WO 02/ 080183 PCT/ US02/ 07340 MEMORY CELL STRUCTURAL TEST FI ELD OF THE

| NVENTI ON The present invention is related to the use of structural testing
t echni quewom2toeoispeed the testing of a menory array beyonadomEn2/hs4possi bl e
wi th conventional functional tests. ART BACKGROUND As nenory arrays
commonly used in many el ectronic devices beconme 1o increasingly |arger and
nore densely packed, the test, cC | exi jncreases exponentially, and so
does the time required to tﬁﬁF%@%ﬁf&ik§§F5EF%E%5§F%€dua| cells and ot her
menory array conponents. As a result, manufacturing test processes take
increasing |longer to conplete, as do efforts to debug the faults that are
found. 15 CprBnOPITHE INCENTIONN the art is to nake use of functional tests
wherein various conblnations of values are witten to and read back from
menory cells wiThd presenémmenyion is ralated-Hovibe e obgirdztaral tehling teabnigones col uims
of menory cells wthin nmenory arrays continue to ingrease in size, the
nunber 0¥ wh gneed e tegting offyeemennaday Beyandayhatds passthlawdthcongertioneh nenory
cells increﬁfeéoqﬁqgﬁentially, 20 and causes a correspondi ng exponenti al

i ncrease in the“Sount of time required to carry out such tests. This has
pronpt ed questi ons about engaging in meking increasing tradeoffs between
manuf acturing throughput of parts and thoroughness of test coverage,

i ncreasi ng ARG BAREGRGIONDt hat faulty nmenory arrays will be passed on to
custonmers. 25 Such functional tests also do not provide nmuch in the way of
informati on neediememyry atreps ¢dremonlyrwsed dh mamny efegtropicedeviags becomrce, when it

is found that a cell., has returned val. u ther than what was |last witten
toit, thi swmnslwaé&%-apdmre 5?%?@3{ Beckar) e drst SOmBIEHE ROSRRSt hor |t vas

an address prco%%ﬁﬁaﬁﬁ%& so 2088 i xcélauired to thoroughly test the individual

cells and other memory array components. As a result, manufacturing test

processes take increasing longer to complete, as do efforts to debug the faults that
are found.

15 Common practice within the art is to make use of functional tests wherein
various combinations of values are written to and read back from memory cells
within a memory array. However, as both the rows and columns of memory cells
within memory arrays continue to increase in size, the number of write and read
operations required to adequately test the memory cells increases exponentially,

20 and causes a corresponding exponential increase in the amount of time required
to carry out such tests. This has prompted questions about engaging in making
increasing tradeoffs between manufacturing throughput of parts and
thoroughness of test coverage, increasing the likelihood that faulty memory
arrays will be passed on to customers.

25 Such functional tests also do not provide much in the way of information
needed to trace the source of the failure. In essence, when it is found that a cell
has returned a value other than what was last written to it, this result doesn't not

provide an indication as to whether it was an address decoder fault, a data latch



WD 02/ 080183 PCT/ US02/ 07340 fault, a data line fault, a nenory cell fault
or a driver fault. Therefore, further tests are needed to isolate the
fault w twbDr2bkmEssrenory array so that subsequent nanuf actramiusg2/yized ds may
be i nmproved, and as nenory arrays continue to increase in size, the length
of time required to performthese additional tests also 5 increases. BRI EF
DESCRI PTI ON. OF THE DRAW NGS The objects, features, and advantages of the
present i nvEalh adatgline faglt, aalasawgheelkf@ukﬁéagizmer fnlt; rTl'leFRf‘)’@rfu Ty ew of

t he foIIovm det ai des wh ch: Figure

i agr am of - 5AS EhtteruRescate PSRt e PePre i i i ¥ Rald s oo

di agr am of ﬂi&% %furﬁfgfmgfd%m tszimx Byl GRABRE mdri§Na98 coltin@ifs 3 1S a

bl ock di agram o ti anot h odi nent of the presént 15 invention.
Figure 4 i simerdaboitt shgtie Rhgdng r@maequﬁemo pérféretheseadditiohaledts alea.

Figure 5is a flow chart of anot her enbodi mrent of the present invention.

Fi gure 65i sirardabesw chart of still another enbodi nent of the present

i nvention. 20 DETAI LED DESCRI PTION I n the followi ng description, for

pur poses of explanation, nunerous details are set forth in order to

provide a tﬁﬁfﬁ“@ﬁs Tale Ié&\?ﬁ?'% prANAEEESeNt invention. However, it

will be apparefit—to u e SkrttedTm the art that these specific details are
not required in ﬁ{éﬂ@de&@fwra&yaﬁﬁ ddvanREESEMthe pRBAL inO8nticiPwille Pr €sent

i nventi on concerns m%rmry arrays in which there exists an array of nmenory
cel | s or ganaggdenttoromeskiled in theLrnin viehef ehefollbwimgpdetaifedt éédesiptian

dynam cal | y z}a1n(ilI randomly accessible, as in the case of commonly avail abl e
10 = whic

Figure 1 is a block diagram of one embodiment of the present invention.
Figure 2 is a block diagram of another embodiment of the present
invention.

Figure 3 is a block diagram of still another embodiment of the present

15 invention.
Figure 4 is a flow chart of one embodiment of the present invention.
Figure 5 is a flow chart of another embodiment of the present invention.
Figure 6 is a flow chart of still another embodiment of the present

invention.

20 DETAILED DESCRIPTION

In the following description, for purposes of explanation, numerous details
are set forth in order to provide a thorough understanding of the present
invention. However, it will be apparent to one skilled in the art that these specific
details are not required in order to practice the present invention.

25 The present invention concerns memory arrays in which there exists an
array of memory cells organized in rows and columns, wherein the memory cells
are dynamically and randomly accessible, as in the case of commonly available

DRAM and SRAM ICs. However, as those skilled in the art will appreciate, the
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DRAM and SRAM | Cs. However, as those skilled in the art wll appreciate,
the 2 WD 02/080183 PCT/ US02/ 07340 present invention is also applicable to
arrays ofwotok®soisd rcuits, including but not |imted to, ecagmsbt/ersROM |Cs,
programuabl e | ogi ¢ devi ces and conponents organized into arrays within

m croprocessors. Figure 1 is a block diagram of one enbodi nent of the
present invention. 5 Menory array. 100 is depicted as conprised of top half
110, bot t onP¥eEeHt lﬂiezlﬂondﬂﬂlﬁ‘ééﬁplé“é‘é@d@rmﬂ@Oé%ﬁhﬁé@{%ﬁtsfc iBelyding byndtal f 110

and bottom palf ,112 vij ality of rd .lines (includin rd lines
130 and 132000ed g 2rte Bl R R proihrina R Gaic 1O B bl R ha 1 110
and bottom agizg&%@ra@ragggm%ﬁg&ﬂogr&ggoﬁd 162, respectively, connected
to bit lines™70 and 172; respectively. Bit lines 170 10 and 172 are in
turn connected tRigifedl isapléck dihgraanpfasmatenibociiment 6f thd Presedi iberition. N turn
connected to | atch 142. For purposes of clarity in discussing of the
present 5 i nYemdrparragiP§isrdepint @@dmﬂmdmdofbﬁmlf 11héottym kadfel12hown in top

nal 1 12 8 ey acader TR SRnesyed Ko o pLEM R Fatf 34 prcal mermory
array 1 BRYOTHO Rl DTS e FAEEL LD 8 oS PR PR

cells conne operation o array Z'address
decoder 120andlReAdRD. WRHikin@bp AaNEIPANd BEIR HAIFANY atethBSoBNcABABORAN at € ones
of the word |ines connecting address decoder 120 with top half 110 and

bot t om hal f 1621 2espectivehabbreneatedeas dittlnea i apd 1722, ecspedtiviely. dgit lisesvli70hi n t op
hal f 110 and bottom hal f 20 112. Dependi ng on the me.m)r%/ O(EGr(iti.OU bei ng
per f or nédl, @nd &2 age i furn conpectadele the inpnts elcoanparater st 1A whidhvisin t op hal f

