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D sk Drive Emulator And Method OF Use Ther eof
TECHNI CAL FI ELD [0001] This disclosure relates to disk

waleioga2%mul at ors and net hods of testing test sPOL/ESWNIN039591

di sk drive testing systems. BACKGROUND [ 0002] Di sk

dri ve TR BRI 5 ulMBE SBhiIeFRbd TR Q8 THEREo i K
b R NsTred PR &

drives'tor co I'ance W ection
requirenents. Test equi pnent and techni ques exist for
testing | arge nunber sISfHNIGEY. dELYes serially or in

E@do"i‘ f1el. Nanuta s'ijkérrglrat%sf £k JrR/ete %fat({’]?gr.%%bagﬁiyggh%stﬂg

drives sinultaneously or rrve
testlomgl dylsdremsestiypsyshisy |nclude one or nore racks
having nultiple test slots that receive disk drives
for testing. [0003] The testing environment
i mredi ately around theBﬂCKQR&H%W@ is closely

t[(ﬁﬁ? at ed. D1M E‘HIM&%R?&? {cgl #l%alﬂ@fabtggﬁ d'xs'ﬂ d&‘lbgs for

estlng environnment are cri or accurate tes
conpliantownsh apdletem @“afmtrymcifts tT@et it ket and e®hnﬁlﬂr® exist

Ifcg‘ttgsﬁﬁ% f eég%ﬁ?: ?%?dlglt rwe§ l§ergi 1&/ YRy %EICI(}I rerg xgcg 83

capacl atlona spe ds" an
wlselanga numberaoﬁdwh)dmfes gmsltdrievslyt @ iv biclas.i Drsk dExemstmg
sul.ts

ration can af the r
SRt 3R IRE DREbr b cdefs b i tesl RS oliitbe
tik trienditedtions, the drives thensel ves can propagate
' tion throu h supportin uctures or fixtures
DS Lo PR SAPRSY PR el Shhd B8 i deivifs Bty
te@oRtch eVlinihiih t@%ﬂe@ftﬁ‘r@ﬁlu&@ﬁfoﬁﬁﬁl tad teh’tirkgreatfﬂr&ﬂlent are critical
ﬁgntrlbutes rrors, head slap a

t unp
ﬁc‘i“é%"e'if’FttCPK}‘g“?‘lﬁ A syRfRREC %.@ﬁe%ye fadestgqneqafons of
bionefives] ehikShaAB HighBCoaPRHRE, ARAUEAESHAT ipadisGas tifallel ROQ4]
Test slots of disk drive testing systens require

FlBHRRoRENG BIOTEPSRS B tan@raiieaghirsts Hbreden qap gifeqs therralipbdity
bhadt réshﬁ’s drRhe iSleBliS O@El%ctflé‘d'll %ﬂn@@t tdngl @ﬂ&i&r Rt 50951%959 the

properly. In general, a "go drive" Is a disk drive
s teaiselbesean progegaéendationy tlvamglxﬁapmnwtmgmws pofiktnigs

oL LT 0 R s T 8 TR Pt
\ibtatigm comgbuiesio raimpteaptsi iegd viep arfd rwatretitiod run-out (NRRO),
which may result in lower yields and increased manufacturing costs.

[0004] Test slots of disk drive testing systems require routine validation and
diagnostic testing to insure that the test slots are functioning and performing properly.
In general, a “gold drive” is a disk drive that has been independently validated as
functioning and performing properly. The gold drive may be used to test the
functionality and performance of test slots. Validating and maintaining verification of

the gold drive’s veracity is cumbersome and expensive. Furthermore, testing data is

limited.

SUMMARY
[0005] In one aspect, a disk drive emulator for testing a test slot of a disk drive

testing system includes an emulator housing, a testing circuit housed in the emulator
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the gold drive's veracity is cunbersone and expensi ve.
Furthernore, testing data is limted. SUMWARY [0005]

wo pooonevoaspect, a di sk drive enul ator for testPOOUS2009/039591

test slot of a disk drive testing systemincludes an

3udial hd NOUEHAG, coﬂnetc% tiispe® b G ehnuRRH B8 idghnt ifelectrical
enul at or housj n an interface connecter disposed

d:ﬁrnf‘t’hlélCétllﬁﬂ uélf}blg F?étu‘ﬁ %rgm&nH]Q chskéﬁ@(@ pmpl@gp includes at least one

GORIILA efelric @M ointutichih WRStHE RYiS ittt Theldl fealli shk sa{st
emul ator includes at | east one sensor in electrical

celsstethiremtheariown Rs§tHE of @ SNPRETLET peasgrta wméormenﬁ@a%@ a
MBI AESR: IThe 3QLRELIRMichy QEELhE: Qrioy Bo&é}ra%h@eﬁy B‘ché’ 5

tenperature sensor, a V|brat|on sensor,
§Lﬂm §ohe dwhémteeesrmlan@f wpnigogithe at agt oné m@me@dmmtelsqonnector

