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OF THE I NVENTI ON The present invention is related to the use of structural
‘testing techﬁ,l,@ues 5 to speed the testing of a nenory array beydd¥/ ARat2085
possi bi e wi t WYA8HWIMS onal  functional tests. ART BACKGROUND ASr/omambido
arrays commonl y- used in many el ectronic devices becone 10 increasingly

| arger and nore densely packed, the test conplexity increases
exponentially, and so does the 4 CEk & h ughly test the

i ndi vidual cells and ot her nerr%dr%al{rray Lcsg[(r%putgﬁghf‘g&%ig a result,

manuf acturing test processes take increasing |onger to conplete, as do
efforts to deblig the faults that are found. 15 Common practice within the
art is to nmake I sts wherein various conbinations of
values are witten {0 and read back fromnenory cells wthin a nenory
array. However, as bt RSPHY RRRSIORATFelded tnthe obe pbstorqrumbtelting teichiinestenor y

arrays continu j in size the nunber of wite and read
oper ati ons reqsql 4?38&??)4 %g‘g"g%%?aewwg’s?”?% eYr?éﬁd?’ Datdg ppssible withgomeentional
exponenti al | y, inRtiond tesa4giSes a correspondi ng exponenti al increase in the

anount of tine required .to carry out such tests. This has pronpted
guestions about -engaging in -making increasing .tradeoffs between

manuf-act uri ng throughput of parts and thoroughness of test coverage, :
i ncreasi ng. tMﬂMB@ﬂMﬁR i \ at faulty nenory arrays will be passed on to

custoners. 25 Such functional tests also do not provide nuch in the way of

informati on needed*STBeMPHCHTNSSOREME ustd inmafipelectrenic Heviessdeoame when i t
is,found tfat ; . h eturned.a val ue of her than what was |last witten
tofit, this ré@“d%%‘lj‘o%é%i?‘raﬁ‘o‘fm%er%ﬂﬂsa‘gf Péﬁ‘“?‘%él‘?%%ﬁ'iwﬁsmwn@meﬁqer it was

an address deengéseratyfandisotitied Akl R 090383, 7Y 9942008 vidual

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 incrc::'ase 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 fauity 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



PCT/ US02/ 07340 fault, a data line fault, a menory cell fault or a driver
fault. Therefore, further tests are needed to isolate the fault within the
‘menory array so that subsequent manufacturing yields may be | m29488,/ 20005
as nenory ar ré@926¥n8i nue to increase in size, the length of pbiByABEek I €d
to performthese additional tests also 5 increases. BRI EF DESCRI T( OF
THE DRAW NGS The objects, features, and advantages of the present invention
will be apparent to one skilled in the art in view of the follow ng
detai | ed descr i BPitohdttg linedaslhiagnempiygelldault psa dribérdaidt. dTherefore, dhrthae
enbodi nent of t resent .inveption.. Figure 2 is a block diagram of
anot her embodi rrtg%fglbefmteﬁgdﬁ?ésg it eifﬂv&w&gweﬁ‘?jﬁ‘?@ agray soghattsubsdquenbgr am
of still anot hehaguhodi; 019 15 invention. Figure 4 is a
flow chart of one embodi Rent %)FIHP %g@%ﬁg@gﬁtaqdﬁ?felﬁ'??‘&farr‘ﬁséﬁggnse f% a flow
chart of anot hencreadeddisiBRNthe@®éngdth 6f L83 irdd ¥ ety i ' fl ow
chart of still another enbodi rregtr:t of thée‘qupreseg{é' ?ﬁ\%eﬁgiagﬁ{n%fguﬁ%ifstD
DESCRI PTI ONJI n m¢reases| | owi ng descri ption, for purposes of explanation,
numerous details are set forth in order to provide a thorough
under standi ng of the present invention. However, it wll be apparent to
one skilled in =:ﬁ:e j fi etails are not required in
order. to pract BRI C’Hfguml@ ..‘\,‘c’igi%%W—; Grhe present invention concerns
~menory arrays i n Whikdlohibas Gefiitiedt r menory. cells organi zed in
Qhiadts Ae ey Sholton b @Y o g FRdBinbeasion i

rows and col ums, wherei'n the nenbry ce a random y

‘accessi bl e, asapparehetociaeakiledGR B ¥ A¥RIJF AR ﬁnomﬁ%b%{é%%&%
e

However, as those skilled in the art will appreciate,
29409/ 2005 10 which: S : _

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 erhbodiment 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 coluinns, 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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'PCT/ US02/ 07340 present invention is also applicable to arrays of other
circuits, including but not I|imted to, erasable ROM I Cs, programmble

‘| ogi ¢ devi ces and conponents organized into arrays w thin mcrd®Ab089065
Figure 1 is avOlopesdoigh agram of one enbodi ment of the present f.'(?f’/ﬁﬁﬁ}o‘? ™ 5
Menory array. 100 is depicted as conprised of top_.half 110, bottomhaltT 112,
address decoder 120 connected to both top half 110 and bottom half 112 via
a plurality of word lines (including word lines 130 and 132), conparator
~circuit- 140, arRi®ieat gryention isalschipplicalple bahdrayisldl calng choiit) mdiadihg bdenar e
menory cells 160 an 162, rﬁiﬁgﬁ:l vely, connected to bit lines 170 and
172, tespect i velyeaEPy SRsHhle o Papiraaablg logiarevirenand norspomahts o t he

i nputs of conp i 1] .wWhich is in turn connected to latch 142.
For . pur poses O%E%rg%ﬁﬁgcf%r%fsﬁ%?iHnuémd?m‘qui%c’rf)‘r esent invention, only
menory cell 160 andfipiuke 1§ | 100, apd onl _
menory cell 162 and %:ut Iﬁfblﬁlgd%?gaiﬁg% %rﬂb%%lﬁegﬁq %%IF\P réffﬂ?’“l‘—'ﬁ%?fér, as
known by t hése Metotyedrayril00hedepitied as tyrRbeisdd SRREB YL 813, Bht¥id harhA¥e Many
bit 15 lines, each of which will have. many nmenory cells connected to it.
During nornal B8%@%est deseder 12%mepnected talyoth 66 haifitittonsl btemed half 120viadecodes
part of a menmory. on appropriate ones of the word |I|ines

