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ThIS application-clains priority fromU.S. Provisional ca

60/ 102, 300, filed 29 Septenber 1999. 5 FIELD OF | NVENTI C]\l The present

I nvent i on relates generally to disc drives. Mire particularly, the present

I nvention relates to a portable disc drive testing apparatus. 10 BACKGROUND
OF THE | NVENTI ON One commn way of testi ng a disc drive is to connect the
disc drive to a personal uter and run comer ci al softvvare programto

identify faults in the JI’lQFeT LE@ISNEBWIEEES@WG%%RA Sest equi pment is

available fromthe market for conducting a wi de range of tests on disc
drives. 15 It is felt that the personal conputer is under-utilized when

dedi cated to runniThg atppat:axomlaiinsqandﬁtwie@mswslomtfsﬂm@fAbﬂidaﬂolﬁ alty. On the
ot her hand, the special test equi pnent currently available fromthe market

i s expensi ve 501102380 filgd 29 September 1998t e to seek a rel atively cheaper nmeans

of testing disc drives. Furthernore, it is also desirable that the

equi pnent should allow for the 20 detection of faults related to the drive

interface. Unfortunately, this aspiiiD OF INVENTION s of t en not possi bl e when

the disc drive is, required to operate via.a serial. po under t

condi 1 ons. | nst oTHEBIeSERTBUPHOR s pistolf B Riss avBS More Barticl Rt on, 1
is felt that g}éa@ﬁtqm»eiuan Ragds fooarpcsr@éﬁe SRR tinep Psram_a.rtabl e, as the test
equi pnent available 1's too bulky. Very often, the efficiency of the testing

25 process can be significantly inproved if the test equipnent is small and
equi prentdahout d be casy to IACREORE BTV ENTRS " i i ng of the
gggr glg ]9; ; SThe Pr egRBicolMYSNWAPSS tREtRY LESc drivedk ¥ tstihettQhé Bidc oy & Hr obl ens,
personal computer and run a commercial software program to identify faults in the
disc drive. Alternatively, special test equipment is available from the market for
conducting a wide range of tests on disc drives.
15 It is felt that the personal computer is under-utilized when dedicated to running
tests on disc drives suspected of being faulty. On the other hand, the special test
equipment currently available from the market is expensive. It is therefore desirable to
seek a relatively cheaper means of testing disc drives.
Furthermore, it is also desirable that the equipment should allow for the
20  detection of faults related to the drive interface. Unfortunately, this aspect of testing is

often not possible when the disc drive is required to operate via a serial port under test

conditions, instead of through the drive interface.

o
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In addition, it is felt that there is a need for test equipment to be portable, as
the test equipment available is too bulky. Very often, the efficiency of the testing
25  process can be significantly improved if the test equipment is small and light enough
for the operator to carry it around. Preferably, the test equipment should be easy to
operate and not require much training of the operator.
The present invention provides a solution to the above problems, and offers

other advantages over the prior art.
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pther advantages over the prior art. 2 8 MAR 2003 -2 SUNNAQYBCMARIEZOUa
| NVENTI ON The present invention relates to an inproved apparatus for
testing disc drives. In one enbodi nent of the present invention, the
apparatus includes a m croprocessor capable of storing at | east one test
program Data transfer between the 5 mcrgprocessor and the disc drive
under test is provided for in the form of2an interface, such that the
interface is conpatible for connection to the disc drive under test. In one
aspect of the invention, the iSHMMMARYE QETHERDMENTION or connection to the
drive interface ofthe disc drive under test. This feature offers,.

advant ages in thathetpriant;lpymnfrgllapef ﬁ%mh'é?péﬂffdoari’pﬁﬁ‘a?‘*séﬁ{ tte§t"}%‘ﬁ§ﬁ drivesy t he

drive interface. IIf oa@einBedinRapefthe pfesélenventomtth®ippatdtes iapldésd Us i ncl udes
a power control mechani sm which controls the power supply to the apparatus.

I n one enbodipgrpprocesssr senable efstaringlat lnastrasitesipragyamDas trapsfet batweanthas t o
relay thegpoygr Yo i . J: [ I owered b
t he gama nge@@“s@%%%{ %&E ﬁ'}g%gsﬁgg{rv\g% Hg&qgstgﬁlgvidﬁg f%ﬁé?}életd%w%tf ﬁg 'Ito esting Y

procedure is in@tkcaich thatrthemite fice &ScodipayiblRifor gunnectichtp thy/diss diiesideed.
More inmportantly, this feature provides the apparatus wth the capability
of perform n§eontact-start-stop tests, as well as other tests, w thout the

need for the oper - ed i i | i . t
cqui prient avai | abith s EeBb A invkECfhe iBoRRaSk SRR HE RERAIREL R .
is a bl ock didage anterdiceafphediss drivk wnleost®his fedtutelvdfeappbantagss innhatdnnect i on
with a digc drive_under test. 25 Fl i aflowhart showing a nethod in
whi ch onéaenﬁhm"ﬁ@ﬁtg%fiet?ﬂ@“i ‘Hé%ﬂltsdg\?fegéo chIQSWg“FtS&g‘E%e sel ection of _
different test praghasther dbdcdobER iPRSGEh AL PhaaRudcRIBA Bower bAfopccor di ng
to nost preferred enbodi nent of the present invention is showmn in FIG 1.

