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Qui ck 1denti roce ?
Many memory dev1ces employ redundant rows and columns for use in

l

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.

Traditionally, testers have initially stored failure data in RAM memories

having overall capacities similar in size to the MUT. Commonly 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 inay 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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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 applications, 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
address this problem, it is believed that the Sato implementations require an
undesirably high number of DRAM banks, or in the alternative require specialized test
patterns. Implementing special test patterns is not only costly from a development
standpoint, but problematic because of the limited number of devices that could be

35  tested.
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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 sucha .
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
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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

-~ 4 -



MJUT. The failure processing circuit includes a failure capture circuit
having failure detection circuitry responsive to a first pattern generator
and adapWeewWassSécoupling to the MJT. The failure detecti ®ETAIS0ORN6Y S
operative to apply test signals to the MJT 35 and process out put signals
fromthe MJT into failure information. The failure capture «circuit further

i ncl udes corfespdndirg togredeserminedpotrtidrs\wif tige MUT andogaputaramsfer yiréuitrydO 01/ 31356
PCT/ USOO and

out put +r ESipdpnc AR Shelig il cRlues ) Shmird pRRchu TS SoubBE 0] 20,
est abl i shMéJ'lbalonth@ samndrmyamgmgratme clmmtr Eheosegond pzhtem gawmtivnpat t er n
generati g W thg ARRe perative to.
support t %cg%trlg% er o | ure tfglr(gl ong td%{é“%}% p@%ﬁﬂﬁh ?ﬁsf& circuitry

i ndepéndefitcuitpoindencad entifrom thedirsh nattgaygeng@IT. A further form of the o
i nvention CO”DA'fﬁﬂ&r&'oﬁrgbfﬂié Qmﬁ‘eﬁﬁbm&@nﬁ:lie@ wﬁmire eaptﬁle diftuit fof][@b linige
processing..circuit .to ide gcat.i mation froma nenory-
under-te IV(‘W?CCSSFH%CIF%‘{]@H&E %%#'Eeelgﬁ%l o {] é‘gmfaaqnp{gpg det ecti on
ci rcui tr yundeptgst (MUY Thefailos aap;ure)éxrmimanclades failtwe deteictiom eircupy ure circuit

ot her woPra i Al optabfndt TP faiRS R Shpifis a0l 1 oo’ 97 ©

i nf or@at i torthe Bamdmerafmmqa 9pan¢%sa51gnalstq the Md € and pracesfeentput signglsci t y
ol o b rioiine AL RES AR RIGHIAG0E! i RIu® melity MuBR ind A e Al T e®
| | ul |
failure %eAPBSLY correspending © gH ngelt dtm%rf%&hﬁ @‘i@%ﬁ’ﬁﬁ?‘h‘é‘fﬁg
out put Sadlﬁebﬁéui{rsmo&é'spmdihg ngp:bbaeﬁﬁmahmm stutagboegldms rléxéu‘aﬂiafacy anal ysis. -
CII‘CUItI‘y | n anot acquiring
memory circut §¥so gélﬁ%estt&nsffp&? t@fe@&%

mul tiple orna |on rom or S sequent
r edundancpuangthesliss outhet to the iedendaney anpdysisidinguittyeps of capturl ng the

failure infor ta.'ngﬂxeffbrﬁ {h%%ﬁ%ﬁQnEm mseéarﬁaﬁadlafacabfn glrﬁ pd serially
transmtting the_ captured relnq[p;‘r tion g 2 pr;gdllnkto
a fai | ur echznnsds 9f @W@upforma% a {533 g S‘E%CPS/ egBP‘?"é‘%}S BRAYSY

predet er nime@ed Bﬁﬂﬁde@ I‘he(hiep*s lo€ cagtiiring the Yalﬁlurahmmmtloﬁ@m atestheead failvent i on :
conprises_a. neth o ng .l t | rmation
froma MFPPFEF SLTH %erﬂ H?’(%'au%&an ﬂlg %mr%ﬁ%ﬂ%ﬁlf%na{t éwn ¢ lﬁélgs t he

st epg0of apaq:dlmkmgﬁ mefm%wmﬂcnﬂbmrmgammmyaanaemh@mm@dmmoea 25 capture

circuit; rﬁﬁg bingrthb®afrpl | ure information in a failure menory .
circuit 1% mcﬁ%‘ﬁﬁ plurality, of menpry btrl;gﬁ havi ng resE}P tive burst

nmode out put's; Mgt anathes %rm, ithfgnyetion compriges Asthad of cuintng m[u ity of
menory badﬂﬁ_ﬁnelér bEfafleednforiatith from a MUT for subsequent redundancy analysis. The

method includes the steps of capturing the failure 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 respectlve burst mode outputs; and
reconciling the failure data within the plurality of memory banks. The reconciling
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 failure information with failure detection circuitry in conjunction with
a first pattern generation circuit; storing the failure information in a memory having a
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down- | oaded fr ttern menmory (not shown) in the workstation to
gener at e Y é’gﬁ%’ﬁ% data signals for witing and reading to and fromthe
MJUT. The si grifliGs 3geapatinbsthematidhdiagmtn affonegarbedanhant ofithedaure leapthtdl” t hr ough
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the MJT. di¥cuh of Bigurelied reference to Figure 1, the failure capture circuit
20 of the 20 present invention enploys failure detection circuitry 22
coupled to a failure menory circuit 40 via a high-speed |link 30. The
failure nmenory circuit includes a catchram nenory 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 analyzer circuitry 196 that mnimzes failure
data processing tinmes and correspondingly reduces test tines. Further
referring to Figure 1, the failure detection circuitry 22 includes capture




circuitry 24 for coupling to the 1/0O pins (not shown) of the MJT 16. The
capture 30 circuitry conprises an array of conparators (not_shown) that
corresponWQ®AS i ndi vi dual pins of the MUT according to BCEYRWAFAati on
selected by I/O selection logic 102 included in the failure nmenory circuit
40. Each conparator feeds isync- reject |logic 26 that generates sync-reject
(SR) signals represerDETAIEED DESCRIPTION @RTHEINVENEIONart i cul ar MJT
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to the data inputs of t ca.tc% mrrermr ther qet{r %&}E,glihurel

t he cat chr &9P¢@ cERan Rg rga Bﬂﬂ‘%ﬁ tafitially

identical %ng%ls‘l gg?mfbﬁﬂayhh@bﬁd‘.rﬁ gemditef aczest thaMWig thrbeg'pmver\é:&cumtyelm eaved

out puts. Prefera 4

i ncl udes a 3B4TRY SSftﬂig}‘Zﬁt%\ﬁ%\%S&ﬁed ? %ttaégi’ﬁ%ﬁ%mﬁmeg%!é Saf‘%ggpugm %j ress