110 and bottom hal f 112 vi bit |i tao which th ted. F
oxampt e, UGS 8 HERIAL Tl Rt B B bR ol bR BTN T ot
renory Cel | fvthlod 3 oemopIIPRD ABAAMRe FGre HRAAAEPDAUA D, P MRy

address and turns on V\Dr{?oﬁgnes 130 an
only memory cell 162 and bit line 172 are shown in bottom half 112. However, as

known by those skilled in the art, a typical memory array will have many bit
15 lines, each of which will have many memory cells connected to it.

During normal operation of memory array 100, address decoder 120
decodes part of a memory address and turns on appropriate ones of the word
lines connecting address decoder 120 with top half 110 and bottom half 112 to
enable access to appropriate memory cells within top half 110 and bottom half

20 112. Depending on the memory operation being performed, data is either written
to or read from memory cells in top half 110 and bottom half 112 via the bit lines
to which they are connected. For example, during a write operation to a memory
address associated with both memory cells 160 and 162, address decoder 120
decodes part of the memory address and turns on word lines 130 and 132 to

25 enable access to memory cells 160 and 162 through bit lines 170 and 172,
respectively.

In one embodiment of the present invention, memory cells 160 and 162 are

tested by first writing identical data to each of memory cells 160 and 162 through
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25 enabl e access to nenory cells 160 and 162 through bit lines 170 and 172,

respectively. In one enbodi nent of the present invention, nenory cells 160

and 162 awve o2ngasrd by first witing identical data to eaebTafSomenwry cells

160 and 162 through 3 WD 02/080183 PCT/ US02/07340 bit lines 170 and 172,

respectively. Bit lines 170 and 172 are then precharged to either a high

vol tage state or a | ow voltage stg}ﬁ% comonly referred to as Vgcc or Vss,
t

respecti vel lt lingg} dsandilrotrspectys Hingsd4tard hag dredhenypieshaygsd Rydr ess
assoct at ed WAL} TEIRLAEELL5: 10018090082 MEIBLY Sl rc0f @ndep, then

output 5 their on I"Tnes 1 respectively. npar at or

circuit 140vig ré’speéﬂi eaaarRaaatdder ﬁilﬁttheﬁ‘a@éédw%&'df aGREMBReR1drBg Vol t ages
on bit lines 170 and 172, and continuously generates a signal indicating

whet her or asbciated with hegesryeslls Di0tanld 162s Methoraredlld 16D aidel 62ubat autpual | y
simlar. In one enbodiment, |atch 142 may be triggered at one or nore

pr edet er fri nEein date ontprit hgest178 and 372 respespvely eCompanatordirguét 190 is he out put
of conparator circuit 14Q at such tjnmes, such as exanple ti tl and t2
Qur i ng s ho. DG EEEaHOB ey SRS P S8 NIt 485 COHBRG 128APH e

hi gh-to-1 ow i ' ] ! gg‘; ' not her
enbodi nment , 1?%1? gﬁ C&ﬁ%ngogg'wdgdbntgr%t%r%féﬁé%%%@as %hg{hgigﬁﬁ(%ﬂa%{%ké{h% egto ﬁl at ches
and st or espa e CAHAEIRrO bultaitAllR lsinhil #MIE GAPSMBb@ineit N 1G1¢h t14d Alhy
indicating that the 15 voltages on bit lines 170 and 172 becane

subst ant i al by trifidet et @nine drimore predatenmiped titries duvingithe eadiorngptveathey cel | s
during normal use of a nenory array to precharge the bit lines to a high
vol t age 18t agtete offthe enipus of gomparator spwil il Hbafsugh , S9€B ag Aramplgdimsson, t he

(o100 O TR koo RS2 P . 1S,
R
embodiment, latch 142 could be implemented as a "sticky latch" that latches and
stores any occurrence of a signal from comparator circuit 140 indicating that the
15  voltages on bit lines 170 and 172 became substantially different.
It is common practice when reading memory cells during normal use of a
memory array to precharge the bit lines to a high voltage state. Therefore, in one
embodiment of the present invention, the testing of the memory cells would be
carried out with the bit lines being charged only to a high state when reading the
20  memory cells. However, due to commonly used memory cell designs, limiting
precharging to only a high state would result in as much as half of the circuitry of
a memory cell not being tested for excessive leakage or other conditions.
Therefore, another embodiment of the present invention would entail testing with
the bit lines precharged to both high and low states.
25 The use of comparator circuit 140 to test memory cells 160 and 162 is based
on the assumption that identically designed memory cells connected to identically
designed bit lines should be able to drive the voltages of their associated bit lines

either high or low at a substantially similar rate. In short, the waveforms seen on
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a nmenory cell not being tested for excessive | eakage or other conditions.
Theref ore, anot her enbodi nent of the present invention would entail testing
wi th thewbioz/okiises precharged to both high and | ow st at eecTABITB4use of
conparator circuit 140 to test menory cells 160 and 162 is based on the
assunption that identically designed nenory cells connected to identically
designed bit lines should be able to drive the voltages of %heir associ at ed
bit Iines BethratlingsdrO apd 1Esyeh as iaparla waveiorys dB0and182) sheuld|lgok hor ¢ |

t he maveforgﬁmgggﬁuon. ﬁn' 02/089%%§8PCT/U802/q73ﬁQ bthngt lines 170

and 172 (such as ex rsrbniue vva\%sf%srer?s PaTft orl%’ffl sff*n%ﬁ?aaﬁego Substanti al | y

simlar. Thig ioBfof gt B‘e%%ﬁi AfyoiniflelyCiiat a bfoc@bsSearRaieR dr 8fhek QBfeRBRUMPL I ON
of it being hﬁgﬁﬁ? uonl i kel ?hﬁ% Sr}gcgsgbvari at iron orrot her defect in

menory arr aghedidy atraly 10@ 9vill kesult ih ddaniticalefhulistel Hogh tap hdf T10tad beatoin 110 and
bottom 5 half 112, and so it is highly unlikely that both nmenory cells 160
and 162 i | halpelZjendee itiehighlyvanlikedy that hothenemgty ¢alal6q ard teXwill beng errant
wavef or ms s&gtn on bit lings 170 ﬁ d 172 wi]l 1ook substantially the sane.
I'n ot her wofefgctiveinjwayssiaiiprepough that the respliingerant yayetorms segngn bk ¢ j ¢ e