d dt
" connecting addPeggﬁﬁré’gi%éaﬁl‘fﬁﬁgaﬁqts‘ﬂmﬁ&ﬁﬂdmﬁ 13®anthipDsomparatar ¢ircd40p
enabl e acce ri [ | | it hin hal f 110 and_ bottom
half 20 115 DL BN 0B VR RN 1 i and bttam haish EParsapempipesls 46 and <
ei ther writteng fbs?é_ctfv@_ﬁl}lcéxﬁﬁ@#ﬁ%hﬁirﬁ?llﬂ’(faﬂd"l?boﬂsﬁtg{:léifve)&b ﬂsﬁ’te 13({:‘?%13?@ tom

half 112 via the bit linés to ch they are conhec

dufing a wi t eangipliRatre tmtuird canmeetadr ty theRMess cBfgacal @rkuii 140, DRIH g*@rmry
cells 160 and 162, address decoder 120 decodes part of the nenory address
and turns on YFRICIMMsEiedtgintanti2) For purpBesofxiirity dn disesssing oiahe pyesesd | s 160

and 162 through bit lines 170 an 2, respectively. In one enbodi ment of
the present i ‘é‘?ﬂqogh?&WVYc‘@ﬂlégiB@ by lime 180 argshowndnyttep| hplf 100, nad '

\(/)vrz} })I8(r)lg8l3de nt 'oﬁ?)l' m@ﬁ{o@y Lo FCth Lt IR YarS & c!msm %?l?ot?or}rq h]a'le}zll.%.hlr{gyvgger?ay\o

- known by those skilled in the att, 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 memeory 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 assotiated 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

3



29/:09/.2005 PCT/ US02/ 07340 bit lines 170 and 172, respectively. Bit lines
170 and 172 are then precharged to either a high voltage state or a | ow

‘vol tage state, comonly referred to as Vcc or Vss, respectivel \29M8ye&05

decoder 120 tWeW24eUsdles part of a menory address associ at edpiSoKBERY Y
cells 160 and 162. Menory cells 160.and 162 then output s their data ontpo
bit lines 170 and 172, respectively. Conparator circuit 140 is a single

conpar at or that ntipyously conpares the voltages on bit lines 170 and
172, and contin g??@%eﬂ%‘ ét’-e"sesﬁe%ll"@lﬁaﬁlﬁhms &4t amigl ARheee tren poechaeged toe

't bi Ll d,172 tantially simlar. |
embodiment . 1 at Ch LA3RRgt BB G 8l Ve T companprefFed knpstier o1 s

during the testviprds t t,put of ., conparator circuit
140 at such ti rress?rsgg%&?? e)gg(gr% seé'%cggrgrs%t Qg%%%fi %adg?ﬁgmtenﬁ'@%? fesSs of

exanpl e wavef orassoci@8d avith 8o eMlisNG0 SAANEE Makhy tdish ! n
bit lines 170 and 172, respeptﬁel y. I n anot her gynbogi er%vﬁ{l& ﬁf%?‘téﬁ%ﬁi&
coul d be i npl enfBAF ataentg bitdinies K30 drsd T, reshedtivelt Chespan@r c5&GE BH) i8RY
occurrence of a.sil%nal fromconparator circuit 140 indicating that the 15
vol t ages on bi t*H&§ WEYTRI L fHatcentipueyshs compares thei valltagesdirf hieivest 170kandi s
common practi cgyhen ding nenory cells during normal use of a menory
array. to precﬁlgr'ge t‘{?glgglll?g"]iy ﬁ%%ergtgsﬁs‘ﬁ?"@ﬁ“(;iﬂa g whether er nqtbe yplirges am
one enbodi Mentitafnet 190 REETE M re sINGRLE01 <; U Shi POkt D ny cells
would be carried out with the bi tﬁﬁt?\ag@sriel?%g I@?\’é‘?ﬁ% °‘8‘r‘i‘i‘eﬁ‘tlgﬁgqﬁ1¥wystate
when -r eadi ng t lbe t2@aredar ohecd thére JroR@¥SHine 8 Wenes AuERITRN y cell
designs, limti n? prrechargi ng toﬂgﬁl y a high statue &gﬁ]g&rt‘gﬁﬁ?ﬂl@ﬁp%s much
as/hal f- of Phes@feefithe pytpott of comparator cireliit 14(bat saeh Heiek, astkR ds ERImSlE ERSS Ve

| eakage or ot hglragqu%drition . Therefore, another enbodi nent of the present
i nventi on woul jqur P BECERRISP! exaraplsi waveforats 180 eof 4B slbwinglsatripléii gh

d | t at . ., of [ at [ it 140 to test [ 1
o0 L ow oL oL oo SoTOG i s TR ALOFn L L LD LB test memory ool <
Coll s omnect cnbautH BBk IRk SR ARRPUL G i L0 v

t he voltages of their associate nes

~substanti-ally stoseshay obdtirfenck Bf & Sighhb fré oNBURHEF R uRt 980 itllcA R, 1AL AEQ183

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

4



29/:09/2005 PCT/ US02/ 07340 both bit lines 170 and 172 (such as exanple
wavefornms 180 and 182) should | ook substantially simlar. This use of a
conparator circuit is also based on the assunption of it being2840Dy2005

