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APPARATUS AND METHOD FCR AUTOMATI C TEST EQUI PMENT FI ELD OF THE b MERNZI RN
The invention relates generally to automatic test equi pnment for testing
seni cOHAAHR1376 devi ces, and nore particul arly a hi gh- spRF/ESH028816 capt ur e
apparatus and nethod for use in a sem conductor device tester. 10
BACKGROUND OF THE | NVENTI ON Sem conduct or nenory nanufacturers continuously
seek to m nHIGEBSPEED EAILERH CARTURE pPRARATUSIANICREETHOW der to renmain
conpetitive. One of tlFﬁRnRU’i‘O f m processes invol ves
testing each device trremre—ﬂv!@ﬁm ability under various
conditions. The equipnent utilized to carry out the testing is 15 often
referred to as automatic test equi pnent, or "testers". Conventional testers

generally include circuitry that couples to one or nore

_nmendri es-under -t est (W)@&MMEM sel ected | ocations in the
MJT. The WTHetifVensiof Rélhtes %é&rﬂ%%ﬂt&i&tﬂc)teﬁ@ eﬁtlfo%gu ptured by the
tester for c son X d]sadggrha S |l ure results of the
conpar |S§‘8}F°§‘8%?fa¢‘1"§ﬁe&| Q?fidt‘%rc\ﬁgt gt’ € %?é’é‘é’ﬁ appgallgst or

requi r ead refaidrfor ey ansemiconddetstr dadceavgaboy redundant rows and columms for
use in repairing the device should fails be detected during testing. This

feature substantially i rrproves the y| el ds in the nunbers of comrercially
actept abl e devices. @A AND QO YENFKONypi cal ly include one or

nore redund ‘ < ] cOr nore rows
or columms wt ch\?/tfah?o"r ’Z@S‘ﬁ‘ gér%t'ﬂ%%\ﬁgﬁﬁh{o}ssnﬁ?eerkggpﬁre ‘?ﬁle r edundancy
anal ys p@stsceﬁprpéwéngamawry RNiSPR OrdeR to femiaimpenrepatitve. Qe ofdbt moee of t he

fai | ur gnpiéant Bibricheord ROE&EeITHOSIVES ©iting eﬁﬁﬁdetlb@ta@nk%e rétﬁi%hﬁf andlave
initial I%ﬂﬁbored failure d Ea I 0. RAM, mmrltﬁgeg aving overal| capacities

simi| afP PARdep varRus CHUPRCRLY & %?éry%’@ﬂleé?%ﬁ‘géﬁs or error
catxh ofemrefad tbheanmmucttesteqmpmathtlyr‘&émre”fal | information at addresses
t hat physi cal | r tjions W thin predetermn ned
regi ons of ?1 %i\ﬁ{ﬂ?%%rggeﬁé}a@bﬁc@gg\?gﬁﬁqt a?coup Xt taé’g‘e Srgllgf-l mage

r epr esemaricohndesftest Mmmdemtsﬁmgnm tslhselmgedtlecattlhes mrth¢ MUEapbei ty of the
MT), ghkeykigaald afé&..@tbséq‘fﬂenﬂb’v'ffﬁ& bick ARG Ptféﬁr/ﬁ 3}“&5& Isfer fdr ct)ﬂ'xtpbﬁs hat m ght'

relate to a particular_fabricati ro IS IS patlc arly
i npor t WHB expecid sgnpls ebhe u@éset?%ﬁﬁmwmﬁmﬁ@ ly gictptayheder
20  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

25  replace one or more rows or columns with available redundant rows/columns. Before
the redundancy analysis can take place, however, the reliable initial capture of the
failure data by the tester must occur. o

Traditionally, testers have initially stored failure data in RAM memories

having overall capacities similar in size to the MUT. Comn:tonly referred to as

30 catchrams or error catch memories, the circuits typically store fail information at
addresses that physically correspond to the address locations within predetermined
regions of the MUT. This approach conveniently provides a bit-image representation
of the MUT region (which may be the entire capacity of the MUT), allowing a user to
quickly identify clusters of fails that might relate to a particular fabrication problem.

35  This is particularly important in an engineering development environment to diagnose
processing problems in fabricating MUTs early on. Quick identification of processing
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processing problens in fabricating MIUTs early on. Quick identizi a%%‘grzﬂtﬁg
processing 2 6 APR 2004 WD 01/31356 PCT/ US00/ 28916 problens in E '
line is also inportant to mnimze any downtime on the line and maxim ze
pr oduct W‘M’&}Q%ut and corresponding lot yields. One congCrmsiesviel a
catchramutilizes a 1-bit w de SRAM having an overall storage capacity
substantially equivalent to that of a MJT. Known for it's relatively high
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Unf or t unat gg‘éf&’ eprsequeatizithe gp odan SRIAM sl ower
speedts %vmamfafﬁwgﬁew ces, requiring spteg:l al techni ques ||n ?rder to
ope At e, SUce SRR B SR REPLLRECL 90, I L SROSEL 0T U100
to Sat outitiapd wyriova DRANEmpierhentativns HARKsofre raMtbrelyemegstnsHBRANE t o achi eve
accepta f L urin andom 20 (interleaving) -
node- eﬁ%iﬁnfgx%?ad%ﬁa%%ﬁ an ngl}ogngléIE gfé Eé é‘Bﬁ%ef ¢3/CEE val ent to that
of the lvpnilfa!ﬁdnpmmecmump@ngest Aat daviecsi md:ladd sdaceable mogesaff ate a faster

oot spehabd sl bpapsiin e, SRRANG R Sppgg o )

pat ent cl.oses .a technl que

conbi na “%‘i’f‘“\%iaf -4 thedapdang M%@ﬂ%ﬂ%ﬂbﬁ@ﬁ@éﬁﬂ%ﬂ@ﬁm@swl t i ple
bi t 55 of ﬂfaausm(&vmmequm Epeclah techriqiBAN ord5 t B4 sﬁ&@&%m 'e the Sato

proposal s ear b ef icial for their 'intended appl i cations, enpl oy
many bal 1163 B ces for each MUT, with the appear ance of no r eal

guar ant ee of One mposdrfdomimﬂmﬂ irad fablore daprurexemor, diddlosed ie®ds, of the MJT

i nvol vep,sui g b §9%8 o the gperation
approaches a 30 s ower s% ﬁg%wﬁﬁ lﬁﬁogﬁmg#t??fg%n@?tgﬂﬁvéﬁuse of the DRAM
burst f Qggwé to achieve acceptable speeds of operation during the DRAM random

20  (interleaving) mode. The banks each have an overall storage capacity equivalent to

that of the MUT and produce outputs that are interleaved to generate a faster serial

bitstream. As an alternative to the random mode of operation, the patent also

discloses a technique that uses the DRAM burst mode in combination with an address

converter to simultaneously store multiple bits of fail data sequentially in the DRAM
25  memory banks.

While the Sato proposals appear beneficial for their intended apphcatlons, they
employ many banks of DRAM devices for each MUT, with the appearance of no real
guarantee of a non-random mode operation. For example, if a read of the MUT
involves switching rows or columns a number of times, the operation approaches a

30 slower random-type mode. This defeats the use of the DRAM burst feature. To

ﬂ address this problem, it is believed that the Sato implementations require an

' undesirably high number of DRAM barks, or in the alternative require specialized test
patterns. Implementing special test pattemns is not only costly from a development
standpoint, but problematic because of the limited number of devices that could be

35 | tested.




address this problem- it is believed that the Sato inpl enent atilzg%s r&qg@re
an undesirably high nunber of DRAM banks, or in the alternati é‘(ﬁ’i
special.ized test patterns. Inplenmenting special test p ns.1ls not only
cost | ywﬂﬂfﬁléﬁdevel opnent standpoint, but problematic gé%% 83?6 t he
limted nunber of devices that could be 3 5 d tested. 2 6 APR 2004 WO
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"hol di er urs). Thi elieved to
undesi 5&8‘?@? ‘i?’ghhmﬁ?ﬁgtpflgﬂgﬁfgg%iﬁ? 2’5?}@%% y%l%glg‘%a%trgnt 'y reduci ng
t ht ®uglbpmimonly refdretdad aprﬁdbhmcy@nalmem (Rt diypisallyl shesystempatiertt he menor y
and theg &%&panve%thems@é}tdfqae'fr&ﬁfe% gwaha(mtdhﬁng%hbflg of the memory

output “to a particu (e=nera ILons Qr I ces” of conventional

cat chr ahﬁlﬁ@eopsn%cwhw%qp&ws of dite Oceg § ibelignedde ndrskalii red to
predet Sktﬁhd{'ﬁiiﬂi‘fe&qb Bdﬁ)t@ﬁraSIDUllfCédn@Bqdbﬂﬂ kelebing debeghpuned to unnecessarily

