1 10 August 2005 WO 02/089147 PCT/ US02/07270 CIRCU T AND METHOD FOR TEST
AND REPAI R Techni cal Field 100011 The present invention relates generally
to the conmputer nmenory field and, nore specifically, to test and e0%a|r of
menory. Background of the Invention 100021 A menory device TOHYgu Veép
produced using a sem conductor fabrication process. In the current
application, the term"sem conductor” will be understood to nmean any

sem conduct or including but not limted to bul k senp&pipgssdrbie
material s (ewpnn@"%y"gne or in assenblies conprising other materials

thereon), and semc v ‘l'gé b%’ﬁ ehfRsiERARNe or in
assenbl i es conpri si né'u?frfr}el?ﬁﬁa @ s?. reg\i/‘er, I't shall be understood

that a sem conductor device nay conprise conductive and insulative
materials as well as a sem conductive materialL The result of a
sem condUDdchnicgl'Fieldss may be a die conprising menory circuitry, and it may

be desirable to st that, circuitry at s n Rl ss of
const ruct i0A8a @BPWEWB%?W‘P% Sém?%ﬁ%g{ogﬁce esting may

occur  whil W&%{ﬁﬂgj@%ﬁ&@aﬁ.ng, fufeRitityict or wafer, after singulation

fromthe wa urin I e pac or once the menory device (chip) is
conpl eted. 100031 One conventional nethod of testing such a chip is to have
an external test| ng deV| ce wite data to every nenory cell of the chip,

t hen read2#4 A 8 M nory cell, and conpare the input with the
output. ' Such a conparison may reveal cells that faired to store the data
properly.” The addresses corresponding to these defective cells. can be
stored by]h 02] exiscmelory dstitey ofienipeaiucedusing a sermiconductarfabricatipnhe used to

e
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| east semiconductive material layers (either alone or in assemblies comprising other
materials). Moreover, it shall be understood that a semiconductor device may
comprise conductive and insulative materials as well as a semiconductive material.
The result of a semiconductor process may be a die comprising memory circuitry, and
it may be desirable to test that circuitry at some point during the process of
constructing a memory device comprising that die. For instance, testing may occur
while the die is part of a semiconductor wafer, after singulation from the wafer,
during die packaging, or once the memory device (chip) is completed.

[0003] One conventional method of testing such a chip is to have an external testing
device write data to every memory cell of the chip, then read data from every memory
cell, and compare the input with the output. Such a comparison may reveal cells that
failed to store the data properly. The addresses corresponding to these defective cells
can be stored by the external testing device, and that stored data may be used to repair
the chip. In order to effect such repair, redundant cells are provided on the chip, as .
well as at least one bank of fuses or anti-fuses that controls access to the redundant
cells. Assuming the bank to be comprised of anti-fuses, repair circuitry receives each
address corresponding to a defective cell and, based on that address, blows at least




2 10 August 2005 WO 0 21089 1 4 7 PCT/US02/07270 one anti-fuse, thereby

I sol ating the defective cell and associating the address with a
redundantcell. [0 4] This error detect and repair schenme, haowever, raises

i ssues. One such issue is the nunber 2of chi ps that may be DAt 2005 ne
time. Atypical testing device is an "AMBYX machi ne which can hol d 256

chi ps. However, for cost reasons, the AMBYX has only 64 term nals (] nmown
as "DQ s") for reading fromand witing to the chips. As a result, the

chi ps nust skeoeztsvese DQ resources. Assunming each chip has SFMPHHERHQ s
of its own (in which case the chips would be known as a "x4" part), then
the AVBYX cepé antbGeeStaerby jsoldingthpdefattivereliandessotiating the addressWithes t i ng
process would involve witing data to cells of 16 chips; reading data from
cells of al r=dupdantgelhs: conparing the witten data with the read data; and,

for cell S[oy“h rei gﬁ%‘%qr Jebt x@ﬁ&?ﬁ&%er ﬁ@ﬂe\’@trﬁis&ﬁb%. eGlich k@ isng t he

addr esses!"of "t ho cells. ese Steps nust be performed 15 nore
tinmes in or g nirSber @F thiph thal bty GBitestedoat dnbdimeANVBIPpical besting deYICe kFas
repaired, the chips are often retested in a _second test cycle, to determne
whet her t he%ﬁmnewmm@p}dmhé% H%ﬁﬁ‘f%%c%%#%%“% i ne,

o aced backNRY: Sty By iepaaid (B8YR ke TP for NG o lRingd) {0

test is oftgpe .%ﬁﬁimtfiﬁ?ahiﬁgmﬂsishﬁb&&DQmmyasbmiﬂg&aahchmO
t

horten test time. S | ti 0005] Accordingly, | |
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aoni s moRey e B8 AMEY i ofidis S 1B ok £ BROREET Ths » SRAUIGRRET BY
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device, the chip's output circuitry is tri-stated, the external testing

devi ce t r andGichipst corjrmringthewritten datatvith thetreadsdassad: fon cells whemsinghed, and a
O SO O e data andl read daa do Aot mardh, storing fe addbessed ot tisd Hhife Rus P
These steps must be performed 15 more times in order to test alt 256 chips on the
AMBYX. Moreover, once repaired, the chips are often retested in a second test cycle
to determine whether the repair was successful, thereby requiring even more time,
especially if the chips must be removed from the AMBYX for repair and then placed
back onto the AMBYX for retesting. Further, more than one type of test is often

conducted. As aresult, there is a desire in the art to shorten test time.

Summary of the Invention

[0005]  Accordingly, exemplary embodiments of the current invention provide
" methodsand circuitry for testing and repairing a chip. In one exemplary embodiment,
data stored on a chip’s memory is read to the extent that it is accessed from the
memory array. However, rather than transmit the data to an external testing device,
the chip’s output circuitry is tri-stated, the external testing device transmits to the chip
the data that is expected to be stored, and a comparison between the stored data and

the expect data occurs on chip.
[0006] In another embodiment, a result of a test, be it one described above or another,




[ 00061 In anot her enbodinent, a result of a test, be it one descri bed above
or another, 3 10 August 2005 WO 02/089147 PCT/ US02/ 07270 stored, along
with a bit indicating that a failure has been found. In a nmore preferred
enbodi nent, the stored address is the, ast failed address r1@sAd1‘£‘ % om
the test; @6%2}39‘5 t he col umm address, rather than both thepcwUsiorzoed r ow
address, is store I anot her enbodl ment, the register of a failed part

n
i s cleareg g&t R:ﬂ]s 'b@&:ﬁ{&ﬂﬂﬂ&?@&oré prefeel testing
reveal s a Iagé}léa‘ggheas%gt ﬁﬂga SSOCI ated wt redundanrt cell, that

addr ess @nbwiméﬁtpﬂﬁc’atoraﬂ bidregts thellast fmledladétusmmsu]hag front &altﬁt,@nﬂas been

found is stored [0007] In yet anot her enb ajir arried
out wher ednly thgiop address; sather &‘H{E’i‘f?‘#@“&r‘g m)ry

e

redundanttemg%mﬁ&id@ M@mmo@ym&mmlmcmwam ng the
defective ce In a nore preferred_enbodi nent, the, address of the

def ect i veredumdant call that addressis aat storedraliauaing pitindjeating thata failwre basn nor e
preferreq ?'OO%I Jrent onI y one columm - the columm including the |ast
recor ded cell - is replaced as a result of one test cycle.
[ 0008] [gdeepe amdyep amﬂﬁﬁﬁﬂ&lﬁ\ﬁp@kﬁséﬁﬁe&@ﬁﬂﬁh&hﬂbﬁeﬁavention

i ncl ude w thin "the scope both apparatuses and nethods; and stil]  other
enbodi mendesective angmasry cell parbéntixe gronp ob memosy eelisoiar eelisoarindingdhe defectiyesgldife. Bri ef

DeSCI’IptIO of the G_l.depicts stlng
devi ce fJF'P %“?%g%?}hb%&‘%ofﬁﬂmﬁ @dgn tt??{eh%ﬁarl ng a test

hod k f th
met ho %%@#Wﬁxﬁ% Sfory eRIPeplates deblnath ¥ héh g?rtchnsscope of the

current 3 |IIu rates circuitry an exenpl ary
appar at uscontdbgieli nieedefestivei cellt hea motoprefarfediembadiment; theiadduess ¢fdke [ 0012]

FIG 4 is_a table conparing a econd est - methdknovvnlnt t wwth a
defective memorgrp cellis gtoredsmanon-chp register. fn even more pre Eméd

embodiment, only one column — the column including the last recorded failed
memory cell — is replaced as a result of one test cycle.

