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VARIABLE DOVAL N REDUNDANCY REPLACENENT CONFIGURATO@%@H@é]K@NENDRY DEVI CE

£1 ELD OF THE | NVENTI ON Thi's invention ‘general ly relates Hﬂ?% r edundancy

repl acenent- architecture for nenory devi ces, and nore par. ularly, to a
vari abl e domai n redundancy repl acenent configuration applicable to nenory
devi ces. BACKGROUND OF THE | NVENTI ON CMOS t echnol ogy has evol ved such t hat

t he conputer market has rapi‘dlly opened to a wide range of consuners. Today
mul ti -medi a-applications require at |easy an 8MB and preferably even a 16MB
menory, which increases the relative cost of the nmenory systemwithin a
conputer. In the near future, it is'likely that 32MB and 64MB gonputers

wi || becone comonpl ace, whi ch sug 256Mb DRAMB
(Dynani ¢ RandonlA@éﬁg§§k§n52§§J%ﬂE DINDAR 2 EMENT | GONEXGURMUEONt st age,

DRAMs in the G gabit range are al FORdy MEMQRY\MEVICEhlch necgssitate the

i ntroduction of new techni ques that guaranty the reliability of the product
notw t hst andi ng the added conplexity to the design and manufacture of such
menory devices. In view of the huge array 2 size and |ithographic
difficulties that ensue, it is nore inportant than ever to increase the
chip yield. Process engineers are constantly attenpting to reduce and
ultimately, elimnate or at the very |least, mask defects. Faults that
inevitably remain in the chip are generally elimnated using

FIELD OF THE INVENTION f
This invention generally relates to a redundancy

replacement architecture for memory devices, and more
particularly, to a variable domain redundancy replacement
configuration applicable to memory devices.

BACKGROUND OF THE INVENTION
CMOS technology has evolved such that the computer market

has rapidly opened to a wide range of consumers. Today
multi-media applications require at least an 8MB and
preferably even a 16MB memory, which increases the relative
cost of the memory system within a computer. In the near
future, it is likely that 32MB and 64MB computers will become
commonplace, which suggests a potential demand for 256Mb DRAMs
{Dynamic Random Access Meméry) and beyond. étill in the
‘development stage, DRAMs in the Gigabit range are already
under way, which necessitate .the introduction of new.
techniques that guaranty  the reliability of the product
notwithstanding the added complexity to the design and
manufacture of such memory devices. In view of the huge array
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speC|aI circuit designs, and nore specifically redundancy replacenment. The
,bresent I nvention is a novel configuration based on the concept of domains.
“The domai ns referred in the present invention are not bound by stringent,
wel | defined boundaries. Certain domains may be |arge and enconpass a
plurality of menory arrays; others may be small in size, and enconpass only
portions of a nmenory array. Regardless of its size, each domain is provided
with a nunber of redundancy circuits t@ replace faults located within the
domai n. By allowi ng an overl ap between donmains, it becones possible to
repair faults in a given nenory array with any of the redundancy circuits
positioned within the common area of t he overl appi ng domai ns, provided the

fault is found in the ar,r.a bei ery h in earl ,|f
t he nunber of Féﬁ?t?“@xé@e QI AR %éfiéﬁlQé : Sg%§?g§9§€a.?gbﬁL

domai n (or dorr&l“ﬁ?)ftééfﬂvﬂ'-é?ﬁg qvwat %ﬂra??r?w s‘c‘h%nﬁhe\m iedfr &’rﬁ?qeﬁé
Menory i s not keapaheabs earcHevayednt liyn adtemptdine ¢owrédudehengrektciately,

invention,” if @agmm téegyngen%hssvw hiBade | | hsdx dpé@&sha\é%ubesn that
exhaust ed, unuse undanci es Eresen wnthln anotai ga n ovg{Ia

R
the first one APEVLERRIRTRAZAR TRE FRRPFEng IHE P &na AT hY TS I"ts§‘9‘9hat
were |eft out gnseualc@drmpihlﬂeﬁh@nﬁdr%%dd@ﬁﬁPnSP901§FQQﬁﬁ¥rﬁ$4ﬁ£¢abéy

tailored to anyephi8emétk MRy be arranged in any configuration. Domains can
overl ap each other or stand side by side. An advantage of overl apping

domains is that such
The present invention is a novel configuration based on

the concept of domains. The domains referred in the present
invention are not bound by stringent, well defined boundaries.
Certain domains may be large and encompass a plurality of
memory arrays; others may be small in size, and encompass only
portions of a memory array. Regardless of its size, each
domain is provided with a number of redundancy circuits to
replace'faults located within the domain. By allowing an
overlap between domains, it becomes possible to repair faults
in a given memory array with any of the redundancy circuits
positioned within the common area of the overlapping domains,
provided the fault is found in the array being serviced by the
two domains. Clearly, if the number of faults exceeds the
number of redundancies available in the domain (or domains)
servicing that array, the scheme will fail and the memory is
not repairable. However, in accordance with the present
invention, if all the redundancies within a first domain have
been exhausted, unused redundancies present within another
domain overlapping the first one are used as a means for
repairing the remaining faults that were left out unserviced

within the first domain.



an architecture allows servicing faults |l ocated in areas comon to both
F¥domai ns with redundancy el enents positioned in either one of the two
“domains. This advantage is particularly inmportant because repair neans
avai l able within one domain may be, at a given tine, fully exhausted, and
the availability of a second, overlapping domain may, thus, be

advant ageously used to assist the first domain to conplete the repair job
| eft undone. Several domains nmay be co3itained within one array or,
alternatively, several arrays may be contained within one domain. In this
manner, a designer can take greater advantage of a given donmain
conflguratlon and a choice of sizes to optimze the repairability of the
desi gn. ConvenProains reayubgatiaylewrtt itguravi oire @pdi vay| e aagramged Fi xed
Donai n Redimndagcyoieijuaaeiont fdnaRRs esn iveethyreachiMeehei Nox edandancy

el ements %rl%euﬁ9dst rﬂR'aﬁ:ﬁr%n@S&@%ﬂ %@e@i%d&éi’ﬂé’ 18 {hed,ghze domain
for each row an umm rg& u nfigurations wthin the FDRR
archi t ect e & 1ﬁ§§ﬁr§u §§§Fu%gfvﬁﬁb?%n%ﬁFg ovBF2teE yBa’Te@A typica
FDRR conf iqpmmen e batdndonting sdghf pedynsigngenel emendRARBsi tigtesvini n FI G

| a. Thereiditties 6R9idH eleatyth Wonkiihy . OfhisCdutshatiye Wsi psrtisadakay repl aci ng
defective %JP%QS‘EQ% kA E%fa i QﬁSQné' 81 9@?& Ql ngnweca?.@émegended to

each sub-array conpri sing nDry re un ancy uni ncl udes a
plurality RS PEIRIEHGDY tEPenditldY( piskgu t(eé"g nd 1ths REapbrbiRdtyr ef
I | | ustrat edsehenei w)ver\hbpptnmdemgsemauro tlpai be@advsintagedasiy siseabel ed X)

Wi thin theLYJBSRORAENE: S0 - & tPNicompEBELBEhe repair job left

undone.

Several domains may be contained within one array or,
alternatively, several arrays may be contained within one
domain. In this manner, a designer can take greater advantage
of a given domain configuration and a choice of sizes to
optimize the repairability of the design.

Conventional redundancy configurations typically employ
a Fixed Domain Redundancy Replacement (FDRR) architecture,
wherein redundancy elements are used to replace defective
elements within a fixed size domain for each row and column
redundancy.

Various configurations within the FDRR architecture have
been successfully implemented over the years. A typical FDRR
configuration, commonly used for low density DRAMs is shown in
FIG. la. Therein are depicted a plurality of redundancy units
used for replacing defective elements within the fixed size
domain and which are appended to each sub-array comprising the
memory. Each redundancy unit (RU) includes a plurality of
redundancy elements (REs), (e.g., two RE per RU are
illustrated therein), which are used to repair existing faults
{labeled X) within the corresponding sub-array. This scheme,
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4 known as intra-block replacenent, increases the redundancy area overhead
¢described herein after, as the number of sub-arrays increases for high
density nenories, since each sub-array includes a fixed donain for the

repl acenent, and the domains in different sub-arrays are nutually exclusive
of each other. This schene requires at |east one or, preferably, two RUs in
each sub-array. Thus, the efficiency of the RUs is rather poor in view of
its inflexibility which reduces the chipg yield substantially when faults
are clustered in a given sub-array. The above-nentioned schene is described
in an article by T. Kirihata et al., entitled "A 14ns 4Mo DRAM wi t h 300nmWV
Active Power", published in the I EEE Journal of Solid State Grcuits, Vol.
27, pp. 1222- 12:38wnSa§t indf-b1oBROEETIaddalRe!, cduBHedas M aciBidhncy

arrangenent, kgoug asointheldabe-fsgln g@p&yn gRLacengt ¢ gnf+lgagat'0n s

shown in FIG 1lb, wherein nenory_1s Icte aving a sin reduﬂﬁancy

array as a lar §8bf?§<’é7¥sddﬂﬁfﬁaﬁ?s F&%r tt eldcfé‘tgﬁ’él'i}e Bie5e e SABFRI RYCh
el ement s anywh&pk-a¥ravhénegdydnsya fixedndamadan £y Hhat YepiacREsnY; taridnthée RU
can repair faukbsa{hahal ek érehdGaibedridyaayeuitual LR)exe1ublite e cHBRDI Y.

The advantage ginbhi Spalkl 20MGIPYeqQYELs talzelgsswcmzesb)e dﬁ?&féé&%‘iﬁ' LLe- b' ock

r epl acenent is hat one sect.i on, name{%Fr t e r edund anc% arra aving
8%

certain nunber RgF Rbs S2FRy S WRAATAEEged et ESer e ¢ %n§”%uh%er of
sub- arrays for FRE@eT heeqrerdoy wiedhpf iesulnGlaxdbil subwhdehi aledgaes nghef area
(al so referredchop asidlaabusiaaitehl Dy @hehhLaymtay hpeic1vehersd @l bhgugn it

requires a subghgniial, a@{énta&;veaﬂgh{ié?%l SAUEO! 1 €1 J Sl gt oinorolperly

service all the su arra¥s formn 1__y
articl Kirihata et al., entitled "A 1l4ns 4Mb DRAM with

300mW Active Power", published in the IEEE Journal of Solid
State Circuits, Vol. 27, pp. 1222-1228, Sept. 1992. =

Another FDRR redundancy replacement arrangement, known as
a flexible redundancy replacement configuration, is shown in
FIG. 1b, wherein a memory is depicted having a single
redundancy array as a large fixed domain of RUs to selectively
replace failing elements anywhere in the memory. In this
configuration, REs within the RU can repair faults (labeled X)
located in any sub-array within the memory. The advantage of
this arrangement over the previously described intra-block
replacement is that one section, namely, the redundancy array,
having a certain number of RUs, may advantageously be used to
service any number of sub-arrays forming the memory. This
results in a substantial saving of area (also referred to as
real estate) over the previous scheme, although it requires a
substantial amount of additional control circuitry to properly
service all the sub-arrays forming the memory.

More details regarding the above described configurations

" and the various trade-offs may be found in an article by T.
Kirihata et al., “A Fault-Tolerant Design for 256Mb DRAMs",
published in the Digest of Technical Papers of the 1995
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Nbre details regarding the above descri bed configurations and the various
‘trade offs may be found in an article by T. Kirihata et al., "A

*Faul t- Tol erant Desi gn for 256Mb DRAMs", published in the D gest of

Techni cal Papers of the 1995 Syrrp03| umon VLSI Circuits, pp. 107-108; in
an article by T. Sugibayashi et al., "A 30ns 256Mb DRAM with Mul ti-divided
Array Structure", published in the I EE% Journal of Solid State Circuits,
Vol . 28, pp. 1092- 1098, Nov. 1993; and>in an article by H L. Kalter et

al., "A 50ns 16M> DRAM with a 10ns Data Rate and On-Chip ECC', published in

the | EEE Jgiaped i f ogo{li.gl %l%ﬁl&r | tS07VPdg; 23 a)t?parléll%].t.g 28, Cet.

