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APPARATUS™AND METHOD FOR AUTOVATI C TEST EQUI PMENT 1. 15 FIELD THE

| NVENTI ON The invention relates generally to automatic test equi pnent for
testing sem conductor devices, and nore particularly a failure capture
apparatus and nethod for use in a sem conductor device tester. BACKGROUND
OF THE | NVENTI ON Sem conduct or nenory manufacturers continuously seek to

m nimze the costs of producing nmenory devices in order to remain
conpetitive. One of the nore inportant fabrication pr ocessesJJum\lmmMmmmumun
testing each device to ensure reliability and operability un

" conditions. The equipnent utilized to carry out the testing is 2«kx@ést en
referred to as automatic test equi pnent, or "testers". . . Conventional
testegs generally include circuitry that couples to one or nore
menori es-under-test (MJT) and wites signals to selected |ocati J’ﬂrmm“mumlmm’
MJUT The witten signals are subsequently read back and capture ,m
tester for conparison with expected signals. The failure results olghdg
conparison generally dictate whether 3 0 the MJT passed the test or
requires repair. Many nenory devices enploy redundant rows and colums for
use in repairing the device should fails be detected during testing. This

f eat Pe substantially inproves the yields in the nunbers of commercially
acceg abl e devices. Conventional nenory testers téEl cally include one or

nmore redundancy r ePAILURE.CAPTURE ARRARATIUS/ AND | ace one or nore

rows or colums with aggp ﬁk’[‘rm fMENTGS, Before the .
_{,r~$dundancy anal ysi s carﬁ%mﬁge—mh able initial capture
o the failure data by the tester nust occur. Traditionally, testers have

'| nitially stored failure data in RAM menories 5 having capacities simlar

in size to the MJT. Conmon referr hrans, the nenories ‘

typi!: 1y store fail i nforﬁ‘;’ - n@.f%m at physi cally correspond to

the address | Jhefrventomicidiesgenbralljkélautdinaric @ppsquipphent dorvestingnt | y provi des a

bi ti mageg Eﬁg I entify

clusters ?'%'ﬁ '?h iges QL%E:Q%M&I@'# %Mlg&[@ag't{]ﬁgrapéa? B ca%%tr}]lbgrobl em

This is ﬁerrus'rmsmmyondmmndawcetemz o an engineering devel opnent

envi ronnment to di agnose proceSS| ng problens in fabricating MJTs early on.

Qui ck identification of roJ in duction line is also

inpof?ant to mninize AL 25 _ﬁrﬁqm&h&am m ze product

thr Fughput an(SeﬁﬁdEdngQ@@ﬂdieﬂﬁr}‘ mhnufa&tmtﬁs cdaﬁﬁuswaéeuqa nﬁmic thecat chlr am

utilizes it.wde avin aci t. uivalent to

Phat of - SO¥AR PGSR pomo devioet furaeEB Jemel compatifve D2 28R | 17 andom

nmode, phanmm fabnoams:racaammthe tmawhdwmerto@mwhmlnbﬂnmm nt of

operati o Mrgr &L l?ﬁﬂtm}{%%%ﬁ?."&“ ﬂﬁ(i@s?itn ars, with

future agwalllt doubtful e cost an SRA eV|ce|s

'Il,sfl r4% hPQFR refergs tt?laéﬁ“tEF‘PBﬂes't‘?ﬂ“m-eOfa S‘SFGAMI ess catchrara, those
v.ekilled in theow&unbﬁamesﬁrt béreAllyMintlugs! sirddRtAMt b@he efordPRAME are

i ¢ abl omPmpries st (R TD AR s el ?E ' 3&&4@#“ o Yif ke
sel ect abivrittem sigaals tirccubsequently read bacitiand ca]stumdtﬂjahc aestan fekawamparison
(inter! egufbxlctdd Gighald Ol thitG8 Y& BF the co:%%ﬁéo% hetally didtatt Wheth@ndOM

30 the MUT passed the test or requires repair.

Many memory devices employ redundant rows and columns for use in
repairing the device should fails be detected during testing. This feature substantially
improves the yields in the numbers of commercially acceptable devices. Conventional
memory testers typically include one or more redundancy repair stations to physically
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2 5 node) DRAMs- operate at substantially slower speeds than S Vi ,
requiring special” techniques in order to operate successful TyUig t'gﬁfﬁm
applications. One proposal for using DRAMS in a failure capture nenory,
disclosed in U S. Patent No. S.790,559 to Sato, enploys banks of

I nterl eaved DRAMS to achi eve acceptabl e speeds of operation during the DRAM

r andont (iﬂ?gz[cl: SR bpgh{émlgﬁxgﬁs i Eﬁab‘féfé&uﬂ@a\‘nﬁr&vﬁéﬂﬁrﬂﬂf BaBAC Yy

equi val ent that o ] roduce outputs that arc 1ntefleaved to
gener at e athegedundancyranglysisicas takeplaceAwwever theaelialle initial saptuee ofithelom node of

oper ati on) shjuk B4 Bythedbsi& Mt obQRes @ technique that uses the burst node

in combination wth an address converter to_ sinultaneously store nmultiple
bits of fail dafmditicalnitesiens hayeinitiadly stosed fatureedataipn RAMOmemodes2 OCT 2003
Wi | e the Gakgy ipaHgeAdimiRPREMe BIREIUT. fefrel éﬁ&,rﬁp lpeations, -
t hey enpl oy S%V_EIPg.LbﬁI’%ké 0 ,II_)ReAM devi cegd:of%ﬁbgrzgﬁfekﬁflar?é%;r tes g‘rﬂ%&t hat
process asmEEQyeHyPIElly store aphm@rmﬁlqsbataddressys thatpiisirely comespradEo requi r ed
for all t%e%&&ﬁﬁ!lﬁ%ioﬁﬁﬁﬁ%ih@%mgﬁmsra?ﬂroﬁcﬁ EtfledienthP provides b¥i® Of space

~and hardware cost. S Addi ti 0 Y, W th capacj ti es, ever i ncreasing in
Size, the VRSP SSHERIEHGR OB TedUITe HiaWing o s 56 Akl drentisy clisis ohfale age,
D oposed by Chem s pr o B e th
propo . en 5, al | ege addr esses the
menor éscap%'ccﬂggﬂ\éﬁ%%?%‘}rghbi%"\? e'bvroé‘ﬂ}?ﬂp@s‘gﬁqasq‘gmﬁf’@ggéﬂﬂ B 10 storing
t he conpr febricatingiMUT e eatlyt on.iQuick idaptificatiomrefprogeskiag iprablemsipmaci ty | ess than
that of a piuctithiing id iR ARAPE mAhBOGH dovnfARE 67 e he S SniifliA St O
the capture nenory, e storage scheme Sti relies on a pnysi ¢ :