The appar at usndcbanismothickeeondrots the ppwercsupplyrto tidiapparatusnby gneinabridimenigcthe

i 104 f t Or i. t 2 0 MA R
2008 3" nt oPPHERCORSE! BYRRETRA peoneomtaictf o (EEls A ha 5 moalydaiis
control mechagive hchiflat the Bist Ak0E {safoveréithPRE ¥afie P@w&ﬂ@y@itéﬂi@aﬁﬂﬁa‘(ﬁ@n the

t
m croprocessor 104 and the disc drive 108 under test and the power control
mechani si$ 11 osthe operatop thetesting propeduppisanadsupgre gonGrianbag ¢erly appaeweus 100.

5 The interface,106_ provj for [akkV oupl j. t > ar at us
100 and a dr ?’9@’1?'%{ rgﬁ?lg%déﬂ?%fflo*mr?%glygﬁ% Sct%ﬁtg UE° @gs Q’géﬁfﬁﬁ%{% Q't?trl?f@augﬂ(gzl)i Sc
dri \ée 108 canapudippef pedormiing ooghctisket-stop vests i well acethdQiéstsiwietiout et

condi ti ons.

need for the operator to be well-versed in programming, unlike the test equipment

available in the market.

20
BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a block diagram of a preferred embodiment of the apparatus in connection
with a disc drive under test.
25
FIG. 2 is a flowchart showing a method in which one embodiment of the input device
allows for the selection of different test programs.
DETAILED DESCRIPTION
30 An apparatus 100 according to most preferred embodiment of the present

invention is shown in FIG. 1. The apparatus 100 includes a microprocessor 104, a

memory within the microprocessor 104 for storing one or more test program, an



Thi s coupling can be direct, or if so desired, an interface calﬂa MaARbEO(]a
provided to connect fromthe interface 106 to the drive interface 107. Use
of the interface cable 10 is sonmetinmes preferred so as to mninmze wear and
tear on the drive interface. However the interface is so constructed that

t he apparatus can be directly coupled to the disc drive, for exanple, in
situations where a suitable cable is not “3ivailable. This feature adds to
the flexibility of the apparatus and contri butes towards nmaking the
procedur e of intefaderl@6dionrectid; to dee micrepyacassird ¢ and apowst edndrol mechanisper at or .

15 Th | hani sm 110 b itch to.control t
supply Lo tnd 1GoaielBe B et 1S coBupPad B RictSabot B B o
mechani sm 11¢hd di§d &tekes1 08 vrdkbetéstand fhd piverebf@dlrhédhbivismall Okervds ueédn@@dl or

rel ayed fromthe apparatus 100 to the disc drive 108 via a power outl et
112. I n part thepagrer supply 402tosthe epparafs 1€he power outlet 112 is connectable

to a powet inlet . i QL t . ntr ol
mechani sré 110 is ir\%l\nét“g%rg%&glr?g p? ‘%Ve&%p%g?é#%@ el%gﬁlé%@{awg&dﬁlg %p]ga&%{\@élq&g are
si mul t aneoushyd adeveaintefdry 10Mef drrdiscatriverl 08 wp¢t that thBidisc drive o8 tirebe

contactstart-stog tests to be performed on the disc drive, and is an

advant age ov&peratsaghrgpsh the dive dpterfage 104 snderdest SRBHHONhI ch requires the disc
drive to be separ | f i i i iHi on,
he appar at us. 100 i, o REHEGE b GREL bR S hL o RRRE Khblc can bl ofc

sel ect one oto comecttfeorh theriagpriaces 106 orthe devenntafage 107. Usestfithegintenfacelcabde dri ve

108. Where desirable, the i pput device 118 and the nm croprocessor 104 can
be so prb@raﬂﬁ@&‘eé‘mﬁﬁpf alifef{]??eassferréewae wed rt??éto&rrﬁ‘%ﬁlrwee’gfer%%grans are

executed as $RARVEShE MRePREIQEPLEoMLEN Gt B8 abpBaRRRA] BY difechIQoupled | G 2
illustrates an exanple where the nenory storeS nore than one’test program

and t he i nputhedtisd drive] 8 examplepini sitwations wheee 4 switabtef cahlejisnpteavallable KThighe

process is initiat at, 120... .The erator, swifch n.the apparatus in the
Bt ep 122 and eatusP i@ gl alBE b i s i b R U B M or "l ook
setting 124. pﬁice&ﬁr@@fﬂe%ﬁn% 813€ dRV QU RBh et s pdssibiero) theBEdratop Set to
execute test programl1. IT it is, test f)rogram 1 is executed 128.