[0008]  These and other embodiments within the scope of the invention include within
the scope both apparatuses and methods; and still other embodiments encompass
combinations of the embodiments listed above.

Bref Degcription of the Drawings

[0009]  FIG. 1 depicts a prior art testing device for a plurality of chips.
- {0010] FIG. 2 is a table comparing a test method known in the art with an cxemplary
method within the scope of the current invention.
[0011]  FIG. 3 illustrates circuitry of an exemplary apparatus embodiment within the
scope of the current invention. .
[0012]  FIG. 4 is a table comparing a second test method known in the art witha
second exemplary method within the scope of the current invention.
[0013] FIG. 5 is a table comparing a third test method known in the art with a third
exemplary method within the scope of the current invention.



second exenplary nmethod within the scope of the current invention. [0013]
FIG 5 is a table conmparing a third test nethod known in the all with a
third exenplary nethod within the scope of the current invention, 4 10
August 2005 WD 02/089147 PCT/ US02/ 07270 [0014] FIG 6 depi 10 AIGISHE

exenpl ary apparatus enbodi nent within the scope of the current invention.
Detail ed Description of the Preferred Enbodi nents [0015] In terrgs of .error
det ecti on, veaezrgoat7y enbodi nents of the current invention ELIASEHOREY ¢
time by presenting a testing schene alternative to the one presented in the

Backgr oygei4) To HI€nicriepictdianotherienmiplayeappamiis embodimentrwithin dwscepe athe pri or

art is presented. FI 1 presents a portion of a sinplified tester 900
havi ng onl fhe tument ryeption02. While the tester 900 may be able to physically
hold 16 chips (A P), its circuitry is designed to direct signals to and
fromat nost four chips at one tine. It is understood that the tee 900

al so hamd%%ﬂ@' idn dF3he PreFérreéd Bibodiineals carry address and command

i nf or matT e T pS, an a ese lines are also limted in nunber
and so can direct signals to and fromat nost four chips at a ti nme. The
areas | the tester .CO ni ]! 81 @Hﬁ@ Psﬁmﬂ opdentified
i n thi srlg@gllfl | fzsi %F%m%ﬁg{ as ftour regl ons 04, 906,

908, and 9&9@%&&1& ?’ts ( sé&ﬁenn&mﬁ%mmbmmwmmmat t he

parts A -P are "xI" eac haV| 28 only one DQ . and have only four

menory addBackgsmmnd] (I(b%]g:ﬂl’hﬁhpzﬂmp testmethad practiped idhe pEARIRISy test

t est 900 t ed the l.ef FI G
5 v ng feqra@mmd@{l%c? ey porton of il {iteE S0l Bl opfy b0 11
corr espondypg R LS00 B8 Sbleo g&ﬁ&n&h@mmcmpsfm), gitryt he sane

bit is belng wrltten wrlt step occur in parallel with respect to

chi ps A-D m%@ﬁh@ﬁh@ﬂm@@muﬁmﬁ@m@aumm witiste to the
second, thlrd and fourth addresses g;qélgﬁ‘?ﬁs A -D.. As a.rnesult iting to
thet the dester 00 adso;

every addr e kipes (Ro i 3hopm) | eadi ng
from the %‘d@osfnﬁ?‘éﬁ{n%rmaﬁontothechps,andthatth&sehncsare&lmhmlmmnmb“

and so can direct signals to and from at most four chips at a time. Theareasinwliich
the tester may communicate in such a fashion are identified in this specification as
“regions.” Tester 900 has four regions 904, 906, 908, and 910. Further, it is assumed
for purposes of explanation that the parts A-P are “x1” parts (each having only one
DQ) and have only four memory addresses. '

[0016] Ihepriorartcommandsforoneexemplarytestusingtcster%Oaredepicted
in the left-hand column of the table in FIG. 2. During the first clock cycle, the same
bit is written to a cell corresponding to the first address in each of chips A-D.
‘Because the same bit is being written, the write step may occur in parallel with
respect to chips A-D. Similar parallel writing steps may be taken to write to the
second, third, and fourth addresses of chips A-D. As a resuit, writing to every address
of all four chips requires 4 clock cycles. However, reading from the chips A-D for
purposes of off-chip comparison with expected data may not be performed in paraliel,
as the chips may not output identical data due to chip failures which this test seeks to
reveal. As a result, the tester must read from each address in each chip in series.
Table 1 indicates that reading from all four addresses of chip A requires four clock



pur poses of off-chip conparison with expected data nay not be performed in
parallel, as the chips may not output identical data due to chip failures
which this test seeks to reveal. As a result, the tester nust read from
each address in each chip in series. Jable 1 indicates t hatV At AP r om
all four addresses of chip A requires ﬁour clock. 5 10 August 2005 WO

02/ 089147 Qg o489807270 cycles (5-8). In fact, four cl ockPCyaIsSex07ate
required to read fromall addresses of each chip, resulting in a total of

| ! : ! .
tventy cl QgklegY45.8%S Biﬁ@‘gﬁ‘%ﬁgﬁ"k@%“ k¥e rédidved @b rdad frtfin il) atiliresses of\each €gi On

904 of the“tester” 9 tional 20 clock cycles is then needed for
each of t hohip, eesultirigniy artetgi ofveafysslogiogycle reederitiodest the fops chipgAdindhist est

Gener ai | y cneegian S04 of earaier 0 A iRt 29 cofie Fiides b Her BEHARL
requiring &G I*Fﬁxﬁ‘?s“’ 864, , Phus b ilis Eftoiple] tost it takda®of | 1 St
tinme often reggglt% a esglgg%ter'*g’i?lgd repa?#g%s, thereby. requiring even
nore test diddieycloscandizbat umvouapisjestifat end test. Gegerally soventlitests alke requi r ed

test time can nmultiply. [00171 At | east, one exeqnpl pbodi nent of the
current iMM%M%%W%W%&J@%ﬁ% AeRYHEMPEst . Such
an enbodi te ] | i eatitiaf | Wm onductor die
as part O]I:EE% C ?dpgﬁé%%%%i@no%pa testﬁe‘tr#é%hi p 10 1 ncludeS a nenory
array 14; ﬁ%lﬂﬁﬂﬂb@&ﬁmbf&ﬁhuﬁe.tbﬂécﬁsnmqiﬂmdh&demwﬁch&e menory

and nma

address ( further conprise a separate row address |atch and col um
addr ess | :d test tispe sanymuliipbank 40 whi ch, based on its programmng state,

g?/mrgi X@ﬁna Zégﬂg%a,ggrﬁ{‘ |%W$W%E@éﬁnﬁ%€%ﬁ%%é iegundant
connect ed wéﬁo'ﬁﬁﬁfﬂsiﬁi’am&é SuzH shivgbiod . o FIGh i3, whichs

conprises four transistors 18, 20, 22, and 24. The ant es of p-channel
t r ansi st orilla@ratesch semibenduetor diecasgiagiiafie chip 10 andea BRI afia testesaehte 10t her and

