COVPOUNDS AND COWVPOSI TI ONS FOR THE TREATMENT OF PARASI TI C DI SEASES

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clainms the
benefit oWopoilomsdsy to U. S. Provisional Patent Applicatipom/uSacniosn2122

61/ 224,433, filed 09 July 2009. The full disclosure of this application is
i ncorporated herein by reference inits entirety and for all purposes.
BACKGROUND OF THE I NVENTION Field of the Invention [0002] The invention
provi des a class of caonmpounds, pharnaceutical conpositions conprising such
conpounds and met hods Sforagengesica Fomperature Sensag or prevent mal ari a.
Background [0003] Malaria is an infectious di sease caused by four protozoan

parasites: Plasnodium fal cipar I i vax; Pl asnodi um oval e; and

Pl asnodi um nal ari a. These four %E@?@g@%ﬁqypl cally transmtted by the
bite of an i nfegladidkerattcdrORnsingshdRafutatide oMRrbat AeviSestdupingbl em i n many
parts of the world and over the | ast few decades the nmal aria burden has

st eadi | yteptit eased. An estimated 1-3 nillion people die every year from

mal aria - nostly children under the age of 5. This increase in malaria

nortality is due in part to the fact that Plasnodiumfalciparum the
deadld est nalaria parasite, has BAGKGBOUNBI st ance agai nst nearly all
avai l abl e antjmal ari al drugs i t.h. the exceptjaon, of the tem sinin
Gorivativee. PO unChidRrsBhuty S REEE RS S B e il FaRBY
vari eti egithfa cpBE@RNIOf GcRi@inRARA TEN tuipBlcANgh dttecHnificy eXibSfok BisehyRRica, and is
transmtted by the bite of fenmale sand flies. Leishmaniasis is endenmc in
about 88MwBRaYs pf disk diivesisgrrlgomiamyralleb pYlamnfagingrstgnd to tepilerar nambers of [ 0005]
There ar ' - bej; . asd \Y/ i Lasis, also
cal 1 od K35 bl b RR Ry ik P IR S} e R el B SRR HBR S, i e
Lei shmaniaakdieavingamiultipRetestaiits thah@cciey dlskrivestoetating.ei shmani asi s can die
w thin nmonths_unl ess they receivetreatnent. two nmain therapies for

. The
visceral | ei shRQisHag @vapamMERdmipRdi wr%fii%&ﬁlséevwd?wtg@i gl uconat e
(Pent oSt ALY JoncAGnIBENMITIAG AN G CpEARL Ffl bora R0 Y
sti bogl ucona%eehasn eer% uséd S’f or Cabout 1%0 1ryélifirslashd resQ| %t ancéég%os this drug
i s a gromdyngeobt¢amledrancagdt moonsenstiee to edtatent Exsess eitastionedap dffenty and
pai nful , and. cause undesirabl e side.effects. [0006 u frican
e ypanostidndts & B3 i a<tomGediner SreoRimeateeton. JOEFbRshr ne
par agd ti gorfditRRRSBe diil& tR&hAI dsQan PRIPAELE Qfbra{dhs RirBL A7 QppbegRELAdrk0 the
Trypanosoma Genus. They are transmttéed to humans by tsetse fly (d ossina
Genus) bt feguighite ddjiepnbunitsg dihised bratien 1 crpss-ebdng htozedar Withrentetal ngs or from
ani mal s har bori-ng the hunman t hogeni ¢ rasi;tes. . 10007 agas _di sease
(a1 50 calbg RESPrR. BRSSP AT R I nRRAS S TIEEREPE G ense
that i s EURIRO)GVIEOMES esRROM 109aR tsallctRSind indréied RN faadrif@BbdtIent . The
di sease i s caused by the protozoan parasite Trypanosoma cruzi, which is

transmtted tBurbgHisnaypficiyeaf disk diifep ke sorageievisghhis gPREWSO occurs in
t wo ages: | r [l i nd the
chr o?ﬁ C §%§1§r8}a?1%vﬁﬁ ﬁﬁg%lzén@%es(Saﬁegiﬁ%?\?g{regér{rg%ﬁgg%#gthgﬁlg ﬁ%ogégegﬁg{g? ?%I%s result
i n vari ofiscti@ial ovegi radctadhtmrddemperatune tange nGordkdivarnisoa, thdasdage to t he heart
muscl e and.sonetinmes dil ation oé t he di gesti.ve trac& as well as weight

| oss. UnPIN@Rnednt iHeediplyireunditae sormer dOuresdn reeutated. Miptoa) teraeTdiifgs
current | j,@ysondH ﬁlef‘[&lﬁn% %ﬁﬁ%dn%n@@@rﬂ@écrﬁlcﬁ?ﬁ% Sodirdte Nist Lrdhe[Ins a@ﬁT‘ fbr ,
benzni dazol e. However, problens wth these current therapies 1 nclude their
di ver se sifetg offieestargge ddvecch.edgstmoknowe atstemsysteamsd thetempegtuire efnental f or

medi cal super.vi si on durj.n reat.nment .. Furthernore,. treatnent |s 1y only
of 1 ets i vESRAEHS GO0 AT Re ha e thebing 05 Gevtie dmshigh Ssedarorsi (fance ©o
the two fhe@mkldrRe @iidgs has al ready occurred. The antifungal agent
Anphotericin b has been proposed as a second-line drug, but this drug is
costly and relatively toxic. [0009] In view of the foregoing, it is
desirabl e to devel op novel conmpounfisvidgARNt | parasitic agents. SUMWARY OF THE
| NVENTI ON [ 0010] In one aspect, the present invention provides a conpound
sel ect ed fr oninFgsmaral,dhis djsclosurgnidates to §edSing]thd temphiagthe of §0®2}E davices sel ect ed
fromO, % .2t 3{ and 4; [0013] mis selected fromO, 1, 2, 3 and 4; [0014]
Ra i s sel'8UEE ™ 8om hydrogen, halo, - X3NR7R8, - X30R8, - X3S(O) O0-2R8, -
X3C(O NR R8, - X3R8, benzyl and C o ryl optionally substituted with 1 to 3
radi cal s i ndependently sel ected from hal o, Ctal kyl,

hal o- substituted-C _4al kyl, C _4al koxy and hal o- [0015] Rb is selected from
hydr ogen and Ctal kyl; [0016] Rl is selected fromhalo, -OR 13, -C(OOR 13
, -NR 13R14 , C6_10aryl and a saturated, unsaturated or partially

unsat urated 4-9 nenber heterocyclic ring containing up to three nitrogens;
wherein R13 is selected from hydrogen, Cral kyl, hal o-substituted-Ctal kyl,
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Cral kyl and benzyl; and R14 is selected from hydrogen, _6al kyl and

hydr oxysubsti tut ed- Ctal kyl; wherein any aryl or heterocyclic ORL is

opt i onal Iwo=ohgwsd4at ed with 1-3 radi cal s i ndependent |y eelrast@d/oiziom hal o,
Cral kyl , hal o-substituted-Cral kyl, Cral koxy and hal o-substit ut ed- C*al koxy;
[0017] or R13 and R14 together with the nitrogen to which R13 and R14 are
attached forma saturated, unsaturated or partially unsaturated 5-9 nenber
het erocyclic ying containing yp.to three heteroatans sel ected fromN, NR30
. S(0)0-2 andN§nGRIEAP9EeEe fOden ORI LOREOKIAF SYHnaPRItES 2 BRFASF
wherein saich HAUBE AN f1bAGe BOGEPHiRY B SFRMPhOAbEAD deficR 3 and R i s
optionally substituted th 17to 3 radicals independently selected from
hal o, hytlampryster@ncléddsiayfirgmathiane-conbgired to rdei@ andaipkyit aatvdage device,

hal o- substjtuted-C - 6al kyl:; [0018]. is selected from hydr.ogen,

G 6a kyfid itRbinzeedRyhandreChit Giadine B JhmpheGehaRg i

hal 0-subggdrivié Rffply Halakping eead ¥ stihtdeb it @pfortc@ My kid frame The

het erocygl? yl - Co-. p%a%ﬁyl @V\hgg%ei n sai dp%?et erocs%llgyl i g a saturated,

unsat ur asterdgodeyies transbpifertsvanlpdesedteBporafrerbnsoh@terobyandcouplichglhe

cont ai ni up to three .hetergatons selected fromN -NR30. . 5(0)o-2 and O
wher oi n 19 e Bendb SR FhSHR MRy E Mo TR e R MR R G &5 omr
or het er gt devied supoited Bpthicdratd fHr sl¢bsiringutteflpwatuic df the s@rdgadicort s

i ndependent|y selected from hal o, hydroxy, cyano, nitro, -NHR, -(CH 2
NHC(O R | 7, mangHick pspect fasbslef assembly drcdudsy a spapgeydevicaimansnosiehand d ut ed- G

6al k 1, ; i i.s: sel LM A yl;
(o01d] Ry S IR S JORE BBt S GEF) bR UARBRRH B R

- X2C( O) QRpdp6it a-stok@ds dEvice24Ridos tem2Rird sensd2@E(€) NHRmidcoapid).- KANGEE) Ri 5;
wherein X2.is selected fr a bond and G 4al kylene; and R 5 .is_sel ected
from hydﬁiwg%eﬁran@grs%aﬂvunfi\%se%%% me%a_-‘%w fis bR 4B (b ¢ of Ri5
is optiopgl &IXm?H@%écthHﬁi@ﬂ i%%é}aﬁleTt&g@l%é@laﬁﬁn‘ir%o?&%%%@&%é Jevigl ected from
hal o, C _bal kyl', “hal o-substituted-C _ 5al kyl', _bal koxy and

hal o- subsitppbuedbly Gic frabal dodxy corffEMRE] toanovRZhatehRBRtyregensoe mtovcoradthe car bon

t t ich R2 d. R3 tached f C3. | oal kyl; [,0021 R2 d
TR R T LR M RSy e S S i e i
sel ect edddvi@M1G3 186 ¥t ARl 2 BRHcAn SRt FR FeciIBRhMT AlpPErtR tRAktbagh | Y
unsaturated 5-9 nenber nono or fused heterocyclic ring containing up to

t hr ee hed®iesdrampordr. gr oups sel ected fromN, C(O, NR30, S(0)o -2 and O
wherein R30 is sgl e ro r nd Cl- 5al kvl ; rei,n .said

et er ocyol 1 ¢ ok MrRe oo MR Ok HOaF s i Retiliis YOREF 0V EEbst i ¢ ut e
with 1 teadpoadi €alssslbtnaependdstidopics eThe ttothgh dovictatmspdryd itydes @ _5al kyl
and hal osubstituted- C 1 5alkyl ; [0022] R4 is selected from hydrogen and
G 58 kyframp goafaguregbtojrgccdie @kt o Horegsyisn siferpeiatuse peppr (S 2aR4 and R5

t oget her Wi . Al . f

caacyel el By 5N R A iyl B A S B S B ana
sat ur at etihe ciamaingrrat¢ohdnism ipapdralakb ko apphys atlangldfobecXo mesdyege dvie or f used
het erocyclic rj C(%nt ai ni ng u to%ree hﬁteroatom; or rougs sel ected
from N, BpepTe R ars s sorflised ipepia DrseMoLuE s eReB e A%y dr ogen
and G _Gé‘zitﬁlﬂs'toré(‘ﬁede%id% sﬁ@&&teﬁrb&!th@ﬁaﬁgtf@ﬂ rﬁ&a)éﬁﬁh%a ‘t'éfmﬂ%rdtﬁre%‘?tthé)ﬂ&la ¢
substituted by 1"to 3 radical s”i ndependently selected from hal o, hydroxy,
Ci _62d kydlevaged Thic-t&ablobinglude9@ &5} cdRIparenae Ferateavifg and supgovigerhastarage al kyl ;

[ 0026] i.s selected fromGC iQalkyl (sstraight or. branched), -iQaryl-C
" aal ky| 3363 PG Samg oamerranaueion Bt e T e bENEr 5 kel

unsat ur afoe@nfmshiFREBES o RGR 1 rcfdﬂﬁ@ﬂt&ﬁit@rfa%@ M@Jib&di@;%\ld%@d GomirdhBkdig up to
three heteroatons or groups selected fromN, C(O, NR O, S&O)Q-Z and O
wher ei n FBEP4rEncHs| aad tlericonpegtionyidiceigembapndiisCionBayrry ko pighisiesiastriral d aryl or
het er ocy¢cl i f i {| i .r.adi

B g L o s

hal 0s® ubgdvidaut@dpdeter iSdbposkd whtdioths t3stérhpiredent _6al koxy, Cl- 6al koxy,
-C(OOR 18, -S(O0 2Ri 8 -C(ONHR 18 , -NHS(O 0_2R18 , phenyl and a
saturated, unsaturated or partially unsaturated 5-6 nenber heterocyclic
ring containing up to three heteroatons or groups selected fromN, C(O,
NR30 , S(OO0-2 and O wherein R30 is gelected from hydrogen and Ctal kyl ;
wherein said aryl or heterocyclic substituent of R8 is optionally
substituted by 1 to 3 radicals independently selected from hal o, cyano,
hydr oxy, Cral kyl, hal o-substituted-Ctal kyl and hal o- substi t ut ed- C*al koxy;
wherein R18 is selected from hydrogen and Ctal kyl; [0027] RO is sel ected
from hydrogen and Ctal kyl; [0028] R10 is selected from hydrogen and

Cral kyl; [0029] R11l is selected from hydrogen and Ctal kyl; [0030] Rl is
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acceptable salt thereof, in adm xture with one or nore suitabl e excipients.

[0032] In a third aspect, the present invention provides a nethod of

treati ng wodnsig@s®3i n an ani mal in which a conpound of tPrhe/isamentiien can

prevent, inhibit or aneliorate the pathol ogy and/ or synptonol ogy of disease

caused by a parasite (such as, for exanple, Plasnodiumfalciparum

Pl asnmodi um vi vax, Pl asnodi um oval e, Pl asnodi um nal ari a, Trypanosonma cruzi

or a parasite_of the Leishmani a genu uch as, for exanple, Lei shmania

donovani ) whi EWEP@WBE Q?éﬁ*F‘E&?“s‘%%e%é’&‘?’rﬁ%fss Detgndsleviges @Ay Hgfudg one or

t her apeufhealdtie &fifoRGhd Rena@UNt of a conpound selected from Fornula la, Ib

and Ic or a N-oxide derivative, individual isonmers and m xture of isoners

t hereof , or alnpfvarcnadmdimess,lthe soreptabtetramport¢rhecladds. prin@@i3dicuitry a f ourt h

aspect, the present inyentign provides.the use of. a conpound sel ected from

Formul & (o PR ol Shn BB P et ! §% ne e RERE POy msdiding a

di sease gRUSaHoRYIRIRANIRSbARICHiTe RPe@NTAB tompbifudl SQREEIs MY g dTRIRY | a,

| ei shmani asi s and/ or Chagas di seaSe. [0034] In a fifth aspect, the present

i nvent i oPnpraNerdetechioghy eerdictivg lajets pa Hicryingeshgitsuits sel ect ed from Fornul a

la, Ib and Ic, and th X} eriyati rodrug. deri B . i ndi vi dual

i soners and n%nxstog}eeexo?lﬁegbﬁﬁgrgtsogatgﬁéi reor ?(r%gsr?& Pt{a ]heanp Saorlﬁneltl:lég%lll (ezlg?tP)C/ accept abl e

sal ts t hesagiaf clebiehMclED ESER IhtNurengldo hddvENDELN doeilct Bippoetas bl 0035]

"Alkyl" as a group and as a structural el enment of other groups, for exanple
I

hal o- sub®€iftaice d-hgicappping meghaadsey cancbgeandigaredrie moge i tMPCRHES HEWoor
A ot ¥ ' | ;
P o7 b e kA ACHE S orolBEh A iy £ L0 dcBRE bl 880 | and the

| i ke. [ 008&he” Aryl ™ means a nonocyclic or fused bicyclic aromatic ring

assenbly containing six.to ten rin arbon atons.. For exanple, aryl may be
phenyl or napPRYIS B i}ﬂ@%ﬁevw%ﬁrwaﬂ%@r}ﬂ@%@ PEIny ARieufe’ r adi cal
derived {dom dhad %hrir%&%?d, QbR printERERELRY Whc.) it delud&f dongdt f or aryl
where one or nore of the ring nmenbers are a heteroatom selected fromN, O
C( O andteBadpb-i2 cleFaicakscampis cgionOvithethio demprzttorcowmnydr. iThe itasdest gapr i dyl |

i ndol yl, . i lyl, ..qui li nyl. i.ngl.i nyl f I, b |,
benzét hi BSOR APl BT G sl SRl S e St
pyri m di gotactd, Bo@dins, B9ag elc¥irical ®emAdatatlon Wikl @2 @biectibeint@rRby! _
pyrazolyl, thienyl, etc. [0038] "Cycloal kyl" means a saturated or partially

unsat ur a¢ieqit. gk stsgtidally condistvorenfadts eande asfangetie opetsethe Fomtaqti ng assenbl y
cont ai ni [ LIF i.ndjc . . - Lpcycl oal kyl
o s S P 00, OB NSRS ER BTl Sossl PR

