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VARIABLE SIZE REDUNDANCY REPLACEMENT ARCHITECTURE -
TO MAKE A MEMORY FAULT-TOLERANT '

FIELD OF THE INVENTION .
This invention relates to a fault-tolerant memory, and

more particularly, to a variable size redundancy configuration
for replacing defective elements in a memory.

i

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

has rapidly opened to a wide rangé of consumers. Today multi-
media requires 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
Memory) and beyond. Despite the huge array size and
lithographic difficulties that ensue, it is more important
than ever to increase the chip yield. Process engineers are
constantly attempting to reduce and ultimately, eliminate or
at the very lea-is.t, mask defects. Faults that inevitablyv
remain in the chip are dgenerally overcome using special

circuit designs, and more specifically redundancy replacement.



CM3S technol ogy has evol ved such that the conputer market has rapidly
opened to a wi de range of consuners. Today nulti- nedia requires at |east
an 8MB and preferably even a 16MB nenory, which increases the relative cost
of the menory systemw thin a conputer. In the near future, it is likely
that 32MB and 64MB conputers w ||l become commonpl ace, which suggests a
potential demand for 256My DRAMs (Dynam ¢ Random Access Menory) and beyond.
Despite the huge array size and Iithogr%phic difficulties that ensue, it is
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years. A typbPear Fmrgessfully implemented over the years. A typical FSRR
configuration, which is commonly used for low density DRAMs is
shown in FIG. la. Therein afe depicted a fixed plurality of
spares used for replacing defective elements within the memory
and which are appended to each sub-array comprising the
memory. Each redundancy unit (RU) is comprised of a plurality
of redundancy elements (REs), (e.g., two RE per RU are
illustrated therein), and which are used to repair existing
faults (labeled X) within the corresponding sub-array. This
scheme, labeled intra-block replacement, increases the
redundancy area overhead as the number of sub-blocks increases i
for high density memories, since each sub-block requires its
own, one or preferably two RUs. Thus, the efficiency of the
RUs is rather poor in view of its inflexibility which reduces
the chip yield substantially when faults are clustered in a
given sup—array. The above mentioned concept is embodied in
a confiéﬁration described in the article by T. Kirihata et
al., entitled "A 14ns 4Mb DRAM with 300mW Active Power",
published in the IEEE Journal of Solid State Circuits, Vol.
27, pp. 1222-1228, Sept. 1992.

Another FSRR redundancy replacement arrangemeht, known as
a. flexible redundancy replacement configuration is shown in
FIG. 1b, wherein a memory is depicted having a single array 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.



coaflguratlon which is comonly used for |low density DRAMs is shown in

FIG Ia. Therein are depicted a fixed plurality of spares used for

repl aci ng defective elenments within the nenory and whi ch are appended to
each sub-array conprising the nmenory. Each redundancy unit (RU) is
conprised of a plurality of redundancy ‘el enents’(REs), (e.g., two RE per RU
are illustrated therein), and which arg used to repair existing faults
(labeled X) within the corresponding stub-array. This schene, |abeled

i ntra-bl ock eplacenent i ncreases the redundancy area overhead as the
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to selectively replace failing elenents anywhere in the nenory. In this
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any sub- array Wi ﬁe Jh%yﬁé:nﬁpyther FSSR architecture,
FSRR, and shown in FIG. lc, whereJ.n any number of faults

(:mcludlng all the faults) in a sub-array are replaced with a
block redundancy. The size of the prior art block FSRR
coincides with that of the sub-array, the sub-array being
defined as a section of memory contained .between sense
amplifier strips. Since in this scheme, a defective block is
repléced by a good block, it ensues that all defective REs
contained within a block are simultaneously replaced by good
REs. Although this replacement methodology introduces a new
dimension in the repairability of defects, it also brings
along a significant amount of added design space to
accommodate the various configurations that make this
architecture so desirable. Moreover, there is a significant
drawback in that block redundancy cannot be used if the
redundancy block itself has a fault, even if only one. Since,
by definition, a block is large, the probability of finding at
least one defect in the redundancy block is high. Although the
subdivision of arrays depicted in FIG. lc is known in the art,

no provisions exist to provide appropriate correctlons when

defects affect the block redundancy array.



3 The ,advantage of this arrangenent over the previously described

|ntra bl ock repl acenent is that one section, nanely, a redundancy array,
having a fi xed nunber of RUs nmay advantageously be used to service any
nunber of sub-arrays formng the nenory. This translates into a -substantial
saving of real estate over the previous schene, although it requires a
substantial ampunt of additional contrpl circuitry to properly service al

t he sub-arrays form ng the nmenory. There is yet another FSSR
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Al t hough th& §Eﬁdt§r3|8 arfRys d PR*AIE?%c is known in the art,
no provi sions exist to provide appropriate correctlons when defects affect
the block redundgfC¥%ufhb@dy, a Fixed Size Redundancy Replacement (FSRR)
arrangement consists of a fixed number of replacement units,
each with the same number of REs to correct defects in the
memory device. The flexibility of allocating a predetermined
number of fixed-sized redundancy units allows the units and
the control circuitry to be shared among the several memory
sub-arrays, thereby significantly increasing the effective
usage of the redundancy. This configuration has demonstrated
its value by providing good repairability, specially of bit
lines, (either single bits or multiple bits); wordlines,
(either single words or multiple words), and the like, all
falling'ﬁnder the category of “hard faults".

Yet, FSRR suffers from a distinct disadvantage in that it
still requires a significant number of RUs (and corresponding
control circuitry) to overcome another class of faults,

" labeled “retention faults", in which a bit, stored in the
capac1tor that forms a DRaM cell fades away over'fime in a
weak cell, thereby producing a fault. This problem is of
utmost importance, particularly, since retention faults far

exceed the number of hard faults.



4 ; ,Mre details regarding the above configurati'ons and the various
trade-offs may be found in an article by T. Kirihata et al., "A

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

Techni cal Papers of the 1995 Synposiumon VLSI Circuits, pp. 107-108; in an
article by T. Sugi bayashi et al., "A 30ns 256Mb DRAM with Ml ti-divi ded
Array Structure", published in the IEEE Journal of Solid State Circuits,
vol. 28, pp. 1092-1098, Nov. 1993; and’in an article by H L. Kalter et

al., "A50ns 16Mo DRAMwith a 10ns Data Rate and On- Chip ECC', published
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al | reqhired to replace them. However, if five clustered defects
were present, and only units containing four REs were
available, the replacement of defects could potentially fail
altogether in the intra-block replacement configuration
(because not enough units would be available within the éub—
array to service this number of faults). Similarly, a flexible
replacement configuration also falls short since, in practice,
only units og the "wrong size" are available to perform the
repair, alfhéugh flexible redundancy schemes are more likely
to provide successful replacement than the intra-block

replacement architecture.-

Retention faults, on the oﬁﬁer- hand, occur randomly
throughout the memory, and their number is typically high;
yet, there is a distinct advantage in that they can be
repaired'with a single RE. In the intra-block replacement
configuration, retention faults can only be serviced by RUs
containing a fixed plurality of REs. Clearly, if RUs
containing only one RE were designed with the intention of
detecting randomly occurring retention faults, then such a
configuration would be ideal for retention faults; yet they

- fall short for servicing hard faults (e.g, four units having
one RE each would be needed to service a cluster of four hard
faults). Retention faults are also difficult to repair even
with a flexible redundancy replacement architecture because of
the large number of such faults, which frequently may



falting under the category of "hard faul ts". Yet, FSRR suffers from

a distinct disadvantage-in that it still requires a significant nunber of.
RUs (and correspondi ng control circuitry) to overcone another class of
faults, |abeled "retention faults”, in which a bit,. stored in the capacitor
that forns a DRAM cel |, fades away over tine-in a weak cell, thereby

producing a fault. This problemis of y nost inportance, particularly,
since retention faults far exceed the nunber of hard faults.

5 Ref erri to the hard faults w.thin a efects of this
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al together 'in the intra-block replacénent configuration
~Typically, this overhead is divided into: a redundancy element
overhead and redundancy control circuitry overhead, both of
which should be minimized to achieve good repairability and

maintain optimum performance of the memory.

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

references:

U.S. Patent No. 5,491,664 to Phelan, issued February 13,

1996, describes the implementation of a flexible redundancy

memory block elements in a divided array architecture scheme.

. This configuration has both, the memory and the redundant
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.

U.S. Patent No. 5,475,648 to Fujiwara, issued December
12, 1895, in which a memory having a redundancy configuration
is described such that when an appropriate address signal
agrees with the address of a defective cell, a spare cell
provided by the redundant configuration is activated to

replace the failing one.

U.S. Patent No. 5,461,587 to Seung-Cheol Oh, issued
October 24, 1995, in which a row redundancy circuit is used in
conjunction with two other spare row decoders, wherein by a



(because not enough units would be available within the sub- array to
service this nunber of faults). Simlarly, a flexible replacenent
configuration also falls short since, in practice, only units of the "wong
size" are available to performthe repair, . although flexible redundancy
schenes are nore likely to provide successful replacenent than the
intra-block replacenent architecture. 5 Retention faults, on the other
hand, occur randomy throughout the nmenmory, and their nunber is typically
high; yet, there is a distinct advantage in_that they can _be repaired with
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6 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 programming
decoders for redundancy purposes. The fuse sets can be
dynamicélly assigned to the redundant decoders, allowing a
multi-dimensional assignment of faulty rows/column 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 replacing faulty sub-arrays with appropriate redundancy

elements.

Whereas the prior art and previous discussions have been
described mainly in terms of DRAMs, practitioners of the art
will fully appreciate that the above configurations and/or
architectures are equally applicable to other types of
memories, such as SRAMs, ROMs, EPROMs, EEPROMs, Flash RAMs,
CAMs, and the like.