‘i ndi vi giBal loa:aunns yAdaitnre chptere cdmpit, genorally designated 20msubsequagty mdes thet es

operation " er pattern

gener at or I'n or§ gﬁspﬁ’g?&éin? aﬁ%gﬂécf%gtbcéﬁét? Hggé{&t%géelalaﬁ%l vi dual

SDRAM bank Somparesithedatate ¢>ﬁ>@@ﬁed éfakves (ajsocEenerat Lhy ¢aﬁ§%genqrﬁer dB@Puts from

thf rrfmory eff%ﬁﬁotiérmvfﬁa&le@twethé@weflrlacallefls w&fonAshé MUTecEmc' i a}) i O?h t he

out puts can the u 0.in eave sfer circuitr e

reconcil e ci rcum"b‘g cﬁ’é‘ﬁg'}e PR hlattheatlééﬂm?é:\%““eo%fﬁ%ét%)f tftﬁ% menory
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sequenti al ke . r

cirourtry siraubh f‘*‘%’* Benctiic 10 ThY AllEicihaRURANR oldfes B,

reconci | ed memeomy1 80 fensiering e dataifrpmraricon sicse MUTS, & hidden ranster pattern
generator 60 for transfemng data from the memory, and reconcile circuitry 164 to

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

25  in the catchram memory to facilitate an interleave mode output transfer capability to

o 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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25 redundancy analysis circuit 196. Referring now to Figure 2, and in
greater detail than the generalized description above, one enbodi nent of
the fai MP8&U/HB¥ory circuit 40 receives a plurality of i rRCEK/USI0PRAM6S
including SR SO - SR SN(sync-rejects 0 through N), CLK16 SRN (the sync
rej ect clock), ADS[31:0)(altemative-data-source), 30 SEC] 31: ( (secondary),
SYNC_SCANIdckyracovepndacadercdngt thd mbinfafne €ndn8r &he tink adansforhi©the SRSd4ta (St or e

this cycl.e ni e 6,SYS (system 16 nS
peri od ci! %@ggﬁh%ﬁgﬁb%%hﬁeég%@?%&ﬂ lg%?‘affd'tgcér"é é"x‘f"ﬂ’rough a .
first-i n-rmm’ostOfmgn%Ipeﬂnenrcﬂlﬂesand rout ed to the slice circuitry 100 (FIG -

3). Wth cont 'Wﬂﬁ‘é?ﬁtﬁ{ H?EEFenEé’t eq, &e&uﬁto?ﬁiétl-ﬂgﬁ’gﬁgégﬁ%g”ure menory
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menory 18‘ﬁihhanmtmyn fqrrstarageprerposes.ofbe slicercircsityphéladestibie I/Osefpatioer n -
generato t= t ADS) and
secondar 1°%‘§E§§ﬁg“1‘ }e\éngggg{e d\édé‘.% %H%aﬁgll%dt% ﬁltt)ad }rlog%mg%gr vg&g’zi and SEC

si gnaPs tdm@‘taghc faduiscdetd, glong gyjthsreeqneile Qatarf@n;r)ﬁlecrp@qmtle pigcuitry 164 tpattern
gener at 0fpLChA8 npuRdPthe ddighrbMadRoyeed thi rty two address-select

mul tipl exers hat . sel ecl.i vely pass,si n e bi from one of the
busses. An XO%“Q%F efogring, 1#?? i%é)g‘?l{)eﬁlfy OMPISS&Rs t hem
with i nvgﬂmmyMGnmmllgmgcﬂWMevmés baﬂ«eddogétl‘é@aj‘mﬂwlﬁg 59 pipes the

XORed d | | 2 The f
e e e A

i npul5f orincludesiagiask of ssvin SDMM(SFWgth eac)h bank ¢ontgoliad byrq;nmdtvuhah addr ess
mul ti pl Féxﬁ’éem(gl'g cHfPAlIc 189, POk obhkol RSt 861N Sdrbifdnide descr i bed | no

ture CIFCUIt of the presepnt invention ‘preferab y i nclude
respect i \i@mw&mﬂﬁ gL equplss ; e BBRtiern generatertih dniogderiiodul e data -
I nput s anggdidehié data baﬂtuﬁd)bylﬁe individiiab SDRIAN bemmueallohﬂdmh&ﬂe&re- menori es -

I I 60
G111 760 o S RRSRE Ryl Bt B o3 Bhe RRUBE o A g
addr28s gdiae:rmoomheﬁon,mteommts e@sthgehecmplﬂd t0|lmcﬂmjisstraasﬁehclr¢wn'yv\o bi t
counter t"?Gt THE Pééb Gfe P?'EﬂﬁlréQH&t%%%f%ﬂ Eaini& é%?e hat

gener at es exe a ress s line 20
directs ﬂmréuc%ﬁrhﬁ Farm datg inythe same pddrsssdogations; g Hiis é%@@%fqr@ée@@paﬁlm e and |

non- scr afkeépleave) 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 receivesa
plurality of input signals including SR_S0 - SR_SN(sync-rejects 0 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 (beginning 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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signal paths 66 and 76 . to a row 'crc')'l'tjrﬁrh"'sélﬂ'écat or nmodul e 80. The scranble
path includes el ector 68 coupled to a BOC register 70 t 1K
X 10 scranpPdB ﬁ&gﬂ menory 72. The nmenory out put couples to Q’M@W%@
register 74 that connects to the row colum selector 80. The non-scranble

path 76 conprises a third:25 BOC register 78 thatu ‘goupl es to the second BOC
regi ster 74cyck) pathriésthatoalerts the logiewhrr s patiem ftmn theavBmegeneraioral4 (Fig.n at

79. The ref)qatkiafdsa6d wheh 6 ht@fk%t@n{tﬁé cahrafPheinREy P80 b¥d A ﬁ?dgrﬁﬂh{éﬁt fed

as one of tvvoln uts el ector 84. T other ut taq. t el ector is
sanpl ed fro?ﬁ“@ﬁ@nﬁéwpl%egrbémﬁ? BRitCRR, gEneralan ﬁ}“f&t“@oth‘f ?16‘} Vet he
sel ector i Sdatﬂséme@l(mlnS) h)d se0omdby (ﬂE@&itBs&@&‘deS@grmnmtthe respedtive

o/ STy SR S SRR apbhen ot vh rtile’s S P31 BB o] BeRRli oot oo
to the ban kgenerﬂtcnrcdldmkr(BIXB) (ergzusfs)s feedathirtyrtvenaddoessiselevkanltiplexersdify thes

ener ator 6, sb%lpé | t ity of
gl gnhal pat h%l%ggelggﬁs gi%ﬂ%t téegrgfnt | r? fél?]e %E&C @X@QQQEQEWQ énal
(or the STGhsisgwrae-selggtiaptpptrarXRRstom ity éVCTHS‘eﬂng’EqSﬁ sigadls INVoADRR) . and

