2 OCT 2003 10 FAI LURE CAPTURE APPARATUS AND METHOD FOR AUT Iﬁ Egmg
EQUI PMENT-15-FH ELD OF THE | NVENTI ON The invention rel ates gen "y t
automatic test equipnment for testing sem conductor devices, and nDre
particularly a failure capture apparatus and nethod for use in a

sem conductor device tester. 20 BACKGROUND OF THE | NVENTI ON Sem conduct or
menory manufacturers continuously seek to mnimze the costs of producing
menory devices in order to remain conpetitive- One of the nore inportant
fabrication processes involves testing each device to ensure reliability
and operability under various conditions. The equipnent utilized to carry
out the testing is 25 often referred to as automatic test equi pnent, or
"testers". Conventional testers generally include circuitry that couples to
one or nore nenories-under-test (MJT) and wites signals to selected

| ocations in the MJT. The witten signals are subsequently read back and
captured by the tester for conparison wth expected signals- The failure
results of the conparison generally dictate whether :30 the MJT passed the
test or requires repair. Many nenory devi ces enpl oy redundant rows and
colums for use in repairing the device should fails be detected during
testing. This feature substantially inproves the yields in the nunbers of
co rcially acceptabl e devices. Conventional nenory testers typically

in de one or nore redundancy repair stations to physically - 1 MF - 2003
repl ace one or nFAILURE CAPTUREAPSPARATHSANBOMETHOINdant rows/ col umms.
Before the redundanci ﬁbﬁiﬂﬁA. 5? p -ﬂﬁ- ver, the reliable
initial capture of theEEgar+ure—§ggét§y—g§2@§eg;er—nust occur
Traditionally, testers have initially stored failure data in RAM nenories S
havi ng capacities simlar in size to the MJT. Cormonly referred to as
catchranms, the nmenories i’iﬁﬁ%f?%‘ tore fail information at addresses that
phy'ls'ﬁ cally correspond to INVENTION

The invention relates generally to automatic test equipment for testing

semiconductor devices, and more particularly a failure capture apparatus and method

for use in a semiconductor device tester.

20 BACKGROUND OF THE INVENTION
Semiconductor memory manufacturers continuously seek to minimize the

costs of producing memory devices in order to remain competitive. One of the more

important fabrication processes involves testing each device to ensure reliability and

operability under various conditions. The equipment utilized to carry out the testing is
25  often referred to as automatic test equipment, or “testers™.

Conventional testers generally include circuitry that couples to ore or more
memories-under-test (MUT) and writes signals to selected locations in the MUT. The
written signals are subsequently read back and captured by the tester for comparison
with expected signals. The failure results of the comparison generally dictate whether

30 the MUT passed the test or requires repair.

Many memory devices employ redundant rows and colhumnns for use in
repairing the device should fails be detected during testing. This feature substantially
improves the yields in the numbers of commercially acceptable devices. Conventional
memory testers typically include one or more redundancy repair stations to physically
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the address locations within the MJT. This approach conveni e@tlyEfrovi des a
bit- i mage representation of the MJT, allowi ng a user to qui-gkt-PETd2683 fy
clusters of fails that mght relate to a particular fabrication problem
This is particularly inportant in 1.0 an engi neering devel opment

envi ronment to di agnose processing problens in fabricating MJTs early on.
Quick id | 1] | f ' . in.a roduction | Is al so
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t hr oughputhe setdindancy esplysidican tadke plage dioske verOihe relinbdd mite! icaphmef ofahe at chram
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Ut L e e e U, o R RBR RO, Ll iiE B o e
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skilled ithe hdtReRbcdRBUEwithi tht WTVWS%P&oMﬂvHHEW {oRde® Abir- DRAMS are
relatively i1 nexpensiyve a neral |y ovide | arge Capacity nenpries
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(interl eave) or bur‘?t fﬂ)de {se uential). Unfortunately, 1n ithe random 25
modeL® DRANEPEREF Iy LCpsat SRPAMED o KiARaPSeRsREITnE RIPISRN devi ces,

r equi r i ndabrpting MUTeedly au€nicknidentifeatisroofpeceaatiag pruttensid |y in catchram
appl i cat| g S. L.0Q..- VS, i n fal llune capture nenory, .
i el ogedtfieipbiind gt SRt Hadhidnd B 4¥iGe BndmE

)l nt er | eapedivbRAMchputzsdi comespondingdotabitlds.speeds of operation during the

DRAM r and ' s : t it
cqut var ot t o Trseafilbr gRhunal 150, DPRIW RBSRAN Havihed AbRHS, O0SC | Y
genekat esibstansiolly equivalgnt tpithat of eMST AKnawn for ie’s ielativedy hightspeed ¢fandom node
of oper abpQBrion MEraRddf Modd! §10 SRV PP&BEesd deSFIYE ﬂiéﬁmtrfte}pelf&ﬁ& thehe burst

node in conbination wi.th an.address erter, tq sinu neously store

mul ti pl eSBRGROINQE opegation Iinforinstely SERNMprlstiva Tes ropped iuHERS. 0 2 oCT
2003 Wi jears, heitiShinere praitbdlidy sloabifidaCohssgaéntly, e dostroftaneS RA M earictad

appl i Catfaﬁrth' hey enpl oy several banks of DRAM devi ces for each MJT. For
testers bcess as nmany as 16 to 32 MJTs in parallel, the nunber of
DRANE r equi r eth dmeffart to ¢rhae an SRAM-less catchram, those skilled in the art have