Ot herwi s&) the prdieapweoeentrighmeehanisar k1G may he ajswitple o ontrobtheewekecut e t he

next test pr st qr i . e.nr I . _the
j unper bl oc kg'%gpggh %ﬁ&séjaghtgﬁﬁ8(5ggggg{fx%%dg%}]%#?teg[hgﬁipt%wv?n?fg;?l{dédggieﬁb%ﬁ' Bst
program 2, ofiheinwhsRs kireldy bichahat@ldcaridityean @k divieatsd opretayicd fioad thea@paratus he
menory 134. The test results can be stored in the disc drive itself, or in

this exanpl e,100 o tgdisseriyrdQR vire Raveer ontgh g Ingprigidarn #ds destred pabthedur e
ends 13 8. TBB@exe&égfé?lrl]?g[ ‘ﬁl cloHﬁéc'EaI?)gc?t%hat cHlifIbe] 148} tﬂ@&ﬁgfglﬁ?éeﬁlch R HeRSt

prograns are’stor e menory, Ver, a person s In the art
will 10 2édetist@ovwekr chatrolinechamisind 10 asswiychest beytiie dppavatuh €0G anduthe idisa dwilver e

nore than thr test prograns are.stored in the nenory.. Thus,.in general,
t he appar at u&sgﬁ'ﬁ S&Buﬁwﬁbﬁzap%‘eﬂ %?' ﬁl?ft SaTP O3NFE ,qupgq? ' ﬁg%gﬁ]cf‘?ﬁethf ﬁﬂ%@&' bl ock
to set one OktalthiRop RSt tPbOPErEMed Dnahdl@ibative, bR$1s M4AUaRHAZe CE SorhP B the
opg&r ator switches 'on the apparatus 100, the default test programis

execut ed and prineart st egiipment shich regeigesche dise deveto hersepratetigpowrsed e t he

apparatus 100 ch tO. facture and physically conmpact enough for it to
be pal msize ,etggt?n%r?ﬁg}p@ev%ﬂtch or a junper block is preferred. It is to be

under st ogsl, howev s additied, thdgpparingnt00anay Bichude ah inpmt Hevied B fontieloperasapect ,
as the input device 118 can be in the formof a sw_ t ches or ot her

keypad, _
devi ces wi t hiugeleny 0ge PRHEOTPHMIOSTAES SoBLiBe Hlenang f@tg%@atth@ AiseARYSHI8. The
appar at us  10Gy{i 4L iR anleM fHe iRt dBvidl $P8 B¥d thi CiERPRRELSH1 6L cdnbe so

programmed such that the selected test program or test programs are executed as soon

as the operator switches on the apparatus 100.
30 FIG. 2 illustrates an example where the memory stores more than one test
program, and the input device 118 is provided in the form of a jumper block. The

process is initiated at 120. The operator switches on the apparatus in the step 122 and



m croprocessor -104 for displaying information, e.g., test resul
of test, typé of '~,.Y ' test selected. In the preferred enbodi r%ﬁﬂt MA&QBOB

display is an LED (light emtting diode) display unit. This is to keep the
cost of manufacturing the apparatus low, as 25 well as to keep the size of
the apparatus small. In the preferred enbodi nent, the apparatus 100 as a
whol e is not bigger than the size of humafi- palm and can be easily carried
about by the operator in one hand. This greatly adds to the efficiency and
conveni ence @husesthe mogianytopmhedethe jumnpdrblagkesctgrgh eAt step £26, ithe progeam sol el y

for illustratj the displ 16 30 i 1 ED di spl it _whjch
w11 di spl ay OB aumpery 40 PRanEet PRSP AR Pie i all M Estaltd as
the defaul t tiegt ORep@Tsa the fi _dﬁgéékmrﬂﬁ%ﬁédkrifﬂlﬁguﬁ@& 10 6etib egécuta e nexic h
that the test results are | ndicated bg/olthe LED

| it. In addition,
the 2 8 NA testpomzamstosedindhe BEBOE: | éﬁthwrp%@;l;ﬁlég lﬁg’f%dumgrvﬁwl% ;on
back. _ ) . . . f
ack-up cqpy sgﬂctmggggétgﬁ Itjesf eg-ll'ah? %élgd Etgﬁp%g&ﬁ;éésj{e%t\#go%r}&?,'o'fﬁ’e%fs%%flper erore

provi des for "an S ca sc drive, wth the
advant ages ofexbaité thealerbtestiprogramustered it the artharyaB4. Thotegirefudts canbbetored
operator to carry._on_his rounds of testi ngp Furt her nor

) ) f th
appar at us dodB th?dil?cr NG 1Fsé1fe?<rt i tis gxanpple, 1 %’gbeoﬁhoi”ﬁé’“ég"eiilgglgy .ci 3@46‘§t}'teh e
Lest Prodr aMied pfoclitk AL s, ThistRaRBRANIM Res theGnRAREA ke JHY e elieed Lo

do nuch excep onnect the apparatus'to rrve and switch on the
power cont r olprograina aresstoredi@y the mirharg showdver, ajpeesoatskidled in thesutiwill a gr eat

variety of tests to ,be conducted 10 npl es. of. so of t t est pr.ograns
are |ist 38 i ﬁ@pﬁrd@ﬂdithf‘tt‘tﬁém#&sémexéﬂﬂgé‘?ﬁ '%SPH“@HOW%EF IBB’EG[}E?‘“ ﬁ’ﬁ‘EFeﬁ%%tt andi ng
of the worki ngseahsbhestiRR M Metdomdiyt are not intended to limt the scope

of the invention to such. The apparatus can be programred to run any test
sequence that is ridussipgenérak themppanatusicas be designedsuch it the eperataraisessihe hat