an FRC BNK @Peédrﬂrmo(xﬁ@dlﬂesb?wes mekb@ahta %ﬂ(éxlgrﬁg%?zigh %}%Qirs%/ ?ag356

PCT/ USQ0/ 2891 he out t he |
i nput 80 t h@og‘&ﬁﬁ'g ﬁFP&Tﬂ“& 10 BS?"I‘—*F‘ %6”? ﬂéerShFEF’éF‘F‘Frﬁde&s Bi gure 2,
several cl omlsltiplexer gorato 1@wf¢rtmxhlnphdensM1 ha4 HigHndnd R\e@ihpwnoand not at ed

by BOC (begi | 8 (8 nS
pori o0 sl ook rr'ésr%'%é“q@%% &2 g5 i U A EPA RiFO St desBlined il (1
phase- | ocketlie lfaibype mpturlee:n@Blt ofithe present inventidneprefpsablsmntiidn Sspedie flip- an

input clocg, Sﬁr(ﬂf}?%mvs}ﬁz&sﬁb’sfeg%ﬂl% r9§pe%@er anHule'dQﬁ'l @H%lld Bl!ltggllgve tions

are not illu her noted he nonenc ature ferring
now t o U5 gupnmgiseq fop sxampls, lgtch tsmr@Fme@esCasrlém Apownan the art| yst r at ed 10

g gge OL forty- tel Phd hlua?nhtrmcsfér patg eﬁmrtcﬁl):yltemimﬁememcl Stgft i@iﬁﬁﬂ:ﬁ?hdl?gl c
and a ortiron o e.ro culrtr n ecC S S rom

Lhe out pt B o ipit for AR alteSs eelprarsd TREMeSHERerSn o

cr:oss- coupl mdluded avthinty-oWo-bitl coupterthat proMdes an hput tonttie pddrdsscmultiptyxer 64 ve
tputs t t 106

CULPULS ¢ B Al I pRLE hilredHhe S SOOBRISN ) AilSac i 001 S,

receivé@® a @mﬁamulnmtnddrqs@mﬂs thigegh r@a:efrymsqr@pbl@tand mgn-apramble SR and

produces  ago iRk 681ah€ 9k 86'a toWRERMPseRSForRsiul £9. ThtQelafhtAdpD gate 112.

Th AND gat
© ga Elcludes a selector 68 coupled to a BOC register 70 that feeds a 1K X 10 scramble

RAM memory 72. The 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
is directed to the bank controller 186 (Fig. 5).

Communication 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_OP 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
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serves as the input to the routing circuitry 120, and. al so i ncludes an

I nverte | SABLE signal input and a third input fron %& STC si gnal
path 46 1 'd. . Referring nowto Figures 3 and 4, the 5 Sﬂ‘lﬁzst?fﬁrcwtry
120 includes respective 20 scan. and capture data paths 122 and 132. The

scan path includes a scan-conpare register 124 that receives a 32-bit
addr ess |9ﬁ3u¥hef‘?‘5mttq{éhf‘s@3€39i¢‘o‘ﬁ mﬁ@ the BNK. 0P input gfithefbanki sontradleput put to
an AND gatgs (F28 shor ANDI ng W|th an inverted SLICE DI SABLE signal . The ANDed

| t t h h F Th t
bach 132" ncleﬂ'é%gfpeaﬁef?waﬁ 8 Bt P 55 B w5 B Compar e
relgl ster IirBﬁ:nlt hnibnﬁdmmdrmtaied/b)sBﬂﬁb(bBQmmﬂg af dykle)s or CRKA6(86 nd pefiodm t he
sel eckor JRelo? chks (8 h%ﬁ&kg O?P@EEK'IE‘J%% BrRAGA3He aéﬁgr}e;ggqess

I nformati on throug 31 and 133

that f eedfrom@s;b@@q-loczbecb ope Q@l%?%@ét lﬁdlzes; ﬂEISS’Sthmvll%gﬁ ¢leslpm input
mul ti pl exgbd s é?ﬂhFH?—‘;LJda&é&bFElah@ nklﬁﬁ&haﬂ Cloek koitdecitbiClte RbPRLiRfefdVaNCES,

based on whi c I's_ operatin convenient "clear” functionality is

ba
provi ded Bt 6?1%3ert4?éeda‘ﬁﬁ<ﬁhFF‘8Wnﬂ%€1FF *B’S?V& DI RECT CLR signal that's ANDed with"
the 32-bit addRaﬁﬁufnglﬁglﬁreByapmﬁNBftwﬁe&ﬂ&utr?ﬂdomllﬁéWR si gnal

TheC LeR ofdnt OF ooty Bles A cifebi S cifg o s bBea0land B, v 156, %35

Ref er r i ngpartien ofthEirguiing circuitiyd 20U Sy xjdct sxgllalhﬁone&peutpuvefqhe fiedti ne stage - -

| ect da
fogi ot or sﬁ?ba“?@%) a3l Brb gty A KEChbly wi& %i&‘ﬁﬁﬁ%%%%%? out put
of the CLM8, anskpradege respgpidver QPSS fepminating ina 4. {Ihesslegtopfeedsiat a -
sel ect olr a1=15@R I&fméah%ﬁe:hgpé@gwtsm%méd t@fﬁ@mgate 108! qrhem atf:r Ohmthgr
reconcile circuitr an a atabus.,I n no sSnown
The. 481 e CEORvER RIS ioPBLRER A A GHE SHCTEoh s B SR SRgFodises and fon
to an C]?ﬁugﬁ;ﬁx&dh’é&ed\kl&bﬁghﬁBDﬁ@ht&r\l\Mbéﬂw gatal 1. fImerngate " -
" menory- rsl%ﬁ%[s %géh%cib%utwq]té B ﬂr?%meuﬂr'}?lﬁgﬁid 8}‘& &%&d%?k‘:?i Q/%{t&? an AND gat e

160 t hat nd then fed to
Lhe o SICEENSADLE el D s hind inprie o they §TC.5 ot path 46 (Figh &),

EEN no ; yb ; ﬁidr Z qt@fe WR% Fé?ﬁeé’ PaRPAARe %)dixtmg cﬁ-&ﬁéy rrgg Hcg\.lld% !réssecl‘iivfepglm ;?'VW
U Sl
memory baiTRt a9 paths ﬂg?%aﬁ?‘?ﬁ?ﬁﬁ@a@é’é‘g‘é 5 AGEHBCIBRA €t er 160 and

a slice augistet IZRIQBIeeeliZEi?a B2biviaddressLipputrfrprh thetselectoe aovaald 80 @Fg. @i try 164.
and feeds its output to an AND gate 128 for ANDing with an inverted
SLICE_DISABLE sigfx_a_l. 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 multiplexers. Each multiplexer is
used to select which pipeline advances, based on which bank is operating. ‘A