utilized various DRAM implementations. DRAMs are relatively inexpensive and

generally provide large capacity memories suitable for bit-image catchram
applications. The devices include selectable modes of operation according 1o either a
random mode (interleave) or burst mode (sequential). Unfortunately, in the random
, 25 mode, DRAMs operate at substantially slower speeds than SRAM devices, requiring
) special techniques in order fo operate successfully in catchram applications.
One proposal for using DRAMS in a failure capture memory, disclosed in U.S,
Patent No. 5,790,559 to Sato, employs banks of interleaved DRAMs to achieve
acceptable speeds of operation during the DRAM random (interleaving) mode. The
30  banks each have a storage capacity equivalent to that of the MUT and produce outputs
that arc interleaved to generate a faster serial bitstream. As an alternative to the
random mode of operation, the patent alsa discloses a technique that uses the burst
mode in combination with an address converter to simultaneously store multiple bits
of fail data sequentially in the capture memory.
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cat chrams approaches undesirable levels, both in terns of space] gn@CT 2003
hardware cost. 5 Additionally, with MI capacities ever increasing in size,
t he correspondi ng conventional catchram capacities al so increase,
presenting cost concerns regarding the |arger nenories. A technique
proposed by Chsawa in U S. Patent No. 5,644,578, allegedly addresses the
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cat chram consta fln'theonompa‘ssmrpmhvmel.ehscﬂd‘sed geneadifyl inthythol.S, ParasNosict i ng a bit
t ragf% er '%bs]% 5‘79%11:1%' éﬁﬁ&%}o%%sfﬂ’]g il o@% catthrat Ie\fUT %’he%@c%nn%)(' mzes the

nf or rmatt ancy ana i $TCiFcul with m ninmal
cost . Thgenmlbhmakhdeﬁd cn@pmdcmmmmptrwmtto&@ck spegifid amuat-éai 5fies these

needs. Cintbrnlaridds :@é!ﬁ%@ﬂ:c@ﬁe&lﬂﬁaﬁt%é\m QM:EELeofftﬁé MU afBRbkiE& il reult of

the present i1 nvention reduges costs . involved in capturing, and, anal yzing
failure 8R! TepAv thedarigey The gampression oK) providesa I@lteéee@kswfs hed by

storing giidiessableiroive afidboloMmnt krestondie 96 tiMdlndFRFBf ttdé@daht rows and
20  columns) that physically correspond to the failure addresses in the MUT,

While this data compression technique appears beneficial for fast production
processing, the ability to provide any kind of bit-image analysis is omited,
Consequently, should devices consistently fail during production testing. any
fabrication processing problems would not be readily apparent, possibly extending the

25  time required for troubleshooting and repair.

What is needed and heretofore unavailable is a catchram construction that
provides the capability of reconstructing a bit image map of the failure data from one
or more MUTS5s, and maximizes the transfer of such information to redundancy
analysis circuitry with minimal cost. The catchram and method of the present

30 invention satisfies these needs.



5 failures. By minimzing the stored failure information initi @ g8yJCT 2003
captured, subsequent transfer tinme for transmtting the failure
information to a redundancy analysis circuit 1is also substantially

m nim zed, increasing test throughput. To realize the foregoing advant ages,
the invention in one formconprises a failure capture circuit for
“identifying failure IocatSWMmRUr@EmIELNVENHOMmry 10 under-test (MJT)
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table couples to the failure detection circuitry Tor storing the location information.

The failure processing circuit further includes redundancy analysis circuitry to

establish an optimal procedure for repairing the MUT. Transfer circuitry couples the

redundancy analysis circuitry 1o the failure capture circuit and operates independently

25  of the failure detection circnitry.

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

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



pre-programred threshold criteria. A further formof the inven{]i%rgCT 2003
conprises a nenory for use in a failure capture circuit for storing a
plurality of multi-bit signals captured froma MJT, The 5 signals have a
presel ected data structure. The nenory includes a multi-bit input interface
for receiving the multi-bit signals during a burst node of operation and an
array of cgliféragepareet witlithpasesid columivg neaioriontodet Aaghgccording to nter f ace
for storin t he i -pit. signals. In yet another form the invention
conpr i seBr P R o e ?}Si‘ﬂ @ failure 1o information froma MJT for
subsequent r edorthadyrapéthedheentidheomptitfend memdrydesusetiha failepes of capturing
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| ocats onsighals havieaoireseiedaidata structiamoThememonninchules @ mpdthbitdnpWonpri ses a
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capt ur e amavorfistaragecstle dispbsed ippommuairatierwith theinantintestage faratingThe net hod
i ncl udesglh&i8l8RSRis determ ning nust-fail information; separating the
must-fail i nfornmatT og from sparse-fail inpformatiaqn;. passi nﬁ ,}he spar se- .
fail informatinot apptherdornghe FEeRiRTOFORPIERSR EE%’%@@W‘H&“E HUEst -fai |
i nf qro_rr?t i'n%dhﬁﬁﬁﬁln fom SNEAUE @cgfsﬁzéeqﬁ?ft @édmﬂé];x&? r?haygiherhfmdami?yludwa: ys Ls.
circuit. er features, and advant ages .of it.he present inyen n_\ e
appar ent HeFBRS O{WEFWI%#%@%@W&@W’&@%W‘B@ MO HSPX% ﬁa.ﬂur(q’:%nj unct i on
Wi t h t heingide cebiT! fagm thie AailureginforMatién; 2ndErbriap te: iBeMtfiedizbarRl PTI ON OF THE
__ DRAW NCﬁ 1’ e i m/egtoigg‘lﬁ tV\{ﬂll be better understood by reference to the
“follown P M YK Fescr i ption and acconpanyi ng draw ngs in which
“FIG | is a garaothei forn, Hedokention gomprisds aanethed of scegepingyfaiiyret he failure
capture : f ?@g@ j 0L.1L.00; : i i al
schréthr%at il%:l?o(ﬁil gg%ﬁ%s (H)?d %naefagﬁ%e% nen{ne%l?y}ﬁ%fgb ?glf?ll:#@%%%%lgfega&%s%cw t of
Fi gur e linformation from a MUT. The capture memory is accessible by a redundancy
analysis circuit. The method includes the steps of determining must-fail information;