¢ ¢ o r espondeedust Bueughpnt andcomespaniding lotyields fail ed MUT menory cell's and the
capture menory.ohd&akirtdion of afcdfchidfi 84 %ﬂjﬁ%qi, di,5cl
generally In bo(i%:i}yu. S Pat edr%tadl\ll%s. ~P@a§?éiﬁg‘§g‘aan_ , z_,“’SO‘?%&gg’oi ds the
use olSa subwshtiaiy sauivaisnyto thatotmMUT; &newgdoritsrelptivelk highsseed eforpr essed
\Arrz_trihx Cg'@gfautﬁhEmﬂnﬂﬁntm@ﬂﬂﬁm%m'tﬁoﬁuﬁade@irhﬂlehf&rflf' _ rmpd _'efﬁbngq:é flentify_

i ch redupdant. rows or. coj.u 0 re.requi,yed in order to repair

t he devi cé&“@ﬂ%‘“ﬂ%‘%’&%‘oﬁ“ﬁg@?‘il%E@N&g@%‘lﬂﬁﬂf SEPPRGAIRLTECEH addr essabl e
rows and eamsnwith ftorerayeilahilityrdpubifull (Gonsequisstiy, dlie costiofaicSRAMDdeviceis 2 o
col utms) tehy h?éh‘ZSi cally correspond to the failure addresses in the MJT.

Wiile this ggta conpr ession techni que appears beneficial for fast
produ2®i on prodedserert te preatgisn SRAM:lessnatshram, thesg skilled inthegrthavenge

oo on IS e DRSO URA DRI I ETIL IR tad 31| 011 1
producti sting,, | | .eSsi Ng, pr. Wou
readily aﬁﬁ%‘éﬁﬂf p ﬁBEE%IBFF%ﬂ%H%ﬁ Bogies H'E‘agg f[f;l' hit-image fatehyam o
tr Ouﬁl es happlicatiors) AT ecdearices indhale selectable Meaaﬂ?ﬁmmcatadsxﬁingnamhé@bl el E a
cat chram | BR L4 | iyly] e t ing a bit
g map S0 54 ffkeh gl BE BitseiSad (EERREY UibihuRlieli SRS AL "D
~trans?®r @iods PRAMS epereieisbsnbsantidiy slemercpeess hapSRAM dayides rpquitind ni ni mal -
Lcost. Theggaif lféeamqgeédinrm&qd opbrafe BcREFERPin Atchrd¥FiidafiBnsat i sfies these
needs. 3 ~ CcT 003l . . . . .
One proposal for using DRAMS in a failure capture memory, disclosed in U.S.
Patent No. 5,790,559 to Sato, employs banks of interleaved DRAMs to achieve
acceptable speeds of operation during the DRAM random (interleaving) mode. The
30  banks each have a storage capacity equivalent to that of the MUT and produce outputs
that arc interleaved to generate a faster serial bitstrean1. As an alternative to the
random mode of operation, the patent also discloses a technique that uses the burst
mode in combination with an address converter to simultaneously store multiple bits
of fail data sequentially in the capture memory.

t
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SUMMARY 01?° THE I NVENTION The failure capture circuit of the pr@gelgm 2003
i nvention reduces costs involved in capturing and analyzing failure data
froma menmory-under-test (MJT). This is acconplished by storing mninal
information indicative of MJT nenory cell 5 failures. By mnimzing the
stored failure information initially captured, subsequent transfer tine for
transmitting t h(W!illa theSato proposais tappsar beneﬁcuabfdmﬂtéanu;endﬂbﬂgpdncaﬂam,rthw’t is

I b h h
for egol ng. SPiaveaYerl Binks bf PRANAERER ket My T ESL B thae Fodebag 2° 000,
circuit fomangeni6tyd2yIPas impamlllcbdwtnumber qifBRAMs uequxi‘ed)ﬁmrallﬂmmry to

under -t est | ~ I C Iure
capture cif ét:ﬁ Eﬁﬁ{?gg%e@fug E{r%elgﬂcggﬁtﬁ)# lmr‘,w fg%%& apt e 3;2£Ff8§§ coupl i ng
‘to the ST Additionpldy,awitly MU'D capagitiys evss incxsaging inssizes therwormosponding pr ocess

“out put s r I k-

abl o coupf Bepioif Eot el bRl i ferede, BERRRDcAM RS BRI IO C

| ocati on i lergermeamaesies. 15 1n another form the invention conprises a failure
processing cir thtecmﬂaéu@ﬁbﬁasaa By Usdvl i) S. Mtdaft Nol 81642 sk TalRgekignal y i ng

the failure data air ure pr.oc ng crreuit includes

a failure adgsesse M%E‘PW CFPRFF"M@M’&W &t?qvﬁihé %@P@éﬂ%?ﬁ@ﬁ'gﬂﬁﬂi adapt ed for

fCOUIOl llfwdt Stofi t Mméhs@@ﬁmafeldmmcaﬁmemérﬁ?w havingal & mt lb@t?ﬂﬁﬂ' 2t geNUT
ailure de c al so es, ou Si ,om t he

ot ai | et obs S el s Propdsd) afted TR dnzes the ﬁ@sf’%of&}teaﬁap%% A

|00k up tahifemocpmhrd sioraige s¢Hemefsdlllrelies oﬂatphysxeabnomspondmybémemﬂulrl gg the -
cation in i n i ncl udes

'., dundancy ‘i?r@sf tgggutgw%nl‘%%o%%gb&??# &R&Béﬁ)lélf?ar} t(|i:ﬁeﬁ:§ure for
repairing the murthmmmmssmnrsemnmes shsdwplgsneralﬂﬁemm rﬁa}emih@ﬁym s