I t the t d bI f

resr?trl ct ?onréan%wggﬂﬂoﬂ%%g %{rf’g%fs??rbé% nﬁﬁ%’{?é’?"’é@’%hﬁspi ggtchram
NED®I y caprehtionat tastars invhibves ﬁreauutd@oﬁthenmamapomtpmyo afpartmetamm ucting a bit

| mge %&%QQ@#&J i d%%@orwegﬁ%na@ eﬁﬁ%nfm&ﬁo%{ﬁg‘mﬁ&srﬂa% mal har dwar e

cost. reov nee exl st
respective outputs hard-wired to predetenmned RA's. This construction has been

determined to unnecessarily limit the transfer bandwidth and cause other undesirable

transfer restrictions.
. 25 What is needed and heretofore unavailable is a catchram memory construction
) that provides the capability of reconstructing a bit image map of the failure data from
one or more MUTs with minimal hardware cost. Moreover, the need exists for such a
circuit construction that also provides maximum data transfer rates with minimal cost.
The failure capture circuit and method of the present invention satisfies these needs.
30



circuit construction that also provides maxi mumdata transfer ratgs Pﬁtfﬂ[]’f
mninmal cost. The failure capture circuit and nmethod of the prées nltx :

i nvention satisfies these needs. 30 2 6 APR 2004 WD 01131355 PCT/ USOCF 2841 6
SUMVARYWv@R1/3i8Es | NVENTI ON The failure capture circuit of rdrausmoesast

I nvention reduces costs involved in capturing and analyzing failure data-
froma nmenory-under-test (MJT). This is acconplished by inplenenting a

m ni mal nunber of DRAM.WE%%%@OFWE?QW&W to allow the transfer of
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transfer of fBf faikie eapfure CHCHR the BrRserH AnVPRHER JedyEPRCEPSiSINVRlNed ined out at

hi gh segghtiighdAndl B Lirgeailurkt iR frohPa kAl orEanddae s IVAYP). THisagdvant ages, the
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N T TENERT RN e A e R
have camtlerrtest (MPT e dBteciaitureedp@mmoiretit afcluties d2iliwa deteatidrhdtcuigch of t he
subgt anb ke ! faitly AUEGRAGHd U Df rd ABETifpAB YR DR E. Pne At -
detection circuitry is operative to apply test signals to the MUT and process output
signals from the MUT into failure information. The failure capture circuit further
includes a failure memory circuit having memory comprising a plurality of memory
banks. The banks have substantially similar address rows and columns and are

25  configured to receive the failure signals in a random mode. The failure memory circuit )

also includes reconcile circuitry coupled to respective burst mode outputs in the banks

“and having a reconcile path to the bank inputs. The reconcile circuitry is operative to,
after the banks have captured a predetermined amount of data, ensure that each of the
substantially similar addresses of the banks contains the same data.

30 In yet another form, the invention comprises a failure processing circuit for
determining failure data from a MUT and analyzing the failure data to repair the
MUT. The failure processing circuit includes a failure capture circuit having failure
detection circuitry responsive to a first pattern generator and adapted for coupling to
the MUT. The failure detection circuitry is operative to apply test signals to the MUT

35  and process output signals from the MUT into failure information. The failure capture
circuit further includes a failure memory circuit having a storage capacity
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30 In yet another form the invention conprises a failure proce sEng R
circuit for determning failure data froma MJT and anal yzi ng g I%ﬂﬂg
data to repair the MJT. The failure processing circuit includes a failure
capt ur ¥QPYH3% having failure detection circuitry resP6HEUSpe/2886a first
pattern generator and adapted for coupling to the MJT. The failure
detection circuitry is operative to apply test signals to the MJT 35 and
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i nfor rrglfedgtﬁmﬁe ?@é)flh "ure 25 capture circuit; randomy storing the
fail ure infbrymengher form, thainvengomeompryses a neathad of acquiring multiple

channels of failure information from a MUT for subsequent redundancy analysis. The

method includes the steps of capturing the fatlure information in a testhead failure

. 25  capture circuit; randomly storing the failure information in a failure memory circuit

) that includes a plurality of memory banks having respective burst mode outputs; and
reconciling the failure data within the plurality of memory banks. The reconcilirig
step includes the steps of bursting the failure information out of the plurality of
memory banks to a cache memory, and

30 bursting back the burst data from the cache memory to the plurality of memory banks

such that each of the banks reflects the same failure information in like addresses.

In another form, the invention comprises a method of acquiring and processing
multiple channels of failure information from a MUT. The method includes the steps

35  of capturing the faiture information with fatlure detection circuitry in conjunction with
a first pattern generation circuit; storing the failure information in a memory having a
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that includes a plurality of memory banks having respectl ve burst 2npdgpPR 708
outputs; and reconciling the failure data within'the plurality of nenory.
banks. The reconciling step includes the steps of bursting the failure
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present invention; FIG 2 is a partial schematic diagram of one enbodi nent
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FIG 3 is a partial schematic diagram of one enbedi nent of the fajlure

capture circuit of Figure 1; 10 FIG 4 is a partial schematic di ggéjaN?R)fZUU
one e di %of the failure capture circuit of Figure 1; and FIG 5 is a
parti al %8‘2@ i c diagram of one enbodi ment of the fail HICI/EWBREME circuit
of Figure 1. 2 6 APR 260 WD 01/ 31356 PCTI USO0/ 28916 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Referring now to Figure 1, an abbrevi ated btock diagramof a
seni conduct or nmenp BRIEFSHESCRICTI ODNOFt DHBTBRAWINGSENt of the present

invention, g i i er.workstation 12, a
t est er/ devj cgﬂffr??g}_rn?oa{lc‘gﬁg%cﬂ aise_qré&egﬂ?géd;?%%g%gﬁ% t%?hr?g@}lo‘g?gtrﬁgmconpi | ation
of ci r céatrijegd descrimtion|aad acepmpanying dsawsiags imehigh 15), and nmi nfrane
circuitry 18p1s YIEBY didrh B AfteGdr b he T of the
dashed |ine lglt@hg% herél?%gt headdlhousrebsﬁttﬁsgérg?rwlélf% %hr%fﬁ‘pgg c{"%g{e appl y

si gral saHPB"a&ﬁd’fi%‘%)?rﬁF"é‘tng’F%‘éﬂ;s fromone or nore nenories-under-test (MJTs)
16. The pin EiGeClis @phtial schémhfi€ HaBRnDat S hidRARREROF 2 KilkEhpine 14
responsi.ve.ttg &r}‘ﬁ- pr ogramed pattern waveforns down-|oaded froma pattern
menory FBH CERERS i n the workstation to generate address and data signal s
for writing EHed3isagamigl schematic dingrmt dforeldmbodigent of giedhiturg eagmtat ed by the
patter Q:ix@ﬁﬂ%f'ﬁgﬁfe ?ccess the MJT through driver circuitry 17 and cause the
MJT to wite specified data to predeterm.ned row and col unm address 15

| odftions. Alfaf 2 partalpchematig Eéﬂ‘ﬂmofgm@n@bdmmgt‘@mﬁihﬂc edptursubsequent | y
accessegchifef Fiike daha i n response to "read" signals generated by the
pattern gen tor, and, conpares the data to expected val ues (also -
gener at ed b%&h@l%}?%‘?‘lﬁ"@gﬂ@}%ﬁw ogp embpdighent obthe failire e3ptaref ect i ve
menor y ciretit of Bigaieilons within the MJT. Wth continued reference to Figure 1,
" the failure capture circuit 20 of the 20 present invention enploys failure
detection circuitry 22 coupled to a failure nenory circuit 40 via.-a

hi gh-s e LIink30. The failure menory circuit includes a catchram nmnenory
180 for storing failure data fromone or nore MJTs, a hidden transfer
pattern generator 60 for transferring data fromthe nmenory, and reconcile
circuitry 164 to process the catchram nenory data. The reconcile circuitry
reconfigures failure data 25 in the catchramnenory to facilitate an '
interl eave node output transfer capability to.



redundancy anal yzer circuitry 196 that mnimzes failure data proéessi'ng
times and correspondingly reduces test tinmes. Further referring toAAFF#Fg%@j
1, the failure detection circuitry 22 includes capture ci rcuitrg/ b

coupl i ngvoor/st3ss 1/ 0 pi ns (not shown) of the MJT 16. The /23996 :
circuitry conprises an array of conparators (not shown) that cofrespond to
the individual pins of the MJT according to a configuration selected by UO
selection logic 1 ' ' | i circuit 40. Each
conparator feeds S‘(BEJ_[’Q E_ E © N IQ0nc-reject (SR

si gnal s repr ef@frang rewdé Figural | apdbbresiattidtilosk diagrainco fadekiistdactot VI UT pin
during anpRatdr et heo¥Gihe 1 Lon. e signals are fed to the

hi gh-spegd A irynk 30t hat gre{)%efﬁﬁoégrggﬁ#ﬁ)fﬁ%e%&gﬂrcﬁf I’(’,IgSI("E‘ElE"‘]fyecovery coder
32 at t heesigstetoll ingledes 3 computen wotkistasiop dRdi tegtet/¥BGeinferfiiRs2dtd AND

01/ 315356tRBEAUBORNIRALE tied @RIt BEPYLE Y uﬂgﬁe LOLy end 18.
The link_transforns.the g@ data i tolca : e_r%%le?[gorﬁn% a%ﬁlfaglﬁ?%tfsg?

