Storage Device Temperature Sensing TECHNICAL FIELD This disclosure relates to sensing the
temperature of storage devices during testing. SBACKGROUND Disk drive manufacturers typically
test manufa®Or&t H#R9Msives for compliance with a collection of requiremeRET/PE2¢WAYRIA%ent and
techniques exist for testing large numbers of disk drives serially or in parallel. Manufacturers tend to
test large numbers of disk drives simultaneously. Disk drive testing systems typically include one or
more 10racks having multiple test slots that receive disk drives for testing. The testing environment
immediately around the disk djyf-ioteqylagde e/alset9a R ayang i dlisk drives, which have
higher capacities, faster rotamﬁ%ﬂ‘anﬁ‘aﬁ@ﬁmﬂﬁmm‘e_age' ; more sensitive to vibration.
Excess vibration can affect the reliability of test results and the integrity of electrical connections.
Under test 15conditions, the drives themM@éﬁﬂoE&E% vibrations through supporting structures
or fixtures to adjagenf $iRiRstRISVIRERO SerRingIHalkinperiagebefyyibeatdeinal aeiges of vibration,
contributes to bump errors, head slap and non repeatable run-out (NRRO), which may result in lower
test yields iHNBcreased manufacturing costs. During the manufacture of disk drives or other storage
devices, it is common to 20control the temperature of the storage devices, e.g., to ensure that the
storagg devices are functional over a predeﬁeAdEiQ tﬁwﬁﬁature range. For this reason, the testing
environment immediately around the storage devices is regulated. Minimum temperature fluctuations
in the testing envibbeknbntcaarhdactitical fgpiaeiyrate testudactditidnlsanbtifes Safetyngfltecstorage
devices. In_ sgme known testing systems, the temperature of plural 25disk drive devices is adjusted by
g coolig DE SO R e SRR B R AR

numbers of disk drives serially or in parallel. Manufacturers tend to test large numbers of

disk drives simultaneously. Disk drive testing systems typically include one or more
10 racks having multiple test slots that receive disk drives for testing.

The testing environment immediately around the disk drive is regulated. The
latest generations of disk drives, which have higher capacities, faster rotational speeds
and smaller head clearance, are more sensitive to vibration. Excess vibration can affect
the reliability of test results and the integrity of electrical connections. Under test

15 conditions, the drives themselves can propagate vibrations through supporting structures
or fixtures to adjacent units. This vibration "cross-talking," together with external
sources of vibration, contributes to bump errors, head slap and non repeatable run-out
(NRRO), which may result in lower test yields and increased manufacturing costs.

During the manufacture of disk drives or other storage devices, it is common to

20  control the temperature of the storage devices, e.g., to ensure that the storage devices are
functional over a predetermined temperature range. For this reason, the testing
environment immediately around the storage devices is regulated. Minimum temperature
fluctuations in the testing environment can be critical for accurate test conditions and for
safety of the storage devices. In some known testing systems, the temperature of plural

25  disk drive devices is adjusted by using cooling or heating air which is common to all of

the disk drive devices.

SUMMARY
In general, this disclosure relates to sensing the temperature of storage devices

during testing.



In general, this disclosure relates to sensing the temperature of storage devices during testing. In
one aspect, a storage device transporter is provided for transporting a storage device and for mounting
a storage daVAta0witisP43test slot. The storage device transporter includes BGTAR A4 Ebnfigured
to receive and support a storage device, and a damping mechanism associated with the frame. The
clamping mechanism is 5 operable to apply a clamping force to a storage device supported by the
frame The storage device transporter also includes a temperature sensor (e.g., a thermocouple). The
clamping mechanigronis gpecalisttedpouevioe tiemperaitiepsensrd ifioteoniastingth satarage device
supported a the frame for measuring a temperature .of the storage device. In another aspect, test
clot assembiy i ddS HBPAEE AcUTetet AREISS ARG Kv68P ol P EES 452 BRvice transporter

includes a frawggotinatiisc ekl guiiechtatieciventiddisdapescai staiafsugpyice stbdga twipgrature sensor
(e.g., a thermpcouple). The storage device transporter.also includes a clamping mechanism that is
associatedWitft ﬁraé’f}Pé‘}ﬁéP%‘Wé% %%%Pg“ﬁ%s et eig%Beé‘r &% ag}gﬂ% glgfg‘%{ﬂf’%%rce to a storage
devicessuppgsigil by thep fraataatidns faodiguedoiagodeeithaipmparhtyrehsdnsnt iMlg:contact 15with a
storage device supparted by the frame for measuring a temperature of the storage device. The test
ot e TR TR A TR BTG iy OB O e gk BRRE U Kol
further aspelainpisfoiaghadsics @siapl systaoy ndle desprataragendevias tcansponiéth a test slot, and
test electrortlics. Tge stora%e dr?\gcgest ragsporter includes a Oframetconf'ﬂ req to regieiv.e and support
a storage deVitE, S tenTperditr& sensot (€14 athatatolipfe), aRd &' Clafpiltg’ EERANIS T that is
operatively associateabwith iheftatae. sihaslanpingcheichanismge dpeiaiedspapplyaadiamping force
to a storag &es A%Q?Hgdgorted Hg the frame ﬁnd.is P%nfi%red to,move th tem&?rature senspr into

1(% =1 torage device traHl orter mclu efs rame that 18 configure orec]@%e a
contact with a Stofage device supporte ER/ he trame for measuring a tenrperature o e storage

25device. Tgptest siorageldeesa dedtacompartmenicicordealviaghandsopplutinbhthestgrage device
transporter, and 3 connergtion interga&e boa}rd. The tesilelectrt%ﬂi s are confi ureﬂ% communicate one
CViC orter,also mclu a% 5

.trans €8 a lamping mecnanism 18 associate 1t Tame. .
or more testroutines PO a storage device 8ISp se%i Wlt(hln e tes compar?merﬁ’, an ethe connection

interface bdardcisropmiigucet 4o pnoisidpeedbbiricalpptyrmnelangatig fobet wee nttnestedapexatures sensor
and the tesstul%lpeoclltre%nti)%lsﬂ\l,\é%gngg %I%Cl)gac%%ﬁgured to move the temperature sensor into contact
15 with a storage device supported by the frame for measuring a temperature of the storage
device. The test slot includes a test compartment for receiving and supporting the storage
device transporter.
In a further aspect, a storage device testing system includes a storage device
transporter, a test slot, and test electronics. The storage devices transporter includes a
20 frame configured to receive and support a storage device, a temperature sensor (€.g. a
thermocouple), and a clamping mechanism that is operatively associated with the frame.
The clamping mechanism is operable to apply a clamping force to a storage device
supported by the frame and is configured to move the temperature sensor into contact
with a storage device supported by the frame for measuring a temperature of the storage
25  device. The test slot includes a test compartment for receiving and supporting the storage
device transporter, and a connection interface board. The test electronics are configured
to communicate one or more test routines to a storage device disposed within the test
compartment, and the connection interface board is configured to provide electrical
communication between the temperatures sensor and the test electronics when the storage

30  device transporter is disposed within the test compartment.



30device transporter is disposed within the test compartment. Embodiments of the disclosed
methods, systems and devices may include one or more of the following features In some
embodimen¥OtAE Ef98a¢E device transporter includes printed circuitry (e.g.PaHPeHWAMboard,
flexible printed circuitry, etc.). The printed circuitry includes 5one or more electrically conductive layers.
The temperatures sensor is integrated in the one or more electrically conductive layers of the printed
circuitry. In some examples, the storage device transporter can also include an electric heating
element (e.g., a resitibdimeatasy eicahigecktd hedli@lsioyagemdaritasuppanedibylide fianoe. The
clamping mechanism be canfigured to move the temperature sensor 10and the electric heating
element inf8058r9?;%}ev§ﬂﬂ10§v§?§%g§ tHvice supported by the frame. In some embodiments, the
storage device transoaftesritediaespyiiedoitgididyvie Otsaadpontadnyitdes poiatdd teeclileyprinted
circuitry, etc.) that includes.contact teyminals in elgctrical comnbg ication with the. emgﬁ[r ure sensor.
The test IOt Bl PATIELAG AR Ll M TS AE SHIN i oA B GUEHUE CBRES (e g
springron@cisrpoge piagriett)yineldatticallepemndhicatiapenitinth s enonsatitspiatedfaceeircuit. The
electrically conductive co tactﬁ can Hlel girraoagled toﬁ?lrl?ﬁ] eg&gae cont[act terminals of the printed circuitry

when the s?(l)l?aogrem &vice rgﬁasp\éft%l} 185 i\é% SGWith est 1é%lrlﬁ|LI)¥1'rtment. The printed circuitry can

include one or mdteselactsicallyl2Qabaductiye dayrisirancptieteanpdsatinidirRnaocleamimtegrated in the

one or more electrii:allg? nductive .Ie% erﬁ. The printed %'rcllljitqy further can also includg g\n electric
. ca 11% clemen ge,% a 1resis i/v e%tela g[rr%nﬁ]eé 0 heat a storage d?ewfe su“) orte X .
heating elemen %e.g., a resistive hea e?) Integrate e one or more electricalty’ conductive layers. In

some casetheflima andtireg onpiegtors: ham dne @rrobidesh foruebeoisi cad eotimmemicatiandemseen the
o R R S T RO e e ecnenm
frame.

In some embodiments, the storage device transporter includes printed circuitry
(e.g., a printed wiring board, flexible printed circuitry, etc.) that includes contact
terminals in electrical communication with the temperature sensor. The test slot can

15 include a connection interface circuit and electrically conductive contacts (e.g., spring
contacts, pogo pins, etc) in electrical communication with the connection interface
circuit. The electrically conductive contacts can be arranged to engage the contact
terminals of the printed circuitry when the storage device transporter is disposed within
the test compartment. The printed circuitry can include one or more electrically

20  conductive layers, and the temperature sensor can integrated in the one or more
electrically conductive layers. The printed circuitry further can also include an electric
heating element (e.g., a resistive heater) integrated in the one or more electrically
conductive layers. In some cases, blind mating connectors can be provided for electrical
communication between the connection interface board and the printed circuitry.

25 In some cases, the clamping mechanism is operable to clamp the storage device
transporter within the test compartment.

The test electronics can be configured to monitor a temperature of a storage
device disposed within the test compartment of the test slot based on signals received
from the temperature sensor. In some embodiments, the connection interface board is

30  configured to provide electrical communication between the temperature sensor and the

test electronics when the storage device transporter is disposed within the test

3



The test electronics can be configured to monitor a temperature of a storage device disposed within
the test compartment of the test slot based on signals received from the temperature sensor. In some
embodimen¥OtAH HB¥iéEtion interface board is 30configured to provide el RS ¥IpHRIARcation
between the temperature sensor and the test electronics when the storage device transporter is
disposed within the test compartment, and the test electronics are configured to control a current flow
to the electric heating elements based, at least in part, on signals received from the temperature
sensor. In apeihetrapeehdatiestslolcaasanblrdspityided forbausingarsiordigeydevice 5 during
testing. The, test sIrgt ass ﬁTbly in ude a housm%that recelv s and. s%fpports the stora e device, and

provides a BERUSISH LH fFSHIERCR P LSt %r%t8?§é%n8 ViCE P EMRL R t&mﬂ?é t8&ting. In

another aspagirihe test slot assembly also includes a temperature sensing assembly that is

iated with the h The tem t dt
(emperatuno of SOV HAVIEE ALY - HEPoDIND ) WA B AT REAR. e orther

aspect a sdurmmmge Tlangpostet asqamlv]szlmbfoﬂdsml&pmﬂggl&tstaragesdﬁw@e@odtsfmhemounnng a

storage deV|ce within.a test slot. T estor (lggeuegwce trans orter incl %fra{nre tgadtels configured to
mnfe%

receive ané %U or?VéCsetoar%%graew%s 4 |Cno?h aspeencﬁlr e gFO eglsljja(glrlﬁ% INCIu Yeset

compatbnenivissrifore chivimgtasichgupporting the storage device transporter. In a further aspect, a

storage device te tlng stem in %chlzles a tﬁt slot %rl ?st elelct({onlcs The %est slot includes a test
? 0 T as cC st slo 80 11% es at mMperature SGHSln%n
compartment configlired to receive a s orage Jevite Ak mperature sensing assembly. The

temperatummmls]m@a‘s&emtdymedsmhlﬂie(ﬂoruﬁim@héﬂestempnmmtmmisargialsamayged to measure a

temperature of a 59 stora e d vice conta|n§d t%x the téest comggrtm r%t sical contact.
F eas naperature oras CVICC CO ? smg } é/
The t€8t el8Ctronics are con gure {6 commuhicate one or nore t mes rage device

disposed withphythieatestncarnphitiinther asllmaatfamhﬁaﬁdedndmnsmmmpmstdﬁégﬁadewce testing
iﬁf&izgﬁonf'%”rﬁggt% 8555 S04 LNk SIRIRAS SIS VISE 3L RROIEY RNiR STRlpgR deMige transporter.
storage device transporter includes a frame that is configured to receive and support a
storage device. In this aspect, the test slot assembly includes a test compartment for
15 receiving and supporting the storage device transporter.
In a further aspect, a storage device testing system includes a test slot and test
electronics. The test slot includes a test compartment configured to receive a storage
device and a temperature sensing assembly. The temperature sensing assembly is
associated with the test compartment and is arranged to measure a temperature of a
20  storage device contained by the test compartment by way of physical contact. The test
electronics are configured to communicate one or more test routines to a storage device
disposed within the test compartment.
In a further aspect, the test slot of a storage device testing system is configured to
accept and mount a storage device supported by a storage device transporter. The storage
25  device transporter includes a frame that is configured to receive and support a storage
device.
According to another aspect, a method includes testing functionality of a storage
device; and measuring the temperature of the storage device during the testing.
Embodiments of the disclosed methods, systems and devices may include one or

30  more of the following features.



25device transporter includes a frame that is configured to receive and support a storage device
According to another aspect, a method includes testing functionality of a storage device; and
measuring WORMPMFe of the storage device during the testing. EmbodRGERAE28f48é2803closed
methods, systems and devices may include one or 30more of the following features. In some
embodiments, a clamping mechanism is operatively associated with the test slot. The damping
mechanism is operable to move the temperature sensing assembly into contact with a storage device.
The clamping methasisereododienconfigdtedimglarghihé sty ageraevite asitunthibvastttompartment
of the test slot. Fln me, embodiments,.a clampin {nechanis is operatively associated with the test
clot. The CISPRBIRG rhacHATEHR L i ST R TR e R RO BAVE SRR 57 device
transporterinvithionthe: tesh conupagk bt ef. tThdesislohglihedlampinguniachaifigindd apeabpe to move
the temperature sensing.assembly into contact with a starage device while it is supported by the
storage degf%%‘éar%p(gr%écﬁ Yo 1%8?%é%%%%@?ﬁ%%ﬁ%%féﬁﬁ%@%ing assembly can include one or
more thermocouplasoitiee:teiopenatitsesansipiassainbiyscan afiernatbre hssociutd ot dienore
temperaturte e %or%hkn wn in the aﬁ including]obut npt Iim(if?d tf’ resi tiv? temep(?rature nsors,
semiconductor diode Sensor, mira egl%ﬁg}r%%l StETS dnd silidon ban geaspo{g%peervaltcl?rgnseansors. In
some embewirenisyibe titemperaiuretbandin gcassenpalyncan cfShackyddqriftee daopitny (e.g., a printed
wiring board, flexible printed cjrcuitry, etc.). The printed circuitry can, include one or more electrically
conductive TSGR TAE SRETBE s T e B AR IR more

electrically stongudtvictaydit it is fippoesddetthssanrdyy dancalsarimehuae. a conductive heating

assembly (e.g., alresistive heatﬁlrg. The conductive heatinr% a}ssemblx can be arranged to heat the
icall ROTLIE Cases, t?n%perat}lre SCnsing assc b y-can I lude QNS 9L MOTE :
storage 20 device. In some éxaniples; a clamping mechanism’is operatively associated with the test

slot. The clepingondchahisncinppetal scto mpuesthd gocrudtiva dinaiiyn (helssiernbéyoantbthe

temperature sensor into contzil<ct with a 1sltor ge qe\(/iice uplg)orfed. In some, cases %he temperature
. ternrRBTa ure sensPr nown In the art,inclu 11% ut riot [imited E[]Q hemts Ve tlsr{l}():era ure
sensing assemply can include one or more temperattre sensors, and the test'slot tan include a

connectionsmenfacemikudintabdledtricakoomimfumahtiemmuithethes @odndationbaridgigee circuit.
Some embodimentsfavg a.copnegtion nisiace Rogrd, The connection interfags bogrd can be
Conflgured o IgI'OVI e efec?rlca communication Wlﬁzl e ?GSI% e?ec{ronlcs, n(szlsfheizst electronics can be
configarediteimdnjtontadempetaticezofagpsivrdgeideyibeabh Stk driegiginatd received ¢tom fHee
temperaturperl% P Icq %?Pyeéguq %CHI < 90 %?(r:}ligr% electrically conductive layers. The one or more
temperature sensors can be integrated in the one or more electrically conductive layers.
The test slot assembly can also include a conductive heating assembly (e.g., a
resistive heater). The conductive heating assembly can be arranged to heat the storage
20  device. In some examples, a clamping mechanism is operatively associated with the test
slot. The clamping mechanism is operable to move the conductive heating assembly and
the temperature sensor into contact with a storage device supported.
In some cases the temperature sensing assembly can include one or more
temperature sensors, and the test slot can include a connection interface circuit in
25  clectrical communication with the connection interface circuit.
Some embodiments have a connection interface board. The connection interface
board can be configured to provide electrical communication with the test electronics,
and the test electronics can be configured to monitor a temperature of a storage device
based on signals received from the temperature sensing assembly. The connection