ified in the AT Att t, (ATA ification. 15 | f
Vest progr andumper 11pGk el SreRTaE e e aths 305 Belebifiel Bty MR Vor ki ngs
of the appar gpdfatdeQWitcBEorsthe dpshratas 166 theddeTiult @stiRofram i98ketutedindREOIr ans

whi ch can be executed by the apparatus |00. Table 1 shows a Custoner
Fail ure Véri ftestas ¢apdudted on (tredist dniveyl08whi ch can be easily conducted using

the apparatus 100 oglge&(ér%ﬁecéniptgga&shﬁ)odcih?# %rﬂléln%féc%efaﬁggﬁ%iﬁl@'com a 0 the

disc drive 108 fai rin I ' Ng, e appar at us sto he test,
switch of f t hgotisforiltobe painglsided Rl jamptiwvitshrona jumpaddeck is pedfereedl Itlis tdwi t ch

on the power supply to the disc drive 108. 25 2. Check the configuration of
the disc dri ke upderstagdgeqvesvin.atithe inyention;ignet tﬁ&%‘ﬂ‘éﬂ?‘r g tgkﬁé,sp%‘ﬂ B4 o
Sel ect Mobde. iﬁput%%('ifcerl'i%?ﬁhf)é ﬁtﬁﬂé Fdrh of stvitcit3icRbthet B&vicdsQbitloupunber

of addressable sectors’ fromthe disc drive 108. 4. Perform Read Verify
from LBA20 t golirsheyoBathelsogpecef th8presént Auignties) . 30 5. Perform 5000 random
Read Verify. The apparatus 100 further includes a display 116 connected to the
- microprocessor 104 for displaying information, e.g., test results, status of test, type of
2 test selected. In the preferred embodiment, the display is an LED (light emitting
diode) display unit. This is to keep the cost of manufacturing the apparatus low, as
25  well as to keep the size of the apparatus small. In the preferred embodiment, the
apparatus 100 as a whole is not bigger than the size of human palm, and can be easily
carried about by the operator in one hand. This greatly adds to the efficiency and
convenience of the testing procedure.
In one example, which is given solely for illustrative purposes, the display 116
30 is a LED display unit which will display a code identifying the test program which has
been selected as the default test program. The microprocessor 104 can be programmed

such that the test results are indicated by the LED display unit. In addition, the



6. Switch off the disc drive and display the status of the teSt%BMA]R,@BS
2003 -6 Table 2 shows a Custoner Failure Verification Test which i 6)

performng wite and read operations on the entire disc drive 108 and

provi des for the recovery of sectors which were badly witten. If nore than
20 errors were encountered during testing, the apparatus will stop the
test, switch off the disc drive and displ-ay the 5 error nessages on the
display unit. Table 2 1. Switch on the power supply to the disc drive 108.
2. Check t he micmprabessoe 104 8arclomprograrmnedoo writh atback-uplcapyeof the teésatdsaltsSel ect
Mode). 10 3. Performan “ldentify' command to obtain the "total nunber of
addr essabl e §}é9:‘5‘5?§mvef'romthe disc drive 108. 4. PerformWite & Read
Verify from LBA O 1iQ ikRAti3R tl%@&’ofe}fpr&ﬁdé@ﬁb?%?hp |%t2?d%1|13%téd|c tf%rtﬁé‘fesﬁlﬁé@f _

patterns. 5. Perform Read Verity fromLBA O t an error is

encount er ed, disealriv, wigh drecadyantagss ofibeingsbedpao manuficire and siddll emoughRend
Verify on.the fail location usin he..sane | fferent a patterns. 6.
Por f of m Réad esteyof By e 1t g R Pyfleringred e s ThEnltasi fse
during step %ot fdgeive Bxtehdive RaningdTHRCoperator. BREE Metedt pRIZrarad sreThdeaad iveri fy.

20 8. Switch off the disc drive 108 and display the status of the test. 2
0 MAR 2003 threanperates theropseatargnay ney ngediorioamuchsexsept conpest thesapppeatusdouse a

t est programﬂ% &1{154 alrivé&dt%ﬁw?éﬂ{fﬁ%%wéf%hﬁﬁéﬁé&ﬁggﬁ Test shown in Table 3.

This test is sonetines us Initra sign a disc drive 108. The

test results can NMevsithelesd, theiappdritas aRews for afgréan earigrpar fktsso bOOondustedad of
in the disc drive 108 as the latter nmay not bhe able to performthe read and
wite opdPat iExamplesied serag of thedeft AragsANSHS disted dncdydediin the nygseghsnerification

operator sw tGNegel {indd8aRERRL A voltfgs Jffie Ppaits, Puf arkindl a8t nOt be

30 seconds.

limit the scope of the invention to such. The apparatus can be programmed to run any
test sequence that is not specified below, including most of the commands that were
specified in the AT Attachment (ATA) specification.

15 Examples of test programs are listed in Table 1 below to better illustrate the
workings of the apparatus 100, and should not be taken to be the only test programs
which can be executed by the apparatus 100.

Table 1 shows a Customer Failure Verification Test (Read Only) which can be
easily conducted using the apparatus 100 for checking the disc drive 108 for errors. If

20  the disc drive 108 fails during testing, the apparatus 100 will stop the test, switch off

the disc drive and display the error messages.