" Het er ocyheltést compansety Thoatikiel cirasitrgetun iethdent b moapgkdtaadliyon, provi ded
that one or, npre of the ring carbons indicated, are replaced by a noiety
sel ed} edeqndygsiivedeyers,qad thoyrperagyregpensor cag integrated)in thegne.osmyro. ~ wherei n’ R

is hydro : it ]ﬁ:q&ﬂ] oAl 1eoF :.3-8
menber h%tg %{Pg%fﬁoégilﬁﬁ{e I%?% 51; I'n tﬁ%&%&'pﬁ’%@ g{ ?‘% %lstoc}ﬁéllggéér I g&g 8rrpounds
of the imagingiclemenn@l gidessisoyplakdrnmiegpated ol thel bng b, mpicpbecaizdatlyl |,

pi peridinyl, piperidinylone, |,4-djoxa-8-aza-spirof[4.5]dec-8-vyl, .etc.
Poba0)  sanbeitiores: BB dapr Bt ae ORI b PRy GROBRHERY. " [ 0041)
"Treat”, corhhBRARE bedPeen thE SGIHMBINN inf@f8E bbRd andBlRHhQf cibltgVi ating or
abating a disease and/or its attendant synptons. In the preséent

desced ption, Ihenteesanes; theedenmpng el s potible torobyrmy thastaregeatevice
prevent a gﬁ/e trrea.t[msr&% as wel Irtasntcur ative or di sease suppressive
t r eat mentISPREFIGHHE e S CRBRE S at i ent s at risk of contracting the

di sease or suspegb@dedn@nltsd\cen BORSHTAGERI0 ithitdr & eReRer@trewsTlal staiggd | |
patients. This termfurther includes the treatnent for the delay of

pr ogr essf®mceotisnoied withwgbe testposararipranpaf e tashdoFpaseden signdprsdiveent s [ 0042]
e i veRbh AR RLBHAGR BBOV ool A ol CRURRLY SRR TREELE R,

conposi tions conprising such conpounds ahd ‘met hods of using such conpounds
to tgaaalt c@fﬁgpf]eawe Iptovﬁldlesﬁasﬁ&l @bmﬂﬁﬁl@ic’ejldeﬂi Beta&smﬂiea'élﬁpbmiuters@sqﬁama_shd e. In
particul ar, the compounds can he used to treat malaria, |eishmaniasis

and/ or d%fgf‘é%ct@n%grgﬂ@n[tm@]ag? VO ABIRT e feposas tithikthgtehce to conpounds
of Fornmula la, Ib and Ic: Ris selected from- OR 3, - C(OOR 3, - NR 3R 4,
phenyl, pyridinyl, indolyl, azetidinyl3 |H ndazolyl, piperidinyl and
pyrimdinyl; wherein R3 is selected fromhydrogen, nethyl, ethyl, propyl,
butyl, pentyl, cyclopropyl, phenyl, benzyl, am no-butyl, hydroxy-ethyl,

nmet hoxyet hyl , but oxy-ethyl, nmethoxy-propyl, -CCOR5, -CCOORY5, -XORS5,
X ITC(NH)NHR] 5, - XIiNHC(OR 5 and Xi C(ONHR 5; wherein X is selected from
a bond and d _4al kylene; and Ri5 is selected from hydrogen, nethyl, ethyl,
propyl, butyl, t-butyl, trifluoromethyl and trifluoronethyl-carbonyl; R 4

o - o,



phenet hyl , cycl obutyl -met hyl, cycl opentyl, cycl ohexyl, cycl ohexyl -nethyl,
hydr oxy- nmet hyl and 1- hydroxy-ethyl; wherein said phenyl, benzyl or

phenet hylwof20RA08st3o0pti onal | y substituted with 1 to 3 radiraskei0/042122

i ndependently sel ected from hal o, nethoxy, trifluoronethyl, hydroxy, am no,
nitro, cyano, am no-nethyl, nethyl-sulfonyl-ethyl, nethyl-carbonyl-am no,
-NHRn, - CH2ZNHC(O R 7 and -NHC(O R 7; wherein Ris selected from hydrogen
ethyl, propyl, butyl and pentyl, [0045]. I n another enbodipent, R3 is

sel ect edFRIGHAPRALAGG R te P{lwﬁélf@rﬁ?rﬂ BISE i PONTI B ERTAW to the
prOpy|'a&b&ﬁeﬁéﬁQ@Qﬁ&ﬁaﬁéﬂ%Edzﬁﬁ%QQK¥@H§hhMénd§%£8¥édﬁﬂhﬂﬁ@&%ﬂ%ﬁ%&%_”Ethy|,
but yl - am no- car bonyl - met hyl , pentyl -am no- car bonyl - net hyl , propyl am no-

car bonyl seasdryl , trifl uoronethyl - carbonyl -am no-butyl, phenyl,

benzyl - sul fanyl - net hyl , benz - car bonyl - met hyl., nmet hyl - sul f onyl - net hyl ,

< banzy oxy) BT its bR LOR TRy PO (B RS o
[0046] | &y bRl amB skt BB hhssciBlyanclud o IRaShbekat WedeRck BEd G@pbAStRt om t o
which R2 and R3 are attached form cycl opropyl, cyclobutyl, cyclopentyl or
cycl ohexstpragodavite, lapd araides e centeltidmayironmontdpgreRuisting dstsksrgagdentect he at ons
to which R2 and Ri .attached form pi peridinyl, cyclobutyl,
pyrrolid?ﬁgfgn%%ﬁ%ﬁgg%ﬁ%%;piperidinyl, t et rahydr of uranyl ,

t et r ahydr o- 2Hmptoger dspélt, the-test QR sk b Asdy/includegd®teyperatur sesigo- | , 2, 3, 6-
tetrahydropyrimdin-4-yl, 1,2, 3,4-tetrahydroisoquinoljn-3-yl, .

oxopi per #aFRPI-that ippssecisted wrth the housied r JileIpmperrtiss snAIng 283eHPY i n- 6- yI .

[0048] | TR , , - ' y
seleg%ed8¥$%%?higg%8§ﬂpgﬂi nefﬁfﬁéSgﬁggﬁggﬁggggggggg?ﬁ“ﬂg&ggggﬁsﬁ%{ Rn and
R 2 conbofighyswalf cntacC(1@)a. fuftb@4B8pedt,m sofage titvace earspalitarenprovided dorsel ect ed
from phenyl, cycl ohexyl ~and pyridinyl; wherein said phenyl or pyridinyl of
Ris opﬁ%ﬁa@ﬁ g2yt pe drviss a5 fqr meuniing aoierags devicrapidiaanest §f0§eﬂf‘ct ed from

hal 0, pegbibe dBMEE @¥kpoft&tilNLd AN ATRE HAXY -coﬁ@@?j@& td Rcdvé bid ﬁ@goﬁ gbodi nent ,

R7 is selected from hydrogen, nmethyl, ethyl and isopropyl; and R8 is

sel ect edstbragerdptienyln, thisespogt, thdrestzidt dpfembiy dichxles a Ssttompuaywhanb fry | |

cycl gpentyl.. . cycl,oheptyl ., .cycl ohexyl, bicyclo[2.2.1] heptyl,

tetr%ﬁyd? @ﬁﬂgﬁyﬁéﬁvﬁ¥gﬁ%?¥8&%%?}§§F6§?Pﬂ¥ﬁ§F, pi perazi nyl, quinolinyl,
pyrrolidinyl andrpheazpbot! a stohge @bﬂc@%’sﬂn%()@@féﬂ inclR@BZY test slot and test
benzo[d][I, 3] di oxol -5-yl, cyclobutyl, cyclopentyl, cycloheptyl, cycl ohexyl,
bi cycl o[ degtronidse gihgitest slet manylﬁs« oicatromypasinyant cenfiguridr Irecepicpettor@ghy | |

pi per azi . i i rralidi I i ionally
Cubat ¢ uoieesf s b e UL o pl, She RHRERL el Rt °Cyany,

met hyl , s&dsboihted trithiihy test donfaktumhonml iotrandedi td Imtaswartidroparatueh ot hyl am no,
di f1 uor onet hoxy,. carbaxy, nethoxy-carbonyl, nethyl-sulfonyl-am no,

met h§ s uStPiFRY Avipeeaningdhbnibe sest BRRPITtMGH SN yyay QhipBesicalicaythct. The test

pi peri di = ' [ ]ﬁpg ' ' : : L anot her
enbodineﬂ%argﬁgh%%ﬁ%ggﬁﬁhgﬁCE%%%U aﬁﬁggﬁﬁg%%gg%fgﬁﬁﬁytPgﬁ%g%gﬁ%W?%H 2; R
and R3 adispasndeptandintdsy ceepaotad f rom hydrogen and nethyl; R4 and R5 are

i ndependent |y, selected from hydrogen and thyl, R6 is phenyl_ substituted
with a 11 uor o GENEEASPECoUNg fshyIPT a mpiret fotoser ke ypighas popfigikpdio
I ndependghbband¢h&ift & SobdRMee1k @u&&bo@t@g bl laWRSrfoe de@%?tﬂangﬂbr@r.fﬂfetsﬂﬁﬁge
enbodi nent are conpounds selected from ™ 2-amno-1-(2-(4-
f | uoRDphdawye) tra@spatier linmdudsp ladraycathizine o Buetl iwettpyve Sidaugpdry dsoragedazo[ |, 2- a
] pyraziny 7(8H)-yl) et hanone;
2-anino-?@? = (3, 4-difluorophenyl am no) - 2- (4-fl uorophenyl ) -5, 6-
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2,5, 6- tem@ﬁ@umﬁﬂauaﬁldazo[l 2-a:2',1"'-c]pyrazin-3(10bH)-one. [0057] In a
further enbodi nent of the invention is a nethod for treating a Pl asnodi um
rel af®d disease in a subject to prevent, inhibit or aneliorate the
pathologéﬂ%pggggmﬁ%ﬁgtannlogy of the Plasnodi umrel ated di sease, conpri sing
adm ni stering to a subject, in vivo or in vitro, a therapeutically

ef f ectl ve anoOtiter embadmmntscmmmdnthﬁl théecophwé titei fohoxajngnmlms i n conmbi nation

wi th a second_agent 00%3& In a.f rtherfenbodlnent is a net@lqifor
treating a Pl ESHSARI FERIELGT MOadient f & IQnsTUEe SeB s SVRRRY hhhi bi ¢ or
amel i or ap&ntdacerRl RELARY: tROHRsuptYRE A0 0QY ifh tl&rblAsspdpum s el at ed

di sease, conprising admnistering to a subject, Invivo or in vitro, a

t her @meutqlétteszY}Il&ﬂ puuted varingrboarts difat ared:lerdwmwtltogbtbnle imsoriqerabodsinamtsi on wi t h
a second_ka reln th

el
5 am no- the?hf%g%tg) Tsd:]atll etapl,rg{%g L!tn C[ilgﬁ %Fﬁuﬁtgje C%eﬁem{)le printed circuit. As an

p henyl - Sexémef1& YiGO T HaEakd a RedbRypranddciu Do yﬁa)t eidiaiRe aair of curcult
2- (2- met hoxypheny (2,4, 4- trlnethylfentan -yl)imdazo[l, %8 ridin-3

I
- ani ne; DorpRyLe- rﬁ)r»v(tzndrsapontl eirerst parripemn{Q2a. 702p) padri dennspting portlon
1, 2-a] py
trimet hy hgtgn tng%grg%m? ’thezfd‘gpz}/t{d %&gtdgcjl%lu t pglftto%\gﬁOéla 702b. and
2- ((4sd | uor opheaghl of-the {idt dndisecoid eiedulitydopurts022- L) Ini’dhﬁt&z @[thermocouple
1,2-alpyridin-3-amne. [0059] In a further enbodi nent, the Plasnndlum
rel ated (%sasis dP@H%bYarlrféﬂcqltw@@futhe &rapgsy {ihsrcomRgssag peston 704alseecond
agent is selected froma kinase inhibitor, an anti-malarial drug and an
anti-inflammatory agent. The anti-mal & al drug is selected from proguanil,
chl orproguanil, trinmethoprim chloroquine, nefloquine, |l unefantrine,
at ovaquone, pyrinmet ham ne-sul fadoxi ne, pyri netham ne-dapsone, hal ofantri ne,
qui ni ne, qui nidi ne, anodi aqui ne, anopyroqui ne, sul phonam des, artem sinin,
arteflene, artenether, artesunate, prinmaquine, and pyronaridine. [0061] In
a further enbodi nent, the conpounds of the invention can be adm ni stered
prlor to S|nultaneously mnth or after the second agent [0062] In a
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derivatives sodi um stibogl uconate (Pentostan(r)) and meglum ne anti noni ate
(Qucantimr)). Sodium stibogluconate has been used for about 70 years and
resi st ancwot2otiiogy4drug is a growi ng problem | n additi orCTiUseomnertrrent is
relatively long and painful, and can cause undesirable side effects. [0067]
Human African Trypanosom asis, also known as sl eeping sickness, is a
vect or - borne parasitic di sease. The parasites concerned are protozoa

bel ongi n ano oma Genus, They are ran nltt d to humans by
tsetse f’%;?u@@ Sarirbedn ugtivgitiagss m‘ﬁlvfclﬁawiﬁ e FRATRCHR ect i on fr om

human bebé‘i%erptrheftﬁé?ﬂibé‘&lﬁ@ ﬁ)6ﬁﬁ"ﬂ¥h0ﬂiﬂs{‘a91dt§%‘é‘or{&m&ﬂlt%h%9 &02.£ 7085 aghd €s.
[ 0068] Chagas di sease (also called Amrerican Trypanosom asis) is another
human pafist tiraiticseas é03ahatludes aqmtecrﬁoonanﬁngsmalpdd)ﬁ apiepdibat ¢rohgl 2on t he

Anmeri can.gconti nent ed e p oan rasite

Try panosbincan s gt 65 B e r G RmuutalRe R BF S3hERT ng i nsect s.
The hmama2e8668d300 WM theitéhst kP56 a&ﬁﬁlbletﬂ[&ﬂﬂ@ Bﬁﬁ‘te& ca8Ets Wiith fifc@@edIr S
shortly after infection and the chronic sta ch can devel op over many
years. Cheaneuple astaveriable Een WatlﬁW@¢qtm§4gaﬁe@ﬁ@mg iCoapagy 9br der s,
|nclud|n§ ﬂ%ﬁEnEhm(nganage to the heart nuscle and sonetines dllatlon of

t he dlges?lve ‘rac as well as weight loss. Untreated, the chronic disease
is often fatahs 51[1&;6}681] FIGhe4 tadly 81 thigIfiretriinkd e @ndickratik poﬂ’tl@ﬁs 702Rav02tgisChagas

di sease are Nifurtinox and benzni dazol e. However, problens with these
current FREREH(S. Vidardhene Hanschaniga fagensryldo an ﬁ@e@@tedtone of DR PIIPSHE

trea t ment .
L R L T e S R
st age of andwecoidsaané. poRBms §()am(7@2b dortaldded suftifesomtd stzdelm;ir egs tdiadp al r eady

occurred he an ent A otericin b has S as a
second- |Prﬁéld&rgaa(ti {f; l%glmoege‘ﬁwa hggw%&q SPIAAGY torif Y |C{])”£g%%1 l9°0070] The
phyl um ﬁ%t@@&?éﬁ%ﬁ)o aﬁlﬁ%@éﬁi‘ lg%ﬁﬁécﬁ%@b%ﬁﬁ} tzb%n HeCoRMIRBN PhteriticBl

pat hogens i ncluding, but not Nmted to, Plasnodiumspp. (Ml aria),

Toxopl ash@r@;émlwﬂlerq temteaga ddviaedanspartyi ¢80 isdesosiet snth mhermmtmmo Ei neria spp.

(poul try and ttl at hogens t |d| p c _hu n and
i pat nogaey et MR EIG AR BREL Sh AN 1B} i fechd

par asi t ea}oultmlmtmaems c8n BS RBGInhHsbriot b tﬁ&@%@u&a@a&s n9z:t&ulmaﬁles i's
due to repeated c¥cl es of host-cell invasion, intracellular replication and

host - cel dlsﬂay@ndé 713 #ebepsrnpcd arvuad gndpelifarn faihashans of ths hack haeksot26iof

roar malsiine 07 R sRbe PPt Elnp B and PRt SR R bR BT I B o
phases obe &mﬁécbmrfﬁabacktﬁaﬁkmmtergo,oymh @dlaade EAytllﬂlIsﬁ%etillﬁ:FI(Bla%eﬂ}e but it is
the erythrocytic ghase of its life cycle that causes severe pathol ogy.

Dur | ffg t PRANGGHANH A éf;aﬁft bogsth g3 can, HeS%%Fr%‘i’ctdélﬂga%sm? HAGPRE? 1?11%: @htoléx but wel |
synchron y
regulateﬂégﬁgﬁggbﬁgxg%% mgggécT%gggﬁggapgftnﬁggygiéﬁagggﬁlP%?racelIuIar
nessenger to Abomeove eydionnily atdcorcabomhndetwel wpweamt the privteé cecvitrobeyt i c

i fe phase. The Pl asnodi um s enones reveal n uence identities

ol th Cal BF QIR G SGHETG T BE GPHCHGY PECTHISSPOTHCr o 6 PRVEtsd Wt bdul f
and cal Cb%ﬂrﬂ%ﬁ@@@tﬂ{ec{%'f@t}edrréx gﬁsﬁﬁ} 0GR IhatesBhasiPedinin: ¢ORKRL Pl asmodi um
CDPK3 and 4, have been shown to be involved in nosquito i nfection. CDPK4
has b‘:eenmd@n@hlsttdlatafe@onmcms 6ss.amtle &lind matet doaneaonial 1 ané;fﬁm@llad‘)ﬂm@martm t he

m dgut of nos e cal cium si cel
Fespons e A Pbgar 4t g ar 10y bt Forf B s b B PRy SRt o
CDPK3 r egol @tBs stofige deviee ahﬂl@bﬂa 400t dnldithy camdctanateratd kour@520.he | ayer
covering the mdgut epithelium P.falciparum CDPKI (PfCDPKI) is expressed
during | ate sbhiomwgarodoncis,dbritcamatpeuranensing asprmblyf8e capulso §)5bidsLort e
stage an Si r

acyIatlo%? @ﬁéﬁﬁkﬁ%ﬁgnkgeknﬁn%%% 5%%RQ8hg&&SZ?&%g&?gﬁxn&gg?gea.%ndantly

f Olﬁlneb [ ns@@bﬁecgmrthe stemigs davite miﬁpbaae%drrnggesmgs Fbﬁﬁiagtlﬁd F][IGom |

schi zogony- phase paraS|tes ogy ased .pattern identification analysis
reveal s t% {iratess Qs qdeﬂ%ma%w@f hwehtegaﬁe%g beardvd Hpet) Wi iDHUES t her
parasite egress or erythrocyte invasion. Direct inhibition of PfCDPKlI can
arrest the parasite erythrocytic life2kycle progression in the |ate

schi zogony phase. [0073] Therefore, kinase activity is distributed in al
the stages of P. falciparumparasite maturati on and ki nase inhibitors of
the present invention can be used for treating Plasnodiumrel ated di seases.
In particular, kinase inhibitors of the present invention can be a route
for treating malaria by inhibiting the kinase PFCDPKI. The in vitro
cellular assay, infra, can be used to assess t he act|V|ty of conpounds of
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[0076] In accordance with the foregoing, the present invention further
provides a nethod for preventing or treating malaria in a subject in need
of such tweabnmnsg43whi ch net hod conprises admi ni st eri ngPCo/tsadid/og21b: ect a
therapeutically effective amount of a compound sel ected from Formula Ia,