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

provide a fault-tolerant design applicable to any size memory.
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ovetwhel mthe repair circuitry available in the nenory device. I n
view of the foregoing, the goal of an ideal redundancy configuration is to
repair hard faults, retention faults, and bl ock faults, whether randomy

di stributed throughout the menory or clustered therein, wthout introducing
an onerous burden caused by a conpl ex redundancy area overhead. Typically,
this overhead is divided into: a redundancy el ement overhead and redundancy
control circuitry overhead, both of which should be mnimzed to achieve

good 1 epal 1 abi | 41 s ngh B 2} Rt EURBCLOEREIGE tof wbBealedRi bl e
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Rel at ed redundanc Igurations, including sone of. the categories |isted
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of a flexible redundancy nenory bl ock elenents in a divided array

architecture schene. This configuragtiaon_has both. the Ly he
redundant nenmor¥t b‘lsoé‘kg?rﬁ?)ﬁ’ﬁl‘é%%‘% S%r%lg% PYEMEFOY ?o%%gﬁggggggﬁ ahcy
menory in anétsenerachsubfarwiaich o coatshar eal pyedeserpined upumperayof
U.S. Patenf fignaandy/ e R4&d4e Fujiwara, issued Decenber 12, 1995, in which a
menory having a redundancy configuration is described such that when an
appropriate address signal agrees with the address of a defective cell, a
spare cel |l proviteis bytilhe amckivdambiset iqfurtdei dnvestier | bat é8PEeVeepl ace
the fa'l'nghgnfield of a chip by dynamically repairing any size memory
containing both hard faults and retention faults, by selecting
the most ef.fective and efficient A repair unit of the most

appropriate size to make the repair.

It is yet another object of the invention to
simultaneously cure hard faults, retention faults and sub-
array faults within tﬁe' memory, and to accomplish this without
curing one type of faults at the expense of the other.

It is a further object of the invention to use this
variable size redundancy replacement (VSRR) configuration to
replace the conventional fixed size redundancy replacement

(FSRR) cgqf iguration.

It 'is a more particular object of the invention to use a
VSRR configuration in order to minimize REs and associated

circuit requirements.

It is yet a further object of the invention to ensure
that the repair of hard and retention faults in a memory is
achieved without requiring the expenditure of additional power

and without impinging on the speed of the memory.
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U & Patent No. 5,461,587 to Seung-Cheol Oh, issued October 24, 1995, in
whi ch a row redundancy circuit is used in conjunction with two other spare
row decoders, wherein by a 7
judi ci ous use of .fuse boxes, signal 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 gal., issued Cctober 17, 1995,
describes a nenory with a redundant arrangenent that, in the presence of
normal wordlines servicing defective nenory cells, enables faulty nenory
cells to be replaced stili eodtthdanebiedt ©f the an@QOIPéEtOe@EEOMedeSa%O 679

to Hil tfebefﬁeit-eﬁo_'@éranﬂdﬁ'égﬁk ém%& ﬁed&%cydeeﬁiamﬁ mﬁ_ehdambaed
system f or oder s CY pur.poses sg.sets can
be . dynami cal F%@%@%%{; ?’C&Qﬁ%erreg 6‘%8 g%?%%é?@“&re ang 8 1€R

mul ti -di mefShenalSREHghfent of faulty rows/col um Wit h| n the menory.

U S. Patent 5,295,101 to Stephens, Jr. et al., issued March 15, 1994,

describes a tWOItl. %.Veg ES d\%wgra‘%%e%ftr %@g&neer}.tnventlon to allow a faulty
RU having a predetermined plurality of REs to be repaired with
a VSRR unit having less REs than that predetermined plurality.

It is yet a more particular object of the invention to
repair all the faults in the memory device and in the VSRR
units in parallel, while maintaining a simple, fast and low

‘power design.

SUMMARY OF THE INVENTION
A primary aspect of the present invention is to provide

a new and improved redundancy configuration known as a
variable size redundancy replacement (VSRR), allowing for the -
use of a more efficient and effective replacement unit (RU)
which is fully adaptable to the éize of the defect. This
improved VSRR is intended to eliminate the drawbacks of the
more conventional FSRR (Fixed Size Redundancy Replacement)
configuration that uses fixed size replacement units,
regardless of the number or the size of the defects.

In accordance with one aspect of the invention, there is
provided a fault-tolerant memory device that includes: a
plurality of primary memory arrays having each a plurality .of
elements; a plurality of independently controlled wvariable
size redundancy ulnits coupled to the primary memory arrays,
the variable size redundancy units having each a plurality of
redundancy elements; and controlling means for replacing

defective elements in the primary memory arrays with at least
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forireplacing faulty sub-arrays with appropriate redundancy el enents.
Whereas the prior art and previous discussions have been described mainly
in terms of DRAMs, practitioners of the art will, fully appreciate that the
above configurations and/or architectures are equally applicable to other
types of nenories, such as SRAMs, ROMs, EPROVs, EEPROVE, Flash RAMs, CAMs,
and the like. Accordingly, a nq@d exists to prOV|de a

faul t-tol erant design applicable to -any size menory.
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is provided a fault-tolerant memory device that includes: a
plurality of primary memory arrays having each a plurality of
elements; a plurality of variable size redundancy units
coupled to each of the primary memory arrays, the variable
size redundancy units having each a plurality of redundancy
elements; and controlling means for replacing defective
elements in each of the primary mémory arrays, wherein the
elements in at least one of the variable size redundancy units
are coupled to each of the primary memory arrays.

In accordance with a third aspect of the invention, there
is provided a fault-tolerant memory device that includes: a
plurality of primary memory arrays having each a plurality of
memory elements ; at least one variable size unit coupled to
the plurality of primary memory arrays, the at ‘least one
redundancy array including: a plurality of independently
controlled variable size units, the variable size units having
each a plu'rality of memorf elements; and controlling means fbr
replacing defective elements in the primary memory arrays with
at least one of the variable size units, wherein the variable
size unit replaces the defective primary memory elements in

accordance to the number of the defective elements.

In accordance with a fdurth aspect of the ih.vention,
there 1is provided - a fault-tolerant memory device that
includes: a plurality of primary memory arrays having each a
plurality of memory elements; at least one variable size
redundancy unit coupled to the plurality of primary memory
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Yet another need exists to simultaneously cure hard faults, retention
faults and sub-array faults within the nenory, and to acconplish this

wi t hout curing one type of faults at the expense of the other. A
further need exists to use- a variable size redundancy repl acenent (VSRR

“configuration to replace the conventional fixed size redundancy repl acenent

(FSRR) configuration. A noge particular need exists to use a
VSRR configuration in order to minimze REs and associated circuit
requirenents. Yet a further need exists to ensure that the

repair of RE&FGY&mdPet 8hEROALT BIE t Sedrndanmhging ti ReL1R%i ¥ etP3F § RAanal
requiring ttheonspehndiHel pe itk rgddénoonainipeyeandred priibhoty dapodgt Ngpon t he

speed of tRE HRIOLY. defects in kil l12RQtN&Le nsedt% S&érigbféovg dﬁe a
fault-tol erant Iock si ze redundanc | acenent which all ows e[ in

the bl ock FEGYRBAREY (Wi répdir aﬁ&gﬁgﬁiﬂ"% f’ﬂeot"rfert%RI@%?ﬁ‘?tfs%"e A
further needimargtartaysl wbdvhathaut¢pyaRMédaedngdangy adeitter m ned plurality
of REs to be repaired with a VSRR unit having | ess REs than that

predeterm ned plurality. A nore particular need exists to repair
all the faults in the nmenory device and in the VSRR units in parallel,

whi | e mai NBREEFNDESCRIPDIGN OBRSTHEAMRAWINSGS power desi gn. '

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 better
understodd by reference to the following description of
embodiments of the invention taken in conjunction with the
accompanying drawings, the description of which follows.

FIG. la shows a schematic representation of a memory
provided with a conventional FSRR intra-block replacement
Scheme, and showing how failing rows in the various sections
of the memory are corrected with REs feplacing failing ones in
each corresponding section.

FIG. 1b shows a schematic diagram of a memory provided
with a conventional FSRR flexible redundancy replacement
scheme, wherein an- -array of REs clustered at one end of the
memory is used to selectively replace failing rows anywhere
within the memory.

FIG. lc shows a schematic diagram of a memory provided
with a conventional block FSRR scheme, wherein a good block
formed by a plurality of REs replaces a block of equivalent
size withiﬁ the memory.

heet Has Been Replaced’

N
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-9« o SUMVARY According to
aspects of the present invention, there is provided a new and i nproved
redundancy configurati on known as a vari abl e size redundancy repl acenent
(VSRR), allowing for the use of a nore efficient and effective repl acenent
unit (RU) which is fully adaptable to the size of the defect. This inproved
VSRR is intended to elimnate the dran?cks of the nore conventional FSRR
(Fi xed Si ze Redundancy Repl acenent) configuration that uses fixed size

repl acenent units, regardl ess of the nunber or the size of the defects.