Yﬁi@fht}dﬁl ?Tgﬁ%m%n %anx{e%f re§1kt%ce?ﬁet&fge% tgé t%gt s é ax\{cfethe dxsk

ato he at | east e sensor,
cionﬂemw@tiorrel iability (e.g. by nonitori ng connect or

tance n t t est
Feor. Hunoil e Ok e 3t sROPuCfal Rk Fie
ahncse:bhbufo@owmg feamubm de S@fl@ilﬁlﬂeﬂ‘mﬂt'c&loﬁ.‘f tlteremdemd)rl howsimghas a

tatl t.h | at
B SRR CTER o S SRR . o
leiines hoakieus s&st‘énﬂi‘ﬂmyaﬂﬁhnghl@ﬂ.%aﬂ& Hating Tdpeane Buidtérh Bfoad
housi ng, i s substantlagﬁ%grectan ar shaped havi ng top

AW Bott SHPHFUETCEBIH {54 @8Scd Act ek oxRey B pyA bplom

dicap 0seded) A korRARIpIGRANAEIOND thelehR 1 @ Modish RFLEOM dicabslcs
surfaces. In sone inplenentations, the enul ator

R ﬁglowéﬁg#@sa%@rﬁ TP BRI AdemPERISHEnsar ingtsppsed éyrash,

b2 THEREE H@RpRY. thAnte%&eJoaﬁééfe% cSHERRES 2 hiivdigposed in
each region. In sone exanples, the interface connecter

éyﬁxﬁlprprg@g regeiy el AR ter HPFTENT @h@@]gcmcal load element may be a
hER ShNET WhiCARS Mt REmFRIRSG e, 1TBR. RUGHL! e Bokil efl‘iioad

el enent may heat source, I N soite exa
Flsmgairis amoer; howemteothqw@eaﬁc@or tibretial g@@tmtlmltemsca@ be

BlATRH asls SidodIRAAY devR@VRYET, other heat and/or
vibration generating Itens may be used such as a
pioezbel ectIn sandeninpls, tht ©sting@Oow] mblnd(ﬁarmnteodkrrpi @ frical
r i ncludes a contr
L nb FRRR S st BE MR RO B el G gortion
samppemdithr @ lasnsotlectiibe lat clearat Thediskidbvaém@tor may
include a humidity sensor in electrical communication with the testing circuit, which
is configured to monitor a humidity level of the test slot.
[0008] In another aspect, a method of validating a test slot of a disk drive
testing system includes establishing electrical communication between a disk drive
emulator and the test slot and performing diagnostic testing on the test slot. The
diagnostic testing includes testing connectivity between the disk drive emulator and
the test slot, testing power delivery from the test slot to the disk drive emulator,

monitoring a temperature level of at least one region of the disk drive emulator, and

monitoring a vibration level of at least one region of the disk drive emulator.
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sensor, and the at |east one electrical |oad el enent.
The di sk drive emulator may include a hum dity sensor
WO pooeh1zet2 i cal communi cation with the testing BCT/O81009/039591
which is configured to nonitor a humdity |level of the
t@Ro] sl ot . i ROQBlacibis &AL B@Ect%§%@tsclo§1rgﬁﬁ AR 1€ one or
valldatln a test slot of a disk drive tes goc%system
ime¢ efctbe follg v gl fpadtipn ofn eprae tpnleagntationsrierfe mingghaghestiteen
@esghégn tﬂé ke\éﬁsl&rﬂﬁ]ﬂﬁ:} Wclu@%&h@rlhg §Bur§ Q& l@@ldof erql@(r cﬁqvgg
aghostic testing on the test di agnosti c
ﬁ@s‘ afqigln aqme@@:@spl@%%tilrrggcoem@h@m be\mey tkﬁe@lmweﬁmlamrgkd
r
T PA 08 LR S 2 B ot
drndad or the tpsilato estige eonnedtpysy atween thedisk dufe canulitemal the
e I toring
(Peg?sl%t%galyl gﬂ&{ e(%angmg]#rﬁéka C%Frléeacg n%%t%}rxc%ghl’etaﬁe@% h nsjkdgl é
dmluiamr emdithateot si¢t0 GOQjmel impleerptatiats @stialgq»bwtriﬂeshvas ;ﬁentthe
e one of
%\?\/QI) ﬂ]ge lk%s %mtqia %{)ﬁmggxﬂ%sq?%g a P@thgts?ué%eolevetl OF the test
pler fiasting mg;mbna@ncm idvel dfelsd ttnnglogand ketitgasdnshtdimifing t her
i ncl gg%fs%hnnm ng“ ng a humdity |level of the disk drive
EHf? ©H SO5ne exanpl es, testing connectivity
petiveen t he sdrh$lfn1ﬂéﬂ16ﬂ@atﬁﬁ§4 hdhasrigntehp@atiRIbved bt least
i ncl udes é}est gﬂg | ver sal asynchronous
PREISEORPF F dik ATty wh %tahlﬁ@e%@cawtgw&%@mpﬁawweff‘égf an

Sle@tonict@sdid) 8 nfoRIN@SSH, Yhd/or A0REIVRSHN! Montlbiks HibMBon level
enul ator and the test slot may include determ ning a

ebH st qne regi sl dhehekedrive emulater insdidgs BRnighring @ vibsatioadeyel

@meh%rggg slot. In sone inplenentations, testing
ower delivery fromthe test slot to the di sk drive

tHat or iTheldisideve emelptay imsops| exagples dngtusles drearatilatorf
B&l@lntgeasttestﬁ'lg%rcmf ﬁo%tsécﬂg ik e%ﬁgt%uflg%ﬁﬁf arl ﬁYe?llac cfonhé?:‘tee

t est | ot, "and testl ng a current t1ng capacit
ﬂﬁEOSt?dB@t thg ktilatof DOBOIE and isdentridahpinemeritation mrth the testmg