fabricati . i LL - : 2 i
Cop ha f 110 a0 BoRaem il i ahliBp e ARKC 1L SGF LERL:, B BsBrRR POt

accordance ak Bn ifiBulfys SE&H as AW @R phtIdbd d fabfivaRin pocdls biF antiaft bet ween
any pair of nenory cel'ls between top half 110 and bottom hal f 112. Menory

array 100 i Bawhidentict efgdts dn bothaop dplf 120 &nd béttamnchatfdd  encthiblaf tekts2 i n
accordance with a common practice known to those skilled in the art so that
buf f er s 1&andcastind pubsaseprshaaer withdhe pregemndpyadiopanillray¢a) np skidgrencesand

glalsiO\rMaglget gg%tﬁ‘?le?’i‘ glﬁi’ Pl@’li‘ig’?%l?%g‘?r?g? T ém%%g{%r@feﬁ{ovai%ﬂb’gﬁ?gi)&ﬂk Lﬂii gld)\r/g_nt age
o L T BB 0TS e SRRkl G2l 0o
conpar e t hea@bafdnkt Gath £Ehmeh Praciick kRowh to those skilled in the art so that
buffers and other associated circuitry may be centrally located, and allowing the
15  Dit lines to be kept short to give the bit lines more desirable electrical
characteristics. The present invention takes advantage of this common practice to
make use of the same central location provided to centrally locate comparator
circuits, such as comparator 140, to compare the electrical characteristics of
adjacent bit lines. However, as will also be clear to those skilled in the art, this
20  split of memory array 100 into top half 110 and bottom half 112 is not necessary to
the practice of the present invention. The present invention may be practiced
with numerous other layouts or placements of the components comprising a
memory array.
Figure 2 is a block diagram of another embodiment of the present
25 invention. Memory array 200 is substantially similar to memory array 100 of
Figure 1, and items numbered with 2xx numbers in Figure 2 are meant to
correspond to items numbered with 1xx numbers in Figure 1. In a manner

corresponding to memory array 100, memory array 200 is comprised of address
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adj acent bit lines. However, as wll also be clear to those skilled in the
art, this 20 split of nenory array 100 into top half 110 and bottom hal f
112 is nowoneogasary to the practice of the present inveRrCirarso2/dt3eo present
i nvention may be practiced w th nunerous other |ayouts or placenments of
t he conponents conprising a nenory array. Figure 2 is a block di agr am of

anot her enbqdi nent_of t present 25 jnven{ion arr 200 is
subst ant i al 9“2?ﬁé?%ﬁ°? eﬂé%ﬂF?”%YF%§ZQbU“é?”DPPgE inegrn nunber ed

with 2xx nu &rcéugﬂ@dg&%;n%rgca 6Bl Btont R n%o}&)h?éf’ﬂs nunber ed

with 1xx nunbers n a manner — Ccorreées I'ng to menory array

100, nenory a”aMoQOQeﬂ anBRIREh?R{ cafs 30dne 182, QVM& Qr O8Rh&nfkeldd 302/ 07340
decoder 220, coupled to menory cell 260 Wi t hi n top half 210 by word |ine

230, and conlyl @ Hitlime menyorgeklls 202indi 26D iare dxehtconmdredd to2lZaibyf bibkaksl | ne
232. However, unlike nmenory cells 160 and 162, which were each connected to

only one5bi {bif lings 27fhand 2y4 cad|bit g 244 and 876, a¢5@e@f§@ﬂv)cémn@e;t ed to a pair of
bit |ines bi.t lines 27 nd 274 nd bit_ |ines and 276,
respect i vel W%OﬁHn%Hepmgv favigy eaffhmfrrlﬂef R Wrdg andirea each

ngﬁ{ gagﬁ' g%r%ﬂt Bﬁlé’tgqnﬁ?ﬁ%n&%n@t&éﬁd BBmde%EﬁnFegrﬂbgtcéu CQIWLd ment to and

di ment It onmon practice to

route each @ﬂl'bbdﬁﬁelm it woult®Be tSmmopdrhcticefto ebhilté Ba@PAiRdf Bifsto @pagense
anplifiers for reading a bit of data and its 1o conplinent. However, in an

al t er nat e enbdiffenetia] irtpats ¢rosense pmplibiets for readingyraebit ofsdata tod is ovi de t wo (or
nore) entirely inde endent routes by which data nay be witten to or read
from eadh nEpfBPYment | Howpyey, ingn terpaie embpdwmtsf%(or Frage it bnesare

oo Nt 10Ul otk Gl 5k LR PRl LR
pair of bit PGS oGP PORCAES hfh BREWDPLell. This use of the bit lines in this alternate
embodiment would often reflects the way in which a multiple port memory
component is often implemented.

15 Regardless of the purpose for having a pair of bit lines connected to each of
memory cells 260 and 262, in a manner that corresponds to bit lines 170 and 172 of
memory array 100 of Figure 1, bit lines 270 and 272 are connected to the inputs of
comparator circuit 240, and bit lines 274 and 276 are connected to the inputs of
comparator circuit 244. Also corresponding to Figure 1, the outputs of

20  comparator circuits 240 and 244 are connected to latches 242 and 246.

In an embodiment of the present invention where memory cells are written
to and read from using pairs of bit lines that carry data and its compliment,
memory cells 260 and 262 are tested by first writing identical data to each of
memory cells 260 and 262 through bit lines 270 and 274, and bit lines 272 and 276,

25 respectively. Bitlines 270 through 276 are then precharged to either a high
voltage state or a low voltage state. Address decoder 220 then decodes part of a
memory address associated with memory cells 260 and 262. Memory cells 260

and 262 then output their data onto bit lines 270 and 274, and bit lines 272 and
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menory cells 260 and 262, in a manner that corresponds to bit lines 170 and
172 of menory array 100 of Figure 1, bit lines 270 and 272 are connected
to the i myoteg/osfiss conparator circuit 240, and bit |ines 2P&Tarsd2/@B60 ar e
connected to the inputs of conparator circuit 244. Al so corresponding to
Figure 1, the outputs of 20 conparator circuits 240 and 244 are connected
to Iatches 242 and 246. In an enbodi nent of the present jnvention where

menory cel | &76aFesPgRtiee rpmf‘Ba’éFRi cireuy 240 5 sirgla goraaﬁﬁaéordhabdmhnpﬂ'é%h hat
carry data 9(')}91 %rtgif Icgarqﬂage on it hn”gn%fﬂyaf\%ejﬁ d6co %P}lgu %ggrr\eer egége?hlr))cl)ugh

first witing edc rrermr

bit lines 240nANddikddng %@tﬂé%rhbtrtﬁévgﬂé’ge%ﬁb%ﬁﬁqeséﬁo kg PELLkvVel y. Bit
| ines 270 through 276 are then precharged to either a high voltage state

or a | ow vobilagmtiallatkimilasd doagsratec cidarit 220 deb ee Qacosith tipavdltages an nenory
address associated with nenory cells 260 and 262. Menory cells 260 and 262
t hen out put bit ey 274ang %t@gnqembm@emdatah@ 242 and ZA6 msiytbel triggered 2P and 6