transni sSFbMATTAEfircpE S (s 23 186 gompiation pl gircwitiive theofight iofjthel  pat hs or
cabl es. W¥shbd bonst I)ed reference to Figure 1, the output of the high speed

link 5 deseri i ' rected to.the input, of the failure nenory
circuit 40. Tﬁéé fegi:"bf:%f}é&ge %Pif‘ @?W%%ﬁ@?ﬁﬁé@éﬁsitﬁﬁéF?R?ﬁflet ry 100 for
recei vi ntigesifipouierny mdre m@morias-ander-test (RAUT) ¢6r The pereledtrohi@. A "slice”
I epresenhelud ' Falolu M r ]Egi of the failure menory for
storlage uru ggg?ﬁ%ﬁ%@%f@?éﬁgwcﬁirfgy ﬁgfou%rgsprﬁfgnf}%y@gﬁe’é’ction | ogi ¢ 102
that rec ?‘(F\%%‘“tsrfg’vﬂ’e@éﬁi?daﬁ?@édmﬁﬁnlm@ﬂfdém@,Sha‘mj) indgh¢ wagkstationwot ry 120 t hat
10 di r eqieneiabendandst uriedslabnala kit dhd ERRACJ £adRiA d PR MJ econc e
ar

circuitry 164 to the data inputs of the catchram menory. Further

referri r%gntagq §engiared by the pattern g OF 3F6798 e MSD theonehadriver cioewitry $8s a )
pl ur al i tapd chusubs VAT kavtise spdeified dah (SRR BEECRS Bankgdmhaaglkher and

havi ag nect | ' .. O uks. Preferably, the menmory (illustrated
o B g SRS AR el UhBUT cesrérBled A whiepsppemceden bank
cont r ol M Tislatain respensd tgdsgad” signals gereomied oyt the pat@a geetamkandont r ol nodul e

186 cooOkgf {d coupl es, to the hidden
e el 810l B PBE BB e AP QUL Bl 0

transferg\gattec{n.e%ra .60. : )
t he i ndf¥#Pdiardes SRAVR Snemnay g¢ll logatians iwithér thedBT. node out put transfer,

the outputs wmamua@faﬁﬂmde&sqﬁ%ﬁi@l,rtﬁ@mﬁ}é@a furk CiL it Yo bPihe 20 After
can .then be co g ' ?eave transfer

re ci lLpati.on, t.he output.s led to I nter
ci :’:égﬂl t k) _{/eg%'}ﬁ??"%lﬁg_ e?‘é’itoglﬁ %ﬁl}uée detectioniguitry :ingQPP]?‘?é‘hé d#ibse meEErAl | seven
banks ofir¢uiedGreinmrhigh-speed link 30. The failure memory circuit includes a catchram

memory 180 for storing failure data from one or more MUTs, a hidden transfer pattern

generator 60 for transferring data from the memory, and recencile circuitry 164 to

process the catchram memory data. The reconcile circuitry reconfigures faiture data

25  in the catchram memory to facilitate an interleave mode output transfer capability to ) |
redundancy analyzer circuitry 196 that minimizes failure data processing times and
correspondingly reduces test times. ,

Further referring to Figure 1, the failure detection circuitry 22 includes capture

circuitry 24 for coupling to the I/O pins (not shown) of the MUT 16. The capture

30  circuitry comprises an array of comparators (not shown) that correspond to the
individual pins of the MUT according to a configuration selected by I/O selection
logic 102 included in the failure memory circuit 40. Each comparator feeds sync-
reject logic 26 that generates sync-reject (SR) signals representative of a failed
condition from a particular MUT pin during a particular cycle of operation.

35 The SR signals are fed to the high-speed link 30 that preferably comprises an
LVDS clock recovery coder 32 at the testhead end 13, and a corresponding LVDS
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i nclude the sane data in the same address |ocations. This al Ig\ﬁs Esr 2604
sequenti al (i nterl eave) access for transfer purposes. The tr 1A
circuitry ctively directs, at an interleave transfer rate, the
reconc‘ivpé'&éf?é&mry out put to desi r ed portions of a 25 reﬂ@ﬂ’(&ﬁ%@f’%al ysi's
circuit 196. Referring nowto Figure 2, and in greater detail than the
general i zed description above, one enbodi ment of the faiiure nenory '
ci r cui teldgk reeaairy decoder B afrthd mhipfrafmeieng G8. Ei"hgilﬁkSrahﬂbhﬂdth&QSlSﬂht&O - SR

s 31 05T FEEPRETE AR Mot th e SO R RIS somn

(synchr élgni}l Presdes.i gnore serial error), STC (store this cycle),

BOC_IN (beg'mr&nﬁﬁueg%fe?f)nce ﬁf‘ﬂg&%'ﬁlﬁle?\ﬁ?&tﬁfﬁé&g@*&egme“ od clock).

The SR SO and nals are clo =St -1 n-first-out

el eﬁentdeﬁecmé‘ﬁﬁ%éétdgﬁ"tf’e 1@“1‘ ebthgifsigie megnorpeirgwt 4. Bhe failareh cont i nued

r ef er enganéy ciicgiy iclidles she: direpitty ItOOfbﬂW&célaﬂng%ér the SIRI daed fod 35 40
% ress. a ata

i ncl ud t.tern distrihutipn |,00ic 44 tha n

i nf or n&’?‘? g"’?‘i‘dtrgntrﬂgn l?Ill ? Sﬂ&%l TEpIGS ef&oapr‘f‘ﬁfg% éﬁ“ﬁ‘ ‘&F@B‘F’Pﬁ’gfh%n | ogi ¢
cooper dsibse wienorg ﬁoﬂTﬁagspwp@es hThe dicARRCHARY um&k/tﬁéBa&eEEﬁréﬁJSOO 28916
cycle) tern f. pattern
generat@@é ﬁﬁg‘ﬁ}l‘mﬁ“’% &{e %édqgirll‘% %Ehmfd { & Fﬁq?ﬁhfaﬁe cat chram
neddry m@smsfédu@ afy; amdecmﬂ@dawmm@gp@omede biycititne 1 fhtto er n

gener ayy dat Q%@ﬂtﬂ@ca&&ﬁr&h}{n bit alternative- data-source (ADS) and
secondary ( S€es nd 50°trapsmt the respectlve 5 ADS and SEC
signals thr gEﬂ#’r r@ﬁ“&é‘&ﬁ FO\B/Fég g’?éf‘@ weppony]l fhesnsrally comprisesed pat t er n
gelner aFDKa]@tnykut(smHy iﬂaanmsml\faeleﬁcémamkyd tdget}@ﬂgra@ﬁaenf sel ect .
mul ti pl ex ct SS_sin uts fr ne of the
busses ™ %g@&%(? te}l?e?\}eggﬁ élgselﬁ\f eé%ed?%rg @é’lsgg%tf’g {9 laqﬂ‘g] 4giCRs t hem
wi ih i inchrdeed banﬂdoémers SHRAN' S,l\htfthlbathbm cormcdledduydmﬁhdiﬁdmaﬂul e 59 pipes
(e IR b RIRE IS DNALRLY Ml aloBflcN g Shoflaide bRl l?. e out put

fromt1e-seconc FIFO Is ce cir mul ti pl exer

cont r ofepeEY, bargksy and gouples fo e idden trangfer(paftgm g?}leramrcﬁﬂaén grdertput to an
- addr esgrgabilz é i @xecaphdcd oy Qfellﬁﬁdldmr@m YarlkS |aﬂ&/an&b%n'fﬁt5%£v%r uctures -

descri bes he ffal é)ure ca circuit, of the present I nvention

br of or G5y Ot HeRsTstcbB bR peR iy e fe b FarBR CERPOLE nt t he

r @qnef:Aﬂmlererrmm:lmwdlaﬁm dutypui cendlneh edopplied to Ditdrieamy ﬁiﬁsfm[ﬂﬁﬁﬁh Bgr

exanp C i own in t The hi dden

t ransf g’ro pa grleg‘ﬁ':&]ccl(i)l?rE 8&9 gg%erﬁfy E}ngur\/\?h’tah@lﬁe\yﬁ&ba@@ %l\tlﬁ? H5t™i gnal  as a

comunigciudp the gagre Cbtmmdhéﬁﬁlmdws lagaticnsa (This BwsToea selpientid  gener at or
(interleave) access for transfer purposes. The transfer circuitry selectively directs, at

an interleave transfer rate, the reconciled memory output to desired portions of a

25  redundancy analysis circuit 196. |

Referring now to Figure 2, and in greater detail than the generalized
description above, one embodiment of the failure memory circuit 40 receives a
plurality of input signals including SR_S0 - SR_SN(sync-rejects O'through N),
CLK16_SRN (the sync reject clock), ADS[31:0](alternative-data-source),

30 SEC|31:0](secondary), SYNC_SCAN (synchronous scan), ISE_SYS (ignore serial
error), STC (store this cycle), BOC_IN (begiﬁning of cycle), and CLK16 SYS
(system 16 nS period clock). The SR_S0 and CLK16_SRN signals are clocked
through a first-in-first-out element 42 and routed to the slice circuitry 100 (FIG. 3).

With continued reference to Figure 2, the input to the failure memory circuit

35 40 includes pattern distribution logic 44 that feeds address and data information to the

slice circuitry 100. The pattern distribution logic cooperates with an STC (store-this-
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includes a thirty-two-bit counter that provides an input to the address
mul tiplexer 64 that generates a nultiplexed address |ine MJX_ BR: 000 -
The address line 20 directs the nulti-bit address signals through

respect We018¢356nbl e and non-scranbl e signal paths 66 an®#CTAstens®is

row col um sel ector nodule 80. The scranmble path includes a selector 68
coupled to a BOC register 70 that feeds a 1K X 10 scranble RAM nenory 72.