I n accordance wEHso?eshopectd sfhanatindéagiram oft BeYIRE { VpradebdedSize

faul t-t ﬁ' e_ra@aumgm;y Rfé@\iia%{ntam? sfw@hwfaﬁuﬁ ﬁfeﬂéfgll' !vih\icﬁ; dyﬁsma%jr@{rrr y
arrays havi ch a plurali el e a.plurality_of i pen y
control | ed %l/g]fcl?%b Y s?{z"g r‘%ec}’u%’d{ld‘r?% lﬁé:%]s%ggup YET tT T h PR %a(%reyg‘?fé%ry
arrays, theP¥eFsHbltescin r afeodddoyg GiRi £8e hpxesRptedonentpPural ity of
redundancy el enents; a bl ock redundancy array coupled to the primry nenory
arrays and contrgld i ng ;eans fhop i ¢! aLO0HSI£Gl! ¥g el EOFN S 4 Mad

primary menory arrays With at 1"east “one he variabl & si ze redin ancy
units, wherRRAM tshowiad hean dhee VERBNESNf Hou¥rt ipn Leagfedntn vartubieaki ze
redundancy peeM. repl ace a correéspondi ng nunber of the defective elenents in
the primary nenory arrays and in the bl ock redundancy array. - In
accordance with another aspect of the present invention, there in provided
a faul t-tol erantFIfentey shonsca dantrodclaigeyit aappliyeahiley tef the MERR nmenory
arrays havidgh@firatihy’ akcb¥d@hget8Nené presdituinvehtyicd. i ndependently.
controll ed variabl e size redundancy units coupled to the prinmary nenory
arrays, the variable size redundancy units having each a plurality of
redundancy el em¥dGs; 4ndisonar &iming rddmeramorappdiicabilag t@ dehectMsSRR

vari abl e sigghfiQutadanay shbih Yhthr@nodaer variabl e size redundancy unit. .
havi ng | ess redundancy el enents than the nunber- of redundancy el enents in

t he defective variable size redundancy unit, the controlling neans further
repl aci ng def ecFilfe edandmt saj rechemafriiqne§ menbi9ckr diggramt Fpht theast one
of the varih@denzg EEWNAESRYréN HEcoRBE] ChBcdbREi e REVIBREY pRlce@mat S i N
at least one _of .the variable size redundancy units replace a correspondi ng
number of tH¥FEF8Brive units in the primary memory arrays. '

FIG. S5b is the timing diagram applicable to the block
diagram of FIG. 5a.

FIG. 6a depicts a typical fuse latch arrangement FLAT and
a master fuse latch arrangement MFLAT controlled by the
circuitry shown in FIGs. 4a and 5a, for replacing faulty

elements in the memory.

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

FIG. 7 is a schematic diagram of an embodiment applicable
to the block FSRR architecture of FIG. 1lc, wherein a RE in a
line redundancy array corrects defects in both, the primary
memory array and in the redundancy block array.



I n, accoydance with a further aspect of the present invention, there is
provided a fault-tol erant nmenory device that includes: a plurality of
primary nmenory arrays having

-10- each a plurality of elenments; a plurality of independently controlled
vari abl e size redundancy units coupled to said primary nenory arrays, said
vari abl e size redundancy units each hqq ng a plurality of redundancy

el enents; a bl ock redundancy array coupled to the primary nenory-arrays;
controlling nmeans for replacing defective elenments in the prinmary nenory
arrays and in tRéGbl 88k iFedusFArBRtarr djagram of thenpriord tyf degiodevar i abl e
si ze redundaeay foBi tBe YWREehNd lbEodietuminaeycel esmitgurddt ilde ot Frgast one
vari abl e si;ze redundancy unit replace a correspondi ng nunber of the
defective elenents in the primary nenory arrays and in the bl ock redundancy
array; and decoding neans for selecting at | east one of redundancy

wordl i nes and f prGsli ssbli RGda8beRrespaiaing dibi@tiisvepehbcablevaidichaes.

block diagram shown in FIG. 8a.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS -
Referring now to FIG. 2, there is shown a schematic

diagram of a memory provided with a variable size redundancy
replacement (VSRR) confiquration. Unlike - the FSRR
configuration, wherein_each RU comprises the séme.number of
REs, the VSRR arrangement includes a plurality of RUs, each
containing a variable number of REs. Moreover, in the VSRR
arrangement, all the REs ih.anylulare simultaneocusly replaced
in any given repair. By way of example, RU,, (i.e., RU,, RU,,
RU,, RU,, RU,, RU,, RU;, RU,); RU,,, (i.e./,.RU,, RU,, RU,, RU,);
RU;,,; (i.e., RU,;, and RU,;); RU,, and RU,; may consist of 1, 2,
4, 8, and 32 REs, respectively. Any RU,, will repair a single
bit fault. Any of the RU,,, will fepair a fault caused by a
missing bit-line or a short occurring;between elements. RU,,
13+ RU;, and RU,; are preferably reserved for handling larger
faults, such as a defective decoder, and the like. The RUs
are controlled by their corresponding redundancy unit control
circuit RUCNT, preferably located adjacent to the redundancy

block.

VSRR allows the most effective and efficient RU to be
used for the repair while minimizing any penalty in the RE
area allocated for that purpose. Shown below (Table I) is a
comparison between the FSRR and VSRR configurations depicting,
for each category, the total number of elements and redundancy
unit control circuits RUCNT that are required for repairing a



BRIEF DESCRI PTI ON OF THE DRAW NGS The above-nenti oned objects, aspects
and advantages of this invention and the manner of attairning themwl|
beconme nore apparent and the invention itself will be better understood by
reference to the follow ng description of enbodinents of the invention
taken in conjunction with the acconpanyi ng draw ngs, the description of
whi ch foll ows: FIG la shows a hemati c representation of a nenory
provided with a conventional. FSRR i ntra-bl ock repl acenent schene, and
showi ng how f ai g, I ows in the various sections of the rrer_mrg_are

correct ed %WP*FQ% T Gy HatriRYteNRs F9F ddieh deBRriBsPR i Rine@cas on.
FIG |b showsqwisigigerdte o-eghiadgr @ ohea3Realsmemir-daulied oné h8 aeTanyent | onal

FSRR f | exi bf@:@dw@@aacgléﬁehecemﬂés SERes _MNGrei ral 185! aYndfe fffr&l i
alling

clustered aj_gone en f[o the nenory is used to selectively replace
r ows anywhere vvl"feﬁ1 r?Ermry FIG 1c shows a schematic di agram
of a nenory provi ded with a conventional block FSRR schene, wherein a good
bl ock TABLE I!

# of Faults 1 1 2 4 8 Total

Fault Size 32 8 4 2 1

VSRR 32/71 | 8/1 '8/2 | 8/4 8/8 | 64/16

FSRR 32/8 8/2 8/2 - 16/4 | 32/8 | 96/24 I

! number of REs/number of RUs

The above Table assumes FSRR requiring'fouf elements,
with one decoder to be replaced regardless the size of the
fault. To repair all tﬁe assumed failureé, FSRR requires 96
REs and 24 redundancy RUs, whereas VSRR requires only 64 REs
and 6 RUs. More particularly, referring to column 2 of TABLE
1, there is shown ‘a total 6f one 32 clustered defect that
needs replacing. Under VSRR, one unit comprised of 32 REs is
sufficiehﬁ to repair the defect. Under FSRR, eight 4-REs
would be required to achieve the same result. By way of a
second example, referring to column 6 of TABLE 1, there are 8
single bit faults that need replacing. Under VSRR, eight 1-REs
will suffice, whereas under a FSRR configuration, there will

be a need for eight 4-REs to achieve the same result.



formed hy a plurality of REs repl aces a bl ock of equi val ent size within the
nmenory. 12 FIG 2 shows a

schematic diagram of a VSRR (Vari abl e Si ze Redundancy Repl acenent)
architecture nenory which dynam cally allocates RUs dependi ng upon the type
and size of fault present therein, according to the present invention.

FIG 3 is a schematic diagram of an overview of a 256Mb DRAM showi ng how -
the VSRR configuration is used in a typlical DRAM FIG 4a shows a
control circuit applicable to the VSRR configuration, according to the :
present inventi 8aferring FIGEABIGs 3. ttiheneyisispwanaapphesble lockhe VSRR

confi gur at ireprebenbat fiok! & 4a256Mb DRAM Ghipdaoi Sorms SANIGRAINLC sAfxtal 0Ck
di agram of ltGRI% units 15. For purposes of discussion, it is assumed that
the 16Mb unit 15 defines a ‘'domain', i.e., a fault which can
be repaired within the 16Mb unit, and which is to be referred,
hereinafter, as a flexible redundancy replacement in the 16Mb
domain. The redundancy configuration, according to the present
invention, applies equally well to both, the intra-block
replaceme_nt and to the flexible redundancy replacement, by
designing in each configuration a menu -of variable sized RUs
that Are to replace clusters of defects. The 16Mb unit,
having 8,192 (16 x 512 per 1Mb block) wordlines (WL), consists
of sixteen 1Mb blocks (sub-arrays), each having 1M cells.
Looking to the right of FIG. 3, every cell forming the memory
array consists of 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
8,192 is active in the 16Mb unit). The capacitive charge
stored in capacitor 25 is transferred to the corresponding
bitline BL. Sense amplifier 28 amplifies the charge on
bitline BL. The amplified bit information (i.e.- , the data) is
selected by the corresponding column address (not shown), and

is transferred to a Data Output circuit (not shown).

Unlike the conventional intra-block replacement, each 1Mb
block is devoid of any redundancy wordlines (RWLs). A 128Kb
redundancy block with a sixteen variable size redundancy unit
RU;,, is designed for the 16Mb unit to replace defective WLs
in any of the sixteen 1Mb blocks. ' Each RU,, (redundant WL,
RWL,,) consists of a single redundant wordline RWL.
Correspondingly, each RU,,, (RWL, ,,) includes four RWLs (RWL,._
23) » €ach RU,, (RWL,, ;;) and each RU,, (RWL,, ;) include four RWLS.



redundancy unit control decoder, according to the present invention.