1990. | I t(F t
consi stg 35@&% %I oafl'f'l xgd 3§)Pze ggﬂgy e‘glg rren %%’r L:ngemen

i ndependenf‘F‘y?aXIsséeF“Fbuﬁ?%'bl RERL ¥shed: 4n dbet BEFe dOWrnH; ﬁftf’rfb‘tlddéﬁﬁ% By |
expandi ng €hreudionCcepl. t28,apehilp92+1098 Nay. 199IBpund $svar aktderai ns, each
having a fbyed. snzwmsérrrufcuaily X Honsi YoMl pRAE Ryi@hhar ,101:19 hELAI T all the

faults withip t % 8 Lp? erépubarlgmaéect upe chmus B‘?jl;clntra bl ock

repl acement arran enen donsi ns e "ap053| o repair
faults witf® "f‘r?‘?n(?ﬁﬁﬁuéf—?cu‘fct]f y25HoE%véf1185bH1B'ar‘PC§r riitfenent is ineffective
to repair clusters of faults. In the second FDRR arrangenent, i.e., the

flexible redundﬁmxsmﬁls AGEFERd %ﬁamq@duheanéﬁhgslmﬁs wﬂ cal of such
an archi teg#l en%n%wcons?%od rtepal ra}ll%lahwa?% glxec}e r.ed faul

However , N NIL stan ncrg‘é%gddma’an%’ i gni fi cant
di sadvant aa%ch of which can be 1ndependently used to replace faults

contained within that domain. By expanding this concept to a
chip, there may be found several domains, each having a fixed
size and mutually exclusive of each other, to repair all the
faults within the chip.

The FDRR architecture can be used in an intra-block
replacement arrangement, wherein small domains make it
possible to repair faults with minimum circuitry. However,
such an arrangement is ineffective to repair clusters of
faults. In the second FDRR arrangement, i.e., the flexible
redundancy replacement architecture; large domains typical of
such an architecture, provide good repairability of clustered
faults.  However, the circuit overhead is substantially
increased -- a significant disadvantage.

Flexible redundancy replacement is very effective in
repairing a limited number of faults, especially if these
faults affect bit lines, (either single bits or multiple
bits); wordlines, (either single words or multiple words), and
the like, all of which fall under the category of "hard
faults". Yet, flexible redundancy replacement suffers from
another distinct drawback in that it requires a significant
number of -  RUs (and corresponding control circuitry) to
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Fl exi bl e r edundancy repl acerrent Is very effective in repairing alimted
‘nunber of faults, especially if these faults affect bit lines, (either
S|ngle bits or nultiple bits); wordlines, (either single words or nultiple
words), and the like, all of which fall under the category of "hard
faults". Yet, flexible redundancy repl acenent suffers from anot her
distinct drawback in that it requires a significant nunber of RUs (and
corresponding control circuitry) td . overconme a second class of
faults, known as "retention faults,” in which a bit, stored in the
capacitor that forns a DRAM cel |, fades away over tinme in a weak cell,
thereby producing a fault. Thi s di sadvant a | particularly
troubl esonVHREMTs et IRECADADEL2EE 1Akt efRRHF A a’ﬁ‘l‘qg‘fa? exXCEeBEieMhe nunber
of hard fafadlsts,Refiarwhimh bakkt t stohed hay dhf aeAnasifier hiheta foemera/, - def ect s
of this typeadesgiip ehdsd esway Coaddi fighe/, i he webkackhock thepéseement

approach Lﬁ%@dcﬁrﬁc ai s because af,ddts gg&dg bi }.ét%axﬁﬁegl% ts are

typically t.00 nurrerous whi ¢ can X epair ess RUs, in
a large dofAUPLesons bacavsgihfiareses 85 I’éect&?v?ﬁf’ {ag SPpFEiEn to

repai r harthd awinber ohikdrdcfaubes serviced by a single Iarge domain with
less RUs. By way of exanple, if a domain cont ains four clustered defects,

four RUs woul ddgef E%V\# %gcfcot;)egj_h%cehé ‘_Pttshewgg{mi nroacﬁégpl ng four RU

in each smal | tra-bloc g cenment a woul d require
t oo nuch oVRYIREd °Ev<§ﬁuFf s ‘b‘?fé’rhﬁ%d% FEF be AHEREDLMYe, FHE for
i nst ance, fatum-tiloskerenl atefent sapmrrachrusyesty ﬁméSrlemmﬁtlts

poor flexibility. Hard faults are typically not too numerous,
which can be ideally repaired with less RUs in a large domain.
Flexible redundancy replacement is a good approach te repair
hard faults, which can be serviced by a single large domain
with less RUs. By way of example, if a domain contains four
clustered defects, four RUs would be required to replace them
in the domain. Designing four RU in each small domain with an
intra-block replacement approach would require too much
overhead. Even if this overhead would be acceptable, if, for
instance, five clustered defects were present, the replacement
of defects could potentially fail. In conclusion, increasing
the domain size with the flexible redundancy approach is
crucial to repair hard faults.

Retention faults, on the othef hand, occur randomly
throughout the memory, and their number is typically high;
yvet, there is a distinct advantage in that they occur randomly
throughout the chip. For random faults, the intra-block
replacement presents less drawbacks, because the faults are
statistically distributed in many small sub-arrays. The
intra-block replacement can repair a fault with less
rédundancy circuitry than that required for the flexible
redundancy replacement. Clearly, if one RU were designed in
each sub—array', with the purpose of detecting randomly
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of defects coul d potentlally fail. In conclusion, increasing the domain
Size with the flexible redundancy approach is crUC|aI to repair hard
“faults. Retention faults, on the other hand, occur randomy throughout the
menory, and their nunber is typically high; yet, there is a distinct
advantage in that they occur randomy throughout the chip. For random
faults, the intra-block replacenent presents |ess drawbacks, because the
faults are statistically distributed #n many small| sub-arrays. The
intra-block replacenent can repair a fault with I ess redundancy circuitry
than that required for the flexible redundancy replacenent. Cearly, if one

RU were desi aé@siniﬁgef&ébr&%nafa{ms W'cﬁérh lshen ! cpAg eg@fatiRireebh 1@ veandom y
7 occurring retention f Lsa t&q_% ?{lj! a&p@_j %q_ro@ ng wpuj g Qe J (Leal for
e

detecting ret e on f & east | resent in the
sub- array. RE?%%ﬁlkﬁ1PF§ﬁ??§;1“oﬁhﬁh§“?ﬁ?ﬁ§ayhan8e ??Qﬂ i gt b Yh&pai r

with a flexidtizer ddouddaneydi thiladsntatrengdroatth Be&hﬂ}s@l(?f redundapaye nunber
of such faU|£ép1aﬁHﬁ§Rtf%&ﬂ&SQ&EYbeﬂsﬁM@ebﬁsthbe1hega|mu&béeUbErynﬁﬂallable

in the menor y_ qFV|ce ngakﬁérﬁkééﬁ% ghgs éﬁkéﬁgir cflaxidd

redundancy re |sa vant a eous, becaus t he
flexibility %W%f&éﬁ' %’édiﬂer'é%‘“%‘ﬁ’ 868 H°Yr @&Péfrb%ltﬁé?a % EPBAES idich
faults with the avilézmitle redwm@an@yczlrcaeplycemqntV|evﬂRHrQ?Hé f orégoi ng,

an | WDOFtantdQQa&Fetﬂt\aaeeﬁs apeldaat trdyndansyl egnbpptsatt @Rqisréd anepai r
hard faults QVen greater overhead to repair such faults with the available
redundancy circuitry.

In view of the foregoing, an important objective of an
ideal redundancy configuration is to repair hard faults and
retention féults, whether randomly distributed throughout the
memory or clustered therein, without introducing an onerous
burden caused by a complex redundancy area overhead.
Tvpically, this overhead is divided into: a redundancy element
overhead and redundant control circuitry overhead, both of
which should be minimized to achieve good repairability and to
maintain optimum performance of the memory.

Related redundancy replacement configurations, including
some of the categories 1listed above, are described in the

following references:

U.S. Patent No. 5,491,664 to Phelan, issued February 13,
1956, describes the implementation of a flexible redundancy
memory block elements in a divided array architecture scheme.
This configuration has both, the memory and redundancy memory
blocks, coupled to a read bus to allow the redundancy memory
in one memory sub—array to be shared by a second sub-array.



+

retention faults, whether randomy distributed throughout the nenory or
glustered therein, w thout introducing an onerous burden caused by a
conpl ex redundancy area overhead. Typically, this overhead is divided into:
a redundancy el enent overhead and redundant control circuitry overhead,
both of which should be mnimzed to achieve good repairability and to

mai ntaj n opti mnum performance of the nenory. Rel ated redundancy repl acement
configurations, including some of the @ategories | i sted above, are
described in the follow ng references: U S. Patent No. 5,491,664 to Phel an,
i ssued February 13, 1996, describes the inplenentation of a flexible

redundancy nenor I el eqents | i vided.arr architecture schene.
Thi s configurati%thg%hﬁgfhﬁ%fh%’%é&é%%?_gﬁa%P%Hﬁﬁ%énéfgggﬁpg%cIﬁﬁ%&s,

coupl ed to #2ZreiPHudnt shifh AWERRCY JRYARINR yFARRRERECY (Fogh IR Hion
sub-array tdsbeleskaibed byuech sthatowlserb-an r agproprigtée) 8ddPegensidiml .
5’3758648 t@gEfjerwam_u i;:Séus&hﬂa@‘serﬂzgra Idetelt89%e EE1L W £hsPare g ha\éijng a
r edundancy ation.is o -when_a i at e address
si gnal agr e%%g%i‘?%ét% acf r_eggg%édag&de‘?ée&gﬁ#gg&w, 95 }B%%g'r aggﬁl atf))r ovi ded
by the reduf§BAhRCR oS $@LaLN9 1% activated to replace the failing one.

U S. Patent No. 5,461,587 to Seung-Cheol Oh, issued Cctober 24, 1995, in

which a row redufidanCyaceiCUid. | 8, H6EHIMN EONSBERG-icHROM tdh t Woshfdyer spare
row decoder g whereln byya JUALEl VS H58 RauhiSEePPiE8u1 8 :4"8L8, Ggner at ed

by a row
Y conjunction with two other spare row decoders, wherein by a

judicious use of fuse boxes, signals generated by a row
redundancy control circuit, make it possible to replace
failing rows with spare ones. .

U.S. Patent No. 5,459,690 to Rieger at al., issued_
October 17, 1995, describes a memory with a redundant
arrangement that, in the presence of normal wordlines
servicing defective memory cells, enables faulty memory cells
to be replaced with redundant cells. '

U.S. Patent No. 5,430,679 to Hiltebeitel et al., issued
July 4, 1995, describes a fuse download system for prograﬁming
decoders for redundancy purposes. The fuse sets can be
dynamically assigned to the redundant decoders, allowing a
multi-dimensional assignment of faulty rows/columns within the
memory .

U.S. Patent 5,295,101 to Stephens, Jr. et al., issued
March 15, 1994, describes a two level redundancy arrangement
for réplacing faulty sub-arrays with appropriate redundancy
elements.



redundancy control circuit, make it possible to replace failing rows wth
*spare ones. U S. Patent No. 5,459,690 to Rieger at al., issued Cctober 17,
¥ 1995, describes a nenory with a redundant arrangenment that, in the presence
of normal wordlines servicing defective nmenory cells, enables faulty
menory-cells to be replaced with redundant cells. U S. Patent No. 5,430,679
to Hltebeitel et al., issued July 4, 1995, describes a fuse downl oad
system for programm ng decoders for. r@dundancy purposes. The fuse sets can
be dynami cally assigned to the redundant decoders, allow ng a
mul ti-di mensi onal assignnent of faulty rows/colums within the nmenory. U S
Patent 5,295,101 to Stephens, Jr. et al., issued March 15, 1994, descri bes
a two | evel reduwitareys ahe gidercait fand peetiaosndidausisipns tHawr bays W t h
gppr opri-at edéséyméﬁ%éah;rrﬁgt%ms_ o|9 Ms?-aﬁrééﬁtﬁggﬁfs a4 t@a@?_ait?{_:_ evi ous y
i scussi ons_haye n descri. n in [ s - ~Rractitioners o
Checart i PRRLP eUPED SSRCRES ERAE ¥nd Noelel Rl I onld” Sy 6
ar chi t ect ur 85SBI eCHRFER| ya%HpPAEable PBPLLFRIe yhRs oPeRent#Rsss, ©Such as
SRAME, ROVEmeRPRGM, stleRROVESRANSSIRORANVSEPROMd:, EERBONd e Hldsh. REBIECTS OF
THE | NVENTI ehA¢C caifivagl Yiké! 1S an object of the present invention to
- effect a fault-tol erant design applicable to any size nenory.