Ib, Ic or a pharmaceutically acceptable salt thereof. The required dosage
w Il vary depending on the node of adm nistration, the particular condition

to be treated and t fect desire Adm ni stration and Ph ceuti cal
Conposi t LYY B§7F ? f%ﬁﬂ@b%re AEPNEIRBER AdOTase %%Cq W%?ﬁq%d%’ i fiemsdo

adm ni st gL g&heddn 1h ?@ftﬁﬁﬁ%‘%%‘ thy pﬁﬁt%@%ﬂlﬂg?b@a@Mﬁ X918 afi‘@b’laﬁlfpe& anu&k% ual and
accept abl e nodes known in the art, either singly or in conbination with one
or nore aHengpdaﬁpc6@©9EmsﬂaﬁmuhemapeﬁtkembhyngmﬂeeﬁKNehannunveMEyﬂvary
widely d ndln on the eve of the disease, th e ati,ve

neal th of L HBUEBRaE S Fgebt gy Mngigdhtgoma dsal aRlode R S act or s

I n geperg&“@§@fﬂ§ﬁﬁgkgﬁ&wﬁ@§ults are indicated to be obtained systemcally
at daily dosages of from about 0.03 to 2.5ng/ kg per body weight. An

i ndi cat ed dalIVMHﬁKQQQCDWﬂﬁHemMQﬂQé96ﬁﬁﬁhﬁﬂwnexguph&ﬂ&ﬁ§heﬁ@tpﬂm@%e range
from abouirln bonPd A&laaig)gllgg I‘Oaag% Wl%lOI‘GS \Iieelli]t ke\fs god Crt"teSt ?na‘:fs 722‘[3‘[11% arc Ln divided
doses up Egfour tines a 8 retard Fof Mo Suitabl e ui osage forns

for oral el@dﬁbﬂlﬁddhﬁédt@dltoqﬁﬂ’&rsisﬁee fléa@fms aao Adﬂmoﬁﬂmgnﬁg:wnt&ts agsdi ent .
[ 0078] Conpounds of the invention can be admi nistered as pharnaceuti cal

CONposi tplaﬁgarbﬂ;lwahfg/pr@m?éﬁfluﬂeﬁn%nnﬁ%ménterfﬁcep%aw el @rIGe%Q)éparwde e.g..
or al #c}’ éle?mcal'cﬂm 1éa%H‘09tfwe%ﬁ“a{eeéoﬁn9cruoﬁ%@H&&%oaf’d sﬂﬁe{n%%eefe%ish% €.g., In
the formof 1 njectable solutions orsuspensions, t he

f or m of h@mmmmzo gels oi ntments or creans, or |n a nasal or supp05|tory
form Pharmaceuti cal. 0s ons ri.si a co ound of t. present

i nvention in Fheesparcfaren mis rﬁ%&a{l elBEricy Retaitission vl WCESE m i n
associ at £1efroMidsh B Fleasia é&{l_ﬁmbh% MRGRUEL SR ite@AGaRLAIY R, CBIcIERr Of

di l uent can be manufactured ina conventional manner by m xing, granulating
or coati dgctrmmcmdcﬁ@ caﬂbﬁ cenfegupéceto contib! fionpalsiledtnens cmafmtbethteamletvs or

gel a n e active in et her ., W

i1 ubht s FOB 5T SETR S e f St s BEE RifThe BRASERBIE. Co1 1 ui ose
and/ or 9' yci Nghe Q)nsﬁb@lﬁéa@@@‘?@o céh &mte@fa'técplﬁto ﬂl@b&@ﬁﬁcaﬁf}t edfdustiacClagersi t s
magnesi um or cal cium salt and/ or :geth yl enegl ycol; for tablets also c)

bi nder s, ofethg printed gvieiag heards #vian i bs i Hurtatreoresalthongh paembodigienthaspeen
tragacan e V.

pol yvi ny &)t}llllr S 19&@@4 }eglfsﬁge hea%e%j 5%;&8\?}@@ réw 'R gﬁtﬂr&%d ¥ r%%%ogﬁid e%{stlve

al gi ni ¢ k&itats oan algcsbemqu@massall 1h enodehdney Mﬁﬁl@?ﬂﬂg ﬂ’efkpbﬂerxﬁaed amdﬁmsueh
absorbents, colorants, flavors and sweeteners, t abl e conpositions can

be adueotisth smbadimentdasgiibstrboys Withaped {QRLS aﬂd%s Jppalie Penfcd St pe
prepar ed,, gﬁ dgx%wes‘?ﬁ}&!e %'e&’cgl% a8l/0P H&Pﬁ@&h@[k’é ard RRIITAIRRH Wa%% FBYriPe

sterilize or contain adjuvants as preserving, stabilizing,
wetting hhnehnmﬁhgﬁbngmageﬁCemnimimﬂmmnnpronnters salts for regulating the
osnotic pressure and/or,.buffers. In addition, al so con taln ot her
Cher apeut | car IRy opH GBS e Gt REIA PRI cOh e SR dns der
appl i cat {RSidnPRlakédal, @fﬂclﬁefsfﬁpphd/ﬁaﬁ@é{ﬁfed% E?er@@ﬁﬁ%ﬁ%aﬂ otf CBaRf88AN!T
invention with a carrier. A carrier can include absorbab
pharﬂhcoN@bwsahh#éaoméﬁb@bb@“®@hﬂ@ﬁh@nﬁmoaﬁgvﬁﬂfm§§s$@@g¢®mmmgh t he skin of

conpr o1 PR eEE Ry ek HaEE T ouretlor TRs R RIS R TBHBsu e ot onal 1 v

Wi th car ghBsdmeRihivaied 4 1 @r csfadoﬁmeﬂttm@tbhamobﬁadhe%d the fieke kin¥eks 48e
conmpound to the skin of t host at a controlled and predeterm ned rate

over a p@ﬁh@ﬁ@@@dﬁ\éﬂn&ho%ﬂs #9 ke 49 Endlheesgrplivet matetiple/ 301van delpite enhilyt ¢ he
skin. Magr I Ie
for mul at %%é\tghl égpggﬁp@g dgt%h{gé ]icgrq&le%%m% g%{%ﬁ ﬁll%%%ragg %Q are

pr ef er abirynspotieciis. gthhubmphsnt nitEidg80 8an ds@h¢tp t@furthet mhvigd ﬂhe knovvn in the
art. Such may contaln solublllzers stabilizers, tonicity enhanC|ng agents,
buf f ers HfFTPIeERERvARTRIRR. Dohverndpe BiSFASS GRYse BRnspREC, HParmdiagHp

adm nistered in therapeutically effective anmounts in conbination mnth one
or nore therapeutic agents (pharmaceut?cal comnbinations). Non-limting
exanpl es of conpounds which can be used in conbinationw th conpounds of the
invention are known anti-malarial drugs, for exanple, proguanil,

chl orproguani |, trimethoprim chloroquine, nmefloquine, [unmefantrine,

at ovaquone, pyrinet ham ne-sul fadoxi ne, pyri net ham ne-dapsone, hal ofantri ne,
qui ni ne, quinidine, anodiaquine, anppyroquine, sul phonanides, arten sinin,
arteflene artenether artesunate prlnaqU|ne pyronarldlne etc. [ 0080]
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both fixed and non-fixed conbi nati ons of the active ingredients. The term
"fixed conbi nati on" neans that the active ingredients, e.g. a conpound of
Formul a Iwandiizogmagent, are both adm nistered to a patipemtusgomikiianeous! y
in the formof a single entity or dosage. The term "non-fixed conbi nati on”
means that the active ingredients, e.g. a conpound of Fornula | and a
co-agent, are both adm nistered to a patient as separate entities either

si mul t aneousl y, urrent|y or se tial wi.th no specific tinme limts,
wher ei n SoERe BVFG er%‘t%ﬁ“b%??ﬁﬂ‘gé%m%‘?’%ﬁaéht rfteafrwuef é‘é{’ Pybtheevel s of
the 2 cogpays g@wb@@d"zﬁscp%tﬁm%{odta{é@ HIRALBBL rrre-gﬁﬁn'n@gr b6the YopeARPIEES O
cocktail therapy, e.g. the admnistration of or nore active

i ngredi ef@Gk. Processes for Maki ng Conpounds of the | nvention [0084] The

present inven n so i.ncl udes pcess t he ar at,i on, of conpounds
b “the. | nvent PR IR LT RO R SRR A s en BT g A h e uBbet y to
protect wAREtutiYiges LGt bfPaihg PraRIIRS blafs(ﬁ'ie RYSR Iﬁaﬂay%@we at@Bhdpridtéd No, thio
or carboxy groups, where these are desired in the final Eroduct to avoid

thei r unvigavited toserdirespgetiveaidavwalls wétheguasnastes framsnetbeit iegiHent binsoteect i ng
groups c cordance W|th standard practice, for exanple, see
T W Grelgln%haghs Slggeg.)ssﬁ?l ‘"Wits in "Protective Goups in Oganic Chem stry",
John Wl ey angdltbous, anldbdirh&035h c%[ﬁi@glﬂﬁsh&fsnFﬂdsmebﬁdéscﬁaw tat prepared by
pr oceedi ng as in the Reaction Schenes 1-5; R, R3, , R, R, Rs, RO, RO,
Rn and Rnoludpemylindeesnring ¢laimsinsomg smbpginents %fewmusaﬂng TREDFEAN owi ng
reactd onys %ﬁnes are given to be illustrative, not limting, descriptions
of the synthesis of compounds of the invention: [0086] Reaction Schene 1:
Gener al Synt h@tliec ciRbodienchts oThheetEst@thmmythunglanReﬂ&Citd)mge fi®6&7] Reagents and

diti : HC (4, . rt; (b) Pd/C
&Z?J B?%%isp%ﬁ% Mg take a?fefggwtrfm/é l%*taltsett mﬁb@at&‘%t @ﬁaﬁgewgﬁewﬁmé%au ve
Synt het i ﬁl ﬁQ}J@@Abé’acﬁ‘@%s'ﬂ@Bt Qs@erh@l A@hln%ﬁn&ga@m%% 132 a8esv0a fand condi ti ons:
(a) HO O4 b) TEA, DOM r d2(dba) 3,  Xant Phos, Cs2CCB,

Di oxane, remeln@a s[t@egft)qlevmaaﬁm tore &stfeine%@howneféﬁ} E}Bqttltfettestcsld?@wemblb}y

Imd | t - 8 th f NHCbZ[ 0091] R t
and Sondi 3] BRemep S s Bl de B KA AD. BT e, oo S
reflux; (r@ﬁsg 8ittd002aR be NRACRE adRurifesstésaBe d&MWs 60D (. dFroRthEloaddhg MEOH, 1t

(e) LAH or BH3 Me2S, THF, reflux; (f) N-Boc-glycine, HATU, DIEA, DWF, rt;
(g) Br 2, StUEND ApOFpr transpqriing fhetstsirageciavices B (o)l thodasitsiie 800adep coB,

Syt het 658 e stdnes Faicd elindrter abO RS s RE G- 804 SHOTHR: 415, 28R 000)
Reagent Slwdrné:tﬁﬁltﬁhﬂs! o sidetvalls £8265831 fioMthe Bﬁorag(ebl):wkslb'lﬁ@?@ortaeﬁm- Stark,

Tol uene, reflux; (c) 3 br ono- 2- net hyl prop-1-ene, Cs2C03, DVF, . rt; (d)
m cr dave, AcBriewingHo Bgp3 b‘em(selylem peglajiendic sipures dpiieACStigE, rt; (f)

D ocane DEET Ak ht‘”%s PR RREBbRE: 1 IKNR CORFLBicuBRLARRe (GRS,

CGener al sym ﬁéltlcomlﬁotﬂ:t @3 bhynak e dezfdguecdorpratido mvenﬁrﬁécdhtmﬁbfn;hle storage

Nbdifica%%l %8§ &wREa ents and. copditions: é? b)

NH4 QAC AP stad %}Eﬁ@an‘?nelﬂ% c¢ f5ongph S?rtﬁﬁcf’?ﬁ‘e%é?s&fl% SY CO3, DWF,
rt; (d) Rg/ @uhﬁzeacly%@fﬂle t5§t ,rac(k‘é‘)l 05) N&@Ielectﬁgﬂcs T(W: are id corﬁlftﬁmfygﬂton Waplh DVF, rt)
(g) BH3Me2S, THF, ref (h) CH, (i) /7-toluidine,

Pd2( gba) @chXesmslphwa @4@@& elemr@mesnwo a_r.somtf@uré(q tp cvﬁmlun‘mlt@@lth fekdisk

N- Boc- gl tail ed
descri pt%{ 58%f“€t¥8d§vﬁltm‘@§. @{%Ooﬁpé%?ﬁe{%stglfza%\ﬁécﬁ #6\% flb?‘u e given in
t he Exan@kesthnisihd aonhgditkiseinal (c Br,asap&esird) of twbdgterai@v@srmmeﬂm of the

| nvention [0097] A conpound of the invention can be prepared as a

phar maceut i caRelgrinecte gl abd B.achavadusitern dd0 sepnlichpovertethhgorage deviex base

f or m of u c or

organi c %E? gﬁﬁﬁéﬂga Jgp@ﬂgg&&ﬂgﬁﬁé%l #%g %ﬁgggigﬁkﬁﬂ%ﬂ&%gggmaddlt|on
sal t 3of ‘ceiospaoige déwteheoo m\thetdsostotcﬁalt‘iabﬁl meemhpld 1tblyst1fa€bﬂ(1ﬁ Fihg. 31 free
acid formof the canpound wt harnaceutlcally accept abl e |norgan|c or
or gani ¢ Hadet clarrereatQwityn eﬂ%tegtéﬁtk 1 ingluds 2t lzest eBisdlatsatangtysieRe

i nvention, for exanple, fumarate salts, can be prepared using salts of the
starting materials or internediates. Fb098] The free acid or free base
forms of the conpounds of the invention can be prepared fromthe
correspondi ng base addition salt or acid addition salt from respectively.
For exanple a conpound of the invention in an acid addition salt form can
be converted to the corresponding free base by treating with a suitable
base (e.g., ammoni um hydroxi de sol ution, sodium hydroxide, and the like). A
conpound of the |nvent|on |n a base addltlon salt forntcan be converted to

o o oy




met hods known to those of ordinary skill in the art (e.g., for further
details see Saulnier et al., (1994), Bioorganic and Medicinal Chem stry
Letters, wol20114008@3 1985). For exanpl e, appropriate pro@cugs2aandtie?
prepared by reacting a non-derivatized conpound of the invention with a
sui tabl e carbanyl ating agent (e.g., 1, 1l-acyl oxyal kyl carbanochl ori date,

par a-ni trophenyl carbonate, or the like). [00101] Protected derivatives of

t he conpounds of the jinventi ncan be asknovvntot ose of
or di nar y?ék’lnlqon}wntl??élogl”‘flt % Pt tey s %g&)a} pTlieo?'? IFSUnGSHHP 5 appl i cabl e

to the C§1%@Bft§ﬂ1e%lf@és%§%?{H%Q;tc%éé“c[b%m%%otr@&hxred%%ﬂ e t@ﬁ@lo@goéé)uﬂ% in T.W
G eene, "Protecting Goups in Oganic Chemstry", 3rd edition, John WIey
and Sonsselﬂ -esting oo 1§00041023s a(?dmimnmigobér ItSHeOImcasmm comneetion on can be

conveni en or, for uring t he es i on,

ol vat ecmiestigEeiRRRR s85h Il orpRabhSuliaE Sforfirales ke S Bhhoont fon
can be cRNeA Rithinth®tRPAbEIHORYandRME S hidhé boak irﬁé‘rfefo%@ﬁ’c@% Agugous/ organi c
sol vent m xture, using organic solvents such as dioxin, tetrahydrofuran or

met hanol eledftugail@s]nnwm@gn aidthghe eemmcptiveintar@ac el r%&nl@wragntﬁﬁlﬂr r

I ndi vi du?f%ll,%ﬁg eolcésa%ln?erss bc\énﬁgur%}ilt n a r a rglré:tersq;lr)l(zgt r]pglgL tlte gaprrEl?und with
an opti call'y acti ve I’eSO V|ng agen orma palr ere0|so rc
conpoundsf, appepamatelynR ot a&f- testﬁsﬁcﬁme@m&h&l@mdtytegQ)\f@tolrm debﬁe@@mo CEiid y pure
enantiomers. VWile resolution of enantionmers can be carried qQut using

coval ent CUMairiBisRieeq elrqudts il §apnd e bigckinisriaemelbsurts 184 aterrenfigveaia on,

di ssg¢i a I fenr neric

al T DD RGP T TR e FINSH Al RBu, BSRRL ST

poi nt's, dunomntro@pmem’escwab‘tbwtﬂm Istotagesicvice ®00 the bycramyemereahe be readily

Separate t aki n adva ge of these d| | m | arl | es e di astereoners
can be sg?ﬂg%’é‘t)é?ﬁ é’ﬁFS %ﬂdaféﬁﬁbl 13’rt°5F th‘?ya éiéf#é?%ﬁi on/ resol ution
techni ques,asEes RO ReA iy RN GRS white RRI1Y Q(BIH' GereT\bb?sa?pth@ §’tlo{a\ée REViEe
enantioner 'is then Tecovered, along with the resolving agent, "by any

pract i cascliresimsay hattevmmmarnnm seeios af theiswrageaksnicz 400 ononl ramstoen det ai | ed

descrlptlon of echni a cable to the resol utd of st.er.eoi soners
of - copotitL e ohlts FEFPOBBERAaRRY CETRPelfing dfpRRa i SLuRsR85ES. “Anar o
Col | et S@(FUJﬁid dtbo W e inte 'Uf'c@t’i\iﬁﬁﬁuca{?@l@semﬁ g saidodResMcWooose, John