separating the must-fail information from sparse-fail information; passing the sparse-

fail information to the capture memory; and
20  directing the must-fail information and the sparse-fail information to the redundancy
analysis circuit.

Other features and advantages of the present invention will be apparent from
the following detailed description when read in conjunction with the accompanying
drawings.
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FIG 33 is a generalized bl ock diagramof the MJT of Figure 1, FI%{is a
bl ock di agram of the must-fail circuitry of Figure 2; 10 FIG 50i& UCT 2003
partial schematic diagram of one enbodi nent of the failure capture <circuit
of Figure 1; and FIG 6 is a view of two preferred data structures for use
inthe failure capture_circuit of the present invention. 0 2 OCT 2003
DETAI LED DESCRI PTI ON GRE CRIRTEONOF IHE DRAWINGS Fi gure 1, an
abbrevi at ed bl Tee Xl ' - rding to
DEKirfVeRGHPHIDbe &tﬁ?ﬁh&e&)ﬂg&%ﬂefer@iﬁma Yol £8Rb o306

one enbodi nent. of the present inventjon, denerally I gna 0, includes

a conput e#® CHRTSR 2D agepanpany B dragnes B which 13, The test 5 control | er
includes a patFKF.N ganehaalicd Wodeidgagiofa lerldhloBhk Hedhingl chpngenerat e -
address and data signals for witing and reading to and fromone or nore
menor Pes-2P8 -Q@é‘?m’(‘?ﬁﬁ?ﬂ“"fﬁ-o%he signals generated by the pattern

gener at or acceEl&. Che algaffial tdhemagh didpianeof eerepnbodinient 6f ardaiMiretcaptapeci fi ed
data to pr.edﬁtg m neg_ row and colum address locations within the MJT. A
failure ccérﬁ" PeFEYRat t general ly designated 20, i o subsequently accesses
the MJUT in redfiénSds agenaralized ibiprkl dagyem ef diee MUF] of Rigumal;t ern generator to

read the data, : . al b " ffort to identify
failed nmenory E:Ig??'f%g(ggog??hég}av&h%Eﬁﬁqﬁ‘%’?%%\ﬁfﬂf@gﬁ{%ﬁued reference to
Fi gut@ 1, the Fl&. Fus a pedipt whemstic digeranpel anke epthodimene of the frihwe waptore enpl oys
failure dgeegbiPpued (Cafidtry 22 and an address-of--fail |ook-up is table
110 to rraxiszs:I the transfer speed of bit-image failure inpformation from
the MJT 16 t o HEdAHaNEy ﬁ&’P)PE?@"E‘;%FWWfB raise 1 e Bikee capiévar e cost .
Further it bf e préselr @véRiod, the failure detection circuitry 22 includes

ate

: )capture and conpare logic for coupling to the 1/0O pins (not shown) of the

MJUT 16. The capture and conpare |logic includes capture circuitry 25
conprising an array of 20 conparators (not shown) that correspond to the

i ndi vi dual pins of the MJUT according to a configuration selected by I/0
selection logic 24. Each conparator feeds sync- reject |logic 27 that
generates sync--reject signals representative of a failed condition at a
particular pin during a particular cycle of operation. Referring again to
Figure 2, and in greater detail, the r/0 selection logic 24 25 preferably
includes a plurality of sync-reject inputs, 0 through 79, clocked through a



register 28 by a pattern generator clock (BOC). The output of thd DEFi 3808
fans out along a plurality of 20:1 selector paths defined by respective
mul ti pl exers ML through M. The nultiplexers feed respective single-bit
outputs to an OR gate 30 that, in-turn couples to the input of an XOR gate
32. The XOR gate receives a secondary input 30 froman inverted sync-reject

?::?Ezca)l) I N(\j/ ISR andt PPEAUIEERDESCRIPTION OFtEMEINVENTION fi [St -in-fi [S': out
nodul e 0_an ale Serves_as i nput to
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an ress na sec

modul 6. seenRatiamad el b OrhgRe e AiReRy %Nwewweefém 3D roaul e 34

di S]E)ozedfaﬂedtdmndw&eﬁéd:MbMWﬂhmahshﬁé]am The output fromthe second FIFO
is fed to [ | t apture