OBJECTS OF THE INVENTION
Accordingly, it is an object of the present invention to

effect a fault-tolerant design applicable to any size memory.

.It is another object of the invention to use a wvariable
domain redundancy replacement arrangement (VDRR) to
selectively replace féiling elements with at least two
variable domains, wherein portions of the domains overlap with
respect to each other.

It is a further object of the invention to use redundancy
units to repair a fault with at least two variable domains,
wherein portions of the domain overlap with respect to each
other.

It is still another object of the invention to improve
the yield of a chip by dynamically repairing any size memory
containing any combination of hard faults and retention
faults, by selecting the most effective and efficient repair
domain to eliminate faults within the memory device.

It is vyet another object of the invention - to
simultaneously eliminate hard faults and retention faults
within the memory, without curing one type of fault at the
expense of the other.



It is another object of the invention to-use a variabl e domain redundancy
_repl acenent arr angenent ( VDRR) to selectively replace failing
“elements with at least two variable domains, wherein portions of the
dormains overlap with respect to each other. It is a further object of the

I nvention to use redundancy units to repair a fault with at |east two
vari abl e donai ns, wherein portions of the donain overlap with respect to
each other. It is still another object®of the invention to inprove the
yield of a chip by dynam cally repairing any size nenory containing any
conbi nation of hard faults and retention faults, by selecting the nost
effective and efficient repair domain to elimnate faults within the nmenory
device. It is yeftardd her fepthan Brieche oinVEiet i igivensian nfiPt afeotdey
el i m nat e haratifadlketdonaiid retvdAbhon replih¢ameantt (NDRR) heomEiporytion tbhout
Cgri n? O]?et Lﬁ@i_ﬁ.a@% I@{g tct:@ﬁvéxﬁ@?ﬁépeﬂﬁ_@uﬁllﬁ h@x@.l:tmlbed fié:LQ Ictoniailna furt Per
object o e jnvention to use [ redundancy repl acenen
(VDRR) conf irgelj{rué’tdflgﬁytf)eprlé_“ﬁleggrétt eDY{g n%%nﬁgg%gﬁ %I\J.t ually exclusive fixed
domai n redundancy repl acenent (FDRR) configuration. It is a nore particular
obj ect of the inuenis e mboeusertd cVDRR abgefcitged dhleobntentiiion te aseRb)s and
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i nvention to _ensure
requirements.

It is yet a further object of the invention to ensure
that repairs of hard and retention faults in a memory are
achieved without expending additional power and without
reducing the speed of the memory. .

SUMMARY OF THE INVENTION

.A primary feature of the present invention is a new and

improved redundancy configuration described herein as a.
variable domain redundancy replacement (VDRR), allowing for
the use of a more efficient and effective replacement domain
out of at least two variable domains, portions of which
overlap with respect to each other. The present inventors
believe that VDRR eliminate drawbacks of the more conventional
Fixed Domain Redundancy Replacement (FDRR) configuration that
uses mutually exclusive fixed domain for the repair.

In accordance with one embodiment of the invention, a
fault-tolerant memory device includes: a plurality of primary
memory arrays; a plurality of domains, wherein at 1least
portions of each of the domains are common to another domain
to form an overlapped domain area, and wherein at least one of
the domains overlaps portions of at least two of the primary
memory .arrays; a redundancy means, coupled to each of the
domains, for replacing faults contained within each of the
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that repairs of hard and retention faults in a nenory are achi eved w thout
“expendi ng additional power and w thout reducing the speed of the nenory.
"SUMMARY OF THE I NVENTION A primary feature of the present invention is a
new and i nproved redundancy configuration described herein as a variable
domai n redundancy replacenent (VDRR), allowng for the use of a nore
efficient and effective replacenent domain out of at |east two variable
dormai ns, portions of which overlap with respect to each other. The present
i nventors believe that VDRR elim nate drawbacks of the nore conventi onal

Fi xed Domai n Redundancy Repl acenent (FDRR) configuration that uses nutually
excl usi ve fi é%g‘agoggi n ftor t he rﬁgai r. In accordance with one enbodi nent of
the invention. a faulTYEPE MR SnERDSFURSDE & LREFLANE °f thefamlts of
primary nmenpijtBiragie of sherdguaipsoto desraiepdacetherishnthe febmidapoypti ons of
each of the demmsnswimreieoatDledst anetdwerd@aait 4 thar shaudmadhl apped
domai narea, rapdad¥b@rsy Nl AeRRabliafRP fanksNeodPI®d NS WRIhARS oROLL L ONS oOf

at |east two g;na:tLQg Pl gary, nemory a undancy. nmeans, coupled to

LY ALY axs; red _CcOL

each of the domaine,>¥ &Per &bl ecalsng°f‘3u‘$\¥‘§rc%ﬁ'tﬂat[ H@dpﬁf¥ﬁ+?f‘e_’é’aé'ﬁt8+“the
domai ns; contP8l CHeEIRPPREr deaid] Ageat | east one of the faults within one of
the domains to be replaced with the redundancy neans, wherein at | east one

other fault of the,N&HQERED 1S Ah8PhAS 5hnBY i hdift cdppdanedFagns goup! ed
t o anot her oEaLtlﬂg_gglrral n?ral f the at_| east, one ot her fault I's positioned
appec?rag rlnﬂnoglyeggvz.ce includes: a plurality of primary

wi thin the over
memory arrays; a plurality of domains, wherein a first of the
domains overlaps a portion of a second one of the domains; a
redundancy means, coupled to each of the domains, for
replacing faults contained within each of the domaiﬁs; a
control means for causing at least one of the faults within
one of the domains to be replaced with the redundancy means,
and wherein at least one other fault of the first domain is
replaced by redundancy means coupled to the second one of the
domains if the at least one other fault is positioned within
a portion that is common to the first domain and second the
domains. |

In accordance with a third embodiment of the inVention,
a fault-tolerant memory device includes: a piurality of
variable size domains, wherein at least portions of one of the
variable size domains are common to other of the variable size
domains to form an overlapped domain area; a redundancy means
coupled to each of the domains for replacing faults contained
within each of the domains; a control means for causing at
least one of the faults within one of the domains to be
replaced with the redundancy means coupled to the domain; and
wherein at least one other fault of the one domain is replaced
by redundancy means coupled to another of the domains if the
at least one other fault is positioned within the overlapped
domain area.



In accordance to another enbodi ment of the invention, a fault-tolerant
*menory device includes: a plurality of primary menory arrays; a plurality

¢ of domains, wherein a first of the domains overlaps a portion of a second
one of the domains; a redundancy means, coupled to each of the domains, for
replacing faults contained within each of the domains; a control nmeans for |
causing at |east one of the faults within one of the domains to be repl aced
wi th the redundancy neans, and wherei’® at | east one other fault of the
first domain is replaced by redundancy neans coupled to the second one of
the domains if the at |east one other fault is positioned within a portion

that s comron ig, LheeLidiel, ORI ARCLIPRABBRLGR. SRTBId SnvbiAGCOT dance

with a thlrd enb tol er an devi ce

i ncl udes: a2 plSARAFT F?l%‘fa"\Far‘T‘eé‘lﬂzéf s‘*eZ’é‘cﬁorr’chPré',deﬁheraelW‘H’talll'é&sP ortions
of one of twerialliealsigedi nendoveilapping deomying it @ G@H@ﬂdeﬂcxrmﬁanﬂﬂ abl e
si ze donmai NGourl dOLB EstIDGEr tiapRefadaitor AeERciagh esundaRG)tamAESs coupl ed

to each of &b&ﬂpr@.&? éPrtﬁsphaﬁamsfaa&kas CQBhELSEA Y t.ﬁuanﬂsts 3 gy of the

domai o, 2 SR " Mard po Rl LS oRL A Rebibig (1L one
domai n; andtewhBeeiugpdpcedavitipnehet Fedundanay dfeanke apweledniion the repl aced
by redundanmymﬁnans coupled to another of the domains if the at |east one
other fault is positioned within the overl apped domai n ar ea. 12
In accordance with a fifth embodiment of the invention,

a fault-tolerant memory device includes: memory arrays;

domains having at least portions of each of the domains common

to another domain to form an overlapped domain area- and at

least one of the domains .overlapping portions of at least two

of the primary arrays; repair means, coupled to each of the

domains, for repairing faults contained within each of the

domains; and repair means for repairing at least one of the

faults within one of the domains with the repair means coupled

to the domain, wherein at least one other fault of the one

domain is repaired by the repair means coupled to another of

the domains, if the at least one other fault is positioned

within the overlapped domain area.

BRIEF DESCRIPTION OF THE DRAWINGS .

The above-mentioned objects, aspects and advantages of
this invention and the manner of attaining them will become
more apparent and the invention itself will be further

described by reference to the following detailed description
of embodiments of the invention taken in conjunction with the
accompanying drawings, the description of which follows.
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I n accordance with a fourth enbodi mrent of the invention, a fault-tolerant
*menory device includes: a plurality of variable sized non-overl appi ng

¥ donmmi ns; a redundancy neans coupled to each of the dommins for replacing
faults contained within each of the domains; and a controlling neans for
causing at |l east one of the faults wthin one of the domains to be repl aced
with the redundancy neans coupled to the domain. In accordance with a fifth
enbodi nent of the invention, a fault-tg erant nenory devi ce incl udes:
menory arrays; domains having at |east portions of each of the domains
common to another domain to forman overl apped donain area and at |east one
of the domai ns overl apping portions of at |least two of the primary arrays;
repair neans, ceupled(ap sreis of stimatdnBirepredentatbpaiot =g mbaoky S

cont ai ned vp,-_tctvleeea&mpg gﬂerd@mwﬁa 1ae9larﬂwkr mEQE schBALI 1 Ng at
| east one Of'hé hgbwgtrjl tﬁ fth| nngtr ws ! gh Mai.ns W "13 f)(ﬁpé‘{&:ﬁemeans

coupled to i Wherdih east Ghe otner fau domai n
i s repair ed"eRPXYhATE ePRAHCCHEA IS tho BEF e’EFHJG‘céﬂﬁtﬁ’th&ﬂ omes donapels, if the
at | east onsomtdsponéidng tseicsiposi ti oned within the overl apped donai n ar ea.
BRI EF DESCRI PTI ON OF THE DRAW NGS The above-nmenti oned obj ects, aspects and

advant ages of tlig pe/be)n hon an of a%tal nin them becone
the

man
more apparent and nvenRts 6n°fF aﬁlc i 199%5€ Furt Rer wedery %%d by
reference t'6tthé PHIIDRIHFRRE ﬁi?’é‘d’lﬁe%‘ﬂrﬁamh PlaseBentreshemes t he
i nvention twiearinnas ayragcdf REsWelistedredaac omeaayd g dhaweangsy ide

descri pti onygda Wai §B1& & iv@WS- replace failing rows anywhere within the
memory.

FIGs. 2a-2b show a cumulative fault probability P to
find at least x faults in a domain with respect to the total
numbers of faults and domains, n and m, respectively.

FIGs. 2c-2e illustrate a scheﬁatic diagram of a memory
array respectively serviced by domains A, B, and C, in
accordance with a preferred embodiment of the present
invention.

FIG. 3 is a schematic diagram of three domains A, B, and
C shown in FIGs. 2c-2e, superimposed on top of one another, in
accordance with the preferred embodiment of the present
invention.

FIG. 4(a) is a schematic diagram showing how the VDRR
configuration is applied to a 256Mb DRAM.