WO 02/ 080183 PCT/ US02/ Q7340 ectivel ¥ Cohg%atglator ciﬁ‘{\cuit 240 is a
si ngl e conpEraiooThi® Etﬁﬁ‘ﬂf}? @lﬁw‘ﬁa‘s ‘i??é’ %@*@EE‘H BPYAYtnes 270
and 272, an ot the
vol tages ongfb&?‘%%rﬁégggg%t Q%E}?%g%?gth%gg %1%?{&& m\gp Cloa(i)cr a?ator
circuit 244>gogy JdseosRMBHbe imbRenateéd é’sgee'i’sh@Ky la5chb|tlﬂat|1éteﬁé &aﬂst@eg 276. In
one enbodi nent, |atches 242 and 246 nay be tri'ggered at one or nore

predet er m naxay bccmndmﬁmgmdiérdneﬂte dompragbriciecditseo stldtlethel atdhe out put  of
conparator circuits 240 and 244 at those tinmes. | n _another enbodi nent,

| at ches 10 2490mwated indicatingithahroltages Pﬂﬁpeémﬁ@%eé?ltalmegbw@me | atch” t hat

| at ches and occurrence of a signal fromthe conparator circuits
to which th%@D gar“gla%?ig%‘ﬁﬁ%ct ed indicating that voltages on their associated

bi t 11 nes_becarmty, pihstAnti ah it 6l Wilere KIS CO fe williaitotodi ment

wher e nenory C s are witten to an
read from using pairs of bit lines to carry data and its compliment and sense

amplifiers are used in reading from memory cells, the sense amplifiers could also
15  be configured to serve as the comparators used as the comparator circuits to test

the memory cells. This could be accomplished through the use of multiplexers to

selectively connect and disconnect different ones of the bit lines as needed to

allow the sense amplifiers to perform one or the other of these two functions.

Otherwise, in an alternate embodiment, the sense amplifiers and the comparators
20  could remain separate components.

In an alternate embodiment of the present invention where memory cells
may be independently written to or read from using either of the bit lines attached
to each of the memory cells, as in the case of a multiple port memory, the memory
cells are tested in much the same manner just described. However, to ensure that

25 the function of writing memory cells 260 and 262 is free of defects, the testing of
each of memory cells 260 and 262 would be carried out twice, first using bit lines
270 and 272 to write identical data to memory cells 260 and 262, respectively, and

then again using bit lines 274 and 276.



read fromusing pairs of bit lines to carry data and its conplinent and
sense anplifiers are used in reading fromnenory cells, the sense

anpl i fi erwoameosdsal so 15 be configured to serve as the comparn@oos4used as
the conparator circuits to test the nenory cells. This could be
acconpl i shed through the use of nultiplexers to selectively connect and
di sconnect different ones of the bit lines as needed to allow the sense
anplifiers to peFigyras smcblack dingram peyet ghothgesmbodineny gt thedrresent &t her wi se,

in an alternate,enbpdi nent, t sense a ifiers and the co ors 20

coul d remai H‘?BB%‘P-J?@“&"&%H%??%%S Slui’Stﬁﬂg%h %‘Vﬁﬁ’f 10 RROLY ?@WNB@#&: he present
i nvention e . EHQEHG | L1t or read from
using eit h\gf%glset'he bllye’t ﬁ‘%{ggelgta%‘g?ﬁge* to ée}ggﬂhg?ﬁr%%}enrg%brﬁgo cells, as in

the case of caregpohtipb e MunBRAEN WithRR niB{FRfYin FE@lrleD, With eke&itReh dfn Much
t he sane manner just described. However, to ensure that 25 the function of
writing frentrecopepdratop eidcuitscinddReir gssoriseddhtctied. dotasmantre comsspomngling  each
of nmenory cells 260 and 262 would be carried out twi.ce, first using bit
lines 270 knhgrepwesy agayed ansraipiartay) 300 &t compyised af agddeess fecoslen3ehy 262,

i vel h {0 using bit lihnes 274 and.276. /080183
peT! Usoz) o7 S o REbs7 PR ol B bl a0 By 040 et éa SrlBlsene of

the present pjRyRDIEPB62 WRARI Motk AXIf 3POby W oP@RAL 88 | Rhsh ¥n S tnhef to menory
array 200 of Figure 2, and itenms nunbered wth 3xx nunbers in Figure 3 are

neant to ceosri@ppadihgtto ndmowy aﬂwy‘mpﬁdeﬂdo?hcélmolwfﬁi@léd tobiFligesra702, with
exception of 5 the conparator circuits and their associated latches. In a
manner dor r exparkiand memonyeme 892 isrcoupleddo bitinee P12 ard #p. 300 is conprised of
wor 11 ne 330, ANk 352 A ISP BB DRVR Y 312 by
word Line. 33Rurtd 36 dn BolBADE or S8R AOAREEA: it SBIRLY el AR 0pic =0T Y
lines 370 and 372 are connected to the inputs of subtracting circuit 390.
Subtracting circuits 390 subtracts the voltage level of one of bit lines 370 from the
15 voltage level of the other of bit lines 372, and outputs a voltage that represents the
difference resulting from the subtraction, which could be either a positive or
negative voltage output. This output of subtracting circuit 390 is, in turn,
connected to one of the two inputs on each of comparators 340 and 341.
Correspondingly, bit lines 374 and 376 are connected to the inputs of subtracting
20 circuit 392, and the output of subtracting circuit 392 is connected to one of the two
inputs on each of comparators 344 and 345. The other input on each of
comparators 340 and 344 are connected to a high voltage level reference, +vref,
and correspondingly, the other input on each of comparators 341 and 345 are
connected to a low voltage reference, -vref. The outputs of comparators 340, 341,
25 344 and 345 are connected to the inputs of latches 342, 343, 346 and 347,
respectively.
Regardless of whether the memory cells of memory array 300 are written to

and read from with a pair of bit lines, or each of the two bit lines connected to
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10 and 374, and nenory cell 362 is coupled to bit lines 372 and 376. Unli ke
t he enbodi nent depicted in Figure 2, the conparator circuits of Figure 3
are each worpnsmesl of a subtracting circuit and a pair of pcansar/et’as s. Bit
lines 370 and 372 are connected to the inputs of subtracting circuit 390.
Subtracting circuits 390 subtracts the voltage | evel of one of bit |ines
370 fromthe 15 voltage level of the other of bit |lines 372, and outputs a

vol t age t hatachggH asereanttade uipd fepearfrre indspendeang radoymd: Weitesqueratiensi on,

whi ch | d be ejth it ti [ t .out put . Thi t put

of  subt r act MigesinedtmerBe sels 6 S p H Soermtrriay 18 106 bR two i put s
h of , i ngl ik o) i 374 and 376

on each o &gﬁpgﬁﬁa%éwéggs% ds\?.*i%rbed 9966@&28&%@? c¥ils gffddaiégﬁn an

are connecte e tnputs o tracti ng uit t he out put

of subtract Figar&2.r Fldivevad) Bhd @néiginRiohed coMpanfodircufte thatare éadRut s on each
of conparators 344 and 345. The other input on each of conparators 340 and