Wl ey And Sons, Inc., 198 [00104] In summary, the conpounds of Fornula I

can be neldgtespngroerolidgnay egmmnnicafo svitheBe sqlficst ¢iepuitd®4vimbihemst Gchene 1, 2,
3, 4 and h t
3o SRR MR Db ROSEHH DAHIGIATRRUN Bt 263 kA ent Lo

f or m of altscﬂ[m@mﬁdctmh mﬂaﬁfactdmmntt(s@mz%l @ndastmge aa\l’lte(ﬁ)cﬂ()(ﬂ]vu( dpiverphli onal |'y
converting an unoxidi zed form of of the invention into a

phar fac e%&ypelgpwsa%é\fﬁr él@p@mm%@@%T) @eé)al Bﬁlﬁ hHART oyt imgdardul oxi de
form of QHB? %% a]ftéaecdc'[l}{%'é’é R0 sdiful ICB@H‘EIH%{I% 55 utg;% optionally

resol vin n i n I soner a conpo e i nven on froma

m xt ure pefnphsmitrde\sce {ogipl pgt.i Binablbyk nmﬁatee tiragt(s) k%ns/derqomﬁgmmé([b conmpound of
the inventi o? into a pharmaceuti.cal I éabl e d ri vative; and
(h) opt | SRS DORGOaRE P oa Brect g eHieTaty agddgathy e §ictihe

i nventi ofgy Qal ESntRABAEEF mYAL ek QbtS %d@anh%%@?e]ge'd&%&éﬁéoms the production of
the starting materials is not particularly described, the conpounds are

knowes or can besopreegramptts atha tasgelasttoniesol 6eiehelie inghederatilgast dre fanctional as

di scl ose s herei.naft.er 0010 il |nt e art wll
ooy oo sttt R R R PG PR e oS b SE 50 tsp b o

et hods {feOfing¥yeRad B0 08ts Ghethbea EQEROUBGRgeldctide 600,83RNnd/dY8HdrRd. in and t hat
ot her well known nethods can simlarly be used. Exanpl es [00107] The
present thayeshslobp0ladyfthe staease dreisp irpmiperter K9 isdfonctiontig eperby Ahe fol | owi ng

Exanpl es I t hat
illust ra{uézﬁﬁleaﬁgf%ggﬁ% %n(@)%ﬁ%?@ g%%pour?g) %% ?flfqr%e?lr%\%emr%? %ggﬁersagl:gg? 9%’?0% age
Devi s Teo elicadperRin@ers pdrgtuld-CaNbOAL: td-tdall Bnd hire dits,cindshy sbiligltates t o
sensing the te rature of storage devices during testing, BACKGROUND Di sk
drive rramiif%te%ag HPrRidPPperaREss (rgnipractiiréat #hcsyeriigry Rilsscold or ¥fipl i ance
with a collection of requirenents. Test equi pnent and techni ques exist for
testing |large nunmbers of disk drives 3¢rially or in parallel. Munufacturers
tend to test large nunbers of disk drives sinultaneously. Disk drive
testing systens typically include one or nore racks having nultiple test
slots that receive disk drives for testing. The testing environnent

i mredi ately around the disk drive is regulated. The | atest generations of
di sk drives, which have higher capacities, faster rotational speeds and
smal | er head clearance, are nore sensitive to vibration. Excess vibration

Y Y



the reliability of test results and the integrity of electrical
connections. Under test conditions, the drives thensel ves can propagate

vi br at i onwotzhricegfzsupporti ng structures or fixtures toPratjuscanto42in2ts.
This vibration "cross-tal king," together with external sources of

vi bration, contributes to bunp errors, head slap and non repeatabl e run-out
(NRRO, which may result in |ower test yields and increased manufacturing

costs. During.the nmanufacture of disk drives or other storage devices, it
o ComIFEY dBREHBIOTHEY {Shpay furenomepe i Ly A PVt o
ensure tHat fenSl A AeEs. IeNd KBStHAHaBL MAGHAYRA anQpefatifls RISHISHEIIMIRI
tenperature range. For "this reason, ‘the testing environnent 1 medi ately
around t $terage deaget@eaideds the dategute gititgabf chinmiumicatiommpth Hicustaradd destagat i ons

in the t i nvironment can be critical .for accurate.test, conditions and
for saf eblp- ont facul e me o b e i il 5y 6 et BRI Sne e
tenpey at ﬂﬁl@ti&fql Bité%_'f@le cHeSiK 10l invi@e @il @@&nﬂuﬁie@ﬂbrﬁzﬁtﬁ@h@é&uéi&' dogtrep&! i ng or
heating air which is cormmon to all of the disk drive devices. SUVVMARY I|n

gener al , 1§hi4 cannpetion interface chiews 1 §2is e plspirigak demmuenippsiontwithes $PTage or age
devices durlngol&skid -ﬂtﬂn?ﬁeetteﬁssl?o‘%% 2 gndstthgrﬁ%%% gaﬁ\{flt%%a%erce}&%ﬁqbil.erfhle S
provi ded for transportlng a storagé device an Por "Woun ing a storage

devi ce Wiinbiidhadirt@$dce 2irotit 1ThB cohfifiage tadenhaenititaasptionsl tededutidesoa frame
that is configured to receive and support a storage device, and a, cl anping

mechani stheatpses devicg R0+ he Renctipaatesting aystqradp) gy reran Smunisynabl e to
appl y, a %Li@dﬁpf P06 bh%tﬁeﬁét%?&‘é A€ U] LRI LR G Cat N teBedn't The

st orage devi ce transporter al so includes a tenperature sensor (e.g., a

t her noc ocipster) confioderc] & mpid nige ovecdraners funcsioogdentatthes dicuitpvel.t Prefarghiper at ur e

sensor into contact with a.storage deyjce supported the franme for
measur i n@{egowﬂtﬁéﬂq,&f@n&m%ﬂ@n g%&%@%iaﬁvte& EBRTaiARSY i Tylettl, test sl ot
assenbl yinkdelc b d8suiR] Pt RnABEniERY bf Gn EHRMSRALLR K AW & b &ferTh@s of The St orage

device transporter includes a frame that is configured to receive and
support eorgmoniagendeyy beysednd ha furstipeslantarfecesarestrl 9 enay. comanuhextertscoupl e) .
The storage devi.ce.transport. | sQ, I nc es,. a, clanpin chani.smthat is
2ssold ot B4 S ik o PRRRRER I T Rar ] MIRuRnER 8 LR PR Tppty &

cl anpi ngalf@kkSvi & M LOr AT ALY IIBMVIUAROPAEA), A T A f9aEs andAitsche@nf | gur ed
to nove the tenperature sensor into contact with a storage devi ce supported
by the fP@hb. f or neasuring a tenperature of the storage device. The test

sl ot i ncl udesgap | i 1o G9ARIIAERE 35107l £ABL YOTAANG, SHARAL LLAG) 6 gy 8t Or age
device transporter.®Tn a further aspect, a storagée device teSting system

i ncl udesmaniptiatcage2 dENG. GR Al dapsgedrat elistad ch@6f ths lréoticamel 310sThe kewticoni cs.
The storage_devices transpaorter includes a frane configured to receive and

suppétt s} ddwcaiirdexisa 1t éhile PaBhrermad i pflopesuglace S i ks obegb) , and a
cl anpi ng,BEAARLG Tt Ede'té‘rr%?e?ira@& bl Xn@‘éﬁ&?dsqgﬁgwrroﬁl PGt haRB 14 The

cl anpi ng mechanismis operable to apply a clanpin orce to a storage
devi ce swihmra etotypetdtmgfaraarid 8afthe irsbatieraiingu 0 edcdndignmddo tidteptreteptdy at ur e

sensor into contact w st or age devi ce supported by the franme for
reasr | NPTt SRR SOBIDS LGP gErGe FrLED Pher BB heN A udes a
test compatstigent tHeQfans@E§LYINENRR tRHRROALELNDO NE s&he 'irﬁﬁl%nféﬁﬁéﬁ&@s_ , the

transporter, and a connection interface board. The test electronics are
conf Pgur mdotioamo Arhiivicoatigured & pick np retaragstdevmattidf don oneths soraggaledisvi ce

di sposed_wi t hin e test cenpar.t nd,t.he, connection .i.nterface board is
conf gur SR By A0y RS R R RO 2 e ioRa PG B St DM B5C, e
sensor aget 300a foesitingl Fehd Qofags dWIeN600EnSbOk 2@Bl AR aGiOnd, KR/ YDPEHid &n | S

di sposed within the test conpartnent.Enmbodi nents of the disclosed nethods,
syst ens altisgenfigwed ipaipmone b gWeagsisvise tigpsnortef 4¢hisomeng ehthegest sltures. In
sonme enbgdi. ne; Vi rLer | e ' circuitry
(o, oo Bt e phABR BE S0 iR GG SDRRP LR bOF TR Ml
pringed dévicuictdpyadlgsdoddethearnasfor statsre2(¥ with tHeGtdrhye didueinspatdrdger s. The
tenperatures sensor is integrated in the one or nore electrically

conduct i ¥ they ety dhe stprRep A HeeEansppiteri40Py with 4 stosage dexirsPBher¢ingost or age
device transporter can also include an electric heating elenent (e.g., a
resi stive heater) arranged to heat a 3torage device supported by the frane.
The cl anpi ng mechani sm can be configured to nove the tenperature sensor and
the electric heating elenent into contact with a storage devi ce supported
by the frane. In sone enbodi nents, the storage device transporter includes
printed circuitry (e.g., a printed wiring board, flexible printed
circuitry, etc.) that includes contact termnals in electrica

comuni cation with the tenperature sensor. The test slot can include a

Y o o o e




transporter within the test conpartnent. The test el ectronics can be
configured to nonitor a tenperature of a storage device disposed within the
test conpaiotzoEmswB t he test sl ot based on signal s receipcedsstolomiibe
tenperature sensor. In some enbodi nents, the connection interface board is
configured to provide electrical communication between the tenperature
sensor and the test el ectronics when the storage device transporter is

di sposed within e testco tnent, and the st electronjcs are
conf i gur ¥ ¢ Sleb%]qa&lpr %?S%It&?ﬁﬁ? SIpTagt ey oe O 5k e i o e e B
based, a%etr‘ié%%¥he'sﬂpﬂﬁ{éd,st&ggéd&%|@)Or(%ﬁf‘/aﬁﬂliéa[b@éntﬁmoﬁagw@sfi@é ure sensor.

I n anot her aspect, a test ot assenbly is provided for housing a storage
devi ce duanspgrt¢re) frgm oheeftlestestslats Sexsmdvttyrisnciowe ©f thehstarsgandevideat

i r onmEATP A Ta T g e RaE AL it Do PR R of SRR Cost i ng.

I n anpt hegoagspect, the test slot assenbly also includes a tenperature
sensing assenbly that is associated with the housing. The tenperature
sensing assenbly is arranged to neasure a tenperature of a storage device

cont ai ne’flest?}ﬁlottﬁiﬂ?%'r%i Q%tu?é'sé’v‘ﬁs}’n ojgssgﬁl%g cal contact. In a further aspect, a
st or age or transporting a storage device
and for nount ARgh@visinOFIaY 83 day tdeslvd 300aincudeg atbasd HI0, upfiendiowage device
transporter includes a frane is configured to receive and support a

I

t hat :
storage dEi# eB2b and firsf andasepadicovene 1 fa 9 481 bhe Husemist y L4 infawslly t est
conmpay t NBRt4el il GEBLYI 19 a"ﬁa%é&b@&%ﬁ%%lfs*3?2&}5%6‘.9&&8%'5&? shansporter. |n
a further aspect, a storage device tesSting systemincludes a test slot and
test el eothdns £sear portioh 638 asd afronhedrtickeS1a Tiasteacgopen 5 hehduscoaf i gured to

recei ve a storage device a tenperature sensing assenbly. Th
t enper at eﬂnéle%t&?slm@fga%%ﬁ@%&i%hl%n&ae% BgowCHoR %éerfa@%lre%hb%ﬁ@ﬁt and is
arr angedy { © .iR3BWY. €A EHORIRRFAGUS L RS cAnSdR¥nAARHE&Vh L8] SBnRifaed by the test

conpartnent by way of physical contact. The test electronics are configured
to comuelcgatd conecctnrs At dispesst alongtidisdsl and 543 of theagenativh egedicsposed

within the art.ment. In a rthe spect., ,the test .slot of a
ot or e Bigud £20. ERIRRGHEY Shanscud sbhbrou il B HE i s aiBt Broon f or age
devi ce shRREAfRHoPItE L RIrBEE 1 SEWICS. §1RABRPIIB Pind tRERsBEHRABE(AE e
transporter includes a frane that is configured to receive and support a

st orage Wehsystem IROmd@r dgpctiondd et Resterad pokin thaasseqitfed tasheckide® Test i ng
functionglity.of. ice: i .q of the
Stor age SuURHistinfyRbORRE S SEE e RS TREH WM O GBI 8o oae,
syst ens dséridd\com@suniayioh betwede tlen@nocctionitte@icd dieuft ARR and agtot@t ures. I n
sone enbodinents, a clanping nechanismis operatively associated with the

t est 2&| ofleviepra thq s HgO0RRchani smis operable to nove the tenperature

sensi ng asse Lt oG 1 I i mechani sm
can be confi S’Sirléég&?tc}% Et? (gpn%@f%féﬂes%egtr%%?géglgﬁ%eq%%tbﬁﬁﬂmpﬁgmtg%??gcfggmart ment

of the testiveigaind sippasimea eoiagdidoeint 6§00 ar, opterpilnga stechadewoe irgnsppecrat | vel y

associ at ith the test s|ot. e cl [ mechani sm be nfigured to
clanp ¢ hiO s Fagungavicatesiacs O ot s B PN AR b 2 M P rke. ¢ st
conmpar t ngRtQfcol iSs 1 8dgctlcPHefinerikl §PER dAd 578 CHRRL POVides ARESAR] B tQt Move

the tenperature sensing assenbly into contact with a storage device while
it i85 suppopareacnby26 freg.ston mmgaingenil cemoviag dsstarege daviceddffer smsas, t he

tenperatuyre sensin enb an i ncl ud ne or nmore thernocouples. The
tonper at (geeERSPAErADAER Pedliaf PR Pl v R B P or o

t enper at bvelcIAES I skabavihe ifioct figte BF b stokdpe!dddicd erafiportBod00 inBaricadn tHe
resistive tenperature sensors, seniconductor diode sensors, infrared

t her nometesriot208a &1 Piokidh atsarldbripniibivpe dlovr of asieintumsl out af Beriest siRbodi ment s,
the tenp t S| ly can include printed circuitry (e.g., a
printed §$?Vﬁéﬁf§§$&&ggfgisg'e printed circuitry, etc.). The printed
circeitry canAksledvidi KIGS. 05 Anad 85B) the tdst slat $Q0adadiddsta dlempiayer s. The one
or nore tenperature sensors can be integrated in the one or npre

el ect ri cEPEiAEEhIRtINdAtemRRiwe sentingassqmiy 4v0-a 4 B IpBIDFTaEUR SEISE i ncl ude a
conductive heating assenbly (e.g., a resistive heater). The conductive
heati ng assenbly can be arranged to héat the storage device. In sone
exanpl es, a clanping nmechanismis operatively associated with the test
slot. The clanping nechanismis operable to nove the conductive heating
assenbly and the tenperature sensor into contact wwth a storage device
supported. In sone cases the tenperature sensing assenbly can include one
or nore tenperature sensors, and the test slot can include a connection
interface circuit in electrical comrunication with the connection interface
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additionally, a separate tenperature sensing assenbly could be provided on
the connection interface board that could serve as the control point. It is
al so posswblzeittmsfaave a tenperature sensing device that pc3/sbaianhad2to a
ground line that connects to the storage device that correlates to the
tenperature of the storage device. In sone configurations, the test

el ectronics are configured to neasure a power draw of the storage device

and conpensate far any error petween an actual tenperature of the storage
devi ce ahtcd kye“r?ﬁéélawaﬁét% &8 Sﬁgmrwe%vé%@ﬁfafw@%a}?w Eskenbly. In

SOMe  CONfi Gk, 3 daQiSd viat@nERIMAR i ORora Bt 84i@ge TRO Bt OMbdRRise] St ri cal
communi cati on wth the tenperature sensing assenbly when the storage device
i s di sposedtemptiature sdmsingessenddypad canelet incivehmdse canslondlOadeameefsuri ng a

tenperature of t stqrage devjce wi.th at ergiure sensing assemly.