FIG. 4(b) shows a simulated repairability in a FDRR with
intra-block replacement 4 RUs in a 1Mb domain, followed by the
repairability in a FDRR intra-block replacement of 16 RUs in
a 4Mb domain; an FDRR with flexible replacement of 64 RUs in
a 64Mb domain; and a VDRR with Variable Domains (A) 1 RU in a



13 FIG 1(a) shows a schematic representation of a menory provided with a
*prior art FDRR intra-bl ock replacenent schene, and showi ng how failing rows
fin the various sections of the nmenory are corrected with REs repl aci ng

failing ones in each correspondi ng-section. FIG 1(b) shows a schematic

di agram of a nenory provided with a prior art FDRR flexi bl e redundancy

repl acenent schene, wherein an array of REs clustered at one end of the

menory is used to selectively repl ace‘;ai ling rows anywhere within the

menory. FIGs. 2a-2b show a cumnul ati vel4 aul t probability [err]P to find at

| east x faults in a domain with respect to the total nunbers of faults and

domains, n and m respectively. FIGs. 2c-2e illustrate a schematic di agram

of a nenory aMbagomaigpedBi)vél RUs ey iac ddibbyodaimi rendA (C)B32aRds Gin & n

accordance Wil adguaher red enbodi nent of the present invention. FIG 3 is

a schematic diagramof three domains A, B, and C shown in FIGs. 2c-2e,

superi nposed on top of one another, in accordance with the preferred

enbodi ment of thef1Fesbfl THAVERR iVREERE GLTFRAT FRPL4CERABNER (*RedYRRF am

showi ng how cbefiMRRtdON} | raoading o thppbrespnto iavesein-DRAM FI G 4(b)

shows- a sinulated repairability in a FDRR with intra-bl ock repl acenent 4

RUs in a 1M domai fglliowed by .t be 1 i iJ i HYl ERB ; bl ock

repl acenent of T?%bs #ﬁ)avi%l\/ﬁééﬁgﬁ%;8ﬁéﬁéﬁl¥ﬁég}€x? | e %%Ifg}cenent of

64 RUs in a BARDTHYAEIAT S8 WORE wPeh Variable Domains (A) 1 RUin a

FIG. 6(a) is a schematic block diagram of a redundancy
unit control circuit, according to the present invention.

FIG. 6(b) is the timing diagram applicable to the block
diagram of FIG. 6a.

FIG. 7(a) depicts an address fuse latch arrangement FLAT
and a master fuse latch arrangement MFLAT controlled by the
circuitry shown in FIGs. 5a and 6a, for replacing faulty"
elements in the memory.

FIG. 7(b) is the timing diégram applicable to the
arrangement of FIG. 7a.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Variable Domain Redundancy Replacement (VDRR) is a
statistical approach that reduces the redundancy overhead,
while maintaining good repairability. When n faults are

randomly distributed throughout m domains, a probability P of
finding x faults in a given domain is determined by the
following Bernoulli's distribution:

P = C,.(1/m)*. (m-1/m)"* (1)
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14 1Mo domain, (B) 4 RUs in a 4M> domain, and (C) 32 RUs in a 16Mb domai n.
‘FI G 5(a) shows a control circuit appli cabl e to the VDRR configuration,
“according to the present invention. FIG 5(b) is a timng diagram
applicable to the VDRR configuration showmn in FIG 5a. FIG 6(a) is a
schematic bl ock diagram of a redundancy unit control circuit, according to
the present invention. FIG 6(b) is the timng diagram applicable to the
bl ock diagramof FIG 6a. FIG 7(a) depjgcts an address fuse |atch
arrangenment FLAT and a naster fuse |atcfi arrangenent MFLAT controll ed by
the circuitry shown in FIGs. 5a and 6a, for replacing faulty elenents in

of G 7a DETALFERF DEri e Brt i) (e ARER AP SR St chald By | SBOPTEN
Donmai n RedundditynRepPithelamai yoREsh i=esReSt a9 Jt i8041 *aph?odEH S RAE r educes

t he redundanaw=4overbpeckivwelyl.e mai ntai ning good repairability. Wen n
faults are randomy distributed throughout mdoneins, a probability P of

finding x faulls iheg Ghdef, c&qu Brace dsee Q@&lbxeotn@@gapgmanor

Bernoul I'i"s distribution errf(ieer er_rl £m1£ err]al

(1) domain A (m=16) in FIG. {m=4 n FIG.) "2d nd
domain C (m=1) in FIG. 2e, respectlvely. When 64 faults are
randomly distributed in 16 domains, the probability of zero
faults in domain A (m=16) is negligibly small ("2%). Each of
the (A) domains has' probably at least one .fault. The
probability of less than eight faults in a larger domain,
e.g., (B) (m=4) is, likewise, also quite small (" 1%). The
present inventors have surmised that 32 faults out of: 64 can
effectively be repaired by combining variable domains (A) and
(B), which have 1 and 4 redundancy elements (REs),
respectively. The remaining 32 faults out of 64 'can be
repaired using a full flexible redundancy replacement in the
domain (C) (m=1). Thus, one may create domains contained
within larger domains, which in turn may be part of yet 1argef
domains, to provide the necessary redundancy units and/or
elements which are lacking in each of the smaller domains. 1In
addition to the advantage of repairing randomly distributed
faults, the VDRR approach can advantageously cure retention
faults as well as hard faults, and can achieve these results
with lesser redundancy overhead " than the Fixed Domain
Redundancy Replacement (FDRR). As previously discussed in the
background of the present invention, retention faults are
usually randomly distributed over sub-arrays and can
effectively be repaired with a small domain (A). Hard faults,
on the other hand, tend to cluster in a given sub-array;
however, hard-faults are not as numerous, and are best handled
by a larger domain, e.g., (C). Variable domains (A), (B), and
(C) overlap; this overlap permits choosing a best possible
repair domain depending on the type and size of the fault.
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15 FI Gs. 2a-2b show the cunul ative fault probability [err]P wthin a given
domain with respect to n and x, for nFl16 and me4, respectively. FlGs. 2c-2e
“illustrate the physi cal conflguratlons for domain A (nm=16) in FIG 2c,
domain B (nr4) in FIG- 2d, and domain C (n¥l) in FIG 2e, respectively.
Wien 64 faults are randon1y di stributed in 16 domains, the probability of
zero faults in domain A (nEl16) is negtégl bly small ( 2% . Each of the (A)
dormains has probably at |east fault. The probability of |ess

than eight faults in a larger donain, e.g., (B) (nF4) is, likew se, also
quite small ( 1% Thgh@lﬂéree$§9iaﬂl@vﬁaﬁﬁr§s foayﬁ (%;rna&ectct)hé\éf&?reha%ts out
of 64 can effqlctf.i[& cb%ere gl rh%gn vaxrula %Q:lo gomal %St(;A} and
(B), which have anc enen octi v veI The

remai ni ng 32 PRILLE Utﬁ CB'f'“JGBZF’r‘,’Sn "b‘bltrB’fJ%ﬁ E§|°rfgfé“‘l“cﬂq affaé%tbi%
redundancy r eéplgicmmeonpint gevetory Mef@ulhiFls) eqiiatiton onkn mactieaf e
donai ns cont aidieeew, t BiLD Lﬁf@rammsnarewsw&ﬂ@ohaanofrafopeof)aaﬁe of yet

| d / | t
| arger oMl rorh:P 9l LhgnEpasRaT ¥, AR KUl AndLRLg €] erent
advant age of TWWRARPRY FORAdH { d?d [doBatR AT fiNFes2 Fﬁ‘él‘VDmaéBﬁP%’éch can

advant ageousldemauine pedwddiedobhe Hiduls &S qmtmlona'somtdi flamairss. and can
achieve these results with |esser redundancy overhead than the Fi xed

Domei n Redundancy ;Repl acenent, éffﬁ? 4 () PRALLOUS YndlACH AR

background of the present” invent faults are usualp randon1y
di stributed cﬁf&hl§ﬁﬁt‘é‘?e‘r BROVAARY cHht (G eYRFV\/é:I"S'?fb‘éuF%tp‘éﬁ"re&‘hﬁA i "éb snal |

dormain (A). HMHRAY chdbt 8¢ includes sixteen 16Mb primary arrays 15. Each
unit 15 consists of an array block 19, a 256kb redundancy
block 22, and redundancy control circuits RUCNTs 24, to be
described hereinafter. The 16Mb primary array 19, having
8,192 (16 x 512 per 1Mb block) wordlines (WL), includes
sixteen 1Mb blocks (sub-arrays), each having 1M cells. To the
left in FIG. 4(a) are shown three domains A, B, and C spanning
across the primary 16Mb array 19. (A), the smallest domain,
referenced by numeral 18, consists of a 1Mb sub-array. (B),
the next domain in size, referenced by numeral 21, consists of
a 4Mb sub-array, and is shown as having (A) fully contained
within its boundaries. Finally, the domain (C), referenced by
numeral 23, spans across the entire 16Mb primary array 19, and
encompasses both domains (A) 18 and (B) 21.

To the upper right in FIG. 4(a) are shown two cells
forming part of the memory array, wherein each cell includes
an NMOS device 20 and a capacitor 25. To each wordline WL are
coupled the gates of 2,048 NMOS devices 20. There are 512 WLs
present in the 1Mb block (i.e., 512 WLs x 2,048 cells), but
only one is selected when a particular 1Mb (out of 16) block
is activated. (Note: only one WL out of the 8,192 WLs is
active in the 16Mb array). The capacitive charge stofed in the
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on the other hand, tend to cluster in a given sub-array; however,
“hard-faults are not as numerous, and are best handl ed by a | arger domin,
“e.g., (O . Variable donains (A, (B), and (C) overlap; this overlap pernits
choosing a best possible repair donmain depending on the type and size of
the fault. 16 The three variable domains (A), (B), and (C) referred to
in FIGs. 2c-2e are shown separated fromone another to better explain the
curmul ative fault probability of finding a fault in a given domain given by

Bernoulli's equation. In practice, howéver, all three domains are

superi nposed on top of one another as depicted in FIG. 3. An overl ap
permts using a redun jreuit in. one Qﬁnarn to c uIt anot her
domai n, provi EeEaf:hg r%'bsr#ﬁ):re? CHFR GORETIRS h’e‘?er ri ﬁ"engarto Fi g.

4(a), there i ® SRBHA %{“PZE}GWB’C CrmRl & fi % &her éhﬁ’FQﬁlr%eBhW 'HF%P“VDRR
conf i gur at i on.ThéhampbiedDRAY/ inifopmdfiamiuees thexdster) 16Myelrdtesr pyar r ays
15. Each unit ¢ha ceBsisdpordlingn &ivah bh&@i‘eélsg (R0256khowdundagcy 1 b1 ock

22, and redun a_g%fgrnt({l%l Ci rgt%tﬁtw 5 'gofp%hg ri bed hereinafter.

The 16Mo primery arra “bl ock) wordlines
(W), includes sixteen 1My bl ocks (sub- arrays), each having 1M cells. To
the left in FIG A4{a)lisne oshdesidningeredmaiant word ingsd(RWsparim rgchCcr 0SS
the primry 1&&4& H1oR¥, 13 A8k, rréhen&rmiﬂ asifockONBiciudf & ei £ Cagk.HY souNer al

18, consists qf:3;1Mh Sl "é‘éﬂfﬂ%égrb( %)ima eaPF&;*&g i reluf R4 Zxﬁglia‘ifogge“ced

by numeral 21, CONSIStS o
fully contarné& includes 64 RUs. For purposes of 111ustrat10n, each R

includes two RWLs. Unlike the intra-block replacement with 16
fixed 1Mb domains or the flexible redundancy replacement with
a single fixed 16Mb domain, the 64 RUs are assigned-to the
three variable domains (A) 1Mb 18, (B) 4Mb 21, and (C) 1l6Mb
23. Each of 16 RUs (RU0O-15) is associated with one 1Mb domain
(A) (m=16), 16 other RUs (RU16-31) are used in the 4Mb domain
(B) (m=4), and the remaining 32 RUs (RU32-63) are associated
with the entire 16Mb replacement domain (C) (m=1). The three
domains (A), (B), and (C) are designed to overlap over each
other. This overlap allows selecting a most effective and
efficient domain, depending on the fault type, thereby
increasing the repairability of the unit in the presence of
"hard faults and of retention faults.