344 are concwmopesktd of asubitghtingtit@gearideapair pefampare®rs as/shefwn indigure 3
correspondi ngly, the other input on each of conparators 341 and 345 are
connect ed t #fferds greaie abilify tp sprireliibedegrop k¢ whighdhe ypltages ogmaigRpBitat or s

340, 341, 25 344 and.345 are copnect to the .i nput f latches, 342, 343,
346 and 3a7inet GafE RSP GLPar diensfoigel 8P4 DBrRBHNEER < o
menmory arr adeﬁQt%?l@re_Wﬁh& LRBE, EOmpafators 826¢ahd 940 MiniH 1Hade@ith aldwihe | ines, or
each of the two bit Iines connecFed to 8 WD 02/080183 PCT/ US02/ 07340 each

cel | are nmeasitagedewatts ois bil lines PAXr frek ITRito deffee nol e diegreeahatdnddjustable lepeeat i ons,
the testing of nmenory cells 360 and 362 of nenory array 300 is carried out
in  nuchot heitheawrempayatas34layy 3dé sutpuied sigbaliadicatingre neBpnsIf 2§ and 262

0 TR Bt uter RS AL S LD S P OPREL S LS Lt ore
shown 1 P 9Us8 dlen USROG R 0uBRI e il 2b o BRaf58! 8 0 Whi ch
the difference in voltages levels between bit lines 370 and 372 is such that it drops
below -vref, then comparator 344 will output a signal indicating so to latch 346.
15 Figure 4 is a flow chart of one embodiment of the present invention.
Starting at 400, identical values are written to a pair of memory cells in a memory
array at 410. At 420, corresponding pairs of bit lines from each of the two
memory cells are connected to the inputs of a comparator circuit. In one
embodiment, where each memory cell is connected to only one bit line, this would
20 mean that each of the twé bit lines would be connected to the inputs of a single
comparator circuit at 420. Alternatively, in another embodiment where each
memory cell is connected to two bit lines, then each bit line from one memory cell
is connected to a comparator circuit along with a corresponding bit line from the
other memory cell at 420.
25 At 430, the identical values are read back from each of the pair of memory
cells, and each corresponding pair of bit lines connected to a comparator circuit

are compared. If the voltage levels differ substantially between a corresponding

pair of bit lines, then a failure is found at 460. However, if there are no
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lines that are being conpared nmay differ fromeach other. Mre precisely,
by adjusting +vref and -vref, conparators 340 and 344 can be biased to

al | ow t havowobsmge | evels on bit lines 370 and 372 to dif Pemr/usoz/er3adegr ee
that is adjustable before 1o either conparator 340 or 344 outputs a signal
indicating a mal function. If the difference in voltage |evels between bit
lines 370 and 372 is such that it rises above +vref, then conparator 340
wi || out put sabssanfindly differiegveltagedeyelobatyweemcaaespondingiFairsoh Bitdines.er ence in

vol t ages | eyel s, bet bit. |jnes 370.and .372 is such th it dro bel o
et then BB ERLOY e REB AR And it Brftiooab oo Tat o ade
15 Figure 4.55 Ridd P&hauso.of one embodi ment of the present invention.

Starting at 400, i1dentical values are witten to a pair of menory cells in
a menory array FBigufd®is #flow 2Rart opaniREMOAMbIYmRat 6fthe prddeht invafsorf.r om each
of the two nenory cells are connected to the inputs of a conparator

ci rcui t. 51 nThatestinglobdiememy celdhioraememoty areappstarts at 300i Atddbridentadlt o onl y
one bit line, this would 20 nean that each of the two bit |ines would be

connect ed t Jakuggareptitten iy a Raik OhFICEOTE SpHSAR ABFMENy 1tAYy a8¢ ahae),

Al ternativel i n_gnot her rggtdi nent re each nemmpr.v.cell. is connected
to two bit F%"’ﬁ‘é?,"“?ﬁ‘ aérasc?? flf[leflccr)]u lfzrgon?agﬁéner%or rcgﬁéélﬂfepa}lrs(’fts:onnect ed to

a conpar at O, drhdiGkils RleQBEnMitddtoAnE MRS PONHRBarRidr it ThAIMaE 559, aRt her
menory cell at 420. 25 At 430, the identical values are read back from each

of the pair idéntidein@iliyes at€tdad, baak thoasihe padrdfesanngidells, padrthetolkdgde | i nes
connected to a conparator circuit are conpared. If the voltage levels
di ffer gabslevelsicfithgcdyeaspending pais ki dinels arg copwiaredoflf, gt p40, psubstantiadn a

R RN O O BTG RN
Cor 5Bt 1 59 £ R ANty e R o
regardless of whether such a substantial difference was found at 540, the test ends
if there are no more memory cells to be tested at 560. Otherwise, the test is
15 repeated for another pair of memory cells at 510.
By way of one example, referring variously to both Figures 1 and 5, at 510,
identical values are written to memory cells 160 and 162, using bit lines 170 and
172, respectively. At 520, bit lines 170 and 172 are connected to the inputs of
comparator circuit 140. At 530, the identical data written to both memory cells
20 160 and 162 is read back from memory cells 160 and 162, using bit lines 170 and
172, respectively, and the voltage levels on bit lines 170 and 172 are compared
using comparator circuit 140. If comparator circuit 140 detects a substantial
difference in voltage between bit lines 170 and 172, then an indication of this fact
is latched by latch 142. If, at 560, more memory cells are to be tested, then at 510,
25 another pair of identical values are written to another pair of memory cells.

Alternatively, the test may be repeated for memory cells 160 and 162, with bit

lines 170 and 172 being pre-charged to a high state for one test of reading back the

10



Figure 5 is a flow chart of another enbodi nent of the present invention. 5
The testing of nmenory cells in a nenory array starts at 500. At 510,

i denti calwowalostas3 are witten to a pair of nmenory cells i rca/usezorsyo array,
and at 520, corresponding pairs of bit lines coupled to each nmenory cell
in the pair of nenory cells are connected to the inputs of a conparator

circuit. Then, at 530, the identical values are read back fromthe pair of
mermory cel | gf,énaﬁad d@F?eaOGIﬂEeég@“t‘g)P’feé‘%?F%ﬂo'P AN TR I rﬁ@ﬂ%ﬁ%ﬁ)@ﬂ f bit
| i nes are conpared.,. | t 540, a substantial difference is found in the
vol t age | eve seilcgena?c%l;(}art%spondi ng pair of bit lines, then the fact that a

substantial diff %9%f¥‘ﬁ&h£@é&&ﬁxﬂl§, rlzﬁ?ﬁt?daﬁéus%%dfp ésZaI{d?Sl,arm €ss of
whet her such a substantial difference was found "at 540, the test ends if

there are nehsmmenenpcalls@6) had 262 e wetéreth atd r26d frobk Withvpais,of bite test is
15 repeated for another pair of r_rermr;i cells at 510. By way of one exanple,
referring vhnésoard ypeciideBy Hviergbitdines 2ghends27%are yser to writeanderepd datases ar e

witten to [ cel 16 nd 162, usi, bjt lines 170 and 72

especti vol JRIAPTSES 224 i 2ge 196! i bncoiead K mun BacHiS of ME Falbut s of
conpar at or gl I ' I i j bt . menor
celrrFs 20 16%t gﬁghal%é‘%?lsvﬁeasgﬁggé&&?l rtg%%r}rﬁeg?rr&?c%ug%folaaé{ﬁrl 8’ gﬁﬂé ?lég%,%%si ng biyt
lines 170 apgh anl’272 tb 9seGddntRhYdatd &imeh@ry 411s280 ah8'962, Sespechidly,| i nes 170
and 172 are conpared wusing conparator circuit 140. If conparator circuit