30 interface board can be configured to monitor a temperature of a storage device based on

signals received from the temperature sensing assembly. In some embodiments, the test
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30interface board can be configured to monitor a temperature of a storage device based on signals
received from the temperature sensing assembly. In some embodiments, the test slot assembly
includes a CHELAMHEEY94Ating assembly (e.g., a resistive heater) and the cd{rEbidN¥tEHate board is
configured to provide electrical communication between the temperature sensing assembly and the
test electronics, and the connection interface board is configured to control a current flow to the
conductive heating assembly based, at least 5in part, on signals received from the temperature
sensing asslemshenfdte inativdely oconddisioretiystin gapanals g aperaksistsernsingraasdiely could be
provided on the connection interface boagd that could serve as.the control point. It is also possible to
e & teriSaR TGS IS o 1L S ABATED Wb HH S IR A R it age
device thateapeiaias torliedempatdiuiedhthe stokagetievjead thsoom ddicarnfigufatiobsaridhe test
electronics.are configyred to measure a power draw of the stoyage device and compensate for any
error betwdb oA R ST PSP S Ar8 SRe TRt B s e, the
tempesatura perisvigsigadibbyeivodiore tenbgyations stheingrnecibly intdttacaibelgrarprovides
electrical cogar?uni(fﬁtion with %h? temP rature sensing a ?emb%\ghen thg atora%ge device is disposed
within the 81T Icl%n%’p%rstﬁ%%at.e RO aS CA RER réln%g%ﬂrlngegﬁ%\fhpeerg?ureeof the storage
device withcantener it gerising asserobly sbtethsdbcemaldgpuiatudeisahiapbngihastorage device
with the terﬂ)eratture se sin% assembply. Intﬁ,otme cases, ?ontactin% Ihe %O{age de%/i%e ith the
temperature L8AsNg gg%élrrﬁbﬁ/n%%llg nciude actia w?g(j A clar Ir?él%elc fanism 1o move 28the
temperaturgmegsihty assbanbhyrictacsanteet tadtp dhxeustarfitie sevige. deviddelhadsncan also include
insertigg a storage. feyice njo, est slot Measuring a jamperatire of (he starag device, can include
measuringct%e mperaStUre of the Storage device by way 0 pﬁysmal%on act while the sup%orted
storage dedioecks dlid posgebnsitividhantestreidic @odde todsuweditcalporatate o€ tinsstdingeadstacage device
transporter, supporting a storage device, info a test slot. Measuring,a temperature of the storage
device cart Tl b TOR R Ao T St e R TR oyeical contact while
the storageddvireatianspbrteomandtibe sugpartdb std agei devitecareat isposedivdtiun thehtdst slot.
S0Embodipents canndude. e anmars of he Jallowing, advaniadsss i Riree! femperature
measurementor a s orage device cPunying fes ing Carrbe more accurate than indirect temperature
meastremenmpaetineds, which can include measuring the temperature of an air flow that passes over

the storage devicg, GOMmPInING 3 I RRIAIIRSS RSP M2 SIAMPIRG ARSEIVRY (ha! is capable of
temperature sensing assembly. Methods can also include contacting the storage device
with the temperature sensing assembly. In some cases, contacting the storage device with
the temperature sensing assembly can include actuating a clamping mechanism to move

20  the temperature sensing assembly into contact with the storage device.

Methods can also include inserting a storage device into a test slot. Measuring a
temperature of the storage device can include measuring the temperature of the storage
device by way of physical contact while the supported storage device is disposed within
the test slot.

25 Methods can also include inserting a storage device transporter, supporting a
storage device, into a test slot. Measuring a temperature of the storage device can include
measuring the temperature of the storage device by way of physical contact while the
storage device transporter and the supported storage device are disposed within the test
slot.

30 Embodiments can include one or more of the following advantages.



5applying a clamping force to a storage device under test can help to ensure secure, direct contact
between the temperature sensor and the storage device, and thus, can help to provide consistent and
accurate mé¥ORHEMEI3Combining a temperature sensor with a clamping RSE&msipipda12ast slot also
obviates the need for a separate mechanism for creating physical contact between a storage device
and a temperature sensor, thus 10allowing more consistent and controlled clamping, and reducing the
cost and complexity of the test slot. DESCRIPTION OF DRAWINGS FIG. 1 is a is a perspective view
of a storage devidbitestirgnpysiair. mtasuZddenpefapactiye dismcotariagtiaithasaamdinotdbFIGS. 3A
and 3B are schemggc v.iecﬁ/s of self-test and functional tesiféi)rcuitrly.. IG. 4 isg;;\dgerssgective view of a

transfer stAiSAHHE48 10YTSer LPRRAE Va8 Y 1Bt AR Bt ge iy f8. RIS s ARt} view of a
storage detticadi@pbngusysitan. &it@otBlist ppeespeetivic\irinagd destiosage device testing system.
20FIG. 7 is an exggd?)d erspective view of a storgllr%e gevice trans%ﬁfte . FIG. 8 ;% %erspective view
of a clamping me IR T REAREHS &é‘szg?ewﬁ pC UPENGEWE 0P & %ﬁﬁaﬁﬂiﬁc G IG.10is a
perspectivappeyingfaac panpofafitmtars. fdtage ddA@nthddBearcpelishentivesvie wscofea ditetage device
transporter frame. 25FIG. 12 |s a perspective view of a temperature sensjng assembly. FIG. 13 is a
plan view SPLBSTF ST HTHG BUES 46 ah HANE MDA R s, R ThA FERIT s

provide consistent and accurate measurements. Combining a temperature sensor with a

clamping assembly in a test slot also obviates the need for a separate mechanism for

creating physical contact between a storage device and a temperature sensor, thus

10  allowing more consistent and controlled clamping, and reducing the cost and complexity

of the test slot.

DESCRIPTION OF DRAWINGS

FIG. 1 is a is a perspective view of a storage device testing system.

FIG. 2 is a perspective view of a test slot assembly.
15 FIGS. 3A and 3B are schematic views of self-test and functional test circuitry.

FIG. 4 is a perspective view of a transfer station.

FIG. 5 is a perspective view of a tote and storage device.

FIG. 6A is a top view of a storage device testing system.

FIG. 6B is a perspective view of a storage device testing system.
20 FIG. 7 is an exploded perspective view of a storage device transporter.

FIG. 8 is a perspective view of a clamping mechanism.

FIGS. 9A and 9B are perspective views of a spring clamp.

FIG. 10 is a perspective view of a pair of actuators.

FIGS. 11A and 11B are perspective views of a storage device transporter frame.
25 FIG. 12 is a perspective view of a temperature sensing assembly.

FIG. 13 is a plan view of a pair of printed wiring boards from the temperature

sensing assembly of FIG. 12.
FIG. 14 is a perspective view of a pair of spring plates.

FIG. 15A is side view of a storage device transporter.



sensing assembly of FIG. 12. FIG. 14 is a perspective view of a pair of spring plates. FIG. 15A is side
view of a storage device transporter. FIG. 15B is a cross-sectional view of the storage device
transporter S ERELIIGA43Kken along line | 5B- 1 5B. FIG. | 5C is a detailed viBGTRSH G 2158,

FIG. 15D is a cross-sectional view of the storage device transporter of FIG. 15A 5Staken along line
15D-15D. FIG. | 6A is a sectioned plan view a storage device transporter with spring damps in an
engaged position. FIG. 16B is a detailed view from FIG. 16A. FIG. 16C is a sectioned front view
a storage device FiGSEBLEy Mths3-teotipardtvitayvldiahnStogas sembdytimapoeiegafBposnion.

FIGS. 17Atagd 178 arfgpe{é eigi%e and plan views of a storage device transporter supporting a
storage deic&” ﬁll(gl.gl 5 %T iew of a storage device transported clamped to a storage device.
FIG. 19 is a perspaGive vieyw dtailegtdtst. i&hIEG2038 a perspective view of a connection interface

board. FIG. 21 ] rspective view of a test ¢ artment.from the test slot <19 (with the
font cover remouEh) | DI 5k HEaL AL U B SHSGE GEURR FARGbHel Aupporting a
storage deudken ulseptdiddr s0ekiBlot. 20FIG. 22B is a detailed view from FIG. 22A. FIG. 23 is a plan

view of a flexible print ircuit with integrated thermocouples. FIG. 24 is a perspective view of a
temperature senHg Aoy GO oA Car s oo iE SRS
in an engaged position.

FIG. 16B is a detailed view from FIG. 16A.
FIG. 16C is a sectioned front view a storage device transporter with a temperature
10 sensing assembly in an engaged position.
FIGS. 17A and 17B are perspective and plan views of a storage device transporter
supporting a storage device.
FIG. 18 is a plan view of a storage device transported clamped to a storage device.
FIG. 19 is a perspective view of a test slot.
15 FIG. 20 is a perspective view of a connection interface board.
FIG. 21 is a perspective view of a test compartment from the test slot of FIG. 19
(with the front cover removed).
FIG. 22A is a plan view showing a storage device transporter, supporting a storage
device, inserted in a test slot.
20 FIG. 22B is a detailed view from FIG. 22A.
FIG. 23 is a plan view of a flexible printed circuit with integrated thermocouples.
FIG. 24 is a perspective view of a temperature sensing assembly with the flexible
printed circuit of FIG. 23.
FIG. 25 is a perspective view of a temperature sensing assembly with the flexible
25  printed circuit of FIG. 23 mounted to a transporter frame (shown in hidden lines).
FIG. 26 is a perspective view of a storage device transporter, supporting a storage
device, aligned for connection with a device interface board.
FIG. 27 is a perspective view of a storage device transporter, supporting a storage
device, aligned for connection (via blind mating connectors) with a device interface

30  board.



FIG. 25 is a perspective view of a temperature sensing assembly with the flexible 25printed circuit of
FIG. 23 mounted to a transporter frame (shown in hidden lines). FIG. 26 is a perspective view of a
storage devi¥@ AHAL98Er, supporting a storage device, aligned for connechol/ UG 1A/BIRe interface
board. FIG. 27 is a perspective view of a storage device transporter, supporting a storage  device,
aligned for connection (via blind mating connectors) with a device interface 30board. FIG. 28 is a
plan view of a pair of printed wiring boards with integrated resistive heaters and thermocouples.
FIG. 29 is a persa@ias wevpbiha tempeagiviicospnisid assambhyidsth alconepliast maigiial on exposed
surfaces of printed wiring boards. 5FIG. 30A is a perspective view of a test slot assembly. FIG. 30B is
a perspect é@l@v@ﬁtg? %?6?1§Sembly and a storage device. FIGS. 3 1A and 3 | B are schematic
views of self-test and. RhitiopalsiesticiEcuiny oFiGedpddtute tamsiieyacicambloragh deviapliasting
system. FIG. 32B.is a perspective view.of a storage device testing system. 10FIG. 33 is a perspective
it i

view of a teRFSHE! PREBIH S PR T

ction interface board. FIG. 35A is an
exploded perspediiMg ¥0wi0h adapestote FlGy 35B tissiasfgrspeciile view of a test slot. FIG. 36 is a

perspective view 9&8 (j@gig%erps%%fcl 1\%8\%\)&1 of a test slot assembly and a storage device.
FIGS. 31A and 31B are schematic views of self-test and functional test circuitry.
FIG. 32A is a top view of a storage device testing system.
FIG. 32B is a perspective view of a storage device testing system.
10 FIG. 33 is a perspective view of a test slot.
FIG. 34 is a perspective view of a connection interface board.
FIG. 35A is an exploded perspective view of a test slot.
FIG. 35B is a perspective view of a test slot.
FIG. 36 is a perspective view of a clamping mechanism.
15 FIG. 37 is a perspective view of a pair of actuators.
FIG. 38 is a perspective view of a temperature sensing assembly.
FIG. 39 is a plan view of a pair of printed wiring boards from the temperature
sensing assembly of FIG. 38.
FIG. 40 is a plan view showing a storage device inserted in a test slot.
20 FIG. 41 is a plan view of a flexible printed circuit with integrated thermocouples.
FIG. 42 is a perspective view of a temperature sensing assembly with the flexible
printed circuit of FIG. 41.
FIG. 43 is a plan view of a pair of printed wiring boards with integrated resistive
heaters and thermocouples.
25 FIG. 44 is a perspective view of a conductive heating assembly with a compliant
material on exposed surfaces of printed wiring boards.

Like reference symbols in the various drawings indicate like elements.



15FIG. 37 is a perspective view of a pair of actuators. FIG. 38 is a perspective view of a temperature

sensing assembly.

FIG. 39 is a plan view of a pair of printed wiring boards from the temperature

sensing assW@BRIBAEEA33 38. FIG. 40 is a plan view showing a storage devREIRNSEEP43132test slot.

20FIG. 41 isaplanv

iew of a flexible printed circuit with integrated thermocouples. FIG. 42 is a

perspective view of a temperature sensing assembly with the flexible printed circuit of FIG. 41.
FIG. 43 is a plan view of a pair of printed wiring boards with integrated resistive heaters and
thermocouples. 25FIG. 44 is a perspective view of a conductive heating assembly with a compliant

material on exposed

surfaces of printed wiring boards. Like reference symbols in the various drawings

indicate like elements. DETAILED DESCRIPTION System Overview As shown in FIG. 1, a storage
device testing system 10 includes a pRFENABERPESEBRETHONe.g., 10 test racks shown), a loading

station 20(13;%@81?(59- Q530

hqt: 300. Each test rack 100 holds a plurality of test slot assemblies 120. As

shown in FIG. Z, eac

h test slot assembly 120 includes a storage device transporter 400 and a test slot

500. The storage dévlenandpéridr 400@1s2gsay s teaiprarivsietoidjadedssaspbopliy of B)t(e.g., from
the loading3ipligny a0d fanARSRALLGRL IR SRS JRYVIGES 566, heagsto i SESIRlR.a00 10for

testing.

rack 100 holds a plurality of test slot assemblies 120. As shown in FIG. 2, each test slot

assembly 120 includes a storage device transporter 400 and a test slot 500. The storage

device transporter 400 is used for capturing storage devices 600 (FIG. 5) (e.g., from the

loading station) and for transporting the storage devices 600 to one of the test slots 500

10  for testing.

A storage device, as used herein, includes disk drives, solid state drives, memory

devices, and any device that requires asynchronous testing for validation. A disk drive is

generally a

non-volatile storage device which stores digitally encoded data on rapidly

rotating platters with magnetic surfaces. A solid-state drive (SSD) is a data storage

15 device that

uses solid-state memory to store persistent data. An SSD using SRAM or

DRAM (instead of flash memory) is often called a RAM-drive. The term solid-state

generally d

istinguishes solid-state electronics from electromechanical devices.

Referring to FIG. 3A, in some implementations, the storage device testing system

10 also includes at least one computer 130 in communication with the test slots 500. The

20  computer 1

30 may be configured to provide inventory control of the storage devices 600

and/or an automation interface to control the storage device testing system 10. Within

each of the

test racks 100, test electronics 160 are in communication with each test slot

500. The test electronics 160 are configured to communicate with a disk dive 600

received within the test slot 500. The test electronics 160 execute test algorithms and

25  monitor the status (e.g., temperature) of storage devices under test.