Fig. 4(b) shows the simulated yield for the 16Mb primary
array 19 with respect to the number of randomly distributed
faults n in three instances: 4 RUs for each 1Mb domain (4/1M),
16 RUs for each 4M domain (16/4M), 64 RUs for a 16M domain
(64/16M) and VDDR for the combination of ((A) 1/1M + (B) 4/4M
+ (C) 32/16M). Note that the total number of elements per 16Mb
array is the same for all cases. VDRR allows a repairability
to a degree essentially equivalent to that obtainable through
the flexible domain redundancy replacement scheme (64 RUs in
a 16Mb domain).
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wWithin its boundaries. Finally, the domai-n (C), referenced by nuneral 23,
‘Spans across the entire 16M> primary array 19, and enconpasses both donains
“(A) 18 and (B) 21. To the upper right in FIG 4(a) are shown two cells
form ng part of the nenory array, wherein each cell includes an NMOS device
20 and a capacitor 25. To each wordline W. are coupled the gates of 2,048
NMOS devi ces 20. There are 512 W.s present in the 1Mo block (i.e., 512 W.s
X 2,048 cells), but only one is selected when a particular 1My (out of 16)
block is activated. (Note: only one W1&ut of the 8,192 W.s is active in
the 16Mb array). The capacitive charge stored in the 17 capacitor 25 is
transferred to the corresponding bitline BL. A sense anplifier 28 anplifies

t he charge on the 1%15&{13' e sI?{IZS"mTQgl ié fied, r#a o(;fmit‘ﬁ on ft he

data) is selected hé correspon ng colu a ress s"hovvn) and is
transferred tB“%e%'at ¥hEGR pds P cdPPOFTRIT sRBTRSte F‘? ea‘eafma%s.tgﬂ. ng
redundant wor dedyrdancR\\bvérhendeardldtMyebkockhe dn2E&Kb kaskuneptanemihock

i ncl udi ng 1284 Rl aariaSt hé iﬂebaeﬁlaﬁm n@@sdy bEMuuLtMes Y1a6w ay 939 .viTha.

redundancy Dl gfs AduriAGhUfCoor ingyforb 52 4P PA%ITnOhnd leay bl HdsflegeaCh RU

i ncludes two e intra oc r ace L Xe

domai ns or t hERF| BXPEFRFS eduntifRFre ﬁ‘é’ﬁi’: gﬁﬁlf‘?l e 4indfe PPLel? 16|\/b
domai n, the 6dediRdardr enitsifpredMi oM h’@dt hée regpeablweldeomai ns (A) 1M 18,
(B) 4Mo 21, and (C) 16Moy 23. Each of 16 RUs (RUO 15) is associated with one
1Mo domain (A) (mF16), 16 other RUs (RUlGxg{p rare used in the 4M donmain

Redundancy | 4/1 M | 16/4M | 64/16M | VDRR

Additional | 0 | 128 | 256 | 160
# of fuses | | | |

Repairable | 16 | 40 | 64 | 62

|
|
|
|
}
| # of faults| | | |
| .

TABLE 1 illustrates how the repairability of a memory
array increases with domain size; however, more fuses are
required.

In the VDRR configuration, some of the RUs that are
assigned to small domains can be effectively used, since the
probability is high that faults will be present in each
domain. The smaller domain for these RUs reduces the overall
number of fuses required. Consequently, VDRR allows a
repairability to a degree essentially equivalent to that
obtainable through the flexible domain redundancy replacement
scheme (64/16M), while using 96 less fuses.
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(B) (nF4),

*(C) are designed to overlap over each other. This overlap allows sel
a most effective and efficient domain, depending on the fault type,

I ncreasing the repairability of the unlt
retention faults.

of

primary array 19 with respect to thel®unber of randomy distributed
nin three instances: 4 RUs for each 1Mo domain (4/1M, 16 RUs for each 4M
domain (16/4M, 64 RUs for a 16M domain (64/16M and VDDR for the

conbi nation of ((A) 1/1M+ (B) 4/4M+ (C) 32/16M. Note that the tot
nunber of el ement s TheradeN-agier 8§ the t s§ABld e furthes anhayprR if
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and the remaining 32 RUs (RU32-63) are associated with the
“entire 16Mo replacenent domain (C (mel). The three domains (A, (B),
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in the presence of hard faults and
Fig. 4(b) shows the sinmulated yield for the 16M

faults
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which is an |18 fPaRLE, pjgh%\én?PzeFQWel %l@sg pﬂ&%”éa% +f RJik‘i:LQUngﬁ ,H{ fuses,

relative to t

Istripyted Jfaultapran &% REPAI AN 3ﬂﬁet?1fefeF§b‘é?Jr%Bﬂ1§hn%ﬁﬂ)er of
faults to al | clemai95% %) edrdi (Bhe redundancy conbi nation of 4/1M 16/ 4M and
64/ 16M assunes the presence of independently controllable 4, 16, and

redundant units fogotdl, 44 Rtk oM rceaRandle B Vrrd Al | SPUIABRNGY

64/ 1
he redundancy unit control circuit RUCNT 24, all the 8,192

WLs in the primary 16Mb array 19 are disabled. One out of the
128 RWLs (redundant WL) in the 256Kb redundancy block 22 is
activated. The operation of the redundancy combination
comprising NMOS devices 20, capacitors 25, and. sense
amplifiers 28 described previously also applies to the
combination comprised of devices 30, capacitors 35 and sense
amplifiers 38. The detailed operation of the control circuitry
is described next.

The wordlines in the sixteen 1Mb blocks and the RWLs in
the redundant block 22 are controlled by the respective
Redundancy Unit Control circuit (RUCNT) 24, which will be
explained in more detail with reference to FIG. 5(a). For
better performance, these circuits are most advantageously
prhysically positioned below the redundancy block 22 (i.e., at
the bottom end of unit 15).

FIG. 5(a) shows a schematic block representation of a
variable domain redundancy control circuitry. The control
circuitry contained within the unit 15 includes wordline
decoders (WLDEC); redundancy wordline decoders (RWLDEC);
Redundancy Unit Control circuit (RUCNT), represented as
RUCNTO0-15, each having 8 address fuses and 1 master fuse, for
Domain (A), RUCNT16-31, each having 10 address fuses and 1

64
4/ 1

master fuse, for Domain (B), RUCNT32-63, each having 12 -
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Add| tional 0 - 128 256 - 160 # of fuses Repairable 16
40 ' 64 62 # of faultsl TABLE 1 illustrates how the
‘repairability of a nenory array increases with domain size; however, nore
fuses are required. In the VDRR configuration, sone of the RUs that are
assigned to small domains can be effectively used, since the probability is
high that faults will be present in egch domain. The smaller domain for
these RUs reduces the overall nunber of fuses required. Consequently, VDRR
allows a repairability to a degree essentially equivalent to that

obt ai nabl e through the flexible domain redundancy repl acenent schene
(64/16M, whil e usi n% 96 | ess fuses g advant age .of the VDRR coul d
be further erfifsie&§ tHS€HnB O L t‘ﬁ%“fe&ulff’ge 1| %‘E“ad'lnug‘ Cdredordlif s js
because, accoinfivey t OVHDRY) pr eednnddneye morgd ing hargvemi ARFEYRWn aid ecti vel y
repair the clusaidineg fdkhbse \$bhémtozndoWnpidesNy, buael f aulitsbpan be

repaired nor enﬂ-féx%%hhé(@tl,éﬁ Wit Qh&p@ GRMRh 1Ss Ak e2Bfe (EDerdt8bRT bF NEhdack to
t he exanpl e

RUCNT 24¢ a1 VR Boa6peoR Phe B ey otans aorkyoly 168 4o ca” " one
out of the 1ZEFeRnmed( FéaHnGaFﬂel\AL)a |‘ﬁ' t(l?étZBGK@ L2tufitEnty BRrocks™2 s
activated. Theriazafyasicdy ab)tdre ar Rgu(dancyt Gdnbn rdtel opdundancy block

22), is active in the 16Mb prime array 19 (FIG. 4a).

Practitioners of the art will readily appreciate that two or

more WLs may become active within the 16Mb unit 15, at the

expense of only minor modifications of the circuitry shown in

FIG. 5a.

The detailed operations of 1) a standby mode, 2) a normal
active mode, and 3) a variable redundancy active mode, are
described hereinafter. '

FIG. Sb shows the timing diagrams for the most relevant
signals on the line/nodes having correspondingly identical
names: address ADDs, node N, node NR, control line WLON, WL
disable signal bWDIS, RWLEs, WL, and RWL, referred to in FIG.
5a.

1) Wwhile in the word standby mode (i.e., when the chip
is not enabled), the control line signal WLON remains at a low
(i.e., at 0), which disables all the WLs and RWLs (all at 0),
regardless of the state (i.e., "DON'T CARE" condition) of the
WLDEC output signal N, of the RWLDEC output signal NR, and of
the RUCNT output signals RWLEs. When the chip is. enabled
(i.e., in the active mode), either WL or RWL is active (but
not both). When WL is enabled (i.e., at a 1), the chip enters
the so-called normal active mode. Alternatively, when RWL is
activated (which disables WL), the chip is referred to as
being in the variable redundancy active mode.
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when the signal WLON switches to a high.

3) .While in the variable redundahcy active mode,
activating the redundant wordlines RWLs is controlled by a
two-path decoding: a) through RUCNT and b) through RWLDEC. As
previously explained, a RU including two RWLs is controlled by
the respective RUCNT. Each RE contained in the RU is
controlled by the alternate path b), i.e., RWLDEC. Both
decoding paths work in parallel, and a final decoding of the
results of RUCNT and RWLDEC takes effect in the RWLDRV. A
detailed description of the operation of the present invention
while in the variable redundancy active mode is described
next.

The variable redundancy active mode is typically detected
by RUCNT, which activates the respective RWLE prior to the
arrival of a signal on the control line WLON. (The detection
phase is referred to as the redundancy match detection phase).
This detection forces the signal DbWLDIS at the output of
WLDISGEN to switch to 0, thereby inhibiting the wordlines in
the 16Mb prime array from becoming active. During the RUCNT
redundancy match detection phase, an alternate path for
selecting an RE in at least one RU is decoded in RWLDEC.
Concurrently, the respective RWLDEC is activated with address
information, switching the corresponding NR to a 1.
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prinary array 19) or a RAL (out of 64 in the redundancy bl ock 22), is "’
Pactive IFkn the 16Mo prine array 19 (FIG 4a). Practitioners of the art wll
readily appreciate that two or nore W.s may becone active within the 16M
unit 15, at the expense of only mnor nodifications of the circuitry shown
in FIG 5a. The detail ed operations of 1) a standby node, 2) a nornal
active node, and 3) a variable redundancy. acti ve node, are descri bed
hereinafter. FIG 5b shows the timng d22grans for the nost rel evant
signals on the line/nodes having correspondingly identical names: address
ADDs, node N, node NR, control line W.ON, W. di sable signal bWl S, RWEs,
W., and R\, refegred tq i st andby node

L 0,51 B B3ced) hiLe i Lhe word

(i.e., when the chipPTe KOP ENTHIEa) S0t He CONTTOI™ i % GR35 r emai ns

at a |ow (i.&imultapgously; rerdpced| With| tWehBWEs andaRWRY (i | eagh 0)

regar dl ess ofdomhénstTitee 1b. BomaihDON EnC€MRE¢s G3RdAWES Oyvoodf twihedchld¥eC out put

SR{/\%Eal \[>|\h of shbgo%!l@!ig Qubﬁm-l%i.gnﬁ&cx{\l!ﬁuc&ﬁd-ﬁ,t _ttlﬁ@rgk&‘hgt Q'H&it?ﬂ@e§{/\%nal S
S. en e i : \ €)....ei ther or

RAL is acti vtequggté(ﬁ%%e%bso? ﬁ?%ggwgnb& ‘?As&g%ag'f%g é() i Sgg;,?(geattwg g.)Ll)"t:I Yhe chi p

enters the s@léaFF8dimdfary 4Bt PRaimpd®) - 1ier 0REi 9-Y O F \ihensRiesrs
activated (WRUENTE ablsesciiivatedhewhdn phe scomxlespeordiingoons dwti n§ the t he
vari abl e redgngassy BH b¥Raimdiga) is 2d183tMli h&aidiseBes Nps WateARidere node,
all the redu%ﬂangorresponding one out of sixteen Domains (A) in the 16Mb
unit. Each RUCNT16-31 controlling 4Mb Domain (B) requires 10
address fuses and 1 master fuse to decode 2 out of 2048 WLs in-
each 4Mb Domain (B). Four out of sixteen RUCNT16-31, which are
assigned to the same 4Mb domain (B), are simultaneously
activated, when the corresponding Domain (B) is selected.
Addresses 11-12 determine the corresponding one out of four
4Mb Domain (B) in the 16Mb unit. Each RUCNT32-63 controlling
16Mb Domain (C) requires 12 address fuses and 1 master fuse to
decode 2 out of 8096 WLs. RUCNT32-63 are always activated
without using any address, because Domain (C) serves whole of
the 16Mb unit. Except for the number of address fuses and the

address decoding, the RUCNT0-63 are identical circuit.