FIG 5b is the timng diagramapplicable to the block diagramof FIG b5a.
FIG 6a depicts a typical fuse latch arrangenent FLAT and a master fuse

| at ch arrangenent MFLAT.controlled by the circuitry shown in FIGs. 4a and

5a, for replacing faulty elenents in the nenory. FIG 6b is the o
timng diagram applicable to the bl ock gi agram of FI G 6a. FIG 7 is
a schematic di agram of an enbodi nent ab licable to the bl ock FSRR

i ’ i i ine r undancy array corrects
Gef ect o1 n st h218 BTt (PSR mERBRF B 14y SR rethehoBGNIRRy REkSok
array. respectively. This makes it possiblel3o seledtl Gh8ambsta
schemati ¢ difggeamvefl dre &FfQEidie dRGOUBbpending on the size of the

fault, thereby increasing the reliability of the unit in the
presence of hard faults and retention faults. Referring back
to the previous example, enabling the redundancy circuitry 24
disables all the 8,192 WLs in the primary 16Mb array 19.
Instead, 1 out of the 64 RWLs (redundant WL) in the 128Kb
redundancy block 22 is activated. The operation of the
redundancy combination previously described comprising NMOS
devices 20, capacitors 25, and sense amplifiers 28 also
applies to the redundancy combination 30-35-38. The detailed
operation of this control circuitry is described next.

The wordlines in the sixteen 1Mb blocks and the RWLs in
the redundant blocks ~are controlled by the appropriate
variable size RU control circuit RUCNT 24 of FIG. 4a. For

i better performance, these are most advantageously positioned
at the bottom of the. redundancy block.

Referring now to FIG. 4a, show'ihg a block representation
of the variable size redundancy replacement (VSRR) control
circuitry, the control circuitry includes wordline decoders
{WLDEC) ; 'redundaxicy wordline decoders (RWLDEC); wvariable
redundancy wunit control circuits (RUCNT), represented as
RUCNT,,, RUCNT,,,, RUCNT,,,,, RUCNT,, and RUCNT,;; wordline
driver (WLDRV) and redundancy wordline driver ( RWLDRV)I. To
illustrate the operation of thé VSRR configuration of the
present invention and simplify the discussion, let us presume
that only one of either, a WL (out of 8,192 in lthe 16Mb
primary array 19) or a RWL (out of 64, in redundancy block
22), is active in the 16Mb unit 15 (FIG. 3). Practitioners of
the art will readily appreciate that two or more WLs may be
activated Within the 16Mb units, at.the expense of only minor



- used for the line and bl ock redundancy configuration of FIG 7.

" FIGs. 8b-1 and 8b-2 are timng diagrans applicable to the bl ock diagram
shown in FIG 8a. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS
Referring nowto FIG 2, there is shown a schematic diagramof a nmenory
provided with a variabl e size redundancy repl acenent (VSRR)
configuration. Unlike the FSRR gpnfiguration, wherein each RU
conpri ses the same nunber of REs, the VSRR arrangenent |ncI udes. a plurality
of RUs, each containing a.vari abl e number of REs. Mor eover, in the VSRR '
arrangerrentxnodalfhctaheoREs in any RU are 5| mul t aneously repl aced in any given
repair. By way of exanple, RUerr] (i.e., RU[err] RUerr], RJerr],

RU err], RUerr RU err RU err RU[ err]1 RU[ err] ('.e., RU err],
RUerr], RU err]rheReﬁéﬁll%L)?d ROpEREEORF . ef | 1RUBERPFPENHORE )] ommaer 1 |
and RU err jacrayeconsiest afd13)2, vaéhla&learncbaﬁmdalﬁs;r reegpect | nedy, Are

RUerr] wWldeskeRBbE Repdig ft t fault. Any of the RUerr] will repair a
fault caused by a m ssing ine or a short occurring between el enents.

RUerr] [err], RUerr] and RU[err] are preferably reserved for handling
| arger faults, BOEGh 4s ahdesetheveimdibepderagand fore thiek mostheeRdsaate

control | edg éngﬁ]gl r agaggqu@,ysng ,{og;uf}fjar}%(délgﬁht Copte®! &L é%%‘bﬁ s, t he

preferably | #acent to the redurdancy
nost ef f ecSLIBARVIRES i RItERU W 1§89, REG - fﬁ?f‘ilfﬁfdr &Fat WC-e4Ri-ni i zi ng

any penalty in the RE area allocated for-that pur pose Shown bel ow (Tabl e

) is a corrpar|§ N bety egtgﬁﬁ ?Sﬁ&i]@”d th R C L 94y tlgﬂis%dgg chibpg, for

each category e tota an redun anc control
circuits RBBR#‘F &bt the %?fHF‘F%’d {éper ¥EON yRpains at a "Low, 'which

disables all the WLs and .RWLs (all at 0), regardless of the
state (i.e., "don't care" condition) of the WLDEC output N, of
RWLDEC output N,, and of the output RWLE of RUCNT. When the
chip is enabled (i.e., in the active mode), either WL or RWL
is active (but not both). When WL is enabled, the chip enters

y the so~called normal active mode. Alternatively, when RWL are
activated (which disables WL), the chip is referred to as
being in the redundancy active mode.

In a normal active mode, all the redundant word lines
enable signal RWLE remain at a low, keeping the output signal
(bWLDIS) of the wordline disable circuit WLDISGEN at a high.
The detailed operation of the RWLE signal generation will be
described hereinafter. When the 16Mb unit 15 (FIGs. 3 and 4)
is enabled, 13b address information is transferred to WLDEC,
enabling one node N out of 8,192. This makes it possible to
activate one WL out of the 8,192 when the signal WLON switches
to a high.



14+ hypothetical fail distribution. Let the domain be defined as requiring
the repair of one 32-elenent-fault, one 8 elenent- fault, two
4-element-faults, four 2-elenent-faults, and eight 1-elenent-faults.

TABLE I[err] . #of Faults 1 1 2 4 8 Tot al
"Fault Size 32 8 4 2 1 VSRR 32/1
8/1 8/ 2 8/ 4 8/8 64/16 ,4FSRR. 32/ 8 8/ 2 8/ 2
16/ 4 32/ 8 96/ 24 [err] number of REs/nunber of RUs The

above Tabl e assunes FSRR requiring four elenents, with one decoder to be
repl aced regar dl'8skle hdnsi redghdamey mode, activating the -redundant

wordlines RWL is controlled by a two-path decoding: a) through
RUCNT, and b) through RWLDEC. As previously explained, a RU
consisting of several REs is controlled by the appropriate
RUCNT. Each RE 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 while
in redundancy mode is described next.

The redundancy mode is typically detected by RUCNT, which
activates the appropriate RWLE prior to the arrival of . a
signal on WLON. (The detection phase is referred to as the
redundancy match detection phase) . This forces the signal
bWLDIS at the output of WLDISGEN to switch to 0, thereby
inhibiting the wordlines in the 16Mb unit 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 appropriate RWLDEC is
activated with address information, switching the
corresponding N, to a 1. The number of address bits used for
RWLDEC sets the bits required for decoding the appropriate
number of REs in the corresponding RU. This path is
independently controlled no matter if it is in a redundancy
mode or in normal mode. The final decision to activate an RWL
is determined by the decoding result of N; and RWLE in RWLDRV.
The aforementioned two path decoding makes it possible for one
RWL to become active (without incurring in speed penalties) by
means of appropriate addressing, which had already been
previouslﬁr decoded when WLON switched to a high.



fault. To repair all the assuned failures, FSRR requires 96 REs and 24

redundancy RUs, whereas VSRR requires only 64 REs and 6 RUs. Nbre

particularly, referring to columm 2 of TABLE 1, there is shown a total of
one 32 clustered defect that needs replacing. Under VSRR one unit .
conprised of 32 REs is sufficient to repair the defect. Under FSRR, eight

4- REs woul d be required to achi eve thlL sane result. By way of a second
BLE 1, there are 8 single bit faults
suffice, whereas under a.

exanpl e,

t hat need repl aci ng. Under VSRR, eight 1-REs wl|l
FSRR confi gur at REBPECher widdvikeda weed forvaerightle]- KEget grexbimdarecyt he

referring to colum 6 of TA

sanme resul lyecoder that makes it possible to implément .the[%5§ﬁ§ing

now to FIG %ﬁt erg_ls s?owg as ]
DRAM chi p TG coHsFEHIRY B8F &PRt BERSEBIO BT Ofs.

h
osEaTRLe,

chematic bl ock re%&e%eag} %'? on of a.256M
Ko ur

di scussi on fort aj singbemardliiate welackenhino Mcdder nbs reduioredn'and . e.
faul't whi chneanwhe &egRhl efeNbididd thie HeMRubRT! a1 A Mhicdht ot dife

referred, hereinafter

donai n. Th&PPEERRHARR

appl i es equehhyree| |1 tbibottibit,he2i ritirts b(Yek r 8bl agedentb adikcogiase

flexi b! € r%@HBQéﬂWeIfP' aceirnat co@i‘e@?@h&i‘ﬁ OrWb®AcCh ek | gg;,atﬂu(y;,-,a menu
of variable sized RUs that are o rerp

unit,

ce CLU
activates the appropriate oé%'%& in accordance address

inputs ADD. :

Referring now to FIGs. 5a and 5b respectively, there is
shown a block diagram and the timing diagram of a single RU
control circuit RUCNT. This circuit is provided with a
plurality of fuse latches FLATs driving a decoder (i.e., an
AND gate). The only difference between ‘a conventional FSRR
control circuit and the VSRR control circuit RUCNT resides in
the number of fuses that are require& for each wvariable
replacement. It is determined by the number of bits for each
RUCNT required by the VSRR configuration. Aadditionally, one
master fuse MFLAT is also needed for each RUCNT.

For-a single bit replacement RUCNT,,, 13 bits are needed
to decode one of the 8k wordlines in the 16Mb unit. This
requires 13 FLATs and one master FLAT (MFLAT), labeled 13F+1MF
in FIG. 4a. For a 2WL replacement RUCNT,,,, one bit can be
saved, resulting in 12 fuses and one master fuse (12F+1MF).
For 4WL, 8WL and 32WL replacements, 11, 10 and 8 fuses and one
master fuse are, respectively, required per RUCNT (-11F+1MF,
10F+1MF and 8F+1MF). A detailed description of its operation

follows next.