Ci 1 cuiy tﬁ'y 58195% 5&462@56@%&%@&%‘&9&4%&% apsqidently 2 5 of

the failure deiection circui n, yet anqther gaﬂég@mve {ion

conpri ses gensellydnsindesa WWSS?%WW@PP%GF%FWC 3 ¢ FRIstefall” | nf or mat i on

from nust - inférhiatién tdlfd@hﬁﬁtwmah éﬂ&ﬂﬂ?&n@@&!ﬁhﬁn@aﬁﬂiemﬁ*ﬁe fagairedin '?‘Ih lure
ata froma e

f
scr eent ng. SRPCRTERSl 5 Ayl T ShpipresyaR sfas provitel  iitel i ber of
i nformati oaddmsable srvsatelvojuransdeyzespondiigetothe wenbeargf ccdundmt rowcanddes a

colu fIa I Pﬁrf\ave a

pred?t} rm ned n‘ r%atlp?’g?&#@p‘lfg %Jﬁg'{?fh\élf%ﬁlréa&#é#% umms and a row fl ag
menory for tracmbﬂgtmeudetawomrqssmmbmmamm eneficiad ferdpstipreductember of
failures dﬁfobe}gxa R abilfeptd rBOM@anfhhﬂ’BfB@-hha ﬂalyms@oﬁxm 2003 count er

cooperates W th row, col unm 1 es set .flags according to
pre- prograﬁﬂ‘b‘& L. 35%“@61 &W?@F?’&‘mﬂy g‘l"rﬁ\‘!f“gfﬂ’)'? n%ﬁ@“?r?g gnt i on _
conpri ses fabrienionypréessing prablenss waild notdereqilympparentc possiblypextending thy a

pl ur a|2I tyéﬁ&ﬁ%ﬁ&?%ﬁ{ﬁibﬁ%ﬁ%ﬂa gﬁj froma MJT. The 5 signals have a

includes a multi-bit input interface

nesel

f,_;fygr recei ving tWharisfeedad anddierptefbrs wavailable is deatchramsapstoictiopthast i on and an
array of Shraid eﬁhe% dbil &%ﬂs&&mg Eg’étrhﬂp" f’#x&?aﬂu?@ditﬁ]ﬂ'éhéd%t erface
for storing t nuf t si gnal s yel an orm th nvention
conpri ses %!'WMHT&f ang Jaaimizeg the the el ofsugh INRTBISHAT R RGIE LT | o
SUbsequentaﬂaBdiﬁmﬂﬁw Wik mifintal cdsheThedabuheonh BAd medddlolf thesprérent of capturing
the failure |nform=.1t1 %lde ifying the locations of the failures inside
the M3P f rig¥suon spiisfes thes mation; and storing the identified failure

| ocations in a | ook-up table. In anot her form the invention conprises a
nmet hod of screening failure 15 infornmation passed to a failure capture
menory adapted for storing failure address information froma MJT. The
capture nenory is accessible by a redundancy analysis circuit. The nethod
i ncludes the steps of determining nust-fail information; separating the
must-fail information fromsparse-fail information; passing the sparsefail
information to the capture nenory; and 3 e directing the mnust-fail
information and the sparse-fail information to the redundancy anal ysis
circuit. Oher features and advantages of the present invention will be
apparent from




the follow ng detailed description when read in conjunction witi§ 2n@CT 2003
acconpanyi ng drawi ngs. 25 g 0 2 OCT 2003 BRI EF DESCRI PTI ON OF THE
DRAW NGS The invention will be better understood by reference to the
followi ng nore detailed description and acconpanyi ng draw ngs in which

FIG1 is a generalized block diagramof a tester enploying the failure

capture 5 apparatus of thmw is a partial schematic

di agram of one Bt of fHelpiése ﬁﬁ\%n'ﬁbﬁ EdecEleéd tﬁBvEl'vG&'ir? 1, FIG
Sl e i

3 is a generalj |aramo ElLG .4 is a block
di agr am ofcapnmnmdandmn&faﬂ@m daty fr @naﬁngmra-@ e’sfge éf@:r) Fhigisy parti al

schemati c g, -%ﬁi]i\:&fby%fb?in mﬂﬁk&mnﬂtlohm&éﬁvwfmmﬂ@?%ncwt of

Figure 1; an Il ew o eferred, data str res for use in
t he fabl urféllt&’&f)tﬂ)’r’éﬂm e@ptﬁd@l\!}pé&é Q‘i'\,‘%‘@ﬁbﬁapti’“ sequegit o ocT

2003 DETAI ¢ fer-PESERbFAfShitGhg TefaitYENEhtMoReb @ rédundantyvivialysfs @it 1, an
abbrevi ate ock di,agr am of, sem Qongﬁuétﬁ_%ﬂulgsennry tester according to one

enbodi mentis also gpks ¥ pyni WCEAsIng, P#esi gnated 10, includes a
conput er wor Kstgj re@lizelthe fsrégoing sdviantages| thelimventidsin difecfotrasbmprisesha cont rol | er
I ncl udes attern gen

nddr ese. araliEeapreRS R gfenfitylpd AR ichplra et Ot kg o7 " or e
rrg ;]ne): % ?3?’ nﬂnder-tcas(MIaT/} Hav?ng]z?m-ewmn@md:mggmwm dtie ffailuren eamutetoercmcti y ed
data to. piBdfaTaluE e Vi Al orSolfitte e WP Sherfa Py, 1 €7
failure capplytestsignelsite ;hegéwaraaﬂ|ppocawmmmlsmerqfr@nsm§@éw§nt I y accesses
(e MIT | {aﬁ)ﬁﬂﬁﬁg&ﬁ&w R0k b BRI TolFREIALE filife BdiEciRdRbinfeper at or Lo

ad the conpare It _to expette es In an effort” to identify
fa| | ed nestaripgdhs failupclaeationdnfgrmostion. t he MUT.
15 In another form, the invention comprises a failure processing circuit for

determining failure data from a MUT and analyzing the fajlure data to repair the
MUT. The failure processing circuit includes a failure capture circuit including failure
detection circuitry adapted for coupling to the MUT and operative to apply test signals
to the MUT. The failure detection circuitry also processes output signals from the
20 MUT into failure information indicative of failed memory cell locations. A look-up

table couples to the failure detection circuitry for storing the location information.
The failure processing circuit further includes redundancy analysis circuitry to
establish an optimal procedure for repairing the MUT. Transfer circuitry couples the
redundancy analysis circuitry to the failure capture circuit and operates independently

. 25  of the failure detection circuitry.