30 convenient "clear" functionality is provided along the auxiliary path bya -
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 gate 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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Wth continued reference to Figure 4, the reconcil e ci rcuitry 164 conprises

a reconci EQ configured as a 256X48 cache nenmory. The b-#Rshehsdis FO
directs ﬂ‘ﬁ?gic‘é%ci |l ed interl eave data fromthe catchram 188 to an KED gate

172 for matching with data fromthe scan address match FI FO 130 and
subsequent distribution toi:agn arr of e- py ogramed out put. sel ectors
- 174. ‘?’he oUEpES) 448 é@‘f &9 ‘?:ﬂ“tBWe?a%P%GFgS rg&%?p@)ggéhesggmgrfy qﬁﬁﬁ’%}gt es (not
shown) f ang 133 Fesdsat B dgﬂ%&bleetoi' 2Lt Thé data selettosinchrdes a tdvoncils gath énpuk t he AND
gates fee 48- i nput ..OR. gat e . The t gate is
t hen used ;gongﬁgrggqugﬁgﬁy&&?%ﬁ%%%}g@g%fﬂrﬁ %féabﬁl’g&’ ({%g&l%ﬁre 5,
t he cat chr &herseleotoy ottt isadpaked througlca second CLK S registaryl 54iand fied ﬁoamengi n
further _det gj ' s 9 ' I 2.0k 0 o) Win
Fig. 5 Por Halrsldt‘%éry gtlrlgg)eg: cﬁ%éﬁr@éﬁgﬁlaﬁgﬁﬁ&%ﬁ ﬁéfg%al%"t g%rc]l%z rol” nodul e
186, and arTheddRedeutpul equplessean AND gats 160 thatdnclpdes dhe [olepr eommgnde 5. each
cat chr am Meymias A3aRkn Qaﬂcfl?hbﬂlfﬁ&oaheﬁtﬁfr&hirhétn@fyiﬁﬂ&ﬂ]@. i nputs often
associ ated wth SDRAM devi ces .sucg&gs ADDR é?gu EI Ieée%r%gdressé RAS
(row address str Ff%?@ﬂ@é%ﬁﬁlﬂﬁe f BemaLy T és)e,eCE\E‘ot’ Pedesnenti ) cs
(chi p sel ecd geadvptbdilicbwfie! sigrial RIVBW! EN, a bhrk mead tsignhl RBpBNK1n, @ané kn eutput

. , . . ¥
roSPeClors Eﬁﬁf ﬁg@i%@%g}r{e%m? bg@f&écoﬁirg@zg@}ﬁjo‘fh%%ﬁuﬁ%sya éﬁ’ﬁ?r orler

182. 30°Ead ycontr ers ma variety of control

functions rtegistend6handa slicei avgput iR patal 62 before coupliagite thefracangile cireiymat i on,
bursting thggoutput to the reconcile circuitry 164, reading the reconciled
data through fhe transfer circuitry_. 170 éﬁnd refreshing the catchram The

control outputs Witeoateweddsiarense teFigugs dihnrecongile Gcuitel 64-AOMMPIISES ar o
re-cl ocked 4bdRuUe FIRD caﬁ’ﬁ%ged)ﬁs 4 2953648 ¢aehd frbnipRr The tighsiér RIRO difkectyl gh- speed
b

VD 01 S EaserpEk iy abin R fircoHER S50 iRURN w7 B E9RAR) o s 2
transfer, awith dytatfim theadamaddress nhatch FIRQ1 i3 band subsediantdisteibotion tooaxt r ol | er

182 connect.g Byl 6 \Je
cat chram m%&%f%g%%ﬁg@ Iﬁ{l@{éﬁ rmgJ tf F (lj‘lﬁ ng@%@ietgmgs%%oggﬁcw? %@I%Ty control
i nputs for coppeisearset ofedNBcgatesdnetshowahagdrserisEdrnablemputsfer eachshicg. BNK
OP), and noge oﬁ@msr&*ﬂ;éAwgaes{ M@Eﬁﬁhﬁ;@r@k_ Baklnfshdwn)l MEnd@itfut ST 1 Ol
nodul e produces g vari et% o, pr o%ammb e@%mﬁ.}é{g coordi nating the
readi ng0 wPRigats 1athenused At theiSHgCIGF ouRpLs! cat chram menory banks
180. Command ouTauingSioynel Bigtue 5, e cmehieany nemnuiry 080 esspondsab somtrdlank- enabl e
(BNK EN), 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

- 12 -



| o bank-refresh (BNK RFSH), and bank-command (BNK CMVD).. The bank-enabl e
signal serves as the control input for a pipeline stage sel ector 188

associ at WO 0a1ps6t he address nultiplexer 190. An al | - bank PCAISOGRIONSG si gnal
path couples the control nodule to a bank-read decoder 192. The address
mul tipl exer 190 converts 32-bit w de address data into a row, 15 colum, -
bank addr @gfudeanéemeyyreddsdbr ledimdanclfiaedistednafer dndBlsttMdead/dritddgorised by t he
menory coatrol lers 182. This is particularly beneficial due to the internal
banki ng o 1agHOSHGY 'y cell arrays inside each SDRAM device. Mich of the
structure of t EecH miemorecanmollar BB2céonpexts totbe banlgeontrol jnodeleck86likat  above

circuit SRl chfin) ARG Mtlorl Tk BAR0L BBANBTARRS s b GidiY] = °

 testiny agwtrcx!mmrmwglﬂawmqqflm refipsiy (RS IREQ), bank apesation cui t s are

di sposed BNKamb |l xﬁdaetcaﬁﬁolaslgxﬁlsrmgﬁdsnn an@ B ANK SSERY. "R tahk MUTS.
Because o hi advan}. es asg‘gm ated wTh SI t echnol ogy,
the ci rch?’F&P ?}?Q@E es Yapgy &gﬁ"é‘l‘l 1R PREpY éﬁqqrﬁlpﬁté%gﬂ’ér a large -
Pu_rr})er of rdatifhg, wa_uﬁglbx_sd mbm@lxﬁg?ﬁc&ﬂmadeerﬁﬁe bﬂtcmeﬁﬂhainor)omau gen of tge
ailure captur CI it | Qvol v in 0Cess ure data
fromthe %‘f‘%l%d q‘!ﬁ‘&%‘g‘g ﬁ)t??ﬁ §€%3fefsr§'ﬁ@@8|baﬁge’i‘%z @Keﬁ%wtry
196. Bec ah&é@mﬁeﬂh@lﬁﬁ sRFSH), land ivardf-cmnmand‘réﬁjéKaﬁMI?)s éﬁlechmk-mgahlb e '
redundancy ﬁnme}vxsassme Bkt IRBRYG PpiBlietddd sElefidt 188 ERoARA Wibite| vedl

requiring h-speed operation 1n o max) m ze the throug put of MJT

testi ng. Eﬁéﬁrﬁssﬁ@égpl\%@' 1%0. AnalldpniRAbL BYK) ﬁ&gnﬁld’aélhﬁﬂ%@dhﬁé%f% ng to