B Rt dn2vic DG A 8% Rl demiBdaRRat | on

sters of defwei%sls. The 16Mo

a



havi ng 8:192 (16 x 512 per 1M bl ock) wordlines (W), consists of sixteen
1Mo bl ocks (sub-arrays), each having 1M cells. Looking to the right of FIG
3, every cell forming the menory array consists of an NMOS device 20 and a -
.capacitor 25. To each wordline W. are coupled the gates of 2,.048 NMOS
devices 20. There are 512 Ws present in the 1Mo block (i.e., 512 Ws x
2,048 cells), but only one is sel ectedyyhen a particular 1M (out of 16)

bl ock is activated. (Note: only one W. out of 8,192 is active_ in the 16M
unit). The capadit P¥ eEhﬁPgenégb?eﬂ RYCNZp 41 8Rs98T | §u9F AT & B t he
corr espondiigwhi.t RsneoBl. as Sraseaatet i fusr RGaanpl iftast { Hehe hargeiton

bitline BLygpl f bi nforgat i | d b
t he corresggng’% ﬁg@é‘ll‘ugﬁ% %%555;‘% §aL I fHe (dut‘imt RWEE 08¢ dnd Smﬁﬁ fldeLd by

not . s nsfer Dat
Qut put ci rd’t?f“t“(‘go? soﬂoﬁ‘ﬁgardless °6n‘f‘i‘?<ea\$d¥f8580nﬁélr‘ﬁ“ %ﬁ‘ "3 %fgk :
repl acenentis bachn1(\WF Baiclati sl)deRILE b mrytrrféd@ddhﬁc‘yh%\mcdﬁblﬁ@s‘—l(MS) A

128Kb redU%‘%a%}éFQItQCBf\MFmTa §i. 8t eemmﬁrlﬁbbﬁ &bﬂﬁ:ﬁe@dlﬂ;@d@n%elmlﬂnequ[err]

i s designed for t ot ct f
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si ngl e r edfnganinfiormhtien RWALtComadsyedi n‘{t‘;N?D serasehre &e r} V(I’F%W_[‘%ﬁ'])
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(RW[err]) |ncluefour S.
nly when all the fuse programmed addresses match the ADD

inputs, and MF is blown, thereby RWLE switching to 1.

Referring now to FIG. 6a, 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 and 82 during the power—up phase
of the chip by FPUP and FPUN, as shown in the diégram of FIG.
6b. 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 blown, nodes N0, N1 and N2 are set to 1, O, and 1,
respectively. Those states of nodes NO, N1 and N2 are latched
in CMOS latch circuits 60, 65 and 68. Either of the CMOS
transfer gates 70 and 75 opens up, depending on the state of
nodes N1 - and N2. ADD and ADD (inverted by circuit 69) are
coupled to the CMOS transfer gates 70 and 75, respectively.
As long as the fuse remains intact (i.e., at 0), the output
FADD of FLAT 47 follows ADD. When the fuse is blown, FADD
follows ADD. FADD switches to 1 when both ADD and the fuse

are either 0 or 1, resulting in an address and fuse match

detection.



RU:err] .and RU err], each consist of eight and thirty-two RWs,
respectively. This nmakes it possible to select the nost - effective and
efficient RU, depending on the size of the fault, thereby increasing the
reliability of the unit in the presence of hard faults and retention
faults. Referring back to the previous exanple, enabl i ng the redundancy
circuitry 24 disables all the 8,192 f |n the primary 16Mo array 19.
Instead, 1 out of the 64 RWs (redundan -in the 128Kb redundancy bl ock
22 is activated. The operation of the redundancy combi nati on previously
descri bed conprwsthin NWMbe deviecas POATCafacFl®r s6a5,isantinsknded amsnlel fiers

28 al So  appligse Lt (&dw&%%@%yﬁ%?' W*c‘?ﬁléosﬁéwx?’%loﬂ?;%l‘é%t%

operatlon of this_control circuitry escrl mordllnes

in the si xPRRRCRMTT ofc’ré’él%ﬁlcf“’t’ﬁ’&sl?\ﬂfg i'n®Phe r”é}b‘hrﬂ% 1al§F5‘ck§°r§F€
control | edbbyb0t ¥ apgr 6Br i B¢ csatadualing the eodgrcopt pbiseiaft kite RUCNT 24 of

FIG 4a. bpr Fpebt indeFPOR nﬁaﬁe,detp*l%%%darl% n@fé &Pé’cff&n{igeﬁf'5| %uP9RkL I Oned
at the bottom of the_redu g now to FI G "4a,

an
showi ng a BPBEk™ ‘f%prggﬁﬁtgg o‘rgo?ofr hElff‘é?{ anlﬁnsP@e Fdd@gari? (2bFQcenent
(VSRR) contebérxed ce tas/ MF )t svidomt tol Oci tcuf i rsespecitided ywor WlitheMBecoder s

(V\LtDEcl) rs@w?wmr Jat@%:@'%ﬂﬂf BV%S MashBhe& I aqundgngyeuni t
control circui presen err err

RUCNT[ err]® ?&E:rs{i‘ﬁ P §nﬁ§r«’ci:rs§§f’é'r“r’] thego ah | ﬁgeldr?’aerm('\/\%daﬂ%l
redundancy(absall rqéedredreto(mmi!\}) .swWiiccah |usstat@, t he vpepettbwveby, t he

VSRR configuipd iR £f 40e; Prented daandd QheARMpSARE! X ROENF! Eﬁt@?i on,
| et us presune that only one of either, a W. (out "of 8,192 in the 16M

primary ar?hy 19) or a RW (out of 64, in redundancy bl ock 22), is active
in the 16Mo unit 15 (FIG 3). Practitioners of the art will readily

appreci ate thatpd #0-Und 0w/l to™¥18E 7, there is shown another
embodiment of the present invention, namely, a fault tolerant
block redundancy replacement configuration applicable to the
conventional block architecture of FIG. 1c . A primary memory
array is illustrated therein, structured as a pluraliéy of
sub-arrays- 0-15 (labeled_100—115). A block redundancy array
150, preferably positioned at the bptfom of the primary memory
array, is assumed to contain at least one defect. Let it be
further assumed that sub-array 114 within-the.primary nemory
array contains a large number of faults (labeled X). Block
redundancy 150 can, in this instant case, be used to replace

sub—-array 114 in its totality.

Practitioners of the art will fully realize that defects
can occur in any of the sub-arrays that form the memory
device, ifrespective if a primary memory array, a redundancy
block array or a redundancy unit (in the VSRR confiquration).
As such, the presence of a defect in the redundancy block
array can pose serious performance problems in any replacement
scheme, since redundancy arrays are presumed to be good, when.
.in reality they may be defective.



activated within the 16M units, at the expense of only m nor

17 nodi fi cati ons. The detail ed operations of 1) standby nobde, 2)
normal active node, and 3) variabl e redundancy active node, are described
herei nafter. FIG 4b shows the tim ng diagramfor the nost rel evant .

signal s: address ADDs, node N, node N[err] W.ON, WL di sable signal bWDIS,
RAWLEs, W.,, and RAL, referred to in FI% Wil e in standby node
(i.e., when the chip i-s not enabl ed) he control |ine WON remains at a

l ow, which disables all the W.s and RALs (all at 0), regardless of the
state (i.e., "dd® BcEardangentdtihm PreFerhel WaEEHut BT FYTBRSIRWIDEC

out put N erfdfermndeof tbherout put, Rl oreBlkéncpharrahre THOp is bl ed
(1-8 1N tEaekeg M%Pe%hgh Endly Qe fille b8 AGH NS (Rl Y - When

W is enabl the chi S t e so.cal normal active
Alter natlvé? cg\ﬁwmg apfefects within the block redundancy array,

allow1ng a defective block redundancy array to replace large
portions of the primary array. To enable such a repair,
redundancy block 150 is tested and any defects found are
repaired by ass;LgnJ.ng RUs contained in the variable redundancy

array 130.

The configuration of FIG. 7 may generally be viéwed as a
combination of the in_ventive concepts described in the VSRR
configuration of FIG. 2, as applied to the block redundancy
arrangement shown in FIG. 1c. RUs within the variable
redundancy array 130 can now cure defects within any ‘of the
sub-arrays:100-115 or in the block redundancy array 150. If

' the number of defects within a sub—érray, e.g., 114, is found
to exceed & predetermined number, initially, block 150 is made -
defect free, and only then it is used to replace sub-array

114.

Referring now to FIG. 8a, there is shown a schematic
diagram of the priority decoder, according to the present
invention, that orchestrates the replacement of defective
arrays within the memory with a defect-free block redundancy
array. The priority decoder allows primary array 114 and
block redundancy array 150 to be simultaneously checked for a
redundancy replacement, resulting in no-access penalty.
Therein is also depicted a block diagram which includes: two
variable size RU control circuits RUCNTO0 and RUCNT1, a block
redundancy control circuit RUCNT,,;, wordline disable generator
WLDISGEN, wordline driver WLDRV, redundancy wordline driver
RWLDRV and block redundancy wordline drivers BWLDRV. WL
decoder WLDEC, RWL decoder RWLDEC, and block redundancy WL



actrvated (which disables W),

r edundancy
word |ines

(bWLDI S) of the wordline disable circuit W.DI SGEN at a-high. - The detail ed

the chip is referred to as being in the

active node. In a normal active node, all the redundant
enabl e signal RALE remain at a | ow, keeping the output signal

operation of the RALE signal generation will be described hereinafter.

the 16Mo unit 15 (FIGs. 3 and 4) is engpled, 13b address information is

transferred to W.DEC, enabling one node -N out of 8,192. This nakes it

possible to, activate one W. out of the 8,192 when the signal

to a high.

driver are not shown in FIG. 8a, althoughga paral g Inay rbe

When

WL.ON switches

r edundancy dmsd®, tacidoratispgniiag edeneans mrﬂmne@a Ral et npld,gd by a

two-pat h dagodins xak;theaHoho RN, ANGHD) sLR Ao P@gﬁﬁgsy%ﬁ’jéeecggg&gg;‘?;{e

expl ai ned,
RUCNT. Eac

severa I'S COﬂ ro

a _RU consi stin
gs %ntrolled by the alternate path b), i.e.