‘unl i kel y thatWQ 03f08Wwéss variation or other defect in nenory
"Wll.result inidentical faults to both top half 110 and bot ta{(::)%%éoé‘g’%ﬂ
112, and so it is highly unlikely that both nenory cells 160 and 162 wil |

be defective in .sinlar enough that the resulting errant waveform
seen on bit | i‘iﬂéﬁgt eARE0 Arb 113 (such asskamplesvavefoahd 180tand-18a)yshouldlgekher

words, it is pr hat.. an.jmpurity, such as a dust particle or a
fabrication p?oﬁgﬂ?g"ﬁ‘%?f‘“{m ]ri“ﬁ e RPRIALOL €iFuibistadssthaseshontiten t op hal f
110 and bott omABahhpdidr obHEh; . carried oyt in accordance with
the.present inventi on Wil rlgygg%hlkgﬁg;ﬁ‘?wél?aéﬁd’égc%ﬁ’%@??“a?fftbﬁiqﬁf%ﬂt Iyenory
cel I's between tmogmbnt drrdyl Thonl! et @ibaidal Ak 10P- 18 shown
as split into tog‘ half 110 and bottom halfa 11%?%%23%%1%?\2%%&99%& conmon
practice kndwn hel HRcal soldt s/ highly untikely alidt both #atory bBatfsi180 Sn@Rgh Qrti]fl‘gé
associ ated ci rcu}t ry may be centrally |ocated, and allowing the 15 bit
lines to be _keﬁ"F %H}é‘??‘%‘/’wﬁwa{m% tthatithe sesniltirgg atemit malvbforpiseed orebit
practice to nuRe TR RGNy R raly e sameodn piey posds, s pastml y

| ocat e conpar atit an $inpaHity, $ [ at 140, to conpare the
“electrical characteri ?ti S gﬁ%‘f%@@%\ﬂ{%&l ra‘@hﬁ‘?ﬁ‘%%? gp% ‘\’/&isjlri"tal so be

clear to thosehasldiHbetical Bffédt€ombbth thhslf 29 Sk | [ ied@0 1 NLO
top half 110 and- bottom half 112 isﬁnot ne%rgig%trt%h[ggq?%%%&ptrhag&e%}ée of the

présent i n¥entsasried phtinmceselancd with tlid greseraynde@tiBh MalTreRE] nditdbraUEr 0US
ot her layouts or placenents of the conponents conprising a - - nenory
array. Figure ZF'veenany ek ofmggioayrells hetwedneopdatfddD ard bonbmitaf TIResent 25

invention. Menory array 200 is substantially simlar to nenory array 100 Of
Figure 1, and iterrs%%ﬂé‘a'e?réﬂ’ fﬁot‘ﬁgwmﬁ%’épﬁoitwwémfba@ bottombalifl12 in

Corr eepondi ng ‘to et SRELTEnthFersticd ki By tieliodprretd i adar ess
5 - buffersand other associated circuitry may be centrally located, and allowing the I
15 bitlines 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
j .20 splitof memory array 100 into top half 110 and: bottomn 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 comprisinga: - -
memory array.
Figure 2 is a block diagram of another embodiment of the present
25 invention. Memory array 200 is substantially simnilar 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

5



WD 02/-080183 29/ 09/ 2005 PCT/ US02/ 07340 decoder 220, coupled to nenory cell

260 within top half 210 by word line 230, and coupled to nenory cell 262

within bottomhal f 212 by word |ine 232. However, unlike nenory 22/ 089 /15005

and 162, whi M9 ®R@8&B&ach connected to only one bit line, nemusesbsse 260

and 262 are each connected to a pair of. bit lines 5 (bit Iines 270 and .

274, and bit lines 272 and 276, respectively). In one enbodi nent, pairs of
to wite and read both a bit of

bit lines are ' each .nenory cel

data and. its ?%%‘g‘fe% tC°PBﬂéﬁﬂ"ﬁ%Wé§ RoGriwathiny topdialf, 210 by tward ling@80di nent

it would be co | r h r of. . hit.lines . to._a pair of

Lli ffelrJent ial i %F g@%l%&géé%{;‘eg{ %@??&e‘?’? oroﬁoérég?’rq8Hab367"1°r‘ip“ﬂ§2apand its

to conplinent. HOV\BHGW,evEIDuﬁﬁk@in%ﬁfd??%&lsel@%ﬂiig@f‘,’twh{:l\{\@e('é)&}cms%)lec\%] téalhi NES
e y |

are used to provide two (or nore) entirely independent Toutes
data may be  wehlytce bitlins; meessly tellvn6Sanid 262 AR dach@bhnecldd © 245 Hfbid fiResDi t
lines in this glternate enbodinent would often reflects the way in which a
mul tiple port ‘&B?Hﬂeﬁ'zzgﬁﬂ@)ﬁ@nanﬁé?}tbﬁﬁ@ﬁzﬁmbll&;rmspecﬁvellyﬁhﬂegardI ess of the
pur pose for hayi . air. of..bit lines connected to each of nenory cells
260 and 262, " GinBotinTbal Bains o b@é’PP%grﬁdﬁag With eich memesy celido wirite arrd restl
- menory array 1660 Qfpifd st D] .nes. 270 and 272 are connected to the

i nputs of conpar ator ci r%%‘ﬂt%'ﬂgg%?bg%gﬁb%taqd?fﬁ%e éﬂmﬁmr&‘?@ﬁ}‘éﬂ'ﬁonnect ed

to the inputs efbodinwpeieworldte. c@%ﬁloﬁgﬁ‘acﬁ& Prou®d LR Q;QHCHI’ B L{ngs F%’?#éi? c ﬁe S

the outputs of 20 conparator circuits 240 and 244 are‘connecte

242 and 246. |qfdéfrf|erenmidhmmaénsemnpmemrrbmm?bibﬂrbfm&raﬁ\mmry cells
are witten to and read fromusing pairs of bit Tines that carry data and
i-t4 conpl i ffentcom y Hozyaver, iman altermagembalitrest, ¢eoljgr thre) bitdines areg

i dentical dat h. of |1's 260 and 262 th h bit Ii 270
and 274 and BoES 1S RV eV more) enthefad spevkioptesyiwhichdatzamay bér ough
276 th fehar it L gh te.or a.l It
state, adar estaeniedidoh Pl BEh ertby LD e of fiehiflin snitis femad
associ at ed W embaaiRent wekldofRA Qe dires &@%vof%?ﬁé%g%%ltap\%ﬁ%& g‘g% 2 then

output their data onto, bit 1ines 270 an nd
: -+ 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 ini)uts 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. Bit lines 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