) addr ess regi s%%%ﬁﬁﬁh&efggﬁ?&?gﬁ%ﬁ%?ess eg(}%gﬁllrgrﬁ m‘\"—'ﬁ’—&c&etpgugt ures

descri begresenttigtnentigh Ieurph:)tsimim éetctvtrwwumumw 22tané ap rddrese-of-fail doaki-up

pr ef &y ablyd fﬁ?utlfl%ﬁad‘&&%%é sy sg&dfclf%%u{aggfmlﬁ%ﬁ@nn%ﬁﬁ) gt the

respectlve ata inputs an E uf Ry comprise, for exanple,
| at ches MHT rlréﬁ%l’qdé@d%haﬁamﬁm%m W“bﬁém&ﬂlharﬂWé“‘c‘iﬂ%ar ator circuitry

ggPIT gclck/ge\smipmmgirm 3m%u?rlézllL@e@mue&ga%uﬁox@ﬁﬁu@%zbnaum ﬁth*tue signal s
Wi secqn P pattern
gener at of’“q‘fﬂi'ﬂﬁaﬁ%ng%%r B the (?6(3 Z%E?‘@@r"é‘wgé EE 20 NAND gat e

64 that {HHNDSaidheomipnara logit fmc&ﬂieb cdptarepircuiey @6 abinprising aalesray @APTR_CMP_ENA.
The ZIH(A‘NDC%a?atB&t (BH{ Sh%%gl) Akt @m&bgncﬂo%ﬂnd%ﬁpi% HeMUT according

to a configuration selected by I/0 selection logic 24. Each comparator feeds sync-

reject logic 27 that generates sync-reject signals representative of a failed condition at
a particular pin during a paﬁicular cycle of operation.
Referring again to Figure 2, and in greater detail, the I/O selection logic 24
25  preferably includes a plurality of sync-reject inputs, 0 through 79, clocked through a
register 28 by a pattern generator clock (BOC). The output of the register fans ont
along a plurality of 20:1 selectar paths defined by respective multiplexers M1 through
M4. The muitiplexers feed respective single-bit outputs to an OR gate 30 that, in-turn
couples to the input of an XOR gate 32. The XOR gate receives a secondary input
30 from an inverted sync-reject signal INV_SR and produces an output directed through
a first-in-first-out (FIFO) module 34 to an AND gate 36, The AND gate serves as the
input to screening logic 70.
With continued reference to Figure 2, the pattern distribution logic 38, in
preferred detail, includes an address selector 40 that feeds address and data
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directed to the input of the screening logic AND gate 36. ReferyPn@Cnoppso
Figures | through 4, the screening logic 70 includes nust- fail circuitry
71 configured to carry out a nust-fail analysis on the MJT 16 and 25

i nhibit the passing of unnecessary failure information to the |ook-tip
table 110. As-a result, the capacity of the |ook-up table may be
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a air ‘of address -f].ops .742. an at . KA or resses
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C(ﬁntlro](c)l FEO fiodtle 6. pifdsahd KORel Idﬂqasynttlﬂemml}iwigh thesfirst BlFghmpgpuleadddr esses
that feeq respect. o .

selectiv pr mned addresses. A cqnparator 78  receives the
out put  ofheichmpaAtBTgicaityG0foscommarisomisthe saptie addre FRESITAPELRE (stored - in

L %%nhhhiia%b%%lewm FIFS sRE@NeOUScRUEN Bsthe CA1u9¢ Ebtive ciraaitof her

“Ylip-flo O row counter .79 1s coupled.tg the sync-reject signal path
)DATA S| Rhapeesenidngertiopprefergbly inglpde r&SRG&BV‘a ip-ylegs ot %]0 )%ﬁpgs‘ﬁ%ftect ed. The
counfeer {HIGdaveAMmb@AEBatRirpliftang lo@fputs, bih@ay cotnpese, for exesplendacies a hi gh

,f the row of the current and previous

conpar at or out put. Generall f
addr esse%rmngﬁ%Q%der&eﬁtkﬁgwﬁm%ﬁtmfromthe comparator is low. |f the rows
are differentThé banparer ciangtey 60 mclules auXOR gate §B that eepsives agd PRI ount er .

compar eo 4 R MY TR e o O A e e n
r egi st errepregentingxthe paitery gensmterinformation. c Ho euputaf the, g3'8 ﬁ%tfﬁecgé‘
Wit englig sh@®al thitNANDS'he data with 32-bit capture enable signals

CAPTR_CMP_ENA. The NAND gate output and an enable signal SLICE_ENA are
directed to the input of the screening logic AND gate 36.
Referring now to Figures 1 through 4, the screening logic 70 includes musi-
fail circuitry 71 configured to carry out a must-fail analysis on the MUT 16 and
25  inhibit the passing of unnecessary failure information to the jook-up table 110. Asa
) result, the capacity of the look-up table may be minimized, with resulting
improvements in the transfer speed of failure information to the redundancy analysis
circuitry 160.
Referring more particularly to Figure 3, the MUT 16 includes a predetermined
30  number of redundant rows and columns RX and RY. Should a particular row or
column have a number of failures (represented by X’s) exceeding the number of
redundant lines. for example. at 73 and 75, then those particular rows or columns must
be completely replaced by the redundant structures, Consequently, the inventor has
determined that if a row or cotumn is to be completely replaced, then the failure
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flag memory 82, and a logic lowto the screening logic data outp@it? SEP 9g13e
83, inhibiting further failure data for that rowto load into the
catchrarn. Control of a 20 colum flag nmenory 84 is realized through
determ nati ons made by the redundancy analyzer which identifies nust-fail
colums as a function of rowfailures. Referring nowto Figure 5, the

scr eeni Ny iion 10 Ml Rl ncb AYEbH ARSI loold- 1 @blesincdll "what” Heoads
sparse-fail Information at high speed into the address-of-fail | ook-up