I SRET PR EC REX

RW.DEC. Both decoding paths work in parallel, and a final decoding of the

OFeast MO iokes, Yot pBLO, A iy

results of

descrlptlon t he gPeratlon while inre

ancy node 1s déescri
on: normal operation, ) variable redundant

onflgura
operation, 3) block redundancy operation, and 4) a replacement
mode operation, wherein faults in the block redundancy are
replaced by a VSRR arrangement. During operations 1) -and 2),
the output RWLE,, of RUCNT,, remains at 0, allowing WLs and
RWLs to be controlled in the manner described for VSRR in

reference to FIG. 4.

While in mode 1), all RWLEs remain at 0 and bWLDIS at 1.
Accordingly, when WLON switches to 1, the corresponding WL is

enabled by the appropriate node N.

While in mode 2), the appropriate RWLE switches to 1,
forcing bWLDIS to 0. As a result, when WLON switches to 1, the
corresponding RWL selected by the aﬁpropriate RWLE and node N,
switches to 1. The switch of RWLE to 1 makes LWLDIS sw1tch to
0, disabling the appropriate WL in the prlmary array.

While in mode 3), all RWLEs remain at O, keeping bWLDIS
at 1. Alternatively, RUCNT,,, detects a block redundancy mode
impacting RWLE,, depending on the state of the node N;. This
enables BWLDRV and disables WLDRV. Accordingly, when signal
WLON switches to 1, the corresponding RWL in the block
redundancy is activated, disabling WL. .



The redundancy node is typically detected by RUCNT, which activates the
appropriate RALE prior to the arrival of a signal on W.ON. (The detection
phase is referred to as the redundancy match detection phase). This forces
the signal bWD S at the output of WD SCEN to switch to O, thereby
inhibiting the wordlines in the 16My unit from becom ng active. During the
RUCNT redundancy match detection phaRazL an alternate path for selecting an
RE in at | east one RU is decoded in DEC. . Concurrently, t he appropriate .
RW.DEC is activated with address information, ~“switching. the .
correspondi ng Nwail¢ in fode ih¢ RUGN®BY, Ofamdid s fhithe BedTf @l’etESéltDEC

he bi d th
sets the Didg rt?iq}éﬂ eﬂeéx?ﬁd %9 k@glébsméxﬁpfm} éakﬁdm’c’%erdé’% fitléir’] |feit

correspondin ndependent contr

isina re&dg‘ﬂéﬁﬁﬂ}em’e’(or in q%”ret’f’ﬁlr'rm&é‘ YThfWHORYI  odd si Bt oVERRi vat e
an RWL is denéigunadidy) tie cedddidngbeesus¢ of theehidh ardudeNthken BW DRV.

The aforerr%ahbﬁgedc&mnqaé& ‘Hldéa!ml%kﬁﬁnkir M%V&n@wf or z@n%omwgo

becone acti '(Wlt out incurring in s na tles}J y. nmeans o
appropri at & 88dr¥§§$ng‘fam? chPRETEIT?H $asky gedsadanGien W.ON
sw t ched t oeplaceghent mode. Alternatlvely, VSRR has a highet9priorityRW.DEC

i's provi dednyhtthd pidckaRbBuibificy SFNARMENt, which is achieved with
bWLDIS gating both WLDRV and BWLDRV. (a function which is
referred to as priority decoding)}. It is, therefore, possible
to repair faulty elements with other VSRR means even when a
faulty element is part of ‘a redundancy block. There is no
access penalty because the match detections of the block
redundancy and of the VSRR can work simultaneously, although
the decision of either operation is made only much later with
the prio.‘rity decoder. The above described concept can l:ae
effectively applied to allow a fault-tolerant variable size RU
containihg a number of defective REs to repair defective RI'Js
with other RUs of smaller size.

The present invention described herein may be designed in
many different memory configuration schemes. While the
present invention has been described in terms of various
embodiments, other embodiments may come to mind to those
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.



decoder, that nakes it possible to i'nplement the VSRR configurati on' of the
present invention. By way of exanple, for a single wordline replacement no
decoder is required, and the RWE signal generated by the RUCNT directly

controls the appropriate RALE driver. A 2W, 4W, 8W, and—32W-—+replacenent.

requires 1 bit (Ib), 2 bits (2b), 3b, and 5b decoders, r tively at the
corresponding RALDEC. This, in turn, ACtivates the appraw Hm m,mmu
in accordance with address inputs ADD. Ref erri ng ! e nd

5b respectively, there is shown a block diagram and the tining di agram of a
single RU control circuit RUCNT. Thiscrarnsiit is provided with a plurality
of fuse | atches FLATs driving a decoder (i.e., an AND gate). The only

di f f erence, bet wee conventional FSRR control circuit and the VSRR control
circuit RUONT \r,)gé]ad%“l SFehuREBPTEf TS GMREISB equired for each

variable replacenent. It is determ ned by the nunber of bits for each RUCNT

required by the V§Bﬁ%rspﬂ£kgwfat bﬁﬂnaﬁgdhta{negﬁl labragae HBstey ldsh MLAT is
al so needed for ea(‘:{{.@ i Fo[ a single bit replacenent RUCNT[err],
13 bits are ne@ddF3'd ecEde5fB®BFSthe 8k wordlines in the 16M unit.

This requires 13 FLATs and one master FLAT (MFLAT), |abeled 13F+1MF in FIG

4a. For a 2W g qnhacamelt SAUGNHpnhen® Dy Bbht £5 &L wvigth1d &sidd ing in
12 fuses and one master fuse 8W. and 32W. repl acenent s,

élZF+1{j€%. or 4W., .

11, 10 and 8 f FSEYNERGCEnE LS EPUP LG $21% BRARRTY TSOTE TR per
RUCNT (11F+ MFsaldF+¥dFiahdie8Fsiad) refluddancy edirddgscr hpviing oéachs a
operation fol | Q4% A8%ky of redundancy elements; and '

controlling means for replacing defective elements in
said primary memory arrays with at least one of said
variable size redundancy units, wherein said redundancy
elements in said at least one variablé size redundancy
unit replace a corresponding number of said defective

1
elements in said primary memory array.

2. The fault-tolerant memory device of claim 1, wherein said
memory device is selected from the group that consists of
a DR2aM, SRAM, ROM, EPROM, EEPROM, Flash RAM, and CAM.

3. The fault-tolerant memory device of claim 1, wherein
said variable size redundancy units are controlled by a

variable size redundancy control circuit.

4. The fault-tolerant memory device of claim 3, wherein
said redundancy elements in said redundancy units are

further controlled by addressing decoding means.
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20 « kn order to enable a RUCNT, the master fuse needs to be blown. As
| ong as the naster fuse remains intact, the ou G 5b) is
0. The output RAWE of the AND gate remai ns at ardl ess of the address.
Wien the . master fuse is blown (M set at 1), R&"!ﬁﬁm ﬂj"ﬂl"ﬂ y the
conbi nati on of outputs of FLAT, i.e., FADD. FAl en the
correspondi ng address input ADD fails tg match the programred f'use
information. Alternatively, FADD switches to 1 when .the correspondi ng ADD
mat ches the programed_fuse_information vihen_ al the fuse pragramred
addr esses mat chTffie “ABBC ﬁBﬁF§an5nﬂeW¥sOéF§lce Phef b g\ﬁrtd'ﬂ‘l ng to
1. Ref er r sagd mordurddidy eGameniisr &njanss pdwerbd mar@mmgtt&m for
the fuse |atch ELMltéM'@(E@é F%Blla&ede@l Rty adr adHiRSS defeltive

conpar at or. for and is set by devices 80 and
82 during the po If‘e spjn’?;ts% rEfl;frrile"’lr m@% Hid FPUN, as shown in the

diagramof FIG 6b. If fuse 83 is not bI own at power-up, nodes NO, N1, and
N2 are set to O, 1 and O, respectively AIternativer, if fuse 83 is bl own,

nodes NO, N1 and. N2 are et to re f
nodeg No, Rz an'gh?\lzfaurl T8 eﬁ&ﬁ‘ ﬁ%é%levfl ch %’?r%%élh 1%3,};%%%3%%%3%.68 °
Ei t her of the Cwbsiablesfige gatiesdémciah‘altzs FifeASNEECL IRD A MAFBATShe

state of nodes Qt&PEid¥ deSdchedRS.(i Nverted by circuit 69) are coupled
to the CMOS transfer gates 70 and 75, respectively. As long as the fuse

remains intact (i.e., at 0), the out put FADD of FLAT 47 foIIows ADD. Wien
the fuse is bl own, FADD

7. The fault-tolerant memory device of claim 6, wherein
said matching detection decoding means further comprises:

a master fuse latch comprising a master fuse, said master

fuse being coupled to a comparator; and

a plurality of fuse latches having each a plurality of .
fuses and comparators, said fuse latches being controlled
by address lines, wherein said fuse latches are
respectively coupled to gatih}g means, and said gating
means generate a signal that enables a redundancy
wordline driver and a wordline disable circuit.

8. The fault-tolerant memory device of claim 1, wherein said
elements in said primary memory arrays are selected from
the group consisting of bitlines, wordlines, single bits,

multiple bits, single words and multiple words.