Table 1
1. Switch on the power supply to the disc drive 108.
25 2. Check the configuration of the disc drive 108 to determine if it is in a Master, Slave,
or Cable Select Mode.
3. Perform an ‘Identify’ command to obtain the ‘total number of addressable sectors’
from the disc drive 108.
4, Perform Read Verify from LBA 0 to last LBA (Logical Block Address).
30 5. Perform 5000 random Read Verify.
6. Switch off the disc drive and display the status of the test.



10 Table 3 1. Switch On the power supply to the disc drive 1080 f.
the test counter and do nothing for 30 seconds. 3. After the %%M@%?ﬂgae

up, switch Of the disc drive 108 and display the test status. 1 S 4. Do
not hing for 30 seconds. 5. Repeat steps 1 to 4. Test program 4 shows

anot her exanple of a Contact-Start-Stop Test. In this case, the apparatus
100 performs a routine check for errors ofr the entire disc drive on 20
every 1000 cycle and stores the test results in the disc drive 108. If the
di sc drive 108 f aillable@ushowg at(@stonmy Fatlive \apifeaton Test Ohich involseop t he test,
switch off the _disc drive 108 and displ the errar. ages. The_test
Cesult file Brrfamite prihdzzad Shcrafrsion i entit BlsnAriye 1B Higvide: frde ¢ hi s
i nformation, rdcBPerpRFaERbrd Wil wBRHally Fritfer!, BRHoRARAPI( &ifork Vetdiéhcdhmersdr | Ve
108. The test results may include thé test status (e.g., Pass, Fail,

nunber of hodurng igsting theapparatusivillstapbe test, sydeh afftthsglacp drive aypsl displa theand
failure status ﬁ(e.%. th égca ion.tf ailed, the error code, status code, and
ot her det#hil ¥ T 8ge(’s(%1:ttx_ 1SP3Y §NmR 7003 8 Table 4 1. Switch on the
power supply to the disc drive 108. 2. Check the disc drive 108
configuration (Master, Slave, or Cable Sel ect Mbde). 3. Execute disc drive
di agnostic command. 5 4. Perform an ‘Id@&@ly' command to obtain the "total
nunber of adgr ' I ive 108. 5. Read the test
results from?t%gﬁ%#)é@hgspﬁﬁf%B’Qi}r@gh%?fifghgg%@w run or the test was stopped
during the | asChecknhddisc ttee tiSSandigutatiod (aster] Stave, draldble SeledtdMsdedp 6 and
carry on the test. If the results indicate that the disc qdrive failed
during tH& 1as er?qmant = léﬁéﬁﬁgaa@édg obigin the | fotal Rrmper qffariglfeﬁ@%lﬁ SCEIOFY | ve
108 and di spkay, thBQise/drHek 108Ssage. 6. Update test counter. At this stage,
there are two possi l:)i I'ttres: (a) If the test counter reach 100 cycles,
performed ReddPeéfforinf Wrion&dbadd/ aife fronsLBA (bwtllBA B0208 el S dlayted) asingdnd CD

(outer dianeter) |ocations; or
different data patterns.

5. Perform Read Verify from LBA 0 to last LBA. If an error is encountered, the

15  apparatus 100 will perform 5 times of Write & Read Verify on the fail location using
the same 5 different data patterns.
6. Perform Read Verify from LBA 0 to last LBA. (If no error is encountered during
step 5, step 6 will be ignored.)
7. Perform 5000 random Read Verify.

20 8. Switch off the disc drive 108 and display the status of the test.



(b) I f the test counter reach 1000 cycles, perforned Read Verify 8

to last 15 LBA. 7. Wite the test results to the disc drive 108 g}d‘)@ﬁ@@ma
not hing for 30 seconds. 8. Upon 30 seconds expired, switch Of the disc
drive 108 and display the test status. 9. Do nothing for 30 seconds. 10.
Once 30 seconds reached, Repeat steps 1 to 9. 20 2 8 MAR Z003 -9 The
apparatus 100 can al so be used to conduct?7a reliability test on the disc
drive 108, as in a Full Stroke Seek Test shown in Table 5 bel ow where the
apparatus seeks the drive fromLBA O to | ast LBA This test will run until

t he ‘operator switches 5 (Lf thF aratus 100. Tab 5 1. Switch On the
power supply to t fEiednethogiof ReLioIpEIE acongact:stattzstop @@‘ﬂﬁ'\‘ﬁ&%?ﬁé’ﬁ?ﬂ'ﬁ‘c
command. 10 3imikekd MeMdhmy!Cfict-KYart-$10 m&%&wn%@mle 3t Ris 1éPid! nunber of
addressabl e sectors' from tyhe disc drive . Read the test results from
t he di sc dri vemeid8es Gedtin thednisinbgestgn of auchsq dswa lﬁévﬁ"hmﬁqstacsulﬂwamlbsetoohd ve

di'splay o r ot hstéahls st s pPalecls g bt i 1 R 108 B ot s

Per f or m Seek nepisy &lé Qibérfo@ﬂhh@&a@ ah® wids bpdrifdns wheQest@V@gmnm@tsﬁowﬂleake t he
test tinme. 7. Repeat steps 5 and 6. .. 2 8 MAR 2003 -1 o Table 6 shows a
Fly StictionWidgen pgi tbﬁ@tﬁ&@tﬁgswmeapﬁéh%npa@t@dmf Bhe Onjapd Qfhtiningmeeds 5

1. Switch On ﬂ?e &26 c&upply to the disc drive 108. 2. Execute disc drive
di agnostic cORman erforman “ldentify' command to obtain the "total
nunber of addressable sectors' fromthe disc drive 108.