to D 12, REAMETHBEmErLAERCd s sBrts Bt A% i ShREERET o GBS 0 17, 07
?pgnisfst g;ﬁ&ﬁa&m@@k%%ﬁpmﬁmawmlmimi ves
address latch); an anti-fuse bank 40 which, based on its programming state, may
divert a signal for a cell in the memory array to one of the redundant memory cells
42; and output circuitry 16. The outpuf circuitry 16 is connected to the memory array
14 and the DQ 12. Output circuitry 16 comprises four transistors 18, 20, 22, and 24,
The gates of p-channel transistor 18 and n-channel transistor 20 are connected to cach
other and to the memory array 14. Their drains are also connected to each other and
to DQ 12. N-channel transistor 22 is coupled to ground and to transistor 20 and is
driven by a signal ENABLE. A complementary signal ENABLE* drives transistor
24, which is coupled to a voltage source Ve and to transistor 18.
[0018] In a standard read operation, the ENABLE signal represents a high voltage
signal that tums on transistor 22. Accordingly, the ENABLE* signal represents a low
voltage signal that turns on transistor 24. A data value from at least one celiin
memory atray 14 (designated by the address in the address latch 15) is transmitted to
the gates of transistors 18 and 20, and an inverted signal is output from their drains to
the DQ 12. However, in a test mode under an exemplary embodiment of the current
invention, ENABLE is at low voltage. As a result, transistor 22 turns off (isolating




24, which is coupled to a voltage source Vice and to transistor 18. [00181
In a standard read operation, the ENABLE signal represents a high voltage
signal that turns on transistor 22. Accordingly, the ENABLE* si%ng

represents a |l ow voltage signal that gurns on transistor 22AYRUEAD5al ue

fromat |east one cell in nenory array 14 (designated by t ﬂli,@g in
the addreswoOeashi4l5) is transmtted to the gates of tranngT@‘rgs .ﬁ’and

20, and an inverted signal is output fromtheir drains to the DQ 12.
T,

However, i gutfif Sirciiesa 6URHR graund) ENABLEY ivattchigholtags) an

invention, ENABLE is at |ow vo[t%gbe/. M&ef t traggli Sch%ut%[%c %ns of f

(isol ati ngxmﬁ”ﬁsmm:@ummg 1 ©f)- 275 uou p'ﬁ

circuitry_ 16 fr.om grouyn E WS | 14 ansi stor 24

turns of f lfl’i‘%g}‘%ﬁ"ﬁ@‘stlk’?@ Eﬁt@iglmrx%uiﬁ‘y ¥ ﬁro#n&\h/cc). The state of the

out put ci 5@%&{ #Bnshiitstth iaf ofhEp écimjrarizon chreuit26, wiiick; tm this exaghpledat a val ue
y ce 1

from nenor 4 nevertheless transm'ts tq an on-chiE co ri son

circuit 2@nexothsiveNQRigath28 that seasives both the data,from theyn t hat

recei ves both the data, fromthe Iy M,Mnsnitted
fromthe %@?@ﬁﬁ&%ﬁ?ﬁ%&ﬁ%@@% ,tlagl%gﬁoughngﬁgbggggggg, that "t he
signal fr ' %P_’Sﬁfsh £ firoaph b Riput buffér 30).3A)tho oytput he

out put c%%s}éﬂ%gb a]s) een tirsi -ste}tgltlj_ aﬁgﬁda_ta i s_bejng. trans 'rﬁéed to
the chip debmmmmmwbmmmy%@g{%&sﬁg "read"
node given that the data stored,on .chi, i ' d on the
with tabl @Q&%*&ﬁ@l&d@d&ﬁfﬁ“ﬁ@i‘“’ P %%ET%@WE%%’E??% will

t put | | Q%Joa Wi ruthGhte Forn BXCBUSIVE N@Rch, thereb

o c% icliﬁe)#fstét’c ia%b%ﬁgice I c?orrespondi ﬁg to thtte:B e

i ndi cating menory address. The

| ow vol t agpeftivp\the EXCHUSHYENOR St/ 28 NGik aytrue a fovo Npltage signal pRYfi Yy 32 to
FUAN AT LN YT R T e
282013 el 1y gl o8 0 BUCTBSIVINOR i prpnat
exenpl ary RohQakisFen!ts stfe Hienemory address transmitted by the address latch 15.

Moreover, it is also preferable (although not required) for purposes of further testing

as discussed below that the register 32 also store a bit that indicates whether an error

has been found. For purposes of explaining other exemplary embodiments of the

cmrentinvenﬁon,th_isbitwillbcrefmd to as the “fai] flag.”

[0019] The right column of FIG. 2 illustrates that using the circuitry described above

allows for.an exemplary method of testing chips A-P on FIG. 1°s tester 900 with

fewer steps thanwasusedinthepribr art. As in the prior art, a particular bit may be

written to every chip in a region in a parallel manner. Thus, writing to the first

address of chips A-D can be performed in the same clock cycle, as can writing to the

second, third, and fourth addresses. While writing to chips A-D takes the same

number of clock cycles as in the prior art, the savings in this exemplary testing

method appear when the chips enter their “read” mode.

[0020]  Unlike the prior art test, the tester’s DQ’s 902 sre not needed to serially

transmit possibly differing data from chips A-D. This is because analysis of the

chips’ stored data occurs within each chip. Thus, the tester’s DQ’s 902 may now be

used to transmit to chips A-D the data that is expected to be stored in the first address




current invention, this bit will be referred to as the "fail Sag." [00191
The right colum of FIG 2 illustrates that using the circuitry described
above allows for. an exenplary nethod of testing chips A - P on FIG 1's
tester 900 with fewer steps than was used in the prior ar t10 Algush2QGee
prior art, a particular bit may be witten to every chip ip %’i{gﬁ%"?g in a
paral | el n¥WONeYO89THAUS, witing to the first address of ch| an be
performed in the sanme clock cycle, as can witing to the second, third,

and fourt g, adde g QSBeME&eWWﬂucﬂmmdﬁmmmMmmrghWéA number  of

clock cycles as 1n the prior art, the savi ngs this Sgghary testing
met hod apﬂe&emdpeﬂedwaamlgsthth Sﬂ% nli ke the

Dose bi'y SRRREEAGY d8h ot %&?ﬁ%@ﬁ?% 5“@@%"2@%@"?;2?‘ e
chi ps' st%ﬁ%%@wmww Whmm@pmws 902 may

now be use o transmt to chips A - D t he data that is expected to be
stored i nahdithefdatstead Gomethe Sfst 20dvessofany 2@ s chipshsld WP&%@@U&/O?Z?O

?grtgﬁfgs%sfﬂcﬁﬁcgk%&t 2 gﬁt&‘tm{dttegfﬁ)?é@gﬁ%ig’t‘daﬂﬁat expeiélt%g thrrg
may be thg@t@rfz albh@ Wil Cyctf.dsubuathﬁm L indicatinpthat kidlkast anbiemor.  As a

resul t, one ¢ e ls used to fest the first address in chips A
-D. A mSMBé‘enlithethahethxpected data and the data read fromthe first

vent . 1062 af‘?aﬁ’f seBeaty, hy secowt Sy 2 g PoD b e e defFloek 1 11

register Satd) énd 86 bn fordke thiddhddointing t hat at
| east one%é Frér H%L%denhfmun on that chip. [00211 Subsequently, t he

second ad@a&&ss@fwﬁhwﬁaemmmmmmmﬂmmmmw | e and
conpared with t he expect ed dat a, and so .on the th.nd andﬁ% %él{t
this PRERPIATY tg

addr esses aceardinglnoAs aresalt,
agge?r:)leir s%@£ﬁﬁé§w&c¥88ﬁ %&@fée’y é\]ﬁc% p’{t too tﬂh%lyspt)lf %Wy cl ock
cycl es t 0 gepRRlddHepsoratrialyiresding! tirlie fail flag that could resuit from the on-
chip comparisons, clock cycle savings are still realized in comparison to the prior art
method. It is further preferred that the circuit in FIG. 3 and process of FIG. 2 be
implemented with chips that exhibit a latency of 1 or 2, wherein latency indicates the
delay in the number of clock cycles between the arrival of a “read” command and the
availability of data to be read. '