~
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follows ADD. FADD switches to 1 when both ADD and the fuse are either 0 or
1, resulting in an address and fuse natch detection. . .
21 Wthin the circuit FLAT of FIG 6a is included the circuit M-LAT

(or Master. FLAT), which is shown al ongside with appropriate timng curves
(FIG 6b). The CMOS latch, formed by 60, 65 andmﬂ“mu&m “mrmmg t he
power -up phase of the chip by FPUP and,FPUN, as I agr am

| f, during power-up, fuse 83 is not bl'own, then MO, *Nitant N2 (‘al so
referred to as MF) switch to O, 1, O, respectlvely Wth M- at 0, the AND
gate in RUCNT (FIG 5a) is disabled . If, on the other hand, fuse 83 is

bl own, theng.at mﬁugﬁrtugerulut%&nwy@vﬁger@f erlae_ﬂl 10%9\5) Wi;keh to

1, 0, 1, t I eANDgateln
R (1 6By Ot ddinantds (&1 dends e tualtll SR-SRREC 2ed0Sadlny Jnuiner

embodi ment of tHeReesed dlmsder o, saddefigfeativaletlemehtsaptrebkeatk in

redundancy repl mrm@hﬁ@ag,l BEmaLY Ofr A3p) Ileaahelﬁ&ar—lmoeﬂnyegabeafagnkz' ock
architecture of lc . Aprimary nenory array is illustrated therein,

structured as a rﬂurallty of

10. The fault-tolerant memory device of claim 1, wherein said
redundancy elements in said variable redundancy units
replace a cluster of said defective elements present in
said primary memory array, in a flexible redundancy

replacement mode.

11. The fault-tolerant memory device of claim 1, wherein
said redundancy elements in said variable size redundancy
units replace individual randomly distributed defective
elements in said primary memory arrays in an intra-block

replacement mode.

12. The fault-tolerant memory device of claim 1, wherein said
redundancy elements in said variable size redundancy
units replace individual'randornly distributed defective
elements in said primary memory arrays in a flexible

redundancy replacement mode.
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sub-arrays 0-15 (|l abel ed 100-115). A block redundancy array 150,
preferably positioned at the bottomof the primary nenory array, is assuned
to contain at | east one defect. Let it be further assuned that sub-array

114 within the primary nenory array contains a | I'ts
(label ed X). Bl ock redundancy 150 can, in this .ﬂmmﬂm‘mmm ed to
repl ace sub-array 114 in its totality. Practiticonérs™ofSthe art will
fully realize that defects can occur ir?eany of .t he sub-arrays that formthe
menory device, irrespective if a primary nmenory array, a redundancy bl ock
array Qr a Réduntlacyaubitttdilarsdhe YBRBRrgomfeivgueabiforlaifs SUchhet8€n -
presence of a dedend ddhdiisy ¥ Gy RARSY LAl-oRk: A4k C POSE seri ous
performance problens in any repl acenent schene, since redundancy arrays are
presuned to be good, when in reality they nmay be defective.

22 | n acc¥t damastt enchewprébom covehed one andvdndltimer akider,
reference to Fl Gail ﬁbﬁdi_e.ﬂé'nm%larﬁéﬂlg]ﬁgoﬁérm%dﬁler'Ctaur@(gr#}.#é.n the
menory devi ce asd.hsaa:g ng t.he capability of ‘correcting defects wthin the

bl ock redundancy & Ay CAFCHWiTHg a defective bl ock redundancy array to

repl ace | arge

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;

at least one redundancy wordline decoder coupled to at
' least one redundancy wordline driver, said coupling being
provided by an address line, said at least one redundancy
wordline driver being controlled by one of said
redundancy wordline decoders; and

at least one variable size redundancy control circuit for
enabling said redundancy wordline drivers, for enabling
said ‘wordline disable circuit, which in turn inhibits a

corresponding one of said wordlines.

l4. The fault-tolerant memory device of claim 13, wherein
said redundancy wordline drivers respectively control a
plurality of redundancy wordlines, and wherein said
wordline drivers respectively control a plurality of

said wordlines.

/
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por,tions of the primary array. To enabl e such a repair, redundancy bl ock
150 is tested, and any defects found are repaired by assigning RUs
contained in the variabl e redundancy array 130. The configuration of
FIG 7 may generally be viewed as a conbination of the inventi.ve concepts
described in the VSRR configuration of FIG 2, as i

redundancy arrangenent shown in FIG 1c. RUs within the variable

redundancy array 130 can now cure def&Xs within anﬁ Hﬂm S
100- 115 or in the bl ock redundancy array 150. If th '* mmﬁm’ws
within a sub-array, e.g., 114, is found to exceed a predet érn'nell nunber,

initially, block 150 is nade defect free, and only then it is used to
repl ace sub-array 114. Referri nganow to FIG 8a, there is shown a

schematic dPagr dRf FPYfre tRLPERAREY PGBEEHeAeVACR 0PI 2D tHe prEE&In
i nvention, thatseidhestdaiee dhsablyl|abereitt if defteolled byr &pddwiatthi n t he

memory with a debggt-bheevhl ok & efndaney ndkhay - cditecddr IQnidus cdecoder
allows primary array 114 and bl ock redundancy array 150 to be

si mul t aneously checked for a redundancy replacenent, resulting in no-access
penalty. Therein is also depicted a bl ock diagram which includes: two

variable ?Eé?,F*h&°&hh@%—%hi8££ﬁé_ﬁ%ﬁggy a8 BUQH 11211 08K %%Q&@Qﬂncy
control circuit RUCNT emqﬂﬁvwwdllne dlsqble eneraﬁﬁ{ W.DI §GEN,  wor dl i ne

driver WDRV, r&8tfld3hcylS&¥dl PRE dYRTERD S arr P BIAL e d GRELREY
wordl i ne driveresiByWiRVAs aMiANiecder. W.DEC, RW. decoder RW.DEC, and bl ock
redundancy W .

17. A fault-tolerant membry device comprising:

a plurality of primary memory arrays having each a
plurality of elements;

' a plurality of variable size redundancy units coupled to
each of said primary memory arrays, said variable size
redundancy units having each a plurality of redundancy

elements; and

controlling means for réplacing defective elements in
each o0f said primary memory arrays, wherein said
redﬁndancy elements in at least one of said variable size
redundancy units are coupled to each of said primary

memory arrays.
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23 -driver are not shown in FIG 8a, although a parallel may be drawn to
corresponding elenents in FIG 4a, via nodes N and N[err].\‘l'r]ﬁ_rg;si&;\
control flowis the same as that described with reference to .

Four ~ operations are applicable to the _.above c | Lon:. 1)
normal operation, 2) vartable redundant operation, 3) bl ojM"W”ﬂi"!””ﬂL
operation, and 4) a repl acenent node opgration, wherein faults i Ly
redundancy are replaced by a VSRR arrangenent. During operations 1) and 2), -
t he out put RV\LE%*err] of RUCNT[err] remains at O, allowng Wss and RALs to

be control 1%t i & R&1lakederaascrepeny fdrvigSRROMATFRIRIence to FIG 4.
Wiile in node 1), all RALEs remain at 0 and bW.DI'S at 1. Accordingly, when
W.ON switches tg L1,;the correspondi | a Y4k propri ate node
N i 1 e R ae S O L o R BB Y PR g
bW.DI'S to 0. AsPIUFELLEY, Ofhehewethfswitches to 1, the correspondi ng RAL
sel ected by the appropriate RALE and node N err] switches to 1. The switch

of RWLE to 1 makes)QULD! Sn3tivkhableOsigl PRI a308Y ORLLBN S e d 1 LI
P y y. said plurality of primary memory arrays, said at least

one redundancy array comprising:

a plurality' of independently controlled
variable size redundancy units, said variable
size redundancy units having each a plurality
of redundancy elements; and

controlling méans for replacing defective
-elements in said primary memory arrays with at
least one of said variable size redundaﬁcy
units, wherein said variable size redunddncy
unit replaces said defective primary memory
elements in accordance to the number of said

defective elements.

19. The fault-tolerant memory device of claim.18, wherein
said variable size redundancy unit is controlled by a

variable size redundancy control circuit.

20. The fault-tolerant memory device of claim 18, wherein
said elements in said variable size redundancy units are

further controlled by addressing decoding means.

AR
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Wiile.in node 3), all RALEs remain at 0, keeping bWD S at 1.
Alternatively, RUCNT[err] detects a bl ock redundancy node i npacting
RW.E[err] depending on the state of the node N err]. Thi S enabres BWDRV

and di sabl es WL.DRV. Accordingly, when signal W.ON sw tches
corresponding RW. in the block redundancy is activat ed, Sﬁm!ﬂtmrm“um”“l
24 While in node 4), RUCNT[err] andavarlabIeR act mthe = =
bl ock redundancy repl acenent node and. He VSRR node, simultaneously.
However, only RWDRV (in the VSRR configuration) is enabled, because
of the hi gl lval et fReAthFoBREBNS, meBAcHr deMirg af sgbrimg20L DRVieaned nBW.DRV.