Referring to FIG. 3B, a power system 170 supplies power to the storage device

testing system 10. The power system 170 may monitor and/or regulate power to the

received storage device 600 in the test slot 500. In the example illustrated in FIG. 3B, the

test electronics 160 within each test rack 100 include at least one self-testing system 180

30  in communication with at least one test slot 500. The self-testing system 180 tests

10



A storage device, as used herein, includes disk drives, solid state drives, memory devices, and any
device that requires asynchronous testing for validation. A disk drive is generally a non-volatile storage
device whicW39eEMW#itally encoded data on rapidly rotating platters with rR&EFASROYHAEEs. A
solid-state drive (SSD) is a data storage 15 device that uses solid-state memory to store persistent
data. An SSD using SRAM or DRAM (instead of flash memory) is often called a RAM-drive. The term
solid-state generally distinguishes solid-state electronics from electromechanical devices.
Referring to/kdfBeBic iR SentR IPlamantainite thd-sictags, davicss sting sksted, kealso includes at
least one c%]n uter 130in ¢ m[]ggnic ion with the tefégsl.otj 500. The ZOcorrgf?ifer 0 may be

3 ol

configured PG0itE MOBH it 6?5{%39&158]6 VIEes 608 8%1878? Eul o terface to
control the gtaragecdevicadastirgsysteroul. 1R tkioheiachcetibesl eshraokis o, kett electagnics 160

i nicati ' h test.slot 500. Th t el ics 160 fi d to co icat
Wit = ok B DU LR SERE I iU oGP SiE PEH Lo BSE e 68 gorthme
and 25monisyr ithel staiusl @gunieritadcatwizh distoragetidevicesfatwdardest] Refetringusdr|G. 3B, a

power system 170 supplies power to the storage device testing system 10. The power system 170
sl 1l et o S S i e oSS e R
example illustpdedyiofdfprddnthelies? @ ketfrenicaddonGiHim edantagttcack k0 dpeldcdcat least one

self-testing system 180 30in communication with.at least one test slot 500. Trge (-g%testing system 180
tosts ot iU TS0 PASR PO AFSS Shetie ey e T e et BT b6 are functioning
properly. Thenfiglirtelkting KytstemHbRGire|uble sclf ¢hssiter controll&0iBdy ordude mark-esnnection

interfage CLouts 182 eadh naatsetical communieafion i, 3 storade deyice (3P),600 received within
the tes slo% , and oneor more EK)Foé]k inPenpace circurts & e ec?ncaPcommunication with the
connectioncimtgréacetcivCtit 582 agh desligstescogpitem1BIl, Thesoms@amipddlsr is8danfigured to run one

or more testing programs. with a acity of roximately 1 %se -tests and/or 60 functionality test of
ctorage dou g e e T R 0 T S ) 05 e
configuredrogetirtmstnidotwevi, thecbsalk iastiiar s ysteurt(3 808 ayd nolodb acsee@sinl Ocircuit 184

Govice tost AR D T L Lo Tah oo e S PO test reut 164 via
Ethermet (egreGigdbinEthten ) ARAChemayicksnAURKRIE iwithutly blookdinidvid dergrstinfsin} 83 and
onto the coppection INElAE&'HSH IR S5 ANTSIRIRNE SRYSRShE02 7 SRR gyaghronous
serial port. The block interface circuit(s) 183 is/are configured to control power to and
temperature of the test slots 500, and each block interface circuit 183 may control one or
more test slots 500 and/or storage devices 600.
20 In some examples, the test electronics 160 can also include at least one functional
testing system 190 in communication with at least one test slot 500. The functional
testing system 190 tests whether a received storage device 600, held and/or supported in
the test slot 500 by the storage device transporter 400, is functioning properly. A
functionality test may include testing the amount of power received by the storage device
25 600, the operating temperature, the ability to read and write data, and the ability to read
and write data at different temperatures (e.g. read while hot and write while cold, or vice
versa). The functionality test may test every memory sector of the storage device 600 or
only random samplings. The functionality test may test an operating temperature of the
storage device 600 and also the data integrity of communications with the storage device

30  600. The functional testing system 190 includes a cluster controller 181 and at least one

functional interface circuit 191 in electrical communication with the cluster controller

11



15receiver/transmitter (UART) serial links. A UART is usually an individual (or part of an) integrated
circuit used for serial communications over a computer or peripheral device serial port. The block
interface cirt\@MV8BdAare configured to control power to and temperaturBEFHEHEIABRE 500, and
each block interface circuit 183 may control one or more test slots 500 and/or storage devices 600.
20In some examples, the test electronics 160 can also include at least one functional testing system
190 in communication with at least one test slot 500. The functional testing system 190 tests whether a
received sttgage deovite: 600 jhtetthandienZUF0kéd ém&h&&sbﬁim&@&hﬁwhﬁtﬁtar@@egievice
transporter 400, is functiani A functionalit ude sting the amount of power
roceived b K8 STALGE GRIoR OER b e BheTUHE A BEIORE) TS LB e vt data.
and the abmﬁyctmfﬁadlwnﬂwrmodata%t1@iﬁ@tﬁgﬁ1tednp®mtunaﬁl(atg aréad tivhisé tbatrandnyride while cold,
or vice ver?ﬁ\ The functton%é% ?gttes r%/ memo ﬁéa tor oft tor e device .600 or only
random sl IGSES AEOh CHnaIRS UE Ry AR SO BN B TR S AUE Hevice 600
and also tlmvdatﬁllme(grg:y@gabimhmmmwprwvﬂdélwestﬂbageodﬁnmacaﬁﬁﬁ%eﬁh&ﬁmmlonaI testing

system 190 |n Iudes &0 f%ﬁ oIIer 181 and t le% gne fupctlonal mtelréeic%)cw 91in
{

electrical c% |caf|on Wi Fbs?e F Ontiditer g1 c%lrtwenec ORI 1é\srface citciitd8Yis in

electrical cdmnnmmmétomwlﬂmmmmmageaiaﬂde:mwedamaobmmﬂiéhe&e,sirﬁldhﬁaﬁbamu the functional
interface circuit.191. The ctional |nter ace cmi.:%t 191 is con ed to conhmuplcate ?functlonal test

nterface circ Bmﬂnlc et net cver
routine to the Storage dlewce 88 ﬁmc ona ng SYS em may INC ude a communlcatlon

5switch 192oferguiiségabit mttyesoetetb ﬁihn/ﬁiaceiemtmabnﬁamunman@hfmyvmeenmﬁmmr controller

181 and th one or oref tlonal |nt ﬁe rabl hﬁ cgr(? te 1
OEQE er C1rCul ara acnme t lgll{ ]fé?
communlca IORCSWITE Gster con ro er 1 1 and functional Interface circui &6fmmunicate on

an Ethernetlsekuovkn kol ek TathAMia rhdbd deymd Risdtion $aayAh euSAS. (SheduAdtional interface
circuit 191 ép:a%l[ communicate to 10the connection interface circuit 182 via Parallel AT Attachment (a
hard disk inter ce also known as IDE, ATA, ATAPI, (JDMA and PATA), SATA, or SAS (Serial
Attached SCSI). RefBrefiegriodo. Mﬁnwmsnmémptemmahmtmnﬂﬁﬂ wtansfel@aticn®B8G includes a

transfer sta%tlon %!tn&gjfgl qlgg e prese HTrqg%nt%ls%Iqtsygg?étms) tem§ems%%sgosed &.SOH the

transfer staﬂonf]l%ousm auon uppor 618 Confi gureapto receive and
Suppds a stor@gérdmfmtﬂletﬁ%m @ﬂ@sdiaahw@p&ismndmmmpmngsyydwéﬁ)mge device testing
system 10 re&(% gres%rat &l(s)ln sup[por{0 ste §122 Jar 6§aCh dls%)ose on thetlsange side of the
transfer station %ousm 10"and arram)ge verflc%ﬁly with respec {o €h¢ ac

servicing by the storage device testing system 10.

The tote presentation support systems 220 are each disposed on the same side of
the transfer station housing 210 and arranged vertically with respect to each other. Each
20  tote presentation support system 220 has a different elevation with respect to the others.
In some examples, as shown in FIG. 4, the tote presentation support system 220 includes
tote support arms 226 configured to be received by respective arm grooves 266 (FIG. 5)
defined by the storage device tote 260.
A tote mover 230 is disposed on the transfer station housing 210 and is configured
25  to move relative thereto. The tote mover 230 is configured to transfer the totes 260
between the tote presentation support systems 220 for servicing by the storage device
testing system 10 (e.g. by the robot 300 (FIG. 1)) and a staging area 250 where the totes
260 can be loaded into and unloaded from the transfer station 200 (e.g., by an operator).
As illustrated in FIG. 5, the totes 260 include a tote body 262 which defines
30  multiple storage device receptacles 264 (e.g., 18 shown) that are each configured to house

a storage device 600. Each of the storage device receptacles 264 includes a storage
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20 tote presentation support system 220 has a different elevation with respect to the others. In some
examples, as shown in FIG. 4, the tote presentation support system 220 includes tote support arms
226 configuMea W18 MEived by respective arm grooves 266 (FIG. 5) defirRelysa9é0dtertde device
tote 260. A tote mover 230 is disposed on the transfer station housing 210 and is configured 25to
move relative thereto. The tote mover 230 is configured to transfer the totes 260 between the tote
presentation support systems 220 for servicing by the storage device testing system 10 (e.g. by the
robot 300 ((fdacd3)ppstaetaging ared ﬁﬁﬁlmhﬁ*ra ﬂmﬁ@tq&ﬁﬁ& odn kméﬁmxdleddfatgbaiadiwload ed from

the transfer atlon 200 (e rato illustrated in FIG. 5, the totes 260 nclude a tote body
262 vihich A0 SOHTLSHS BTAGE e HoEvHS AL e oS SR iR G o
configured dlofhosise, dxﬁtﬁ@g&dﬂ&)&lﬂe&@@s Gtz @foﬁhg@&ék&g@.d@htc&)febeayame&%@ﬂﬁﬁiwes a
stora edewces configu tos ortace tr ortion fare torage device 600 to
alon man BUEES SRS e RO DRGE e B B CEy o, Bl SR ot ancior
back exlgesraidfee stoiagrodeirige)l O fhrertﬁig toaayR6P thtsndeliieR gniagraoviesngas that arc
configured{tﬁc& ?gtg&él(? te support arms 226 (FIG. 4) of the 5transfer station housing 210 thereby

to support , for servicing by the robot 300 (FIG. 1)). Referring to FIGS. 6A and 6B,
the robot 300 mclR(éMnlg){mﬂmrﬂzmaﬁcaﬂE almmﬁpu%@h&h&iéﬁﬁoﬁéﬁcdispﬁﬁdmdadistal end of

the robotic arm 3 0. T %p&tllc rst XI FIG 6 floor surface
316 and is opelpalb?éof O rota ?f%)g%ijlﬁﬂogepre e?é?rﬁlneg aféﬁgggu tlc Im)#\nds radia §1y ffom the first
axis 314 within3d Oaleditnoperitingascd 81BIA. @Daﬁmﬂmhﬁmfﬂlﬁnsmﬁaﬁtgmrédﬁd indppeabtiently service

each gst slot 50 lgl)L ferrl s,tora%?1 dewBes 60 betw ent to 65’2 O%Ithe tra?f er station
acks T

t Irca 1St axis
200 and the tes?r Pn pal’%ml ?‘le ro IC arm IS con gure O remove a storage device

transporteMﬂﬁrfrzomtmﬂepﬁralmﬁgeseasﬁ)ls STIJﬁe\mdhohEthmrﬁaﬁlmdanﬁ‘rgaiai t@mdmlndmlﬁystorage
device 600 from one ﬂ%es? 3%@980%6\(1 rcrfnt% e n‘l?qtagloe;a%ée%}: the 6&56”%]‘%&2%% Ortﬂ & S%%h t e storage

device transpor‘i enr age vice ransporter orage $Sevice 600
therein, to tms&stmﬁmmmmm@mmsswmge dexticel &0 thAddbptesting 3 ileiyobotic arm 310

retrieves the HAg8 ASMSe vANSRAL A% AN M MR FHRRUTRS FIREAES HBYS06%m

15 the manipulator 312, then pick up a storage device 600 from one the storage device
receptacles 264 at the transfer station 200 with the storage device transporter 400, and
then return the storage device transporter 400, with a storage device 600 therein, to the
test slot 500 for testing of the storage device 600. After testing, the robotic arm 310
retrieves the storage device transporter 400, along with the supported storage device 600,

20  from one of the test slots 500 and returns it to one of the storage device receptacles 264 at
the transfer station 200 (or moves it to another one of the test slots 500) by manipulation

of the storage device transporter 400 (i.c., with the manipulator 312).

Storage Device Transporter

25 As shown in FIG. 7, the storage device transporter 400 includes a frame 410, a
clamping mechanism 450, and a temperature sensing assembly 490. The temperature
sensing assembly allows the temperature of the storage device supported by the frame to
be measured (e.g., directly measured via contact with the storage device).

As shown in FIG. 8, the clamping mechanism 450 includes a pair of clamping
30  assemblies 452 each including an actuator 454 and a pair of spring clamps (i.e., proximal

and distal spring clamps 456a, 456b). Referring to FIGS. 9A and 9B, the spring clamps
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20from one of the test slots 500 and returns it to one of the storage device receptacles 264 at the
transfer station 200 (or moves it to another one of the test slots 500) by manipulation of the storage
device tranSyO8IUPBUE., with the manipulator 312). Storage Device Traf$pguH802GAL ERown in
FIG. 7, the storage device transporter 400 includes a frame 410, a damping mechanism 450, and a
temperature sensing assembly 490. The temperature sensing assembly allows the temperature of the
storage device supported by the frame to be measured (e.g., directly measured via contact with the
storage dexfw). 455shminidnbise Bottiencia®piniofineahdRisiond SPringlucas 460aid ofelariping

30assemblies 452 each including an actuator 454 and a pair of spring dam i.e.. proximal and distal
e S HSA D N SO g RS og 4o R R AR e &
base portiamd 884arhiirsprangddenpnd Spriag s 46 Ja;deDraachduavirel Qroximallend 462
connected to the base portion 458 and a displaceaple distal end 464. The spri | s 456a, 456b
ot o S s e AT R e oa
the speang anmadheRagibaCls clefine fbrogivowae gt 4aq, ¢ bdgas42@ihordb8vesh a pair of edges 470
therebetween. As illus in EIG.9A, the first spring.arm 460a.includes a first en ement member
phabapey U o R T R S S e o
As shown imaftg. Daripersetbnthsptingparai’4ahh cfodesdfisenongd. thgagepheicimember 476 which

defines a protuberance 473. Each of t ing.clamps 10456a, 45 Iso includes a pair of mounting
tabs 430 t15F EOEH DS S R e SN 4B R A LSS Ry oS frame 410,
the edges 4daghgadamonniirigrtdBé 4AM:hekfite ke gpotubspnictgdianifm i b6 &h AGem incpasitson within
sidewalls 418 (FIGS. 11A.and 11B) of the frame 410. A gﬁi. ussed in greater detail below, following
osertbly. e S B R M R R R Ry
15associateadsawibrtioa dttudiotmdid(asemiolly olath pirdiamtotd(ctitevipe GO withimdnetfngme and/or

o camong s A A 0 S 550 800, RISl el e acuaor
features inCHIGS wadgasidBBand thecessestd83 Ashbsautsadorsgdétealdetadbliclewpfeatiogsnd84 which
extend bet\é\lstggrlilﬁ'gpﬁ the spring clamps 456a, 456b are mounted to the frame 410 and are operatively
15 associated with the actuators 454 (e.g., for clamping a storage device 600 within the
frame and/or for clamping the frame within one of the test slots 500).
Referring to FIG. 10, each of the actuators 454 includes inner and outer surfaces
481a, 481b which define actuating features. The actuating features include wedges 482
and recesses 483. The actuators 454 also define openings 484 which extend between the
20 inner and outer surfaces 481a, 481b. At their proximal ends 485, the actuators 454
include actuator sockets 486 which are configured to be engageable with the manipulator
312 (FIG. 6A) for controlling movement of the actuators 454 relative to the frame 410.
As illustrated in FIGS. 11A and 11B, the frame 410 includes a face plate 412.
Along a first surface 414, the face plate 412 defines an indentation 416. The indentation
25 416 can be releaseably engaged by the manipulator 312 (FIG. 6A) of the robotic arm 310,
which allows the robotic arm 310 to grab and move the storage device transporter 400.
The face plate 412 also includes beveled edges 417 (FIG. 11B). When the storage device
transporter 400 is inserted into one of the test slots 500, the beveled edges 417 of the face
plate 412 abut complimentary beveled edges 515 (FIG. 19) of the test slot 500 to form a

30  scal, which, as described below, helps to inhibit the flow of air into and out of the test slot

500.
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20inner and outer surfaces 481a, 481b. At their proximal ends 485, the actuators 454 include actuator
sockets 486 which are configured to be engageable with the manipulator 312 (FIG. 6A) for controlling
movement ¥ th20ake8%ts 454 relative to the frame 410. As illustrated RCE(CBIWI24AY 11B, the
frame 410 includes a face plate 412. Along a first surface 414, the face plate 412 defines an
indentation 416. The indentation 25416 can be releaseably engaged by the manipulator 312 (FIG. 6A)
of the robotic arm 310, which allows the robotic arm 310 to grab and move the storage device
transporter 400. Thie:faemplale 412 ialdaodactupias bRyigtechibdges, 4dhicoFtteid Brrwdhdln thenstorage

pote 415 Ao D BISh ] PV SA05 s (s 10) BRI eab o000 HAFE Fokeal which,

as describedretavwhaslids alik by, tmddloideofadis 411 andiaubakthates? 3ioigbr definthe frame 410

also includes a pair of sidewalls 418, which.extend outwardly from a second surf 420 of the face
piate 415, S AL DB R3S GHED B oD R s SUBHEITA8 PP sidewalls
418 argd thesbase qipterd 2 2ttogeihier teft0d afuistentaths tldshrpadgpenings whikh tatiows the
storage deg'gf transporter 400 to be 5used to capture a storage device 600 off of the storage device
supports 226 1n the totes 220. The frame 410 also includes a plenum wall 401 that is disposed
between a storag@lgefrinaddgbastORalate a plemumwelliotl 4620is Aisposdbbe (e g@n tostonging a

storage degice supé)?r%egoi? tgltladtrarls orger 400) 53R b Ig[arg%ed into t rplenlli'ﬂn re i(%g 402b via 10an
inlet apertureevif(?S irone of the sidBwallS 478 °Fhe air flow Canthers be GefVered tbwards the storage

device regidsvid02aihoaied hinath @irafiepo epedi e cda b endihe tokb mionteghl ein Tdaoliad®zbaid can be
formed of mold lastic. A weight 405.(e.g.,a per block) is disposed within the plenum region
309b St et o o A 23 R SR TS EE e TR b HELS 5 esion 101
vibration bétwesls thsupppagtedestocagei dedizs dinduhk sestisiidb@Patunagdéstinhe plenithe sidewalls

418 arc Sp%%?l%i?l refﬁévga%l gt%&g:eallﬂggi%e 6%3 éfgl(f(g (g% csitg)%r(se(%‘lli)etween, and define surfaces 424 for

supporting the storage device e sidew fie back hooks 426, which can be useful
for extracting the gtovaghtdiide. 600 éappea ikstkglot GO fedgwifbimstbpariating acgoomeéabr on the

storage deglil%ais mounted to the base plate 422. The weight 405 can help to inhibit the transmission
15  of vibration between a supported storage device and the test slot 500 during testing.