Vet hode. S P ST EABAL AEORY PR ERRGe oURER TR P e N B lpor at ur e
sensifng A[IEML hqé_starhdingﬁzﬁﬁs SERES12aMmhakki & _‘IO*OQ.. W&h&%ﬂg@ld&@cemdohs t he
tenperature sensing assenbly can include actuating a cl anpi ng mechanismto

move t heinsetRdenigtthe tessdeisiONg, the slemping meehgnisormt Motccwies Hictsksagrdsivisge  devi ce.
Met hods 8@dqinapllasc% anfd (felsgéjn% s'*)r%t%%otvlen nfothOL B egig\\f/i'cg 800 f]etlegiv% i BRtred lsPoE :
Measuring a tenperaturée of the Storage device can I nclude nmeasuring the

t enper at 002 ¢h séhie irplomagraticisy theachycrariyc @nsippwsdcably $aN¢amdic paitloged he
supported storage device is disgosed within the test s|lot. Mthods can al so

i ncl ude foridat theslpnpiag seshieisaed & suel hasthe cawinsupguatsPy la Wéebr age

devi ¢ce, | . I i 3 1 OF devi ce can
ol e B D L B Ly R Dbyt cal
cont act afplice ptekeirs dw rhegeoragyvdavecetd08n $p sorhe impa et thtorsuthpserhpatatstor age

devi ce are di spos ithin the test s|of. odi.ment s, can i ncl ude one or
more of 1RENES %eaﬁq?mééﬂawmsa BSIOREeLEYICP é@g&%@@@nﬁmg@%&#@%ﬁt f a
storage Q‘é‘é(ﬁcﬁleoﬂ%l}b[dlﬂlﬂg heehdniGn Q?@pr@@su‘?@. r ﬁoraéiﬁﬁ'lF)Fbt 153} &Q@lnip![@hén%fons,

tenperature neasurement methods, which can incfude measuring the
t enper at eelavfpisgmathanisnohd @ may appls pessswe direetheonse dreagaageddves. 600oobi ni ng a

t t i th i nbly that is . bl e of | yi
ol antd notte e ms b dpla® BEY pOdy BRGERa b0Bies RuRERRS e P Eerur e,
direct ceghtafing IR #e@Pe HRBcd 60TPah AbME empRARATatidNY] tHBmpanRgY %ndﬁ%ioce, and

t hus, can help to provide consistent and accurate neasurenents. nbining a
t enper at dsemblyrf9fris giranged vathanibiciept slot &iflsl sych thaph whestthassteragaiedcobyi at es

t he need S r i i t ween a
stor age. degPedera AN IR AR08 "RE DO il SRR o ane anc
contr ol | edeciotdbpinrgorageideviduinggpriche0@ (S, thiddgle o ppir eR pdrys @fholdsdn tiest sl ot .
DESCRI PTION OF DRAWNGS FIG. 1 is a is_a perspective view of a storage

devi &bt BEISPAGCTS fad eamespnig direct confpchaitd s tpipge ¢eder 10-a test sl ot
assenbly. FI r i I f: - uncti onal
test circui t?‘?s Slﬁ%vé?—m Slb 1?532’ tgee?%tp})@@?%t @gChé}lgﬁﬁb 1351{3 ?%Sn%sﬁ%f:c?%ﬁglg% FIG 5
i s a persapeonbliasetsicevh mtludirtganeacantbrsittd made pdevwif seingrdl@npShéci, praxitalp vi ew

of a stor devi ce testi S e FIG. 6B_is a perspective view of a
Storage HUVAIHA YEQEeHG Sy BrooR A hopqrion it ioled ParcbUBHIVE vi ew of a
storage gdemicceq3x %‘;ﬁgﬂg&g{é}g dsimblBs us2 %cﬁﬁfe%ﬁ%ﬁgégé]ﬁle}’ﬁ SWmBEr mqia@mgl ng

mechani sm FI GS. ' are perspective views of a spring clanp.” FIG 10
i s aper sgeavpirdg4y iTbwspfingclpmps 4 Yfa, axtbuat operatirlGassotiatedvdttHBe ar e

: ! f devi . : f FIG 12 i
er spect FB AR Te oy ST 16 6 feting PACSURE 4 SSAIE095 7 s 2 bl an vi ew

of a pair of RefeRifttoWIGi Y cheasOihe hétQmofsS4tindmesahntans 6a&t Agfassenbl y of
FIG 12. FIG 14 is a perspective view of a pair of spring plates. FIG 15A
i s side ¥%lanwtdib whichde cHenjing deaturgh s bl ecpating deatusginickidg wadgesd®ect i onal

vi ew of i t f . I

55 155, SRR, ARt sEfabl SIRR RS eolibtls AL bR ERGL B R

Cr 0sso Semheodial ouvdrawtfades YR ea, SR 0Ob age thd@\predntat anis @86 | e acthatbts@5415A t aken
along line 15D 15D. FIG 16A.is a sectioned plan vjiew a storage device

t r anspor P&RdgREtHatepPAAkE!s dBG miuch Fe gon éaﬁ@%fbf@doep?@g?gqablﬁ.vvl% e meaipulaion
detailed view fromFIG 16A. FIG 16Cis a sectioned front view a storage
device transporter with a tenperature2$ensing assenbly 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 clanped to a storage device. FIG 19 is a
perspective view of a test slot. FIG 20 is a perspective view of a
connection interface board. FIG 2 1 is a perspective view of a test
conpartment fromthe test slot of FIG 19 (with the front cover renoved).



FIG 22A is a plan view showi ng a storage device transporter, supporting a
storage device, inserted in a test slot. FIG 22Bis a detailed view from
FIG 22A.wBl2@1/@%43s a plan view of a flexible printed ecraiszeiomiin
integrated thernocouples. FIG 24 is a perspective view of a tenperature
sensing assenbly with the flexible printed circuit of FIG 23. FIG 25 is a
perspective view of a tenperature sensing assenbly with the flexible

printed ¢jrcuit_o |G 23 nmounted to transporter frane (sho i n hi dden
nnes)._ﬁ?ﬁ}ésﬂf@ TGS lé%&m%em%wf%# G} deferodve ce et sgbr t er
supporti ﬂﬁ)a@z@tf Bk AG5e d8Y haipuBhdrF 0L af Oh gL MRELhIA8)s Whi by &dBvinee i nterface

board. FIG is a perspective view of a storage device transporter,
suppor t i spying chnopsatpdadedbbceecuang gstethgk devico Abi@cmipbave( vi a bl i nd mati ng

connectors) wth a dewvi pnterface board.FIG 28 is a plan view.of a pair
of printed w At AEEOE G drohe Iegrarsanrasrsenny FodedrdR et

t her npcopphted witildboad® (i 8., ArdP@h$ RREA YEnteH KRS beard £APIQAT 29 b)) & SN NG
assenbly with a congllant materi al on exposed surfaces of printed wiring
boar ds. Presuragatcs §9% apdadpiefiresdicnt bigsivg mechaysms(sbowadsdwdpym of| G 30B i s
a perspective,vie f a l.ot . assenbl.y. an st or ice. Bl GS. 31A
2nd 5 B IS Db B Chif IR L SR BN, A8V gl

FI G 32Ainhsr airfadgs 482e0t18f clampingras@entdiey sefdlestindgssybem FIG 32B is a
perspective view of a storage device testing system FIG 33 is a

d
perspecti ve vRelgryie tg Higs$9.speft of the printgd wing bopadshdle: 190 wrladesor a

tign.d £ GO : 4+ (ELG i t] i f
Lot 1) oBmpibls2R7 ifeRatd (Ekoiched) 3y BB PLORERISRTL dabBg)| P OF 2

per spect layer atirespeaivedirst sarfpeasgl8ef Heniried Wirlag tddrdsstoda, plod bp&he prstedi ew of
assonbl yvimeoash Dla giogh il sk Tadbas ausReipe By RIch TR BOAIYE 1 rom
the t eNPeRAh ] SR B ASEATAN bQhn Bk GecRall¥ t&ine@d kSefh RN vid ew show ng

a storage device inserted in a test slot. Fl 4 1is a plan view of a
f 1 exi bl ewpes Aedhichrouioddangd to thapeocdmedng berdotDiaptBd. at eGyird2 pads a

' ' f. i I ith . i bl
or i noa & el rafted ST R GINLAS SRSl B S P ea

Wi ring b@igfatsndMddp. imikeer@tasmiigsl 306 VoW e BictridiNdohhRhiteeatRitBs. FI G 44
is a perspective view of a conductive heating assenbly with a conpliant

mat er i al comeetigposissfaetbgasd 630 withprthatestslol Y0089 Ibemeisnplemprtatietsethence
synbol s | h ik O i i ndi I Ia% t D DESCRI PTI ON
ot om hBrs? SR CHE, 1 PR NGRLE, of Sou BT e Bhabk o 1o

i ncl udesingerfict badrd 520 oEattesf the pakied Wafng Bogds 491Q, 48 is hatktedIBQWR)a a

| oadi ng station 200, and _a robot 300. Each test rack 100 holds a plurality
of t&st ahstivassmnphaniss! festynerastosampcigicdens ofghe pigetrq Rlates 4Pdt assenbl y
120 i ncludes ;s &E&Q&gl%&’h@%gﬁe&%ﬂ&@&%ﬁl&rﬂa{‘% BRheFotdist ofth@hi 39fkiq The
storage device transporter 4 IS use or capturing storage devites 600
(FI G 5)plasticy. Thefpressutelpdattodidi arg cathahownyd @radeoe@spdndarpsperdfitgspring st or age
devi ces 600 t4§ one of the test slots 500 for testing. A storage device, as
used he_r%W‘?,S #rcl udes disk drives, solid state drives, nenory devices, and
any devi ce t hRbfeFaQUbreE, 26 ¥WRAHORRYL IR ick 800 P4 fMB] thedfel PBsitipy di sk drive
is generally a non-volatile storage device which stores digitally encoded
dat a2on withindhy testotleit 500g thal astuagars 404 cdn bragaedd towsigdsfheengagal positicd-tet at e

drive (SgD),.is,a data storage device.that. uses sqlid-state nenory to store
per o1 st efiehgis w8 i eRaih (PSRt EroRing Thmet 23 3o eror y) s

of ten cabitedrdy ROM @E intRr sukhRcd £3000E tdmpimt Rs@eBIRsabl y ik tehggei shes
solid-state electronics fromel ectronechani cal devices. Referri ng to FIG

3A, in speteiangicamengeaans msmberset 7dtdispdare threriinted wasts bagrdsyit a1 odl so
i ncl udes one.. 0 ] ' ' | . sl ots
500. - TheEorpEt B G R TREhSh Aok M UTHBLEE AL, WA ATl BRG] °oF (e
st orage ¢enict bstweon thaaindrd witingoards 4o o4 40mb end thestdragccdnide@00t Maisst or age
device testing system 10. Wthin each of the test racks 100, &est

el ect r onPRYSICRBEPIEICE MWL b AR MCAY BMCR A KhigERCRa8YE e o5 hgtStazieRy, doYKE t est

el ectronics 160 are configured to comrunicate with a di sk dive 600 received
within the test slot 500. The test el &ttronics 160 execute test al gorithmns
and nonitor the status (e.g., tenperature) 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 nonitor and/or regul ate
power to the received storage device 600 in the test slot 500. In the
exanple illustrated in FIG 3B, the test electronics 160 within each test
rack 100 include at |east one self-testing system 180 in comunication with
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device (SD) 600 received within the test slot 500, and one or nore bl ock

interface circuits 183 in electrical comunication with the connection

i nt er f acewoi2otwiog94382. The cluster controller 181, in secE/uSz@ophas? |iS

configured to run one or nore testing prograns with a capacity of

approximately 120 self-tests and/or 60 functionality test of storage

devi ces 600. The connection interface circuits 182 and the bl ock interface

circuit( 183 are configur to self-test. However, the self-testing

system & WA meu%}g%ﬁ dyring S B OB IMRSRET P BN o BRERG: o and

control arsehiso baa é@BcBﬂH&H&%ﬁRﬂsQ@@opﬁe@R&%ﬁﬁ&ﬂﬂﬁﬂﬁ@%@mﬁﬁ9ﬁQﬁnétOraQ?
I'l'er 181 nay conmunicate with

device testing system 10. The cluster contro
t he sel f fitnesonta¢tvath spribg4ontaats BEH en tiet copecdion@ntgehia bdath&thdn)spmahi ch may
communicate with.the,bl ock interface circuit(s) 183 and.onto the connection
"t er f acREr PRIy e argets P& bt T St S vapLe

asyncr ofguland efe&ilaefing hRoBdHidrh 850 CINPT theS@srhad ddvidtkeDo apatddhovdmdasual |y an
i ndi vidual (or part of an) integrated circuit used for serial

communi celdtiyado dgestoragacdnvpngttenspnrtepdP9.pher al devi ce serial port. The bl ock
interface circuit(s) 183 is/are configured to control power to and
tenperature of the test slots 500, and each block interface circuit 183 may
control BPReéodE offOheratiest sl ots 500 and/ or storage devices 600. In sone
exanpl es, the test electronics 160 can also include at |east one functional
testing syst el uwoothe robodigeimidd Apidss uiatskprage deaksto08 i aag ofthgstomge. The
functd onal. 1 . L i ce 600,
B e N i b

t r anspor therassbotedi tsstfslon SO00foir ggtipg opthelstoragd devivet0ONE sanye t est may i ncl ude
testing the amount of power received by the storage device , the

oper at i niPRISRFUPA e r?tr?éw&mlﬁﬁwemav PRiR X go%@eabi lity
to read odiydobs widithe Ahinflfatant rehiRIPEMRLINSR d9icd-600 Sath WP gaot and
wite while cold, or vice versa). The functiona ity test may test "every
menory séotigrtrapspartes 480.cmddgkendandi then ®00noihe oturagerdentbo ragspoplei AQsto thie

functional j S .te an operati t erature of t st or.age device
600t Grlot 0B T BE By BB eRiertier B Fate e, RE 1 SettRiSeS sout co
600. Thejdonetitenatst bpokitig tiay flchifled el AR, WdRSHIAy SleUshSdra@ANdftRE | er 181
and at | east one functional interface circuit 191 in electrical

comuni céeiaga dewiehoQthender test dror eswmple! duwinegesting thosipmee devicisii08ratace

circuit S 4 i i [, Oypo M e Vi

Cecer ved i inied it Fabe el SRTTHERSRMHIR S o Sh DG FRURERED | 1o
The f ungd ¢adnadnitontiey ttmperatire 6fiiht stPdgel ddvivenbd®inreadh bHthe aprbiviscANEe a

functional test routine to the storage device 600. The functional testing

syst &n 190cday fsedbpgkdacadvedinom dhcheimecounics ¢4 103 fee cdectignigandQ cat her net )
to provi : I QHFH I i rpller 181 and
thepone %S)%%§%R§%%Q#F%ha ?H%§F?§§QR§?¥§§??EQ%S%59§$§?%f§ ;&éthe conput er
130, contmmoauplend48i tch 192, cluster controller 181, and functional

interface circuit 191 go ni cate, an an Et her net net wor wever, ot her

orms of - comHEEEt N Rdgbals GEoH D HREYRME OB AIIH e 609 G & 0esi ¢ 101

My COMURINGEALL tHeQtdrie EQMReRh Mt DO &R eCte St Gt 50dBdn el & iRl AT

Attachment (a hard disk interface al so known as | DE, ATA, ATAPI, UDVA and

PATA?5 SATths storagSAlSvicSeacieptiaclas 2atitabic S@BIYr staRoh 0P i(ergmo s H tG.andthet n some

irrplerrentatiﬁﬁst t@q p@ sfer station 200 includes a transfer station
st shE

housi ng Ne° tote presentation support systens 220 di sposed on
the transfer station housing 210. Each tote presentation support system 220

is configured to receive and support a storage device tote 260 in a
presentagmﬁKE§QQQEMQmE§or servicing by the storage device testing system
10. The tote e ti : ) di n the sane
Side of the tronornprst Ol BHRRSboR RO T P KEePl G SATREISRRTT L, ¢ 1
respsct benekRedribet hetvhichakdrmioobdeplgy @6 ané@hicdints tpparcduitsyat £paizd0 has a
different elevation with respect to the others. In sone exanples, as shown
in FIG ®$htvRl rﬂ%5 Bripicd SaHRRPPHAS téﬂab%rsﬁ rds\vg%iwgét@en IR ROQPMEN S uppor t
arns 226 configured to be received by respective arm grooves 266 (FIG 5)
defined by the storage device tote 2687 A tote nover 230 is disposed on the
transfer station housing 210 and is configured to nove relative thereto.
The tote nover 230 is configured to transfer the totes 260 between the tote
presentation support systens 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 | oaded into and unl oaded fromthe transfer
station 200 (e.g., by an operator). As illustrated in FIG 5, the totes 260
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transfer station 200 and the test racks 100. In particular, the robotic arm
310 is configured to renove a storage device transporter 400 from one of
the test wbhavs/®83w t h the mani pul ator 312, then pick ®pTaisstionaye2 devi ce
600 fromone 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
retri eve@e&iﬁm@mpé@*ecaa il@sgrﬁwéﬁ%tﬁéhq “éFcukf@O?ft %ﬁ%@%ﬁfwdt%wéuéﬁam ed
storage dewife r80041 fifme0LnefibichRint&Bdircd 908 1RhANRs L bRSirk it t0 one of
the storage device receptacles 264 at the transfer station 200 (or noves it
t o anot heoertiome(i.ef, firtiend esond ket BEFOInLR02aR 2l hiad & cmnrsttingeorsowi@ge devi ce

transporter. 400 (j. Lth the ni.pul at or 3 . orage Devi ce

Tr anspor{h@{ls te%rl(’?L‘O(ﬁ?iﬂ??%ls nd?%ec‘? ecugflgrpg ?naé@/%acg&l?'ansporte_r 400 i ncl udes
a frage 410, Badh GRS RSt IRCQRBASTM ARG ortiddtd 7924, LB iRl ke a SRHmobEuAS sSembl y
490. The tenperature sensing assenbly allows the tenperature of the storage

devi ce sU¥pibetiedetiged yecleqtaemlytcongective sigoese d heeognectigg pediony Odplsour ed vi a
contact w age deyi . sh i.n, FIG, 8. the cl i ng

mechani slrlﬁcﬁlgast ﬁlqg%tﬁl%aﬁf s&gd%ﬁ}vre %ga%:esc@rrvﬁlingl\gﬁ?sv édeenarl)ll ell%cgﬂczfg OEHE lorH)ncl udi ng an
act uat or betwderaihd tikerp@tsupids Prof g GlsedfiSseCondecizcuporiom®l7024)d0dh.sTd sSpri ng
cl anps 456a,. 456b). Referring to FIGS. 9A and 9B, the spring cl anps456a,
456b i ncilipfeirguinesdon §%a ingludesa penPifcopet taranals /oA gt Spdistabend B 460a, 460D
each,havi | F he- : rtj 458 and a

di sprd;ceg 2 éﬁt&é‘n E%&Fﬁ%ﬁ%?@%g@%g&éﬂ [Igun%gﬁlfggvzﬁl@gg% Igegtr% e fornmed

f r om shemterfaet &bard©24 in thettest sloe S@0as tSadthble Bekibdeprittbd circyts owithnategeatet! di st al
ends 462, 464 the sprin r Oa, Ob .define a narrow region 466, a
broad reFBROPERICHA aaalg%h?? ggmzl\gfaﬁ%ﬁ%ﬂﬁ ﬁfgwaﬁ@ UHEE oMY Pf ust rat ed i n
FIG 9A cbhenthid, Viksotpl i Ng arm 460a includes a first engagement menber 472
having a danper 474. The danper 474 can be forned from e.g., '

t her nopl ast i c8s shdver mgdér 42, ark of e fbtond seqonBicGeui9Bortivhe 7GR dvkb ispring arm
460b_i ncl udes second, engagenent . r 4 whi ch .def.i nes pr.ot uber ance
478, "EacHOBRC el o HArHB e R Braes st B e AR SR Sp P S R ount | ng
t abs 480pkRauIBXTROPRs R pRtcd 4y2 Lapamtititalbastc Rafite 1ABk $Bacesof the'\irig
assenbly with the frame 410, the edges 470 and nounting tabs 480 help to
keep t heanshicrensl drcapertBed 024 56Bb for added stitbressindhitabiklydesald kelm18 ( FI GS.
11 A and . of - ' S ' taj ow,
follow n a%@@ﬁ%&;%ﬁe&{rﬁgp &Y p%?crtll&ﬁit)leg)!’rr%s %%glt Acggeg‘l%'ﬁ%;ihrggoglntﬁ %Ig e;?@let he frame
410 and prigtedpietiat 700edny ths gRdigaibatctsish (FIG 123 b ticaoanetbidn (Gedace f or

cl anpi ng a storage device 600 within the franme and/or for clanping the

fram® w P9hdhe of the test slots 500). Referring to FIG 10, each of the
actuators 454 gl ) ¢ I £ a90 481D akine
actuating feat uéraese. éi a%tﬁgﬁa%p%g{bg eagl!t[rtejééeﬁss Il?g?l%?%ﬁ@}mggges ieggicangq’r écesses
483. Theomanbtwad@tiic dading klkomedsf(bge roypeivi hgserdBbrivhataty estdmpaddbatareen t he

inner and outer. surfaces 48la, 481b. At.their proximal e 485, the
Lot uat or Srp8He] iRt HESER dinie e e Ehipsg e FOR I G od 1o be

engageab]jgsiht o entBRh O iR Bl ch3AL itk Gwifh) bdRds £0RL 4P ihagqeovenent of
the actuators 454 relative to the frame 410. As illustrated in FIGS. 11A
and 24 B, resihvavd heuass 2A0thanhat adesged t6 Acd apiternee device 0oy partitulastwhear f ace