Address ADDO is used for decoding 1 out of 2 RWLs in the
corresponding RU. This 1b decoding is enabled in RWLDEC
regardless of Domains (A), (B), and (C). This path is
independently controlled no matter if it is in a redundancy
mode or in a normal mode. The final decision to activate an
RWL is determined by the decoding result of NR and RWLE in
RWLDRV. The aforementioned two path decoding: Path 1, wherein
RUCNT activates RU, and Path 2, wherein RWLDEC decodes one
out of two RWLs per RU, making it possible for one RWL to
become active (without incurring in speed penalties) by means
of appropriate addressing, which had already been previously
deéoded when WLON switched to a high.



word |ines enable signals RALEs remain at a | ow, keeping the output signal
*(bW.DI'S) of the wordline disable generator circuit W.DI SGEN at a high
*(i.e., at a l1l). The detailed operation of the circuit 24 for generating the
RWE signal will be described hereinafter. When the 16M prine array 19
(FIGs. 4(a) and 5(a)) is enabled, 13bits address information is transferred
to W.DEC, enabling one node N out of 192; -this makes it possible to
activate one W. out of the 8,192 vméz%hen t he signal WLON switches to a

hi gh. 3) Wiile in the variable redundancy active node, activating the
redundant wordlines RALS is controlled by a two-path decoding a) through

RUCNT and b) thrq_;:;(q% e | |ngtwo
RWs is controll Rg\%e res ?L_Qéé%gﬁ% SRo& ﬁ%qﬁcg #I al ne in the
RU i s controffediBy h‘é"%ﬁrtaé'rgﬁtaesbﬁﬂf B control giFeEE REGVR- F8¢8di ng

pat hs wor k i 8i¥euid |is| pramided fwitdl ad@dsdphifwfot rfelSPeéeF?lseﬂ)fFLR@J@l\lT and

RALDEC t akesdef¥arf d ridceaeRNLDR., Andanpi jeek lesmi philpndof fédemcaper ation
of the presepieddirent 'éHhv\é!fu;E@ndln Eh@qV dbhabl enécﬁmaaqucxe P&ﬁ(& g‘)de I'S

descri bed nex The vari etected

% redundancy active no I ca

by RUCNT.  whi BRI GRIGERE ERECT it U (S MRFE. SPRGFOL oot MU of
signal on theegisias dp the aupber of Addrgas e@tsieéntbﬁfas@q zeguirad ddrt o as the
redundancy neicth deb£oi. Gudiltassyllylhichedaisateirorfuber omsarhassiageal bW.DI S
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activat ed w phewidiisaygs

The master fuse needs to be blown in order to enable a
RUCNT. As long as the master fuse remains intact, the output
MF of MFLAT (FIG. 6b) stays at 0. The output RWLE of the AND
gate, therefore, remains at 0, regardless of the address. When
the master fuse is blowh {(MF set at 1) and the RUCNT is
activated by the corresponding address bits, RWLE is-
controlled by the combination of outputs of FLAT, i.é., FADD.
FADD switches to 0 when the corresponding address input ADD
fails to match the programmed fuse information. Alternatively,
FADD switches to 1 when the corresponding ADD matches the
programmed fuse information. Only when all the fuse programmed
addresses match the ADD inputs, and MF is blown, forcing RWLE
to switch to 1.

Referring now to FIG. 7a, there is shown a schematic
diagram for the fuse latch FLAT, wherein FLAT is depicted as
an address~fuse comparator. A CMOS latch, formed by 60, 65 and
68, is set by devices 80 nd 82 during the power-up phase of
the chip by FPUP and FPUN, as shown in the diagram of FIG. 7b.
If fuse 83 is not blown at power-up, nodes NO, N1, and N2 are
set to 0, 1 and 0, respectively. Alternatively, if fuse 83 is
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information;, switching the corresponding NRto a 1. 22 As previously

di scussed, it is assuned that two W.s are sinultaneously replaced with two
RWs, as an RU in each domain. The 1Mo Donmain (A) includes 512 Ws, two of
whi ch are supported by RUCNTO-15. Each RUCNTO-15, therefore, requires eight
address fuses and one master fuse to dgcode two out of 512 W.s in each 1Mo
Domain (A). Only one out of the sixteen RUCNTO-15 is activated, when the
correspondi ng one out of the sixteen 1Mo Domains (A) is selected. Addresses
9-12 determ ne the correspondi ng one out of sixteen Domains (A) in the 16M
unit. Each RUCNT16-31 controlling 4My Domain (B) requires 10 address fuses
and 1 nast erbidiae t Aodecote,2 MUt and R248anl ssénn aachl AM9,Doxmd n1¢B). Four

out of st x! SallJALATL0g 3 e Bl Al B 23385 théJ‘%o?&@_aﬁNa\%jQEai n (B),
are sinmultaneou activat ed, en_the carrespon
sel ect ed. Adjoffteé'gé’s "flg%%sd]eattélp‘,pncﬁ’éc‘f%és %E))f régs)p%ngidi%%gljgggﬁ%ut of h?our AV
Domai n (B) i @Meh&rassbex gates 2 ARICNIBSNS SPc SRPEEAT AP ™M ERD 58F8i n (O
requires 12 efldices Nusasd arzd ApDestde ADPutinvegtdeduadeiZzcpit f) 8096 \W.s.
(Rg;:uwsz- 63 %ﬁﬂé@)ﬁ?h%ﬁ%g&ﬁéﬁifﬁhﬁfﬁtgiﬁkngof&hﬁ adgr @espebEGRUFE D?mai n
serves whol'e o unit. .Exce or . the r s fuses
and the addr®&stWstEF ﬁ‘&e %ﬁ%eﬁeﬁt H é_“rcfé fﬁéé]n't'i ngln‘g frgﬁ? taaﬁkggress ADDO
is used for FRRRIRIFLBTOG Ep1PRNRDD:n FRRM Vs 458ndFf ngled® FAPR 1b
decodi ng i s esEidwedabn. RADDESy 1 tagasdte dswinén BobRiAPD ang theBfusemge(C). This
path is independant by £0nir olbggh dxg@id €ani fadikeds bAda suecUn@aRAY

detection.

Within circuit FLAT (FIG. 7a) is included the gcircuit
MFLAT (or Master FLAT), which is shown alongside with
appropriate timing curves (FIG. 7b) . The CMOS latch, formed by
60, 65 and 68, is set during the power-up phase of the chip by
FPUP and FPUN, as depicted in the diagram. 1If, during
power-up, fuse 83 is not blown, then NO, N1 and N2 (also
referred to as MF) switch to 0, 1, 0, respectively. With MF at’
0, the AND gate within RUCNT (FIG. 6a) is disabled. If, on the
other hand, fuse 83 is blown, then, at power- up, NO, N1l and
N2 (also referred to as MF) switch to 1, 0, 1, respectively,
while MF is at 1, which enables the AND gate in RUCNT (FIG.
6).

The present invention described herein may be designed in
many different memory configuration schemes. While the present
invention has been described in terms of a preferred
embodiment, other embodiments may come to mind to those N
skilled in the art without departing from the spirit and scope
of the present invention. The invention should then be
measured in terms of the claims that follow.
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node or in a normal node. The final decision to activate an RAL is
determ ned by the decoding result of NR and RALE in RALDRV. The

af orenenti oned two path decoding: Path 1, wherein RUCNT activates RU, and
Path 2, wherein RW.DEC decodes one out of two RALs per RU, meking it

possi ble for one RAL to becone active (w thout ineurrtrg—+n——Speed——

penal ti es) by neans of appropriate addressing, Wnicl ﬂ d alread beenf
6b,
IIMAAUA 0

previ ously decoded when WL.ON swi t ched 28 a hi gh.

respectively show a block diagramand the timng d

control circuit RUCNT. This circuit is provided with a plurality of fuse

| at ches FLATs driving a decoder (i.e., an AND gate). The only difference
bet ween a conventional Fi xed Donai n Reduam@sicy Repl acenent (FDRR) contr ol
circuit and the VDRR control circuit RUCNT resides in the nunber of address
fuses that are required for. each domain., Additionally, .Qne_nmaster fuse
MFLAT i s al soﬁneeg\e(f"ﬂ‘l bR ST RO BRI TS Pgﬁﬁ“‘%%ﬁﬁ%& 8d"WHER ehe
dommin is sel ect edo™afRchreRlaRABREd BRFANWENERE r e SHHENdPEHCRYdrissies,
dependi ng on the denmrpsioonfi guration, as described previously. The naster
fuse needs to be blown in order to enable a RUCNT. As |ong as the naster
fuse remains int actr,. t he out put aM:: osf_ MFLAT (FI G 6b) stays at 0. The

out put RWE of th&ARDPate ~thefe?Bre, remains at 0, regardl ess of the
address. Wen the master fuse is blown (M set at 1) and the RUCNT is
activated by the chommespardiing padrieas donmon BWanother domain to form

an overlapped domain area, and wherein at least one of
said domains overlaps portions of at least two of said
primary arrays;

redundancy means, coupled to each of said domains, for
replacing faults contained within each of said domains;

and

control means for causing at least one of said faults
within one of said domains to be replaced with said

redundancy means coupled to said one domain, wherein

at least one other fault of said one domain is replaced
by said redundancy means coupled to another of said
domains, if said at least one other fault is positioned

within said overlapped domain area.

2. The fault-tolerant memory device of claim 1, wherein said
memory device is selected from the group consisting of a
DRAM, SRAM, ROM, EPROM, EEPROM, Flash RAM, and CAM.
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controlled by the conmbination of outputs of FLAT, i.e., FADD. FADD sw tches
to 0 when the correspondi ng address input ADD fails to match the progranmed
fuse information. Alternatively, FADD switches to 1 when the corresponding
ADD mat ches the programed fuse information. Only use
programed addresses match the ADD i nputs, and MF is E to
switch to 1. Referring nowto FIG 7a, 26here is sho m(igmmg\m

for the fuse latch FLAT, wherein FLAT is depicted as use
conparator. A CMOS | atch, formed by 60, 65 and 68, is set by devices 80 nd
82 during the power-up phase of the chip by FPUP and FPUN, as shown in the
di agram of FI3G 7irthel fafiss@odadrast noémddyowrdeaticponer eligim nbdegnhdd®inN1l, and
N2 are set to 0, 1,880 QiudftRGCie¥alY arfl (BhBASING Yoy I FHSEnBASS 24
bl own, nodes NO, N1 @rodl N2 are set to 1, 0, and 1, respectively. The
partlcul ar states®0F Hod&s Rﬁ N1 and N2 are Iatched in CMOS latch circuits
60, 65 and 68. Either of the CMOS transfer gates 70 and 75 opens up,

dependi ng on the state of nodes N1 and N2. ADD and ADD (inverted by circuit
69) are couplged t@h&hea‘g\@@otleea;%{ e,ﬁeraﬁtyes ¥ 188007 5c14 A5 PSCtiElein ASs | ONg
as the fuse remains. éntad%ndgn "?r ?)‘.:111_; e OQ{‘:& t rFéQD of FLAT 47 follows
ADD. When the fus&31$ 'I‘:“A[‘B o] w IBheE€%t0 1 when bot h
ADD and the fuse are elther O or 1, resulting in an address and fuse match
detection. Wt hi naokasteirt fide\TatEh Gompa)simy rndsteedfide, Shiduidster

fuse being coupled to a comparator; and

a plurality of fuse latches having each a plurality of
fusés and comparators, said fuse latches being controlled
by address 1lines, wherein said fuse latches are
respecfively coupled to gating means, and said gating
means generates a signal that enables a redundancy
wordline driver and a wordline disable circuit.

5. The fault-~tolerant memory device of claim 1, wherein
said control means further comprises:

at least one wordline coupled to a wordline driver, said
wordline driver being controlled by a wordline disable
cirduit;

at least one wordline decoder coupled to said at least
one wordline driver, said coupling being provided by an
address line;

at least one redundancy wordline coupled to a redundancy
wordline driver;
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MFLAT (or Master FLAT), which is shown alongside with appropriate timng
curves (FIG 7b). The CMOS latch, fornmed by 60, 65 and 68, is set during
“the power-up phase of the chip by FPUP and FPWlﬁd—i—ﬁ—fhe

diagram 1f, during power-up, fuse 83 is not wn, then NO, N1 and N2
(also referred to as MF) switch to 0, 1, 0, re i !‘“\\ma\w at 0, the
AND gate within RUCNT (FIG 6a) is disabled. Iﬂm\\m nd, fuse 83
is blown, then, at power- up, NO, N1 4%hd N2 (alse reférréd fo as MF) switch
to 1, 0, 1, respectively, while M is at 1, which enables the AND gate in

RUCNT (FIG 6). The present invention described herein nmay be designed in
many different nenory configuration schenes. Wile the present invention

has been descri bett NeagEMBnef réddticeney’ Aerenhiedivetoder Adupiieanbediaent s
my come to M nd 1o LR05k $ehlhithdy bl Ald alldi0Ula APRBELL G, LLRRY t he

spirit and scope of the gresent I hvent] on. nvention should then be
measured in ter s BFPVEABY A RRs2 9855 biows21d 35519354 RRS Fedungdancy
fault-tol erant nemorgldegi cérireaavi dedngi tdonrtnpddpdblky dome nofr ephbdenent
arrangenent, the rdRBANcy d@HAQEn60APFItHRG: afid | MAry NMenory arrays,

domai ns havi ng portions comon to another domain to form an overl apped

domai n area, and V\/nerlei ntat | east, one (?f said glondni ns overl aps portions of
at | east two of E%ﬁtd east one variable domain redundancy control circuit

for enabling said redundancy wordline drivers, and for
enabling said wordline disable circuit, which in turn

inhibits a corresponding one of said wordlines.