The sidewalls 418 are spaced to receive a storage device 600 (FIG. 5)
therebetween, and define surfaces 424 for supporting the storage device 600. The
sidewalls 418 also define back hooks 426, which can be useful for extracting the storage
device 600 from a test slot 500 (e.g., for separating a connector on the storage device

20  from a mating connector in the test slot 500). The back hooks 426 include openings 427,
which can help to accommodate the temperature sensing assembly 490. The sidewalls
418 also define lead-ins 428 (e.g., chamfered edges), which can aid in centering a storage
device 600 in the frame 410.

The sidewalls 418 each define a pair of pass-through apertures 430, which extend

25  between inner and outer surfaces 432a, 432b of the sidewalls 418. Following assembly, a
corresponding one of the spring clamps 456a, 456b is associated with each of the pass-
through apertures 430. The sidewalls 418 also define actuator slots 434 which extend
from a proximal end 435 to a distal end 436 of each sidewall 418. The face plate 412
defines a pair of apertures 437 (FIG. 11A) which extend between the first and second

30 surfaces 414, 420 thereof, and which allow access to the actuator slots 434. When

15



20from a mating connector in the test slot 500). The back hooks 426 include openings 427, which can
help to accommodate the temperature sensing assembly 490. The sidewalls 418 also define lead-ins
428 (e.g cha¥erépaty®ddss), which can aid in centering a storage device 608GH 414 1220. The
sidewalls 418 each define a pair of pass-through apertures 430, which extend 25between inner and
outer surfaces 432a, 432b of the sidewalls 418. Following assembly, a corresponding one of the spring
clamps 456a, 456b is associated with each of the pass-through apertures 430. The sidewalk 418 also

define actuaikenh®inid, 4iddaciabreXen FIGNS paps aKidablyedidpdsadto ahiisiiad ertdAstshfteagh sidewall
418. The face plate 412 defines a pair of agertur 437 (FIG. 11A) which extend between the first and
fid 5 s ot

second 3080 E%%%f&,e ﬁ?) atﬁ%‘l% ﬁlgﬁ%ﬂ‘iﬁﬁ altoWPAt gD tor slots 434. When
assembled, the aRufioiscAdd (b HGH. arneAshickibiyBdibpaséavaithi el saclufiter thloighdbred are

arranged tg getugte move ts of the spri rms 456a, 456b Referring sfill to S.11Aand 1
B e sio L R RS RGN B S A A S8 el bien the iner
and outer shiefaices/ 4241 8132 abfobtfersidewalls thi 3 andalldvt fdB adeelss igpibe atuatotisiots 434 in
the region between the pass-through, apertures 430. The temperature sepsing assembly can be
mountod (S TR AR sy o5 O ROAL 480 e RS TR IY ERT I T lperature
sensing asfembly1090-tatuddseuphinatpdid®ed wiring boards (i.e., first and second printed wiring
boards 491a, 491h), a pair of r re plates 492, and a pair of resilient biasing mechanisms
(ohown in the oot SR e A28 IR S S0 b AR L PGS BRATE 4012, 4915

toward thesicewlalts khi®od e frapiesd 10detowit grassdmiddingRetaxtsitpla, A b3 pachfof the printed
wirinq1 boards 491a lgt%%%é%clud sa theFmo ouple 487 intg%r@lated in.an electrj[ﬁgl% corolguctive layer at

i SR LA Bty RSB ¥R bl Witing boards

respec()[lve?ﬁ%stsgﬂer?%ces epprln?ed wiring boar
491a, 491bsimchegde atdsiA§ ) adds etBSpatdteaiv besphetvenprdximalgercisdd 3d a T4l prioteddrtreng boards
491a, 491b can lectrically.conn 0 each other via wires 49 ich.are sqldered to the printed
wiring boaRiE 1S HS1H Bt i a8 bl e o TS Buces = par o
contact terprinald Watnat itsudist) end AdPdinclildescotitach veonmphais 2 DG @ltetedon 20electrical

communicafion with. . soRngtion interface baaidmaduithin. hetestSlof 500, £ach.qliligprinted
wiring boarcis Eé a,y4(§0fb IS mournte Eegp, via a(ﬂ?eswe or me%%anlcalpfras enerssnl% an associated
one ofgthe pPdssdiveéplaibs prdRed wiring boards 491a, 491b include wiring pads 489 at their
respective proximal ends 494a. The printed wiring boards 491a, 491b can be electrically
connected to each other via wires 495 which are soldered to the printed wiring boards
491a, 491D at the wiring pads 489. The first printed wiring board 491a includes a pair of
contact terminals 496 at its distal end 494b. The contact terminals 496 allow for
20  electrical communication with a connection interface board 520 within the test slot 500.
Each of the printed wiring boards 491a, 491b is mounted (e.g., via adhesive or
mechanical fasteners) to an associated one of the pressure plates 492.
The pressure plates 492 are substantially flat and can be formed of metal or rigid
plastic. The pressure plates 492 are each mounted to a corresponding one of the spring
25  plates 493.
Referring to FIG. 14, the spring plates 493 each include a body member 497 and
upper and lower edges 498a, 498b extending outwardly from opposing sides of the body
member 497. The body member 497 is attached to one of the pressure plates 492 (e.g.,
via adhesive or mechanical fasteners). The spring plates 493 can be formed from sheet
30 metal, e.g., stainless steel. When assembled with the frame 410, the upper and lower

edges 498a, 498b of the spring plates 493 rest within the actuator slots 434 and the body
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The pressure plates 492 are substantially flat and can be formed of metal or rigid plastic. The pressure
plates 492 are each mounted to a corresponding one of the spring 25plates 493. Referring to FIG.
14, the sprityprata9eI3each include a body member 497 and upper and RAVEPEWAR84288, 498b
extending outwardly from opposing sides of the body member 497. The body member 497 is attached
to one of the pressure plates 492 (e.g., via adhesive or mechanical fasteners). The spring plates 493
can be formed from sheet 30metal, e.g., stainless steel. When assembled with the frame 410, the

upper and inyvebecges ¢a8ad 4a8huf tetbriigd-hldtss!i 39 trart sidtviallbe ECtuatodskhtsd34 and the
body members 497 extend ttlﬂr%lgh th 6hrough-ho|es 438 in the sidewalls 418 towards the U-shaped
opening in Stjﬁaé)? RRs™18 " Eg}?i?\e&; to FIG. 15A, following assembly of the temperature sensing

assembly 490 andk #iercianipiRGmiechaioison wigh thenftayne dlOicthpedaivatassifipdassenddgh
5independently slidable within a carresponding,one of t ctuator slots 434 (FIG. 11A) and are
moveanie ALOE 1A SR e 15 TR RALII S PR ahe A B ndh B, AG lustrated in
FIGS. 45BitRiGpautientiinelidatiatoit bdarecipondingeased fositimadhe @ngadementimembers 472,
476 are biased towards a rest position in which th re retracted within the recesses 483 (FIG. 15C)
of the actu A & 3P AL ETALER DO FIEE A R Eh g D SHEN OGRS STD. 476 In e reet

position, theospivng plaida#@ihncE TGS . preBsLi€, plaiastiOAdnaest dgdinstiththsicdweadls 418, as

illustrated in FIG. 15D. The first an sggﬁ%;j %gﬁa(e:] me%mem ers 472, 476 of th 1s&ring clamps

4564, 456@%%%05130 BE& %rélg%tgf/e%s Ing é actuators ‘?’r%vasr%ﬁ/e%o Ard héirst Strface 15414

of the facetplgterd Idt(asddcvithiadHeyrareaws6R (FIG. 18A)oRbtescingttosHSIS. AGNisGBtcih the
engaged position, t we%gt s 482 of the actuators 454 age the spring clamps 456a, 456b to
q‘(i .II1 j#??(} 26 W1 %e elé%ar%em?%ren %%ers 1, g?glcf)‘? (5] res%%om ? I:[E]l%

cause the fifst ani ¢cond enga en MDers 4 e spring a s 4, #60b to extend
outwardly fptaredHE Infoercahd patsnisupfaes 93 RaresB 2gnofstibesitionalls 418, AAslBstatedn-IGS. 16B
and I6C, i aged position, the 20dampers 474 (FIG. 16B) engage the pressure plates 492,
thereby forcing the pressure plates 492 away from the sidewalls 418.

The first and second engagement members 472, 476 of the spring clamps 456a,

456D can also be engaged by pushing the actuators 454 inwardly toward the first surface

15 414 of the face plate 414 (as indicated by arrow 60 in FIG. 16A). Referring to FIGS.
16A-16B, in the engaged position, the wedges 482 of the actuators 454 engage the spring
clamps 456a, 456b to cause the first and second engagement members 472, 476 of the
spring arms 460a, 460b to extend outwardly from the inner and outer surfaces 432a, 432b
of the sidewalls 418. As shown in FIGS. 16B and 16C, in the engaged position, the

20  dampers 474 (FIG. 16B) engage the pressure plates 492, thereby forcing the pressure
plates 492 away from the sidewalls 418.

As shown in FIGS. 17A and 17B, when the actuators 454 are in the release
position, with the spring clamps 456a, 456b and pressure plates 492 retracted, a storage
device 600 (shown hidden in FIG. 17B) can be inserted into the frame 410 between the

25  printed wiring boards 491a, 491b. With a storage device 600 inserted in the frame 410,
the actuators 454 can be moved towards the engaged position to displace the first
engagement members 472 into contact with the pressure plates 492, thereby causing
displacement of the pressure plates 492 and the attached printed wiring boards 491a,
491Db, such that the printed wiring boards engage the storage device 600. This provides

30 for direct contact of the printed wiring boards 491a, 491b with the storage device 600 for

good contact between the thermocouples 487 and the storage device 600, and, at the same
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As shown in FIGS. 17A and 17B, when the actuators 454 are in the release position, with the spring
clamps 456a, 456b and pressure plates 492 retracted, a storage device 600 (shown hidden in FIG.
17B) can beN@sU&d3 the frame 410 between the 25printed wiring boar@$S T3 BOWPHB124/ith a
storage device 600 inserted in the frame 410, the actuators 454 can be moved towards the engaged
position to displace the first engagement members 472 into contact with the pressure plates 492,
thereby causing displacement of the pressure plates 492 and the attached printed wiring boards 491a,
491D, suchiithaf &txmpsimhe@tw[iﬁigngdawarasmr@mm@os@nagerdaﬂmtﬁe& frbineptogjdss 30for direct

contact of the print s 491 9lb w stor V|ce 600 fo od contact between
e oot SRR T 1 e st AT B i R L o e Storage dovion
600 agannsjmm@memageIaémedmh@frﬁma@ﬂﬁ)n@ﬁlsh&watgmdla&emomeldamppdsssﬂﬁlé ©an also help
to inhibit the gansfe fV|br @ns betweeng orag];e de\(ﬁge trans Wg;l%rter 400 nd t §stora e device 600.
Itis also pd& B‘|8°r‘251 R A RN R o eaftlﬁeﬂ%(%%&ﬁ QN the storage
devicesto Saroammodatattthesutbce gubgitlasitehoktomgialagecdevice. Test Slot As shown in
FIG. 19, the test slot 500 includes a base 510, upstanding walls 512a, 512b and first and second

covers 514a, 514b. The first cover 514a is integrally molded 10with the base 510 and the upstanding
walls 512aTbdtRiofl he test slot 500 includes a rear portion 518 and a front portion 519. The rear

portion 518 houses a connec hc rrle e conne tion i e circuit
§S3%1) PR sho& '](f Ig?& nV\{ué:es i ?ereface ﬁ@aslra gc T cAel

182 (FIGS. 3A an Wh 1R’ e connecton’in inclides ectrical
connectorsS52R@ aildpfusedldlmmdchet&keﬁmwsmbth@haﬁmeww ihtéafacmtogeaidyaA0ldEte electrical

Lecopecan R oL Rt eI by e coppean e o 102
in the assopatead telst sadla fﬁ&t"ﬁbmonrﬁiéotﬂmw&mtan&daoﬁﬂ& baed sccnsledemartesfasiot connector
gtzo‘ta"vh'ghbpmﬁ 9%1 \%u_f %ta%rc"é]‘é ﬁ?mm#n%'&?(%%?{‘n e NG FRRTERISMRIGHRSR Syt 182 and a
ge aevice In SIO
shown in FIG. 20, the connection interface board 520 includes electrical connectors 522
disposed along a distal end 573 of the connection interface board 520. The electrical
15 connectors 522 provide for electrical communication between the connection interface
circuit 182 (FIGS. 3A and 3B) and the test circuitry (e.g., self test system 180 and/or
functional test system 190) in the associated test rack 100. The connection interface
board 520 also includes a test slot connector 524, which provides for electrical
communication between the connection interface circuit 182 and a storage device in the
20  test slot 500.
The connection interface board 520 also includes spring contacts 529. The spring
contacts 529 are arranged to engage the contact terminals 496 on the first printed wiring
board 491a when the storage device transporter 400 is inserted in the test slot 500,
thereby providing electrical communication between the printed wiring boards 491a,
25 491D and the connection interface board 520. Pogo pins can also be used as an
alternative to, or in combination with, the spring contacts 529. Alternatively or
additionally, mating (i.c., male and female) blind mate connectors can be utilized to
provide electrical communication between the printed wiring boards 491a, 491b and the
connection interface board 520.
30 The front portion 519 of the test slot 500 defines a test compartment 526 for

receiving and supporting one of the storage device transporters 400. The base 510,
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The connection interface board 520 also includes spring contacts 529. The spring contacts 529 are
arranged to engage the contact terminals 496 on the first printed wiring board 491a when the storage
device tranSyO81UPBFILinserted in the test slot 500, thereby providing ele®&EAE8HMMIMEation
between the printed wiring boards 491a, 25491b and the connection interface board 520. Pogo pins
can also be used as an alternative to, or in combination with, the spring contacts 529. Alternatively or
additionally, mating (i.e., male and female) blind mate connectors can be utilized to provide electrical
communicaietishyeer thel parienbnaridghedinrd s dhat 3,149 1bgand tdertennfidiepdnteitace board 520.
30The fron ér)?orti%n%%m of the test slot 500 defines a test %%D Eaibnltent.526 for receiving and

e Ot a

supporting RIRST4GR AETREA AN S PO TR & Palets 16" URSTARGIREMENS B18a, 5120,
and the firsheguatgd daviogattispoeing0d fitsidopenend-d 2dgeddel, prat edaabesado fihectest
compartment,526 (e.q., for inserting and remaving the starage devijce transporter 400), and the
bovelod eqhB-Cb T AR ISESE (e MO AR 4 1 T e et R e e i the
test slat SOMhibpraticBavsedithatdbanldibiis dhehf ot alais ddteianheditkodphe tadtxA6t 500 via the first
open end 525. As . shown in EIG. 21, in the.regian of the test compar, 526, the .upstanding
walls 51 22 5125 AT EhUhb ek FATSSES P dr L SUBE Hting R R e g

clamps 456aBFER of htbstcfagedercadrafsportars200vetiowing vk statagesadvics foarsporter 400

e device 600 in the storage device
ﬁnal owing t

to be clamged Witrllin the4 at ﬁl’aoébsotothFO{ exam eIel, \e/v&gn% 10(2%}%% ) in {
transporter NOBEHE Wit thé-actators 454 hEhe releats p%si ion, the storage aewcegf:ransporter 400

can be insektexddntenapi@stsiiiN=0d ¢ ntdraped nmclcto rHe1tOs(RIGE SUDA)Fon ¢henspbr agétdevice 600 mates
with the test Slot connectaf A2 4n it the storage devio transporier 49003 . nssriod,position

within'the &Sl 45 i.e., wi storage device connhector mated w e test slot
connector 5i43s¢hpeattuatibrsstidgeateieamevspottevaiifsdhebengsged pasitiapsteldispgléce the first and

cecond cBIETEILRATISR 12, V8 L5 Snacampe i, SO gy fom e
engaged positentath&decond engagement members 476 20extend outwardly from the outer surfaces
432b of sidewalls\%llLt% ﬁpeds o@ggquemge transporter 400 in a fully inserted position within the test
15 slot 500 (i.c., with the storage device connector 610 mated with the test slot connector
524), the actuators 454 can be moved towards the engaged position to displace the first
and second engagement members 472, 476 of the spring clamps 456a, 456b to extend
outwardly from the inner and outer surfaces 432a, 432b of the sidewalls 418. Referring
to FIGS. 22A and 22B, in the engaged position, the second engagement members 476
20  extend outwardly from the outer surfaces 432b of sidewalls 418 and engage the
engagement features 527 in the test slot 500 to clamp the storage device transporter 400
against movement relative to the test slot 500. At the same time, the first engagement
members 472 extend outwardly from the inner surfaces 432a of the sidewalls 418 and
displace the printed wiring boards 491a, 491b of the temperature sensing assembly 490
25  towards the storage device 600 to clamp the storage device 600 against movement
relative to the storage device transporter 400 and to provide physical contact between the
printed wiring boards 491a, 491b and the storage device 600. This physical contact
allows for a direct measurement of the temperature of the storage device 600 via the
thermocouples 487 during testing. This clamping effect also brings the contact terminals