[0022)  Moreover, it should be remembered that the example is a relatively simple
ohe,mdtheachchiphaviﬁgonlyfomaddresses and the tester 900 being able to test
only four chips at once. As dlscussed in the background section, it is not unusual to

' test chips having millions of addresses per chip and to test them sixteen at a time.
The savings offered by the exemplary method embodiment disclosed above becore
even greater with added complexity of the test scheme. ,

[0023] For instance, assuming that chips A-P had five addresses rather than four, the
table in FIG. 4 illustrates that the prior art test of region 904 would require five
additional clock cycles: one clock cycle for a parallel write command to the fifth
address of chips A-D; and four clock cycles, éach needed to read from the fifth
address of each chip A-D. In contrast, the exemnplary method could use only two



the preferred steps of serially reading for the fail flag that could result
fromthe on chip conparisons, clock cycle savings are still realized in
conparison to the prior art nethod. It is further preferred that the
circuit in FIG 3 and process of FIG 2 be inplenented wi t119 A4gusE2Q0eat

exhibit a latency of 1 or 2, wherein latency indicates the ' he
nunber of W®eMBBIAZ| es bet ween the arrival of a "read" conrrﬁﬁﬁ)ugﬁzd‘%@?{é

availability of data to be read. [00221 Moreover, it should be renenmbered
that the exaitehsl dloclocychisabne/clbsk sjictepfor a peralle]l wiitecommmdrmdpnaslackg onl y
four addresses and the tester 900 being able to test only four chips at
once. As diyslefexepamelmed gpremgibund section, it is not unusual to test

chi ps hayi m)]lions d : | tﬂgs'h?%t chipst een at a
tine. ﬁdgggavi‘*@étﬁ%ﬁ‘%gge e %@%@ggﬁe@?ﬁo e &?m I scl osed
above becqegh HvRik BLLaddREssH) conidddadstebinparalle] yathdér thivefoteships cHieere. [ 00231
For instance, assumng that.chips A-P had five addre rat her, than four,

sSes
the tabl erionarm@thad wonldweqeireur mere clek pyqiey togpad framdhesfoup €904

woul d requise five addjtional ¢l : : par al | el
wite comfH ﬁmﬁﬁgfﬂ‘?ﬁﬁr}gﬁa’k@éﬁﬁﬁgﬁggﬁ- %; 1%@8&%& ocih%/cl es,
each neededcieqo r@AAME HAMRAS Soini the Bxtropatt; eealing fromadll sddrgased of hipl B cont r ast,
t he exenpl ary method coul d use only two 1Q August 2005 WO 02/089147

PCT/ US02/ (réquiees nacafiditiomabelock cysttesegacthetcandiepesiopard ibe s2me)6 &l |l el
wite co nd and one clock .cycle for a parallel read command. [0024]
Anot her %ﬁ{ﬂa‘g‘nﬂ&}?ﬁ%‘féﬁ% he table of FIG 5 assumes that five chips
(each hayjRp fo O53A5h folhrEatt @5t 6 irchead@ b chips pishegioue f our
chi ps. Wezgppri%éraart 1'fnst 0 I%/oul require four nore clogk cycles to read

fromthe fmbendfitepiamstheafunitienof tests; or thanumberndihits per ¢hip 3y net hod
woul d require gnly one extra clock _ c

) le to read.the faiLl flag fromthe
extra par tmultiphed ggropninhclogk cygiesa _ aﬁ%wmwmwno addi tional
i war s n iy o A
i ncrease i dllowRofdiine fodthéragstanin fabie testing directed by the inventor using

exemplary embodiments of the current invention has demonstrated a reduction in test
time by 45%.

{0026]  The preferred number of failed address to be stored in register 32 can be based
on balancing the desire to fabricate as small a chip as possible with the desire to
increase the likelihood of being able to keep track of all addresses corresponding to
defective ceils after one test cycle. The greater amount of on-chip test circuitry
(including a large register capable of storing many failed addresses and the supporting
logic circuitry), the more likely it is to ensure such ability. The cost, however, is that a

great amount of die space may be devoted to that. Conversely, a lesser amount of on-
chip test circuitry (including a register capable of storing few failed addresses and less
supporting logic circuitry) allows for less die space to be devoted at the cost of some
ability to keep track of all failed addresses after one test cycle. Such a balancing has
been made concerning Synchronous Dynamic Random Access Memory (SDRAM)
parts recently fabricated by Micron Technology, Inc., including part numbers
MT48LC32M4A2 (an 8 Meg x 4 x 4 bank part), MT48LC16M8A2 (a4 Megx 8x 4
bank part), MT48LCSM16A2 (a 2 Meg x 16 x 4 bank part), and MT4SLC4M32B2 (2



nunber of regions, the nunber of tests, or the nunber of bits per chip
results ina mnultiplied anmount of clock cycle savings during testing using
exenplary enbodi ments of the current invention. Such savings can result in
shorter test time or allow nore tinefor other tests. In ﬂgb$%¥¥E%HQQu;
directed by the inventor using exenplary enbodinents of t

i nventi on W28 Mdhstrated a reduction in test time by 45%?%%%@257‘?%
preferred nunber of failed address to be stored in register 32 can be based

ggsb?Lani Nﬁﬁtg:%aggﬁaﬁgplhﬁ-‘;ﬁhﬁggd o.f be'errrw eoflthskeg tr IcllzI gf W;atltlh the
i | i i | .
addr essescminrdiments pd trecurrent thveation; \AD @1?115{3% ‘;ffb‘k‘%f“%ﬁ@ﬁg@ﬁm B thEse e
greater ampunt .of . on-chi ' ' AT ' nRQl st er
Japabl ¢ OPS AR R oo e 0% S bt tleldcBiledah B sy Spiifed BT °
circuit r)’)egla{:iﬁgtoﬁyﬁné&é‘lﬁinh dohtairsng & €486 tiicedefuctiveaelliwitlya redimdant st

| a

however, great anmount of die s&z;ge may be devoted tq.that.
' Conver setolymn. Asssesult tipesapans haye-a registsT that storgs,nly & ipgle; §a

| ogi o ci rEaRe Rpe Grefety Bradefite e W 3AE) B30 R Qe 501 Y BNIRRD, 0,
some  abi I éédv?iﬂﬁ&ﬁﬂh{)f&%d&ﬁss?ﬂwéﬂiﬂg@ﬂmmsmﬂlmmest cycle.
as

Such a balanci’ng h een made concerni ng Synchronous, Dynam ¢ Random

Access Merepister GiDRMAled logic tircuity érproyided ppichin. JOTHET.Nt isperferredbahe gy,
Inc., includin art nunber.s 48LC32\VAA2 n_8 art),
wmmiem%qgmgewg‘a; e@%ﬁ%ﬂ%@ﬁ&ﬁ%ﬂé@ﬁﬁ%ﬁﬁtéﬂﬁ%ﬁ% Z< 4

bank part nd MI48LCAM32B2 (a 9 10 August 2005 WO 02/089147
PCT/ US02/ 0 1 Meg x 32 x 4 bank part). These parts incorporate many of

the exqopiAry Aeebaditsaihe chipsichtaining defectivewcells may besepaimdl fusths of the
failed cells found on these parts.duging.fgsti teyeal ed that. 90% of the
failed chips wilhbidentified by dhnprreacs &%ﬁiﬁﬁﬁ% Fﬂé‘eﬁﬁgﬁf)ﬁ% cont ai ni ng
at | east one defectime cel.. with: H.P‘Q,r et , these
parts havﬁerﬂ%’a?te‘aqlé{'eﬁ&ﬁ?%g*‘{hgp%?ggﬁlonig aggﬁw%slsgﬂéfa l'ed addr ess 5’at one tine

(pr ef er abhloviing @kliinited résduides of th kepalraigiicean te diredted tidthe ships thabnesg t he
col um

repair.