10 Table 3
1. Switch On the power supply to the disc drive 108.

2. Update the test counter and do nothing for 30 seconds.
3. After the 30 seconds are up, switch Off the disc drive 108 and display the test
status.
15 4. Do nothing for 30 seconds.
5. Repeat steps 1 to 4.

Test program 4 shows another example of a Contact-Start-Stop Test. In this

case, the apparatus 100 performs a routine check for errors on the entire disc drive on

20 every 1000 cycle and stores the test results in the disc drive 108. If the disc drive 108
fails during testing, the apparatus 100 will stop the test, switch off the disc drive 108
and display the error messages. The test result file of a test can be stored in the disc
drive 108. To retrieve this information, the apparatus 100 performs a read operation
to the disc drive 108. The test results may include the test status (e.g., Pass, Fail,

25  number of hours tested so far and number of contact-start-stop count) and failure
status (e.g., the location failed, the error code, status code, and other detail failure

code).



4. Read the test results fromthe disc drive 108. Continue with i
it is anewrun 10 or if the disc drive 108 was stopped during Zmiﬂ@m
but had not failed. Stop testing and display error nessage if the previous
run failed. 5. Perform Random Wite and Read operations fromLBA O to Last
LBA and in the reverse direction. 6. On every hour, update the test tine.
Wien reached 23 hours, stop the random 158Wite and Read test and dwell
(i.e. stay at the last location and do nothing) for 1 hour. 7. Repeat steps
4 and 6 for 30 days. 8. Switch Of the di Sabkird ve 108. 2 8 MAR 2003 -11

The functionagl ity of the disc drive 108 can verified by running a
Read/ Wite T s%wyétf’hppgfeﬁ%wt’ﬁ‘éﬁplﬂﬂ)%dfsﬁ SH§8'7 where the read and wite

operations anechedk @k WRY dPiRe i DE coiH durioi (MastF, Sigvel B8CaBIE SERRs: Mbdg), dri ve
108 fails during testing, 5 the apparatus wll stop the test, swtch off

t he di sc dri deEit&@itedide drivpdiagnastiecenmand.nessages. Table 7 1. Switch On the
power supply tgq the di ri ve 108.,10,2.. ecute di.sc drjve di.agnost, c
omand. 5. ” de Prdotan i Toerish, corgmart hyabfiin s G Gomeefel MetfsISdnE of
addressabl e R Hedisddriy@ fioge di sc drive 108. 4. Perform Sequential Read

operations fromLBA O to Last LBA. 5. Perform Sequential Read operation
from | ast LBA.Read tha test resgligfromahe diserddiee L@t If i is pwpwepmenthefeshagBA 0 to

Pt R T slpRLeam AP mO YR TR o BRI RLTRA Y BIRE CandanF e "

the test. If the results indicate that the disc drive failed during the last run, the

10  apparatus 100 will switch off the disc drive 108 and display the error message.
6. Update test counter. At this stage, there are two possibilities:
(a) If the test counter reach 100 cycles, performed Read Verify on 65535 sectors on
both ID (inner diameter) and OD (outer diameter) locations; or
(b) If the test counter reach 1000 cycles, performed Read Verify from LBA 0 to last
15 LBA.
7. Write the test results to the disc drive 108 and do nothing for 30 seconds.
8. Upon 30 seconds expired, switch Off the disc drive 108 and display the test status.
9. Do nothing for 30 seconds.
10. Once 30 seconds reached, Repeat steps 1 to 9.
20



Tabl e 8 shows a RDT Test which can be used to test the reliabild 8yMAR22003
disc drive 108. The apparatus 100 will update the test tinme counter on
every hour. If the disc drive fails during testing, the apparatus will stop
the test, switch off the disc drive 5 108 and di splay the error nessages.
Table 8 1. Switch On the power supply to fhe disc drive 108. 2. Execute

di sc drive diagnostic command. 10 3. Performan " ldentify' command to
obtain the "total nunber of addressable sectors' fromthe disc drive |08.
4. Read the test results fromthe disc drive 108. Continue with step 5 if

