
usi ng corpay de achievetl uaing sompuianicpoiral meane toobwinipulater the wabiatie | s
known to g person skilled in the art, . Lng insertion, the .

or  ent at (AR PEG R kap Rl ctoharaistaoIBY T e AEE " OidieLierian. hece
connect oforikhtdibrodf theestdFaycrg6vide \acie RRhf thaethed AosipesifiteStdthektor
adj acent the inner side wall 17 of the test carrier 10. Wen the

st or dde @ olctbestioragesinyies BAdaces anisxposed side 65 adjacent the inner side
wall 17 of the test carrier 10. When the storage device 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 to the test carrier 10 during testing so as to 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 Stiﬁnesé 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 e'ffect, measurement of the storage -

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

10



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
I s designed to hang over and extend beyond the bottom plate 24, To
ensure that the storage device 60 20 is secured to the test carrier
10 duri nPubssauaptisthese meagirensants arg usesh e ebtaim ayvibralierpeakpegver
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7c. The stiffness of the spring 44 and the softness of the danpers
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secures the storage device 60 to the test carrier 10 for testing.
Wt h t he the bpapivteréageceomedterafibd Step /Rasttben repeatedto rushithe clawpage
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device 60. Upon the conpletion of testing the storage device 60, the
st or age delermingdf the ngxl statege lS&eVUieségriﬁeQ,ft thegsame heighbane/og. formnch

IStSO{ ﬁgﬁ ?%c‘éégsiez .efrgtﬁ%uéstﬁ%&ﬁe&%\ﬁ%ér}gﬁtisid?ta%fffé?&ntcﬁéiaﬁf’f% Sfim) B 2
same form factor size of 2.5 inches, the robotic machine automatically inserts
the secondary guide plate 80' onto the top guide plate 21 before steps 72 to

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 sforage device tester to

the host interface connector 64 bypassing the need of test carrier 10.

It is to 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 stofage 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



14 to its first conpressed position. The storage device 60 is then
removed by 15 robotic arnms. The software programw thin the tester
performs a check to determne if the next storage device 60 is of
the same height and/or form factor size. |If the storage device 60 is
of a di f fregeisiesserfdarm faetpr sizey heiuht.land weight.t Dhisireadlisin ennsidesable. 5

i nches, HQﬂaégQRé%c machi ne automatically inserts the secondary

gui de plate onto the top guide plate 21 before steps 72 to 20 76
are applied. However, if the next storage device 60 is a 3.5 inch

storage luehewd be mppresiated dynhenpersoniskillegdnribetart Hatahs inveion is
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test é0 used f adjusting thehtopt guidgeplatev2tesd Sdvondast gorle plate 80 tosthe
effectively recognized as a standard 3.5 inch storage device 60 by
the tester, Pfsﬁ'@e ¥WMlss of formfactor size, height, and weight.
This results in considerable tinme savings. It should be appreciated

by the perseéen T pbsitloningtdfethardlambal4 beevedry @stfiretnand setohd Ipositioad
to the enbodi nents descrigpfed above. In particular, the foll ow ng ic5

modi fi cat i ons MaYalse baperoimerh by aduynab being ingeplasemen je the rabat
! | cat i ons i |
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i nvollfes addi metractdherclampedddotiisdmsiheprpressed @ogilibpde pins 26 to the
i ndustry standards for the nounting holes 62 of the smaller SFF

:teg(r)ﬁggr Seétfgﬁg{%(cg@%iﬁjeﬁﬂ 09 bRfiglRl @i ifodt 8 088 %he
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 automatically 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

different height.

» The secondary guide plate 80 may be further configured to other

‘heights other than 15mm or 9mm as described in the embodiment.

25 e The host interface connector may be either the SATA or SAS interface.

12



desired height. The positioning of the clanp 14 between its first
and second position nmay also be perfornmed by a human being in
repl acenent to the robotic arm Specifically, a square recess 47 is
adapted for a hunman finger to 15 retract the clanp 14 to its first
conpressed poSLAMS The robotic nachine may be configured to unl oad
and reload the different sized storage devices 60 based on the
" quantity 4of ; i 80, For exanple, upon

conpl et i gh'Aotggfﬁaeﬁ[%ég;ﬁ@tric’sﬁ%rag%Q{eﬁg;%s@(\]‘hﬁrgsllt > nunber of 2.5 inches
storage devices 60, the rohotic nachjne 20 automatically unloads the
2.5 inches st &rejHCHRISLBAERY AHMEHSIPD Qfie3.5tipgh Siipge 8BVIES: with t he
new batch of 2.5 inches storage device 60 of a different height.
The secondary agunder whitjoingd aieng tiee tarrichetse definingredpace atifwsted to

hei ghts ot her than 15mm or K 9nm afs described ip the %odi ment. 25
The host i nt eMPHER BHRRIS HRVIGRYT BENJPEIRE fessHBaRBATAINGNES NG nt er f ace.