The nmenogyl htﬂ%tﬁ@dt@ér&&hé% @h ﬁ% cts to the
row colu pis &%p B%ﬁiﬁ&;gﬁ nﬁﬁ@“’rq‘%ﬁ rd 25 BCOC

t bl e
regi st ermgﬁ?{?ec g&@ﬁ?é‘éﬂf’{? c{mn Sﬁ%%ﬂﬁ”&@@?@@ﬂ’sltsgrba@ onpprograperdsd ci r cui t
sanpl es ctdmdlmnmsm;ﬂmdibya@h mtgnagenpaitdy. Respétivd Hﬁn}’r-@% g&mt@m@ﬁw_ i ncl udes a

refresh f ed ts to a sel ector
84. The O%éPﬁer %&8%‘1@% rscjlg{ye@ﬁg) bu§se§§§rﬂ1“£§0 F?‘bﬁ'ﬁ“f CUer anbl ed
nmuxed addP&sad §Eﬂﬂ31mls boonghaesmttivdregstdres and 54Eopcewtn:igeai attbm an AND 30
Tne” sre g R BaC ML Msgﬁ%%@%*% 150 3 e AL RIS BB or ' he
r ef r esh S§kridalppass .sglgéﬂ-blé evipytstiom pae gﬁ k buesas. ren DEIR 186 5(8!-'1'E:g:1vd§)
Conmuni Qﬂéscﬁﬁceb@ﬂé@e {,{g@ng troI | er 186
T SISy A a e L 1
ORi 5 N SCAN
2|ngmal n(rmahrlae421 mmt@ommcommsFfmgmwﬁe})c&bm?hog%@ﬁce bank ;
operati 0 135 CTI USOO 28916 96. The
ogt put g@htl X),(e%%gﬁ re]é@ear I[ngh{pr%é( Oﬁpﬁﬁgt 3ot WABAK R ARt rol | er 186
(Fi g. 5ajidresmmultiplexerfdescriped mofe @uybemw Jbe ETRO stelomarks desciibghial s are
utilize beai nmi.ng of cycl e}’
), or Cﬁ}gf?ﬂ %pt%zeéerl Og‘&Ye.eﬂIe Eﬁ@ f?%é@%gﬁ%:fés@a&%ve% . The CLK)
16 and EPRSSE shovgy) Wtﬂﬁmﬁmﬂw m@daleplmsteput@mwtpmpbumayl e 98 that

ut 13 zegohpieses kteRApR. m&h@i:aﬁiﬁeﬁa%ne@adﬂawlkn%{nﬁ% igpal . For purposes of
ustrated but rat her

clarity, indi | clo k c nnectlons a
noted by t helrﬁ% a@ﬁ Hcli‘é@'ésror‘? ’&eﬁ%\ﬁ/st’@“@.m ISPUtaP‘l%} tion of
the sl i gea cimmand inpud £0 alhsddmladdtelsﬁg&rﬂratﬁr(m( e adfirekopdndrfdrght | denti cal
circuit 0, |on of the -
rout i ngﬁ%ldr gsﬁét i%ﬁ%ﬁg})ng&?@aﬁg (M)dgs ?ﬂsoufﬁ tﬁ? Fﬂ‘geﬁdf‘@@? ST Ghe first
FI FO 42ﬂvemqgleraieS)a mpkiptiixed adcﬁmsselcnetmwﬁ IADRREF00s The agtess ket wor k  of
muldg pl @¥Essthnuiti-bit address signals through respective scramble and non-scramble

signal paths 66 and 76 to a row/column selector module 80. The scramble path

includes a selector 68 coupled to a BOC register 70 that feeds a 1K X 10 scramble

RAM memory 72. Thc memory output couples to another BOC register 74 that

connects to the row/column selector 80. The non-scramble path 76 comprises a third
25  BOC register 78 that couples to the second BOC register 74. A refresh circuit ) |
samples the non-scrambled signal path at 79.

The refresh circuit includes a refresh counter 82 having an output fed as one of
two inputs to a selector 84. The other input to the selector is sampled from the non-
scrambled muxed address path 76. Control of the selector is carried out by an AND

30  gate 86 having as its inputs respective control signals DIAG_RFSH_EN and the STC
signal xored with an INV_STC by an XOR gate 88. The output of the refresh selector
1s directed to the bank controller 186 (Fig. 5).-

Communicatton between the address generator 62 and the bank controller 186

is effected along a plurality of signal paths 90 , 92 and 94 that result in an ORing of a
35 BNK_OFP signal (or the STC signal) with a PATGEN_SCAN signal (pattern
generator scan), and an FRC_BNK_OP signal (force bank operation) by an OR gate

- 10 -



M4, and produce respective outputs ternminating in a sel ector 104-2 BheAPR 200
sel ector feeds an OR gate 106 that, in-turn couples to the input of an XOR
gate 108 0B}F6XOR Rate 15 receives a secondary input frBGEI/HR089LS t ed
sync-reject signal EWSR and produces an output directed through a BOC
register I 10 to an AND gate 112. The AND gate serves as the input to the

rout i ngﬂ&:lﬂmmttpvyt of 26, ORrpdteaik divedtadtoutle BNI0 O gt 60the ShdiEonbLBABLE si gnal
I nput bé rd i nput fromthe STC signal path 46 (Fig. 2). Referring now
to Figures d 4, the routing circuitry 120 includes respective 20 scan

and capture Iﬂaﬂwp@fmmﬁlm Bsﬁerarﬁh@kg@mgrmaemnhtedias.hea scan- conpar e
regi st f ect or
0Ll B8k o LT n O 550 L ABORAR SELT

nodul e “80 fee
an Pnve&le OI%L 8I?JI %Eﬁcgﬁcbha'[he lﬁﬂdﬁaﬂgmkﬁ aressynthesizest ped t hr ough
‘a scan gizic oL &e-l%ﬁkﬁhlggﬂu Eiad&ﬁcgs thixeutReg ﬂ}e%yﬁ?h%%%?cw?%s;éﬁ%?plﬁn i nput BOC
regi ste a C e | st er at al'sg receives
Che 5 Vo Nignah SR rRr S S B ing Ve PGS ComERioR Roptnbsgiedmne |
capt ur @uﬁmﬁmmetadd@uhen@nmabbm address information through
respective s 13 at feed -
respective g{gg%nﬁé’gg’ﬁggﬁj aacgorg ﬁg&eﬁg%(& %E’EW) Hﬁlf%rlaﬁpexers Each
muk€i pKenceof fpsy-el@édietlbcaéeirewts)mtmng)ﬂlpéﬁf) sedectidu dogie )2 maked on whi ch bank

i s Qpegahio%fﬂee&uﬁhge&aﬂggu@@t%ﬂ%&a sifhd®hbANR blbud F R @Y god al ong the

auxi i

addresgl%éﬁﬁéﬂgsé}\afﬁﬂlsﬁ?b‘%@djm% ha cross-cogplgd agtwagy of mukipiexgrsaVIINORed wi t h
t he ouwtan@ brduge Mcﬁa&@u%ﬂ& t@mnm@ iAals@led 8 104 M ehOIRYSr Bdst he NOR Late

Lo B & D BB B Sk R b BEEt ok gt P TheatdR i cotor® "
arISinrehBWesmdecbaﬂa@n ut &oﬁi mﬁkleel'téd‘synu-g tectaigalINVeSRafd prdues regi sters
The- Li SLPRRCT Brect gl 3 2R0r ebintt 1o %@%kﬁ%&ﬁ& g éNmé Co e
1 131 $q;wsasah®npum1he mukig ciyeuitr$ 220, ind alfmtincluddsemtiovertedc| udes a r econci | e
U2 2, SEC, ISR s s itk o inditkabE s, 0
regi ster 15BCiHANG B ¢ tq,FigpregR and 4, the routing circuitry 120 includes respectlve
20  scan and capture data paths 122 and 132. The scan path includes a scan-compare
register 124 that receives a 32-bit address input from the selector module 80 (Fig. 2)
and feeds its output to an AND gate 128 for ANDing with an inverted :
SLICE_DISABLE signal. The ANDed result is then piped through a scan address
match FIFO 130. The capture path 132 includes an input BOC register 134 and a
25  capture-compare register 136 that also receives the 32-bit address information from
the selector module 80. The capture-compare module processes the address
information through respective primary and auxiliary data paths 131 and 133 that feed
respective pipeline stage selectors having respective mliltiplexers. Each multiplexer is
used to select which pipeline advances, based on which bank is operating. A
30  convenient "clear” functionality is provided aiong the auxiliary path by a
DIRECT_CLR signal that's ANDed with the 32-bit address comparison by an AND
gate 144, and an AUTO_CLR signal NORed with the output of the AND gaté 144 by
NOR gate 146. The output of the NOR gate is directed to another pipeline stage
selector array 136. '
35 Referring now to Figure 4, the outputs from the respective pipeline stage
selector arrays 134 and 136 are re-clocked through respective 8nS period registers
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5 gate 156 where it is ORed with "read" data froma "rrermry-reag-ﬁehpﬁtér'lﬂm
nodul e 158. The ORed out put couples to an AND gate 160 that includes 'the’.
"clear" command signals as an input, and then fed to the catchram nenory
i nput BY@II/HEFG her referring to Figure 4, the nenory-reddI4e308@891ppdul e 158
responds to aread-nodify-wite signal RMWWEN, a bank read signal RD BNKn,
and an output 10 control signal froma nenory bank decoder 192 (Fig. 5).