6



6 WD 02/:080183 29/09/2005 PCT/ US02/ 07340 276, respectively. Conparator
circuit 240 is a single conparator that continuously conpares the voltages
on bit lines 270 and 272, and continuously generates a signal 28 ¢avi2005
whet her or %0 02B¥180] t ages on bit lines 270 and. 272 are spBgisichab v
simlar. Conparator circuit 244 does the same with fhe voltages on 5 bit
lines 274 and 276. |In one enbodi nent, |atches 242 and 246 may be triggered

at one or mor.g, predet.erfi ed times during the test to capture the state of
t he out put BoReRRsLVEl - Sfomparater oingninAY isa single compmeator thescoritinuansiyher

enbodi nent, | 246-.coul ac e inplemented as a "sticky

| atch" that | Zciogﬁjgzesang%gﬂgogeesso nﬁoéﬁﬁneéggﬁf’?gﬂ%eaﬂ‘ﬁ coptaupialy gepeiRtasie
conpar at or cCi rsgtiat gadiC M6 _ ci-ed i ndicati t hat vol t ages
on.their assoﬁ ed bi ttmlgi nﬁ%hﬁgﬁ%gﬁﬁﬁégnt [ a%‘?@“%ﬁ%é‘%‘%%??a’ifurt her nor e,
in an enbodi menbstahtially simitar, yCemphGtd@rcMt 284 8esitRe &k withdHe (6124 SHNT
pairs of bit lines to carry data and its conplinent and sense gﬁalifiers
are used. i’n bidiiesgd74 F@ﬁrﬂ%ferfnroylecmbbdimmtelamasmmﬂz'%in&(ﬁbeqeigg&ealaso | 5
be configured to serve as, the cong‘grat ors used as the conparator circuits

to test the MERBFIPOLEPredeterpined dmesdutng thedagiito sapsure the siatghofithe outpmtof -
mul ti pl exers i necs, ,a di sconnect different ones of the
bit I'ines as hfe)%o egér?g&r C\gﬁ%swﬁ aél%giéﬂgggﬁﬁf)PFFF'eﬁ?’PgL‘eﬁéFbeHFﬁ‘%‘ﬁela&h@ he
ot her. of thesedtwl 246 ddi® " | L hern nbodi pent, the.
sense anplifiers and the cg%aﬁe%%?gsﬂ%rggd %%%J{}g@jr%é%ﬁﬁthnt%aggagtf}g?gngc§g%8%ents.

In an al t er nasmy erdnotnoeof a signillffond HRS@Mparats LRk (Wi BRIy Cells --
may be independently witten to or read fromusing either of"the bit |ines

~attached '¢o euwncigf indisatingrhayvalbiges on dwii assodisted bitdine$ becamel ti pl e port
menory, the %% ﬁel s are tested in much the same nmanner j ust
descri bed. Ho an ¥ Bie that 25 the function of writi ng nenory cells

and 262 woul 0 eGP PR By poBSaie M memBr L aetwT taA 572 Lo

write identicRkd #bRubifg PRIRLYbit Ghisto28ly Hath AGFis LESASEI Ml endnd
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 compa-rators
:) | 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. |



then again using bit |ines 274 and 2-76. 7 WD 02/ 080183 29/ 09/ 2005
PCT/ US02/ 07340 Figure 3 is a bl ock diagram of yet another enbodi nent of the
present invention. Menory array 300 is substantially sinmilar t 2%e88\2005

array 200 of WR0y0§%8832 and itenms nunbered with 3xx nunbers igcFi@RosE@ are
Jreant to correspond to itenms nunbered with 2xx nunbers in Figure 2, with.
exception of 5 the conparator circuits and their associated |latches. In a

manner correspondi ng. to_me array 200, nenory array 300 is conprised of
addr ess decoder 320,%‘8‘883&535%5 dipgrernyof yet anotisg enibodimenttad phepdeferd 10 by

word line 330, jgpchfepu ry_cell 362 within bottomhalf 312 by
word |ine 332. A soh%?lhwg&qn%}r}ﬁaerrmy éc@ﬂ%%‘@’ﬁfﬂﬁ‘&?ﬁljs‘t"‘ﬁ}aﬁé?ﬂeﬁw pERY 2000f nenory
cel'l 360 is coupged 2 anditbmb hi8BHeRMy: 4, .and nepory cell 362 is
coupled to bit |ines 372 and 376, Unlﬁﬂg%ﬁgéé%éﬁ?lr%’ﬁ gmﬁre%'f"ﬁ?rét&"i n Figure
2, the conpar atcorrespancifotitenafnuribaged oidh Bk Queafls &qii%hi 9egidf tdeacting
circuit and_a pair of conparators. Bit i néls 370 an §72 ggéaxcf?rég'cotfed to
the inputs of Eemparpiey cirwisyand 1891 assoBialiidt larhies) InGi mhsnier SoR86pordig act s
~the voltage leyel of one of @it |ines 370 fromthe 15 voltage |evel of the
other of bit |ihEET9FBaray00 pemesy asraysi00 igromprised oé pd dmendecadhe320,

diff ' traction ' could be either a positive

o hegati ve vl iPiaged oy Eab et LB 80 el Bl by Word frae 0 and coudet ke i 1
n, | t a@ | . | b t 340 and

turn, connect a@nioRy 0&1e36X with: BoMdnl HW%ES%S?}?EM%;@;&’@%%&;EM npﬁt”s of

341. Correspondingly, bit lines 374 an are co ( | _ _
~subtracting Zocmrespuﬁdinggamewndytahayqao,nyémg,é, &URkH g%hggdqgr 4ires §§; i's
f 45. The

connected to one of the two inputs on each conpar at ors and
other i npul® orensbtH. and meoaypcell 3%is 8ddpladitb Bdlinay3726aangst ed to a hi gh

vol tage | evel refer e,,tvref, —and correspondingly, the other input on
each of conpar atorgﬁg‘i‘f the gmbadimant depisteddn Figure 2, the Fompemltdradgeuiteber ence,

Ll ot cr e SRR b S e B
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.
E 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. -
Regardiess 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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Regar dl-ess of whether the nenory cells of nenory array 300 are witten to
and read fromwith a pair of bit lines, or each of the two bit |ines