tabl e 11eepaifed-transfer interface includes a 32-bit input OR gate 92
coupl ed 25 t ovywiaerdfatsicelraivt to&jé%ﬁeﬂ, the troust failysc®en eircyptry 7i dneledesiave
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any of the Bhe Siteiampys slecivay exilnde predatermingg addresses: VePomPEar v8s data from
the scr eening !g%ﬂu[?pumf%h%mr@ly%eraﬁ%g?ﬁ{déﬁﬂ {sAh® Slrdenl hiffpessl@drand 104. The
a

pi ng-ponEf'cEI ernate 1 n “generating 64-bit qutputs..that forma data
st ream opeonstdfitle Bip-fops &vithike prapigus Wﬁssr(%ff’g’d}%ﬁ}f c@ﬁ‘?‘\ﬁ‘@%&’@& ccording to
uni que p'@%é\i‘ﬁ%@ﬁs@&i SlolthE byt a8jettidn DAEA S/Rend ampaberdts ti es of the
addriess-of-farl | qok- table 110. -.9.. 0 K, |.n 0. nt, the

| ook- up eaehitime p faglyre éﬁﬂ%ﬁ?ﬁﬁ‘% 1 é?‘@?tf’%dﬂf‘%ma‘g’%cﬁ‘éqe@ e g%]?Rpr e Cgérag%I y

CONPI i Seghetobfidt BPREpBES 4k tympsuoh ompuarCEBRANY, ifébe oy of thRe device
_includes a 64-bit wde- .input. t [ I mst he pi ng-
~ypang. P PERTE 8% RV adtroRe s T, REUEA ook the cBfbatitled Lo 16 P

oper at i othe row§ arendiffereny ¢hentike mrghm&pegdpuieﬁb@n esefiing Hie COHRERr am burst node

feature, the Q‘Séﬁ{e&ffmmﬁe {&W&ﬁ%&r??kﬁ#ﬁ tggtsécoiﬁchﬁlbhhraﬁﬁgSO&hﬁVm in Figure

5, rising réespective 'strings o address informatio d/ or command

i nf or mat comparésithacddrrtde aiprd-programmed,viresheld coppipigiaed 1 f?ﬁ’%?@am y

| ncl udes UL A3eAnD Bl i bosigslol © schd & wille sfubliaginal 1 afoy and t he
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Coln cHBSRHkmibY @ SR80 kil Slriioberiien sramaats L e 1
di f f er entnayzer wWhid identifinnmusefatlhgiwnrs as a function of row-failures.
Referring now to Figure 5, the screening logic 70 output feeds 2 transfer
interface 90 that loads sparse-fail information at high speed into the address-of-fail
look-up table 110. The transfer interface includes 2 32-bit input OR gate 92 coupled
25  to the must fail screen circuitry 71 output to receive sync-reject signals SRO through
: ) SR31. The output of the OR gate feeds a data FIFO controller 94 that operates in
| cooperation with a catchram controller 96 and controls the pipelining of data through
a pair of alternating 64X64 “ping-pong” FIFOs 98 and 100. The data FIFO controller
includes a counter (not shown) that increments each time a fail comes in on any of th'c
30 SR inputs. Each ping-pong FIFO selectively receives data from the screening logic 70
through respective data path FIFOs 102 and 104. The ping-pong FIFOs alternate in
generating 64-bit outputs that form a data stream operating at twice the input data rate
and configured according to unique programmable data structures that maximizes the
capabilities of the address-of-fail look-up table 110.
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data structure 112. is Further referring to Figure 4, the CatChE)EE\/F é@-‘- 20
I ncludes a plurality of control inputs often associated with S

devi ces, such as ADDR (nultipl exer address), RAS (row address strobe), CAS
(col um address strobe), WE (wite enable), CS (chip select) and CKE

"~ (clock enable). The control inputs receive, respective programed control
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catchramcontrol |l er 96 to ec | f an~fers and
““Yoper at es® %@ﬁ%@?{@%ﬂgef ﬁ’ﬂ‘(rj@g)f@ @V%%?%B‘E‘ tﬁ%‘ﬁi’?ﬁers 126 znd
129 ar e davasteuthir 1par al | el W|th the 8nS clock (CLK 8), and are urdoaded .
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controller I-1ye cBhRd chSRiRE bk Yprefe mﬁy configured as a finite state machine.
The controller performs many control functions including bursting the catchram 110
for loading failure address information, refreshing the catchram, and coordinating the
control of the ping-pong FIFOs 98 and 100 with the data FIFO controller 94. The
contro) outputs from the controller to the catchram are re-clocked through an array of
25  registers 116 operating at a high-speed 8 nS period clock (125 MHz). The clock-
domain transition also serves to maximize the operating capabilities of the catchram.