: N ) In yet another form, the invention comprises a screening circuit for
distinguishing sparse-failure information from must-failure information, and
selectively passing the sparse-failure information representing fail data from a MUT
to a failure memory. The screening circuit also directs the sparse-fail and must-fail

30  information to a redundancy analyzer. The screening circuit includes a column flag
memory for tracking memory cell columns that have a predetermined number of
failures defining must-fail columns and a row flag memory for tracking memory cell
rows that have a predetermined number of failures defining must-fail rows. A row fail



With continued reference to Figure 1, the failure capture ci rcuiI][ZZQCLfZUP?]e
w present invention enploys failure detection circuitry 22 and an
address-of fail |ook-up 15 table 110 to nmaxi m ze the transfer speed of
bit-image failure information fromthe MJT | 6 to redundancy anal ysis
circuitry 160 with mninmal hardware cost Further referring to Figure 1, the
fai |l ure depuntei eooperates withthe Pow amt¢aluma flag memaries toisat Slagsaccordige & f or
coupl i ng tp?e-é;b%rm B BSeshBRteridiin) of the MJT 16. The capture and conpare
| ogi ¢ i nclfudeés capPure clrcuitry 25 conprising an array of 2 O conparators
(not shown) t hat further fosmoridhe ipventionicamprises sanemprysfoptise e filireaccor ding to
a confi gurgd : : j : i a f eeds
cﬁ#thfyo ihlrﬁgi}?ﬁrts?&lrfwa He%r % ?S@f%ﬁlﬁ['alfﬁ S @efbuﬁg?‘ﬁjarfé’mll THE

syncrej ect C that dge S representative of a.

. sync-rej ect  si
~ fai | ed5comignalsdave pegsgleqted datp strudtyra. dhe megosy m}q%péa FEHtDjCRBut f

pe

oper at i on jmBFhRfh) feBeiMAithe imnltEbidsigRals Hudhifa birsth6dé 6f opséPitiin andlafie /0
seélection logi¢ ?4 2S pr feré%aji)_ly I ncl ydes a, Itgrallt. 0 sgnc-rl%ect

i nput s, OaFﬁg Bﬁﬁﬁfag@?el@lagﬁﬂ? icPRARHCRUPR I ?“’Pﬂt%‘?‘é"ﬁ ?% BB & ener at or
cl ock (80¢He milfichipsitmils. of the register fans out along a plurality of 20:1
sel ector paths, defined by respective nmultiplexers t hrough. MA. The

mul tipl exers fUb¥eELARE E{:%Wea‘gi“h"épgg’bﬁmm%ﬁﬁ ﬁcﬂﬂr’&g&@lﬂgﬁ t hat ,

[ n-tugm coliyforsation ftdmea MIJT forafubsequétiiifedymidancy 2nalfiis. TGRnghad inehldzyes 3 .
secondar : Ce- n roduces
an ot putyﬂte.”s?%%eigaéf%r?@jﬁ N R behil o BRRors ot ikl O 20 A%0

gate 36. imsideANMDMIET Boshe &ilussinfarmation andistoring theidenigfiedfpilorer0. Wt h

cqnt i nued . i e 2, the pattern distribution logic 38, in
cq IGyEhGIsaRE SodiOug Bl

preferred i nc es an address selector 40_that ,feeds address and
data 0 2 OCin nother formy theinvemion sompeisesapeahad of saresning falljires0.  The

patte{d diffbimatidh ipaited QU4 faildtS@phié ey adapliGoPabling Rilubeaddisrt s the
circuit V\/ne%n a_.pa ternygj,g%he attern enerat%i &4 |ry ti,ates and when to
store dat HIeERalgn foma 1 aca?g'ﬂam 1835p381blebY, § TedvRdRREY; o 1

gener at or apalysis dstdite The sitieond iacludéd the stepdefxieteemjrdng mnst-fafili informationyo  bi t

alternatiye- z . raf b S . 6 that are
cl ocked biPpaBhR TN Tal blfbindtof SR GG A1 infbrrdardtn? BERE B Rphre
gener at or fadl ipformatBaOp therpapturg sapmoryicand t hirty-two addr ess- sel ect

mul t iy exghéting tetahst SRl GFbinYAon ad B spaRelfAl MifdmakibRYs thefre@indaney of the
busses. An ORségate 54 receives the sourcesel ect outputs and XORs themw th
irlyerted XU gnal s 1INV ADDR. A second 1 o FI FO nodul e 56 pipes the

XORed dat a synOthepfeatités/and ddearithges off tiii préseiiGnvadionevilbedipppreacfiomn the 1/ 0

sel ector da I o T jput £10 e ' he

conpar at oﬂ‘cgﬁ(ﬁ}f‘? %%@?‘%??Hé‘gﬁb"é‘ﬁ"s‘g%& F‘om?' 'ﬁ"glgigglbﬁfggl éa (ffrog%sahﬁg i ster. and
the ,~' ‘drawigsure address enable. The FIFO structures described in the
fail yee capture circuit of the present invention preferably include

r‘zspecti ve flip-flops (not shown) disposed at 15 the respective nodul e data
o

puts and outputs, but nmay conprise, for exanple) |atches or nenories as
is well known in the art. The conparator circuitry 60 includes an XOR gate
62 that receives and XORS 32-bit MTT val ue signals CAPTR CVWP VAL with the
second FI FO out put 56 representing the pattern generator information. The
out put of the XOR gate 62 feeds a 2 0 NAND gate 64 that NANDS the data with
32-bit capture enable signals CAPTR CMP ENA. The NAND gate output and an
enabl e signal SLICE ENA are directed to the input of the screening logic
ANl 7 gate 36. Referring nowto Figures 1 through 4, the screening logic 70
i ncludes rnustfail circuitry 71 configured to carry out a nust-fai
anal ysis on the MJT 16 and 2 5 inhibit the passing of unnecessary failure
information to the | ook-up table 110. As a result, the capacity of the
| ook-up table may be nvnimzed, with resulting inprovenents in the transfer
speed of failure information to the redundancy analysis circuitry 160.
Referring more particularly to Figure & the MJUT 16 includes a
pr edet er m ned .



"“’\.