The lfTPleCEKB}?ﬁ-*ﬂBSaﬁ Mﬁﬁ@t@ﬁt@wm .I?&ihg@s\tlévila}]df@ thelpAH t?pﬁtﬁ 162 before
cou In t.he .r oncl.l e C tr contl nu ‘reference to

e et e 931 foe¥8 SLE AR Reediof LI Ly hua s ton ebtie® § Pcongie ddef Wi 1

conf i gufieth the recodbidiBociay hé4 mxhodatabubheput DEhEdmra dat#Ds dhoteshbesmi5

reconci ' : r f t tenl72 for
mat chi ngﬁ g\?\% lgﬁs{ci!é@ﬁs g%tcgﬁieﬁlg@% Qgﬁg‘?@?} na eé%%lgllgé%%g%r? %s ubsequent

di st%i bgate dA6 mdeznit inPRag wath "sead” guta dioansrtemonygerd-sepat modsleltd8. The

out put gk @@éegro%}}ﬁﬁ%u@eﬁo%mm a0 thi SndudR ithPic1 M @atgad (not shown)
and assocl ated enabl e é%ut Fdfor eacg slice. .the outputs of the AND gates

feed a 2gu3pasEn HRUGAD ihiaatc @B?‘E%P%P/hﬁe 20 OR gate is then

usedhas t he s@}@&tl Srgfen@mgﬂamigﬁiegoﬂie n@:ﬂ%rﬁﬁad_ —s“Ele_t:ﬂmagul!alq}&Strézsth%mOe 5]: thﬁ

cat chr am nmenor y. . res ontr circ r ustrated in further

dotai | . A FREMOORIGH S‘%Wc%?&@%%@f@%@%“@%%@h Fig. 5 for

cl axrd t yyorfrol sigashfraatacheraonyrienk dycadankO? e Shahhe moduledtedsadilié8 186, and

an addr N r 1 ' -each catchram
%??]slt(é}?gg'aﬂh Sk éﬁgm (gg Lg;*e 1%&%&&9{;:(@1&&%% £ rELHIE civeui

menory I nclu ality o I nputs often associ at ed
wi th SDRM devi ces, such as ADDR (mnultipl exed address), RAS (row address

strobe), CASyfiapldHinusdfliasscesh TaRRd 4, tHErecbi¥ilecfc@Rg6R)confpRiséchi P sel ect)
and CKE (cl ock_enable). ;he éggl%rﬁlaﬁégg}%ts regei ve r%gggctlve pr ogr ammed
cont r ol Te§PRg FIFOconfigpred a5 8 PaLatic {Poph nthedFanster £850 dagctgach of the
Mengy y fé@d?ﬁdil@l:“iﬁtl;ﬂealﬁﬁfama?ﬂ?lﬁlﬂéﬁ extchedrh @8 toadfn ANDtgatd 1 TUfoe miateising i nﬁl udi ng
scanni ng. 1 he nk .180 f g oadi | i nfor [ . rsting the output
Tt hevith dBmdrarh 0 et s TRAC FIFR 3 S SRR SRunRiSbD, |1, o8
t r ansf earrayi afgue-prograriid@d output sadéatars hvhglhamtpuselactarn eathpreferablyol out put s -
frome r ; : zked t hrough
SRR & bEANI a0t 830 Bd ADGiA8] &Ehgﬂihgﬁ@ sbyfesth Qe

an arlrv%l regrsters_1 operating at the | gh-Spee riod clock
(125 y outputreef the AN aatss sd ertfdaPBR gte (ot shymerThepuipug offiR 2004 WO
01131 356R RBafe iYeiY 88 d6the selector output signal OUT_SEL. '

Turning now to Figure 5, the catchram memory 180 responds to control

circuitry, illustrated in further detail, including the memory controllers 182 (only one
shown in Fig,. 5 for clarity) for each catchram memory bank, the bank control module
186, and an address multiplexer 190. | _

25 Further referring to Figure 5, each catchram memory bank 180 includes a
plurality of control inputs often associated with SDRAM devices, such as ADDR
(multiplexed address), RAS (row address strobe), CAS (column address strobe), WE
(write enable), CS (chip select) and CKE (clock enable). The control inputs receive
respective programmed control signals from an associated memory controller 182.

30 Each of the memory controllers 182 perform a variety of control functions
including scanning the bank 180 for loading failure information, bursting the output to
the reconcile circuitry 164, reading the reconciled data through the transfer circuitry
170, and refreshing the catchram. The control outputs from each controller to each
bank of the catchram are re-clocked through an array of registers 184 operating at the

35 high-speed 8 nS period clock (125 MHz). Other functions governed by the controller
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I'ncl ude nmenory reads for redundancy analysis transfer, and systegn PR. 2004
read/ wites for diagnostics. Each nenory controller 182 connect Bt&IRhg
bank control nodule 186 that controls the entire catclu-amnenory. The
bank cOM@PEP3pbdul e includes a plurality o 5 control i rC/esdoesersecei vi ng
respective refresh (RFSHREQ , bank operation (BNK OP), and node control
signals (MODE _SEL and BANK SEL). The bank control nodul e produces a

vari ety jadiudy RemafRESfopHdaRd M Qﬁalﬁs@@(rﬁis t ' writing and
reconci Iditi%%{)of dagﬁbet ween t he iéatc ram neﬁnbéli&gsgg%%srel %%%E%?fmand out put
signal s ﬁ!é’-s'rrermry controllers include bank-enable (BNK EN), 10

bank- Ir efresh E{a&\llﬁeREﬁykh or;taﬂl@ll T pmkomfmme _b&lﬂKcl .gﬁ}@t;nomﬁg pgmﬁgl alenabigg

si gna s he control input r.a i S sel ect.or -
associ at% §1§,ﬂ(‘%§{}% etnht[%e g rasy tltrB? Q%coﬁggfs mﬂH&SIW‘ﬁg‘%ﬂ@RIWE‘_ ) signal

' palt thS clcmpiltecsi inphits ﬁmm@qe?ﬁng rgm?@tiee rafresh (RiFH _rIéB@[,dm_:k)dperaﬁaﬂ. ThiSaddlr ess

mul tip i [ col um,
bank ad rlgts(s: nd p &{seic(?:)gﬁ It-ga#K[ala rggggg'?gd%ﬁn%tgﬁﬁ%meﬁ%e used by the
mermory Eend srqdutesprogyces Fpsgety of pragraamable pytphtsfer tedrdinatingtheo t he i nt er nal

banki ngréaam]gmﬁﬁhg afi@ldcoRdiiRy Sf dRSbARGAGE cBIRAM AeMoEFbadldGRoOf the
structube of the failure capture circuit 20 (Fi gure 1)" described above

] ends i FoEyRand.outPYt signals to.the memary controliers inghyde bark-gpable,@NKi EN).nt egr at ed
ci rowi tba:&@rle_ﬁnééﬁ @NKORFSHY land bf:ﬂ{-mﬂl _mmw{cm\]gkg?bmefmfeit tiink{cahbigar f' el
testing_. 0 [ ur al it Llure,capture circyits are

i Spos el SRS PR oPRRl Gl B Podtind shhae acfoctpt faf RBptiafr e e
Becaus eadsiress mltipigherd@is An pllshduia (ABL BNKS signalgiadtdcmiples tAStéhtrdlechnol ogy,

the cirgUhtikeYo 5 BIRErda8 AL LA provide testing capabilities for a large
nunber OP |VUTOS 'S SfjastantdléaE % reduced. 25 In general, operation of the

failure capt theaddress multiploxgrd@8icorvers 3gthit wisg address datadntogiray, fai | ure data
fram t heolhH, bhbik laddresd) BEARRIA] PANaREShth Ffint Bfat bsh BdiEseRy thd T CUi LTy
196. .Because of tge q§$| bi.lity (if bjt-i rrag& anal yses during the

" edundafEgoRarglrs 187, THS issastintlary berelipel due bé nisrmabrankimeioty ol ved,

r equi r i megmbiygiell ypeeslinsilp encit SORAM devicker to nmaxi m ze the throughput of MJT

testi . Dat ' .t 30.RA Cij i.t ' I d di to -
et hods. e | AR EEY Stpclee St iR bttt 0 BB YR o sl osed i n
U.S. Paabene lends itglirgall s6ieplementaticadn a8epplinatidu spevifidvimegrated Testier Wt h
Ha@éwar@;sfefﬁ;nﬁr aﬁ]ﬁiﬁbmﬁﬁﬁﬂ?'ﬁ‘ﬁ&ﬁ&ﬂf&ﬁgaﬁ’aﬁ&! wgﬁﬁgrgépﬁcaﬁog S48, | nvention
by r erence. C struc -

-

and expr.es ncor porated héerein. 3 on I on and
config (LRI B;PE SR KPS GghS wadisnpeeddn paraliel todesi acppespoadivge, al | ows for
oper at iparallal arkdyod¥F MR8 Bétduie of the high-density advantages associated with ASIC

technology, the circuitry space required to provide testing capabilities for a large

number of MUTs is substantially reduced.

25 In general, operation of the failure capture circuit 20 involves capturing and
processing failure data from the MUT 16 for subsequent high-speed transfer to the RA
circuitry 196. 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 éssignee of the present invention
and expressly incorporated herein by reference. The construction and configuration of
the failure capture circuit, described above, allows for operation at high-speed with

35  maximum device density and minimal hardware costs.
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35 maxi mum devi ce density and m ni mal hardware costs. 13 2 6 APi 0 )QO
01/ 31356 PCT/ USOQ 28916 Prior to operation, the tester 10 is pr g
to wite predetermined data to selected addresses in the MJT 16. This

gener aW@ 0i/smesd ves progranm ng the pattern generator l14ctrawsitbsget est
pattern waveforns, such as return to zero, return to conplenent, and other
test waveforns well known to those skilled in the art. 5Duringatest,-the

attern gener I drlv circuitr
27 and sgppl |I§§s&to aéer Fltﬁeﬁtg %@s/(ﬁs %}OMIHE@%% r%@ege é‘am rcuit Y
20. The tdselgeted éqldreﬁ;p&m}hmlﬂﬁé t besmeagr mapmfgsmmng thhe Nf UT 16.