-

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

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

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

finite-state- machine (FSM) 122 w0 control the transfer of data from the catchram to

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

data. The scanning FSM connects to the catchram controller 96 ta specify data
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io lines 140 and 142, The parallel outp-uts fromthe selectors §rg [?@}ad@&g
into the 8 nS clock registers 126 and 128 and converted into serialize
outputs by respective 64:1 parallcl-to-serial (P2S) nodul es 144 and 146
that are controlled by the scanning controller 122 along bit-sel ect
control lines 148. The nodul es connect to a nultiplexer 150 that selects
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failure capture circuits are disposed in parallel to test a corresponding parallel array of
MUTs. Because of the high-density advantages associated with ASIC technology, the
circuitry space required to provide testing capabilities for a large number of MUTs 1s
substantially reduced.
B 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 160. Because of the desirability of bit-image analyses during the redundancy
analysis, large amounts of failure data are often involved. requiring high-speed '
operation in order to maximize the throughput of MUT testing. Data received by the
30  RA circuitry 1s analyzed according to methods well known to those skilled in the art,
such as that disclosed in U.S. Patent No, 5,754,556, entitled “Semiconductor Memory
Tester With Hardware Accelerators”, assigned to the assignee of the present invention

and expressly incorporated herein by reference. The construction and configuration of
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During a test., the pattern generator 14 supplies wavefonn information to
the driver circuitry 17 and supplies a copy of the test signal sft2o(0Cie2003
failure capture circuit 20, The driver circuitry wites the progra=ed
waveformto the MJT. The pattem c¢ generator distribution lo,,ic 38
receives the address information fromthe pattern generator at the address
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|
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couni® t fe pattern gencrator 14 to read the da.ta from the MUT dresses selected by
selection logic 26. The captured data is detected as logic high or low by each
comparator (not shown) and fed to the sync-reject logic 27. The sync-reject logic then
compares the detected logic level to the expected data supplied by the paitern
generator. If the captured data matches the expected data, then the sync-reject logic
25  output remains low. Should a mismatch occur, then the logic generates a sync-reject
signal indicating a failed condition.

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

30  of devices tends to be fairly low, on average., As a corollary fo this determination, by
storing only the addresses of MUT fails in the catchram 110 rather than logic “ones™
in a corresponding mirror image of the MUT, the storage capacity of the catchram

may be substantially reduced. Moreover, because the catchram utilizes the high-speed
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nunber of fails in the selected rows 75 (Figure 3) with the fail 20§E%e@w3
79. \Wenrav5-predeterm ned threshold nunber of fails in a parti@
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corresponding to the MJT "nust-fail" row The results of both flag

TeTOr | &S s Al B o SORAMIRLEE KR BS0lcRORE bncHl il ifiBafdiat  prevent s

m occupyi’ng va orage space I n the catchram
10 110. Tduchrgleediarg congind mmxmmulmmmcermtesﬁemhﬂnmkqaedﬁ al ong the

respecti ve dat ng- gong” FI FCs
98 and 100 i n@e&rmﬁgt&g&ﬁ d:%k‘%q%ﬂ%r}gu%gﬁmirsa% S romj{rﬁleédégl%saﬂb | FO controller
94. A pI wnaibet of fafls Bythe selegtestrowsis Riguge Brvitl g feibcounterd: o & of the

gfgtor ga q% 91e Qfgla;hoﬁeama@ego%ﬂ]ﬁqgawﬁmr ;Awlsje@t&taa@m ?Pfaf} ?L 'n ﬁ’outs |h§

r mat
enpt yi ng CDH@SPQM@E tﬂhe@“m’?e'éﬂﬂﬁé{'@-ﬁalﬁﬁf@i-‘“ %FB‘% 18 SGF
tcﬁteccr:];?chr afr%gnlvg(tié %Hv‘\fgg@ﬁﬁ% ry 82 Ecritsh rate otfoa{lé ﬁ%]gftﬁfa Jivey Erg‘rﬂegl Iocr:]LO As
pr evi ousF@uﬂégﬁhth@égWes ‘Fg‘? ¢ SyPRifd tﬁﬁﬁ)‘ﬁﬁi H&‘%FW#? él lure
address galvants AhP nReflatfrorh fmecuggri@\l'aamb]h]sﬁbmg&spase ini thi cetebratevi ce
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be stfue aIIy stored in the nenory, rather than randomy stored Thi s
al l ows the caffhbsestting hgic Hopdssayspae-faikinfarmation alopg heaggspestiye data.
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20  address data into and out of the catchram 110 occurs w1th evice operating in
burst-mode. For an SDRAM device, this requires that the data be sequentially stored
in the memory, rather than randomly stored. This allows the catchram to be
configured such that it stores only addresses-of-fails within the MUT. rather than bit-
image data stored in physical locations corresponding to the MUT. Consequently, the
25  transfer time of failure data from the catchram to the redundancy nalysis circuitry is
dramatically improved, as further described below.
Referring now to Figures 1 and 4, the interface or transfer circwmtry 120
generally accesses the catchram 110 and transmits the failure information to the RA
circuitry 160 at a data rate independent from the pattern generator clock. This is
30 beneficial in a throughput sense by allowing patterns 1o be applied to the MUT
without waiting for a transfer from the catchram 110 to the RA. circuitry 160. This
benefit is even more pronounced in parallel testing applicarions by allowing one
failure capture circuit to capture data while another circuit iransfers data.