30 496 of the first printed wiring board 491a into firm contact with the spring contacts 529

on the connection interface board 520.
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engagement features 527 in the test slot 500 to clamp the storage device transporter 400 against
movement relative to the test slot 500. At the same time, the first engagement members 472 extend
outwardly frif 2e&1ip#Eurfaces 432a of the sidewalls 418 and displace tRCEARRRU4H#I§2oards
491a, 491b of the temperature sensing assembly 490 25 towards the storage device 600 to clamp the
storage device 600 against movement relative to the storage device transporter 400 and to provide
physical contact between the printed wiring boards 491a, 491b and the storage device 600. This
physical contact allows for a direct measurement of the temperature of the storage device 600 via the
thermocoup ing testing. This clamping effect also brings the contact terminals 30496 of the
first printedwiriig board 49t into firm contact with the spring contacts 529 on the connection interface
board 520. Meth@ﬁlew %eﬁ@bﬁﬂ arm 3mm&em¢hesr@bmmgermx8dearm@p@m Hsttiageeyice
transporter 400 fro tlk/ est slots 500 g1 tge ma ulator 312 éﬁ a storage device
500 from o115 S St AL 05 PR PR g A B e ARG BB Lt age covice
transpertendtpand ﬁwmeeﬁumdhesﬁénageMmems@mteO@lGﬁtmﬁh saoshgradierdevice 600
therein, to %he ass m%e)d teg lot 5 0 for.tes |n of he st 600 hDur n tes(#iry%é the test
electronics 1if’(’af‘lﬁpgxecute aafes %5? ttfl%gt |R M er 4 aarustlr’lg‘iv %F]eate é?a Gre6f the
storage deﬁmetﬁaemmdamhwﬁsd%makwnmmmﬂ rfgrtestmg élﬁellelﬁ@trgagevd@v&ms ﬂilﬂi)iage each
tested over a tem tU{elrapg fropaoabout OCttota out 70 Cé elec%tron cS 1 %an monitor
the temperatS hes ce)r?acgle a&vices B0 i éach & %ﬂn ?fofs a{'sieecf 6n cedbaCiereceived
from the thmena@pammeélm?ﬂs&)tege atettrofiOsuh 6Er cau. dfsm evd;ngﬂehdltﬁtrgpesangehef the storage
devic 600 base on feedhack from th ermocou les 487. 15A er testin rob tic arm 310
retrleggs the s%gragge ev‘l%ébelatré%g%%hrttg?%gb oantgenv\%t?{atﬁleesrﬁa orted s%rageﬂggwce% (516 from the
test slot 5000afd Tatutes dietotmmeacsﬂﬁﬂecatonaxgetdetheeempetptamesf satrtige tkansée66tation 200 (or
moves it to anot on slots 50 uIa tora e devic orter 400
(i.e., with theqrﬁaqrﬁ[ﬁtejla or%&?@& &Zr efr?]%)(ﬁylmen elV er em § tﬁlme At ¢ ﬁe wi Lﬁ[e scope of
the fOIIOWIrthCHﬁmtsomcs 160 can also adjust the temperature of the storage devices 600 based on

feedback from the thermocouples 487.

15 After testing, the robotic arm 310 retrieves the storage device transporter 400,
along with the supported storage device 600, from the test slot 500 and returns it to one of
the storage device receptacles 224 at the transfer station 200 (or moves it to another one
of the test slots 500) by manipulation of the storage device transporter 400 (i.c., with the
manipulator 312).

20

Other embodiments

Other embodiments are within the scope of the following claims.
For example, although an embodiment of a temperature sensing assembly has
been described in which thermocouples are integrated into the circuitry on a pair of
25  relatively rigid printed wiring boards that are hard wired together, in some embodiments,
the thermocouples can be integrated into the circuitry of a flexible printed circuit. As an
example, FIG. 23 illustrates a flexible printed circuit 700 that includes a pair of circuit
portions (i.e., first and second circuit portions 702a, 702b) and a connecting portion 704
that is integral with the first and second circuit portions 702a, 702b.
30 Each of the first and second circuit portions 702a, 702b includes a thermocouple

706 that is defined by electrically conductive traces. The connecting portion 704 also
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For example, although an embodiment of a temperature sensing assembly has been described in
which thermocouples are integrated into the circuitry on a pair of 25relatively rigid printed wiring
boards that W@ WAtPWREd together, in some embodiments, the thermocouBES/E&HBEMABGrated into
the circuitry of a flexible printed circuit. As an example, FIG. 23 illustrates a flexible printed circuit 700
that includes a pair of circuit portions (i.e., first and second circuit portions 702a, 702b) and a
connecting portion 704 that is integral with the first and second circuit portions 702a, 702b. 30Each of
the first anéhskelendlcvieidilpotdadactidarateg BiRclhdidsadhidiaacoeplecdO thatinaefined by

electrically conductive traces. The connecti ortion 704 alsa includes electric onductive traces
208w, BYOVRES i HIETS 5t o B Ao S B P A ARG Socond
circuit portifins itk péiZion T diistladesilt partfitdiidet irehida a it df dasitdehteriinals 710 at its
distal end 712. The contact t rn;'r&)a@?l all wforilectrical communi a%%gn with the connection
Sinterface Sfd’%‘fﬁtiﬁ‘iﬂlé“f‘g&i 50, SURSHIE Fe s BrRH A RIS R e d
thermacouplesface boaiadile fraie \Wetkive FHOctBiaitdislie dfacibikngitiodnganytovGalinigiatddissouri

As shown in FIG. 24, each of the first.and nd circuit portions 702a, 702b is mounted (e.g., via
S e Roas 10

adhesive otrh ﬁwrrentﬂwcgﬁPc%? fAStEHErS) to an as<oddte e8tr11’1ec the %?E%rén %}ﬁa&{%gso 92. The pressure

plates 492 Calukiensatangithe entire back surfaces of the first and second circuit portions 702a,

702b for added st/i;fn ss and ?ﬁ.?i?t , e.d., to he rovide goqd electrical.con ti etween the
oot tarmirate SR S e R B e e e e o B 50 o the
connectionniotarfat éclypavch adbcvikie pithechanage thstdoertian apcriercd06denrsHithd pntestine test slot

500. 1 Alterngtlvéﬁ%, illustrated 31 tl;l 935 dist Iec{mis 712 of the fltI)‘S'[ and secon g%ut portions

7022, 70215 G5 be Teft UnBUPROrdA by the Prassire prares A8 T EoR the Hista) &hds 1% to be

wrapped ardrdcand coodarpotocie ARape0dbtfe hddidhobhkess2m:of thnlftaeae41®hdlpe distal ends
742 of he figt ad scoond el partions 70%%:.10RP SaBP STRSIRY R e Reris ek 420, €.
printed circuit 700 and the spring contacts 529 (FIG. 20) on the connection interface
board 520 when the storage device transporter 400 is inserted into the test slot 500.
15 Alternatively, as illustrated in FIG. 25, distal ends 712 of the first and second
circuit portions 702a, 702b can be left unsupported by the pressure plates 492 to allow the
distal ends 712 to be wrapped around and conform to the shape of the back hooks 426 of
the frame 410. The distal ends 712 of the first and second circuit portions 702a, 702b can
be attached to the back hooks 426, ¢.g., with adhesive. As illustrated in FIG. 26, the
20  connection interface board 520 can, in some embodiments, include pogo pins 530 for
electrical contact with the contact terminals 710 of the flexible printed circuit 700.
Alternative or additionally, electrical connection between the printed circuitry of
the storage device transporter and the connection interface board can be provided by way
of blind mate connectors. For example, FIG. 27 illustrates an embodiment in which
25  mating blind mate connectors (i.c., male blind mate connector 721 and female blind mate
connector 722) are provided for electrical communication between the printed circuitry
700 of the storage device transporter 400 and the connection interface board 520.
In some embodiments, the temperature sensing assembly 490 can also include one
or more electric heating elements (e.g., resistive heaters) for heating a storage device
30  supported in the storage device transporter during testing. For example, FIG. 28

illustrates one embodiment in which the printed wiring boards 491a, 491b include
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20connection interface board 520 can, in some embodiments, include pogo pins 530 for electrical
contact with the contact terminals 710 of the flexible printed circuit 700. Alternative or additionally,
electrical coWige2tid# 84t een the printed circuitry of the storage device traf$poH80dH84i82connection
interface board can be provided by way of blind mate connectors. For example, FIG. 27 illustrates an
embodiment in which 25mating blind mate connectors (i.e., male blind mate connector 721 and female
blind mate connector 722) are provided for electrical communication between the printed circuitry 700
of the storagﬁﬁie;\éiﬁeatrcamsrpommﬁe@aamtghe Mmatmagedtaﬁeem?mﬁ&obmmmmodiments

the temperatyre sen ass 490 can also, include one,o ctric eatln elements (e.g.,
rosistive nOSIEFE for ORGPy A B A b EBE RO o eid G S RS AGBEMer uring
testing. For exangpléctits 608 d\hpptrﬁ&slmn&embtgélﬂteﬁttdmrwtstﬁdﬁﬁietmlntﬁd nesiinig dbandss491a,
491b include resistive heaters 720 tha r to.heat a stora ViC orted by the frame
10 be hoate Ao VIR A BT BTARG AL A58 SRR 0 CL BSOS a storage
devicesBOOosupp)ptt‘edlmrmlaEMagmdewce transporter 400 , the resistive heaters 720 contact the
storage device 6 reb aIIow he stora 00 to be heated 5 rmal
conduction Inolg &110 0 cSnItlac t(aerrrﬁltﬁg %%)g{e %t %?%888565 594# {Wé tiorst1 nted wiring
board 491azv|ma§bo|ardviﬂeajlwaﬂhd@ﬂﬁmtedhemﬁmﬁnmmats&wﬁham@eIeh’atrmalIy connected

to the resistlvethe ers 720 A d|t| nal s r|n ontacit% (gg[)l in can also be growded on the

connectionintariace 83? r% {8 prg%/tiee eIec rica com‘?rrtmr%lca iS5 BECER the

connectionpimm%dwqhﬁﬂﬁiahdﬂhl&rems’evﬁdmaterﬁﬂe?ﬂoélfhéIGs{EIGeZIOeadqm)\?ﬂ@ can be placed
in ele%rlcallc é%ﬁgrcl%ﬁt}%n WI On et ecte%I trcoorllllcg,C L6Q 3666ar dP &% the connectlon
e htrol flo

interface boait elettPonic can bé con gure to Co WS ofr esfec]trlcal current to
the resistivieaters 720.

The resistive heaters 720 can be placed in electrical communication with the test
electronics 160 (FIGS. 3A and 3B) via the connection interface board 520. The test
electronics 160 can be configured to control flows of electrical current to the resistive

15 heaters 720 based, at least in part, on signals received from the thermocouples 487.

The resistive heaters 720 can be integrated into the electrically conductive layers
of the printed wiring boards 491a, 491b. Furthermore, although an embodiment has been
described in which resistive heaters are provided on a rigid printed wiring board, resistive
heaters can also be incorporated in embodiments employing flexible printed circuits, such

20  as the embodiment described above with regard to FIGS. 24-26. Flexible printed circuits
with integrated resistive heaters and/or thermocouples are available from Watlow Electric
Manufacturing Company of Columbia, Missouri.
In some embodiments, the temperature sensing assembly 490 can also include a
compliant material, such as Sil-Pad manufactured by Bergquist Company of Chanhassen,
25  MN, as an additional layer between the thermocouples 487 and a storage device
supported in the storage device transporter 400. For example, FIG. 29 illustrates an
embodiment in which a layer of compliant material 730 is adhered the first surfaces 488
of the printed wiring boards 491a, 491b. The compliant material 730 can help to inhibit
scratching of a supported storage device when clamped within the storage device
30 transporter 400. The compliant material 730 can also help to further inhibit the

transmission of vibrations between the storage device transporter 400 and a supported
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15heaters 720 based, at least in part, on signals received from the thermocouples 487. The
resistive heaters 720 can be integrated into the electrically conductive layers of the printed wiring
boards 4913YQ239H/18%ermore, although an embodiment has been descritfetl U2WHIEH2E3istive
heaters are provided on a rigid printed wiring board, resistive heaters can also be incorporated in
embodiments employing flexible printed circuits, such 20 as the embodiment described above with
regard to FIGS. 24-26. Flexible printed circuits with integrated resistive heaters and/or thermocouples
are availabi®fagmd@atiovr kdesinp Mantfaetinirng Cosmpasiytind Getuivbidap MistUihd theln some
embodiments, the temperature sensing assembly 490 can alsq include.g compliant material, such as
P act el CHAE 10 B P ASE CUBOR G P AT SUBR BB AR b SIS ERU oy er between
the thermoeo@iples 487 and a storage device supported in the storage device transporter 400. For
example, FIG. 29 ”f strates an embodiment in which a layer of compliant material 730,is adhered the
frst surfaces 485 O IR TR IG BhIb HITE: 616 THE PO AR5 can help to
inhibit scratchictguilasuppated spidnggatavicdiadtie plassped uitsin tdaistataghdiepitecdOtransporter
400. The comc%litanttmate(liial 730 can %Iso 1eI fI%ﬁérther ir%pib' the transmis i.ont f. vibrations between
the storagecﬁevliég’troa‘ivﬁ%%ol}?%?eﬁ&@easﬁ ¥ %u?ogorg r%%'%%g ¥ gevice? eér&%lrﬁ% lant material 730
between thadtienmoecoupiesestidand the storage device 600 also accommodates the surface
irregularities of th%é ora%gile device (61300. %It ougah an embo imentﬁ)f stor %e qje‘{ﬁﬁ ransporter has
been described 5Which Gtilizes & ro)alirrngPs%riarllﬁ plin e&t0" (fa%nt]ﬁglpraesssel?% p qteds and the attached
printed cirauithyd¢swaild plsgeatpy el sineyvalient thabdiapoticifiames otiesesgiclatipasayg

mech%nisrrlfe aggdpossible. Although an embodiment of a clamping mechanism has been
described that includes multiple spring claims, in some embodiments, as few as one spring clamp may

10be used. Othéee onbowtiments of thettessistothmalychsdsedddhd doeagtodageaevice transporter
ey ke QIRSTARD 5 SR e ies S e T A e ot
As shown im FIG. 308, ¢hehtest slot assarblyly 26420 melydeciubesan wptisoab8far&ge device
transporterré‘rg)e%.’i'll'lg% StOIS edcej\gi\éig %00 to be tested. As shown in FIG. 30B, the test slot assembly

15 120 may include an optional storage device transporter 400. The storage device
transporter 400 can be used for capturing storage devices 600 (e.g., from the loading
station) and for transporting the storage devices 600 to one of the test slots 500a for
testing. The storage device transporter 400 may have integrated sidewalls 418. In some
implementations, the sidewalls are absent from the storage device transporter 400.