414, the fac.et | at.e @12 dﬁ%' nes@n ipdent ationt 4]f6. Tge.i nm ation 416 can
be rel ealSAHRIFISTEEEBE7HY 1rf‘e ?rh%?rﬁﬁ s Agqi5st aretas g A Vies % obotic arm
310, whi eRisald ert NBO st ke stdrap3ddyides0D! BlRrobRAllBWIE thESoRigedadiec devi ce

transporter 400. The face plate 412 al so includes bevel ed edges 417 (FIG
11 B). Whel toths hepisd Ayevayenfithemet epidpefiaier 400 is inserted into one of the

test slots 50 - -
conplinentarye%%%%ﬁggg%%g§g7§ggs§E?éﬁyﬁéggggp%ﬁégPgé?é§W%§§f%%be forma
seal 30 whinglilated Srofe derthdradchgllam8 7hel [pait i influérdve tof tHeareibtow ehtead 720l Nt o and
out of the test slot 500. The frane 410 al so includes a pair of sidewalls
418, whi ¢htheXeBPRIHIR AP P mPEPEsd8éond surface 420 of the face plate
412, and a base plate 422 that extends between and connects the sidewalls
418. The sidewal | s 418 and the base pPAte 422 together define a
substantially U shaped opening, which allows the storage device transporter
400 to be used to capture a storage device 600 off of the storage device
supports 226 in the totes 220. The frane 410 al so includes a pl enum wal |
401 that is disposed between a storage device regi on 402a and a pl enum
region 402b. An air flow (e.g., for cooling a storage device supported in
the transporter 400) can be directed into the plenumregion 402b via an

Y




device 600 in the frame 410. The sidewalls 418 each define a pair of
pass-through apertures 430, which extend between inner and outer surfaces
432a, 432voahiidesw4si dewal | s 418. Fol | owi ng assenbly, a ecmrnsg@omdiing one of
the spring clanps 456a, 456b is associated with each of the passthrough
apertures 430. The sidewalls 418 al so define actuator slots 434 which
extend froma proximal end 435 to a distal end 436 of each sidewal |l 418.

The f late 412. defi [ t 437 (F 1L.A) whi ch extend
petweon t he { i tiaggo sauaria-RarHatee FTh (asopcoHBlbar | tnbhERTal | ow |
access 1 QidfeRAcd 4RhAE alRb g%&icfb%‘%vitﬁ%@l@ﬁ%ﬁé%r%Qntaétz{&é%g&lk' abPh% 44 (FIG 8)

are slidably disposed wthin the actuator slots 43 are arranged to
act uat e elestepdht @notctehe thprasmgvahenter4 38@., Indobiz. cxrapless ipniggsontattsbo Fl GS.

11A and 1lIB, .the sidewalls. 418 al so define throygh- e 38, .The

¢ hr ough- PO S IO BdE he e e B g dRe oty 9324, 432b of
the si deyblde ofokBiANcbramLRVAREN bk 6@SHe EohricbforPtdHRlcObofli G0 addthel N t he
regi on between the pass-through apertures 430. The tenperature sensing

assenbl yregighvlecapsit®d to the frame 410 via these through hol es 438. As
shown in FIG 12 the t [ e .sensi | vy 490 .i ncl udes ir of
printed wiri na OArds” %@63? ?i(rfar%stfe Pg%%?gg%g%ﬁt%%%ﬁyoﬁfﬁ“ "W 1roinﬁxg’g1 tcl)lgrt%g 491a,
491b), aclpéidniddf160N(BESSIAE At B ) 422the doithedti@dinterfice besidlsRentThbtasi ng
mechani snms (shown in the formof spring plates 493) which operate to bias
the pri n¢legraniss 198 Bohe aenfmmed tommﬁoltﬁw&f al¢rdricyl gerRnt fsthe 16518t he franme
410 I 1 o I i . . izabed Wi ring
boar g(g 48%&92%§E£S|€?c¥ lije(?g@ B?%h@?%%éﬁ%?%lv%ggoﬁﬁ? ggfr%gr%lé‘gﬁlp %rsgﬁty'el ectrically
conduct i kxé&etnatredly,ghe caspetadn meerface béard G20 anelse dBigofedith dirpetlyndoattolm ri ng
boards 49l1a, 491b.. The printed w ring bo s 491a, 491b include wring pads
489 at tHeWt of SeEed CYECRD dea SfFULalpe L bﬁﬁ@%at JeAtt A PHIATNESSar ds 4914,
491b canbeved a6t thEdlctotRpReaked to each other via wires 495 which are
sol dered to the printed wring boards 491a, 491b at the wiring pads 489.
The first prihtssthenonfiggraboes; the4est glachoniogl&&) eanpaimpeosatecontayg erroer mi nal s

496 at i distal e 494h. T contact termpnals 496 allow for .electrical
commini ST 1ol Ctpinbre oins SR et ST Bt i R B S o] o
500. EacthehodoflePu8Nt Bt ddakipRY pbR&T dawh B @he 48hBe HSviemsuut €l ke- 9., Vvia
adhesi ve or nmechanical fasteners) to an associ ated one of the pressure

pl at es Adissipatpdasplrcatans acishse the tagrrafpis isudsthgntoragel deviceautaig can be
formed o i.gi I I I t 4 ch nount ed
to a cor FulShRlr Merbikhhy Top St hn SuRABIINY BaRheRller 387 T BRGT Ta "t he
spring ptlattemidIadiean mdanet vobepoaved debyvmignihe stodhbe denide BpPand asgthlsower edges
498a, 498b extendi ng outwardly from opposi ng sides of the body nenber 497.
The Bbdymggsancnd ercaleulate pn ot fooths tanpsratyframensuted hyehg thefraeconples (e g. |
vi a adhegg . Lcal ! f or med
{rom shodt” Gt ar TENE UG eh ATk ERAY ke SR SEiL LB B R PR 48P e 410,
t he uppecandrdrboded inatigésmi@BadisdOBhicuite tHaeisspoumel foloat @f thkgBintest Wit hi n
the actuator slots 434 d the bodynenbers 497 exte t hrough .t he

b ough- Rutssbossh 4o 1080 O i SamBH Gl Hcl CHRCUMIFRERF OB AR n ¢ he
frame 41Qc pﬁ‘ﬁfe%rvl}ikiﬂg bb&dEha, 466 FatlcaMbRIaBRIEHBL ¥mBbdihpat haRepat ure
sensi ng assenbly 49 h

and the clanping nechanismwth the frame 410, the

act uai or gesdfldcdanevhaeth thendegantias proyidsdiadedotigd wrintsidrwiang bpardspondi ng one of
t he actuator sl ots 4314 %FI.G 1|§% and ﬁr(g rmtveab!je.reé.lat.ti)lve .tf) t he

si dewal | SCAIYFOHRIFERADY OF MQI0L A HH RO URg A SHP IS BHPIC RENS yst rat ed i n
FI GS.  158rdu; sushedthbhRmbdginuak éseridedtalie with fep@dreFrased mesbli on, the
engagenent nenbers 472, 476 are biased towards a rest position in which

t hey ar ePlied gieeusld with infograterbthempaecoyplss aglorEsigiveimaierofre prdlahia fiemor s 454,
As illus L0 .\ \ ers 472, 476 in the
rest poswa?léﬁftl%ﬁggéﬁpﬁunﬁgaﬁngééﬁn%%O?O%r%ce ’(ralv[bsrgg%gure pl ates 492 to rest
agai gst t he sindewal dnsbodliiBentaishé fehipstat@rt 8chsing dsb&ibly 800 cdhealsé inchideand second
engagenent menbers 472, 476 _of the spring clanps 456a, 456 an al so be
engaged Wﬁ%ﬁmﬁb@r%é@&%&%ﬁ@% A tHRE | %ﬁrgwﬁmmyp?@ﬁn@&%ce 414
of the face plate 414 (as indicated by arrow 60 in FIG 16A). Referring to
FIGS. 16A-16B, in the engaged positioA! the wedges 482 of the actuators 454
engage the spring clanps 456a, 456b to cause the first and second
engagenent menbers 472, 476 of the spring arnms 460a, 460b to extend
outwardly fromthe inner and outer surfaces 432a, 432b of the sidewalls
418. As shown in FIGS. 16B and 16C, in the engaged position, the danpers
474 (FIG 16B) engage the pressure plates 492, thereby forcing the pressure
pl ates 492 away fromthe sidewalls 418. As shown in FIGS. 17A and 17B, when
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bet ween storage device transporter 400 and the storage device 600. It is
al so possible to add a conpliant interface naterial between the

t her nocowbeoanus4dBe st orage device to acconmpdat e the POTfise®0/042122
irregularities of the storage device. 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 nol ded
with the hase 510 .and the upstanding walls 512a, 512b. The test slot 500
el udeMi R aF a_g@rlﬁwdiayg&ﬁgt&ﬁan eftg%mocwa%lf% & Wi SOFRE A portion 518
houses amﬁ@ﬂﬂ&f&%ﬁ@mbﬂ%%%%ﬁ%@u%%%6gm5ﬁ%aIW?bﬁﬂmﬁéﬁﬁt§§4Mh%nﬁ@@ﬁﬁCt'0”
interface circuit 182 (FIGS. 3A and 3B). As shown in FIG 20, the

connect i embohimentfiacerifoalage 5@ TompdiantdesteriléBOrns edieraiche ictt surdacs228%li sposed
along a distal. end .573. of the c ect.ion interface rd 0., The, .

ol ot o P BRERrRes by Mur A chheoattafe Sy PR Wibiheen ¢ he
connest i @attiihe of 26 poltes Wokagd AvicE bGPwhafcRIped Rithalle kdieslbestoaCiTheui try
(e.g., self test system 180 and/or functional test system 190) in the
associ at exmpleat mateeil hgweenthe thesmaeanlomd the siofage depisaplio Bo@mnedstisncl udes
a test s)at nn [.524.. whi.ch provid far el rical €0 ni.cation

pet ween URev BN EEk fHRR AN e iRl S R bR E O™ 1T e
test sl otral3®?. The connection interface board 520 al so includes spring
contacts 529. The spring contacts 529 are arranged to engage the contact
terninal s 496A8Royghenigmbodiment of 8 derpperaties s58HPY 2ss0malNe heehdesstibrdge

devi t 1 er Sl i t ovi di ng
el ectt i oo e o R R e PR B b b T G
t he conneatuitoy towirdnéspeetiveoand sbdbcesBégr qhamsing asscalbiies, béhcusmdicas an
alternatéye to, or .in conbination with, the spring contacts 529.
Alternat]98P9n5FmHH%?%?Bﬁ8?T 7 mating (i.e., male and female) blind mate
connect ors cap|iRgdhtdnl drdSilithShtRIF @ Y HSerBLRCIh{iE R hss BTN G3LH @R chBIMeen the
printed wiring boards 491a, 491b and the connection i'nterface board 520.
The fronwhpbrtiliers GtProfore Hermeatuphls pro3de! anef figidor dlexibdt prodeparmngent 526

f i vi d t 1e of the st devi ce . t s . 400.
The Basedih QB mRHRRgmAT e SR Bl A5 IS BRRBR BN oget her
define acdntdcs hreqRBALRNEoP EmpMitROtcRRMEIE ScRGE B§ bk Q rEdiQiveeSthp&GafiRar t ment

526 (e.g., for inserting and renoving the storage device transporter 400),
and the frayl aaereiggedicorsiodgsicrier.gpunirange thegmemstostas agilicogfbandgipor age

device t 0,1 i 5 | a seal that
ot b t s TSRS st aa b BBl biihs T8 B LB e °F o1
open endfl&dble pAnteaihoinng ibbard| axd nZille td Borithe thieegbrage dévitdia thesdimewaphat nent
526, the upstanding walls 512a, 512b defi ne engagenent features 527, which
provide #HECIAgCouplaeEle ¥6H- t he spring cl anps 456a, 456b of the storage
devi ce transp i [ ;qﬂg to be

cl anped mﬁthi%L%éggq%ﬁﬁﬁﬁgdgﬁ&ggggQ%@%%%§§%%Pgﬁgaﬁfﬁ$f stggégg&ﬁéggke 600 in
t he st or mgehidiewitaepdrataresyoosdr eiredB0catedton fthraghdeacd, uatonsembedimantshe

rel ease position, the storage devi ce transgorter 400 ch be inserted into a

test sl of'SHBPUALTY SCHSUSAREED 8P "B CEGMCIHA) NGtV LR Graiadevi ce 600
mat es W §&idd8 sl @ftigdhRbn GANARKEQRe &%fperé@ﬁ&@eﬁ%?t@é@{aé%%e@@é’ I ce transporter
400 in a fully inserted position within the test slo 00 (i.e., with the
st or Zge Wewkneureohoeetaols isorae aeplaintitatidns, thes¢empdraturcssnsreanayrhayea) | t he

actuators 45 an he nmoyed towards the en ed positi.an i splace the
Frrot antEetdfamals sORiEhy: REREERHLSsRORE YRR LR, e Slha"astn.
456b t 0 @xi@NHapubyBiv lafEramtiidi@all Beiduaiith Mucakl Bl doates ths2a, 432b of
the sidewalls 418. Referring to FIGS. 22A and 22B, in the engaged position,

t he secolfEpPSHdHgEeRsAt orgitstss layg of thasmdlly genducdygmptesm ehi@cout er surf aces
432b of g | and engage the engagenent features 527 in the test

sl ot 500§%g%%®gﬁ%mﬁég storage device transporter 400 agai nst novenent
relative to the test slot 500. At the sane tinme, the first engagenent
menbers 472 extend outwardly fromthe inner surfaces 432a of the sidewalls
418 and di splace the printed wiring boards 491a, 491b of the tenperature
sensing assenbly 490 towards the storage device 600 to clanp the storage
devi ce 600 agai nst novement relative 80 the storage device transporter 400
and to provi de physical contact between the printed wiring boards 491a,
491b and the storage device 600. This physical contact allows for a direct
nmeasur enent of the tenperature of the storage device 600 via the

t her nocoupl es 487 during testing. This clanping effect also brings the
contact termnals 496 of the first printed wiring board 491a into firm
contact with the spring contacts 529 on the connection interface board
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feedback fromthe thernocouples 487. After testing, the robotic arm 310
retrieves the storage device transporter 400, along with the supported
storage dw0i20e1/06803 fromthe test slot 500 and returns PCTiuS2a04102 t he
storage device receptacles 224 at the transfer station 200 (or noves it to
anot her one of the test slots 500) by manipul ati on of the storage device
transporter 400 (i.e., with the mani pul ator 312). O her enbodi nents O her

enbodi nents are within the.scope of the follow n | ai ms. For exanpl e,
al t hough an eﬁﬁeﬂi%er@wdﬁ%ﬁgaﬁkﬂn@ TERHE jﬂ%sgt@ﬁ%gg?}scrfggé 8kn descri bed
in whi chitRAESRGAHA §2ind cBinh i BHoRICGn bRl &s ?éhvl} GUbAL $riAB cBinffinky Of

relatively rigid printed wring boards that are hard wred together, in
sonme enbbalisednt s, the thernocouples can be integrated into the circuitry of

fl i bl i d circuit. As. | FI 23 il l. fl i bl
o inted o r ouPes Sbodifients act Tl G 3Pe Shivedrlotie AT oas (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. Each of
the first and second circuit portions 702a, 702b includes a thernocouple
706 that is defined by electrically conductive traces. The connecting
portion 704 al soincludes electrically conductive traces 708 which provide
an electrical connection between the thernocouples 706 of the first and
second circuit portions 702a, 702b. The first circuit portion 702a includes
a pair of contact termnals 710 at its distal end 712. The contact
termnals 710 allow for electrical conmmunication wth the connection
interface board 520 in the test slot 500. Suitable flexible printed
circuits with integrated thernocouples are available from Watl ow El ectric
Manuf act uri ng Conpany of Col unbia, Mssouri. As shown in FIG 24, each of
the first and second circuit portions 702a, 702b is nmounted (e.g., via
adhesi ve or nechani cal fasteners) to an associ ated one of the pressure

pl ates 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 el ectrical connection
bet ween the contact termnals 710 on the flexible 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.
Alternatively, as illustrated in FIG 25, distal ends 712 of the first and
second circuit portions 702a, 702b can be | eft unsupported by the pressure
plates 492 to allow the distal ends 712 to be wapped around and conformto
t he 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, e.g., with adhesive. As illustrated in FIG 26, the
connection interface board 520 can, in sonme enbodi nents, include pogo pins
530 for electrical contact with the contact termnals 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 exanple, FIG 27 illustrates an enbodi nent in which mating blind mate
connectors (i.e., nmale blind mate connector 721 and female blind mate
connector 722) are provided for electrical conmunication between the
printed circuitry 700 of the storage device transporter 400 and the
connection interface board 520. In sone enbodi nents, the tenperature
sensi ng assenbly 490 can al so include one or nore electric heating el enents
(e.g., resistive heaters) for heating a storage device supported in the
storage device transporter during testing. For exanple, FIG 28 illustrates
one enbodi ment in which the printed wiring boards 491a, 491b

i ncl uderesi stive heaters 720 that are arranged to heat a storage device
supported by the frame to be heated. In particular, when the printed wring
boards 49l1a, 491b are cl anped agai nst a storage device 600 supported in the
storage device transporter 400 , the resistive heaters 720 contact the

st orage device 600, thereby allowi ng the storage device 600 to be heated by
way of thermal conduction In addition3to contact termnals 496 for the