6. The fault-tolerant memory device of claim 5, ‘wherein
said redundancy wordline drivers respectively control a
plurality of redundancy wordlines, and wherein said
wordline drivers respectively control a plurality of

said wordlines.

7. The fault-tolerant memory device of claim 5, wherein
said wordline disable circuit is controlled by said at

least one redundancy control circuit.

8. The fault-tolerant memory device of claim 5, wherein said
at least one redundancy control circuit is an AND gate.
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primary arrays; redundancy neans, coupled-to each of said domains, for
replacing faults contained within each of said domains; and control neans
for causing at |east one of said faults within one of said donains to be
replaced with said redundancy neans coupled to said one domal n, wherei n at
| east one other fault of said one domain is replaced i

means coupled to another of said domains, if said at ﬂ”ﬂﬂ"ﬁ ﬁnm ault
is positioned within said overlapped doggin area. 2. *The Lau erant
menory device of claim1, wherein said nenory device is selected fromthe
group consisting of a DRAM SRAM ROM EPROV EEPROM Flash RAM and CAM
26 3. The fault-tolerant nenory device of claiml1l, wherein said
redundancy nmedns akefaydittoléranthypenoreddeydaeycamprisdhgcircuit. 4. The
fault-tol erant nenory device of claim3, wherein said redundancy control
circuit further c S fer fuse,
said master fuse gé?ﬂaﬁc?oup eg‘;?sar% %?ﬁ%&r?gga{; rlhﬂfﬁsgloﬁég ér% use

| at ches havi ng each ed‘geé’itﬁral ity of fuses and conparators, said fuse |atches
being controlled by address |Iines, wherein said fuse | atches are
respectively coupl&mlga&émmaﬂ&;dam&g} GRith gatimgeAEANs pJapel ades a
signal that enableéfarééﬁkayiégc¥lements, wherein at least one of said

variable domain redundancy units are-coupled to each of

said primary memory arrays; and

control means for causing defective elements in each of
said primary memory arrays to be replaced with said
redundancy units. «

10. A fault-tolerant memory device provided with a variable
domain replacement arrangement, the memory device

comprising:
primary memory arrays;

domains having at least two of said domains contained
within each.of said arrays;

redundancy means coupled to each of said domains for
replacing faults contained within each of said domains;
and '

control means for causing at least one of said faults
within one of said domains to be replaced with said
redundancy means coupled to said domain.
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wordline driver and a wordline disable circuit. 5. The faul t-tol erant
menory device of claim1l, wherein said control neans further conprises: at

| east one wordline coupled to a wordline driver, said wordline driver being
controlled by a wordline disable circuit; at |east one wordline decoder

coupled to said at | east one wordline driver, saiSﬁggggLLPg_ggLng_pLgvided
by an address line; at |east one redundancy wordli upled to a
redundancy wordline driver; at. | easjg one redund i ﬁﬁder
coupled to at | east one redundancy wordline dri ver?ﬂm‘mm“ B ng
provi ded by an address line, said at |east one reduh@ancy wor*dl i*ne dri ver
bei ng controll ed by one of said redundancy wordl i ne decoders; and at | east

one vari abl e domai n redundancy control circuit for enabling said redundancy
wordline drivers, and for enabling said wordline disable circuit, which in

turn inhibitg$1a GOrdaQ3IPOAH SMhrRNReRbrP et 10l PLbviRfed @ith dNariable

fault-tol erant ne device of clai £$§[ in | d a wordline
drivers respective"%Xeonfﬁgf%%fﬁﬁﬁﬁragk?§n fﬁﬂungg%cyﬁmor Ii%%é}cgnd
wherein sai d wor (f9®PEL8+P9ers respectively control a plurality of said
wordlines. 7. The fault-tol erant nenory device of claim5, wherein said

wor dl i ne di sabl e gigiewhiity SOAbhelhed by said at

primary memory arrays having at least one of said domains
extend over at least one of said primary memory arrays,
wherein at least portions of each of said domains are
common to another domain to form an oVerlapped_domain
area; ’ <

redundancy means coupled to each of said domains for
replacing faults contained within each of said domains;
and

control means for causing at least one of said faults
within one of said domains to be replaced with said’
redundancy means coupled to said domain, wherein

at least one other fault of said one domain is replaced
by said redundancy means coupled to another of said
domains, if said at least one other fault is positioned

within said overlapped domain area.
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| east one redundancy control circuit. 8. The fault-tol erant nenory device
~of claimb5, wherein said at |east one redundancy control circuit is an AND
gat e. 28 9. A fault-tolerant nenory device conprising: prinmary nenory
arrays having each a plurality of nenory el enents; variable domain

redundancy units having each a plurality of redund

| east one of said variable domain redundancy units are coupl ed i h of
said primary nenory arrays; and contr@30D nmeans for caHlll mﬁﬂu lTMFIiﬂ
el ements in each of said primary nenory arrays to bel# X S id

redundancy units. 10. A fault-tolerant nenory device provided wth a

vari abl e donmai n repl acenent arrangenent, the nenory device conprising:
primary nmenory arrays; domains having at |east two of said domains
cont ai ned w,thin,e of i rrays; redundancy. ns.,goupl ed each of
sai d donaingbforAré?ﬁ%ﬁﬂtﬁggféhﬁzﬂ§%§5%téﬁ$ﬁ§§ %f%?ﬁr?dggé ﬁo %%ﬁﬁ#%iﬁnains;
and control neanSPTH" c FFPLAGEERNY e ASTABARYTE saithef aMPRRTW tdfiicene of
sai d domai ns to pempmisiaged wWith said redundancy nmeans coupled to said
domai n.

n at

primary memory arrays;

domains having a first one of said domains overlap a

portion of a second one of said domains;

redundancy means coupled to each of said domains for
replacing faults contained within each of said domains;
and

control means for causing at least one of said faults
within one of said domains to be replaced with said

redundancy means coupled to said domain, wherein

at least one other fault of said first domain is replaced
by said redundancy means coupled to said second one of
said domains, if said at least one other fault is
positioned within a portion that is common to said first
domain and second said domainq.
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;it A fault-tolerant nenory device provided wth a variable domain
repl acenent arrangenent, the nenory device conprising: a plurality of
“donmmins; primary nenory arrays having at | east one_gi—éﬁﬂf+fkﬂﬁmﬂmy—extend

over at |east one of said primary nenory arrays, wher rtions
of each of said domains are common to anot her dona h ng | apped

dormai n area; redundancy neans coupled tgo each of s eplacing
faults contained within each of said déﬁalns, and control nmeans for causi ng
at |l east one of said faults within one of said domains to be replaced with
sai d redundancy nmeans coupled to said domain, wherein at |east one other
fault of said one donmain is replaced by said redundancy neans coupled to
anot her of 43i.d Mofmiltstoléraat dempryedetiasnerevitad watihtai wyigdilei oned
within said overaamed dRpALBe@RA. arrahdemerk,f atthe- t @besant deimeey devi ce
provided with a ygriahle domain replacenment arrangenment, the nenory device
conpri si ng: prlnarfgnennﬁy arrays; domains having a first one of said

dormai ns overlap a portion of a second one of said donains;
variable size domains having portions of one of said

variable size domains common to another of said variable

size domains to form an overlapped domain area;

redundancy means, coupled to each of said domains, for
replacing faults contained within each of said domains;
and

control means for causing at least one of said. faults
within one of said domains be replaced with said

redundancy means coupled to said domain, wherein

at least one other fault of said one domain is replaced
by said redundancy means coupled to another of said.
domains if said at least one other fault is positioned

within said overlapped domain area.

14. A fault-tolerant memory device provided with a wvariable
domain replacement arrangement, the memory device

comprising:
variable sized non-overlapping domains;

redundancy means, coupled to each of said domains, for
replacing faults contained within each of said domains;
and

control means for causing at least one of said faults
within one of said domains to be replaced with said
redundancy means coupled to said domain.
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edundancy neans coupled to each of said domains for replacing faults
~contained within each of said domains; and control neans for causing at
| east one of said faults within one of said donmains to be replaced-with

sai d redundancy neans coupled to said donsin, mhereiﬂ_aL_Lgéél_QEE_Q;QSE
fault of said first domain is replaced by said redundancy nmeans coup to
said second one of said donmmins, if said at |east oneJ.ﬂmmml“m i
positioned within a portion that is gpomon to said fi ”m'iwmcond
sai d domai ns. 31 13. A fault-tol erant nenory device “prbvited wist h+a
vari abl e domain replacenent arrangenent, the nmenory device conprising:

vari abl e size donmai ns having portions of one of said variable size domains
common to another of said variable size domains to forman overl apped
domai n area; redundancy neans, coupled to each of said domains, for

repl aci ng faulls @ofealtickPia Rt Ry 6evige Prryrdeisvithd ¢értprble neans
for causing at | edsthabne oéplsaiethehtiul disranddmentonetid gwirdrgondenscde
replaced wi-th sai dopgdididancy neans coupled to said domain, wherein at

| east one other fault of said one domain is replaced by said redundancy

means coupl ed to another of said donmains if said at |east one other fault
is positioned primary memory arrays;

domains contained within one of said primary memory
arrays, wherein at least portions of each of said domains
are common to another domain to form an overlapped domain
area, and wherein at least one of said domains overlaps

portions of at least two of said primary arrays;.

redundancy means, coupled to each of said domains, for
replacing faults contained within each of said domains;

and

control means for causing at least one of said faults
within one of said domains to be replaced with said

redundancy means coupled to said domain, wherein

at least one other fault of said one domain is replaced
by said redundancy means coupled to another of said
domains, if said at least one other fault is positioned

within said overlapped domain area.
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wi thin said overl apped donmain area. 14. A fault-tolerant nenory device
.provided with a variable domain replacenent arrangenent, the nenory device
conprising: variable sized non-overlappi ng donai ns; redundancy neans,
coupled to each of said domains, for replacing faults contained within each
of said domains; and control neans for causing at le

w thin one of sald domains to be replaced with said r
coupl ed to said donain. 15. A faul 83t ol erant rrenor Imm j LWI th

a variabl e domai n repl acenent arrangenent, the nenory

primary nmenory arrays; domains contained within one of sald primry nenDry
arrays, wherein at |east portions of each of said donains are conmon to
anot her domain to forman overl apped domain area, and wherein at |east one
of said domains overlaps portions of at least two of said primary arrays;
redundancy ndéns, Actufltedofl erantc maporyadeviemmresidéd witdphavanipdlaul t s
contai ned within eafdidf Sp1dceRERE NSErdngefiont J OltHdEaRembey Caaksidyy at

| east one of said_faullts w.thin one of said domains to be replaced with
sai d redundancy nea coug:ed to said donain, wherein at |east one other

fault of said one donaln is replaced
a plurality of domains;

primary memory arrays having a first one of said domains
extend over portions of at least two of said primary
memory arrays, and at least a second one of said domains
being fully contained within one of said primary arrays,
wherein at least portions of said first and-. éecond
domains are common to each other to form an overiapped

domain area:;

redundancy means, coupled to each of said domains, for
replacing faults contained within each of said domains;
and

control means for causing at least one of said faults
within one of said domains to be replaced with said

redundancy means coupled to said domain, wherein

at least one other fault of said one domain is replaced
by said redundancy means coupled to another of said
domains, if said at least oﬂe other fault is positioned
within said overlapped domain area.