.connected to 8 WD 02/080183 29/09/ 2005 PCT/US02/ 07340 each cel I2%f@9¢/ed05

to be used tW(pexdsorsm i ndependent read and wite operations, pcbRRedES44 NY
of menory cells 360 and. 362 of menory array 300 is carried out 1n nuch the
sane way as was descri bed above for nenory cells 260 and 262 in Figure 2.
However, the configuration of conparator circuits that are each 5 conpri sed
of a subtracti ARfhcsellage meantitodepmed topertompadapaidenaadhadnviie dplefdtiohs 3

af f ords greatehatbilit to control the degree to which the voltages on
pairs of bit FInE¥mgmemantils36QenhiaZad mamoryiarfay 300 itardatoutonher .
More preciselyq, A% ' ' tvref and,.-yref, conparators 340 and 344 can
be biased to all Owﬁ‘ﬁgﬂﬁéyﬁ?gwa Jonibed AbgYa fof FrBors eellenid 289 2628 g 1 f or
to a degree thpjgurs? adbuelabhf Rakfhfi | rator, 340 qgr 344
outputs a si gnaTgui ndi cati ng a nal flg.‘r::cttﬁq)gr??&(%l?s%rﬁgo(mg???ser5h%r§eia%‘ vol t age

| evel s bet weencdmpridednefs sibbraetie it andsUsdir $MtdingatatblsHBShERAS FighyL 8
then conparator 340 will output a signal indicating so to latch 342, and if
the di f f er enceAffardy sreatryadilite eranttnd thedegrés to Whitle theddltageroBpars &f lHch
that it drops .beltga\tly -vref, then conparator 344 will output a signal

i'ndi cating so ¥5°i ¢ 39188 campared pay diffes front easlyothear Mase poerisebabwdi ment
of the present,nyenti one ting at, 40 i i C val ues are witten to
a pair of _rrerrt?_rd lﬁ\é@%l?’? &nanéé Kr?glﬁrrl;‘o‘:r‘)y aé??ﬁzﬁgﬁng%g‘ii cﬂa{’%‘?@?ﬁc@rﬁ@@’ﬂﬁﬁdi ng
pairs of bit Iohgge feveR RS is S?b‘ﬁnéﬂﬁztg@gg{ t}éeac Jgke%_ tBaEisG E‘,ﬁgﬁ%ﬁ%@r‘) the

i nputs of a conparator circuit. In one nt,”> Where~e cel |

i.s/.connect Bd tethemtomparetddB40 bi 342, outpin aWiallindRaRBAR rhdlAlncBBRNIfFhe t he t WO
bit lines would be connected to the 1 nputs of a single conparator circuit

at 420. Al t er diffgremtein violtfagelsyels bebvdendiinies 30haud37%e bucbEbit YiséL4Bovies

connected to two ,Etbt |ines, then each bit line fromone nenory cell is

corinected to 3 EnHER SPRPARTH0WIH) cipiita signad indieatingsortollatch 342 and ife f r om
boe Droer el dirifince M vl fides fivpl hefivetn bit lnes S90'and 2 & Suck atut drope
' below -vref, then comparator 344 will output a signal indicating so to latch 346,
5 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 at410. 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 two 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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cells, -and each corresponding pair of bit Iines connected to a conparator
circuit are conpared. If the voltage levels differ substantially between a
‘corresponding pair of bit. lines, then a failure is found at 4&9/¢BVAD05

i f there ar eWib02g3ys8s 02/ 080183 29/ 09/ 2005 PCT/ US02/ 07340 subpgtraniobasly
differing voltage | evels between.corresponding pairs of bit lines, then
this test of the pair of nmenory cells and the bit lines to which they are
connected passes,at 450. Figure 5 is a flow chart of another enbodi nent of
the present invBRttRwRLY diffepieg velsage gvels betwien gomesphbading primsmfibityinas,r ay

starts at 500. 1 identical, values are wiften to a pair of nenory
cells in a memg]regyrl %ﬁs(r)%?/t,oq P4t 0%’?6?0%6‘?1@@&56%?&%&%%@@%#! thanargi nes

coupl ed to eachohRRidpas&dslatigsp.t he pair of menory cells are connected to
the inputs of a comparator circuit Then, at 530, the identical values are

read back from the Figufe Dis asWwelar€6f Afoth&GnBEmEnt c%facgﬁ Bi&eﬁﬁi@&ﬁio‘?{ the
a :

corresponding pairs of bit lines are conpared. If, a substantial’

di fference fs fbatrstingof memeoy tellpanlaaueheryi array staits £HO0N At 50, pdéritical  bi t

i nes, then the1 fact that a substantial difference was found is |atched at
550, However, VAUGSHIEIVERRerpo 3 pair pmemgoncells su b svemenyarray dfdaizde was
found at 540, st. ends L. there are no nore nenory cells to be tested
at 560. CI'hervv%és}ge,sb?ﬂ&emgé’safmlotg’f%‘"F’sé@dmfeGFhH}’FB‘i%Fe%Hl thegrirffnpry cel | s
.at 510. By waymeinoth el Rltectel 16 kid Yal.ousl vy _to hoth ELqures nd 5,
at 510, identi caIO??/al ues aree\%ﬁelﬁttﬁgﬁ\é %‘gu#gg%rc;gﬁlgérﬂtgr%'taﬁgfﬁss stﬁﬁg

bit |ines 170 idefitical ¥2ues HBResd ba@ fYomAhe 520 of Hetnoki RAR. I are
ng?nect ed to the inputs of conparator ci?cuiot 14(()).j’At SSO,H?%lt%ééntical
d

awittéh tlevélpohthreowespondingpdits dftit las aibebrparealf, £Bab, § subItamEaD Y
cells 160 andsdl,lg,z, using bit lines 170 and 172, respectively, and the
vol t age | evel freprg istowrd imthe vaktageltrvels ina comespoadingumiinef itk teor

circuit 140. | opparator circuit 140 detects_ a substantial, difference
in vol tage bett&/eegaﬁ%attalwﬁs&nﬁg‘fgﬁﬁnws ffe'-’HE ‘gﬁmhﬁ@%%ﬁqf dfowevearni s f act

it rS]e ln agf hggo by rbé&rﬁﬂs&éﬁwh&ﬁler &ch20QibsIRES SRIRNYe &rgé lfosun%raet 5518, tplee te'ts?grgc?sd !