net hods V\@Johulléri@%aﬁprgahqg@o@kugj ed in the art, such as that disclosed in
U. S. Patent

ntitled "Se Q dut r, Menor Tester Wth
Har dwar e Accel Q’%\?@Egs 'QEE eﬁ?f 0 °8nY%@gC§F8Ff%@%8fesf H%a%?t«Q?é"ﬂY" i nvention
and exgr esalhiyinj bemiraddreat, add physicah bimk adefess data dornit ehat oamsbas usetlibynhand
f I | f
oot o LondfEr ) A8 JEBRUR ERlal AIERAHE HidrBN MBI P2
costs. 1@8HWGPIVM§BISF@'H3 clsBPRAI devicwr i or to operati on, the tester 10
is pre- programmﬂhbpwmhau%ﬁdﬁmimer&gnﬂa&@cmim@é@eqydeseﬂ%@sses IH4Fe

i ve.t estOIEERHoHS VoY Hep S RRRS B st o SBrSe MutmRd poetit
conpl m nEASIEY) dorat. HEMis isepmirticdartyf emeficialefot pacalielnesting hppimneks whadai n t he
o BBy s S PO R BGARA AT ABSOBNRRT
si gnal s t paralial afray pf,MU’Esalﬁqu,@se(gf ,tl@,thgh-densny advantages associated with ASIC.
' technology, the circuitry space required to provide testing capabilities for a Jarge
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 hlgh-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 assignee 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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20. The driver circuitry wites the programed waveformto the MJT 16.
After the driver cCircuitry 17 wites data.to the MJT 16, the capture
circuitry Waok¥Is sel ected areas of the MIT in response tgcgﬁlﬁgmé%t
pattern information, and reads the data 10 fromthe selected area for
conparison to the data previously sent by the pattern generator. The I/0O
sel ection | ogi c B tocpatatibnche pEsted 0 és prierproghitdmed/ tOwrite prédeterminedaiata ng,
and steers 4 gt . L GSia TS rticul arly
Benet i of ai WAcicieafilecses i B PR & Pk SRl DV bloBmbimihe T Ty 24
acti vat es ' i patieasgenematon I ordriysdess pafiaan ayefosmssugh pgretury tp geropeetyra ip

generator 14ptemheRdatd\Gtheities wavedrinivdd fnovitioaheRskilRUGE tararby the 1/0
sel ection logi'c 102. The

captured data is, detected | oqi ¢ hi r | ow by
each cé&npar at or DEiBe aé??&\%ﬁ&’% o BRFrater f%glpg ﬁ%w%‘%é%‘? 1&8@"%‘@39%%e
3 ync-rej e?:t drieg 'bﬁcntrx]ih?rl 7 @A 3npplies atcbpy dfthe aést dighalg ite thediibire captuteecireajtect ed
ata suppli he pattern . r ] f s the
expect ed daﬁg,w%%'ﬁvef ﬁgc‘%‘ﬁ'ﬁ'mtgﬁe@lgtp%#%gﬁée%’& %E@Eﬁl[%lr{%emﬁ ﬁo‘gv&érgﬁgul d a
m smat ch ocdriver cirbwitrytlfevtites data fetheMUd sl G theyaapture pieenitry 24 geanis selgetiedat i ng a
failed condjlloY | | ﬂgﬁ od}%si% ' seri al
form and pr%r%%assgsfeﬂaé-wm? g‘ﬁ%ﬁﬁ‘tﬁ"ﬁgtﬁgﬁ%‘%é‘ggﬁﬂﬁ‘fgt |og’n at %&(r:tg% géﬁ The
seri al ldat afromdhersgleqiedbared fay camparisondioithe datapraviously ssnt piethg pafien of cabl es
n ?Cfﬁsa[ y tgbn'é%ﬁri? ﬁ&ﬁ/@ﬁéléétg)tﬁagbgc?gt v%%tﬂﬁ%preb@t?ﬁﬁ%&@tmgfr Wpi_hf@ jﬁormiit Inf rame
0 e tester ile also hoostin e.data t.rgnsf.er e si.gnifican :
Fol | owi ng. (¥ ARLsEes A8 Traoties B arepartiqant Pibtror s BSRRHCHERE nt | al | y
under goes abdidfisial whexr sebiigma paralieltapray o2 MU Bsldr esses of data into the
reconcile FIFO 4. Th a_fr.om. LS et her
and burst back iﬁ?%cafp;{‘érgfg'gé%z‘%gg&%%d&gé@&r'g%%@ 8h§ ;Jgt?%g gge%%ﬁé i%?e
pr ocess 5s ecie peitern|generetee df 4o tradithe data from thaMUB addressss selpstediby thedd@n banks
are processgfeeiby 164#1;foﬂﬂ’m@ée{pt&rb@dﬁawdét&t@@wogﬁmfguérmm?y &@fe on a

per - addr ess basi s. s advant ageously allows for_ an_interl éaved out put

capabi | i ty eRWPAOF (ot shavm)and ded o the Wﬁsdemogmﬁﬂwya@we%?%? e

g g’i I i”e daL a;diga,ﬁl TMeaetreet@amg'ié Refel tohke é}ipé?ﬁd dataanpplésd us;emF pgﬂrergenerat or 3)5
al gorithmca ner at es se ne - r . I f; necessary

addresses  SOFISH dF R St fe gé%%gerﬁbéag’ ﬁ@e%ftﬁg%"gcé ec{)l:gﬁf? to the

RA cir @ t r qutp@GemBins low] Shoslda0nisgerbacpaT hesty g igenerateslasimatajedi t he

hi dden tran%q%&ﬂ ixPcﬂEatﬁ%@lﬂﬁ&?&ﬁfdﬁ on. OUtput transfer tines are no |onger

abilit t

subj ect to e aval y. of e main tester patt?rn generator 14.
' The captured failure data is then converted into serial formi 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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The actual transfer of the data fromthe failure capture circuit to the RA
circuitry 196 al so includes an output selector feature that provides

f1 exi bi | MOAI3A3565 directing the sel ected slice outputs toPCRAISEIRSIEACH
slice output is directed to an associ ated AND gate (not shown) that's
selectively enabled by a programmed enable signal. The respective AND gate

out put s f émplamentifithe hidden tansfet patteri fadraodoutpubisafe tines ate Ao Rliget ed i n -

an interl egav & 9 skilled in the art _
will appr ‘g’r’gﬁtftgflﬁeag%é%b%%ene gfn sgéé%éan %nerl‘{&%aaffor ded by the present.
i nvention. OneTb¢ aetnal m@rpﬁﬁb@rdmrﬁothlmg@gptprmrmtdow RAhe present

i nventi Onciréu&-??%%Hﬁﬁ@u&@%ﬁoﬁiﬂt§éléH€orff9£tu1‘1%éhﬁ-6ﬁH§§ﬂé fimen the tester

mai nf ranme and te head acconp hed by the hig peed |ink.
Mor eovier , diregting;th ‘?i"i‘?ﬁt ‘{r‘éﬁﬁf’}"ﬂ’é‘tﬁtﬂ%ﬁeﬁé 3# slics TuRIE &S directediinian; e by the
reconcil i Hﬁoéx&%ﬂU![IGEDtghtH(no'leﬁbﬁn?'eha&flsdlmﬁélly%ﬁmcd‘rbﬁE pﬁﬁgrﬂﬁhiéﬂ%nﬂﬂé a