@;? ) h(ﬁu!: ig szaeemﬂl%tgtﬁ ?dels gtvlgclzs 8%: solr 1enaet éCtI‘?CgF ;egl on

e di s drive enu
temperiattion @ithehegbstiof cacuite ITée btrlean;t I8 eRYr mmﬁleaemﬁbm tthe
ead re rati on

AP0 DT 88 R RS B RS2
@hmtleﬂtng feirtuicik Udﬁ“ﬁgufmmcb testrpongr delivedgrofithe adst tieme kheQﬁsktdﬂﬁe
d re i on 11 The di sk dr.ijve enul at or, sQme
@ m ?rrﬂ,} ‘E} cast SISO &% onitor connector rehablhty (e g. by
momtormg connector resistance) between the test slot and the disk drive emulator.
[0012] The details of one or more implementations of the disclosure are set

forth in the accompanying drawings and the description below. Other features,

objects, and advantages will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS
[0013] FIG. 1 is a perspective view of a disk drive emulator being inserted into
a test slot of a disk drive testing system.

[0014] FIG. 2 is a perspective view of a test slot.
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housing, a testing circuit housed in the enul ator
housi ng, and an interface connecter disposed on the

we@pwbatwr2 housi ng and in el ectrical conmmuni cat PGRUSZ0091039591

the testing circuit. The disk drive enulator includes

abollseast ofe; $aNSREspbdive VRO drlaGiddk @I0IPHMhGAL | on with
the testing circuit. The at | east one sensor

4€01étt ed f {sHechnetis eo‘ffsﬁasdﬂ%krﬂ@veﬁmalatoew&aa@suﬁe
sepspr, a vibration sensor, and a humdity sensor. The
testing circuit is conflgured to test power delivery
dP0lt7he t estIGsh sta scleemate vigivsd adeddwercifrul at or, noni t or

t[@(ﬂ S?t | eaISItG @R‘ed ?‘c%@g}%nat@()gw'mg'dﬁsQrdnGQE}Hﬁgttopﬂousin that

reliability ( y nonitoring connector resista
blétsméﬁemhlelanelslﬂcememtofmerdﬁ@e ancswbdnowwnmwahlorthe [ 00

|Is of one or nore inplenentations of the
%ﬂf?@gﬁ‘%@ are set forth in the acconpanyi ng draw ngs

409t he dedErT pitgnschehain, vigk bigthe dislatniveesyulot] leosisg
%Qogwn 1‘%%@1:66‘ 9ﬁ1§tratlgg ertl)l?ﬁ z?rg @%rc?nq]%nﬁé om Lhe dEﬁC b %tglnon

drawi ngs, .
m&wmlr{tﬁeéﬁglatﬁt Kausibgi s a perspective view of a disk

géd2é]e drive t( e{e?&%llég %ggtgo o ttlreegvdilgrv}so a\éngéltniiéatg‘ilke elements
perspective view of a test slot.[00 15] FIG 3 is a

perspective Vi ew ofyg ‘il};ﬁIBD?S'C ﬁ&{} ator. [0016] FIG
0 'S

4 is a schematic view drlve emul ator with a
{®231] ng cidisk tlrwe[ c@rﬁ)ﬂa‘ﬂn BO@mubitdsr anmtalmmatacmal\dns&\ﬁneé

UI . de, schemat
BrosiR0y L e ettt o CnbePhdt B ST Gk Bat s
epaa ara)dlqglnememmittemhlg t@ife K/@lida!,’lﬁg @ﬁdlg&’d h{c&”tlgllllsgdln;e -
rs W th at or i ng.

BOR SeMbialt 1 ReRorovRe HESk Hihi o’ Shiiagepied sk
h@usldn;g dsih@wamspdttelr B Cearfies thd lhbﬂSﬂlﬁ@tdnﬁl%t&)QQUIHna may be

acemen of tenperature and vibration sensors within

@P%‘Fr‘iﬁf* iﬁv BESHBULTNGC FOOLPSIHREN oerEtpHEk 13 Rttt slpt
1 teThearidkQiive mamton 960 is PHcEAHQ ik K&iRIn@ABIYES with a test slot

connector 14, shown in FIG. 2.

[0022] Referring to FIG. 3, the disk drive emulator 100 includes an emulator
housing 110, a testing circuit 200 (shown through a cutaway portion of the emulator
housing 110) housed in the emulator housing 110, and an interface connecter 120
disposed on the emulator housing 110 and in electrical communication with the
testing circuit 200. In some implementations, the emulator housing 110 has a width
of about 70 mm and a height of between about 9.5 mm and about 19 mm. The
interface connecter 120 is configured to mate with the test slot connector 14, and may
be a universal asynchronous receiver/transmitter connector. The test slot 10
communicates with the disk drive emulator 100 via Parallel AT Attachment (a hard
disk interface also known as IDE, ATA, ATAPI, UDMA and PATA), SATA, SAS
(Serial Attached SCSI) and/or serial communications. The test slot 10 also supplies
power (e.g. +5V and +12V) and ground to the disk drive emulator 100 through the

interface connecter 120.
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DETAI LED DESCRI P TION [0021 ] A disk drive emnul ator
100 enul ates or sinulates an actual disk drive

w@bkoosiiz@ily (e.g. in size, appearance, anount BET/US2009/039591

radi ated heat and/or vibration), but operates as a
cﬂb@gm oSt i CBheadisk driBs teindGitdr Q00 1sfceﬁﬁg(@édl td amlidag: th@@tt sﬁJt Qs

f disk drive testing sy he exanp
SROARETE s rofed: SR Hh 5Bt e Rk 518 2plator
200 tofts thestowdr fuplytandBRRAI behe 8% AN D] BmntUdRaGbrikhididMEe
enmul at or 100, and may be nanlpulated by a user or a