-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 varibusly to both Figures 1 and 5, at 510,
identical values are written to mémory cells 160 and 162, using bit lines 170 and
172, respectively. At520, 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 160and 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 - -
differ_enc'e in voltage betweeﬁ bit lines 170 and 172, then an indication of this fact
is latched by latch 142. If, at 560, more memory celis 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



25 another pair of identical values are witten to another pair of nenory
cells. Alternatively, the test may be repeated for nenory cells 160 and
162, with bit lines 170 and 172 being pre-charged to a high sta%/ 08/ 2he5
. test of readi'Wg"HE9K8X he 10 WD 02/ 080183 29/ 09/ 2005 PCT/ USO2%®F@R/07310

| dentical data, and then being pre-charged to a | ow state for anot her .
readi ng back of the identical data. By way of another exanple, referring

variously to b Logyr.es nd,5, ~ where nenory cells 260 and 262 are
witten to andq?ge}éhga&rf%}?na %[fﬁeﬁgﬁﬁﬂg Poe-chargedtq 3 lpvsstatg far apntherreading packher e
bit lines 270 gpthedidénd-fased 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 arBywdytdf@RottRr BRIRPIY, RRIHiR 3@19?@5%%” IS| E%ZQM 5 ines

270-and 272 to wite identical data to nenory ce

respectively, Where mepiary celi602nd 28R dredvhitten & arabhbad nMitEpdidepbical

conpl i nent dat %?to mory,. 10 cells 260 and 262, respectively. At 520, bit

lines 270 and 279 3PL seesfirally ewhers bitdines Bfliand 372 aremased tut writecdrdcueadl dAgH),

and bit |ines nd. 2.7 [e nected to . the  inputs of conparator

circuit 244. Aﬁgg’?}%ﬁ?@%ﬁ ?@%’ea‘a“f o et Rieps it complimenta af the daga.h

~nmenory cells 2805aN¢HebRal valh&ad Qqﬁllg ' Lt hines 270, and 274 Jo. read
back -from menory cell 560, . an 'adb?t i ﬂg‘g@%ﬁgﬁ&hﬁ%ﬁﬂﬁ %%%'a‘éf%lﬁlﬁlq‘?‘bm 15 .
memory cel | 26270 anid 27Qrp st fden@ichICiits to2AOmER! &1 9 Whbalyefl) FTerence

in voltage between bit Iines 270 and 272 V\/n{i%{e frsegg?ﬁ%‘@?éc %ﬁ%&ve ata, then

an indi cati onwbile bitilipes 2t arid276are had tbyvrita iddhtdPeompIRh&RRONS AenYry | |

copparator cireuif 244 detects a substantial difference in voltage between

bi1 Iines %74 %HH200and 3% respediveiv A tPROKbitEms| 37frend 232 6xe conhanedito the

I ndication-of this fact is.|atche y Jatch 244, 1f, at 560,. nore

menory cells a’%%u St fZp 3?f%roc,lrcflﬁgﬁaa"t’“?ig’1@}“eé@3‘% Aadd 2ffpare copnedteskiotthe al

val ues are wijhte@ ok iR AT A cells, ‘Alternatively, the

test may be repf_';éat gd%@?%?@%éﬁsﬁ%%dg%ﬂWA}FH‘“SFPW %270, 272,

274 and 276 beditiéh W!ﬁtﬁhﬁnﬁﬁ?c&ﬁb%ﬂnﬁ%ﬁ{iﬂ%ﬁdfﬁa&k Q8 bfiShes 2fadd A Pel ng

pre-charged to a |ow state for the other
- _toread 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 diff-erenﬁe 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 t§ 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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25 Figure 6 is a flow chart of still another enbodi ment of the present

I nvention. The testing of nmenory cells using pairs of bit lines to read and
wite both bits of data-and their conplinments in a nenory arra2%{agyLeds
600. At 610, WO 8¥PR0I%al values are witten to a. pair of nMemMypyrG&hlSdn @
“menory array, and at Il W) 021080183 29/09/2005, PCTIUS02/07340 620,
correspondi ng ones of bit lines for data and conplinentary data that are

coupl ed to each nory ceII in the pair. of nenory cells are connected to
the  inputs of n’ff%l’F%?ﬂ’@F‘ dgigrangs pEbit Fhesrfor detaaad ,conplirageary dhtrhncas used
by the conpar g {cuhés are se¢ At 640, .the identical values are read
back from the s p Rled forea FSFSPTE EF E‘thér?alft%éflwrﬁfaglésaremusecmd tplhe -

correspondi ng Rakk f N8 itk O helr s are
conpared. If, atPG%OOQCOH{g%BAth)ant |u51:1t% ‘? e?ﬁe"?liggo %ger?% nﬁﬂ’é”b%l t age

levels in a Corcbﬁq:m@ﬁl@k BB cUIB dre Sdt, Wt%‘lﬂ) 'tﬁ'@ﬁi’enh&ggsm eal‘ggd Lgc?ttfrom(ﬂl%ss of

substantial difference was found is |'at'ched at vvever regar

whet her - sucH a paitsftraempry callis farel tha creltd@sle\frewﬁﬁlth@fcoﬁ@%on £alof Bidfhels

there are 10 no nore menory cells to be tested at 67 O herw se, the test

~is repeated fofor da‘HBF‘H@rthﬁﬁF‘?mmaﬁ%ﬁmwcmarsdaH S160, alhibetantial diffbiencé he
test may al so tf)om{de et ted,if Ls desired to test the bit lines with both

a high and a | ow pr VP&?WQIEHE}F ?’h@c‘?’ﬁﬁp%éﬂigﬁg’"tﬁch@ lgfestthen thedactitbal a
data. B " 3-and 6,
Shere 15 manor sUSHAIRA Bt A ANONR BB Sl T el pai 1
of bit Iines, afmldtlxe@@ﬁehﬁbﬁl?dtéﬂhal u&rﬁerr&c@v&as'fb&g%?’f?s% ﬁ@%&lﬁd?ﬂ&e{%@%ﬂ%o

e}ate and read data, while bit Ilines 374 and used

d the cddpl horerire nedmodyarelintosbe Béte 20670, iOMBBIEA ha/RLUS fe Wp%%ﬁsd%{”e“ to
menory cells 360 and 362, using bit lines 370 and 372 to te identical

data-to. nemorirathern Ealeebmamraae?éls atéﬁbeﬂt&m&h\yeiy,\mhe test by al30 beremmtai’d and
conplinment data to nenory cells 360 and