Gl roul t 1y SRRl TAEGHAPT e AN D AT aPIS o TR s B AR ORRYaPEr o roui .
advant agesuliseqifentiy trahsmitted exan inerichvefashion puthe RAciaeni®A196.e achi eved. V\hl I e

the invention errgod'fﬁﬂfédﬁﬁ“iﬁéMﬁ@ﬁiﬁ&ﬁ@ﬁe@ﬁﬂuﬁ@ﬁ&%ﬁg&%&%?f erence

the preferred nts thereo erst oo ose skllled

in t HeO ar affordpd by thernreseat innentipas Gne of shewngredmpertant admag@ mreided ber ei n

Wi thout dgp C_Elﬁ'ékﬂﬁn{'érﬁf& i? helrBuce® chHit and@ lghe T6 00 Rhndréihetwieathé Qter 15 VO
01/ 31356 P SO0/ lure capture ci rcwt

for use i Waﬁlf‘fa&}q ?)'feﬁft?é?g-ﬁﬁ@fis ﬁcp@ﬁﬁeéé’yéh?lh‘ghﬁp?ﬂ% IMPEEoVeeat i on
i nformati ggni&irc@rmbanéf&m memoeperformunderd Yealizad sy Wec%nhang figat@e that

det i |1 i.d
et o L, SR T S B ] OBt = o0
conpri%i ntheaegindardyianglysis cirpuitiie msi?iamaldsy du pprdding eruniguemiutpvg selectemi d MJUT |
and oper agikig, S&vgﬁ%%_ré’mtffe%‘im? agedng slige & ﬁksMJJnRAdare 4chEwigess out put.

signal s from 3ali Lure |n on, i lure nenory circuit;
and 9 a hi gh- spaulg ths We%t&ﬂi‘dﬁs ﬁﬁe‘b@ﬁrﬂc Mﬁé’?%@eﬁéﬂﬂ’t“’? genesi d
failure {Ghepicferiddeminidiraents thereof, iPwilPbé mdemt@d:l@pmweesmmddqmthe a&ccordi ng:’

{0t hand ALPEIORS CpdbhS i Bl 4h8 dedby AL S AR RLEG ol LS APRERC | 0 2

t est head ure menory circ posi 'nf r ame.
20 the spirit and scope of the 1nvent10n
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1 3. Afailure capture circuit accor di ng to claim1 wherein said high-speed
2 link enpl oys a predeterm ned nunber “of signal paths I ess than the nunber
of said 3WQWHBIGy of channels. 1 4.. A failure capture ci FEUSO0RRN di ng
to claim3 wherein said high-speed 2 link conprises a serial data link 1
5. Afailure capture circuit according to claim4 wherein said high-speed

2 |ink conwHaSSIS GLAIMERXIS: r ecovery coder coupled to the output of said
failure detection 4 circuitsy; and 5 a clock recovery decoder connected to
the input of said menory. 1 6. A failure capture circujit accordi ng to

clai m I1where| n lsai d A failuge eaptyre girgwit foraise dd falluFe PROGRSSINEFIEItR circuitry

I ncl udi-p M&g?ﬂ‘aﬁl%}é B@aﬁ&ﬁhfor&ﬁﬂoﬁ ﬂ‘éhi aﬂﬁmﬁio‘iﬁ-ﬁh&éﬂtest@l\ﬂ! eseuIeT the

out put of sal O sel ection S5 nmenor, I.Sin ural f
mermory Banhbaving s, me%mn?%?rﬁgg@@ﬁﬁf%?’i‘é? NB‘]‘#W ?“?fg‘b‘?’g ﬁ’é%g and
col U”n54an¢a1¢1ﬁ8f:a1§1w&£irchﬁ1ﬁdﬁcﬁnge said failure - 16 -- | I"II11

|1 / / I
e ek s oich UL ORS00 1
‘out put s¢ ardagted ﬁ:rcmuplug oI sauili/ﬁlfl'yanﬂnmraiwetto appliy dest signpals 1t0 saad MIyEandode
outputs ang) %9% é{x{‘ﬁ%x?alsrtﬁﬁ%ﬁidl infb faﬂux}aihfbrﬂﬂﬂgn' nputs and operative’

to, af t ér capture predeterm ned amount of data,
ensure 8hat each of s@fadumgnamqlr&mtya@u mlar 12 addresses of said banks

contai ng the same datgpig B-s?eedﬂnﬁ@doluidﬁﬁﬁg SaP Bilufe lefrowy tiragcorsdidgilie cl ai m 6
-wherein said failure detection circuitry is responsive to a first _

patteri"logerﬂ?Fe&flP%ﬁlr@i‘lFﬁw t, said failure 3 capture circuit further
“including: 4 transfer ‘Ci- rcwtry di sposed at the out put of said failure

nmenory CII‘CUI'[ an led to
sai d slice ci rcuﬁtry ‘gr%lur?%%ﬁerreaf&%g'?crogdl g?gl rans (gérlggigpf% Pure dat a
from salzd fdztdctior cireuwitiy ys dJspQSQd in QESQCaQMM@ylumﬁ}AQDSCILQUﬂG&l try.

3 positioned in a mainframe.

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

4. A failure capture circuit according to c1a1m 3 wherein said hlgh-speed

N B

link comprises a serial data link.

5. A failure capture circuit according to claim 4 wherein said high-speed
link comprises: '
a clock recovery coder coupled to the output of said failure detection
circuitry; and -
' a clock recovery decoder connected to the input of said memory.