20 Referring to FIG. 31A, in some implementations, the storage device testing
system 10 also includes at least one computer 130 in communication with the test slots
500a. The computer 130 may be configured to provide inventory control of the storage
devices 600 and/or an automation interface to control the storage device testing system
10. Within each of the test racks 100, test clectronics 160 are in communication with

25  cach test slot 500a. The test electronics 160 are configured to communicate with a disk
dive 600 received within the test slot 500a. The test electronics 160 execute test
algorithms and monitor the status (e.g., temperature) of storage devices under test.

Referring to FIG. 31B, a power system 170 supplies power to the storage device
testing system 10. The power system 170 may monitor and/or regulate power to the

30  received storage device 600 in the test slot 500a. In the example illustrated in FIG. 31B,

the test electronics 160 within each test rack 100 include at least one self-testing system

23



transporter 400 can be used for capturing storage devices 600 (e.g., from the loading station) and for
transporting the storage devices 600 to one of the test slots 500a for testing. The storage device
transporter X009 integrated sidewalls 418. In some implementatioR§ RS 29HEWAIR? arc absent
from the storage device transporter 400. 20Referring to FIG. 31A, in some implementations, the
storage device testing system 10 also includes at least one computer 130 in communication with the
test slots 500a. The computer 130 may be configured to provide inventory control of the storage
devices 6008arid/csramanitamaiiontinie taceoie centslttbesioTage devistrigsimgraysem 10. Within

each of the test racligb test ele tgonrcs 160 arc in ﬁﬁmmunl trc% E‘f’ 25eac \%/@]t slat 500a. The
test electroHRRIBd oﬁﬁaﬂge c%%ﬁ%ﬁrﬂ%‘é‘t‘ee\?/ FEK % e‘t?éfvg fin test slot
500a. The teftelenigapitsn 68 Exrtudestestalgodtms knd Snpoiovihrostatosnegontemperature) of

t d der test, Ref FIG. 31B, tem 170 li the st
v oSt CYRTAO: Hhe FBhGY SySIEt s A RS A S FAGhIe A fhe sorecaned

storage demcaﬁ@i)wnﬂthettaebsﬂot&(ﬂt))@aj mﬁhommpdealh]sﬁtate&nfaé%l GrcaﬂtBlsheﬁest electronics
160 Wlthln Et rack 100 |tnclud htthleast on self %'l h ommunl atﬁ)n with at
least one tg stlocta ORI EER S Ing %yg i gu?orp%cr S Céuse es megco & Sor gg device
600 received Mtthsoﬁteeeteshpleﬁ, Eé)&mﬂ'gm@latfrteﬁtm@ systen 80rpgitidesnascluttarcapatiofier 181,

one or more.connection nt E é 861 .ele trcal co munlc tion WrE}B rage device
or unc

(SD) 600 57 g%@?\fgél at‘heﬁ’ etes a, an onelglrlarﬁ l%tlock Mtertace cired Sn electrical

communicatancatiidnthect e edtiont sntee facd thmﬂdckaﬁte“ﬂfaemmtﬁt(s)) hédoHer dBifigarsdme examples,

is conflgured tor noneo mare t prqgr with a capacity of .an mately 120 self-tests
and/of 60 f%r?c?tlona %es evtcsetg?g%%e evn%es%jl éﬁ\él%%rs'r%i?: %n [ Rt%cé cﬁﬁu}i% 2 and the block

interface cirouit(s) dfaﬁ)m mﬁ@drbyl tioe Bisapp davstoréfe theviperseifetéshplrstoragbedevice self-test

may include t tln oun ower, receiy the e device 6 the operatlng
temperaturzb f %ﬁy & reVaH an %/lvr?ll ed a alb? Eﬁreagsﬁﬁld?\grrle%%am & Write Jata at different

temperaturesafergtueadonh rteakiotzlartmihmmedmhﬂmeooldleowohtom%fﬁhe Stoeager gevikeiself-test may
test every memory sector of the sto ede ice ?10 or onl andorg? 55a §,I|n The functionality test

Sto
may test an operatnrll tempera ure of the s‘torage evice B0V an ata m?egrrty of

comm@anicatiopsingth e £Umragmaleylmt6ﬁ@y Tseanl wpen cog taoliperdBiendyhestompaidateEavith the
self-test ci 86{5'[ 1 }é t%t artrgleltl blt Etlhlecrgt sztt't%ht ay com urltéce:aéﬁ Wi the block
interface cifCUil %4?[ onto c}onnec]tnon Interface crrcult&s 185%n storage vrce(s) 600 via
universal cluster controller 181 may communicate with the self-test circuit 184 via Ethernet (e.g.

Gigabit Ethernet), which may communicate with the block interface circuit(s) 183 and
onto the connection interface circuit(s) 182 and storage device(s) 600 via universal

20  asynchronous receiver/transmitter (UART) serial links. A UART is usually an individual
(or part of an) integrated circuit used for serial communications over a computer or
peripheral device serial port. The block interface circuit(s) 183 is/are configured to
control power to and temperature of the test slots 500a and each block interface circuit
183 may control one or more test slots 500a and/or storage devices 600.

25 In some examples, the test electronics 160 can also include at least one functional
testing system 190 in communication with at least one test slot 500a. The functional
testing system 190 tests whether a received storage device 600, held and/or supported in
the test slot 500a by the storage device transporter 400, is functioning properly. A
functionality test may include testing the amount of power received by the storage device

30 600, the operating temperature, the ability to read and write data, and the ability to read

and write data at different temperatures (e.g. read while hot and write while cold, or vice
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20asynchronous receiver/transmitter (UART) serial links. A UART is usually an individual (or part of
an) integrated circuit used for serial communications over a computer or peripheral device serial port.
The block iRt /BA4it(s) 183 is/are configured to control power to and tBaGHIERZMMPEEX¥1Re test slots
500a and each block interface circuit 183 may control one or more test slots 500a and/or storage
devices 600. 25In some examples, the test electronics 160 can also include at least one functional
testing system 190 in communication with at least one test slot 500a. The functional testing system
190 tests whesher ehecoaiashstioyags de\;mesﬁ&%rhelﬂlﬁa@/@eauppﬁﬁeckmrﬂge tesi®lob@Pa by the

storage deV| transporter 400, is tio n|n Afunctlonal test may include testing the
o o DA R e 8 e DS s S R e SRR 48 Wi 10 e
and write omaa@wdeﬂ’ieeeﬂmﬂtynwaleadlenﬁwnﬁeeg&&ﬁaeﬂ@ﬁ%&nkt&mmvﬁtw&e (seogdg’eadmblle hot and
write while cgld,.or v, ce ver The functionality test may test ever rof the storage
oot 600000 or A AL TS TRy TR RO ORLrATit T aure of the
storage deﬁmetﬁﬁﬁlant&ﬁm theat® iniegliytidat @ormuimdatitnswiithtlee kigragemeitlee 600. The
functional tergflngsc\és mt190 |{1c%udesacltug?n rcontr Il rl«‘lsl and at. Ie st on 5fupctlonal interface
circuit 191 iy sldetichl Comhunication With ecﬁﬁ%tee %5%&0?%??%‘1“%%%1}1% Ction tnigtface circuit 182

is in electridacor6diubicatiahwithinatistatagd deios ﬁﬁ&hedenwdmltmmtfmée&i@imtlsmoahmd the

functional ipter ace circuit 191. Th ction |nte ce circuit 191 is configur co nlcatea
P % f ? B? %’e tcunc I%H?ig outl

ctional inferface circur 1S CO O CO. Uni a
functional teSEroULINE 10 the Ctorage device URClionaltes ng system ay nclude a

communlcahmstdlﬁgw'dehidega()(b gh@@mbttdﬁﬁiememgtwplmmd%eiegtmahdemnummaﬁmmtkmtween the

cluster controll §1 functlonal rfa e cwcwts 1 1 r fera he computer
130, communlcati)gr%éa %@%qeﬁus er tPoﬂVld J diRCtonal shierf aF;cg Gircui

communicatester mﬁmmnmmmmeQMWenere cﬁdnenémmwfﬁaoammtmm)h ma’;fdndobsed. The
functional |{1terface |rc 91 ma communlca e h connﬁﬁﬁl\% % erfa e u;gun 82 via Parallel
I

AT Attachmen‘f (m Ihard k ite aglec% hvtl)tvcvn as’i KLI% BK A), SATA, or

SAS (Serlahtwt&cbedcﬁﬁsgl confRef@rangdo ﬁi@ﬁ@ﬁ%@ﬂd@kﬁidv&mbmtﬁﬁdamwdés a robotic arm
310 and a mani ullacta r 312 FIG. 132 )-dis ] at tal %ncqrglﬁ hle) obotic arm 310 The robotic
20arm 310 8H}Fr$es & first axis 314 ?@éﬁkﬁpﬁ norma o a oor sur&ace 5¥8 &hds0 op erab?e
15 the connection interface circuit 182 via Parallel AT Attachment (a hard disk 1nterface
also known as IDE, ATA, ATAPI, UDMA and PATA), SATA, or SAS (Serial Attached
SCSI).
Referring to FIGS. 32A and 32B, the robot 300 includes a robotic arm 310 and a
manipulator 312 (FIG. 32A) disposed at a distal end of the robotic arm 310. The robotic
20 arm 310 defines a first axis 314 (FIG. 32B) normal to a floor surface 316 and is operable
to rotate through a predetermined arc about and extends radially from the first axis 314
within a robot operating area 318. The robotic arm 310 is configured to independently
service each test slot 500a by transferring storage devices 600, for example, between
totes 260 at the transfer station 200 and the test racks 100. In some implementations, the
25  robotic arm 310 is configured to pick up a storage device 600 from one the storage device
receptacles 264 at the transfer station 200 and load the storage device 600 into the test
slot 500a for testing of the storage device 600. In some implementations, the robotic arm
310 is configured to remove a storage device transporter 400 from one of the test slots
500a with the manipulator 312, then pick up a storage device 600 from one the storage
30  device receptacles 264 at the transfer station 200 with the storage device transporter 400,

and then return the storage device transporter 400, with a storage device 600 therein, to
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to rotate through a predetermined arc about and extends radially from the first axis 314 within a robot
operating area 318. The robotic arm 310 is configured to independently service each test slot 500a by
transferring W@ A& WEULEes 600, for example, between totes 260 at the traR§TEUSEARA4208 and the
test racks 100. In some implementations, the 25robotic arm 310 is configured to pick up a storage
device 600 from one the storage device receptacles 264 at the transfer station 200 and load the
storage device 600 into the test slot 500a for testing of the storage device 600. In some
implementatiionrs: ths solatioawsiidd 0 fsheondigigredetace 600y eAditstasagieditd cetivansper t30400 from
one of the test slots 500a with the manipulator , the BI%F up a storage device 600 from one the
ctorage SORRURS1 AL RIS &P AL 00D Ci3Hoh 260 AL SACIEA58 BV ransporter 400,
and then retunigpidrees GOk dir viee dfahs psitsio 40D xith drstorage weiea 503 thergin de/itbe test slot
500a for testing,of the storage device 600. After testing, the robotic arm 31Q. retrieves the supported
torage deTEDLB T AROHCAE SR O ENLE SR HAT 256 AR She B teat sors
500a and r&d0ms it to one of the storage device receptacles 264 at the transfer station 200 (or moves it
to another one of the test slots 5500a). Test Slot With Temperature Sensing Assembly As shown
in FIG. 33, the test slot 500a includes a base 510, upstanding walls 512a, 512b and first and second
covers 514Besh BAd. Wb fikshponend Béadt integeallylt Omolded with the base 510 and the upstanding
walls 512a, 512b. The test sl inclydes a r ortjon 518 and_a front portion 519. The rear
portion 518 housésaﬁéoc)vﬁ%é% |(%?1}c‘)i% érﬂéec%ee %3%1%@5% 'iléiﬁ chnigs ?r?e’élgrsltr?%lc it V|vr?]tlesrface circuit
182 (FIGS 5324 atth3hB Yiksasldoscoin letsei34, 1te Sofinethiotimterfaceshdaid bRy raldiudes electrical
conneglors 53 disnassst flona disiahend 73,0 the, songection, nigrface 1ghogyd 620 The
electrical connectors provide for electr A communication between the coRnaction interface circuit
182 (FIGS iiBdvdena @iB)andrtidé festicirfroinp(etmpn Sél.td3tcsyesteporli8d ahkilarufenetional test system
190) in the assocjated esftara(;bk 10 52‘I' ,%v ﬁonnection interface board g%{a)calso inglygffﬁégst slot

gappection interface boar ich cafries the connection int ¢ circut
connector , WNICh proviaes 1or
31A and 31B). As shown in FIG. 34, the connection interface board 520 includes

electrical connectors 522 disposed along a distal end 573 of the connection interface

15 board 520. The electrical connectors 522 provide for electrical communication between
the connection interface circuit 182 (FIGS. 31A and 31B) and the test circuitry (e.g., self
test system 180 and/or functional test system 190) in the associated test rack 100. The
connection interface board 520 also includes a test slot connector 524, which provides for
electrical communication between the connection interface circuit 182 and a storage

20  device in the test slot 500a.

The front portion 519 of the test slot 500a defines a test compartment 526 for

receiving and supporting a storage device 600 or, optionally, a storage device transporter
400 for carrying a storage device 600. The base 510, upstanding walls 512a, 512b, and
the first cover 514a together define a first open end 525, which provides access to the test

25  compartment 526 (e.g., for inserting and removing the storage device 600 or storage
device transporter 400), and the beveled edges 515. In some implementations the
beveled edges 515 abut the face plate of a storage device transporter 400 inserted in the
test slot 500a to provide a seal that inhibits the flow of air into and out of the test slot
500a via the first open end 525.

30 As shown in FIGS. 35A and 35B, the test slot 500a includes a clamping

mechanism 450 and a temperature sensing assembly 490. The temperature sensing
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electrical communication between the connection interface circuit 182 and a storage zodevice in the
test slot 500a. The front portion 519 of the test slot 500a defines a test compartment 526 for
receiving an@apPdiRtd3a storage device 600 or, optionally, a storage devRehEy2tyE 200 for
carrying a storage device 600. The base 510, upstanding walls 512a, 512b, and the first cover 514a
together define a first open end 525, which provides access to the test 25compartment 526 (e.g., for
inserting and removing the storage device 600 or storage device transporter 400), and the beveled
edges 515at@eﬁﬂme4mmmagﬂmgéhﬁ\tiewei@@@dgﬁby&h5 ebuiltheofdcerpiaieaf @ glorage device
transporter 400 jnserted in, the test slot 5 rovid at inhihits the an of ajr into and out of
the test sV BE T 1L BB DA ORGSR 7 RSB 80 lot 5008
includes a WWM&@%&M&M@@&M@%iﬁQI&SﬁmMy% i heytemperature

llow t orted lot to b 9.,
roatly meOR TR RO AT AL e A U FHE i g B RS 5D e perature

sensing asﬂanﬂﬁyﬂﬁﬁtaﬁmmmlydeﬂauﬁm tﬁshsl%ﬁﬂﬁaiﬁ(ﬁn%aeuetada@esﬂbieacﬁw@u rations.
In some wgglleme tatlons th %?E hanlsm 450 5abut 25%; upstal dln walls,512a, 512b of the
evi e S

test slot 5 &4 as %g |sar|nn%mﬁe%e| ST te 578 BO0X r%ggr(ritep‘fhg mechanism
450 secure(s{)thm placagadieica Hlina placenantddédrensragot viayedientaofthe sheragesttevice 600
relative to ﬁiﬂ slot SOOaIIn some |mpi1 mentatlotns the temgerat E i&gslqlgbassemb 90 can be
positioned 10 t ecefetrrﬁl%lemen%ec gﬁ’lsm esrﬁéh ﬁa]%stﬁlgcest?nnbl mec anISPnOSZH')IB ¥

10engagedowﬂhaﬁmlylpnqaagrmmahmteﬂﬁﬂesanlrﬁlsethmmgaaﬁﬁegnblapkﬂeﬁﬁsmhﬂm inhkern applles
pressyre onnthe orage d vice 600 In spme |mgre r%ntea}tls%?s the tg{na%atu e ﬁensflnrg assembly 490
contacts the %ﬁ%rage evP(PeYGQfS gltferenetqlgca ion than a ation of ¢ amplng mechanism 450
pressure. FppBxaprpieyria dhebe stoplgimientations, ﬂtesotammp@nmﬁhamfsmmﬁﬁnmmapply pressure

directly onto the storagﬂePefI#e%%%ecggpc{)s tﬁg%]]gr%%rg \I]Ii]% han (gFﬁeren nay.a ﬁ)ﬂl}é Pregsure toa

SINZ a8sC
storage deVICE tlt%nspo con alnlng orage eVICG n some impiementa ons the
temperaturesgnsing clamping mechanism 450 pressure. For example, in these implementations,

the clamping mechanism 450 may apply pressure directly onto the storage device 600, or
15 the clamping mechanism 450 may apply pressure to a storage device transporter 400

containing the storage device 600. In some implementations, the temperature sensing

assembly 490 is arranged within the test slot 500a such that, when the storage device

transporter 400 is inserted in the test slot 500a, the temperature sensing assembly 490 is

received by the storage device transporter 400 (e.g. through a pair of ports or holes in the
20  transporter) and comes into direct contact with the storage device 600.