376 d to wite,ident
L 0 o o e g e i

inputs of su Il ch together with conparators 340 and
341, conpri seb%‘[eq%%drrlg bg igﬂh%?‘%ﬁ%al ?respondl ngly, bit lines 374 and 376

‘are connected to tI1By 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
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i'nputs of subtracting circuit 392, which together wth conparators 344 and
345, 25 also conprise a conparator circuit. At 630, voltage reference
+vref, which is coupled to inputs of conparators 340 and 341, &8/ @8/ 244E5
reference -viVE@02/#9i18h is coupled to inputs of conparators ?ﬁﬁr 0348
ar.e both set. At 640, the identical data and conplinents of that data .
earlier witten to both nenory cells 360 and 12 WO 02/ 080183 29/ 09/ 2005

PCT/ US02/ 07340 fﬁ%i s read back, using bit lines 370 and 374 to read back
from nenory cel trad bagk ysing bit Haes BP2nd 384 Bingad daclelasmbakofy @M3BBNOT y

cell 262. At 65 L+ bst lal difference was found in the voltage

| evel s of corre%gol#{glllﬁlas %giapg%g% t‘bfeﬁg back Eemanemantcel 2620At B5Q, ifld nes 374
and 376, then alb6GAHaldiEeREEML hjis,is,5 |atched by the .
appropriate one of lat ches 3% aggg, d%%éﬁ%‘r&?ﬁ?.lev 1 CeisesRomding pajrs of bit
subtractor ci r diries 3ADAnd BYR reksit Bnds94 ¥RAK BAGD S Lk ' Lfgmbit 1ine
372, and outputs a voltage representing tﬂ% r%?&???’r%é%%ggen%% 3 the

i nputs of bdt h letsherhbuther apBdpriatndndaflatdhbs 3470843, BS6 & iyf f erence in the
voltage |evels betyeen bit lines 370 and 372, then the output of

~ subtractor circuit € fP¢qificely patbiranion cirarit3 Wsbtgets HevalitagBah bitilice 3be

ei ther negativ LLbye depending on which of bit Iines 370 or 372
have the hi ghe?w\%ﬁ?g%ee%?%\?gﬂ. “&‘Hﬁag’aﬁs&e SRUEseRiing e sesultingdifierange td r om

L R A A e i

+vref, then an indication t IS TS SO

Sinilarly, confexeBtetwéhlbicBRgsd70snd 322, AHEPUE OL\[;@{po? Egﬁt;aac%ri Jf}gﬂﬁhé‘ﬁ%‘ﬁ] 390,

1@ and if the voltage level of the output Is o n -vret,

i-di cat i on !9 habe a npi-geicsvaltage devehtizh el byeﬂtme@g&ﬁ?e-or%g&%mg@lﬁd}ﬂ ¥n
subtracting ci rguit %92_ provi des an output representing the difference
between the volPiehef Pihlites 34 oniA2 have theshigher et g8 kel CdrhparapBi® Of

conparators 34 343 i in turn, conpare this output to +vref and
-vref, respectri%\'/"g‘Pa 3?5%%yggﬂm RS FHEUILINE, i thewoltagelevekafdhe of this
out put has ri NAVA? I ed. below -vref (s . |atched hy | atches
346 and 347, resgg%ﬁq%.ﬁq‘gge ﬂg"%ﬁ“W@}ng%#@,@ug@spgsgfcﬁjegl@yg@td@ested,

. then at 610, 40! BRAilardy}, coparator 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 tumn,

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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identi-cal values are witten to another pair of nenory cells.
Alternatively, the test may be repeated for nenory cells 360 and 362, with
‘bit lines 370, 372, 374 and 25 376 being.pre-charged to a high % e9%/&005
one test, andQ®pzesoissi ng pre-charged to a |ow state for the gthgsi9slh-
The invention has been described in conjunction with the preferred
enbodinent. It is evident that nunmerous alternatives, nodifications,
variations 13 29/09/2005 WO 02/080183 PCT/ US02/ 07340 and uses w || be
apparent to t hoB ¥ 18 pepppawat iy thosqskilieghin the arthmligior afgbé frgegoing

description. Itziml].. t oqd t.hose skilled in the art, that the
present inventcil‘é(‘)y%lll “@‘gb@g‘ﬁg’%t“ f‘@%fap‘%%ﬁ bsYLfBBfﬁﬁli“]&ﬁd igitheartithatthepsesenh an

el ectroni ¢ deviia@entthemsy 88 BLR e LML, resent i,nventiqn are
described in the 5 cont egt f an arragﬁgg%r@%trrgg%eOf‘%ma%%glggtf‘?ﬂ“é,geﬁ"ﬁe'part,

by bit Iines. Howeva'meekmplemrﬂmlhemwmémsérﬁh%ahbﬁaw&eE@\Réﬂﬂl%ieety of
el ectronic, mcroelectronic and m cronechani cal devices. 1Zf at 1s
“clained is: %2 gonEpt ofym arrayef memaryatells acaessible) i pagt, bg bitilires. Hewetyr, aa! |
coupled to a first Eit | i.ne; a second nmenory cell coupled to a second bit
line; an addr e$ESEBEBYERI 5 APRY RN tarevariaty of eleetranic aridraelactropicead] s t 0
~enabl e access L ngd _second nenory cells; and a conparator.
circuit coupl egﬁtc%dﬁt%%ie“ééj?éls%vécﬁﬁ second bit lines to conpare the voltage
"level on the first bit line with the voltage |level on the second bit at a
time when data is output fromthe first nmenory cell on the first bit line
and fromthe second nenory cell on the second bit line. 2. The apparatus of
claim 1, wherein the address decoder decodes part of a nenory address. 3.
The apparatus of claim1, wherein the first ‘and second nenory cells are
dynamic RAM nenory cells. 4. The apparatus of claim1l, wherein the first
and second nenory cells are static RAM nenory cells. 5. The apparatus of
claim1l1, wherein the conparator circuit is conprised of a single conparator
with a first ' '
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I nput coupled to the first bit Iine and a second input coupled to the
second bit line. 6. The apparatus of claim5, wherein the output of the
conparator is coupled to a latch to store an indication that the voltage