BT R S

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 /O selection logic;
memory comprising a plurality of memory banks, said banks having

AU A W e

substantially similar address rows and columns and configured to receive said failure

- 16 - e
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1 8 Afailure capture circuit according to claim?7 wherein said transfer

2 circuitry conprises: 3 an output selector for routing said slice output
to a sel WUMPBIFGrti on of 4 said redundancy anal ysi s circRCIVES00/28996 A
failure capture circuit for use in a failure processing circuit to 2
identify failure location information froma menory-under-test (MJT), said.
MJUT 3 -havj bl?ﬁa.lﬁnpﬁ £AdbeHbd daid bafilagevigegiebtiveniiheddigpashdr al i ty of
menory, cel sai 4 failure capture circuit including: 5 failure

det ect§ on WWP§U y conprising a plurality of channels and 6 adapted for
coupl ing to said MJfecancileogitsnityi soaipled tasgitl yespestivedingn mcletontmas ahdUT and 7
proc o] 8 nd 8 a

o | 0D sk = & pHBlepat @[@f*ﬁ“ dhicthus MO o5, 4t Qi) 5#%%‘1% of memry
banksil sac@nyaﬂwredetymmd@@%m ef data. |eawr9t1@it gachpf sezéas @txablmmm col unms
and confi gareded 6 faRLHINKS comhigks thelsaf@idatar € Signal s in a random node, said
banks havi ng respective burst node inputs and 12 outputs, and 13 reconcile
circuitry coupled to said respective burst node 14 outputs and having a
reconci | e pat h7f o s flil@rdapturgeitcuitancordingraclairg 6twheréihisaid. faiheed - 17

panks avaSEsion PAtY 1 rapdeert  delfalo bty Shot S IR cacn o

sai d % scapturacircul furthet inchwlingaddr dsses of sai d -banks contains this sane !
data. , 1 10. AfaI|H. fSARHILS diddoset it (REGRPEY J1% td Sl n: 2 said
pl ural4|ty of menory anks COH{‘S’I’IS%) a pl urglﬁibty o?l nqgﬁr%?r%%‘?«%s 1 11.
A fai IEiJrea-‘%Siapture circuit according to claim10 V\/nerel n said reconcile 2

circuigry conpri SeSas&oﬁd@aﬁé}ﬁ gBﬁdTﬁtithmibuﬂtZouﬁedﬁiéa&ﬂﬂx&%ﬂbﬁifﬁ?aﬁdrcw t

gff&rjdﬂt ngoﬁe?atlve%o ’éhlc]t trans irers oq" fs ?ﬁrg dgt%%rom saxd rfmfm Xxemoi:g) élrcsu‘latsto a FIFO

8 redundancy analysis circuitry.

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 oN H

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
failure capture circuit including:

failure detection circuitry comprising a plurality of channels 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

W © 3 60 B W N R

memory comprising a plurality of memory banks, said banks

[}
o

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

PR
S

outputs, and

[
w

reconcile circuitry coupled to said respective burst mode
outputs and having a reconcile path to said bank inputs and operative to, after said

=
=
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4 1 13. Afailure capture circuit according to claim9 and further
including: 2 a high-speed |ink coupling" said failure nenory circuit to

sai d fail W@ M3Hetection circuitry. 1 14. A failure capt ur 8CE{USOYR§916
according to claim9 wherein said failure 2 nenory circuit includes: 3
slice circuitry including 1/0 selection logic and routing circuitry 4

di sposed atbahkshavetcapturaf a preieteimified emeani afidaka) ghsure fhat Bach/offsaid ure capt ure
circuif_ac d C i ection circuitry
(IS resé)gnsr%ve "cgmg' lgﬁdﬁsééréﬂﬁ gfr?e%aﬁ'?%g%l{t%b%%ﬁs . sald failure 3 capture
circuit further including: 4 transfer circuitry disposed at the output of

said fajlure menfyy CAhilirk cap tﬁreadi'x%uﬁa@c&ﬁ Re cR@hiehRerg@iner ati on circuit
coupl ed to said slice ¢ 4rcurtry and 7 ﬂeratrve to ef'fecgﬁ ransfers of

failure2data from sai 9 piuraliteofmemop GPmprige g PRERlity | ysis
circuitsy. memériesA failure capture circuit according to claim15 wherein
said transfer 2 circuitry conprises: 18 iiijtiijitiit verer rerbnr e v
WO 01/ 31356 PCT/ US00/ 28916 3 an output selector for routing said slice

out put fto a sel eldt ed pdailure naphresarctit acestdimgdn claim4 Oamizirgisissidaecaneilery. 1
17. A fail i circuit for determning failure data froma MJT 2
and ana yz%‘g‘lﬁ‘é'o%%ﬁﬁ P%re data to repair said MJT, said failure processing
circui t33 including: #caehememarE capture circuit including 5 failure
detection circuitry responsive to a first pattern generator 6 and adapted
for coupling to said and o eratrye to. apply, test signals to said MUT 7
and progess out pifr sr‘ghgll‘éreF'f‘ Chrcyitpeperdingdo plaim J | svherein spidiGaghe and g a
fai | ur e2neméniosi domprisehavi ng a storage capacity 9 corresponding to

pr edet e%m ned porti onsg ﬁf 'u MJUT and out put. transfer circuitry; 10
redundancy anal ysis ci rcur ry 0 establish a procedure for repairing said
11 MJT; 4and 12 a second pattern generation circuit operative to support the

transfeg of 13. A failure capture circuit according to claim 9 and further including:

=l
-

2 a high-speed link coupling said failure memory circuit to said failure
3  detection circuitry.

1 14. - A failure capture circuit according to claim 9 wherein said failure

© 2 memory circuit includes:

-3 slice circuitry including /O selection logic and routing circuitry
4  disposed at the output of said I/O selection logic.

1 -15. A failure capture circuit according to claim 14 wherein said failure
2  detection circuitry is responsive to a first pattern generation circuit, said failure
3 capture circuit further including:
4 transfer circuitry disposed at the output of said failure memory circuit;
5 and
6 a second pattern generation circuit coupled to said slice circuitry and
7  operative to effect transfers of failure data from said failure memory circuit to
8 redundancy analysis circuitry.

16. A failure capture circuit according to claim 15 wherein said transfer
2 circuitry comprises:

—_—
—
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13 failure data along said output transfer circuitry independent from said.
first pattern 14 generator. 1 18. A failure processing circuit according to
claim 1™WQAENEPE 2 said failure detection circuitry is dikpWUdaty2eHe,

sem conductor tester 3 testhead, and said failure nmenory circuit is
positioned separate from said testhead, 4 said failure capture circuit
further ianciugplitsgectsr formouingspisksdice pmput:meiq@gedmn of said rednedapey .

Ci rcuipt téﬂa@/@: ert:@i ure 6 detection circuitry. 1 19. A failure processing
circuit acc él ng to claim 17 wherein said failure 2 nenory circuit

i ncludes: 3 a nenory conprising a plurality of nenory banks, said banks
having 4 subsgzant izelfduyurs' fﬁcbﬁing&!iﬂ:ﬁﬂfﬁrdemmﬁnmﬁgfaihh‘éldﬁ’tsfmﬁdaﬁﬂﬂ"['i gured to

d fail .S i hanks_h :
eopedti vdnrdring s g AR IR atedi pt PR SR B Bl SRS

coupl ed tiaclading: respectlve burst node outputs and 8 having .a reconcile

path {0 said bank ipg ph&&ﬂ%@aﬁﬂlhﬁﬁdﬁl after said banks have. 9 captured
a predetermned amoun ensure t each of said substantiall y

sinil & 10 addresses offailuiedieisstinn Clé‘ﬁ%‘ﬁéﬁ%‘”%sh‘@ t9 3 sipatigm gaperatqr | -
LETTHE 1 ankladhpted forlcbupling to’said MU éﬁ@dﬁé{aﬁﬂ@ 1SN 8530 1s8id MUAO. A .
failure praqcessin CII’CUI ccog T clJ ereln said failure 2
menory ci3d@recesHeyt na 8 S 6‘\2@ rlﬂﬁ.? ?ﬁxye PHB b%’maﬁ“?'lg to predeternined
MUT sgorage regions; 4 afilufe hemmsfodrcuit having bissoragewapadtyt o t he out put of -
said slice circuitr & { put

sel ec?or TR gntX sz%% {cfgmfl{eag%h%’nsuk Ea?%MsIzja’Y&n {é%ngg%%?/& é:?]rg is 7

ci r capt ry 121. A rbéundan@y mbtswrcercmtwdg iestabplish a precedwrefor a¢naumg seibcessi ng

cwcjulht éﬁ-hgdantlfy failure location information froma rrermry under - t est
sal