it i's anewrun o di Lve was .St o duri.ng the |ast.run but
not failed. Stop ![:r éls%'? ?% ra%%éggf%np?lécgg% sre§|10 %%@Egg%regﬁblﬂ%etegiO%F}%glsﬁni t if
the previ ous drive 108ids ésla FiB Shrok&8edkoT ¢t SiiuicintTable Nedlow MirEcthe @pparafis
Perform Sequential Wite/Read fromLBA O to |ast_LBA. 7. Perform Sequenti al
Witel/ Read f Pesksthesdrivedrom d.H/p0 tglasgl.B fe Tihisy tast a0 lgwo urid the ARRMPE eyitenss. 9.
Perform Sequ i ration fromLBA O to last LBA. 20 10. Perform
20, 000 Rasﬁdo%%élh%é%ﬁ%gsd ynpare fromLBA O to last LBA 11. Perform
Sequenti al Read operation fromLBA O to |ast LBA. 12. Perform 20, 000 Random
Read Operation. 13. Perform 100 tinmes of .rapdom delay Wite operation. Note
delay timng range from 1l seconds to 1 e. 25 14. Perform Sequenti al
Read operati qn§wit3150n%fa&ber§tlﬁplwﬂ@ i 8% BHei®g108 for 30 minutes. 16.
Repeat steps 1 to 15 for 30 days: T%e Wite Read Conpare Test shown in
Table 9 i s aRoEkesutesdismhlive difignostiesammBandahi ch checks the functionality of a
di sc dri 1Q8_. A co ri sQn operatijon.js perforned,to ure.the jntegrity
of “the dilc drTerrioal Ty’ BBEngia1P Sblsfh AR io oimhi oAl Solor o
swi tches of f flohetherPRd@ivd30800. The apparatus 100 will update the 2 8 MA

R 2003 -13 test time counter on every hour. If the disc drive 108 fails
duri ng testi HgReadbe tgsprasultLSomaire dise driva H)3. tContinue step Suf it i adW runhy di sc

drive 108 ang. di. erro : i t . ower
supply to thgleadllgcgérg%l 1f/deﬁﬁ)S .OI{LP.C H@é@%ﬁ% I%F;{gg lﬁ’rt?]\a}%n |f§§¥¥ds$?8%clgﬁgr§rﬁ(g. 3.
Perform an " Uikphiyiemor nfeesagB o thedigilhpiniit ifhiee phesioudrinviilgrometry (such as
nunber of Cylinder, Head and Sect Oé% information fromthe disc drive 108.
4. Read ihe SeBerforasdgekoperagan fiem BBAQL todiaselBOH8. Continue with step 5 if
it is a new ru r ] i 08 was stopped during the last run
but not fail gdgn%tg%rghtoggﬁpggég}\eggg;@b'ay error nessage on the display unit
if the previ GuRepeansttps 3 el 6.5. Perform Sequenti al Read operations from
Cylinder 0 to last Cylinder. 6. Perform Sequential Wite/ Read operations
fromCylinder O to last Cylinder. 7. Perform Sequential Wite/Read
operations fromlast Cylinder to Cylinder 0. 15 8. Perform Random

Wit e/ Read/ Conpar e operations.




9. Perform Sequenti al Read operations from Cylinder O to |ast I ‘
Per f orm Random Read operation from Cylinder O to |last Cyli nder.qpl.mj@& Z@ﬁa

off the disc drive 108 for 15 mnutes. 12. Repeat steps 1 to 11. 2 a MR
2003 -14 To neasure how long a disc drive takes to get ready, the apparatus
100 can be programmed to run a test simlar to the Drive Start Tine Test
shown in Table 10. Table 10 1. Set the Sti¥rt time timer to 0. 2. Switch On
t he power supply to the DUT and start the Start tine timer. 3. Check the
disc drive Ready bit. If it is set, stop the start tinme tiner. 4. Switch

s o be under st ogdORR0ATY ROGUH FEmER sheRinErd aieafiuf 8 frstfon® 1

advant ages of various enbodi ments of the present invention have been set
forth in the foregoing description, together with details of the structure
and function of various enbodi nents of I#debnvention, this disclosure is

illust rat%velpglv keh %qhgpg‘p&esﬁggiﬁ‘s%pﬁ(#?c (ﬁ:{a‘gelois_n detail, especially in

matters of structure and arra parts within the principles of the
present i nvet Egetutedibhdrifeudibgrstieedmmand.cat ed by the broad general neaning

of the terms _in which the ended clains are expressed, For anpl e, the
ni cr opr ocesser? irmllg@c“ ’ECOE‘HEa‘}déPé’VWf gmétnﬁgl%ﬁ%@%ﬁ bfissai’)f%%a‘}rate
conponent . I@mﬁg leldi@nirivelioRough the preferred enmbodi ment described herein
is directed to an apparatus for testing disc drives, it will be

under st ood by. Rbabthe $dst tdsalts fromtthediac drivd H38. t Gentinpe ehifhrstgp bif it lhe newasent

| vent g c20 o, SRRk 5% 1 ShLShnA o IR oLt AR sHRE Sk ™
and display error message if the previous run failed.
5. Perform Random Write and Read operations from LBA 0 to Last LBA and in the
reverse direction.
6. On every hour, update the test time. When reached 23 hours, stop the random
15  Write and Read test and dwell (i.e. stay at the last location and do nothing) for 1 hour.
7. Repeat steps 4 and 6 for 30 days.
8. Switch Off the disc drive 108.