t her nocoupl es 487, the first printed wiring board 491a is al so provided
wWith resistive heaters contact termnals 722 that are electrically
connected to the resistive heaters 720. Additional spring contacts or pogo
pins can al so be provided on the connection interface board 520 (FI G 20)
to provide electrical comruni cation between the connection interface board
520 and the resistive heaters 720. The resistive heaters 720 can be pl aced
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conpliant material, such as Sil-Pad manufactured by Bergquist Conpany of
Chanhassen, MN, as an additional |ayer between the thernocouples 487 and a
storage deoieat/@®spported in the storage device transpor PET/US0@0/0FIR2
exanple, FIG 29 illustrates an enbodinent in which a | ayer of conpliant
material 730 is adhered the first surfaces 488 of the printed wring boards
491a, 491b. The conpliant nmaterial 730 can help to inhibit scratching of a
supported stor evi ce en clanped within the storage device transporter
400. Thewc%érﬁllggﬁ%‘gwwlégr 730 can also help to further inhibit the
transm ssion of vibrations between the storage device transporter 400 and a
suppor t edst or agR @RYECEvicENBAnSRIRY @ tho iRing ! stdrad 3 vRRIWBIAR attel€ slot,

t her nocoupl es 487 and the storage device 600 al sO accommbdates the surface
i rregul athetsiosageaievichdragsportayeordpndiegs 600. Al t hough an enbodi ment of a

st orage device transgprte& has .been, described whjch utilizes a pair of
spring plat esafrgmﬁic THE E?rrgg%ﬁ?%ndpﬁugf)%%?s Mt (X,lcgt?néiched printed
circutry, tonalamhpipSpediahike Sbstemed vihthc frivae Eﬂicﬂ@iﬁe@ﬂj’l&waﬂpgﬁ'ﬁf& ot her
resilient biasing nechanisns are possible. Al though an enbodi nent of a

cl anpi ngcladeardPEminastoresicyiss surmosigd brshe iryee.#@#ds nul tiple spring cl ai s,
in sonme enbod] t as one spring clanp may be used. O her

enbodi ment s o#%ee%t%%t%elté%%’vt may be used, and the storage device
transporter nalerichkie aladipifegemedtianisar igoperable tabsenthd teopeiahec b@sor mtoot
assenbly. As shown in FIG. 30A, each T%ezt sl ot assenbly 120 mayfjgcl ude at

| east a fULECt 812 ByALE drce WeReHGdy e SirBredgemaryriag 26gBrauferlitBst ed. As
shown, i nybil.Ge 43QB. the test slot assembly 120 may include an optional
storage device transporter 400. The storage device transporter 400 can be
used for capturing storage devices 600 (e.g., fromthe | oading station) and
for transporting, the staorage devices 600 to gne.of the test slots 500a for
testing. The &1 Ohb e oPBES PG el aR IR0 YRR LR Egr S RES s dewal |
418. I n sRRideSRHIRMRBtAIONS, the sidewalls are absent fromthe storage
device transporter 400. Referring to FIG 3l A in sone inplenentations, the
storage device testing system 10 al so includes at | east one conputer 130 in
co ication,w.th the test s|lots 50 .The ~c uter .130 may be confi gured
Lo plovide. | nventory s iEbs TfrPra dRmige JGOTT EREPEIRE e or “an

aut omati on i npeiftb@eRcdiQy, GatrEialkhd frented OFAgey eaipRs bRSbI MGresyEduemlI30.
Wthin each of the test racks 100, test electronics 160 are in

communi ceRNdBeivg layere 284 t est sl ot 500a. The test el ectronics 160 are
configured to ?gﬂﬂ i sk, di j i.thi.n the test

sl ot 500a. Th‘évE est iﬂée?ezlrlcptee Fégqu\%egg%fgbss @?gta\é eﬁg g%{)&;(ﬁjgﬁc{)%te#ﬁ&mggﬁ nonitor the
stat us (eonguctivtednyes.at ure) of storage devices under test. Referring to FIG
3B, a power system 170 supplies power to the storage device testing system
10. %he power system 170 namy nonitor and/or regul ate power to the received
storage devi cg §R0sbeb RevibeRnsphtr it I Wibhen feammla dichst rated in
FIG 31B, the test el gctronl cs 160 wthin each test rack 100 i1"'ncl ude at

| east oneorsisks & psticdgvisysbearl80 i n communi cation with at | east one test

sl ot 500a. The self-testing system 180 supports the self-testing of the
storage device 600 received within the test slot 500a. The self-testing
system 180 i ngl wHESomgE ESEE frak@Bit& Ul Blim 1B IwheRMEtHRpritlideic@frect i on
interface circuits ‘185 each in electrical conmmunication with a storage

devi & (SDyP6Eoa flesdlominted ¢ikduit- t he test sl ot 500a, and one or nore bl ock
interface circuits 183 in electrical communication with the connection
interface circuit 182. The cluster controller 181, in sone exanples, is
confi gured to6rUhe t0RgdcViDE Balspbitemd ciRdl, flifthencbipasiagpaelicttyicof
approximately 120 self-tests and/or 60 functionality test of storage

devi ces BOONE thencebimeeed hhaahe storagealerice supnosted 83 thenliamdie bl ock i nterface
circuit(s) 183 are configured to support storage device self-test. A
storage device self-test nmay include testing the amount of power received
by tbe storage dbystomgbdByict trensppeeraifichgmtée mpercdn thiee]ectrivchaabing eleyneho r ead
and wite data, and the ability to read and wite data at different

t enper at’tﬁraéfgmﬁté".eg‘.ea‘ieéad while hot and wite while cold, or vice versa). The
storage device self-test may test evePy nenory sector of the storage device
600 or only random sanplings. The functionality test nay test an operating
tenperature of the storage device 600 and also the data integrity of
communi cations with the storage device 600. The cluster controller 181 may
comunicate with the self-test circuit 184 via Ethernet (e.g. G gabit

Et hernet), which may communicate with the block interface circuit(s) 183
and onto the connection interface circuit(s) 182 and storage device(s) 600
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storage device 600 and also the data integrity of communications with the
storage device 600. The functional testing system 190 includes a cluster
control | ewo28ti/msw3at | east one functional interface ci PCwius2d19/h431m2

el ectrical comunication with the cluster controller 181. A connection
interface circuit 182 is in electrical communication with a storage device
600 received within the test slot 500a and the functional interface circuit
191 . The fun t&ﬁnal interface circuit 191 i§ configured to comunicate a

functional te$t TRoYPTAgE dPyos HRnRPErRf¢ ey dcrb heplnRng BePRAM tSest i ng
system 1901y td METIHE tan MR aAA 1RVIEGR: ARG 81henBi#dBbdtadet her net)
to provide electrical communication between the cluster controller 181 and
t he one wrthapteagdeuteyideonpportedtberthatremei rcuits 191. Preferably, the conputer
130, commrunication switch 192, cluster controller 181, and functi onal
interface circuit 191 communi cate on an Et hernet network. However, other
formss of commyinjzcadtisRm agembRecdisRinglhe functional interface circuit 191
may comuni cate to the connection interface circuit 182 via Parallel AT
Att achment (aAharsioragsevigs teansperecr §pwprikingwn as | DE, ATA, ATAPI, UDMA and
PATA), SATA, or S rial Attached SCSl),. Referring to FIGS. 32A and 32B,
the robot 300 | ncﬁ@aégg%le rc%%f?%“lrg&é’rr%%%ieoa&éin%‘p Orrﬁaarsﬁoﬁ cfRg a1 (FIG 32A)
di sposed at a di stAl) aesidp@htuth@nsq@baid ¢ arm 310. The robotic arm 310
defines a first axis 314 (FIG 32B) normal to a floor surface 316 and is
operabl e to rotat elly Rckihnamseedenerstpraigd yrith the Hameatha crirdMs radial |y

fro he firs i Nyl : af 4 I The robotic arm
310n?i config%?gﬁhﬁgg%ﬁﬁ%%gﬁggﬁt J se%S|g§%§%% Jggﬁﬂg%%gkggga by
transferring sippoagebyteifoas GAConfigurce xamphethchehpaeturd @hes 1260 at t he
transfer station 200 and the test racks 109. In sone inplementations, the
robotic arm 39013 "BRSIGaArede s PPRRIGHPYANS figmeder MetUEas 8GO T # One t he
storage devi cgrheeRPIRWERc:204 at the transfer station 200 and |oad the
storage device 600 into the test slot 500a for testing of the storage

devi ce 600. |B.)sdest slopdrepmesingit i ons, the robotic arm 310 is configured to
renoye a storage device transporter 400.from one of the test , slots 500a

W ihEhe mani pul at b S1OTHRERER! O 5 A& TET REordas B8 484 one t he
storage devi cgaisp6@ft acl es 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, tothe test slot 500a for testing of the
storage devic fter i ] i Jetrl t he
Supported- st ofkgb st 8 L Rkt S by SOMZ AN EHBENER, | (o
transpor¢@npri@é) fromone of the test slots 500a and returns it to one of
the storage device receptacles 264 at the transfer station 200 (or noves it
to afbther ondiyed gikeuiegcluding contaspieyminplsdp chichical gammypisHinay ik B1esensi ng
Assenbl y A E 33, the test slot 500a includes a base 510,
upstandiﬁgﬁﬁgﬁﬁgﬂg%ggﬁh§22b and first and second covers 514a, 514b. The
first cover 5idHercinsthe nisegotaddmprived:ded with t he base 510 and t he upstandi ng
wal | s 512a, 512b. The test slo 500a.in%Ludes a rear portion 518 and a
front portion 519.2 SHWCFRUY MBS BCBY 8'houses a connection interface board
520, which carriescthgc ahdtRR dohfasts iRER oI mifdatiohvia thd! A and
3IB). As showmn in FIG 34, the connection interface board 520 incl udes

el eceqical coemacttomsnGPRcaliispuised agkogayl ta cdgagedhe emdacs k3mafalg dfgheonnect i on
interface board 520. The electrical connectors 522.provide,fo | ectrical
communi cat | on BEFREET Y el sk I d i Sedt gy GBPed I pEhesT 51 A and
31B) and the t@sparghdnguitry (e.g., self test system 180 and/or functiona
test system 190) in the associated test rack 100. The connection interface
board 520 al so includes a test slot connector 524, which provides for

el ectrical co I cAat. ] ' - ' 11,182 and a
st or age devicgﬂygh%%gmﬁgégﬁéﬁ%fggggg}ﬁ$ﬁgﬁﬁ%%%%I%%ﬁ%{%ﬁﬁgEg&%%&?%% t est

s| ot 3b00andd@fmere sleatrically comtipard hipads, md6 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

provi des access to the test conpartnmeA? 526 (e.g., for inserting and
removi ng the storage device 600 or storage device transporter 400), and the
bevel ed edges 515. In sone inplenentations the bevel ed 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. As shown in FIGS. 35A and 35B,
the test slot 500a includes a clanping nechani sm 450 and a tenperature

o I T AN N —— M o o Y P 1 B AN N I B o o o, o



| ocation of clanping nechani sm 450 pressure. For exanple, in these

i npl enmentations, the clanpi ng mechani sm 450 may apply pressure directly
onto t he woanagesdavi ce 600, or the clanping nechani sm 260/usayi0appby
pressure to a storage device transporter 400 containing the storage device
600. In sone inplenentations, the tenperature sensing assenbly 490 is
arranged within the test slot 500a such that, when the storage device
transporter 40g is1%nserted in the.test2%%€1 00a, the tggper ture sensing
assenbly 490 VECTCHIAP {REPARFURCHENOE Y B8 A/ MRS PRGNSPOCIEICITHBOY (e. g.
through gpRakdveahyd@rts or holes in the transporter) and comes into direct
contact with the storage device 600. As shown in FIG 36, the clanping
mechani sm 450 i ncludes a pair of clanping assenblies 452 each including an
actuat or 454 ir of spring.clanps . (i..e. roxj mal .an istal spring
cl aps 4560, HBeB Rale Gt bRt hb et Ry iR R FhBrBiRer surf aces
432 of t&ﬁnﬁs@m Bldctaie Hehtl d @8méhInteHaliddde tRLRG AGLEBREIFEINPEr 472 havi ng
a danper 474. The spring clanps 456a, 456b are operative |y associated with
t he act ugangpetivdayere. g. . for clanping a storage device 600 within a test
slot 500a. Referring to FIG 37, each of the actuators 454 includes inner
and outer surfaces 48la, 481b which define actuating features. The
actuating featdres icnclotdescridgescldidR) aneréiacessesgd 8dvicdtignspeitdrat ors 454
al so define openings 484 which extend between the i nner and outer surfaces
481a, 48aBNPiEes pHEEH cispwity miheraindle ayed EREIEY. CQMPHICS OASAT MAEY ude act uat or
socket s WA . J . MR i or 312
(P GO 325 pC o) T ahE ki e FRARREAR ndlric sl P fER L0/ 1 o

t est sl obr hofdalcchirallgxangicaye tayersmani pul at or 312 can engage the actuators
454 to engage the spring clanps 456a, 456b, securing a storage device 500a
in place. As shown in FIG 38, the tenperature sensing assenbly 490
includes a paif phe Rt sMt@kMUI POcIRAR0 AShdrbin®ho sthiahSHe@BdraREORG Pri nt ed

W ring boards 491a, 491b), a pair of pressure platées 492, and a pair of
resi | i enfurthcaginpyiseeehelactsingl hestimgel cinpnitamean et inhoht sgieiaggdpiiet es 493) ,
mhicqsoperatg(ig ﬁ%?s the printed wiring boards 491a, 491b toward the inner
sur f dces ARGt OY gwghping assenbl i es 452 foll ow ng assenbly. Referring
to FIG 39, each of the printed wiring boards 49l1a, 491b includes a

t her rocoupl e 487 integrated (e.g., etched) in an electrically conductive
(e.q., copper)5lE@%@ﬁaﬂﬁ@é%ﬁééxpﬂ@aﬁﬁi%ﬂW§m®nﬁ@éémnﬂsgéﬁmhﬁéﬁpﬂﬁnted wiring
boards 4 4 T i L 4914 i i ring pads
280 ar 1 Rorolf REBau G LBhEMAR bl RN AT e REL B KO 1094675,
491b canwhk asleadd desidelsypsrrdestieddfhmeeach other via wires 495 which are
soldered to the printed wiring boards 491a, 491b at the wiring pads 489.
The #9rst printed wiring board 491a includes a pair of contact terminals
496 at its digta + agt m el ectrical
conmuni cat i on§(§/i/i J{lﬁee%gtcsgoz%gsgpl Pg}ﬁofﬁgl tg? ’a%%&%?égﬁél%%g%%%ﬁmﬁgg test slot
500a. | nomoatde ionghramtnt swiagndgvitdteansportactithietheitescsmfg@fmente per manent |y
connected, e.g. soldered, to the connection interface board 520. Each of
the printed wiring boards 491a, 491b is nounted (e.g., via adhesive or
mechani cal fagf eRQftied RvAR &390 &tRdoRPEsiAL: the pressure plates 492. The
pressure plates 492 are substantially flat and can be fornmed of netal or
rigi @ pl asti cA.)Ereorpgedsurcergnsperes ca@prising: each nounted to a correspondi ng
one of the spring plates 49 Referring to FIG 40, with the storage device
800 1 n a Turl'y | nsbEEEDRCETREN Grptive dReupat ¢ Soptteditind' act ator <
454 can be noved tpyakéapdrivarengageshdgosi tion to displace the engagenent
menbers 472 of the spring clanps 456a, 456b to extend outwardly fromthe

i nner surfaces 432iigf clamping axphanignnasseciicl agthgbo framg, thaslaamyaged posi ti on,
t he engagenen 4 I I A o) 491a, 491b of
t he tenperatu%%aggggq?%n%§%%ﬁ§P99%§%§Fg%g&ggggﬁgﬂéﬁgggaga%%g%ce 600 to
proviede physiappogahbyatic theicwdrcohfigurpd thinede Wertémperbas dasetdidm, 491b and
the storage device 600. This physical contact allows a direct neasurenent
of the tenperature of the storage device600 via the thernocouples 487
during testing. In sone inplenentations, this clanping effect also brings
the contact terminals 496 of the firs®printed wiring board 491a into firm
contact with spring contacts 529 on the connection interface board 520. In
sone i npl enentations, the storage device 600 is housed within a storage
devi ce transporter 400, and the clanpi ng nechani sm 450 cl anps the storage
devi ce 600 agai nst novenent relative to the storage device transporter 400.
Met hods of Operation In use, the robotic arm 310 picks up a storage device
600 fromone of the storage device receptacles 264 at the transfer station
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After testing, the robotic arm 310 retrieves the storage device 600 (and,
in sonme exanples, the storage device transporter 400) fromthe test sl ot
500a and wetwrwmmws#B t o one of the storage device recept aCras2@644ab2t he
transfer station 200 (or noves it to another one of the test slots 500a).
Furt her Enbodi nents For exanpl e, although an enbodi nent of a tenperature
sensi ng assenbly has been described in which thernocouples are integrated
into the circuitry on a pair of relatively ri idjprinted mﬁring boar ds t hat
are hard wi r etP¥SgaH e SOREe doiee WRBYHdRYNDS fifAe fPHRFHYEBE BI'EBP A De

i ntegrated i ngOnt berdeldetictrangof a flexible printed circuit. As an exanple,
FIG 4 1 illustrates a flexible printed circuit 700 that includes a pair of
circuit portiBns téstskt cohpmgbgand second circuit portions 702a, 702b) and a
connecting portion. 704 that is iptegral .with the first and second circuit
bortions 702, 702 ek el er PPtk ndoudi e M T e it s 700a.
702b 4 ncl udestrgnsph@érocoupl e 706 that is defined by electrically conductive
traces. The connecting portion 704 also includes electrically conductive
traces 708 whi ch phowicdencstorinserfacebaprdeaithecti on bet ween the thernocoupl es
706 of the figst_ an econd. ci rcuyi rtions 702 702h. The first circuit
por ton 702a {ror S ABsTERERA SR BRI bR oS S melo ol eodb & al end

712. Thesteapt deticd gispastamsthmlBe adst eompatmaltect ri cal communi cation with the
connection interface board 520 in the test slot 500a. Suitable flexible
printed circuMherei) the comcepminedtacs Bpad coempiieared e PERAdq deatdcal r om Wat | ow