140 det ect swails biidiresnR7sadnd 26 dre usait ® writevidehtdgé chiapliment dath té meesrg 70 and
172, then an indication of this fact 1is |atched b%Iatch 142. 1f, at 560,

mor e merbr ycdls|268 and @63 sespectivaly-e(it 520 bit lines BRndH 2 a0 eomnectsdite thy
e VRSt SPob ST B R TR S b
o Rl ety skl e (oot ol
bei ng pr e- cha@ado botlemeRWr tals@6h ahd aspishedd bakdistg BibGikes 270 and 274
to read back from memory cell 260, and bit lines 272 and 276 to read back from
15 memory cell 262. If comparator circuit 240 detects a substantial difference in
voltage between bit lines 270 and 272 while reading back the data, then an
indication of this fact is latched by latch 242. Correspondingly, if comparator
circuit 244 detects a substantial difference in voltage between bit lines 274 and 276
while reading back compliment data, then an indication of this fact is latched by
20 latch 244. If, at 560, more memory cells are to be tested, then at 510, another pair
of identical values are written to another pair of memory cells. Alternatively, the
test may be repeated for memory cells 260 and 262, with bit lines 270, 272, 274 and
276 being pre-charged to a high state for one test, and then being pre-charged to a
low state for the other test.
25 Figure 6 is a flow chart of still another embodiment of the present
invention. The testing of memory cells using pairs of bit lines to read and write
both bits of data and their compliments in a memory array starts at 600. At 610,

identical values are written to a pair of memory cells in a memory array, and at
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of the identical data. By way of another exanple, referring variously to
both Figures 2 and 5, where nenory cells 260 and 262 are witten to and
read frorwoiotkhsqpsi rs of bit 5 lines, and specifically, wheceusntoisines 270
and 272 are used to wite and read data, while bit lines 274 and 276 are
used to wite and read the conplinents of the data. At 510, identical

values are witten to nenory cells 260 and 262, using bit lines 270 and

272 to writ 62 @eﬁﬁmdl%@@esmé bitdings {orclata anbennplinientgy date:ﬂpaé@m vel y,
while bit |ine %74a 276 ar edto ite identical co nt data to
menory 10 c&‘P‘F 6‘69% dNIBTY ¢4 ‘?P%P CRPTESDS AT foq”ieﬁtg and 272

are connect gl idof fignp Ar%&”cﬁc&ﬁs Cﬁmagt%%,ervo@eaggwfarea%usmmé lines 274

and 276 are nnecte to the inputs of co ator circult At 530, the

i denti cal dadmpan@oCarmlts BR¥es AVGAT tt@ridmldamlumrryacpwcksrozﬁamand 262 is
read back usi ng bit lines 270 and 274 to read back fromnenory cell 260,

and bit bi nesird? heamay2¢ls, hod teavolge kevietsorh thé coreerpoyding| fail2 2 bit lines
conpar at or ci rcwt 240 detects a substantial_difference in _voltage between
bit |ines 2f@ datand thejpgompliaepis ﬁge qommparedhelfpd 680, awbetaghal difierengg ison of

t hi f act di f

s dor oot s il ofaolfaa bl B Kt pRE R Eay T bl sk ROV R Biedharsd " oo
276 while @@s@&maﬁﬁéfeﬁ&%gf@ﬁﬂalﬂa&ﬁedw@@ %Wé\ﬁé‘r%g des@bs this fact is
| at ched by 20 l'atch 244. , 560, nore nenory cel re to be tested,

then at 510whefedrRBach @aunsstan:tfal ud&mém@aelzas\fahﬂ@at 6B0etHartbdtleds ifeha@vakder pair
of nmenory cells. Alternatively, the test may be repeated for nenory cells
260 and 1262 nownadrk nkroyi qells tofotested 2t 6707 Otharvise tBe test isgepeatecdcioar ged to a
hi gh state for one te? , and then being pre-charged to a_ |low state for the
ot her test. apether BajF @ E‘errsormllscamé%aéﬁer@ﬁhgﬁlw the kom P 2150 TAPRRERR ot ¢ he

present inyvention Si Lrs of b|t lines to
read and wr it %de%etdhtogﬁté l?lltg’g? gﬂgnﬁh a1U1°Vr¥13&tesﬁ gy array
starts at 6@Q reAlin %J&Ckofg@qaérqﬁ;awﬁgues are vvrltten to a pal r of menory
cells in a nmenory &array, and at

By way of example, referring variously to both Figures 3 and 6, where

15 memory cells 360 and 362 are written to and read from with pairs of bit lines, and
specifically, where bit lines 370 and 372 are used to write and read data, while bit
lines 374 and 376 are used to write and read the compliments of the data. At 610,
identical values are written to memory cells 360 and 362, using bit lines 370 and
372 to write identical data to memory cells 360 and 362, respectively, while bit

20  lines 374 and 376 are used to write identical compliment data to memory cells 360
and 362, respectively. At 620, bit lines 370 and 372 are connected to the inputs of
subtracting circuit 390, which together with comparators 340 and 341, comprise a
comparator circuit. Correspondingly, bit lines 374 and 376 are connected to the
inputs of subtracting circuit 392, which together with comparators 344 and 345,

25 also comprise a comparator circuit. At 630, voltage reference +vref, which is
coupled to inputs of comparators 340 and 341, and voltage reference -vref, which
is coupled to inputs of comparators 344 and 345, are both set. At 640, the identical

data and compliments of that data earlier written to both memory cells 360 and

12



11 WO 02/080183 PCT/ US02/ 07340 620, corresponding ones of bit lines for
data and conplinentary data that are coupled to each nenory cell in the
pair of mwowmeysmel | s are connected to the inputs of conpacatusp/eidncuits.
Then, at 630, voltage references used by the conparator circuits are set.
At 640, the identical values are read back fromthe 5 pair of nenory cells,
and the voltage | evels of the corresponding pairs of bit lines for data
and their céﬁ%}ﬁrﬁ%bgckaﬂ@ng@#ﬂm%wo argd 374tto gezsl bagkdram memeryicel P64 er ence i s

fact that asd THeFRRRrZr i BrinE B aER B o 2621 a8 Hab0.  However.
regardl ess ?&l{%ﬁé&‘rﬂ—}a@ RiffTbEdR vasORRY %{'me%quée fel@éﬁ{&gg%r‘eﬁ@sﬁrgkﬁ s Bt the

test ends i e are 10 no nore nenory stedat 670.