15 CLAIM5S 1. A'self contained portable testing apparatus for ath NAR_,'ZQ%
t he apparatus ‘conprising: a m croprocessor having a nenory for*s

plurality of test prograns, the m croprocessor responsive to one or nore
circuit junpers to automatically execute a desired test progranm an
interface operatively coupled to the mcrqgprocessor, the interface being
configured for conmuni cation between the4ﬁfcroprocessor and the disc drive;
a power control nechani smconfigured to control a power supply to the
apparatus, and a display unit operatively coupled to the m croprocessor

indicating the te rogramand.test programresults...2. A testing

appar at us accor di %G?WC%PQ?Wf?méﬁ%ﬁ Vteﬂ(g icﬁ?ﬁﬂ’%@edilg@wg@ured for
operative CORRhd/WriteTest sikhiliCroitRdtShdfk th Piblé NeviRteSthe dad\eRd waite OpérafidAsNd
apparatus according to Claim1l wherein the Eower control nechani sm further

conpri ses a A neyfopmpd An the eobirg disudiave 108. Hohe dise deve biefails dppng tesing.he di sc
drive. 4.cA 1511 r I j (ygh&r [ r y is
confi gure% t%&pag’ye&%tlﬁgap rfzépgiﬁ g?&ggﬁv\ﬁ}gﬁggﬁtﬁ%gsﬁw\e{’l supgfdﬁéhlés)h%?aggljloged to

t he appar at umessaged testing apparatus according to Claim1 wherein the
apparatus further conprises an input device which is configured to receive
user input on which test programto execute. 6. A testing apparatus

according to Claimb5 wherein the input dewigg-conprises a junper switch. 7.
A testing apparatus according to Claim1l %‘e‘r‘e‘t n the display conprises a
l'i ght em tti hgSwitctoOa thk pplersupply to theAfcABIvA@IS . A{ e. A9. A. A9{Y. A. A93. A@

al cal ca) K1 o2 Exont s CayeclfrRRe s SEH cal cal cal ca) cal ca) cal ol c-al
3. Perform an ‘Identify’ command to obtain the ‘total number of addressable sectors’
from the disc drive 108.
4, Perform Sequential Read operations from LBA 0 to Last LBA.
5. Perform Sequential Read operation from last LBA to LBA 0.
15 6. Perform Sequential Write/Read from LBA 0 to last LBA.
7. Perform 20,000 times of Random Write/Read/Compare.
8. Switch Off the disc drivel08.
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4. Read the test results from the disc drive 108. Continue with step 5 if it is a new run

'_'6‘1'

or the disc drive 108 was stopped during the last run but not failed. Stop testing and
display error message on the display unit if the previous run failed.
15 5. Perform Sequential Read operations.
6. Perform Sequential Write/Read from LBA 0 to last LBA.
7. Perform Sequential Write/Read from last LBA to LBA 0.
8. Perform 20,000 Random Write/Read.
9. Perform Sequential Read operation from LBA 0 to last LBA.
20  10. Perform 20,000 Random Write/Read/Compare from LBA 0 to last LBA.
11, Perform Sequential Read operation from LBA 0 to last LBA.
12. Perform 20,000 Random Read Operation.
13. Perform 100 times of random delay Write operation. Note delay timing range
from 1 seconds to 1 minute.
25  14. Perform Sequential Read operations.
15. Switch off the disc drive 108 for 30 minutes.
16. Repeat steps 1 to 15 for 30 days.

The Write Read Compare Test shown in Table 9 is another example of a test
30  which checks the functionality of a disc drive 108. A comparison operation is
performed to ensure the integrity of the disc drive 108. This test will continue to run

until the operator switches off the apparatus 100. The apparatus 100 will update the
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2. Execute disc drive diagnostic command.
3. Perform an ‘Identify’ command to obtain the disc drive geometry (such as number
of Cylinder, Head and Sector) information from the disc drive 108.
4. Read the test results from the disc drive 108. Continue with step 5 if it is a new run
10  or the disc drive 108 was stopped during the last run but not failed. Stop testing and
display error message on the display unit if the previous run failed.
5. Perform Sequential Read operations from Cylinder 0 to last Cylinder.
6. Perform Sequential Write/Read operations from Cylinder 0 to last Cylinder.
7. Perform Sequential Write/Read operations from last Cylinder to Cylinder 0.
15 8. Perform Random Write/Read/Compare operations.
9. Perform Sequential Read operations from Cylinder 0 to last Cylinder.
10. Perform Random Read operation from Cylinder O to last Cylinder.
11. Switch off the disc drive 108 for 15 minutes.
12. Repeat steps 1 to 11.
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advantages of various embodiments of the present invention have been set forth in the

foregoing description, together with details of the structure and function of various
embodiments of the invention, this disclosure is illustrative only, and changes may be

15 made in detail, especially in matters of structure and arrangement of parts within the
principles of the present invention to the full extent indicated by the broad general
meaning of the terms in which the appended claims are expressed. For example, the
microprocessor 104 may act as the relay without the need for a separate component.

In addition, although the preferred embodiment described herein is directed to

20  an apparatus for testing disc drives, it will be understood by those skilled in the art

that the teachings of the present invention can be applied to other test situations

without departing from the scope and spirit of the present invention.
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3. A testing apparatus according to Claim 1 wherein the power control mechanism further

comprises a relay which is configured to control a power supply to the disc drive.

4, A testing apparatus according to Claim 3 wherein the relay is configured to power up the

disc drive as the power supply is provided to the apparatus.

5. A testing apparatus according to Claim 1 wherein the apparatus further comprises an

input device which is configured to receive user input on which test program to execute.

6. A testing apparatus according to Claim 5 wherein the input device comprises a jumper

switch.

7. A testing apparatus according to Claim 1 wherein the display comprises a light emitting

didode display unit.