¥

by sai d redundancy neans coupled to another of said domains, if said at
east one other fault is positioned within said overlapped domain area.
"33 16. A fault-tolerant nenory device provided with a variable domain
repl acenent arrangenent, the nenory device conprising: a pl

dormai ns; primary nmenory arrays having a first one of said domains d
over portions of at least two of said primary nmenory a Mﬁ“ “ﬁ“} st a
second one of said donmains being ful B contained wthi m mary
arrays, wherein at |east portions of said first and secénd®dohmi ns are
common to each other to forman overl apped donmai n area; redundancy neans,
coupled to each of said domains, for replacing faults contained within each
of said domains; and control neans for causing at |east one of said faults
wi thin one of said domains to be replaced with said redundancy neans

coupl ed to said damphs £ WALhAt dheld?gSteOlCe PrBeidéduitnoh satihroee domain
is replaced by said redunda < neaps m %ﬂei’p angfehe eggrS;aldje ggal ns, if

I
said at |east one%SPA&? & I'S posit ione thin sai d overl appe domai n
ar ea. comprlslng.

primary memory arrays;

variable size domains having at least one of said domains
fully contained in another of said domains to form an

overlapped domain area;

redundancy means, coupled to each of said domains, for
replacing faults contained within each of said domains;

and

control means for causing at least one of said faults
within one of said domains to be replaced with said

redundancy means coupled to said domain, wherein

at least one other fault of said'overlapping domains are
replaced by said redundancy means coupled to another of

said domains.
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17. A fault-tolerant nmenory device provided with a variable domain
replacenent arrangenent, the nenory device conprising: primary nenory
arrays; variable size domains having at |east one of said domains fuIIy
contai ned in another of said domains to form an evertapped—domarmar

redundancy neans, coupled to each of said domains, ults
contained within each of said domains; and control |wm rmm g at
| east one of said faults within one 65 sai d donaln W th

sai d redundancy neans coupled to said domain, wherein at |east one other
fault of said overlapping domains are replaced by said redundancy neans

coupl ed to another of said donuins. 35 18. A menory device provided with
a variable d in_repair rangenent, the deV|ce conprising: primry
nmenory arr ayglrgadoﬁal“%gmﬁé ‘{‘?1"9“: t pF8¥1§?e‘gor T oﬁs 3 d8f“ng i ns

comon t o anot her 2EBERRIRENG f Sheén BEMQAFYe APEPFR FoHBREF T ea, and at | east
one of said donmains overlapping portions of at |east two of said primary

arrays; repair nEgQ§ma£¥nH@ﬂgqyt9rfg§gl of said domains, for repairing faults
contai ned within each of said domains;

domains having at least portions of each of said domains
common to another domain to form an overlapped domain
area, and at least one of said domains overlapping
portions of at least two of said primary arrays;

repair means, coupled to each of said domains} for
repairing faults contained within each of said domains;

and

repair means for repairing at least one of said faults
within one of said domains with said repair means coupled
to said domain, wherein

at least one other fault of said one domain is repaired
by said repair means coupled to another of said domains,
if said at least one other fault is positioned within
said overlapped domain area.

{.
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and repair means for repairing at |east one of said faults within one of
Ssaid domains with said repair neans coupled to said donain, wherein at

| east one other fault of said one domain is repaired by said repair neans
coupl ed to another of said domains, if said at |east _one other fault is
positioned w thin said overlapped domain area. 19. A menory device
provided with a variable domain repair arrangenent, mllmmﬂuummm
conprising: primary nemory arrays; a3® urality of do | east
two said domains are contained within each of said array% 't edai ¥ méans,
coupled to each of said domains, for repairing faults contained within each
of said domains; control neans for causing at |east one of said faults

Wi thin one ofigsai g ﬁleﬂaf,najéaclaepw@ﬁierdeduwn S bl €Pabha IR ALHGRUP! €d tO
said domai n. 20. A.NEMD 1A qukggxgggyl SEV1ce h_a vari abl e domain repair
arrangement, the RENDIY devi‘ceé conpri $ing pPIREITYY of donmins; primary
menory arrays having one of said domains extend over at |east one of said
primary nmenory arpaysaryamematryl @astysporti ons of each of said domai ns conmon
to another domain forman overlapped domain area; repair neans, coupled to
each of said domalngy,[q1 ¢ SDPUbhhd, Aithd fe 500t AalEY Wid 0h04 4RGN 95 sal d

‘are contained within each of said arrays;

repair means, coupled to each of said domains, for
repairing faults contained within each of said domains;

control means for causing at least one of said. faults
within one of said domains to be repaired with said

repair means coupled to said domain.

20. 2 memory device provided with a variable domain repair

arrangement, the meﬁory device comprising:
a plurality of domains;

primary memory arrays having one of said domains extend
over at least one of said primary memory arrays, and at
least portions of each of said domains common to another
domain form an overlapped domain area;

repair means, coupled to each of said domains, for

repairing faults contained within each of said domains;
and



and 37 control means for causing at |east one of said faults within one
of said domains to be repaired with said repair rTeanS_dng’pL@ﬁ_,SiLﬂ—-—
dormai n, wherein at |east one other fault of said one™domain is repaired by
said repair neans coupled to another of said domains, | 'nm““mfwone
other fault is positioned within said overlapped domai H Hmm ‘ | Inor y
device provided with a variabl e domaigfr repair arrangenent, ¢the nendry *
device conprising: primary nenory arrays; a plurality of domains, wherein a
first of said domai ns overlaps a portion of a second one of said donuins;
repair neans, coupled to each of said domains, for repairing faults

contained W thin &36009f naghd FOFBLNSngNdeCOBIIOIonBYRS QL FaUELLY at

| east one of said faults within one of Said _domains to be repaired with
said repair neansw’ctg'l.‘}ﬁl 4% & a?acfddo‘ﬁ?ﬁ\al’if'sv\ﬁgr Een=sP1ead “oHR BEH:r fault
of said first dorEfRpirsmeepsiqawlpg taistidepgardimedhsreiupl ed to said
second one of said domains, if said at |east one other fault is positioned

within a portion fhateast SROTRhOrsR W el 58ta AERLONANT SecRpdisasd

domai ns. by said repair means coupled to another of said domains,

if said at least one other fault is positioned within

said overlapped domain area.

21. A memory device provided with a variable domain repair

arrangement, the memory device comprising: .
primary memory arrays;

a plurality of domains, wherein a.first of said domains

overlaps a portion of a second one of said domains;

repair means, coupled to each of said domains, for
repairing faults contained within each of said domains;
and

control means for causing at least one of said faults
within one of said domains to be repaired with said

repair means coupled to said domain, wherein

at least one other fault of said first domain is repaired
by said repair means coupled to said second one of said
domains, if said at least one other fault is positioned
within a portion that is common to said first domain and
second said domains.



227 A nmenory device provided with a variable domain repair arrangenent, the
~menory device conprising: variable size domains having at | east portions of
“one of said variable size donains comopn to anoth i iabl e size

dormains to forman overl apped donain area; repair oupl ed to each of
said domains, for repairing faults coggained withi WB@HH&"&H‘M’Wl ns;
i S

control neans for causing at |east one of said fault e aid
donmmins to be repaired with said repair means coupled to said domdl n,
wherein at | east one other fault of said one domain is repaired by said
repair neans coupled to another of said domains if said at | east one other

faul't is poskkionethekcli Besadd m&ha@mm%msﬁi%ﬁado%%mﬁrggmy devi ce
provided with a v ﬂa%? rangenent,.the menory device
e

I omgi.n repair ar t I
conprising: varia ie[g%rgt'ggtﬁ’?o'\‘/'%r?’a'pgfﬁécﬁocr?éf‘lpﬁé’?“}ge'pai r means, coupl ed

to each of said domains, for repairing faults contained within each of said
domai ns; and contvagliakkearsiZeodogairs hgvatg lagaseasanpontices bff anétss W thin
one of said donuidiSd rakgabePasbifsd PbddlnsaidmhéP%S SN LUP L o said
domai n. 24. A JEMLY %gvi C&old Qi ggdf with a variabl omai n_repair
arrangement, the nemory. device COmprising S?ior?'f%aﬂ%err%rd??mﬁrlfla%‘? :
repair means, coupled to each of said domains, for
repairing faults contained within each of said domains;

control means for causing at least one of said faults
within one of said domains to be repaired with said
repair means coupled to said domain, wherein c

at least one other fault of said one domain is repaired
by said repair means coupled to another of said domains
if said at least one other fault is i)ositioned within
said overlapped domain area. .

23. A memory device provided with a variable domain repair
arrangement, the memory device comprising:

variable sized non-overlapping domains;

repair means, coupled to each of said domains, for
repairing faults contained within each of said domains;
and

control means for causing at least one of said faults
within one of said domains to be repaired with said
repair means coupled to said domain.
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domai ns cont ai ned within one of said primary nmenory arrays haV| ng at | east
portions of each of said domains common to another domain to forman
“overl apped donmai n area, and at | east one of said donains overlap portions

of at least two of said primary arrays; repair WEHWh of
said domains, for repairing faults contai ned wt hi of said domains;
and control neans for causing at |east one of said mmm\e of
said domains to be repaired with sai3prepair meansLim M“) domai n,
wherein at | east one other fault of said one domai h«l screpal"recf by sai d
repai r means coupled to another of said domains, if said at |east one other

fault is positioned within said overl apped domai n area. 25. A nmenory
device provided with a variable donain repair arrangenent, the nenory

devi ce Co”préé' T emgrﬁf@ééic\é g,fro@?&@a NSitPld %Ek’aﬂfém{dfna%”@éﬁab@w ng a
first one of do over portions of | east two of said

pri mary rrem)ry arrEpgeIAnY e 48 ‘&e‘%‘é‘b"oﬁﬁvéfes%?"i? dﬁﬁﬁ?hs is fully contained
within one of said primary arrays, and at |east portions of said first and

second domai ns ankimePPoRerdryeaehapdher to forman overl apped donain area;
repair nmeans, coupled to each of said domains, for repairing faults

contai ned within each of said domai ns;. and
domains contained within one of said primary memory

arrays having at least portions of each of said domains
common to another domain to form an overlapped domain
area, and at least one of said domains overlap portions
of at least two of said primary arrays;

repair means, coupled to each of said domains, for
repairing faults contained within each of said domains;

and

control means for causing at least one of said faults
within one of said domains to be repaired with said

repair means coupled to said domain, wherein

at least one other fault of said one domain is repaired
by said repair means coupled to another of said domains,
if said at least one other fault is positioned within
said overlapped domain area.
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control neans for causing at |east one of said faults within one of said
donmains to be repaired with said repair neans coupled to said donain,
“wherein at |east one other fault of said one domain is repalred by sai d
repair neans coupl ed to another of said donain one ot her

fault is positioned within said overl apped donal A nmenory
device provided with a vari able domain repair artﬁﬁ@ﬁm nory
devi ce conprising: primary menory ar A8ys:; variab mnS* avi ng at

| east one of said domains to be fully contained in another of said domains
to forman overl apped domain area; repair neans, coupled to each of said
domains, for repairing faults contained within each of said donmains; and
control neans for causing at |east one of said faults within one of said
domai ns to bez2s eplpaca@dlow&t Bedaid] propaicd RS aCouplasid domalid Seymin,
wherein at |east qpg.aL0e m\f ayht Qfm qegyggl&q,gkg_lglg@rral ns are repaired

by said repair nmeans coup ed to anot sai d donai ns

a plurality of domains;

primary memory arrays having a first one of said domains
extend over portions of at least two of said primary
memory arrays, at least a second of said domains is fully
contained within one of said primary arrays, and at least
portions of said first and second domains are common to
each other to form an overlapped domain area; .

repair means, coupled to each of said domains, for
repairing faults contained within each of said domains;

and

control means for causing at least one of said faults
within one of said .domains to be repaired with said

repair means coupled to said domain, wherein

at least one other fault of said one domain is repaired
by said repair means coupled to another of said domains,
if said at least one other fault is positioned within
said overlapped domain area.
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26.

o NI m

A memory device provided with a variable domain repair

arrangement, the memory device comprising:
primary memory arrays;

variable size domains having at least one of said domains
to be fully contained in another of said domains to form
an overlapped domain area;

repair means, coupled to each of said domains, for
repairing faults contained within each of said Homains;
and '

control means for causing at least one of said faults
within one of said domains to be replaced with said
repair means coupled to said domain, wherein '

at least one other fault of said overlapping domains are
repaired by said repair means coupled to another of said
domains.