A5y Pt COnBECIRY f Hrand AL BB HcEN ] PEdERPEBE Estiotd, yhigh

tr@g%tat&'t&ﬁpel&ure-r}nl%lgjibsKnc%bﬁéﬁor%m“ ator 100 is placed in
a test position e with a test slot connector 14,

§¢Bdh i n Arederripg to tg@epzlzrpatme‘ﬂ@v pf the disk dRyagmgator HI inFKk
dr ¥ s SIpiRLR Qo&@@dﬁ};‘ﬁh&d%&s gﬁéli%x?rofﬂ%l{%t 6g¢ ol e

testlng circulrt 200 own t ut away portion
diskdriee emulptar 10, msnanlge @lﬁoabrhtmmde‘ctla of thettest eloti | Giand

gﬁrlrf? glgrg%q%ﬂtef%%egpthﬁ @etsﬁgjlﬁtg%glﬂg 81% Ql?sitd%(/ (l,'r%lg)la(i %&)O (% g by

hou el ec
cOmTRITigCathGpr WIStShmtd)e Themtinggircmr 200 ihcl@BO a comradlen®l 0 in

FPLETE P Bh Rt % S bl B A R
akdried ocommiBicaron wikhea senhle:bﬁmmelcemrm @oiten 12.26)fths mterface
ggngx%c { g’l'iaxe C m%r\yg?r\%é?) r1]s 1&1?; %8{? %tmcgt?o%nv%%}g a sensor
[eirsetl XKE)( whichheiided &easOsng M@E&tur@h@s@r@ﬂb afid &tleakOone
B e o ST B B o2
kineidnty sgnsdrDB0 it\d1fstriAT A6thmudibMOn adl 1RADAKol1ePATPand M Rir

Serial Attached SCSI) and/or serial conmunications.

P sgnset 349ty fetqqs angd %IC% B oBgneY i being pepvidedp the gpst slot
+J.2V) and ground to the disk drive enul ator 100
through the interface connecter 120.[0023] The disk
tHOP Ve " enulTde dstingareny 200 welugerran weosupalyi cdiravie244hia cleewsical

l; al
PhydSyont lggeng hapueo Lkl LBy e, AP pgler

supelysoai 2&pghdes andltage segudhtafciredie2 20gwt figit and skoond
P R  HAMAR R BBy SPPRE T el B
ohiug 00 eyld mipestiteaumpleg-at-digig! chumeitel (hyt, shawa). Viihb satiétons.
222,224 are controlled by the controller 210. FIG. 5 provides an example of the load
circuit 400 which includes first and second switches 402, 404 that control current
delivery to a resistor 410 and a motor 420, respectively. The controller 210 controls
operation of the resistor 410 and the motor 420 via their associated switches 402, 404.
The load circuits 400 are calibrated for their respective power supply (e.g. +5V or
+12V). The load circuits 400 are used to test that an external power source, accessed
via power portion 124 of the interface connector 120, is functioning properly. The

load circuits 400 or a second set of load circuits (not shown) can be used to trip a

circuit breaker of the external power source, so as to test that it is functioning

properly.
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[0024] Referring to the schematic view of the disk
drive enmulator 100 in FIG 4, the testing circuit 200

wo g0000edoryured to test power delivery of the tRGI/US1009/039591
10 to the disk drive enulator 100, tenperature and

Vodreat i on rev@Ebisdak chii@itdrasd g&leRtes hlat t@ﬂ%uf&%@@&%{panon
bet ween the test slot 10 and the disk

i abi |
[ﬂ? ra"e/ gﬁ\‘éﬂ&‘ﬁﬁ%@@}*e ot tiping at gst peme it lopreicg Hnd gt its

rcﬁﬁés%@d?&gi@thcm@z t2@5 Ehcn&h%r‘ﬁfgLUuPrer?tQQ tHe N&huHa30 Qnd/or motor
controll in electrical comunication with

51@9,. am%@&*ﬂmh hy thatrirsaectiv fiitdhes $G2nd 4. chheilgad qj;rcmt 400 may
g&aﬂe@ &) Zprsamg&atar Q&éa\Metl‘l%atageﬁngcﬂll ﬁggﬂ%@@&hﬂ%r
por

ion 1 the interface connector
d@ﬁger@rdt@m'fzi@nﬁ & jimulgleedraticnaharggemmting efaniaomalwiskhiriye

'3§t9\rat1§ AHEN &1@ Q)f th%’h%a%r&rl:ﬂ['ﬂslzlld Gd ?etlxvler?r?gvctu Mo the motor

nper at re sensor and at |east one i brati
4@nserswB0404. n soneceralepl tesmotohd2 (siecisdus asymt@ﬁm@@ﬂbd

I se 330 in electr
e S SR A
Sénsad ciM@t 400 idgtsgohedaindhei stlﬁ@u B ihhdocaabiwRero in adtiial
O B OB B kB B Sl P ) L e
@B@atnidtoakgicn M40 BAD@TA ead Wgtolﬁ 180 pOthe homfgtmor(lse& 269f6-7).