3 o0 nunber of redundant rows and columms RX and RY. Should a parni Ld@( Zhﬂv
or colum have a number of failures (represented by X s) exceedi gz:t

nunber of redundant |ines, for exanple, at 73 and 75, then those particul ar
rows or colums nust be corrpl etely replaced by the redundant structures.
Consequently, the inven h or colum is to be
conpletely replaced) tl ﬂm ‘Bﬁwgﬁ%b&waﬁ% i nfor matl on for
that row need nteiwvestion will beibéttee uh(berktood)by paferendesth ol fowiripumbre b

repair ed) t he st fail screen circuitry ?
1 incl udesdgﬁggq ﬁ&&rﬁﬁﬁ%ﬁ@?@cqryﬁﬂr&ﬁgwwsghgh that alternate storing
addr esses from &iQr bissa generalizotl hibEkSHagramoofdi tegert emplbying tis Rilmesaparesr at ed

by a caqntr i pflops alternatingly store 32-bit

addr es;g;s %#&%e ﬁEgspe'clzttrvnak#{!D ate arrays 76 and 77. The gate arrays
sel ectivel y excFlde erdsmMcMmgéene ombarlimentafthe fallureaapiuves t he
out put of R arrays and conpares the current address (stored in
one of the&?@l 1%@:51 with the previous address (stored in the other
flip-flop). A 1EG isacasneralizeAdlock dagramef they MUT offigrre &j ect signal path

DATA S/R and i nFI@PRGLDI6k U f%éﬁhh%?cfr&ﬁﬂfbf?igﬁ?éi i's detected. The
counter incl udeaéagégset Rt at C,I ats the cou In response to a hi gh

conmparét or outp Rdrastial s °FF‘“F @gFﬁrVIS °‘l°rfén em"@mféﬂ‘l“'eéﬁﬁ“}'fr evi ous
addr esses ¢ifeulituf RAue 1; e out put fromthe corrparat or is |ow, |f t he rows
are different e.conpar at o t s hi res counter.
The out put frorrﬂtﬁglf&/\‘f’%% ?N@rprgérqeg 'é&trf]‘bm? g%"c}ﬁ ﬁﬁrfﬂﬁﬂﬁ 0 t hat
grrpar es tdimuitadthe presemt mventiorogr ammed t hreshol d count mai ntained in

gi ster 81. Exceeding the threshold causes the conparator to send a wite
enabl e signal to a rowflag nenory 82, and a logic lowto the screening
| ogi ¢ data output AND gate 83, inhi biti ng further failure data for that row
to load into the catchtam Control of a 2 0 colum flag nenory 84 is
realized through determ nati ons nmade by the redundancy anal yzer which
identifies nust fail colums as a function of rowfailures. Referring now
to Figure 5, the screening logic 70 output feeds a trazlsfer interface 90
that | oads sparse-fail information at high speed into the address-of fail
| ook-up table 110. The transfer interface includes a 32-bit input OR gate
92 coupled 25 to the nust fail screen circuitry 71 output to receive
sync-reject signals SRO through SR31. The output of the OR gate feeds a
data FIFO controller 94 that operates in cooperation with a catchrara
controller 96 and controls the pipelining of data through a pair of
alternating 64X64 "ping-gong" FIFGs 98 and 100. The data FIFO controller
i ncludes a counter (not shown) that increnents each tine a fail comes in on
any of the 3 o SR inputs. Each ping-pong FIFO sel ectively receives data
fromthe screening logic 70 through respective data path FIFGs 102 and 104.

D)

,-‘ghe pi ng-pong FIFGCs alternate it generating 64-bit outputs that forma

ta streamoperating at twice the input data rate and confi gured accordi ng
to uni que programmabl e data structures that maxim zes the capabilities of
t he address-of fail |ook-up table 110. - g 0 z ocT zoo3 In one
enbodi nent, the | ook-up table 110. commonly referred to as a catchram
preferably conprises a sem conductor nenory, such as an SD1ZAM devi ce. The
device includes a 64-bit wide input D)Qto sequentially |oad data from'the
pi ng gong FIFGs 98 and 100 at high-speed in a full-page |inear burst anode
of operation. 5 To maxi m ze the hi gh-speed benefits of the catchram burst
node feature, the inventor has devised unique data structures, shown in
Figure 5, conprising respective strings of MJT address information andl or
command i nformati on. An address information data structure 112 preferably
includes MJT I/O pin information coded in bits O through 31, and the
address-of fail information in bits 32 %hrough 63. Bit 63 is |0 utilized to
di stingui sh an address string froma command string. A command data .
structure | 14, -on the other hand, enploys a predeterm ned nunber of bits
to code an operand, with a second $eld of bits to identify opcode. Like the
address structure, the command data structure utili2es one bit (63) to
differentiate itself fromthe address data structure | 12.
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connect to‘a nu |pﬁlexer_ . . I'ch bitsfieamis transferred
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for a | ar @dirstig éq-owf(‘r‘ﬁ@)sm@«ﬂg%m anAND) gaje 36 dbe AND geate serves asthen
general , QiR s scpeenigd fogicf A, | ure capture circuit 20 involves capturing and
processing fai ILwre dat a frB%mthe ¥.JT | .6 for suhseguent hi gh-speed transfer
to the RA circdYithgontnyed referencatodngyre 2. the patiexm fistribjiign lagi¢ 38.48ge anal yses
during t herefedetdeasil, inclodds\aniaddreb ogeleRtor 40 itk feedf addaéss dhé dakat a are often

I nvol ved) requiring high-speed operation in order to nmaxim ze the

t hroughput of MJT testing. Data receivedl by the 3 0 RA circuitry is

anal y2ed according to nethods well known to those skilled in the art, such
as that disclosed in U S. Patent No. 5,754.556) entitled "Sem conduct or
Menory 7?ester Wth Hardware Accel erators”) assigned to the assignee of the
present invention and expressly incorporated herein by reference. The
construction and configuration of - 11 "0 2 OCT 2003 )




the failure capture circuit, described above) allows for operati[bﬂ acT 2003
hi gh- speed wi th maxi num devi ce density and rrliniml hardware costs. Prior
to operation, the tester 10 is pre-progranmed to wite predetern ned data
to selected addresses in the MUT 1 G This generally involves progranmm ng
the 5 pattern generator 14 to drive test patter veforns, ,such as return
to zero, dﬁvmﬂl@doéhﬂﬁﬂmf,wﬁm&onéﬁh%mm&gﬁ'&q RSO | nown t o
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then a fl%ﬁ i'ﬁ}'ikﬁred in the 1-bit wide row flag nmenory 82 corresponding to
the MUT "FHEEY arl row The results of both flag nenories 82 and 84 are
suppli ed to t h&eferting morepardenlariy todigum 3 therMUdnkosinghdesa predetsppingdt o from