After t heie@ deyiliatd Imwaﬁwtew Attt \eﬁveq*@fh@ Sifthtal Setlirlto Hero, bifmGaPt Ur €
circuitry 24 scans Sﬁ&%&“@’é&%‘r’eas of. e MJT in response t o subsequent

pat t er n SCRPSFRRRG 354 0 ’E%Wﬁlékﬁowﬁ@ hegrskilied igdhedt-ed area for
conpari son t @urhg ﬂaitathﬁliﬁmmlg&h@ta@emu sﬁpplieb@apﬂbhﬂﬁxﬁfoﬁﬁmnabq&e The 1/0

sel ect I d f

and st e dPyeEhe e ROt T oy T B e st ae ' st eaonoie Senf cut ar |y

benef i ci28l Tk dnverestcuity writea i preframmualywoiefdrhile thdNEITApt After the rcui try 24
t t . t

Gener at SrvipifeRRETARriS i e AR SARERE HEGIBY 20 30 dBBBY The 110

sel ect i areab ofjibe MOZ in Tasporsgie svlsgqepat patiesn ddooaation, asille@@ﬂ the Hatgh or | ow by

eacfy C%%H?ﬂl@ts@l'éct(aﬂ‘%aff&% aﬁ@&h foade H&kabﬁ;ﬂn@l)éﬁcscﬁ%)‘?ﬁfe é’F‘R GhCc 26. The

sync-reject |lo hen thelggtecte I"ogi ¢ |l ev tothe expect ed
dat a sugpraraar b %Iﬁgsﬂﬁﬁ"t%‘rlﬁg‘cg‘%éﬁiw Spllefiefﬁﬁ@né‘éwy@ »ias #rmat ches t he
expect edcadading, ah&@ﬁex&ﬂﬁta&lymﬁmn@ﬁiosé particuldOpias!t Phik i Srabsly FW CS;houl d a
m smat ¢ n.the | ogi n s a sync-reject signal indicating a
fail ed E%‘Wﬁ%}alig %ﬁ‘én%g ?Iﬁ'ﬁgltfngﬁﬂ?mfﬁata is then converted into seri a?)
formand pr o&’hssqﬂmetchtmﬂgf%tduﬁvitcsgim—rsmash ﬂomuiobamginlggemb&tted bﬁt es. The
serjal ' ' | of cabl es
mechns ol TRk Rty ¥ R Tho SRR o WS hURRe} Betlodf B »

mai nf r apilecsipndogic 4@t The ered datg s drsensad %dog!néngimrelowﬂarmbr r at e

signi fi A:ytorﬁmtkwmnammﬁé SR jecttltaglcfz@ |’I'l'16%yﬁ’@f= ct RAGhERMOry bank

seauent (o) WL a0t 5, UL LPSLEL T, O UL e BOITCSSer of ot
t oget hegenerutorb Uf the chptatedi datzombtchesiBe sepeetedShita dednelssynoadettdogic The
recane | J)lﬁpl?tr ks oW gﬁ&hh glnlugmﬁﬁtﬂ%g&ﬁ', #1084 itﬂe lgéilc ggltlerg'!?eg a sync-reject
signal indicating a failed condition.
- The captured failure data is then converted into serial form and processed
through the high-speed link at high data rates. The serial data format provides a
dramatic reduction in the number of cables necessary to route the SR signals between
25  the testhead and the mainframe of the tester while also boosting the data transfer rate )
significantly.
Following the capture of the failure data, each memory bank sequentially
undergoes a burst operation to output 256 addresses of data into the reconcile FIFO
164. The data from the seven banks is then ORed together and burst back into the
30  same 256 address locations. The reconcile process sequentially repeats until all of the -
addresses in all seven banks are processed. In this manner, the data in each bank is
the same on a per-address basis. This advantageously allows for an interleaved output
capability during the data transfer to the RA circuitry 196.
After the failure data has been reconciled, the hidden transfer pattern generator
35 60 algorithmically generates a sequence of 32-bit (scrambled, if necessary) addresses
for interleaved transmission sequentially from each bank to the RA circuitry 196. By
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addresses in all seven banks are processed. In this manner, the,d tgP' ml*
each bank is the sane on a per-address basis. This advant ageougI§ Ihl{

for an_interleaved output capability during the data transfer to the RA
circui WQUMYE3 After the failure data has been reconci | EETHIA 2816 den
transfer pattern generator 35 60 algorithmcally generates a sequence of
32-bit (scranbled, if necessary) addresses for interleaved transm ssion
sequent iimplementingthedddddpetransfen patten Bénarator wutpuy trigfer tByeslate 2o fordeR 2004 WO
01/ 3135 0 I i ransfer pattern generator,

Quijedt/ RO 2806 6?911@1?%.% tell6r ]Bségﬁlng%%gfagortlﬁa

output transfer tines ap)e no . thé availability of the
mai n tester paewenal gastrof Gie data framdhe failyed caphun sireyit tofthe R& data from t he

failurecgag r196%jsbqwmdascanrohq»ﬂeexe&&rfeﬂéu}éﬂsatlﬂ@vﬁ&ﬂeh}a?gﬁs an out put
d ng the sel ected

sel ector, fea utgle tlhatqzérovi des flﬁxkgiul tg |,n 5 directi

slice ofiFpeHRe the seleriedatce pymioithe -t}%ﬁ shiee QHtPwds ddeqted Wranassoci at ed AND
%ﬁt e (nassosi_b&umANNgrgaté @osdoeg 'tha];e'k yele?la;blyﬁﬁabllggi ®y@r;ﬁ@gralmdh e%%‘ﬂﬁ' e OIsi gnal .

e respect, e, Qut put [ a e.slices are the ed an
subsequg]ﬁ{'?]y 5?15%’3?[?%% ] ré%geng?tﬂﬁgf Tl elslécseﬁl‘aﬁ%t%{”i‘)tﬁeﬁgﬂﬁ& circuitry 196.
Those skubst@untin tiahemitted uwui intfarlrpyeﬁbbibettbﬂemwcﬁayé_ﬂms and advant ages
10 afforded By,LNGRGS B art BYE r%ate??ﬂaem%{ dl‘SJPl%g{E%ﬁ ah%g.{ Lgnt advant ages
th the f &dice an

provi ded by e present 1nvention Is 1 cOst Tnme for data
t r s f erfiordedvere thetpresepbigyenptionnef of the mermiimpestanadvantagessurndded B conpl i shed

by the eGheseRfPedtionls tHYREARYE Cost afid GRel tbF@Ith traﬁgﬁfﬂeh%eén%ggg@}y

performance are realized by the recgnciling feature that e es an

interl e@&@f}%ﬂ@néﬁh%t?ﬁﬁmemﬁsa a@Pﬁ'ﬁﬁ%@sﬁ%ﬁe highrepesrtlintat MpreaMsthenory to 15

t he redsipsifioay banefity & @embf}gtﬁrfdfinana%dﬁ“: te}alﬁﬁai_ llE)yls/the lgycoﬂémyl'g Q*éam.ﬁge #ani que

© out put se}ector I.rcult van Ln x| lrecting slice outputs to
an R <P RORS AR et vEde ERUAN B8R b 2 e R htatm HrROTERown and

desér i bbd raduntiancy fzealysis eirciy t Addpioaaldy, by pravithingiamminpie dukyart egéctoi t Wi | | be
under st i vtaﬁlt% S diekbiibes; Al ges in form and
det ai | C?r%&“%i ma %‘%tlﬁ?regbzywﬁ%bhogt%hg%%lgﬁt??%a@/rﬁoﬁé}g%ﬁ 1e spirit and scope
of the i nven¥hia thg gventign dprbonperigylagly Swsnendaseribed Gk wRcs: :
PCT/ US@phKHBSéferred embodiments thereof, it will be understood by those skilled in the art
that various changes in form and detail may be made therein without departing from

20 the spirit and scope of the invention.
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1. Afailure capture circuit for use in a failure processing Cir&/&i?t ]5§
identify failure location information froma nenory-under-test ( )A aZQB’»*
MJUT having a predeterm ned storage capacity conprising a plurality of

menor y welel/sizseéai d failure capture circuit including,: fritwémrgelsection
circuitry conprising a plurality of channels and adapted for coupling to-
said MJT and operative to apply test signals to said IvlIUT an process

out put s@/gﬂgf-gﬁigwﬁ% gs.NLUT into failure information; a failure nenory
circuit; and a.high-speed link coupling said failure nenory circuit to said
failure 1 0 detection circuitry. 2. Afailure capture circuit according to

claig | whereln sahdahat bafie olebieforhind ulbicteessindbanged 10 a testhead
positioned’in a infrane. 3. A failure

and said_ fai Ii{Jr_e rr@got&%/ ,c%rcuLt hs [

capt ar e LY fRluge st gTarBaton frame meeerrindertest VHT) spdMUT i nk enpl oys
a pr sdet@vinkagiedusttnedorag@eaacipaddiiprstss pihalty samausRael9fsagpi d

pl urgl i tf%l of channel s. .41 A failure capture circuit according to claim3
wher ei QF%IC?‘H _cgr&}ganc? % conprises a serial data link. 5. Afailure

captiire circuit adeibwrdidegetian atcaitrp cbnyhizingi anplamiity dfi cphmsgpeadl | i nk

conpri ses. %{gﬁ% of kd f.ailure

det e%:ti gﬁapéi?dr%t??%ﬁrﬁggtg\éﬁgc _ recg%%ﬁ*ﬁ&%@%@%&&%ﬁg@ Szflg l\?ﬁgdqnﬁput of

sai d7 mepmsicyss @Upy signalsfran sag MY'E ietp failiire indemeatiobng to claim | wherein said
failgre memory cCiarfaikirk mddedry @&, 2hdce circuitry including 1/0 selection

| ogi ¢ and routing ci.rcui tr¥, di sposed. aft, the output of said 1/0 selection

| ogi®; memory conBriighsRyed ligk spunting paidiiaikismemosy preult o4ni Bidwes havi ng
subsd anfiétadtion Gicittar address rows and columms and configured to receive
said failure 16 2 6 APR 2004 WD 01/ 31356 signals in a random node, said )

banks having respective burst node inputs and outputs; and
1 2. A failure capture circuit according to claim 1 wherein said failure

2 detection circuitry is disposed in a testhead and said failure memory circuit is
3  positioned in a mainframe.