MJT 3 havi ng, a predet ern ned .storage ca aCIt%p ising a
pl uraRity of menpr y? ¥ePRdpatier) generation;cirgyit opex ta SUPRQIL ¢ WAREL el ng: 5
fail yne deilgeidanraleig aid éutputacanpier sxrmrysunnbparnabmttf;omkaldh'aﬂrlﬁmmand

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_ciréuit to said failure
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detection circuitry.

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

a memory comprising a plurality 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 _ .
recongcile circuitry coupled to said respective burst mode outputs and
having a reconcile path to said bank inputs and operative to, after said banks have
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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6 adapted for coupling:to said MJT and operative to apply test signals to
said MJT W%XHQ{ ocess output signal'sfromsaid MIT into faikhisGonsers

i nformati on; a’tailure menory circuit having a capacity corresponding to
a 9 predetermned portion of said MJT and having slice circuitry
corresponding to 10 predeterm nedq MJT storage regiqns,_ said. fai|uce nmenory
ci rcuit 1i ncl udi M-t r aftdpidyre procepsing, pirquit egaRdinesto 70Wgﬁ'ﬁ’cns§1 for

rout i ngosai gembiyclrcittinéltiddse, sai d redundancy 12 analysis circuitry. 1 22.
“A.met hod of acquiring.multiple channel.s Qf failure i.nf i froma 2
MJT f or 3subsequent r edtSHEHS é’ﬂgF%ngl,ngggPﬁcadﬁﬁ%dwrﬁgg{%é&gt eps of .

3 captumi ng saidarddai l ure information in a testhead failure capture circuit;
4 and 5_serjal | 1.1 Ll [ - o f g ' ' ng a

i an 6 Spectroste sirb BT SobbleRth 8ol BF Lid Siceincif, 14 ol ARt/ 0, B
cor r espéndi ingludingzan ontpit selecter frir newtingoeid Yise ontpyhtagsaid redunsdangy paalysis e
menmory ¢i rcyidyitfl) sposed separate 8 fromsaid testhead. 1 23. A nethod
according to cf im22 wherein said step of serially 2 transmtting
conprises the steps of: 3 coding said failure data in a clock recovery

proL ocol51; 4 sendingl_SAiﬁilﬁe@eptuf_eadiidu&efoﬂ?deangg@ilnlgleipfcﬁesui@g_ ¢ifc?uitcfb si gnal
-pats nunper ess [.hahn al 4. C nnel s;

P T B ety dhuss Balion S istioBaRln S sdemetaptite MU T 3 MU T

f ai | ur e 3datleaving @ptedetatminad stepsge &apacity compesiog 2 pleshityedonemony callsiseiddi ng

- said coged ifaﬁhlle%agtug?&?cuitjinglgld' .met hod of acquiring nultiple channels of
- failure’informtion froma for subsequent redundancy analysis, said

met hod Bncl udi ng t he Bilapsdeggotion crawitrycomprisiae @ plerlityof chamnel onin a
test heaq faidapted f6PRIuplifg €d EAMUT afd b?adws 16 appRtbstGighalsdo k&l IMUE and
information in a failure mory.. ml fS sal.d failure menory circuit

i ncl udi g aPrBF‘?fFQP'?PPEISIS?algﬁﬁ’r aiff it} faifyrenf €% ve 6 burst node
out puts;g and 7 reconca fdiluge seimdry cirduitrlmvitgtecapadityl conespahdmgroa i ty of
renory l%an k;?rbdetgm%ﬁé&i p&rﬁgﬂ of 541& REUTAGE H%Hg sfi&ecixsctuﬁ&scogxfesponding 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 redundancy analysis, said method including the steps of:
capturing said failure information in a testhead failure capture circuit;
and
serially transmitting said captured failure information along a high
speed-link to a failure memory circuit having a memory cap'acity corresponding to a
predetermined portion of said MUT, said failure memory circuit disposed separéte
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from said testhead.

23. A method according to claim 22 wherein said step 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
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numbering less than said channels;
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9 bursting said failure information out of said plurality of |o nenory
banks to a cache nenory, and 11 bursting back said burst ‘'data fromsaid
cache nmew0I09/31386 said 12 plurality of nenory banks such tRET/USGNA89E said
banks reflects the sane failure 13 information in |ike addresses. 1 25. A
met hod of acquiring and processing nultiple channels of failure 2
inforgation from a Adtfivingahid codedfilutenddtainh aligcitim sspante fdm 3aidapt uri ng sai. d
fallure |nnﬁ¥$g n with failure detection circuitry in 4 conjunction with
a firdt a‘Hie)neration circuit; 5 storing said failure information in a
menor 8 haV|ng a capdecoding séidcodedfagorediatay t 0 a predet ernined portion of
said MJT; and 7 transferring said failure information fromsaid nenory in
conjunctlon 8 wth a second pattern eneration circuit |ndependent of said

first ipattern Heneramahodoiacaeising mulfiple chanpelspfdaibire srfgrmationyfrem
pr 00625' NIURHok sibsBqédhe fedthdarR aﬁaﬂyély rsgid raethéd ﬁfcmmtmgamefsf 5of IVUT sai d

nmet ho |nclud|ngthe st eps f I g .sa reln ormatlon wth
failuBe detection C‘HPE{BH&SQ% “r§t‘ ﬁt“g'alfl&tf%’t{' I‘Fﬁfﬁﬁ’%‘f{ﬂq‘r n a

menory havi ng a cap@ﬁddmlyﬁtorhrgrsaﬁiofaﬂd!engfotrmamxpmeadfaﬂmennmokypmmmtpn of said
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6  burst mode outputs; and

7 reconciling said failure data within said plurahty of memory banks,
8  said reconciling including the steps of
9 ~ bursting said failure information out of said plurality of

10 memory banks to a cache memory, and :

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 addresses. :

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;

- storing said failure information in a memory having a capacity

corresponding to a predétennined 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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