0CCUPY) NG U ALUAR S dhASHs AREESinAs RXCarfePR TNISRERIAQ phMBoulkhSwasT eeni ng

| ogi c” 70 passes sparse-fail | nformation alopng the respective data. _ path
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plurality, of sync-rej .ect,signals .are fed to the data i t

control | eP® gaméﬁt%évéaﬁéy irpéungmcmmso (ﬁ%eqé‘gnﬁlf’ﬁggﬁvfﬁ{%bgﬁel y, the

FI FO cont delehmined oifed 3f zoro0v drichiimi isito bacdmplefedy raplaced: thén the failurel t aneousl y
enptying the other FIFOin a data burst into the D)Q inputs of the catchram
110. In this manner, a continuous streaf of data is | oaded into the

catchramat twice the maximumrate of the pattern generator clock. As -
previ ously descri bed above, the |oading and unl oading of the failure




2 0 address data into and out of the catchram 110 occurs with thel deiCde 2003
operating in burst-node. For an SDRAM device, this requires that the data
be sequentially stored in the nmenory, rather than randomy stored. This
allows the eatchramto be configured such that it stores only addresses- of
fails within the MJT. rather than bitinmge data stored in physical

| ocat i ons jafakmatiqrofot thagravoneddamobhistorednis gwevi-1y tablesines it Mt RE i me of
failure data.frromthe catehramto the redundancy analysis circuitry is
dranaticaIrFRF‘ﬁ roved, as further described bel ow.  Refer ow to Figures
1 and 4, the |mvﬂhfrefe3nmnawwﬁgme4cthean¢&ff3} sepepn gty 71 yn%é‘g%%%es t he

catchratn 110 fpgrggpﬁlﬁmﬁg%gans@ o temgﬂgau&esswﬁmmsmw {ry 160
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t 3 .
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regi ster in para 0 transf i ng. da e m t he
sel ect ed r@@ﬁ@@%‘iﬂ\‘!‘?%ﬁﬁ?ﬁ’ﬁ@ ‘{) 85?‘5‘1’??&3 thﬁoéﬁ[tegggr esses
pr ogr amre diyicBeding ﬂﬂltﬁkﬁiold)ﬁaliséﬂhe cﬁmparmgr fd send @ vmtawhhsiamléo aTP¥se
skilled an,the art qé t | ages
af for ded HIPEARORRY e %ﬂ?ﬂ&&e&@ﬁ ?HIEBI?@@HE& ohﬁmf‘ﬂwgh@@
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cance s ‘?%tarﬂge and
t r ansf er sphbmngfuﬁha'cfuhm dafe forrthatirpwdel 1%9 intgshe,catehsam that stores

addr °3 c%im{,@ﬂ&g methofy 84/ rkdized ﬁﬁé&ghede‘t‘érfm&u”bnimade ay tlmmadumhmyermr y
deV|c capture store andtrielF fer ure I tlog sufficient for

redundanc aerehich ideptifies ystfy) E’E?P?@%T °§?ﬂ)g{l§m M bit ~i mage
reproduction ofReéferdf nomstrsgurmahueaeenmgmgmm mgpmftﬁdsplt@nbﬁrt | es of

d . fail
Captur e > emeof it BRANPERL ol Bichuiof e bk spuhe deamEs rm | 3OS
circuits) lboknptable 1 Hi cBheftr interfage invludes 8 32thitcinpyt QR gateiF2r %P“Bl?ég

maxi mzﬁﬁ d.g T}Fbeﬁ a}ﬂx Y SREAEGRRRCT 106t th Rékeivl sPad- fﬂjécek:gﬁﬂs SROnkdoughnent s
- u

e HincoE e 51 b i D R el bbestn ! U3 1LY
2003 VHAT dogpghﬁd)ﬁ\'ﬁﬁh laQatchram controller 96 and controls the pipelining of data through

a pair of alternating 64X64 “ping-pong” FIFOs 98 and 100. The data FIFO controller
includes a counter (not shown) that increments each time a fail comes in on any of the

30 SR inputs. Each ping-pong FIFO selectively receives data from the screening logic 70
through respective data path FIFOs 102 and 104. The ping-pong FIFOs alternate in
generating 64-bit outputs that form a data stream operating at twice the input data rate
and confignred according to unique programmable data structures that maximizes the
capabilities of the address-of-fail look-up table 110.
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1.. Afailure capture circuit (20) for identifying failure locationf 2 0CT 2003
informati on froma nmenory-under-test (MJT) (16), said MJT having a

predet erm ned storage capacity 5 conprising a plurality of menory cells,
said failure capture circuit including failure detection circuitry adapted
for coupling to said MJT and operative to apply test signals to said MJT
and process outauinesngodinsent,therioskivg tAllE 11 0)comingonly feferieiftoasat i on, said

fail i nf ti i ndi cati f failed 1] | | \ i d
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sai d conp&its Oithrgugh 3 handshe @ddmﬁé-ofﬁathg@mwggnmlblmﬂt?wmg 62n B4t 63iSi on from

spar sgo f aiykilikel ©'difingith aﬁaaaka@@wﬂ{r’r&a 2 RHrBardARIRL L& dornbiafd ditad _
-fail | h t | - table,(110) 't 25 -fail

LSRR TR A T N DOn: et el

adapt ed f operdnd,aeith 8gccond ficldudbith & identify@powde. Likethd adddess smdnee; thai |

o o SohBed AHERCH BRI R sty Bt B ST BOH B RideLc. (2

‘col um f | detasemeinse ¥ tracki ng menory cell columms that have a

pred rm ned RYAR f&'ﬂ!ﬁ | I = fal , : flag '
nerm(ra%/éaf or tracki ngtrrﬁenorﬁocpei#é r4 gﬁ\;\é C%Mméﬁhése%@; er '%fe%né-gw I 02
OCT 2003 inpitscoftesrassasiatediivith SBRAM dewicay, suehsas ARPR (mudiplexer pddvegsdunt er f or
co%r;t I ng’f RAS @yw‘af la8dress stfcmgp@:t:&s &Shﬁ:ﬁ%cft _ di‘c_ks%: Efr@&e)ﬁWEt(?rrﬁé‘bxﬁbw)ﬁdst&ﬁﬁ“ tned
nunber of ro es per at i Wi sai.d colum flag nenpry to
Tdent 1 1y TG ¢ RETPIRR enehisSh The sty Hmaps SEsite feaprerur Probiaaninet s
failure cequitrol signalsdrom the2@ichmoccontiioller 96 cl ai m 1 wherein said RAM i ncl udes
a mulgq-bit bu fol ' | fs ing to
cl ai n% d1 wher ei Ir:l;ﬁé 3%@°§38’3?‘3§ 'Jf gfe?%?@?%}r}%ﬁ%#d %ﬁ?@%ﬁ?‘&ﬁﬁg ormati on.
7. A fai | Theceniller performsumany coutrolfadions inpluding burstingithasetelmam B d RAM i s
adapt Ied Iﬁrgkgédtﬁig ﬁ%lufb W%ﬁﬁ%ﬂﬁ&éﬁﬁ&c%ﬁﬂ%&émﬁ@d&&ﬁhﬂ%& having a
Presel ect od O P pitebong FIFD: 08 and 100 with-the d5ta FIFO controlier 94. The
control outputs from the controller to the catchram are re-clocked through an array of
25  registers 116 operating at a high-speed 8 nS period ¢lock (125 MHz), The clock-