O herw se, tiRes 378%indi 372102 badinee 370ind 3TsptHearat pe0, thdbccliBeREdofqRIslis at 610.
Alternatively, the test may also be repeated if it is desired to test the
bit |ines wiladtbhdddiyhthe alppedpriatelone dfdatches342hI3gB4fgordd?i ng  t he readi ng back
of the identical_ data. By wa exanpl e, referring vari ousli7 to both

y of Pl € L
Figures 3 and 6, Mpgesrecifivallgmybiragter riscsif0gHbtrags the wltage ondif ling 34Rd r ead

G S B

372 are usedrotr% write dn at' a, n

to wite an@herﬁggtst&%oap&mhﬁmm@smammﬁtmereé_&aglf_@erenéquraﬁé ¢&ltagial ues
are witten to nory cells 360 and 362, using bit lines 370 and “372 to

wite identisels ldaveer bit iReaB7Y andl3l73, tRedtirrditpotlof suBEpEoi ¢iv@lit390Willl e bi t
20 lines 374 and 376 are used to wite identical conplinment data to nenory
cells 360 &ndeezerg veltagetlevead that will bg 28hernagativ eespdsitdv edrpeddingsre

comnect e {0 Aol PlAG TS A s St B0 S ubo gL e, v
R e R e o A
conpar at or  giffiMiid hightr B3R +v¥d) thes an hefietRMaBatthissh so ®hatehed By latch
342. Similarly, comparator 341 compares the output from subtracting circuit 390,
15 and if the voltage level of the output is lower than -vref, then an indication that
this is so is latched by latch 343. Correspondingly, subtracting circuit 392
provides an output representing the difference between the voltage levels of bit
lines 374 and 376 to the inputs of comparators 344 and 345, which in turn,
compare this output to +vref and -vref, respectively, and any indication that the
20 voltage level of this output has risen above +vref or dropped below -vref is
latched by latches 346 and 347, respectively.
If, at 670, more memory cells are to be tested, then at 610, another pair of
identical values are written to another pair of memory cells. Alternatively, the
test may be repeated for memory cells 360 and 362, with bit lines 370, 372, 374 and
25 376 being pre-charged to a high state for one test, and then being pre-charged to a
low state for the other test.
The invention has been described in conjunction with the preferred

embodiment. It is evident that numerous alternatives, modifications, variations
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coupled to inputs of conparators 340 and 341, and voltage reference -vref,
which is coupled to inputs of conparators 344 and 345, are both set. At
640, the wdenbsasd data and conplinents of that data earPCEUSO/OBIEN t O
both nenory cells 360 and 12 WD 02/ 080183 PCT/ US02/ 07340 362 is read back
using bit lines 370 and 374 to read back fromnenory cell 360, and bit

lines 372 and 376 tq read back fron1gﬁn8ry cell 262. At 650, if a
subst ant i al 2Bf{HpeTE @@%&ar?’gdﬂ&‘qsﬁs g8 %T@ﬁb“‘l@é%ﬂ@fﬁ’%f’%pondl ng

pairs of bi 7 74..and t hen at 660, the
occurrence E)i SJt ’rP@‘g’E. zt‘g gg%mggd Fk&hclse@rﬁleegl a hee acghghqm‘f B{eé?fgts 342, 343,
346 or 347. iNeh@iof RS Bd }%akdlaéd 1ﬁ'd9f)}5(ﬁ@596th€f ﬁﬁfeh&ns%%n%}woﬁﬁtéevﬁ&e vol tage
on bit line 370 frombit line 372, and outputs a voltage representing the
resulting differ @lmcwdmpleteh@odnmﬁtsobﬂhetp@édencmvpﬁﬁ@t aveslesdibedrifl thdl. | f
there is a difference in the voltage |evels between bit |ines 370 and 372,
t hen t he’outptexigt a@ﬁtqyacétrmm@ﬁyw@ﬂ‘f @ccswlwmmalltobsbblt dnphrHoweven/dlet age

| evel that will Pe ei t her ﬁ%)ve or endlng . Whi,.ch of bit

| nes 370 oPresyaRughtatts RPN Batarsl phetsironi fGoaReronagnd compar oo
this output circuit 390, if the voltage |evel of the
output is hpgﬁggk%ﬁgﬁagg%ggg&then an indication that this is so is |latched
by latch 342. Simlarly, conparator 341 conpares the output from
subtracting circuit 390, 15 and if the voltage | evel of the output is |ower
than -vref, then an indication that this is so is latched by latch 343.
Correspondi ngly, subtracting circuit 392 provides an output representing
the difference between the voltage levels of bit |ines 374 and 376 to the
i nputs of comparators 344 and 345, which in turn, conpare this output to
+vref and -vref, respectively, and any indication that the 20 voltage | evel
of this output has risen above +vref or dropped below -vref is I|atched by
| at ches 346 and 347, respectively. If, at 670, nore nmenory cells are to be
tested, then at 610, another pair of
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identical values are witten to another pair of nenory cells.

Alternatively, the test may be repeated for nenory cells 360 and 362, with
bit |ineswB00/08@82, 374 and 25 376 bei ng pre-charged to arhirgisosemte for
one test, and then being pre-charged to a |ow state for the other test.
The invention has been described in conjunction with the preferred
enbodi nent . difAIVMS evi dent that nunerous alternatives, nodifications,
variations 13 WD 02/ 080183 PCT/US02/ 07340 and uses w |l be apparent to

t hose skill ed i nWHaeisaildimied is:i ght of the foregoing description. It will be
understood by those skilled in the art, that the present invention nmay be
practiced in supbort A% appHalsiHeREBAE i n an el ectronic device. The

exanpl e enbodi nent.s, of the present invention are described in the 5 context
of an array of ﬁ%ﬁﬁ??“@%FV§8@8@@@§?B?%ﬁ“#hﬁ t, by bit lines. However, the

present Lnvention.d ' L ectronic, mcroelectronic
Bnd. i i onee han?%ééﬁnﬁgﬁdgg‘?%%ﬁ&%g%ﬁ%%%%}é%Q’&é@‘/‘*Uso2/ 07340 CLAI MB What
is claimed is: lan AldrefnddcalletScoupWiainbithe At add bédonll MEAByYcelSld erfa@P! €d to
a first bit line; 5 a second nmenory cell coupled to a second bit |ine; an
addr ess decedess todhpfied and sedondfmemnoryaetls;s@edond nenory cells to enable
access to the first and second nennr&?cells; and a conparator circuit

coupl ed to the % FUNPHALPTSHERHQOWrIEd fq Hedirstandsependebit Haes tpspmpgee thevel on
ond bi.t

the first bit.line with the voltage.level. on {he se at a.time 1o
when data i SOReEPRont B BRI R B8 1VE o RE Ferep it e and
fromthe,  when data is output from the first memory cell on the first bit line and from the

second memory cell on the second bit line.