(3) nt er f ce connect r EH The power supply circuit
B0%7) et B i0bFrayaoP Behidss opek Mectr amDRE A Sy
anelinseeatdl @winkiehQso2wah a MSp&ﬁﬁﬁ lﬂgHHpéé?l' doh{?aglmcatlons
el ect r| Cgffld communi cation with a gect ive

EPHienil 0 olobe Wiatace GoBREE L R &k éITé\g {\EEAd%ﬁ} aﬁ he high speed

cOnMBRitRlon cRALt FRAWMNelectREl &Wﬂﬁt@ﬁo@@%& a B8R pRELammable
control | ed bééthe controller 210. FIG rovi des an

&8 ApteFEH A Ke0. Mdudh it inredagirtcaiponpyniceon mi theeantfdlles?10.
fovds peconar i Sifsre %Ql%@rs %@(‘f' a& ﬂé Vxﬁﬁmnli %6&9 BIP

delivery to a resistor ‘ _
pesitiraed intb¢ housingd 1¢ ot lp@ﬁtlloe rwhm@n @@mlrdmksinapezpwaﬂso n of

%Qx%ra&q%sdhég erlélrgcg ﬁéaga gh@or%gozgr eraﬁ)g%vg Xy ar {1]1 ka ple

associ ated 'sw tc Cl rCUI 400
dhustratal inll@$ e, fﬂmhquheg t 10 les pecleitapeand agom smﬁ@byl el G,

R A T B 1000 e b
pofaté DIB, ARUinode lbftend nglesidasefeennaehon 19 20GSi 67 illustrate
AR AR R A E R
inkidp thé housing 110. Two temperature sensors 310T are positioned on the inside
top housing surface 112 near each corner adjacent the inside front housing surface
116. Similarly, two temperature sensors 310B are positioned on the inside bottom
housing surface 114 near each corner adjacent the inside front housing surface 116.
One temperature sensor 310B is positioned on the inside bottom housing surface 114
in the electronics region 130 (e.g. for sensing a temperature of nearby electronics).
One temperature sensor 310T is positioned on the inside top housing surface 112 in
the motor region 140. One temperature sensor 310B is positioned on the inside bottom

housing surface 114 in the head region 150. One temperature sensor 310M is
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circuit breaker of the external power source, so as to
test that it is functioning properly.[0026] The disk

waletova2%mul at or 100 generates heat to sinul at eP¢BEES2009/039591

di ssi pation of an actual disk drive by activating at

|8&66ncaR8 uQf indilteodcR e Rbus gsﬁﬁfac@(i@él Mda@ tHeth®ad region 150. One
correspondi ng swtch 222, 224 and deliveri ng current

05 MOFF MR PFGENSYISE L4 R ey be mptivened perr carmers ohthe gisidedomy

1BRdifg JuBRRENDI VR SbNERpZr-aBRoAG40B TS bl BaGtioned near
circuit 400 may be operated to provide constant or

vamesisl setieside b@éﬁt@ havsiggrsuriyieel 14 & ibggtiop senspid 28tippositpoed
Q& @I?e"lﬁ;l@ébo\ft'oplr}ﬁhélgg Surfale §1| 4W|'J Itl‘%th%?(&/ fg?{oﬂtl 5(2
characteristics of an actu i's ive by activating
a9020fast ohmegfodiofgalidaamt ciestolei { @ oL skadrivedesting exsiengd
Gl Estszﬂsl‘hll?geelgg?ﬁc% co ur}{é "E)iof? %t&l‘ééﬁ 4cp 4@\% eﬁﬁﬁorc}oo and

exarrp € not or I'nel udes a cam
dHeftess elat HY, el peofoamube idisgnasshiafesting2sh thé testhsbot Hd (g, vchtBe to
r entute Vi br.at. Th d.circuit
S50 81300 FARERM RN R AR08 Tk R
\td?.engemalndﬁct«tsuag ccdmsd»tlvdy batectrythe dak Hglvegﬁlﬂ&ztt&t @9 ahe die test
brati S [ el.ectroni cs regi

a1 @ st B 0D R eh o045 HERBAYE BmbiGen T
nhaithraigsi tigpekdiire(lo@eoffdt (st ofie vgion[dP0 disk e ERGlatoR 00,

circui.t 200 inc)udes eed c ni cations
G Blfitor8 Vo n SO b o GRHICE &1 TEA K EH gnatator 100,
crogds@sm@mdieﬂ@ndmsgﬁr@aﬁ@g dfagﬁamate@mg diBe RAsIdt 9P aid@6 Of
i nterface connect or 1 Qf'rff d? ATA, SATA, SAS).
g‘ Fﬁ’@ﬁm?ﬁ‘@%ﬁl bl dgvekatitesrisk Frvgiemubtys 10 i n
edogof ri calin @mml&@énmengfwashn@coﬁh&hdms&@ééfm@am@dme
gate array (FPGA) 230, which is in electrical
EBHIHERT Ot dbe Gitelet { hmcludentesing a pnizarsal appghrghowFhe
Fe%&?@rhéxhéiﬁﬁe&%%&&é 1340804 i Ja@tew ENELY AlLaIRDAA" o 320
are positioned in the housing in a cation where
applgreentadiony |te§kngj¢qn0@tlmobm¢¢yh@@siedlate@muéaw 100 and the
RURRIH BARARED RN, YL RRALORRishESRRGLL Bl dta dfht e

exanples Il lustrated ousi ng
¢melpige 1 @0omd dirededpslot Yhiegubdtaeashd ©F,slot tdneatnr 14nssudd1&:

%8&&&%&?& 20 BPuBHRRALL & %ltgﬁo'o terface connect or

surface d inside |l eft and
iolOght si dén samefaamsleilgstxagmb\ﬂelﬂehﬁb(ﬁom Bhefedt kot B foalkee

AT NAMUCRERE TR T
élfmm duerameindting @psefi S0 ts (S1E0t @ Fop&GiipledtRdoRiRcld &sting
CIrcu1t 980 (via the interface connector 120) evaluates and/or monitors the voltage
source level, the current source level, and the current limiting capacity of the test slot
10 though power pins of the test slot connector 14 (see FIG 2).

[0032] While performing diagnostic testing on the test slot 10, the method
may include monitoring a temperature level of the electronics region 130, the motor
region 140, and/or the head region 150. The head region 150 may also be monitored

for a vibration level. The testing circuit 200 monitors the temperature and vibration



top housing surface 112 near each corner adjacent the
i nside front housing surface 116. Simlarly, two

W@ 209par@rur e sensors 310B are positioned on theCT/HS10d%039591
bott om housi ng surface 114 near each corner adjacent

tioels| ARl dPeofdlOMumbily 3 vRE, GbidhaReasidbatedW@péretiRaeRoty B0,
sensor 310B is positioned on the inside botton1hou3|ng

SR LR CRSPY ) 3r?r0t 17d hamatiy SesPEY PR GE BR sanser systery 300 or

360531 N & AROREEJr U eREntNRAL B e BLOLdE@IYed SNeveMess, it
tenperature sensor 310T js positioned on the inside

tveB bp gidsrsiepddiat fardqus mpgificatieng ape srade wigheyt dapagringdrpm
LRIPEHAhHESpS 6NAOLIsAIRR. 12 cHARITY &H&qmgrénknﬁn&ﬁ%ked@uhm
bott om housi ng surface 114 in ? head regi on 150.
tlesepeatf ihcefoBeigs £1aBnOM i sposi ti oned on the inside
back side housing surface 118 near the head region
150. One or nore tenperature sensors 310T nay be
posi ti oned near corners of the inside top housing
surface 112. One or nore tenperature sensors 310B
maybe positioned near corners of the inside bottom
housi ng surface 114. A vibration sensor 320 is

posi tioned on the inside bottom housing surface 114 in
the head region 150. [0029] A nethod of validating a
test slot 10 of a disk drive testing system5 includes
establishing electrical comunicati on between a di sk
drive emulator 100 and the test slot 10, and
perform ng diagnostic testing on the test slot 10
(e.g. via the testing circuit 200 of the disk drive
emul at or 100 descri bed above). The diagnostic testing
i ncl udes testing connectivity between the disk drive
emul ator 100 and the test slot 10, testing power
delivery fromthe test slot 10 to the disk drive

enmul ator 100, nonitoring a tenperature |evel of at

| east one region of the disk drive enmulator 100, and
nonitoring a vibration |evel of at |east one region of
the disk drive enmulator 100. In sone inplenentations,
perform ng diagnostic testing on the test slot 10 al so
includes nonitoring a humdity | evel of the disk drive
emul at or 100. [0030] In sone inplenentations, testing
connectivity between the disk drive enulator 100 and
the test slot 10 includes testing a universa
asynchronous receiver/transnmtter connector 14

di sposed in the test slot 10. In additiona

i npl ement ati ons, testing connectivity between the disk
drive emul ator 100 and the
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test slot 10 includes determ ning a connection
resi stance between the disk drive emulator 100 and the

woe@b/129002 10 (e.g. between the test slot connkRCT/U820091039591

and the interface connector 120 of the disk drive

ey h e AGQEp 15003 1] In sone exanpl es, testing power
delivery fromthe test slot 10 to the disk drive

emul at or 100 i ncludes testing a vo@t ?%e t;sﬂoci.uc .| evel,
d cur felitk daprBlaloe(idP) foatating Tt ioht !Vl iigive festing
GRARAE D MhObist By Bflats (9§0) LOmp k@i exanpl e, the
connected testing circuit 200 (via the interface
connetit ¥rulatophousipa(yfies and/ or nonitors the vol t age
sour C?wkﬁ}ged_impi& PR0 FRUE &I 1R GRor HBYShg ﬁl@ﬁb‘? the
current limting capacity of the test slot’ 10 thoucg_h
power aipintysfagsf coppester £120) dibpssedonthe emplator Boysgigd 1 ) andin,
il e. perf ' ' ih6y.testing on the test

o e T Por i g, &
t enpestdeagr @elsenset (309, 3t pid, 0¥ 8 FVINBES 3p@igholecttisd, t he

regi 0] - I O T head
ol W A ea BRL Ol 00, BEFLE BhTndr byio; B0
B&Wd] 310ThE0 8HY) iseleptad frauite g0 copistingofa telnerature sensor