(.2
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In further detail, the scanning controller 122 directs the tranz{gr gi
failure-data---eut of the catchram 110 by i ssuing conmmands ~t-o-t a0 %WH
controller 96. The scanning controller also selectively activates one of
the two data selector paths 132 and 134. The data selector is updated in
paral l el, and subsequently transferred 5 sequentially t hrough each bit of
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whiTe t he o owh Sdies Bl B PG RRSpRe ez Dl Kty S Hflt e '
sequenlt : alt uhiheadnchg.noi I(Ubl}t ﬁsmng)mrdmanttsabfthmamtmmf icontrolder 9%6h &h8DRAM
t t t
oper at | ofePE PR A R0l S SB I RO E RRIN R | e
sel ect ed ané §B4t The datapeleetbt EIuPdandim;hwdleZ@rﬁrsahsfqacmlyﬁ@mmdser| ally from
L o R ta) B alen Dl bRUPho Rl BE R THE R dlepe UGN RTAREH

addr esse te state machi ne

Those skidhtadnl Phﬁllﬂh while tthwlw-samslmé@katréoadn éhmy Smﬂ@ﬁﬂlb’s Tsslowsiant ages
af f or dedg ee@ﬁ i@n&agﬁg of d&Yaeﬁ’rBhﬁfk suﬁgmémqﬁhé r&%ﬁ&snmm BenipdiRr age and

transfer S tages rea catchram g_hat stores
addressegﬁlﬁﬁﬁﬂ’%ﬁ'?@fF‘iPeétsfaﬁfllPEEf@m@ﬁﬁFEFrsmlopé lpnsqﬁrﬂ'zur%r RS- OHe nenory

devi ce t grgzafidfTeadiss MlemorpNMshdinARs fsﬁéctédii'égﬁlsftéi' inipafalleNasd @Rnsuf ficient for

redundancy analysjs cirgcuitry to resyurrect substan ially Dbi I mage
r epridtiuct eWPgélaWaﬁ?b?f’g‘ ethe[Sr"BEWF‘FﬁJ" 'I’P‘l”ﬁ%%“’cfanks of menory

devi ces adtmnamb@ﬁddyesﬂesrpwgrammﬁb aeepister obihe asmdainistfinifeastdter e capture
20 circuit .on aver age, stores |ess data than previously enployed circuits,

- )t ransfer"\aglf fromthe catchramto the RA circuitry are maxi m zed. These
advant ages ar 'e"hasqﬂlmlﬂaded the a7t pilt epprediate dwt meny benshitesmd sidyndagesnul t i pI e

fail | | ''s. Wil
ailure %?ﬁ&gga Eg%%ﬁék&% uﬁ%&l%ﬁ&ﬂﬁ&&cc Sk sﬁnrﬁ&e tfahyfepl-pew e

the inve n partlcul ar é own and descTi Wifth reference 25
to thfe prdvmptagesrealisrsinhenpleyingacetshram ﬂlat«ﬁpm@édwméﬁﬂ BHdngyfaiifese

Cher el n S e ot o eeant | on. For
exanpl e, ma‘\wmagwp 8 %?&éﬁé’"@ﬂ‘é’tﬁ“ﬁfy{s&é’%%ybt@dewg?g iy éﬁaﬁ?ﬂgﬁf {)
transf erimdpg ré;abduétrommftamm‘ataﬁmamdloed ineproadtinpdauitple anks gzer, it may
5, coURob) BRI, g AU eyl cabanr aton
20  circuit, on average, stores less data than previously employed circuits, transfer rates
from the catchram to the RA circuitry are maximized. These advantages are amplified
in parallel test environments where multiple failure capture circuits are employed to
test a plurality of MUTs.
While the invention has been particularly shown and described with reference
) 25  to the preferred 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
the spirit and scope of the invention. For example, while the interface circuitry
described herein relates to transferring data from the catchram to the redundancy
analyzer, it may also couple the redundancy analyzer to a shared catchram
30  configuration during non-transfer modes.
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.1. Afailure capture circuit (20) for identifying failure |ocatf @nQCT 2003
information froma nenory-under-test (MJT) (16), said MJT having a

predet erm ned storage capacity 5 conprising a plurality of menory cells,
said failure capture circuit including failure detection circuitry adapted
for coupling to said MJT and operative to apply test signals to said MJT
and process output signals fromsaid MJT into failure information, said
failure information indicative of failed nenory cell |ocations, said
failure cepar e cidsimsd ischaracterized by: 10 a | ook-up table (110)
conprising a RAMwith a nenory capacity less than that of said MJT coupl ed
to said failure detection circuitry for storing said |ocation information.

2. A failyre cABilFecaitieWirtuil 20) fREPifingdalpe Wcation thfoMdatie florfai d failure
15 detection circui tr%Q&ZZRTgl ncl udes: a Pattern ener tor@y}ﬁ% for applying
sai d t est MEMgRaynRderde HThESrspidcMMIT having AoprgAetemaigee sie Al qui ri ng
sai d ot pEmSristietd plurditgl of MIERRINE célRIEAId (FZillire kaBtuROETRAN iiMGudi] Fhilotet put
signals to predeterm ned expected signal anﬁi i dent i f_él ng ma@mrg cel |

| ocat i onsdgtRgtions @ickity Adpp PuRling Bosaid MUK apel aperative e 2ePYi 1eElui t (20)
accor di ngsigRais!tai Said 0T Aal tohedest nsiltpidi Signals SFone e Ml Pdhte fallle coupl ed
to said conpare |ogic and operative to dist |_n8w sh must-fail information

fr om spar g&rmgiion, saddfaikgeiifarmation dndicative o fjlef spsraoTy G ieetigRf: SRidough a

spar se- f afallurgicaptate BRfull charadtiged ek- up table (110) to pass 25 sparse-fail
information to said Iook-u? tabl e, andqi nﬁl uding a nust-fail signal path

adapt 8 for di? &okiypgtable; (1 Pucamnrising Witk PoneHRY BReAts|SEF &M@ o |

i nfor mat i @At 60said MUEBARRCH siibiaiteerdetéotion clralilry f® stabigWarl Ricaton t  (20)
according to claim3 wherein said screening 3o logic (70) includes: a