2. The apparatus of claim 1, wherein the address decoder decodes part

of a memory address.

3. The apparatus of claim 1, wherein the first and second memory cells

15 are dynamic RAM memory cells.

4. The apparatus of claim 1, wherein the first and second memory cells

are static RAM memory cells.

5. The apparatus of claim 1, wherein the comparator circuit is
comprised of a single comparator with a first input coupled to the first bit line and

20 asecond input coupled to the second bit line.

6. The apparatus of claim 5, wherein the output of the comparator is
coupled to a latch to store an indication that the voltage level on the first bit line

differs substantially from the voltage level on the second bit line.
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second menory cell on the second bit line. 2. The apparatus of claim1,
wherein the address decoder decodes part of a nenory address. 3. The
appar at uswofo2/o8msin 1, wherein the first and second nenoryPC&lUS82/073% ar e
dynamic RAM nenory cells. 4. The apparatus of claim1, wherein the first
and second nenory cells are static RAM nenory cells. 5. The apparatus of
claim1, wherein the conparator circuit is conprised of a single
conparator with 4 firidte apppratusefigiaiood, twherein the time apwhi¢h the latablis 20 a
second i nput . coup] ed toﬁ%ﬁe second bit line. 6. The apparatus of claimb5,
wher ei n t heTB8eHHt S8AIUStAP!® onparator is coupled to a latch to store an
indication that the voltage level on the first bit line differs
substantially fromthe voltage | evel on the second bit line. 15 WO

02/ 080183 PCT/ UD2/ 073#Qipparatd§\6f RRRA6, Mhtdeiflth€labdhs @ stiviefafihthhfig tinme at
which the latch is triggered is adjustable. 8. The apparatus of claim§6,

wher ei n t hetriggecdil tcdawhsiniindigatiat ihiat theatoltage level ok didstitat lidt dilffeesn
indication that the voltage |l evel on the first bit line differs 5

subst ant  al fybstandially feony ghe vadage layel o thersaeonskhibline #fi any) time that suelyan i me

t hat such an .indiga#ioq t akes place. 9. The apparatus of claim1, wherein
the conpar al$¥catopdgkes Blace conprised of : a subtracting circuit with a first
i nput coupled to the first bit line and a 10 second input coupled to the
second bit line; a first conparator coupled to the output of the

subtracting circyit; THehpparseceithifONRHdAhEQRPpAidrQirtigisout put of the
subtracting circuit.
comprised of:
a subtracting circuit with a first input coupled to the first bit line and a
10 second input coupled to the second bit line;

a first comparator coupled to the output of the subtracting circuit; and

a second comparator coupled to the output of the subtracting circuit.

10.  The apparatus of claim 9, wherein:
the output of the first comparator is coupled to a first latch to store an
15 indication that difference in voltage levels between the first bit line and the second
bit line has risen above a first reference voltage; and
the output of the second comparator is coupled to a second latch to store an
indication that the difference in voltage levels between the first bit line and the
second bit line has dropped below a second reference voltage.
20
20 11.  The apparatus of claim 10, wherein the first and second reference

voltages are adjustable.

12.  The apparatus of claim 10, wherein the time at which the first and

second latches are triggered is adjustable.
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10. The apparatus of claim9, wherein: the output of the first conparator
is coupled to a first latch to store an 15 indication that difference in
vol t age |woebsstiet ween the first bit |ine and the second Phirtush/em4dhas
risen above a first reference voltage; and the output of the second
conparator is coupled to a second latch to store an indication that the
difference in voltage | evel s between the first bit line and the second bit
| i ne has dropped 2bel Jbea?P?é&fHﬂOfrféﬁéT%é‘é‘Wﬁl&g@St o sexgnd Jatchgs@rppar at us

f cl 10 th t f
it L L L
first and Fh%shé’sﬁe@ BEiSveh¥hd fit 994 Eéioh& bRdinds habliSen ARV OR/P80183
PCT/ US02/ 07340 The apparatus of claim 10, wherein the first and second

| at ches ar evehageleyfdraiceled thelsdrohd ddtcli Well fatdledny iatlehtivh tatltied ch any
indication that the differences in voltage |evel between the first and
second bpt ldlffms@nqecasn v¢1§9@ﬂ leishbetweasn the first and etcond bitrliee handwpped t he
second Iatcg Wi Ihtil %y indication that the 5 differences in voltage
| evel bet weBHOPHBes? TERGETEOBHAeDI t | i nes has dropped bel ow the second
reference voltage. 14. A nethod, conprising: witing identical values to
the first and second nenory ceIIs coupling a first nenory cell to a first
bit line; 10 coufi ngqghm@gm aRy cell to a second bit line; coupling
the first and second bit |ines r%puts of a comparator circuit; reading
t he identical vawtueagﬁalammmmesrtstthmﬁmaryd s&bhd hwmagteellfje first bit [ine
and fromthe second nenory cell through the second bit I|ine;
coupling a first memory cell to a first bit line;
10 coupling a second memory cell to a second bit line;
coupling the first and second bit lines to inputs of a comparator circuit;
reading the identical values from the first memory cell through the first bit
line and from the second memory cell through the second bit line;
comparing the voltage levels on the first and second bit lines.
15
15 15.  The method of claim 14, further comprising latching an indication
from the comparator circuit that the voltage level of the first bit line differs

substantially from the voltage level of the second bit line.

16.  The method of claim 14, further comprising setting the degree to
which the difference in voltage levels between the first bit line and the second bit

20 line is substantial.
17. A comparator circuit in a memory array comprising;:

a first input coupled to a first bit line that is coupled to a first memory cell

in the memory array;

17



conparing the voltage levels on the first and second bit lines. 15 15 15.
The nmethod of claim 14, further conprising latching an indication fromthe
conpar at owoorngusy that the voltage | evel of the first bitciriusez/aisid ers
substantially fromthe voltage | evel of the second bit line. 16. The net hod
of claim 14, further conprising setting the degree to which the difference

[ |t I | s_bet the first bit i dth dbit 20 i [
substant ral . 17, SiegbaaeappispS sty SR S PpEFaRrictng: o f1rst
i nput COUP'ﬁ%n&ﬁy%eﬁhﬁﬁkrﬁ&hohﬁﬂﬁa~Qﬁ& is coupled to a first nenory cel

in the menory arfay; 17 WO 02/080183 PCT/ US02/ 07340 a second input coupl ed
to a second bit & oetpullasupled eoastickst lstoha second menory cell in the nenory
array; and an output coupled to a sticky latch. 18. The conparator circuit
of claim 17, wherein the conparator circuit is 5 coupled to a nultiplexer

t o di sconnect thf secgnd bit line, and to connect a third bit |ine that is
coupl ed the firstdne OXAratPR CiE gt Qhelaim 1 7a whgtein flie comparator circuit is

5 coupled to a multiplexer to disconnect the second bit line, and to connect a third

bit line that is coupled the first memory cell in the memory array.
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