3. A failure capfure circuit according to claim 1 wherein said high-speed
link employs a predetermined number of signal paths less than the number of said

plurality of channels.

4, A failure capture circuit according to claim 3 wherein said high-speed

N

link comprises a serial data link.
]

5. A failure capture circuit according to claim 4 wherein said hi gh-speed )
link cbmprises: ' '
a clock recovery coder coupled te the output of said failure detection

circuttry; and

(€2 TR N 7% B N T

a clock recovery decoder connected to the input of said memory.

6. _A failure capture circuit according to claim 1 wherein said failure
memory circuit includes:
slice circuitry including I/O selection logic and routing circuitry
disposed at the output of said I/O selection logic;
memory comprising a plurality of memory banks, said banks having

F L, B T S R

substantially similar address rows and columns and configured to receive said failure
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11 captured a predeternined amount of data, ensure that each ofzs&u&p 2[][]&
substantially simlar 12 addresses of said banks contains the Sane

PCT/ US00/ 28916 reconcile circuitry coupled to said respective burst m)de
out put YQAHBShavi ng a reconcile path to said bank i npuf$TARVEMPati ve to.
after said banks have 7. A failure capture circuit according to claim®6
wherein said failure detection circuitry is responsive to a first pattern
genery at sighaleiin & wartdonsmde. fsaidl banies hava raspectve bursttméder inpets andcl udi ng:
traifer Cl cg{lléry di sposed at the output of said failure nmenory circuit; a
second SB?Pefn generation circuit coupled to said slice circuitry an
operative to ef f ececoneidmeirauitsy estupleditp gaid respeetiverhypat seadg ongputsand nenor y

Ci Iy t hmn%s?geéspféﬁ@ﬁam aaliy Bhnk lﬁbﬁtg Whd 6]¥erat§fe 16\ 4k b0 Dafieave e Circuit

according t wherein sajd transter circuitry conprises: an output
_sel et oparered paredsigmiRad AUt eF ¢t SatUTe B1aheas)of sid guppirntialy serilars ai d
redl@dag@dfegg%ﬁ@g&bﬁkg@gh@myth&,md‘a&l | ure capture circuit for use in a
failure processing circuit to identify failure location information froma
nmenory-under-test (MJT), said MJUT having a predetermn ned storage capacity
conmri si ng a7p| ur &l faflyrecdapteiciropitcetdrdingsacldim Gavlieneia saidifhilure circui t

i ncl ud| f ai det ec ir C I y of channel s
and 2 g\%?%’(ﬂmfcérrwlc FGSRB}IS?% @a@%‘ﬁ’gmr% EE’{ah&'l F fg?}%t ? %Haf%p"}lél test signals

t o sai dcaplm]i&‘caqmtﬁn’t}cewmhng@ut si gnal s from sal d IMJT into failure

i nf gr mation; and aaﬁ%réﬂaﬁrcal ofechliliphi skl iR TR ofy CRORLT ST g 2
plurality of menory banks banks 10 ﬂaw ng substantially simlar
addessadows and col ums and confl gured to receive said 11 failure si gnal s

) in g random rmde,agaioeld aﬁéi'ﬁg&@étatﬂﬁldiﬂﬁﬁ% ¥@tdN4idBiliceRaeuirppuds and 12

out puts, and ui tr cou o said res ectl ve burst node
14 dut p?ﬁeéatﬁ’ﬁcfo ﬁggftrj %#JI?\‘ nga %)36‘? U SRR |‘HB}1§‘F§ and operative
t 0, saf tredusdandy dnalysis dRﬁaRr)ZOO? WD 01/ 31356 1' CT/ US0QL28916 _

8. A failure capture circuit according to claim 7 wherein said transfer
circuitry comprises:
an output selector for routing said slice output to a selected portion of

W N

said redundancy analysis circuitry.

9. A failure capture circuit for use in a failure processing circuit to
identify failure location information from a memory-under-test (MUT), said MUT
having a predetermined storage capacity comprising a plurality of memory cells, said
fatlure capture circuit including:

failure detection circuitry comprising a plurality of charmels and
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; and
a failure memory circuit including -
memory comprising a plurality of memory banks, said banks

W 0 N1 0 R N

having substantially similar address rows and columns and configured to receive said
failure signals in a2 random mode, said banks having respective burst mode inputs and

outputs, and

o e
(LS I R

reconcile circuitry coupled to said respective burst mode

[}
[¥8)

outputs and having a reconcile path to said bank inputs and operative to, after said

=
>
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1S banks have captured a predeterm ned anount of data, ensure thzat mgﬁk
said 16 substantially simlar addresses of said banks contains hﬁe .
data. 10. A failure capture circuit according to claim9 wherein: said

pl ur al WQ0F13%fenory banks conprise a plurality of SDRAMPGREUSNGI2e%s 11. A
failure capture circuit according to claim1l0 wherein said reconcile
circuitry conprises a cache menory. 12. A failure capture-circuit according

to gkai Madkd hatBeaufedsAhdddaatifed Mﬁﬁf&ﬁmdsﬁx%&ha@aa FRad rcuit. 13. A
fallurec tur Jr. accor claim?9 and rther including- a

hi ghé spé@ 13 YSE’%‘EPdIafiﬂﬁssﬁP Sqigp?rgﬁséoﬁ@%r eﬁ%‘?% t? to said failure
detection circuitry 14. A failure capture CI rcwt according to claim?9
wherein said a|I hce.circuitry including
170 Sel ectiof Iog%?aér?gee%wl %ré%l d?? g‘?g‘p PG t he out put of said
|/ O zel ection | ogiseid pigralin dfaznﬂmm bealfzstqmne)rxseraqﬂmah’aarﬂﬂw to claim14
Wner§| N ealdiekai lure detection circuitry is responsive to a first pattern-
generation circuit, said failure capture circuit further including:
transfer circuitry disposed at the output of said failure menory circuit; a
secopd pattenn genefalutdd Fﬁiré Sivdufit Ae@biitkRCtotcfai Ml (ﬂwﬁérbﬁlesaﬁ! JeEéﬂcﬁlEy
operative to effect transfers of failure data fromsaid failure nenory

ci r cti t‘“ﬁi“@éﬂ‘ﬁﬁﬂ%‘ﬁcy analysis circuitry. 16. A failure capt ure circuit
accoydi ng to cl ai enchthenheneiyn said transfer circuitry conprises: 18 2 6.
APR 2404 WO 01/ 31356 PCT/ US00128916 an output selector for routing said

slice output to a selected portion of 1 said redundancy analysis -
circuitry. 172. A Pafailurescaphacassitrageaidinguo cldimrl 1deheein saidngchieni | ure dat a

froma Mory comprises: )
3 a FIFO circuit.
4
1 13. A failure capture circunit according to claim 9 and further including:
2 a high-speed link coupling said failure memory circuit to said failure
3  detectton circuitry. - '

14. A failure capture circuit according to claim 9 wherein said failure
‘memory circuit includes: _
slice circuitry including I/O selection logic and routing circuitry
disposed at the output of said 1/0 selection logic.

oW N e

- 15. A failure capture circuit according to claim 14 wherein said failure
detection circuitry is responsive to a first pattern generation circuit, said failure
capture circuit further inéluding: '

transfer circuitry disposed at the output of said failure memory circuit;
and |

a second pattern generation circuit coupled to said slice circuitry and
operative to effect transfers of failure data from said failure memory circuit to

© 6 W ok W N

redundancy analysis.circuitry.