[0028]  Once the chips have been repaired, they may undergo a repeat of the previous
test. Alternatively, they and the chips that passed the previous test may be subjected

10 a different test. In such cases, the address and fail-flag value may be cleared from

the repaired chips’ registers 32 before testing continues, and the testing process
proceeds as described above. Further testing may reveal a defect concerning an
address wherein the originally associated column of cells has already been isolated in
favor of a redundant column as a result of a prior.repa.i.r. In some exemplary
embodiments of the current invention, it is not desirable to include circuitry designed
to isolate a one redundant column in favor of a second. Thus, aithough not required
in every embodimeﬁt of the current invention, it is preferable in certain exemplary
embodiments to avoid storing a failed address in register 32 if that address is atready
associated with a redundant cell. The status of the anti-fuses in the anti-fuse bank 40
can be used to determine if such is the case. If such a failure occurs, however, it is
desirable to record the existence of the failure by storing the fail flag in register 32.



address, without the row address. Accordingly, a relatively small failed
address register and related logic circuitry is provided on-chip. Further,
it is preferred that the register store the latest failed address
clearing any former address that may ve been stored. [0@97"]‘“%5{%905[ he
test, the chips containing defective célls may be repaired. Such chi Qs wi ||
be identi f iveolobgsetdte presence of the fail flag value in thePFEQISEERMY of
rel evant chips. Chips without the fail flag nay bypass the repair process,

t her eby | ow Lk t RétH ndlgadrese, thet i9an devot ed
to the ch?%’?sm%%%gi%l#%%éﬁ%g?%gt eﬂa?hi ps have been repaired,
they may Updiedtin that'R8atdaaf cdlhasfiited, andsthe ehip. may behaellédascgrdingley and t he
chi ps that passed the previous test nay be sug'égc to a different test.

ted
I'n suchfef28ks, Exemplatyembodiments of the purresy inysntion gererally aceommogate; om ¢ he
repaired chips' r.egisters 32 bef ' nBhesiatildWaticher t esting
process ﬁﬂ?@@&?@?ﬂ%ﬁ’ﬁ%@é&ﬁr%Eerﬁtlag?tl ng mea’y revgral a def ect
CONCEr Ni NGiAkmicAHEHSSS ail) Wheien tHeenaidryicanbeé y diwree daviey embbddnd inh cel | s
has al ready been isol'ated in favor of a redundant colum as g result of a

prior repaihip with legicyer eembjrted with ethtrrompenents by farma SYFICLPR 2 FBPe kO on, it

IS not desirable I nclude circuitr Si . | e redundant
colum in %#:ﬁﬁﬁmam%m%%% I I n geery

enbodi mentQkmilgddrts] A, AddVéibPignald tol Smetnbieedttiainigdeviee Baisacteasenpl ary
enbodi mrents to avoid storing a failed address in register 32 if_that

addr ess i sonalinglediyg bassatdimitetothoss desoribad Abrye: A system tlosk seit 38 of ¢ he

anti-fuses in _the anti-fuyse bank,40 can g(i used to determine if such is
the case. HPVIdeRGyoin &rm " it is desirable to record the

gc ! . ; . R .
iﬁ;gﬁtssng%gi V\H@J/ gﬁ%%b&%%%ﬁﬁl zsﬁ&%ﬁhe end o?&gofégt ,1Ot he

regi ster 3Bisihvinton habebéerf desgrilvidtaboveofon gduesss, oftillustration arioidi cat i on t hat
a redundant cell has failed, and -the chi rrae/wggmhandl ed acegrdingly.

[0029] Exempdifiegtionssasy bamade withe H‘W@@R&Pﬁ y acconmodat e

invention. For example, the error detection methods described above may occur at
any stage of die singulation, including but not limited to states in which the chip’s die
is part of a wafer, integral with at least one other die yet separate from a wafer, or
completely singulated from all other die. Further, the error detection methods may
occur at any stage of packaging, ranging from a bare die to a fully packaged chip,
although it is preferred to carry out testing methods of the current invention with a
fully packaged chip. Error detection methods can occur on any device capable of
- hendling the chip based on its stateofsingulaﬁogorpackaging, including AMBYX
and TERADYNE devices. Error detection methods can occur during a test, probe, or
burn-in (including cold bum-in) process. Concerning the function in at least some
exemplary embodiments of storing a single defective address, it is not required under
all exemplary embodiments of the current invention to store the last failed address.
-Rather, the current invention includes within its scope embodimients wherein the first
failed address and only the first failed address (if any) is stored. Moreover, at least
some error detection methods of the current invention may be used in either
compression or non-compression diita transfer test modes. Accordingly, the invention
is not limited except as stated in the claims.




systens using nenory, wherein the nenory can include nonvolatile, static,
or dynam c nenory, and wherein the nenory can be a discrete device,
enbedded in a chip with logic, or conbined with other conponents to forma
systemon a chip. For exanple, FIG 6 illustrates a conput!®Augyst &322,
wherein a mcroprocessor 34 transmts address, data, and control signals
to a nenory-containing device 36 s{lfim@s one including but not limted to
t hose descri bed above. A systemclock circuit 38 provides timng signals

f or t héWhatds dpimpedeissor 34. [0030] One skilled in the art can appreciate

t hat, although specific enbodiments of this invention have been descri bed
above for purposes of illustration, various nodifications my be nmade

Wi t houty dgpRMJAE thdting at fastSotiel seinicanducieiodkp Bfing Aeextemmibtattenn. For exanpl e,
t he error detection net hods descri bed above nmay occur at any stage of die
si'ngul atomprisingncl uding but not linmted to states in which the chip's die

is part of a fer, i W th at | east ther_  di ate from
a waf er, reaggqﬁ) étPE?r‘l'i/b gf’ﬂwmﬂm%ﬁm%(;{tﬁgaf{lgqee&kﬁiﬁgricﬁher,g@hb error
detection m;,}&gﬂ d HonPbeingb fedm B&id a0 astGne saMiPongudtsrom a bar e
die to a ful'ly pacggéi - chi p, al though it is preferred to carry out
testing net hods ahig;he current invention with a fully packaged chip. Error
det ecti on nethods can occur on an Vi ce. ca abLe of chip
based on |ts‘u§’r"&! a%‘F?ﬁj&P&F?‘B‘ﬁX'BgE 8&3@}?%‘ F%ﬁgh%?&gdnd
TERADYNE devi ces. te%é gdetection nethods can occur during a test, probe,
Ag c

or burn-in (incl ol d burn-in) process. Concerning the function in at

| east sone comparihgssidatdretibitend saidéxpettedibity a singl e defective address, it
is not required under all exenplary enbodi nents of the current invention
to store the last failed address. Rather, the current invention includes

wthin jtg sc i hereinthefirst failed address and only the
first fia ﬁedn&ggdg&s@gﬁﬁ?ean s stored. Mreover, at |east sone error
det ection nghiliows offealifi@ Bipried readiig aphoalitywy stoped bitscirom aqesgiective

conpression or non-conpression data transfer test nodes. Accordingly, the
invention is notplintality efisemieensiuctgsciipsit ed in the clains. 10 August 2005

dains said act of preventing comprises preventing said plurality of stored bits from
being output from said plurality of semiconductor chips; and

said act of allowing comprises allowing said plurality of semiconductor chips to
simultaneously receive an expected bit from said tester.