| evel on the first bit line differs substantially fromthe voltage | evel on
t he smn%cp% t Ji.ne. 7. The apparatus of claim6, wherein the t2ng SitP i#iTh
the | &, Siceined ggered is adjustable. 8. The apparatus of claim6, wherein
the | at | stiGkyd.atch that is triggered to |atch an indication that

t he \qufia%paﬁ&%iﬁég%ﬁi,&ibmﬁe;bi t line differs substantially fromthe

vol t ageet®@idhendny del CoprRE@nNs sdiohd bit Im@; at any tinme that such an indication

t akes aplédress ddcodEheouplep &rtaé first amt sedoatl meiorywialits te enalldrecessriptie fitsbandsecawdi t 1 S
conpr inspebnofells;angubt racting circuit with a first input coupled to the first
bi t | iarremasrdioncirsuitesndied iabe firelcugiseapnd bit ines toseopware th toltage; Ipie! ongthe firsidit line
conpamih e velagslleval andhe sesonsi e @ tige wherpdaiyis optautfiopghe fireicugniory sai@n the fedcond
conparititg anddigp) tegisacend MM EPIAN o secpd! liWR% r acting circuit. 10. The
apparatus of claim9 .wherein. the output of first or is

coup! 2a esheapies ot 1 g B shdBrdeoRit efpotsiRricl Rar PO ' Vol ¢ age

| evel § pelassant Ié(irjnﬁ:s\rvhé?éilg thtbﬁﬂ?amcéda%éwms BlelayhdnERARSdncRERIAbOVE a

first reference voltage; an e out put of the second conparator is coupled
to a senHhphratus bf ddim 31 Wieteitithe it hibdebshdl ridnddry édneardistatie Rameeematy cellgl t age

| evel s between the first bit line and the second bit |ine has dropped bel ow
a seco6ntherapbarpien ofclaing d) wizgein the tomfdratongipeit iatersprioéd oflaginglelOmpaviater wikire firble

f i r st irgpttosgledbadhe fisst dit recand\asieceng énpubgoaplgdijotke sesprd bitlipe. The appar at us of
claim10, wherein the tinme at which the first and second | atches are

t ri gg&r Eg gpearatys pf clgin 5 whereinthe pyigu (CaMpRIagE is epupleghta p latapip sige ”wﬁ@‘i‘ﬁ‘an st

OB et et ShiE R PLRY s BT B “Oes e I SRea e | oo

any i ndj ' . Lf.fer L. : | the first and

seconz'dth%’fa tp})%%tgégﬁ%s"% Ia‘?“lv%éérﬁﬁ] ggg%fﬁ@a}qéglsakﬂ\%gf '%‘%}é% T e‘ﬁ&es\r{%ﬁége and the

second rldpBartub bf dsth 6/ wikRYn 1B HGAS b _@lribi:j Pih 18 tiligble8 iRBER 8N inBicatiéRtH=pEE

| evel vhRb¥ReA oh bR fitdt b ineaiférsSR6aAGtall ffom h8 eéitab@ﬁweg b6 pRedcdalbawnd Aanseeond

r ef er @zcuck @ah indigstion 1gkes Madet hod, conprising: witing identical values to

the first and second nenory cells; coupling a first nmenory cell to a first

bit | PnBe apparptis picplaim 4 exheredn the vomparated dirctiigs goresiserhel: bit |ine; coupling the

first agdeirasingsitedithyith alfirshisguticgurlerhia the fist bislineng arsaeve NPt eoyples toiasgeeeny Rithe

i dent iiR%| val ues fromthe fjrst rrengrgl,cel_l _t_hrdough the first bit line and
put of the subtracting circuit; an

fr om. Bt gcg%c@mgor o the out

a second comparator coupled fo 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 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.

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.

13. The apparatus of claim 10, wherein the first and second latches are sticky latches such that the first
latch will latch any indication that the differences in voltage level between the first and second bit lines has
risen above the first voltage reference and the second latch will latch any indication that the differences in
voltage level between the first and second bit lines has dropped below the second reference voltage.

14. A method, comprising:

writing identical values to the first and second memory cells;

coupling a first memory cell to a first bit line;

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
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15 2 9 SEP 2005 cell through the second bit |ine; conparing the voltage

| evel s on the first and second bit |lines. 15. The nethod of claim 14,
further conprising |atching an indication fromthe conparator circuit that
the voltage level of the first bit line differs substantially fro&éfpf?@g
vol tage | evel of the second bit line. 16. The method of claim 1%, 9f 5

conprlﬁl t|n degree to which the difference in voltage |evels
bet we& ij%g%'[ ‘ic (i e] oﬁ'ﬁue%&‘f‘aﬁ&k%cé%%%ﬁesb't line is substantial. 17. A
BT

nprising: a first input coupled to a

f ' r St 19'1{helrﬂeﬂ%dbh@élm'1§ fﬁl@\HPl:&ﬁlprfsmg?atcfhin@%h indRERINYrofethé cdnipatdi® cif®EHaythar r ay;
a secQhithgk RPsIof B kiRl tdint Giffars S Gntall fromlthe@itideasvel & taosepdraiditice.a second
menory cell in the menory array; and an output coupled to a sticky |atch.
18. The. Themztodbbelaimi 1aciuitier ofmurismp wetling thewearas tn whise theslifigranes ipvoltsige éwf% is
coupl eetween the finst it lipk excethe sepondipislinerimwbstantise second bit line, and to connect

athird bit line that is coupled the first nmenory cell in the nenory
ar r av 17-7ecomparator 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;

a second input coupled to a second bit line that is coupled to a second memory cell in the memory array;

and
an output coupled to a sticky latch.

hev

18. The comparator circuit of claim 17, wherein the comparator circuit is 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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