,) domain transition also serves to maximize the operating capabilities of the catchram.

Other functions govemed y the controller include memory reads for redundancy
analysis transfer, and system read/writes for diagnostics.
Accessing the addresses-of-fails in the catchram 110 is carried out by interface

30  or transfer circuitry 120 (Figures 1 and 4) that couples the catchram to the redundancy

analysis (RA) circuitry 160 (Figure 1). The transfer circuitry includes a scanning

finite-state- machine (FSM) 122 to control the transfer of data from the catchram to

the RA circuitry 160, and ISE logic 124 to determine the validity of the transferred

data. The scanning FSM connects to the catchram controller 96 to specify data
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15 a nulti-bit input interface for receiving said multi-bit signdl 2 OQF 2903
sai d burst node of operation; and an array of storage cells disposed in
comuni cation with said input interface for storing said nmulti-bit signals.
20 8. Afailure capture circuit (20) according to claim7 wherein: said
mul ti-bit signals include address data structures (112) having failure
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circuit ( 0 acco 41 ﬁ-r‘%ﬁt {ag#[nﬁ) v%re.l '. 30 said nulti-bit signals :
i nclude a 2 RPVIGE 9 s>y Per said data structures include
~said f&ilure aoWnthwnﬂMngrderemtoﬁxmd,thmnmtdctrmﬁmyriaﬂummoré.ﬁetmlo 2 OCT -
2003 11. | ' ims 1 -
10 and fuﬁ"[ %er 1“nc ﬁ@?&&'é&bﬁo (kapaté %Jﬁg%%h?%%?&iw Mgee?ig

. | ook-up tepair@f(dam)lep@ml}?eaildrid&nd'}leadaﬁgmrecemerwmol sjgrﬁts)fmrﬁ 12. Afailure
capture ci ere rcuitry
(120) . opé% t%ﬁsvcl(gng gr??aﬁ 1§§}}%&?&Mlg\9§§{. on Cl rCS@ ﬁfo 13.. A
met hod of thmpmfamgomclﬂqw& andﬁhqmmcqntmﬁmalmm(gmypepwe mment 10
redunggncy; @@NG’&MSM‘)S amé li%PS'utFﬁ'tﬁ h]laﬂi ihg sélb&oéta%a&éd infdAthe'RigRY sai d

failure in mat,i on, éraa ocat 1,0ns sald failures inside said
- MJT from $8¢ f?ﬁﬂF’i?rlg‘ilﬂﬁ 4691“’?'5%’@‘ Y m‘%bﬁm&%w% he step
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claim 13 m%qogfeﬁﬁgg.‘o&g%gesﬁfec* “ﬁ'&i@? ﬂq?n?ﬁﬁa’é’gugﬁgmg’(e & screeni nggsal d
failure | oudtiplexer 150 thig selects which itstréam s s ferrad dnd; e tae-doaples team;  and
d k-

bl 6250 (IIER 02" The BPEIG bloes .o aﬁﬁfﬁfawe%ﬂﬁé%%f?mfﬂé va MUT
(16) accoaml?ﬁ;s elscudtry 160 with gmencs synchenization forithaysysteapRAd l%@ﬁuent ially
witing smccbafug,lﬂguhe,ab;@(‘e tufsigdald, nf ormation in a RAM (110) during a bust

mode of operat Muth ojfthe structure of the failure capture circuit 20 described above lends
itself well to implementation in an application specific integrated circuit (ASIC) form.
20  This is particularly beneficial for parallel testing applications where a plurality of ‘
failure capture circuits are disposed in parallel to test a corresponding parallel array of
MUTs. Because of the high-density advantages associated with ASIC technology, the
circuitry space required to provide testing capabilities for a large number of MUTSs is
substantially reduced. :
B 25 In general, operation of the failure capture circuit 20 involves capturing and
i ) processing failure data from the MUT 16 for subsequent high-speed transfer to the RA
circuitry 160. Because of the desirability of bit-image analyses during the redundancy
analysis, large amounts of failure data are often involved. requiring high-speed
operation in order to maximize the throughput of MUT testing. Data received by the
30 RA circuitry is analyzed according to methods well known to those skilled in the art,
such as that disclosed in U.S. Patent No. 5,754,556, entitled “Semiconductor Memory
Tester With Hardware Accelerators”, assigned to the assignee of the present invention
and expressly incorporated herein by reference. The construction and configuration of

-
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'+ 109& () - /%z/gr& r‘c@@é@ %@_’8{1 ﬁ; ié sheg -"68$100/8nh& 0

0,
fg‘}f)/vv!m paje I6pid 22108hsseleéted areds bf the MHT 1(1 }esﬁbns%g;&&%qi&h( patiénf \ =! Y
z 10% &s() mm%&, @h reads the data from the selected area for comparison to the data
previously sent by the pattern generator. The I/0 selector 26 identifies predetermined
MUT I/O pins for accessing, and steers data resources to those particular pins. This is
particularly beneficial when testing a parallel array of MUTS.
The capture circuitry 25 activates in response 1o strobe signals generated by
20 - the pattern generator 14 to read the data from the MUT addresses selected by the I/0
selection logic 26. The captured data is detected as logic high or low by each
comparator (not shown) and fed to the sync-reject logic 27. The sync-reject logic then
compares the detected logic level to the expected data supplied by the pattern
generator. If the captured data matches the expected data, then the sync-reject logic

) 25 output remains low. Should a mismatch occur, then the logic gcncrates a sync-reject

signal indicating a failed condition.