3. The method in claim 2, further comprising saving an address corresponding to said

stored bit in an on-chip register in response to said stored bit failing to match said
expected bit.
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What is clainmed is: 1. A nmethod of testing at | east one sem conductor chip
using an external tester, conprising: reading a stored bit froma nenory
array on said at | east one sem conductor chip; preventing ad to%)qrosd bi t
from being output fromsaid at |east one sem conductor chﬂa g said
at | east one sem conductor chip to receive an expected bit from sai d

tester, Gg afng g&MWGsMngsﬂiﬂe met hod
i ma@lgﬁv\ﬁerel n sal d’ act ofsg{a

in clal

adi'ng conprises reading ality of
st or ed dm&@bﬁmﬁdmmmmumdmmaga}mofmm rm%fi%‘{ sai d act
of preventing conprises preventing said plurality of stored bits from
bei ng dﬂPﬁﬁ@P 3 pIurallty of sem conductor chips; and said act of

al | owi ng Cosr;p@ §2Ucalf018h bl abiresRicR Qneieriant iy 0
re e| VE a expect

si mul t aneou bit fromsaid tester. 3. The nethod in
claim2, further @ipd si ng savi ng an address correspondl ng to said stored

bit in an on- chlprelster |nrespon sal fored to match
sai d expectre‘pla@ngat Sglh ?aﬂ&xﬁ al'm bf %ﬁerei n
said conparing act_ furt grrpan ng sai d stored bit and said
expected bit, and”3R ﬁ WUFG of said stored bit to match said
expected bit results in: replacing a memory cell associated-with said
address with a redundant nenory _cell, and e one ot her
menory E.eThe method dn claimd; wbm%%?g"mﬂ“i ‘g ?"daué'r@%a er redundant
menory cell. The rret hod | ékt Y&d eiﬁécgedqﬁimpgm@mi ng said
stored PSS, g‘ €S comparin %Lla bt il

one semiconductor chip.

6. The method in claim 5, wherein said step of preventing said stored bit from being
output from said at least one semiconductor chip comprises tri-stating an output circuit of
said at least one semiconductor chip. i

. 7. The method in claim 6, wherein said act of tri-stating an output circuit of said at least
one semiconductor chip comprises isolating said output circuit from a generally constant
positive voltage source and from ground.

8. The method in claim 7, further comprising:
writing a test bit from said tester to said plurality of semiconductor chips before
said act of reading a stored bit from a memory array; and
saving said test bit on said plurality of semiconductor chips as said stored bit.

9. The method in claim 8, further comprising rewriting said test bit from said tester to
said plurality of semiconductor chips after said act of replacing a memory cell.

12




expected bit conprises conparing said stored bit and said expected bit on
said at | east one sem conductor chip. 6. The nmethod in claim5, wherein
said step of preventing said stored bit frombeing output fromsajid at

| east one sem conductor chip conprises tri-stating an out pt}to’%qgf“éh?qosof
said at |east one sem conductor chip. 7. The nmethod in claim®6, wherein
sal d aqb, Afmbthbd 6f adalifig with #Siiled memorg gell ong smcﬂnductbwmﬂmns .
sem conductor chip conprises isolating sa, utput cirguit, froma generally
Constant  ppEvidings vegistenen sid SERICARIICIE dif BRGTRISAIA TS SEORREITS, o ai m
7, farther conprising; W.ting.a.t | 4 tester to said
plurality of semﬁvﬁﬁﬁgpk&@gghl%%%a ac"?in(;ﬁf reading a stored bit
froma me%é%aaﬂomsmmﬁmammmmmmw

sem conductor chips as said stored bit. 9. The nethod in claim8, further
conpri sing rew i comespondsitoacfirst friledmemar¥sell tester to said plurality of
sem conduct or chips after said act of replacing a nenory cell. 12 10 August
2005 10. A nmethod of dealing with a failed nenory cell on a sem conduct or
di e, CQPHLS mafhod iR cRlhd0) further 2Binblisthg e1drifg  deconid inemdrycaddressiinesaidiher ei n
said register is configured to avoid storing nultiple addresses at any
tine; mmpmwsﬁdesmmmmM in said
first menor dress cqrresppnds to Lr | 11. The
met hod TR ﬁﬂﬁ%ﬁ@%%@%ﬁ%c%%@%ddr ess in
said rg ﬁ-&%&ll.i n place of said first nenory address in response to
detecting a”second failed nenory cell, wherein said second nenory address
corresponds to said second failed nenory cell. 12. The nethod in claim11,
wherein said act of storing.a first, nenory.addtess co ises: storing a
first dé Jhemuthaddns Hag‘@mﬁdﬁﬁﬁq?mwwﬂmexcl udi ng from

storage'g E'Eésst row address of said first failed nenory cell.

storing a first column address of said first failed memory cgll; and
excluding from storage a first row address of said first failed memory cell.

13. The method in claim 12, wherein said act of providing a register comprises providing
a register configured to store:

data indicating a presence of at least one failed memory cell; and

at most one memory address.

14. The method in claim 13, wherein said act of providing a register comprises providing
a register configured to store a single bit indicating the presence of at least one failed

memory cell.

15. The method in claim 14, further comprising rerouting a signal relevant to a colunm
address stored in said register from a first column of memory celis to a redundant columm
of memory cells.

13




13. The method in claim 12, wherein said act of providing a register
conprises providing a register configured to store: data indicating a
presence of at |east one failed nmenory cell; and at nost one nenpr
address. 14. The nethod in claim 13, wlérein said act of pr@ﬁ“&ﬂ”ﬁbﬂips

regi ster conprises providing a register configured to store a single bit

i ndi cat i ngp.t heTlps method én ohinatl 5] fasthér conerisaig testingrseideyniceidictot 8ie The net hod
in claim1l14, further conprising rerouting a signal relevant to a Col um
addr ess stilst 64diapt fPWUHBE ster froma first colum of nenory cells to a
redundant columm of nmenory cells. 13 14 10 August 2005 16. The nethod in
claim15, further conprising testing said sem conductor die after said act

of reroutjnhg. 47. The nethod.in.claim16,.further ] Si ting said
seni g:onduU_t?or ﬁli‘e_emeﬁi‘@flé]? Blagléilh’ glgberocron}péj,sg}.g#ﬁg{g s\ﬂ%gsi‘l’g?l%&g §%8£ gi(szet of
testing sgfsheSeRl £PBLkEGRINg M BereROal £t SRicOtimEdaiP@Eentiebiiictordié s confi gur ed

to identify said first fail'ed nmenory cell. 18 A method of repairing a
regi on of bafenssrid ashofresamingdncundigoreddhiigentifpsaid fisgt fizjledragneyiasl- at | east
one defective nmenory cell wth at | east one redundant nenory cell; and

replacing at | east one non-defective nenory cell with at |east one

addi ti onajg.r edynA@nsd SEIEBAYIng @lrbgioNBEMm@drF e 8 s@hicbRdsiorahg non- def ecti ve
menory cell is associated wth said at | east one defective nenory cell,

wher ei n serinaprisings of repl acing at | east one defective nenory cell and

repl acing at | east. one,non-defect.i ve nmenory, cell I dant menory
cells desi gnaIEeB CHg2 }eéiﬁta(i"nre c%’fecglgf 81%053{8 lgﬁk%iﬁ%@yo%gﬁeiu%ﬁ sem conduct or
chip. 19.mépery®ihasdin claim18, wherein said act of replacing at |east

one non- defective nenory cell conprises replacing at |east one
non- def ecti ve replaging at least one non-defective memory cell with at least one

additional redundant memory cell, wherein said at least one non-defective memory
cell is associated with said at least one defective memory cell,

wherein said acts of replacing at least one defective memory cell and
replabing at least one non-defective memory cell use all redundant memory cells

designated for repair of said region of memory on said semiconductor chip.

19.  The method in claim 18, wherein said act of replacing at least one non-
defective memory cell comprises replacing at least one non-defective memory
cell sharing a common conductive line with said at least one defective memory

cell.