As shown in FIG. 36, the clamping mechanism 450 includes a pair of clamping
assemblies 452 each including an actuator 454 and a pair of spring clamps (i.c., proximal
and distal spring clamps 456a, 456b). The portions of the spring clamps at the inner
surfaces 432 of the clamping assemblies 452 include an engagement member 472 having

25  adamper 474. The spring clamps 456a, 456b are operatively associated with the
actuators 454, e.g., for clamping a storage device 600 within a test slot 500a.

Referring to FIG. 37, each of the actuators 454 includes inner and outer surfaces
481a, 481b which define actuating features. The actuating features include wedges 482
and recesses 483. The actuators 454 also define openings 484 which extend between the

30 inner and outer surfaces 481a, 481b. At their proximal ends 485, the actuators 454

include actuator sockets 486 which are configured to be engageable with the manipulator
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assembly 490 is arranged within the test slot 500a such that, when the storage device transporter 400
is inserted in the test slot 500a, the temperature sensing assembly 490 is received by the storage
device tranS¥O8IUPBE.g. through a pair of ports or holes in the 20transp8&EY SIA0BIIES into direct
contact with the storage device 600. As shown in FIG. 36, the clamping mechanism 450 includes a
pair of clamping assemblies 452 each including an actuator 454 and a pair of spring damps (i.e.,
proximal and distal spring clamps 456a, 456b). The portions of the spring clamps at the inner surfaces
432 of the gledipiag 3&4¢ fiobliestdsifinnchuseasne og dgerornateneibec diizdtavingt@daloamper 474.
The springéﬂgm%s 4564, 4 G%are o%%];?ttive ] ssociated wijth the atlctu rs 454, e.gg,E for damping a
storage de 600 SHATAPAS8F L8P BdEO %%8%}%%8?3&??%‘?, Yic %f(%ﬁél%a&fu 8rs 454 includes
inner and ayigistldiagesia6d,ai 48 kevdriah deforegacivaidaddoaturpiicihe actuating features include
wedges 482 and recesses 48 actuators 454 also define openings 484 which extend between the
Soinner and outer TR HHIS ABathS RO BFORTAS B (00 A0 HIGHE RS Holuse actuator
sockets 48printudiwaiiagoodigisréd (dibe anbageallpritikl théimabipudatd® 13140 (B A for
controlling movement of H% actuyators 454 relatiye.to.the test slot 500a. For.e le, the manipulator
325 can oS A Aor 5 R RSO0 LEVIHG B IAE B DR "o IS Hstorage device
500a in plageinkpEhewtd ), Wi cB8pthetdemipesatia eraandindragsesataly 490 jddiLislesvadaticof Sprinted

wiring boardlsle(rl.sg. v wst&% g?ﬁ?en?c]{ ?Prln.ted W'””%lP%‘%{?f %%1a"491?3ém air of pressure plates 492,

and a pair orrésitient %lasmg mechaniems %%%%I\}vn i\ the rr%%lflgparlng p dtes 493), which operate to

bias the printed wRufgrbogtdF4Q139 42 iofnhechthecihmarisgiiaess 432a0ftHé alahping assemblies
452 following assembly. Referring.to FIG. 39, each of the printed wiring boards 491a, 491b includes a
10 H% bfg 4@?1 %g(gtégi,(g etg hlenggm € e&r“:)??é% ﬁ%ﬁ%ﬁcg feéigg,

10thermocoup13?é0ﬁ§l}p|ntegra e tBhé n electrica ve' 't%oppﬂbgg layer at

respective fasirsuinfapestd8gioftthe facietd@ naifitiey posutdd ¥Adag B8alkls HéprAidd Wiringlcards 491a,
49lb inC|Udve\/i¥\1/1i{én§0Qra' 5346?2?, %I eliI‘l[Crl% g%vcltrll\{leg El%iq@ a%n[ggi# %%Séctive proximal ends 494a.

The printed wiring boards 491a, 491b can be electrically connected to each other via
wires 495 which are soldered to the printed wiring boards 491a, 491b at the wiring pads

15 489. The first printed wiring board 491a includes a pair of contact terminals 496 at its
distal end 494b. The contact terminals 496 allow for electrical communication with a
connection interface board 520 within the test slot 500a. In some implementations, the
contact terminals 496 are permanently connected, e.g. soldered, to the connection
interface board 520. Each of the printed wiring boards 491a, 491b is mounted (e.g., via

20  adhesive or mechanical fasteners) to an associated one of the pressure plates 492.

The pressure plates 492 are substantially flat and can be formed of metal or rigid
plastic. The pressure plates 492 are each mounted to a corresponding one of the spring
plates 493.
Referring to FIG. 40, with the storage device 600 in a fully inserted position

25  within the test slot 500a the actuators 454 can be moved towards the engaged position to
displace the engagement members 472 of the spring clamps 456a, 456b to extend
outwardly from the inner surfaces 432 of the clamping assemblies 452. In the engaged
position, the engagement members 472 displace the printed wiring boards 491a, 491b of
the temperature sensing assembly 490 towards the storage device 600 to provide physical

30  contact between the printed wiring boards 491a, 491b and the storage device 600. This

physical contact allows a direct measurement of the temperature of the storage device
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The printed wiring boards 491a, 491b can be electrically connected to each other via wires 495 which
are soldered to the printed wiring boards 491a, 491b at the wiring pads 15489. The first printed wiring
board 491aWRIMHa49eHEir of contact terminals 496 at its distal end 494b. THETCOPRA HEFHRAInals 496
allow for electrical communication with a connection interface board 520 within the test slot 500a. In
some implementations, the contact terminals 496 are permanently connected, e.g. soldered, to the
connection interface board 520. Each of the printed wiring boards 491a, 491b is mounted (e.g., via
20adhesivé@y viethathiaahdasienergy fodarimsasiatedroseefithpl pressuiem|atds 492ping The

pressure plates 492 are suhstantially flat and cap be formed of metal.or rigid plastic. The pressure
atos 405 SHECARR FOUL 5L PR BR e i SPATG inae JE i o Frc. 40,
with the stdtagesiavicevGaGpriasfoditiosesEonasitioonabytithiinthefiesbstati 320a the@atuators 454 can
be moved towards tth?.eng edf&;cl)siti n o %j§18la e the en em%nt me b.erst472 of the spring
damps 456 ABEEVE I U RN Y SO e TR el AR 439 8RS UISRIFRPRESE mblies 452. In
the engaget@asitiahe digngrigaaerientimesiberiardyR Hisplaagdideyicine®d winimgthoaves&fla, 491b of
the tempergtl%{e S?allg%tgﬁsen&bb/i %91%5%@5 i§§hstorage device 600 to provide physical 30contact

between the prllvn ed Wiring Boards And the storage device 600. This physical contact allows

a direct measurement of the temperature of the storage device 600 via the thermocouples 487 during

testing. In 9me H’n Ife ent?tions, this clamping effect also brings the contact terminals 496 of the first
. . JVIETNOAS gration,. . . . .

printed wir irm contact with spring contacts 529 on the connection interface board

520. In some implamentitiandotieasto Cdepitdsiop 60fdradealtseck\wibifrarstmagetbieviemgransporter 5

190,30 W SETROA RS R RIS SRS el SO0 AR g olave
storage detlice600ifrodnanelof hbasfarageddoeticatreagpteies @B dhtkmntcansfer station 200 and
loads the Sltr%ﬁgr%ednef\e\{tifo%s? Qgei%%otic arm 310 removes a storage device transporter 400 from the
test slot 500a with the manipulator 312, retrieves the storage device 600 with the storage
device transporter 400, and then and then returns the storage device transporter 400 to the
15 test slot 500a for testing of the storage device 600. During testing, the test electronics
160 execute a test algorithm that includes, inter alia, adjusting the temperature of the
storage device 600 under test. For example, during testing the storage devices 600 are
cach tested over a temperature range from about 20°C to about 70°C. The test electronics
160 can monitor the temperature of the storage devices 600 in each of the test slots 500
20  based on feedback received from the thermocouples 487. The test electronics 160 can
also adjust the temperature of the storage devices 600 based on feedback from the
thermocouples 487.
After testing, the robotic arm 310 retrieves the storage device 600 (and, in some
examples, the storage device transporter 400) from the test slot 500a and returns it to one
25  of the storage device receptacles 264 at the transfer station 200 (or moves it to another

one of the test slots 500a).

Further Embodiments

For example, although an embodiment of a temperature sensing assembly has
30  been described in which thermocouples are integrated into the circuitry on a pair of

relatively rigid printed wiring boards that are hard wired together, in some embodiments,
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the associated test slot 500a for testing of the storage device 600. In some implementations, the
robotic arm 310 removes a storage device transporter 400 from the test slot 500a with the manipulator
312, retriev®QR81d{HH¥R4e device 600 with the storage device transporter 40, TARPMEAART then
returns the storage device transporter 400 to the 15test slot 500a for testing of the storage device 600.
During testing, the test electronics 160 execute a test algorithm that includes, inter al/a, adjusting the
temperature of the storage device 600 under test. For example, during testing the storage devices 600
are each tehtetl @uercadpiperaty intagge:iraito ahouir206G o b Ak b rimedtestelecionics 160 can

monitor the temperature of the storage.deyices 600.in.eac the test slots 500 2Qbased on feedback
roceived ML Ao BIEE 8 PRIt DISOTES T80 Bah L AMAREE (3 erature of the
storage depnein600.bafed andferdhddifidnpdigdneTonco0RwR48 4. connddtegtpstiiyg 10e robotic arm
310 retrieves the.storage device 600 (and, in some examples, the ge device transporter 400)
from the tetz}agllgtlgt(%ﬁaqa‘r’i’&t ﬁethfrﬁ%m%%nosl%oféo“fl{ﬁ%ﬁs%éé Scyg\%%’(? §é§eptaoles 264 at the transfer
statiors200 (or miweh bfichardotnendrecohdnertast sioteDO0D3)a Fli2baenEadesdithemt®couple  For
example, h.a bodiment of g temperature sensing,assembly. has 30beep described in which
thermocouEe S G IS ARG S RSt IR FLRE SACASA v HDBoards that arc
hard wirediiagedber]dotsoatle esndadiiments;cdTO& el poeyilksanaridoeiitibgyatectioto the circuitry of a

flexible printed circyit. As an exampl 1G,.41 illustrates a flexible printed circuit that includes a
patr of ol BSOS (8 R T <Oe ST S S e by T i borion 704
that is intednal viittuthpdiit&inaiP s eedndesiacpiinudfrtiomnac 0&ap iR LY. 1I9Eads disthiecfids? Hhd second

circuit portions 702a, 702h incl %s thermocouple 706 that.is define t@)[electric lly conductive
e o Lo e T e B R D S e v an
electrical conadatiobobetvee nnttie tleet siacHple S Tdd &f fleeifilspaint s etend ciwdthii pogtiaed 702a,

Columbia, Missouri.
As shown in FIG. 42, each of the first and second circuit portions 702a, 702b is
15 mounted (e.g., via adhesive or mechanical fasteners) to an associated one of the pressure
plates 492. The pressure plates 492 can extend along the entire back surfaces of the first
and second circuit portions 702a, 702b for added stiffness and stability, e.g., to help
provide good electrical connection between the contact terminals 710 on the flexible
printed circuit 700 and the spring contacts 529 (FIG. 12) on the connection interface
20  board 520.

In some embodiments, the temperature sensing assembly 490 can also include one
or more electric heating elements (e.g., resistive heaters) for heating a storage device
supported in the storage device transporter during testing. For example, FIG. 43
illustrates one embodiment in which the printed wiring boards 491a, 491b include

25  resistive heaters 720 that are arranged to heat a storage device 600. In particular, when
the printed wiring boards 491a, 491b are clamped against a storage device 600, the
resistive heaters 720 contact the storage device 600, thereby allowing the storage device
600 to be heated by way of thermal conduction.

The resistive heaters 720 may be physically separated or otherwise thermally

30 insulated from the thermocouples 487, to limit the influence of the resistive heaters 720

on the temperature of the thermocouples 487.
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interface board 520 in the test slot 500a. Suitable flexible printed circuits with integrated
thermocouples arc available from Watlow Electric Manufacturing Company of Columbia, Missouri. As
shown in FIWOA1E88¥P4X the first and second circuit portions 702a, 702b i¥CBHRMEEHTEY., via
adhesive or mechanical fasteners) to an associated one of the pressure plates 492. The pressure
plates 492 can extend along the entire back surfaces of the first and second circuit portions 702a,
702b for added stiffness and stability, e.g., to help provide good electrical connection between the
contact terminals Al diti e dlexilode tpeifbeohBi 496t {60 thamieb the spupigs ey Tiahts fHROpinfed 12) on the

connection interface 20hgard 520. In some embodiments, the temperature sensing assembly 490 can
a0 incluat BTG BP LA L R BeBAR T S AL OE ML A0S ROAAHE & Etorage device
supported bicdid siibyagatewdadihespoisieydhring dTAndnFsorexanmpldcs; [priag dbisiates one
embodiment in which the gri ted wir'@ boards 491at, 491? ir}clucls Zéﬁg?s ' r;g%)tjrs 720 that are
arranged té’?%oai’lgssfgpaagl CdERERY800: TR erﬁ8ﬂf%?r°, Whéh ?ﬁé“i?rl Rt n@i[?b rds 291 a, 491b are
damped againstadtetagel deninaibidbtitheresistivehb eatars t7@Disrnfact tHoardtoPagm déwice 600,
thereby aIIowinthhﬁegLorag device 600 to be heated by way of thermal conduction. The resistive

C

heaters 72f)esnlfay bé P e)%i a(l)l‘y separated or otherwise thermally 30insulated from the thermocouples
487, to limit the inflhensgsal thesesislive qedbenslated onclbetitenlperatuneaicitibe idinheaostples 487.

R T e e ) U
heaters 726lchnrsoitieléRarmplescsfigpgabiotactsrol floge @ikt caitalsorbmpiotlidedssinthe connection
interfage beaigl 201G 34) 1 sprovidle electical communiealion bEERg Goppecton interface
Alternatively, the connection interface board 520 can be configured to directly control
flows of electrical current to the resistive heaters 720 based, at least in part, on signals
received from the thermocouples 487.
In some configurations, the test electronics 160 can compensate for any error
15 between an actual temperature of the storage device and the temperature measured by the
thermocouples 487. For example, power drawn by the storage device 600 will be
dissipated as heat and increase the temperature inside the storage device, but this
temperature increase may not be fully measured by the thermocouples 487. The test
electronics 160 can measure the power drawn by the storage device 600 and use this
20  measurement to calculate an offset for the temperature measured by the thermocouples
487 to estimate the actual temperature of the storage device 600.The thermocouples 487
can be provided in the form of a discrete device that is mounted to one of the printed
wiring boards 491a, 491b or it can be integrated into the electrically conductive layers of
the printed wiring boards 491a, 491b. Furthermore, although an embodiment has been
25  described in which a thermocouple is provided on a rigid printed wiring board, a
thermocouple can also be incorporated in embodiments employing flexible printed
circuits, such as the embodiment described above with regard to FIG. 42. Flexible
printed circuits with integrated thermocouples and/or resistive heaters are available from
Watlow Electric Manufacturing Company of Columbia, Missouri.