rat vi brationl eve and .opt.i.onal |
PSR, e Y RERR BV 2y, PRI Rhaet (20 and
sens o4tdeastldhe electbicatlbaarelchens@0()sih eB2@icalanantudizhiilint with the
sensor.r(cs% fbﬁg of the sensor system 300. [0033] A
et 8 (G931 enent ati ons have been descri bed.
l\lege;@h@éiﬁﬂ&,tedtﬁlgwgédit (b%))uﬂ“m . Eg&r@@g) tédﬁgbwé&afeifiwﬁoftﬁe test
no i catigns. may be nmade withou eparting fromthe
slpl e togli’Fo‘gg%‘HHé b ihol St e o st epearigr (P 100t IRBy
B N1 E3TBME B0l D309, 238 SroitdritoRndc e re3iaBIRE Betwdeh ehefted kiovi1 09
claims. WHAT IS CLAIMED IS: 1. A disk drive enul ator
padyby diplArivegnylagr @0Qest sl ot (10) of a disk drive
testing system (5), the disk drive emul ator (100)
conprising: an emul ator housing ( 110); a testing
éi r cuilhe dizlodriverpmdaser (i 90) ok elaiaidy| velteenin e geiplatpr pousirg)(110)
ﬁ%ualsypigg{ci{@g%?@ m?%de;hefgmébe% R9G&H d?ﬁm%d%%ﬂtgg .

and 1 n electrical communication w
the testing circuit (200); at |east one sensor (3 10,

31CB. RIOM AT 3300330 1 i8] SEHEL SR whers
; T d 1 10 t
comuni cati on with ﬁe es IP}ng Cilr cd{;'{scc?a%%)v‘fhe{ehnethgt
trealgtor bnweing€ Do rs sEBLGtialBl @Bangular shaped having top and bottom
broad surfaces (112, 114), a temperature sensor (310T) being disposed near each
corner of the top broad surface (112) and a temperature sensor (310B) being disposed

near each comer of the bottom broad surface (114).

4. The disk drive emulator (100) of any of the previous claims, wherein the
emulator housing (110) defines an electronics region (130), a motor region (140), and
a head region (150), a temperature sensor (310, 310B, 310T) being disposed in each
region (130, 140, 150).
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310M 310T, 320, 330) selected fromthe group
consisting of a tenperature sensor (310, 310B, 310M

W@1@M29022 vi br ati on sensor (320), and a hunm di PGT/E82V89639591

(330); and at |east one electrical |oad elenent (400)

isn eI elqlterdismhv@@mmm @by anybt the blGiol £S4iRIVEIrdif tet
wherein the testing circuit (200) is configured

(2
t“ﬁe"tfaég FO’B’G%(I 4o oversFs SfNVRgal g chopeits rfcft))er/ s
dbslecdri ve emul ator (100), nonitor the at | east one
sensor (310, 310B, 310M 310T, 320, 330), and nonitor
connector reliability between the test slot (10) and
fhe difgk d@k a4 e &WL@F 900)(%5%0“%@ przbl@usdélﬁhls dpie¥én the
emul ator (100) of claim1 erein the emul ator
lstsagicaldoad elenpnt (H49) commrigisia hedt sawyewier ap0otam and a hei ght
of between about 9.5 mm and about 19 mm 3. The disk
drive enmul ator (100) of any of the previous clainmns,
wher eilihe sk demsratlger H0USIfnging 6,141@rein thesldosicalipddadi¢nyent
shaped havi ng top and bottom broad

‘&% %gggbﬁg112, 114), a tenperature sensor (3 10T)
belng di sposed near each corner of the top broad

urfa sensor 310 ng
3 spodta bAoAl B RIRTR Bk SETRE S atfenth Phce
fesddeircuit (ZO'Uha)mbrSks ddoinuelled mnloaltrmlec(rﬂcﬁf)c)onﬁﬁurﬁfa}&omﬁvith e

ALFh S s B IR ULV DB S ) Sogheifiesn it ot

(ck4Q)emeando®. head region (150), a tenperature sensor
(310, 3 10B, 310T) being disposed in each region (130,
140, 150).5. The disk drive enulator (100) of any of

bhe pAeMitivdSf ChidialiBs a WRQIR (1) bHEdiknd e/ 1ati8e GRRACGH, Bhe
(120) conprises a universal asynchronous

F@E@?ﬁ%@?@%%ﬁsn1tter connector. 6. The disk drive

emul adseublidhldMecicaPnnidaEn HEE¥dnUEsK Rk gﬁlula\m RI0R) hd
the electrical |oad elenment (400) conprises a heat

gelestdoldiOaantot or . 7. The disk drive enmulator (100) of
¢! al MebromtIEtBlAbsHDRaGlafihd £alyd A3 ffé @ﬁagtm&é&% s

vari abl e. rive enu
WWQHQWGV|OUS clalns, wherein the

testing connectivity between the disk drive emulator (100) and the test
slot (10);

testing power delivery from the test slot (10) to the disk drive emulator
(100);

monitoring a temperature level of at least one region (130, 140, 150) of
the disk drive emulator (100); and

monitoring a vibration level of at least one region (130, 140, 150) of

the disk drive emulator (100).