20.  The method in claim 19, wherein said act of replacing at least one non
defective memory cell comprises replacing at least one non-defective memory
cell sharing. a common column address with said at least one defective

memory cell,

21.  The method in claim 20, further comprising providing an indication of an
existing defective memory cell, wherein said act of providing an indication

comprises storing a particular value in a register on said semiconductor chip.



cell sharing a common conductive line wth said at | east one defective
menory cell. 20. The nethod in claim19, wherein said act of replacing at
| east one non defective nmenory cell conprises replacing at |east one
non-def ective nemory cell sharing. a comon col urm addr ess OfuaNsE2iaP at

| east one defective nmemory cell. 21. The nmethod in claim 20, further
COMPI | Sy IRkl 1A 21) Wiehdin 6dld edgicier is configuredtafrostidoommaior y cel |
wher ei - §ai'd act of providing an indication, conmprises stqring a particul ar
val ue igohins ifiresspandonheareincsaierrmupricalan address m@oﬁ%&ﬁ&ﬂﬁ% 22. The

met hod in claim2l, wherein said register is configured to store said
common reg8ttiim addr ess; and wherein said common col um address and said
value fill said register. 23. The nethod in claim 22, wherein said act of
storing a particular value is in response to testing conprising on-chip
CO”Darimmfméi&é@iﬂcﬂﬁdlm,maaiﬂ@gﬁqugrﬁms‘ﬂ&ﬁ%ﬂ“feﬁﬁ%&s@‘g“ﬂata
transmtted froman externpal tesfin Vi.C wher-eL[ :S.ai ad from
sai d re@itﬁﬁnsfaﬂlﬁm&°§WE%@@%8¥%§“E&&?&%§H¥§§ éﬁm@%&ﬂr process
for supple | q pievice/Whérein@iid datereadiffom ng whet her
said m&?@%éﬂ%%grﬁh%ﬁwe ; tgidrﬂfggilrm ng a first test in response to
sai d NMeggd dgiohiof mivirdrpandesid experaéd daty doemet métoh-egoi ng said first test in
response to said nmenory chip not having been repaired. 25. The process in
claim 24, further conprising performng a second test on said nenory chip,

wherein_ failing said s ng. r : LA i an address on said
nmenor y %‘&nﬁpﬂ‘fg#e@ﬁngﬁ szf?%ingcfgr%éég% {&hfgsﬁﬁghgiggn previ ously
repaired. 264etckhiniRf WRer isiid chehdry 2hip hak beeni repsied] process furt her
conprises: performng said first test,on said _nepory chip; re iaﬁ&ng sai d
menory chip mmmgsttmmwmmmwmg%@ﬁf@ﬁ
tenporarily gefraining.fr repai-rli ' | Pavidl b&S! to
faﬁg'og%g gaérgﬁrst %t in 128onsd'd éﬁxﬂeﬁﬁ@éﬁp aBt Ravirly beRREpEed

passi ng said

25. The process in claim 24, further comprising performing a second test on said
memory chip, wherein failing said second test results in repairing an address on said
memory chip in response to said address not having been previously repaired.

26. The process in claim 25, wherein said process further comprises:
performing said first test on said memory chip;
repairing said memory chip in response o failing said first test; and
at least temporarily refraining from repairing said memory chip in response to
passing said first test.



15 10 August 2005 27. The process in claim 26, further conprising during
said first test, storing in a register all failed addresses resulting from

said first testy storing a fail flag in said register resultjn t he
exi stence of a failed address; and by the end of said fi rs1t04‘§g‘5{£@[gori ng
in said register only the latest failed address of all failed addresses

][esul t i4ag fhé%c%s%}iﬂcﬁiﬂh?ﬁ ﬁgﬂim-calﬁpnﬂihg process in claim27, wherein sa: fJ
irst test 1S configure or. replacjn .J)pst. .one ¢ ry cells
Wi th a redurdising said %fmmwwgﬁmapwﬁ%%i%%%ﬁﬁgne col um
of menory cells gﬁ{}éredundant colum of nenory cells in response to
detecting at |ea defective cell during a first cycle of said first
test. 29. A 4B Botaninagan skiilhegiser nniting fromsthe ciistende of 2 feiled AaiseS; cel |
that has failed a test, conprising: storing said address in a register in
response to saidamdnory cell being a non- redundant nenory cell; and

clearing any ot her deess,fr | LSds \ily iSlafecRiled addiest oft or i ng
act. 30. Theé¥ ?FH%"'W&&?F%’EWE@? % npr?s?ng refrai ning fromstoring
sai d address in Jesiedadirbses pistltig frony said first bast.ng a redundant menory

cell. 31. The nmethod in claim30, further conprising storing a fail flag in
said register. regardless of whether said nenory cell is a redundant or

non-r edundant nenory .cel ._.The. y g“ﬁ ' , further conprising
cl ear i ng8-sEhePraRess B‘z@%@? 'Pé?ﬂdﬁ%g%a’#roméal register before
initiating %@Hﬁ%@%‘ kt $rdohmhf of thefitiy pélisAGifiba ddundanteohmon of processi ng
a sem conductor e having nenory cells including main

memory cells; and

replacing at least one column of femory cells with a redundant column of
memorycellsinrespoﬁsemdetecﬁngatleastonedefecﬁvecendminga
first cycle of said first test.

29. A method of handling an address associated with a memory cell that has failed a test,

comprising: .
storing said address in a register in response to said memory qellbeinganon—
redundant memory cell; and
clcminganyotheraddressﬁ'omsaidregisterinrﬁponsetosaidstoringact

' 30. The method in claim 29, fixther comprising refraining from storing said address in
response to said memory cell being a redundant memory Qell.

31. The method in claim 30, further comprising storing a fail flag in said register
regardless ofwhethersaidmemoryoellisaredmdantornon-redxmdamtnmoryceﬂ.

32. ThemeﬂlodinchhnSLﬁmhzrcompﬁsingcleaﬁngsaidaddmsmdsaidfaﬂﬂag
from said register before initiating a subsequent test.
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menory cells and redundant nenory cells, said nmethod conprising: checking
said sem conductor die for at |east one defective nenory cell; storing at
nost one address at a tine in a register on said die, wherein saif dress
corresponds to a col urm address of a defective main menmory Odygus ified
during said act of checking; and replacing with redundant nenory cells al

Mai N MeyAD 1A/ meloll of Brdkstingta Sethicomiuctat diehavingmemorycallsdncuding mamidr ess
stored in said register. 34. The net hQ€ i | ai m.33, wherein said act of
checki myemoyeeliswd redandent memeryicellsesal slﬁgiegﬁeﬁn?&ﬁ@gmhi le said

sem conduct o Le 1s,in a singulafi Egﬁﬁ- . group

consi sting &Le @*%ﬁ%%r@ég?%%@??%al ieéb elng integral with
at | east on%mrﬂgfﬁhﬂf@nymmmmmmmmwmmmng
conpletely singulated fromall other the. 35., The nethod in_cl.aim 33,

wherei n sai d act cofresgondk toeycolompraddesss efadafectiyeaain meoRy SSllduct or die
whil e said sem cqnd r, die _exhipi . ging state ranging froma
bare the to part I‘EF%?GBW;%‘)@W&E%@M%@ The method in claim 33,
wher ein sai Wﬁ%ﬁmm%maﬂ%m@mmmnMor the
using a selection conprising an AVBYX device and a_TERADYNE device. 37.
The nethod in cl addreSmatihingone codirgn addressistarpd g TRy i ses performing a

process on said die, wherein said process is selected froma group
consisting of a test, a probe, a cold bumin, and a non cold burn-in

Pr 0C©5534, he ollfiod B <l 53, Whdieif)sard Hiing Boriprisds chclingbdidi ng
conprises replacing wt redundant nmenory cells all main nmenory cells
havi ng samicyndagtordie veiile said semicapdactondie is tod singulation siste sslested figmasyj d
register. 17 18 10 August 2005 39. The_nmethod in claim 33. L&l said act
of gr ep| Srevmeensistng Pgévgd dishemns payt of %W&ﬁfgﬁhﬁmﬁﬂﬁ‘ﬁ#ﬁﬁh}%?ﬁ&ﬁm n
menory cells havi Had ot Fonmpgldr ess
St or o Pl PSP g W W G e B el Womiplestly s e

other die.