The captured failure data is then processed through the screening logic 70 to
distinguish must-fail information from sparse-fail information. The inventor has
discovered that the overall number of MUT failures spread out over a large population

30 ofdevices tends to be fairly low, on average. As a corollary to this determination. by
storing only the addresses of MUT fails in the catchram 110 rather than logic “ones”
in a corresponding mirror image of the MUT, the storage capacity of the catchram
may be substantially reduced. Moreover, because the catchram utilizes the high-speed
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2 “with time comgnath' ﬁ'om%l(x):/ ta 1(19(5 8ontro%°er 4. ‘E %mr!ality of sync-reject
signals are fed to the data input of the controller 94 to count the fails loaded into the _
15  FIFOs. Generally, the FIFO controller loads one FIFO with fail information while
simultaneously emptying the other FIFO in a data burst into the D/Q inputs of the
catchram 110. In this manner, a continuous stream of data is loaded into the catchram
at twice the maximum rate of the pattern generator clock.
As previously described above, the loading and unloading of the failure
20 address data into and out of the catchram 110 occurs with the device operating in _
burst-mode. For an SDRAM device, this requires that the data be sequentially stored
in the memory, rather than randomly stored. This allows the catchram to be-
configured such that it stores only addresses-of-fails within the MUT. rather than bit-
image data stored in physical locations corresponding to the MUT. Consequently, the
) 25  transfer time of failure data from the catchram to the redundancy analysis circuitry is
i dramatically improved, as further described below.
Referring now to Figures 1 and 4, the interface or transfer circuitry 120
generally accesses the catchram 110 and transmits the failure information to the RA
circuitry 160 at a data rate independent from the pattern generator clock. This is
30  beneficial in a throughput sense by allowing patterns to be applied to the MUT
without waiting for a transfer from the catchram 110 to the RA circuitry 160. This
benefit is even more pronounced in parallel testing applications by allowing one
failure capture circuit to capture data while another circuit transfers data,
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" Y0008 da)& mlphra'.lléD While the slovwSyzed-qlckiwnloads the data sequentially. The slower
sequential unloading of data provides sufficient time for the SDRAM controller to
service refresh requests and perform the necessary operations of a burst-1 read. The
process of reading memory, loading the selected register in parallel, and then
10 wansferting data serially from the selected register continues for the number of
catchrarn memory addresses programmed in & register of the scanning finite state
-~ machine. -
) Those skilled in the art will appreciate the many benefits and advantages
" afforded by the present invention. Of significance is the storage and ransfer speed
15  advantages realized by employing a catchram that stores addresses-of-fails in a failure
" capture circuit. This allows ane memory device to capture, store, and transfer failure
information sufficient for redundancy analysis circuitry to resurrect a substantially bit-
image reproduction of a MUT. Costs involved in procuring multiple banks of
memory devices are consequently minimized. Moreover, because the failure capture
20  circuit, on average, stores less data than previously employed circuits, ransfer rates
from the catchram to the RA circuitry are maximized. These advantages are amplxﬁed
in paralle] test environments where multiple failure capture circuits are employed to
test a plurality of MUTs. :
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I 0&10%$<$<&. () - A failure capture circuit (20) for identifying failure location information from a

memory-under-test (MUT) (16), said MUT having a predetermined storage capacity
5 comprising a plurality of memory cells, said failure capture circuit including failure
detection circuitry adapted for coupling to said MUT and operative to apply test
signals to said MUT and process output signals from said MUT into failure
information, said failure information indicative of failed memory cell locations, said
failure capture circuit characterized by:
10 a look-up table (110) comprising a RAM with a memory capacity less than
) that of said MUT coupled to said failure detection circuitry for storing said location
information.

2. A failure capture circuit (20) according to claim 1 wherein said failure
15  detection circditry (22) includes:
a pattern generator (38) for applying said test signals to said memory cells;
capture logic (25) for acquiring said output signals; and
compare logic (27) for comparing said output signals to predetermined
expected signals and identifying memory cell locations that fail said comparison.

20
3. A failure capture circuit (20) according to claim 2 and further including:
screening logic (70) coupled to said compare logic and operative to
) distinguish must-fail information from sparse-fail information, said screening logic

connected through a sparse-fail signal path to said look-up table (110) to pass
25  sparse-fail information to said look-up table and including a must-fail signal path
adapted for directing said must-fail information and said sparse-fail information to a

redundancy analyser.

4, A failure capture circuit (20) according to claim 3 wherein said screening
30 logic (70) includes:
a column flag memory for tracking memory cell columns that have a
predetermined number of failures defining must-fail columns;
a row flag memory for tracking memory cell rows that have a predetermined

15
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memory to identify must-fail columns as a function of said row failures.

5. A failure capture circuit (20) according to claim 1 wherein said RAM includes
a multi-bit burst mode.

6. A failure capture circuit (20) according to claim 1 wherein said RAM adapted
10 to store only sparse-fail information.

7. A failure capture circuit (20) according to claim 1 wherein said RAM is
adapted for storing a plurality of multi-bit signals, said signals having a preselected
data structure, said RAM including:
15 a multi-bit input interface for receiving said multi-bit signals during said burst
mode of operation; and
an array of storage cells disposed in communication with said input interface

for storing said multi-bit signals.

20 8. A failure capture circuit (20) according to claim 7 wherein:
said multi-bit signals include address data structures (112) having failure
address and data fields indicative of the locations of failed memory cells in said
) MUT.

25 9. A failure capture circuit (20) according to claim 8 wherein:
said multi-bit signals include command data structures (114) having
command fields representing programmed opcode.

10. A failure capture circuit (20) according to claim 9 wherein:

30 said multi-bit signals include an identifier for identifying whether said data
structures include said failure address information or said command information.
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13. A method of acquiring failure information from a MUT (16) for subsequent
10  redundancy analysis, said method including the steps of capturing said failure
) information, identifying the locations of said failures inside said MUT from said
failure information, said method characterized by the step of:
storing said identified failure locations in a look-up table (110).

15 14. A method of acquiring failure information from a MUT (16) according to
claim 13 wherein:
said identifying step includes the step of screening said failure locations to
determine must-fail data and sparse-fail data; and
said storing step includes writing said sparse-fail data to said look-up table
20 (110).

15. A method of acquiring failure information from a MUT (16) according to
) claim 13 wherein:
said storing step includes sequentially writing said failure location
25  information in a RAM (110) during a bust mode of operation.
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