12 CLAIMS 1. Atest carrier for storage devices conprising:. a
carrier base ldveagt andisigasguide gfinamdubtddnoh thicoirage wWaliatzpten to

inner wall, joined along the carrier base_defining a space adapted to
5 house a st oFSRRVEIES ledstame: BoNniag fole £65ke shrade SsVascrtEssahan at
| east one sidg gHHespi n nmounted on the inner wall. adapted to

receive at | east one nmounting hole of the storage device of |ess than

3.5 inches,, wherein . the storage device i dapted to_be hel.d in
Lesting poliRTERYNEyStorROe deyicR 1§ eoanteq o be el i Adestposiian bidhe

testipg POgieheN ohd §i9€f§;|9ik!éeﬁin5 it 1ty peBitibA fs%?ﬁﬂ@rgﬂ‘,in a
external testi ng I nt erface, the external testi ng I nterface bel ng a
testing i mrientaioe éxireceivge aor egebal nigsting ointartacge viheeexi2rnathtestiogt

carrier according to claiml , further conprisi.ng a, to ui de plate
St ached d5eTHES Dol & yGio oiettdeh Bl d e 2 B h At Rla Y Be et ve
t he storage
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

15  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;

20 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 fo 4, further comprising a
secondary guide plate adapted fo be removably attached to the top guide
plate.

25 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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15 devi ce of "a known maxi mum hei ght; 3. The test carrier according to
claim1 or 2 further conprising a clanp nounted to the carrier base,
the clanp having at | east one conpressible neans to enable the clanmp
"to nove froma first conpressed position to a second extended
~ posi ti on;8. ZhettesTearriegsdccoading do aagconmal ofigldimsehyo Gnevheteinltherdarhpt o
3, wherei.n tae cargi (—;tfr base .pl ate jncgud S a ht hol der for

hol di ng dRclides PajieTHampRrs far segiingdae siolpge feVik€eor ding to any one
of claim2 to 4, further conprising a secondary guide pl ate adapted
t o be rerfovAbimethod afonetestingt Borbgp devices qf differe@b férm Thaetdre sizes
carrier according.to any one of clainms 3 to 5 wherein the
corrpressiCSH‘F?f@é{thhﬁfSt‘?ﬂ%Ogl anp is resiliently biased. 7. The test
carrier according to claim®6 wherein the conpression neans is

resi | bent(hy Insestired avstoraget dedas tof foen daciondesslthah 3 Bhimchestintoaa nestr
accordi,ng@to any one of claims 3 to 7, wherein the clanp includes a
pair of ffrs for securing the storage device. 9. A nethod for
testing storage devices of different formfactor sizes conprising
t he st epgbpfSechricg)th¢ steage nigviceshinageindeati leastodnd side duada pin bicthe

th 3.5,i h I, test I, ' t .St '

by | nser {TIGaeT BlESet 6HS re ERtaE Hisoba Herdedevie o il Fe ot
| east onged®in 89 ehSs Wherbip HbitaaRIgHiES i9indeMed has fienttidfR
than 3.5 1 nches wherein the storage device Is inserted in an

ori enfat iexposingex post interéadeosennadier dlzibe sforagecdeyicefof ftrn faciernless

devi ce of r..les th 3.5 Lhches to an.external t.estin
ot er tacdnaf BB RS o 97 Beteli] e 1ERES dRa Pl idhporfRtlat. e
exi sti ng beirig @ t&stingdhtesfaeeagastihgMbe 8.5 ihbh sidraga®iché, of claim 9
further conprising the step of contacting an upper face of the
SL%ZQSI g,?\e“ Cq'h%f mfe%(SH fo CCFIQIFn lgeﬁﬁ'tﬁ[epa&)n?’pr?sir"@(ingsstgadoefrcoq‘ltaétﬁ'lgt 2R
upper face of the storage device of form factor less than 3.5 inches under a

15  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 to 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
20 that the contact of the clamp and the storage device of form factor less 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 resi]ientlyrheld in a weight
25  holder.

14. The method according to claim 10, comprising the step of attaching 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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11. The method of claim9 or 10 further conprising the steps of
noving a clanp to a first conpressed position prior to inserting the
storage device of formfactor |less than 3.5 inches and noving the
clanp to a second extended position to contact the storage device of
f or m f acti@: Thesaethvdnadoidingdtasy oseadt Rlintshit td he, whereht theotlamipes
clanp and the, storage.device of formfactor |ess than .5 ingche
danpens I¥ed ﬁ%’ﬁ' ISt PP PERRSEHAPasHoN tosthe szspn#r?édwf%ao%%ﬁm ng
to claim riécHrther conpri sing danpening the vibration of the
storage device by the addition of a weight to the test carrier. 13

The met hg claim 12 wherein the weight is resiliently held in a
vt gt 38 FbeIRtO Bodeia el Y QBEARAETS 4T P ABmHEeT GHBPIISTAg

t he step i j Brati viahl i top
Ui dopl SEEVRSIRE hELiRatb BT AP RoRREDERY SHiofh, RickitieRkahah Bet 08
mm 14 1nchEseynaddition et copair afjdamparsontles ofamp.ai ms 11 to 14,
wherein the clanp is noved fromthe first conpressed position to the
second extended position by a spring. 16. The nethod according to
any one of clainms 11 to 15, further conprising 5 danpening the

vi bration of the storage device of formfactor less than 3.5 inches
by addition of a pair of danpers on the clanp. 15