1 16. A failure capture circuit according to claim 15 wherein said transfer

circuitry comprises:
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and analyzing said failure data to repair said MJT, said failure péog?ﬁsjrpﬂg
circuit including: a failure capture circuit including failure ae

ci rcui bmg ponsive to a first pattern generator and Wg coupl i ng
to sal‘g g%d operative to apply test signals to said ﬁ?z,s;&rand
process output signals fromsaid MJT into failure information, and a

failure nmeno rcyit having st or age capaci cor pespondi

pr edet e@?ﬁﬁ“’@ysﬁf‘?ﬁtqf PO ?*‘%S&r‘hgﬁu?u 1Ot ‘”(H"*diﬁ/%%? 81[3 Sﬁé‘iﬁ) 8 Y 10

r edundasialysisvideuitiys circuitry to establish a procedure for repairing said
1 MJT; and 12 a second pattern generation circuit operative to support the
transfer of 13 failure data along said output transfer circuitry

i ndapendent 17.om Ad‘aiﬂuréprtmbsmﬁmuﬁ faridegermeniag dailurd Batardnaa MUE pr ocessi ng
circguit,ac IMVEA circuitry is
.di s%oseadﬁaglgj i gm con %‘?tdgira]ttge ter s test hgaélg%gﬁéslé%?%i%f%&?%ﬁe menory

ci r Qui tinglodimgsi t i oned separate fromsaid testhead, said failure capture

cirguit further ipnghel oy m@cﬂtﬁlﬂnélﬂﬁﬁg l'i nk coupl ing said failure memory
circuit to said fail urcﬁ%g]l%dtfectl on, ci.rcuitr failure proceSS| ng

ciréuit according to ?CR%F’@‘F%“%%ESH)%&F’I 10 2 ISHRASTT LS ¢
I nclgudemd aﬁaﬁt@@'ﬂiﬂboﬁ@lﬁﬁyﬂo%mg\dwmro@bﬂahye of appbyREYsiDedik®, sakbMUbanks

havi_ng ubst anti al |l | ums,and configured to
ood verdarerernpy vt edidhom s A M iR R e R A R ke hevi g
I’ESBECtI ve burst node a fagutesnemoryaurcpit having adtorageaapadity ci rcuitry coupl ed

bank | RpEaaa(S pptleRim TR BoElhBUr SUEH TR Dol ERITGeLRE " T 581 C

pr 8det er ni ned anuededeRCYRIENSISEHSEIT to Peteblish rprogedsEs for seIsistnEReich | y

| a0 adldr esses of said banks contains the sane data. 19 2 6 APR 2004

V\D 01/ 31356 PCTJUS00/ 28916 20. A fail ure ocessin cuit r di ng to
U AP 17 wher oi 1 ASRHOHt BT EEnerUAR O PEGTVE P RIS the Hanster 6f

13 failure data along said output transfer circuitry independent from said first pattern
14  generator.

18.‘ A failure processing circuit according to claim 17 wherein
said failure detection circuitry is disposed in a semiconductor tester
testhead, and said failure memory circuit is positioned separate from said testhead,
said failure capture circuit further including: '
a high-speed link coupling said failure memory circuit to said failure
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detection circuitry.

19. A failure processing circuit dccording to claim 17 wherein said failure
memory circuit includes:

a memory comprising a plurahty of memory banks said banks having
substantially similar address rows and columns and configured to receive said failure
signals in a random mode, said banks having respective burst mode inputs and
outputs; and _
' reconcile circuitry coupled to said respective burst mode outputs and
having a reconcile path to said bank inputs and operative to, after said banks have
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captured a predetermined amount of data, ensure that each of said substantially similar
addresses of said banks contains the same data.
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slice circuitry corresponding to predetermnm ned MJT.-storage regi ohd ﬂfr?d'znu'*
transfer circuitry coupled to the output of said slice circuitry. said
transfer ci itry including an output selector for rouyd L4 .slice

out put W%Sﬁég redundancy analysis circuitry. 21. A faili{dt}?'gsogg%ﬁﬂre
circuit for use in a failure processing circuit to identify failure ‘

| ocation information froma nenory-under-test (JVUT%, Sai-d_% havi ng a

pr edet er mi nedOst orfaGAlUEHPFAEESIECHRPI PESORGNE ihtlaral 7 tihegsin saidepilteel |'s, sajd
fail Ererﬁéﬁé&%ﬁcﬁi{{rﬁm&szi ncluding: failure detection circuitry conprising a
-plurality of "channel s and adapted.for co%egl [ ng ' id MJT and operative
to apply test si gﬁHF%CIEWI%FW%Pﬂﬂ%tO Mrodesy Ws@fa@m@% omsaid MJT
intogfailureghgformation; a failure nmenory circuit having a capacity i
correspondi to.a r termnne or.ti on of  saj ing slice
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fai | gr e jnakndiny ac butpui deldene fodiongng sad siceroutmit te sdid reduadapyiasilysisan out put
sel e tor.fo%routi ng said slice output to said redundancy analysis

circui tﬂf.cm A method of acquiring nultiple channels of failure
information froma MJT for subsequent redundancy analysis, said nethod

i nclpdi ng the) st epsSeaflre GaRkd Eirélft AL hal fhiki@ prédeddiiBbhalt h a testhead
failure capture ci rcu_ltﬁnferl al I% transm tt':‘nzlg salm pt%gﬁgjgfal |l ure

i nf o2 naidestivalad g lacatiogArfogpation from e METROTy-Yger-{isk r5F uit having-a
MEeND{ Y GAWAE hpyedeRihiRlGdhdeabaciey coptpeidisiger pliradity @mernory efls.saidd MJT, sai d
failure nFm)r Ci rcui.&. d}ﬁ%@?sed separate fromsaid testhead. 23. A nethod
accot di ARIFOCARYF AT WSS said step of serially transnitting conprises
the steps of: codifaibpredétectioni dirgndrydamprisinga by efahewestyanst ot ocol ; )

oy | A ELEPERRINEl iR MOTanE PORi% B 4R itiygh TR e

nunberi ng I ] ) . X 200 01/ 31356
PCT/ USO@fzes omtput signals from said MUT into failure information;
8 a failure memory circuit having a capacity corresponding to a

9  predetermined portion of said MUT and having slice circuitry corresponding to
10  predetermined MUT storage regions, said failure memory circuit including transfer
11  circuitry comprising an output selector for routing said slice output to said redundancy

12  analysis circuitry.

22. A method of acquiring multiple channels of failure information from a

MUT for subsequent rédundancy analysis, said method including the steps of:
| capturing said failure information in a testhead failure capture circuit;

and : : ]
serially transmitting said .t.:aptured failure information along a high )
speed link to a failure memory circuit having a memory capécity corresponding to a
predetermined portion of said MUT, said failure memory circuit disposed separate
from said testhead. '
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23. A method according to claim 22 wherein said stcﬁ of serially
transmitting comprises the steps of: '
coding said failure data in a clock recovery protocol;
sending said coded failure data along a plurality of signal paths
" numbering less than said channels;
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receiving said coded failure data in a |ocation Separate from s?;@ 4
test head; and decoding said coded failure data. 24. A nethod of oﬁﬁfiﬁ%
mul ti pl e channels of failure information froma MJT for subsequent

r edund¥$8}3441 ysi s, said nethod including the steps of PCAAHONEME said
failure information in a testhead failure capture circuit; randomy _
storing said failure information in a failure nenory circuit, said failure
- Menogy circuit i nodcadingsan eidedddijury dath ime havaiioh aepesath eimsid espect i ve
burs,; nRAs. agHJER&lts; and reconciling said failure data within said plurality
of nenory Ban S, said reconciling including the steps of bursting said
fail@re infornntié?ﬁoémgséﬁ%@lf%ﬁi{ﬁﬁ?tﬁﬂty of 10 nmenory banks to a cache
menory, and 11 bursting back said burst data fromsaid cache nenory to said

12 plurality_of nenor apks such that each  of i d banks .refl ects the same
fai Pure 13 1 2 or nbopeHor Af sauia e e . SR0ss of Bk EGIPE om 4

i nf of MEAUPN for BulsseRem rtiundanoygmalysiapmaid ingthod diidladipg el iepsto: a pr edet er mi ned
portion of said MJT, and t sferki .sai d i -.nf or Lon..from said
menory in conj unc?zfpgwn’g\/ﬁaf#%gu%eelg%ﬁ%ggiﬂn&%%8%%%51 ] oér)flp g?% %13. tf’| ndependent
of smid first pattaadombestiensg sahfailore infirmagiomst & fdluod mavwuy ¢irowet, and ,
pr ogessj ti | e L FAHP sai d net hod
i nc%di gﬁﬁg}p {agg}csﬁl%gr%@@gg%?ﬁ@%%é%gg?%@fdgﬁﬁ(g??)%rﬁn&t| olﬁs W tT:|e failure

det éct i mstopedautpesgadnction with a first pattern generation circuit; 26.

A met hod of acqui felgigkiRaitsafd REIBESIARI Witk dafl SufdlidyBeinemefy Baakb,ure _
information from a % Stﬁl d me%thod i ncluding the steps of: capturing said
fai 18ur s HeePIrlRGRCIRANg PSSR ¥ detection circuitry; storing said failure
infarmati on in a nmenorurkéng sud filospiatiringtion onr efsprindurtittal a predet er m ned
portion of said X tivyely routing said failure information from
saitd nerﬂﬁrpgrytabgnléswgrraé%%ﬁgén%%o na:’lil?ﬂysi s circuit. 21 .

11 bursting back said burst data from said cache memory to said

12  plurality of memory banks such that each of said banks reflects the same failure

13  information in like addresse_s.

25. A method of acquiring and processing multiple channels of failure

information from a MUT, said method including the steps of:

capturing said failure information with failure detection circuitry in
conjunction with a first pattern generation circuit; _

stdring said failure information in a memory having a capacity
corresponding to a predetermined portion of said MUT; and

transferring said failure information from said memory in conjunction
with a second pattern generation circuit independent of said first pattern generation
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circuit

26. A method of acquiring and processing multiple channels of failure
information from a MUT, said method including the steps of:
capturing said failure information with failure detection circuitry;
storing said failure information in a memory having a capacity
corresponding to a predetermined portion of said MUT; and
selectively routing said failure information from said memory to a
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redundancy analysis circuit.
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