10.  The method of claim 9, wherein performing diagnostic testing on the test slot

(10) further comprises monitoring a humidity level of the disk drive emulator (100).
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testing circuit (200) conprises a controller (2 10) in
electrical communication with the at | east one sensor

W@ 309129108, 310M 310T, 320, 330) and the at PEHBS20091€39591

el ectrical |oad elenment (400). 9. A nethod of

val i dahé methad bﬁﬂimﬁd &Helalrh @), vefferdn c&isﬁ{'g @hhtvibEisdag the
system (5), the nethod conEr|S|n . establishjing

éil‘séc,dt"P’? eavlafebﬂﬁ%néélm (6 gkt AL PEIse t%%mamuvléeréﬁm at or

d2QhroAnd réc@ﬁrel‘;’t%ﬁltsmﬁjte%onﬁé&ar’(lz@nﬂspl@&(ifn@fh@té%gslot (10) and/or
di agnostic testing on the test sl ot

(10),
&Ftﬁﬁﬁa% REORSEHITTESIHYIFP PEReiythe ligk flT‘Yf‘ge"E‘éﬁﬂfe(é Phang ghe
oyt he di sk drive enulator (100) and the test
slot (1&) testing power delivery fromthe test sl ot
(10) to the disk drive emulator (100); nonitoring a

t11 g gl)oem; ESod SYEY 89&5“% o ﬁa%er@mesgﬁgb 811-1%% #88:the

of the disk drive emrul ator nDn|tor|ng
aﬁvﬂwdaﬂﬁ@ﬁwwék@hVQem@wwt@Q@lummeﬁﬁeglon (130, 140,

150) @gtmggﬁzo \M%%l%OlgIrCé %@el%%e%s? glat( (a 10. The met hod

of cl hostlc testing on

t he tesnggkonmﬂkayUfMVﬂhéme@Bnﬁmﬂﬂésmnbnltorlng a

hum dj t the di sk ive tor (100).11.

The n%?jgé “%&%W%%f%?m%|gﬁﬁ¥fb§&ﬁk fein testing

connectivity between the disk drive enul ator (100) and
s|lo 10 onprises testing a unjiversal

3y e FRmbE! ¢ Eb L aRTB SHReRpE B sty gy evel of

di 1sp0sdegion tIne, 14651505 bithe §i3I0Jrianaiddtor@d®coinplify a

conpection resi stance between the disk drive enul ator

PRI AdCPRREA e dgveleign ei@%ﬁﬂl%ﬁ%@?ﬂé%@ﬁ}?&a regionyig0)of

ehPdrEhed bgibn (MWOgrei n testing power delivery fromthe
test slot 510) to the di sk drive enmul ator (100)

conprises: testing a voltage source |level of the test
$4. 0t frkQhéthod of any of claims 9-13, wherein monitoring a vibration level of at

least one region (130, 140, 150) of the disk drive emulator (100) comprises

monitoring a vibration level of a head region (150).

15. The method of any of claims 9-14, wherein the disk drive emulator (100)
comprises:

an emulator housing (110);

a testing circuit (200) housed in the emulator housing (110);

an interface connecter (120) disposed on the emulator housing (110) and in
electrical communication with the testing circuit (200);

at least one sensor (310, 310B, 310M, 310T, 320, 330) in electrical
communication with the testing circuit (200), the at least one sensor (310, 310B,
310M, 310T, 320, 330) selected from the group consisting of a temperature sensor
(310, 310B, 310M, 310T), a vibration sensor (320), and a humidity sensor (330); and

at least one electrical load element (400) in electrical communication with the

testing circuit (200);



testing a current source |level of the test slot (10);
and testing a current limting capacity of the test

W@ L@v/1£90@) . 13. The nethod of any of clai nms 9-BQI/US2009/039591
wherein nonitoring a tenperature |evel of at |east one

regi owhéré-l%Qhe g ckal) (260) it Omrgdhsk todtﬁét‘f)gwﬁrﬂéh@é& bf the test

100) conprises nonitoring a tenperature |evel
éloedtt '@ﬁhft@sl? Egicsmutdad) 00) anerpiopihe algish AN SEADY (3 1Qn-”b|1/08r
@1 (h@aﬁ o"rE‘QZOOEBo() la'i_’ig)mon;ltér co;l;ﬁ]e%tom?élﬁglﬂ ﬂeh@&}{ tl%fte& Isl%{ H@)
3,  wherein monitoring a vibration |evel of at |east
@wbm?égkéﬂqumﬂwomﬂgﬁ 150) of the disk drive enul ator
(100) conprises nonitoring a vibration |Ievel of a head
region (150). 15. The nethod of any of clains 9-14,
wherein the disk drive enul ator (100) conprises: an
emul ator housing ( 110); a testing circuit (200)
housed in the emul ator housing ( 110); an interface
connecter (120) disposed on the emnul ator housing (110)
and in electrical communication with the testing
circuit (200); at |east one sensor (3 10, 3108, 310M
3101, 320, 330) in electrical comrunication with the
testing circuit (200), the at | east one sensor (310,
310B, 310M 310T, 320, 330) selected fromthe group
consisting of a tenperature sensor (310, 310B, 310M
310T), a vibration sensor (320), and a hum dity sensor
(330); and at |east one electrical |oad elenent (400)
in electrical communication with the testing circuit
(200) ; wherein the testing circuit (200) is configured
to test power delivery of the test slot (10) to the
di sk drive emulator (100), nonitor the at |east one
sensor (310, 310B, 310M 310T, 320, 330), and nonitor
connector reliability between the test slot (10) and
the disk drive emrmulator (100).