It follows thats¥SRRvhakesipgr esedeaéeuﬂa&scg hénitlsoGlcer addBgRAgY theplacenent

node. Alternati V. as, &y hi ri or| bﬁg t he bl ock redundancy
repl acenent, Wh:ig ¥Fs°§§%€ved1w|? Dlm§rl E’ oth WL.DRV and BW.DRV (a

function mhlch Is referred to as prlorlty decodlng). It is, therefore,
possible to repair faulty elenments with other VSRR neans even when a faulty

el ement 1157837 (2fl 2aleEUPARIONAD! RElory THEG £l SoROcERRST PEIRLLY heoaUSe

the match o?[et ections o undancy and of
si mul t aneousl y, Saf€ heagiekhe ﬂé%?s?%‘ﬁ“&ﬁafém el tspergt iBRegsatmbie 8hly nuch
later with the peastidne defcasteid redUnelanboverdegsri bed concept can be

23. A fault-tolerant memory device comprising:

a plurality of primary memory arrays having each. a
plurality of elements;

a plurality of independently controlled variable size
redundancy units coupled to said primary memory arrays,
said variable size redundancy units hav1ng each a
plurality of redundancy elements;

a block redﬁndancy array coupled to said primary memory

arrays; and

controlling means for replacing defective elements in
said primary memory arrays and in said block redundancy
array with at least one of said variable size redundancy
units, wherein said redundancy elements in said at least
one of said variable size redundancy units replace a
corresponding number of said defective elements. in said

primary memory array and in said block redundancy array.

heet Has Been Replaced

"W

' THIS SHEET HAS BEEN
REPLACED




ef fectively applied to allow a fault-tolerant variable size RU containing a’
nunber of defective REs to repair defective RUs with other RUs of smaller

si ze. The present invention described herein nay be designed in many
different nenory configuration schenes. --Wile the present j '

been described in terns of various enbodi nents, other enbodllrl“mglmﬂnﬂﬂmmll
to mnd to those skilled in the art wtjout departing fromthe spirit "and *
scope of the present invention. The invention should then be neasured in
terns of the clains that follo 23. where

-25 - ekt s TeFafABYET '§°ler"int memar¥ AAEoPEr S Tt v SRR Fe

conpri si ng: said hletkrdindafcypeirmayyrephages anea9s wpich ARdvWary a
plurality of el grenls. a plurality of independently controlled

vari abl e size redundancy units coupled to said primary nenory arrays, said
vari abl e size redundancy units each having a plurality of redundancy

el enent s; a bl ock redundancy array coupled to said primary nenory

arr gys; ~ands. The fﬁﬂﬂﬁi%iéﬁ&xﬂﬁ@éﬁ&ﬁiﬁ)h&zﬁﬁba6f g Chied eacst | whegleament sI in

said primry ne arrays and _in_sai redunda t |east
one of said varFSB%érsP? PediRiancy d%ﬁ%tgg e%é 4 §§¥ %%# a%g§g

el enents in sai drgeyl cand wherein %ﬁldi Fepaired %l%é‘ r@ﬂk’ﬁ‘ﬁ‘&ﬁ@y AAFRY

replace a corregpgsdyRént Dicsichedoffeehiid epeintintasriagssai d primary
nennry arrays and in said Iogi redundancy array.

26. The fault-tolerant memory device of claim 25, wherein
said repair means further includes a redundancy array.

27. The fault-tolerant memory device ‘of claim 26, wherein
said repair means further comprises a variable size

redundancy unit. 1

28. The fault-tolerant memory device of claim 26, wherein
said repair means further comprises an intra-block

redundancy unit.

29. The fault-tolerant memory device of claim 25, wherein
said repair means further comprises a flexible redundancy

unit.

30. The fault-tolerant memory device of claim 25, wherein
repair means repairs defects in said block redundancy
array, said repaired block ‘redundancy array

simultaneously replacing one of said primary arrays.
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2., .+ The fault-tolerant nmenory device of claiml, wherein said bl ock
redundancy array replaces one of said pri marw’—%ﬁ The
fault-tol erant nenory device of claim1l, wherein repair neans repairs
defective elenments in_said block redundancy. ary mm\msai d-

repai red bl ock redundancy array subsequently r Wm?m i d primary
nMenory arrays. 4, The fault-tolerant ne y dewi cd off claim 3,
wherein said repair neans further includes a redundancy array. 5. The
fault-tol erant nenory device of claim4, wherein said repair neans further

conpri ses a3VariAbfauky zeo kesthntd memprindevicegcomprisiyg:f aul t - t ol er ant
menory device of claim4, wherein said repair neans further conprises an

intra-block redund nit . Tos he faul f- n ry. vi ce of
claim 3, wherei ;gls%irlg%ragﬁlg' r FeaRs TEr hgﬂr(':‘m(;%oIj réllg]'lea?sg haggﬁgl eea(rjcgldu%dancy
uni t . . plurality of elements; -26 - 8. The
fault-tol erant nenory device of claiml, wherein repair neans repairs

defective el emenj :pll.w.{}]'as.l.%.'tgr Rl£0Gk 46 gﬂﬁgﬂﬁf% 85&@611%31‘ ¢at-88kbed;plock

redundancy array sinultaneously replacin ne of said prinmary nemnory

arrays. redundancy units coupled to said primary memory arrays,
said wvariable size redundancy units having each a

plurality of redundancy elementé;

a block reduﬂdancy array coupled to said primary memory

arrays; and

controlling means for replacing defective elements in
said primary memory arrays and in said block redundancy
array :.with at least one of said variable size redundancy
units, wherein said redundancy-elements in said at least
one vdriable size redundancy unit replace a corresponding
number of said defective elements in said primary memory
array and in said block redugdancy array; and

decoding means for selecting at least one of said
redundancy wordlines and for disabling a corresponding
defective one of said wordlines.

32. The fault-tolerant memory device as recited in claim 31,.

wherein said decoding means further comprising:

redundancy wordline decoders controlling said redundancy
wordlines, each of said decoders having a plurality of
inputs, said inputs providing a different decoding

configuration.

-
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9., +. Afault-tolerant nmenory device conprising: a pIuraIity of
primary nmenory arrays each having a plurality of elenents;

plurality of independently controlled variable size redundancy unlts

coupled to said primary nenory arrays, said variable srz
edch having a plurality of redundancy el enents; Wﬂmam %ﬂ
array coupled to said primary nenory arf,ays; cont Ol e

replacing defective elements in said pfimary nmenory arrays and in said .

bl ock redundancy array with at |east one of said variable size redundancy

units, wher@édn sHiel fasdundaieyraaitementdsy idevwigiedaatreeidsd dmeclaimabt e size

redundancy uni t &ﬁ&ﬂéﬁﬁEféan{r%&poﬁﬁhag peieiandy S%bédi@ﬁgcta¥€o§$f?3nts
in said primary ne arra edunda

decodi ng neans for" sre e A§ I&Fé‘gé’tw%‘glb‘fe d‘d’r‘?&én@?gv\%r’ ?n%ss%’rfd f or
di sabling a corrQE#KﬁRhM@gaGGE@@@dvéooneeo¢fvﬁﬁxﬂin@égndangﬂ.wordnimes
fault-tol erant nmenory device as recited in claim9, wherein said decoding
means further conprises: redundancy wordline decoders controlling
sai d redundancy wordlines, each of said decoders having a plurality of

i nputs, sai&4i ngthes fpud¥-dragrantineéremhdeydegdingasditedgdraclaim 33,11.

The faul t-tol erameﬁarmrtmedﬁumﬁera&frle@utedofrsa:;ﬂ@trauﬁﬁdaﬂegr@fum@ of
sai d redundancydyvo e|rneccdxe]codeorsd co tr #g a mgggn %n?a \g)rdlé ne, driver,
and wherein sai &0 ver TEETTACHE 2 BPmEST ¢ OF e M TarcS i G hes
12. ‘The faul te-]tetme@lté"mthﬁﬁritﬁglad@\/fieée‘a‘él‘f%&lﬁééntﬁ in §ﬁﬁ¢l‘!l.ar1\ﬂh§|r%l n the

nunber of 1 nput il g@udnaadggdaﬁgysmordllne decoder corresponds to the
nunber of said redundancy el enents in said variable size redundancy units.

13. The fault-tolerant nenory device as recited in claim 10, wherein
sai d redundancy wordline decoders are controlled by addressing decoding

means, sai d35. The fault-tolerant memory device as recited in claim 32,
wherein said i'edundancy wordline decoders are controlled
by addressing decoding means, said addréssirig decoding
means being activated independently of redundant matching
detection means that are coupled to said iredundancy
wordlines. '
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-27 -+ addressing decodi ng neans being activated i ndependently of redundant
mat chi ng detection neans that are coupled to said redundancy wordli nes.

14. A fault-tolerant nenory device conpri sing: aplurality of
primary nmenory arrays each having a plurality of elenents; :

plurality of independently controlled variable size reduumm“lmllwu IIII
coupled to said primary nenory arrays, said variable siz

each having a plurality of redundancy ePement s; and tontrdliif ng
means for replacing a defective variable size redundancy unit w th another
vari abl e size. r eduR@arctoiirbnRapbR8ry e8svi&dWamareyiggenent s than the
nunber of said redundancy el enents in said defective variable size
redundancy unit, said controlling nmeans further replacing defective

el ements in sai @& pPiveeVitenedy primgxy wiehony |axxgysorhawingapdchara abl e
si ze redundancy piniradityhebei Bisabdesedundancy el ements in said at | east
one of said variable size fedundancy units replace a correspondi ng nunber

of said defectlve el enents in said prlnary menory arrays.
a plurality of independently controlled variable size

redundancy units coupled to said primary memory arrays,
said variable size redundancy units having each a
plurality of redundancy elements; and

controlling means replacing a defective’ said variable

size redundancy unit with at least another said variable
-size redundancy unit having less said redundémcy elements
than the number of elements in said defective variable
size redundancy unit, said controlling means further
replacing defective elements in said primary memory
arrays with at least one of said variabie siZe redundancy
units, wherein said redundanc!y'elements in said at least
one of said wvariable sizé redundancy units replace a
corresponding number of said defective elements in said

primary memory array.
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37. A fault-tolerant memory device comprising:

a plurality of primary memory arrays having each a

plurality of elements;

a plurality of independéntly controlled variable size
redundancy units coupled to said primary memory arrays,
said variable size redundancy units having each a

plurality of redundancy elements; and

decoding .means comprising at least two redundancy
matching detection means driving a disable generating
means and wordline driving means, and at least two
redundancy wordline driving means, at least one of which
is controlled by a priority décoding means.

38. The fault-tolerant memory device as recited in claim 37,
wherein said at least two redundancy matching detection
means simultaneously detect a ;gdundancy mode, wherein a
corresponding one of said redundancy wordlines is

disabled by said priority decoding means.
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