col umm f I8 ®8#¥Yy for tracking menory cell colums that have a
predeterm ned nunber of failures defining nmust-fail colums: a row flag

e o R e B Sk, G 3ciiiBho B oy L SAEISH Talefd © 2 T
15  detection circuitry (22) includes:
a pattern generator (38) for applying said test signals to said memory cells;
capture logic (25) for acquiring said output signals; and
compare logic (27) for comparing said output signals to predetermined
expected signals and identifying memory cell locations that fail said comparison.
20
3. A failure capture circuit {20) according to claim 2 and further including:
screening logic (70) coupled to said compare logic and operative 1o
distinguish must-fail information from sparse-fail information, said screening logic
connected through a sparse-fail signal path to said look-up table (110) to pass
25  sparse-fail information to said look-up table and including a must-fail signal path
adapted for directing said must-fail information and said sparse-fail information to a

redundancy analyser.

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

a row flag memory for tracking memory cell rows that have a predetermined

15



. a row counter for counting the nunber of respective row failures Epﬂt? f@
predeterm ned nunber of row failures and cooperating with said db f 3
menory to identify must-fail colums as a function of said row fail ures.

A failure capture circuit (20) according to claim1l wherein said RAM
includes a multi-bit burst node. 6. A failure capture circuit (20)
according to claim1l wherein said RAM adapted 10 to store only sparse-fail
information. 7. A failure capture circuit (20) according to claiml wherein

sai d RAM hgmbé@dRpivefhitfies datifihd Risefallréal ity of multi-bit signals, said
signals having a presel ected data st ructure, said RAM.i ncl udi

n
mul ti-bit inpud PMEeYTtecier cevnting s DumBersalirasrastive rayy tailures e to Sglﬂ'l ng said

bur st ?r%d@l’érrﬁiﬁ@d‘l uner SR RaiRFds2¥n@f covbiate Wit kaiddtSpagRethg n
comuni cation with said input interface for_ storin f%psald nmul ti-bit

si gnal s. Q‘G”‘@WtA"i’%(lt'fde'\éSttféﬂb?Qh“B”%ﬁ? 8 finctienefsaitow f@iligst o cl ai m 7 wherei n:
said nulti-bit signals include address data structures (112) havi ng failure
address and data fields indicative of the | ocations of failed nenory cells
in said # UT. ARiuEg captere CHpHitR) 8590rting to(gigip bWE@Ptﬂ‘lsﬁ’@j ROMAPEVEESS wher ei n:
sai d mul t § nRitkbibb@8Eehsdd. ncl ude command data structures (114) having comand
fields representing programed opcode. 10. A failure capture circuit (20)
according to claim9 wherein: 30 said nulti-bit signals include an

identifieg forakdep tdotirB@irthiebeacceomdish @diam BivhéteingaRERANCA gai d
failure address information or said conmand information. 16 0 OCT 2003

11. Al§ aj lotere capytshresedait BfRrMaligh) according to any one of claims | - 10
and further including: transfer circuitry (120) for coupllng sai d | ook-up
table (110) to a redundancy analgﬂa s circuit (160). 12. Wre capture
circuit (20) a/&cfema?rr@pt%earawn@ J5ardiIch e gladn « T dhered Sa@. try (120)

oper at es hdqpbheReReshtingh phablly bRiruMList SighRs tdafNsigndls Halifiy a (phdselected
data structure, said RAM including:
15 a multi-bit input interface for receiving said multi-bit signals during said burst
mode of operation; and
an array of storage cells disposed in communication with said input interface

for storing said multi-bit signals.

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

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

command fields representing programmed opcode.
10. A failure capture circuit (20) according to claim 9 wherein:

30 said multi-bit signals include an identifier for identifying whether said data

structures include said failure address information or said command information.
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. 13, A nmethod of acquiring failure information froma MJT (16) for
subsequent 10 redundancy anal ysis, said method including the s @p8Cof 2003
capturing said failure information, identifying the |ocations of said
failures inside said MJT fromsaid failure information, said nethod
characterized by the step of: storing said identified failure locations in
a | ook-up table (110). 15 14. A nethod of acquiring failure information
froma MJT (16) according to claim 13 wherein: said identifying step

i ncludes {he sf eniues caMuREBINE (28] dcdcrdihyte dnpCovel SNGaihfs 1 detigramine
must-fail data and sparse-fail data; and said storing step includes witing
sai d sparfygberangludinga to said | ook-up table (110). 16. A method of

acqui ring fai liyRrdr BfrQlitRRLONToF Eplifg Maib 16318)p BIROMEDNE 4 fedubbiaion 13
wherein: said stori n% st'ep includes sequentially witing said failure
| ocat i on an2lysisiireribE®lbn in a RAM (110) during a bust node of operation. 17

5
12. A failure capture circuit (20) according to claim 11 wherein said transfer

circuitry (120) operates independent of said faiiure detection circuitry (22).

13. A method of acquiring failure information from a MUT (16) for subsequent

10 redundancy analysis, said method including the steps of capturing said failure
information, identifying the locations of said failures inside said MUT from said
failure information, said method characterized by the step of:

storing said identified failure locations in a look-up table (110).

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

20 (110).

15. A method of acquiring failure information from a MUT (16) according to

claim 13 wherein:
said storing step includes sequentially writing said failure location

25 information in a RAM (110) during a bust mode of operation.
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