30 In some embodiments, the temperature sensing assembly 490 can also include a

compliant material, such as Sil-Pad manufactured by Bergquist Company of Chanhassen,
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The resistive heaters 720 can be placed in electrical communication with the test electronics 160
(FIGS. 31A and 31B) via the connection interface board 520. The test electronics 160 can be
configured (W ORIIHENS of electrical current to the resistive 10heaters 72D0AE8W 1801423 in part, on
signals received from the thermocouples 487. Alternatively, the connection interface board 520 can be
configured to directly control flows of electrical current to the resistive heaters 720 based, at least in
part, on signals received from the thermocouples 487. In some configurations, the test electronics 160
can compevidatesfon adyitsimil kyddiweesnathadiciahdeoupiratdt nidthetstapagrdeyice and the

t t d by the th les 487. le, d by the st devi
500 will be IR tblr S P T B IR oAb LA, EYHERIE I sthr AU HRTE A bt s
temperaturenibodeasetrinay ioh hddyityoneaspliadt by eadhztdeniheled 48 Airkhaitésicelégtronics 160

can measure the power drawn by the stor deyjce 600 and use thi measyrement.io calculate an
offset for tﬁ)e? Eh %?ﬁj%lrﬂﬁlé}s‘lﬁé %@i%g%ﬁgra% &86‘?85 %%e&ﬂf@ec @é@tﬂoaﬁ% erature of
the staragsdetdnm 00 alduppbenhoroupiak 4dé 6B wiecprduidpetin ithenfarontat alcisO®ie Tevice that is
mounted to one, of the print iring boards 491a, 491b ar it can be integrgted into the electrically
conductve DB B Ee A R G S TRl A5 AR 50 SARB G BB Shimen has
been 25dedaribethie whighl & itiharafaboypimie deevided®and aljodvie foienond iéfifichoaritaa thermocouple
can also b% inc rlporated in embodiments employing flexible printed circuits, such as the embodiment
described above with regard to FIG. 42. Flexible printed circuits with integrated thermocouples and/or
resistive heaters atitlangjlainie fnboliatiovf & leatpicrdanstasiup ngsGobipany efe dhseriiad Missouri.

30in %Bmev%‘fﬁcti?géq‘e”sts’ ihe temper a“F%?gé‘ ing x%‘tés%”s?' S0 Aspdn chqﬁ%ﬁip‘%?n%%”a”t
material, stich as Sit-Pad Manufictirel %y ergquis G?ompany SECRES assen, , as an additional
layer betweenthey thewmndoespies vidien duafstesagaldedivasuppsstaeclreshetbtoragdicavice
transporter, 411aOSO. Fr%r g)liaa}lr% I(Sa,arFeIG. 4ﬁ4llustrates an embodiment in which a layer of compliant material
730 is adhéred thé first Stirfaces 8% 0t the printed wiring boards 491a, 491b. The compliant material
730 can help to inklbibbghratchihg i sugportep storagccsiiga SOt Wh dasdaonpdd anithih the test
slot 500a. The compliant material between thelthermoaoal%Ie and. (tihe orage de\{icde also
accommodapich utilizes one or more thermocouples providedon aTigid of fICXIbC printed wiring
15 board, other mechanisms for sensing the temperature of a storage device through physical
contact are possible. For example, the temperature sensor may be a resistive temperature
sensor, a semiconductor diode sensor, an infrared thermometer, or a silicon bandgap
temperature sensor. Any of these temperature sensors may be mounted on a rigid or
flexible printed wiring board and made to contact the storage device in the same way that
20  athermocouple may be used.
Although an embodiment of a temperature sensing assembly has been described
in which a temperature sensor directly contacts a storage device, in some embodiments,
the temperature sensor contacts an intermediate medium in contact with the storage
device in a configuration that allows the temperature sensor to properly sense
25  temperature. For example, in some implementations, the temperature sensor may have a
layer of thermally conductive material that contacts the storage device. The storage
device may also have a layer of thermally conductive material that contacts the

temperature sensor or contacts a layer of thermally conductive material on the

temperature sensor.
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the surface irregularities of the storage device 600 and allows for more efficient heat transfer. Although
an embodiment of a temperature sensing assembly has been described 10which utilizes a pair of
spring plate¥ @ WiHdf§4pressure plates, and the attached printed circuitry, ROWARRIEEHEIAYe inner
surfaces of the clamping assemblies, other resilient biasing mechanisms arc possible. Although an
embodiment of a temperature sensing assembly has been described which utilizes one or more
thermocouples provided on a rigid or flexible printed wiring 15board, other mechanisms for sensing the
temperature of a sthtrRegldeyieatbddught piiyisitahpmiRtacichemashlslécéndexabylehdhe temperature

sensor ma bfe resi ti.vri) tem erelture sensor, a semi onductorrfjiode sensor, an fnfrared
thermometS 8% EHLUAE SRS 1B POl SRR of B Set oA SPAIERS LB may be

mounted obeaukigld or flexible printed wiring board and made to contact the storage device in the same

way that 20 a thermpcouple may be used.. .  Although an emhodiment of a temperature sensing
assembly has beé?? %‘3 seéﬂ Oe(HIﬂ'] Whith g’%&%ﬁﬁ@aﬁ‘iﬂ%%soeﬁ%%f] i e‘g{ﬁgcccﬁ%&s a storage device, in

some embodiments, the temperature sensor contacts an intermediate medium in contact with the
storage device in a configuration that allows the temperature sensor to properly sense 25 temperature.
For example, in some implementations, the temperature sensor may have a layer of thermally
conductive material that contacts the storage device. The storage device may also have a layer of
thermally conductive material that contacts the temperature sensor or contacts a layer of thermally
conductive material on the temperature sensor. Although an embodiment of a clamping
mechanism has been described that includes multiple spring clamps, in some embodiments, as few as
one spring clamp may be used. Other embodiments are within the scope of the following claims. What
is claimed is:
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1. A storage device transporter for transporting a storage device and for mounting the storage device
within a test slot, the storage device transporter comprising: a frame configured to receive and support the
storage device; and a clamping mechanism associated with the frame and operable to apply a
clamping force to the storage device supported by the frame; a temperature sensor; and printed
circuitry compisiiig @aRrekore electrically conductive layers; wherein the temperature sensor is
integrated in the one or more electrically conductive layers, and wherein the clamping mechanism is
operable to move the temperature sensor into contact with the storage device supported by the frame for

measuring ajtemperaétirgd tHeeistoraaseayigRr tansperil agdtorR)deR [ienand e b ehaing 1, wherein the
temperature sensor comprises a thermocouple. 3. The storage device transporter of claim 1, wherein the

printed circulft YOFAYRLEWSE [Wlmgha\/%ﬁhﬂ%%%S%?%Q%fﬁ?é@@%ﬁ&éCEPQP‘@[!)%%r of claim 1, wherein

the printed circuitrycoanmsisesfiydiex e ainiedriiroubdrt hetesage deviee tiansporter for transporting a
storage device and for mountin% the storage device within a test slot, the stora%ag device transporter

comprising: a framé& EGHRRINAEFE LR a3RT e Ak e LR O aRRED!S A 2PRINRping mechanism

associated widhipidresre antheperalicds rReRppsHRINPNGdareméo the storage device supported by the
frame; a temperature sensor; and %oé_an lectric heating element arranged to heat the sﬁ)rage device
15191%

supported by the frafFERGHEYET>EH RYTRR NGOG RGIANE M SR G EEHB Yature sensor

into contact witutiee\&idsage;device supported by the frame for measuring a temperature of the storage

device. 6. The storage device transporter of claim.5, Wher&rﬁﬁe electric heaégﬁéele ent is a resistive

heater. 7. The stor¥ Sfaw%%tﬁ’% P{&SSP%?&W@EGW@&? i 8%ﬁ‘§rﬂbm8rﬁq 16 is operable to

move the teryRfiaitive kgrRsgLANGediatEiclapiitognedenaashintopenislet tithothalsorage device

ted by the f . 8. The st devijce t ter of claim 5, wherein the t t
e D e 1Re SN B IR 1AL 5751 i epperaure sensor

measuring a temperature of the storage device.

2. The storage device transporter of claim 1, wherein the temperature sensor

comprises a thermocouple.

3. The storage device transporter of claim 1, wherein the printed circuitry comprises

a printed wiring board.

4. The storage device transporter of claim 1, wherein the printed circuitry comprises

a flexible printed circuit.

5. A storage device transporter for transporting a storage device and for mounting
the storage device within a test slot, the storage device transporter comprising:

a frame configured to receive and support the storage device; and

a clamping mechanism associated with the frame and operable to apply a
clamping force to the storage device supported by the frame; a temperature sensor; and

an electric heating element arranged to heat the storage device supported by the
frame, wherein the clamping mechanism is operable to move the temperature sensor into

contact with the storage device supported by the frame for measuring a temperature of the

34



9. A test slot assembly comprising: A.) a storage device transporter comprising: I.) a frame configured
to receive and support a storage device, ii.) a temperature sensor, lii.) a clamping mechanism
associated with the frame, the clamping mechanism being operable to apply a clamping force to the
storage device supported by the frame and configured to move the temperature sensor into contact with
the storage dgyrigp seprerted by the frame for measuring a temperature of the storage device, and iv.)
printed circuitry comprising contact terminals in electrical communication with the temperature sensor;
and B.) a test slot comprising: i.)a test compartment for receiving and supporting the storage device

transporter, . i) argerasatjeddoiesfasespiireitorbim 5iilyiRasHigrRIMaandnetivacoriAsss i electrical
communication with the connection interface circuit and arranged to engage the contact terminals of the
printed circuftFAHE 58 korage device transporter is in the test compartment. 10. The test slot
assembly of claim 9, wherein the printed circuitry comprises one or more electrically conductive layers,
and wherein_the temperature sensor is integrated in the one or more electrically conductive layers. 11.

The test slot’assembl§ SPEIMTAICHHHRRATAEPHAND 2irthRFS AR SIABPHHEES AN SIB dBric heating
element integpatgbléndheovaeertengserslaetsaslt enmehctieetiayreatinelEmertesitslosraasembly of claim

9, wherein the_téarpggratureéignsor Is a the EE%%JFDI& 13. The test slot assembly of claim 9, wherein the
clamping me¥HB SRS SR0RE %‘Wgﬁﬁ?prt &€ device transporter within the test compartment.
14. A test slot assembly comprising: A.)a storage device transporter comprising:

8. The storage device transporter of claim 5, wherein the temperature sensor

comprises a thermocouple.

0. A test slot assembly comprising:
A.) a storage device transporter comprising:

i.) a frame configured to receive and support a storage device,

ii.) a temperature sensor,

iii.)  aclamping mechanism associated with the frame, the clamping
mechanism being operable to apply a clamping force to the storage device
supported by the frame and configured to move the temperature sensor into
contact with the storage device supported by the frame for measuring a
temperature of the storage device, and

iv.)  printed circuitry comprising contact terminals in electrical
communication with the temperature sensor; and
B.) a test slot comprising:

i.) a test compartment for receiving and supporting the storage device
transporter,

i) a connection interface circuit, and

iii) electrically conductive contacts in electrical communication with
the connection interface circuit and arranged to engage the contact terminals of

the printed circuitry when the storage device transporter is in the test compartment.
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i.) a frame configured to receive and support a storage device, ii.) a temperature sensor, ii.) a
clamping mechanism associated with the frame, the clamping mechanism being operable to apply a
clamping force to the storage device supported by the frame and configured to move the temperature
sensor into contact with the storage device supported by the frame for measuring a temperature of the

storage devigg, andrhe td¥: s RRESERRHIGUIENE ERPISHEAN O HNEE BIREIHCANYROsid@EEdRaYers;
wherein the temperature sensor is integrated in the one or more electrically conductive layers; and B.)a

test slot conTPASREGHEIHM QI ENEFS AL R RS LIPBSRIHE $rEAb R JUeIERRE Transporter. 15.

The test slotiassambivirelasttAdalwheirindiietRiperature sensor is a thermocouple. 16.The test slot
assembly of claim 14, wherein the clamping mechanism is operable to clamp the storage device

transporter within the test compartment. 17.A test slot assembly comprising: A.)a storage device

transporter comprisithg:test slotasanisl contigieddorraeiveianst puapeicaifipragncd eviopritdsa
temperature sensor, ii,) a clampin%mechanism associated with the frame, the clamping mechanism

being operaBYSAPPREA IS HIEME IHEHG G A IHRYE QL RALeIRHEITRY PRGBS configured to

move the temperature sensor into contact with the storage device supported by the frame for measuring a

temperature of the storage ﬂevice, Id ; l'v, an elﬁctrical]heating element arranged to heat the storage
device supp&?red b-)I/_ Rde é’agﬁm y of claifm 9, wherein the température sensor is a
thermocouple.

13.  The test slot assembly of claim 9, wherein the clamping mechanism is operable to

clamp the storage device transporter within the test compartment.

14. A test slot assembly comprising:
A.)  astorage device transporter comprising:

i.) a frame configured to receive and support a storage device,

ii.) a temperature sensor,

iii.)  aclamping mechanism associated with the frame, the clamping
mechanism being operable to apply a clamping force to the storage device
supported by the frame and configured to move the temperature sensor into
contact with the storage device supported by the frame for measuring a
temperature of the storage device, and

iv.)  printed circuitry comprising one or more electrically conductive
layers; wherein the temperature sensor is integrated in the one or more electrically
conductive layers; and
B.) a test slot comprising:

i.) a test compartment for receiving and supporting the storage device

transporter.

15. The test slot assembly of claim 14, wherein the temperature sensor is a thermocouple.
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B.)a test slot comprising: i.)a test compartment for receiving and supporting the storage device
transporter. 18.The test slot assembly of claim 17, wherein the clamping mechanism is operable to move
the temperature sensor and the electric heating element into contact with the storage device supported by
the frame. 19.The test slot assembly of claim 17, wherein the temperature sensor is a thermocouple.

20.The test glgt asspiplytaislaizemplydTaiRimtng, diherpinghaeehdiifrecaRGAPIS paainp the storage

device transporter within the test compartment. 21.A storage device testing system comprising: A.) a
storage devi&écﬂﬁéﬂgﬂb‘%ﬁp@tgﬁﬁ??éﬁ‘?g.rﬁ'jépﬁ’ﬁﬁwvémiﬂmé‘if%%@éfy@%d support a storage device,
ii.) a temperature sensor, iii.) a clamping mechanism associated with the frame, the clamping
mechanism being operable to apply a clamping force to the storage device supported by the frame and
configured td fnove et IRbassRIT S ERRHY il contact with the storage device supported by the frame

for measuring a terppgratiysteriatiedstacagrspaaer edvflprisifyg) an electric heating element arranged to
heat the storage device susported by the frame; and B.) a test slot com risin%:e devii'gea test compartment

for receiving and supportifg the &tH2iHe WEHEE R &M and support a stora

ii.) a temperature sensor,

iii.)  aclamping mechanism associated with the frame, the clamping
mechanism being operable to apply a clamping force to the storage device
supported by the frame and configured to move the temperature sensor into
contact with the storage device supported by the frame for measuring a
temperature of the storage device, and

iv.)  anelectrical heating element arranged to heat the storage device
supported by the frame; and
B.)  atestslot comprising:

i.) a test compartment for receiving and supporting the storage device

transporter.

18.  The test slot assembly of claim 17, wherein the clamping mechanism is operable
to move the temperature sensor and the electric heating element into contact with the

storage device supported by the frame.

19.  The test slot assembly of claim 17, wherein the temperature sensor is a

thermocouple.

20. The test slot assembly of claim 17, wherein the clamping mechanism is operable

to clamp the storage device transporter within the test compartment.
21. A storage device testing system comprising:

A.) a storage device transporter comprising:
i.) a frame configured to receive and support a storage device,

37



ii.) a connection interface board; and C.)test electronics configured to communicate one or more test
routines to a storage device disposed within the test compartment, wherein the connection interface
board is configured to provide electrical communication between the temperatures sensor and the test
electronics when the storage device transporter is disposed within the test compartment. 22. The storage
device testing system of claim 2%, wingepifuvdesdassrelectronics are configured to monitor a temperature of
a storage device disposed within the test compartment based on signals received from the temperature

sensor. 23. The storage divice RSHTPRBBRTANETASHCIHRLMIN 178 FaRtefoHMRRIce board is
configured to provi%@ﬂfaﬁigﬁ%gﬂg}@émgmimpptwgemmr{grmp@"m seirags aaddae test electronics

when the storage device transporter Is disposed within the test compartment, and wherein the test

electronics are confitRRBHEH BHHIEIrAME ARLRABIOUETHE BIAKE K ERPRI MERRENODINR, at least in part,
on signals received: et teme sidaye ®ReiGOsupported by the frame for measuring a

temperature of the storage device, and

iv.)  anelectric heating element arranged to heat the storage device
supported by the frame; and
B.) a test slot comprising:

i.) a test compartment for receiving and supporting the storage device
transporter;

ii.) a connection interface board; and
C.)  testelectronics configured to communicate one or more test routines to a
storage device disposed within the test compartment, wherein the connection
interface board is configured to provide electrical communication between the
temperatures sensor and the test electronics when the storage device transporter is

disposed within the test compartment.

22.  The storage device testing system of claim 21, wherein the test electronics are
configured to monitor a temperature of a storage device disposed within the test

compartment based on signals received from the temperature sensor.

23.  The storage device testing system of claim 21, wherein the connection interface
board is configured to provide electrical communication between the temperature sensor
and the test electronics when the storage device transporter is disposed within the test
compartment, and wherein the test electronics are configured to control a current flow to
the electric heating elements based, at least in part, on signals received from the

temperature sensor.
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