El ectyic ; Il i i i G 42,
cach b §HETHEEIHAI TP ARl D) i M S30UE iy LA sl e o
vi a adhediwe toanspartdn andispdsced asthenthe st tampantnass.oci at ed one of the pressure
pl ates 492. The pressure plates 492 can extend along the entire back
surfaces of the first and second circuit portions 702a, 702b for added
stiffness andjgtabifd $t¥ragl dviee fe@tirﬂg%ly@teﬁ{ Svdislg oRheRlietlNlgalectOnpect i on
bet ween the contact terminals 710 on'"the flexible printed circuit 700 and

t he spri arg coningured & BABtrRAIt@npdraluroef ¢ steragodenact disposcdathirathe tdsoar d 520. I n
sonme, enbodi nents, ., the tenperature nsi,ng assenbly 490 can al so i nclude one
or it o GBI hete chg RS destt BTy e BRPEHR Eriiat ere) for heating a
storage device supported in the storage device transporter during testing.
For exanple, FIG 43 illustrates one enbodi ment in which the printed wring
boards 491a, kd1b Thestorac dewratebiing ystemeelisclaipol 4, nderear thegtaragrgdadiao heat a
st orage Vi I rij.cu . n t I i 1.0 r la,
3910 ar ot BT RaBud e DA B KSR Bt PR PR BRI 5
contact §upposédbpge feewd. ce 600, thereby allowi ng the storage device 600 to
be heated by way of thermal conduction. The resistive heaters 720 may be
physftal |y separated or otherwise thermally insulated fromthe

ther mocoupl esydi87, Thoublfit leliBS M) YERGFOailN), WERIH intRoifaliERS 720 on
the tenperature of the tHhernocoupl es 7.9n addition to contact term nals
496 for inhefachboardcoupifearod8d pravide dleatstal pomntuadtatibm betgrebotied 491a i s al so
provided with resistiv%vgeater contact, term nals 722 that are electrically

connect elfMPSTAHE STsET & Y& (Hbdlreraiernhen (e Srec dRUp TP ng cont act s

or pogo PikRsie§Anh B0 thechpMiHgH £Q the connection interface board 520
(FIG 34) to provide electrical conmunication between the connection
interface boawlersOthatadt ¢lheiranessiase candighealttecent7dl@. cuisat fles isthewkchaat er s
720 can be placed jn electrical comrunication with the test electronics 160
(Fros o e TRl T R G PG vl Mk i S5y

el ecpgonics 160 can be configured to control flows of electrical current to
the resistive heaters 720 based, at |east in part, on signals received from
the thernocoupl-es A8t slat pssermblyi paIyisinghe connection interface board 520
can be confi gured LIe L. £l f el i . current to the
resistive heaters %gﬂﬂ%§§§%$§g%ﬁ?%%%F“Fﬁﬁég%gPﬁgﬁﬁg% %g 3“Yecei ved fromthe
t her nocoupl es 487. a tempredtereGomdingassahblgrassoctadaal w2l thedoasihp and asankG@ can
conpensate for any error between an actual te rature of the storage

devi ce alRdneatEreiRPRrRi? ef Wﬁé%ﬁ‘g@die&?ethéN%YHgIr)P%ﬂ%ﬁﬁpé@C%8174 For exanpl e,
power drawn by the storage device 600 will be dissipated as heat and
increase the tenperature inside the sfbrage device, but this tenperature

i ncrease may not be fully measured by the thernocouples 487. The test

el ectronics 160 can neasure the power drawn by the storage device 600 and
use this nmeasurenent to calculate an offset for the tenperature neasured by
the thernocouples 487 to estimate the actual tenperature of the storage
devi ce 600. The thernocoupl es 487 can be provided in the formof a discrete
device that is mounted to one of the printed wiring boards 491a, 491b or it
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enbodi ment in which a layer of conpliant material 730 is adhered the first
surfaces 488 of the printed wiring boards 491a, 491b. The conpli ant

mat eri al weQoriznosdsal p to i nhibit scratching of a suppor Pet/utscawaga2zievi ce
600 when clanped within the test slot 500a. The conpliant material between
t he thernocoupl e and the storage device al so accormmodates the surface
irregularities of the storage device 600 and allows for nore efficient heat

transfer. Al though an epbodi nent of a tepperature sensing assenbly has been
descri bed whi ch utfFRPEEEM aPlSBlrépgbaﬁVﬁ@pﬁﬁmaé%fWHﬁ@?ea@umg B essure
plates, gadadibs AbleGReIMRhREEInGhE G8mbKy infPMRER: (VAR RE&RIrhyEddvivaer

surfaces of the clanping assenblies, other resilient biasing nechanisns are
possi bl e. Al though an enbodi nent of a tenperature sensing assenbly has been

descri bed whi utilizes.one or, .nore th couples provided on a rigid or
hext bl o pr i ntad wibt 5 UOARET o4 REFeirb e hatiec o OGHLITr S E  ermer at ur o
of a £t 05RARLHShFRistIPrid@NciRws) &Rl 2 herh&oupR! RheemSthdbantckerc@ianpl e, the
t enperature sénsor may be a resistive tenperature sensor, a seni conductor

di ode seepsBpriscanng o meancedectiratlinsardustiye fycr, gid vhaaindhnthgapocosnisds at ur e
sensor. An f.t rature sen S.,: nounted on a rigid or
erxibIen%é¥%9%@n§§SP%@mﬁéﬁ%?%ﬁ%ﬁﬁﬁﬁg&gggggﬂgﬁbt the storage device in the
same way that a thernocouple may be used. Although an enbodi nent of a
tenperature sensing assenbly has been described in which a tenperature
sensor direct?3 coﬁhea@ﬁtssl%t aggehAy el elai ¢d wheseis SrePTarieshelr GhiRY SOmpIes
tenpgfatygﬁnégggﬁﬁ tohgacts an intermediate mediumin contact with the
storage device in ) configuration that allows the tenperature sensor to
properly sense tenperature. For exanple, in some inplenentations, the

t enperature sensor have a | ayef of ernmal |y conduct.ive material that
contacts the Z‘Foraaggéé’\ﬁ?@é{swﬂ@y of B‘P%égd’&ﬁr@% t%lylr&?ier%g%cwwér of
ther mal | y neoBUsididecirditeri al that contacts the tenperature sensor or
contacts a layer of thermally conductive material on the tenperature
sensor. Al t hough an enbodi nent of a cl anpi ng mechani sm has been descri bed

) o R R o S el O T PR B o oo

f ol | owi ngssehBlyRmMBHATs dt eal oM NERpEiurd senforSdeRicRATTEHE HicGRoly &nsRang 6f for
mounting a storage device within a test slot, the storage device

t r anspor & ESisSHBeAnIPsTatgre sansor.amsmeesmtipeiar digde senseis aitheesmaeripia ppdiftared st or age
devi ce; | i . j i ith the frame and operable to
apply a @@%ﬁ%?%ﬁﬁ oﬁgghggﬁgﬁgéﬁf%géaggggggggﬁgported by the franme; and a

tenperature sensor, wherein the clanping nechanismis operable to nove the
tenperature sensor_into contact with a storage device supported by the

fran® for meadlri nfhatesteviapsonble obslaingl.ovhereig dhafestistas assembiyirder age
device t @ﬁ@ﬂg f iLm 1, i r sor conprises a
thernnco%p e. %?%@ﬁgwgﬁéﬁéﬁ%é§§@?§£5#$1n@ggﬁﬁgﬁﬁgﬁﬁgéiﬁﬁﬁ%; further
conprising printed circuitry, wherein the printed circuitry conprises one

< it egr at oo tn A GREs ey BY St PR 1 B SRAREP o8 NADRRR By, Th
storage geyifierd henshechbeduchlc ﬁéaﬁ‘ingeﬁbméf@ RItGLohthASyifl 4 Hb@Pe AV LTy

conprises a printed wiring board. The storage device transporter of
clai® 3, wherein the printed circuitry conprises a flexible printed

circuit. 6. The storage device.trapsporter of .claim further conprising
an eleciric noht: nohare S BERRE 2 hauftra SR el e REE s ppor t ed by
the franglemént chifpristPd RgBtidkENda€e. transporter of claim6, wherein the

el ectric heating elenment is a resistive heater.8. The storage device
transporter of claim®6, wherein the clanping nmechanismis operable to nove
the tenperatu se i i I t atact with a
st or age devic%fsupgggkggm%fkgﬁgﬁ*?gﬁébg5h%§ﬁ%%g?g?ﬁgﬁggggg%%1%Rg%nprising:
A.) @ stoimgertdevippatihg arspaagedevicenpri sing: i.) a frame configured to
recei ve and support a storage device, ii.) a tenperature sensor, and ii.) a
cl anpi ng nmechani sm associ ated with the frame, the clanping nmechani sm bei ng
operable to apply a clanping force to a storage device supported by the
frame and configured to nove the tenpéfature sensor into contact with a
storage devi ce supported by the franme for measuring a tenperature of the
storage device; and B.) a test slot conprising: i.) a test conpartnent for
recei ving and supporting the storage device transporter. 10. The test slot
assenbly of claim9, wherein the storage device transporter



conprises: printed circuitry including contact termnals in electrica
communi cation with the tenperature sensor, and wherein the test slot

conpri seswoaotigng®Eat i on interface circuit, and el ectri caCryuscandunb? ve
contacts in electrical conmunication with the connection interface circuit
and arranged to engage the contact termnals of the printed circuitry when
the storage device transporter is disposed wthin the test conpartnent. 11.

The test slot_assenply of claim 10, wherein the printed.circuitry conprises
one or more et rfﬁ%ﬁyeﬁvl%ﬁ ly %dfﬂé@éisw%eéﬁa %’iSWgtl?@ODcﬁéHfﬁéirtﬁt ure
sensor i gchint QY &fpdrtitit {tH8.008/ i trimpErt&! ectrical ly conductive layers. 12.
The test slot assenbly of c?ain111, erein the printed circuitry further
conprises an electric heating elenment integrated in the one or nore
electrically fgndu§;ive | ayers. 13. The test. sl ot assenbly of claim?9,
wherei n the st or age SHEGCEIFLREBE S Ve COMPFP%8s printed circuitry, wherein
the pyinted cAnGUkitisiot comprisia@s one or nore electrically conductive |ayers,
and wherein the tenperature sensor is integrated in the one or nore

el ectrical |y condukkd igst Josypartsent Wpr ropkvingeatd syppertisg ¢ sigisdge dsvicgl ai m 9,
wherein the storage vice tran rter rther i.ses. an el ectrjcal
heati ng el enent arﬁgﬁggg&?guﬁggﬁgggéE%F%P€m§3§w§§a@%ﬁ%%%ﬁéﬁng?ﬁﬁﬁg{frane.
15. The &mBdrranked toassaukd ytchipethiat of i storey divitettyey s @mbiykigalrseataani sm i s
operable to nove the tenperature sensor and the electric heating el ement
into contact with Hikstdrageedessheasy oppoivey apspciafrd withhths hoygnz md t est

sl ot ,ass i el.Ng: i gt | cable to
R B B A SR I S L T
storage d@elvice testing systemconprising: A ) a storage device transporter
conprising: i) a frame configured to receive and support a storage device,
and ii.) a teﬁﬂéﬁ’%’?{?%o%%“so&ﬁ%u@ do p?myluglceie%pﬁgqu% AARPUERGSde &5ci at ed

Wi th t heghragBRevibd@istds2ARIiheh FBEeBdRMAREiAG operabl e to apply a clanping
force to a Storage device supported by the franme and configured to nove the
tenperature sensor intocontact with a storage device supported by the frane

for measuring tenperature of the storage. devige: ,and B.) test sl ot
compPaing: 135 a TRCHOuBhdar ks SO araran s d FhERHE ot or age
devi ce t EansRE b @bnndction inderf@B BE&I cOnfib it & td B60ide @RLHicaPdinrfudicatRmt

el ectronics configured to conmuni cate one or nore test routines to a

st or age Wihitlcetesticlgsironigs.wingd hyheraim ghettes elestppias tigwanfiswpd foanpanifti@ connect i on
interfac rd. i i rQVi electr] i N bet ween
the t emporien s o SRR RE ah B RARE o SR -b P RN GELLED 021 Ce

t r anspor teetive$ frdinspo sethevdtifeisendifeads@ablyconpar t nent . 18. The st orage device
testing systemof claim17, wherein the test electronics are configured to
moni £br a tenperature of a storage device di sposed within the test
conpartment based ¢ b . I fh0, & i€ K8 SAlrthet9- The
st orage devic%§testﬁ%gbs §?§ﬁ§§%§%¥§§ﬁflfg%&ﬂefgfgm%ﬁggsfo?gg@ ﬁ%&?ce

t r anspor ¢ta@mprisgs b kemnecoopmitstse boardlconfigured trembning agkbmpenturaoct astgegdet o heat

a storage devj.ce s rted by the frane. 20. The storage device testing
cyot om ofereieaimorst MR EF ot HTREISL S Of B AEE GULIE 16 cont ; gur &d €0
provi de @hﬁ@ﬁﬁﬁ@@&mg@ﬁgggmg?tlon bet ween the tenperature sensor and the

test electronics when the storage device transporter is disposed within the
t est 2xonpartnent, and wherein the test electronics are configured to

control a curxent ow to the electric, heatin | enents..based, at least in
part. Con-st gnifs. r SeENblEe HERFLRE Sisara P S ROBRT AR ot ofor
assenbl ycsinpatnhdhit Agthet chtapiededd cofdictige hedink@ldnRGe hftf;@n%ﬂ(ﬂo BERPY ftoragst Or age
device, a tenperature sensing assenbly associated with the housing and

arr angeddevicoreasure a tenperature of the storage device by way of physica
contact, anda cl anpi ng nechani sm operatively associated with the housing
and operable to nove the tenperature sensing assenbly into contact with a
storage devi c&. 22Thdéeragedévisd eitimsssrhl of ddincifiwheid thewbse skt furthae
tenperature sensing assenbly conprises printed circuitry and a .

t her moc otINRIISEHA é?@}eﬁ“‘?fh@t%%%cﬁgéﬁdépP ghred {p eeKidE clssticgheonynuysstion
electrically conductive |layers, and wherein the thernocouple is integrated
in the one or nore electrically condué?ive layers. 23. The test slot
assenbly of claim 23, wherein the printed circuitry conprises a printed
wiring board. 24. The test slot assenbly of claim23, wherein the printed
circuitry conprises a flexible printed circuit.



25. The test slot assenbly of claim2 1, wherein the tenperature sensing
assenbly conprises at | east one tenperature sensor selected fromthe group
consi sti nyoah112008®|8i sti ve tenperature sensor, a sem conaattuseoidioarie2 sensor
a thernmocouple, an infrared thernoneter and a silicon bandgap tenperature
sensor. 26. The test slot assenbly of claim2 1, wherein the test slot
assenbly further conprises a conductive heating el enent arranged to heat

t he storggg»de ice. 27. The tes% sl ot ?ssembI%Hﬁf %IakﬁjZG, erein the

cl anpi ngPTREFRHE SHPLtyeranrant drofsyf slachanicd arlcaniigarddacoHtP!dl enent into
contact Wirkdht AoRUOHRADnEELVE Breatdifh asIBbIl BaledShiAbasRHSRAD Y shag! @l m 26,
wherein the conductive heating el'enment Conprises a resistive heater. 29.
The t estrestivtd fesehbieynefatgleacmiddassémabliyher conpri sing a storage devi ce
transporter supporting the storage device.30. The test slot assenbly of
claim 29, wherein the housing is configured to receive and support the
storage devi Cest r ansP@biaQE dedde tehtisd SERALOTUSMILRI WBSEINNHe fXELISMHAIPT | Si ng:
A.) a test slot conprising: i.) a test conpartnent for receiving and

suppor t i #g caniguseditpemersuiccrpovdr dyavg of Bigptaragaudericsand caPerse bl $iyassoci at ed
storage H00 58 By Ry Bl Rt B5e T IBR bR SRR S BB RRE SRSk

oper at i vékYeraggaaiadadnyhisambie housi ng and operable to nove the
tenperature sensing assenbly into contact with a storage device; and B.)
test electronics configured to communi cate one or nore test routines to the
storage devicgydis L Gk t . devi ce
testing syste%?of Eﬁiﬁﬁ?@%@gﬁﬂaﬁgﬁﬁg§ﬁ%“§§§?géﬂ%?Q?ﬁﬁfﬁg$1§§#%ﬁﬁgggﬁa
connect i ampnsee b carechaamteréonbogdroedfigocd toopodiee eleeticnl amhmuompationi cat i on
o moni ¢ BHh 3o GHAGHEHeatbr CH TSR RGE PR BPUFos SRRy IO BBt
conpar t ngitnPassed on signals received fromthe tenperature sensing

assenbl y. . The storage device testing systemof claim31l, wherein the
test slot further conprises a connection interface board configured to
nonitor a te ratyre of a storage device disposed within the test
conpartnent based ﬁngﬁaﬁﬁrgpq%%%ived fromthe tenperature sensing
assenbly. 34.in{&EinghQlAGR Heitk &R @Sk LoBipsYatRMfafiest ki@l imdl, Wwherein the
test conpartment further conprises a conductive heating el enent arranged to
heat 1% he st or eifegievw danpigg merhaniyn &1 befb chayl the stosageidgyics yathaniheftest| ai m 34,
wher ei n t ' ' i

cont 1 gur Sgfitn St 8% o P Flo SPREL IR RuB RARBE S By FrE SO BEE 1EEEE
sensor agdragbdctiest el ectronics and configured to control a current flowto
t he conductive heating assenbly based, at least in part, on signals
received fromthe tenperature sensing assenbly. 36. The storage device
testing systemof ehanmndd oMRIFLE IAGehaRt sBEEUEARL RS ifdGRAl i gured to
measure a power draw of the storage device ang'conpensate or any error

bet ween storagetienate tramspertat anrdethoftotdpe dstvioe agespdetvi awl thaicbcaivbésfoergat ur e
nmeasured by the.tenperature sensin ass?nbl .. 37. The storage device
testing SSAGHt BEOIGCnIR Bt s FupRATAneRET 6 45198k of further comprises a
connection interface board configured to provide electrical conmmunication
with the conductive heating assenbly when the storage device is disposed
within the test conpartnment. 38. A nethod conprising : inserting a storage
device into a test conpartnent of a test slot; and engaging a cl anmping
mechanismto both clanp the storage device within the test conpartnent of
the test slot and nove a tenperature sensor into physical contact with the
storage device. 39. The nmethod of claim 38, wherein the storage device is
received in a storage device transporter, and the storage device
transporter and the received storage device are inserted into the test
conpartnment of a test slot.

40