35. The method in claim 33, wherein said act of checking comprises checking said
semiconductor die while said semiconductor die exhibits a packaging state ranging from a
bare die to part of a fully packaged chip.

36. The method in claim 33, wherein said act of checking comprises checking said
semiconductor die using a selection comprising an AMBYX device and a TERADYNE
device.

37. The method in claim 33; wherein said act of checking comprises performing a process
on said die, wherein said process is selected from a group consisting of a test, a probe, a
cold burn-in, and a non cold bum-in process.

38. The method in claim 33, wherein said act of replacing comprises replacing with

redundant memory cells all main memory cells having a column address matching a last
column address stored in said register.
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40. The nethod in claim 33, wherein said act of checking conprises
transferring data to said sem conductor die using a node selected froma
group consisting of a conpression m)dﬁgand a non-conpr essi gwd o 1. The
method in claim33, wherein said act of®checking conprises! H?t?g? di e
exhibiting a latency selected froma group consisting of a latency of 1 and

| f >l ect e | . o el
a latencysp ghofr@gtgoé\ﬂrgpgﬁ#sﬁ Whdreid sﬁﬁ@g?lgﬁégﬁkﬁ% c@»ﬁifpﬁ es%iamein@@v & Menory

array and an a wher el n sai I's configured to
el ect ri caleliyndanmmemocytatiswiltrhain neaory wells lufving a tadsmusraddess matshingd t

conprising: a conparator on.sai.d sen conductor ship coupled to said nenory
array an rtSBCOI‘éIQP&ggr@FSrﬁt?F&H%Fm 55%F%¥est er, wherein said conparator is

configured to receive a first data value fromsaid nenory array and a
second data value fromsaid termnal and further configured to transmt a
si gnal ba#fed uplenmathbddkclaim Bdewhérein spigkaseefchegkitls CpmprisesritrnsBedrthd dat a

val ues ; regi sfer .coupled.to said addres tch an I npar at or,

wher ei n s‘gqt%ltogﬁaﬁ%efmﬁ%ﬁ ot Aifsing 4wg %Fej ci?ii &?rtnﬁl %ﬂg%é%rszsziégto?gnsm tted by
sai d addr @ggpreidimoddishd MREH-Edfipresyich me@é.ster is configured to store said
address in response to receiving said signal fromsaid conparator, wherein

said register is configured to store less than two addresses at one tine,

addr oss. cBlr oo bHAERGOEElant 35P bR A€o RORLERE o B BBdb bl

address coOrres ansni ssron o nal over a prior
address &@iBigaRe MMy skRcRdFFdnk gfdupreensistixigosT athtehey df b aghalatermydfan

output circuit conprising: an inverter coupled to said nenory array, a

first trahsistor electrically interposed between said inverter and a

positive voltage source and configured to turn off during a test node for

said sem conductor chip, and 19 10 August 2005 a second transistor

el ectricadly i Atcticposad seaiivasinctoathipiimiedihg a neemtoryroap dndan addressf i gured to

turn off durin said_tes_t,m)d%. . : . :
atch, wheremn said chip is configured to electrically communicate with a terminal of a
tester, said circuit comprising:

a comparator on said semiconductor ship coupled to said memory array and to
said terminal of said tester, wherein said comparator is configured to receive a first data
value from said memory array and a second data value from said terminal and further
configured to transmit a signal based upon a lack of identity between said first and
second data values ;

a register coupled to said address latch and to said comparator, wherein said
first data value is associated with an address transmitted by said address latch, and
wherein said register is configured to store said address in response to receiving said
signal from said comparator, wherein said register is configured to store less than two
addresses at one time, and wherein said register is configured to preferably store a later
address corresponding to a later iransmission of said signal over a prior address
corresponding to a prior transmission of said signal; and

an output circuit comprising:

an inverter coupled to said memory array,

a first transistor electrically interposed between said inverter and a positive

voltage source and configured to turn off during a test mode for said semiconductor

chip, and




43. The circuit in claim42, further conprising a buffer electrically

i nterposed between said termnal and said conparator. 44. The circuit in
clainms 43, wherein said conparator conaéi ses an excl usive nar ate. 45. A
computer system conprising: mcroprocéssor |ogic; menory /ORHIWEHLE said
m croprocessor logic; an output circuit coupled to said nenory, |ocated on
a common chi p ydBng fhfbkistIEARE M cal BiHFUEd BbtaREn 5Ad ifRetet %Rf Srofied At a test

read nmode; a plurality of redundant nmenory cells on said chip; a register
on sai d céunfigeieddd turo off durmgmalddtiest Middeg bit and a single col um address;
and conparison circuitry on said chip configured to receive a first bit
froman external tester and a second bit froma -selection of a nenory

cel | froms sai fhdeirsidin¥NEmas), AgtHREasthpiEn®s Yuffel dleduieanySiaiegpdabdir al i ty of
redundant nmenory cells, said conparison circuitry further configured to

si gnal sabdweaysaid wrmingl prdgritheempasatarf ai | ure of said first and second bit
to match. 46. The systemin claim45, further conprising an anti-fuse bank
configured to divert to a redundant nenory cell an electrical transm ssion
for any ngqor yTeetikcuitiin cleting 4B pWBdr¥intsarit coplparfsr cngisesn actdusgesnod th a
defective cell. 47. The systemin claim46, wherein said nmenory conprises a
sel ection8¥®om a group consisting of nonvolatile, static, and dynam c
menory. 20 10 August 2005 48. The systemin claimd47, wherein said nenory
conprises a selection froma group consisting of a discrete nenory device,
enbedded #®nory in A @hipntessidtethpepmprisimgpnd one of a plurality of conponents
in a systemon a chip. 49. The circuit in claim44, wherein said inverter

i s configured MYTERHGEFEef 08iCsaid terninal .

memory coupled to said microprocessor logic;

an output circuit coupled to said memory, located on a common chip with said
memory, and configured to inactivate during a test read mode;

a plurality of redundant memory cells on said chip;

a register on said chip sized to store a fail flag bit and a single column address;
and

comparison c¢ircuitry on said chip configured to receive a first bit from an
external tester and a second bit from a -selection of 2 memory cell from
said memory and a redundant memory cell from said plurality of
redundant memory cells, said comparison circuitry further configured to
signal said register in response to a failure of said first and second bit to

match.

46.  The system in claim 45, further comprising an anti-fuse bank configured to
divert to a redundant memory cell an electrical transmisston for any memory cell in

said memory that shares a column address with a defective cell.

47.  The system in claim 46, wherein said memory comprises a selection from a

group consisting of nonvolatile, static, and dynamic memory.




50. The circuit in claim49, wherein: said inverter is further configured
to transmt an output value to said termnal during a non-test node,
wherein said out put value is based on (1 ta stored in said JEETRr tefc{oray;
said fi rs£ trajilﬁi st?r s 1c.onfjhgvred taiturn on in .refﬁ)ozﬂs&?@ggﬁf F?g sai d
non-test *Hrode  NGREDnITCIEE S HdVRSFERSHS TRGTY CRBRIPG A BEFE8" (10" on i n
response §@uf Rbfiidting ofdl disch@8 mehRYy dEMEE endbiddeliferBbfyGHialchiptwith dbgie,50,
wherein said output 'value is an inverse of said data stored in said nmenory
array. and one of a plurality of components in a system on a chip.

49.  The circuit in claim 44, wherein said inverter is configured to coupled to said

terminal.

50. The circuit in claim 49, wherein:

said inverter is further configured to transmit an output value to said terminal
during a non-test mode, wherein said output value is based on data stored in said
memory array;

said first transistor is configured to turn on in response to entering said non-test
mode; and

said second transistor is configured to turn on in response to entering said non-

test mode.

51.  The circuit in claim 50, wherein said output value is an inverse of said data

stored in said memory array.




