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METHOD OF MAKING A MEMORY FAULT-TOLERANT USING A VARIABLE
SIZE REDUNDANCY REPLACEMENT CONFIGURATION v//

FIELD OF THE INVENTION .
.This invention relates to a method for making a fault-

tolerant memory, and more particularly, to a method of using
a variable size redundancy configuration to :c}eplace defective

elements in a memory.

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 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 least, mask defects. Faults that inevitably
remain in the chip are generally overcome using special
circuit designs, and more specifically redundancy replacement.
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configurations mnthln e FSRR arc ecture have been successful |y
i npl ement ed over the years. A typical FSRR configuration, which is comonly

used for | ow degaitpubRAYR fligud@ond) wilthind dheTRSRRI Arahetdepusicehaire
fixed pIurgLen SSLcessfully implemented over the years. A typical FSRR
configuration, which is commonly used for low density DRAMs is
shown in FIG. la. Therein are 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, 1labeled intra-block replacement, increases the
redundancy area overhead as the number of sub-blocks increases
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 sub-array. The above mentioned concept is embodied in
a configuration described in the article by T. 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 FSRR redundancy replacement arrangement, known as
a flexible redundancy replacement confiquration 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 tﬁis configuration,  REs within the RU can repair
faults (labeled X) located in any sub-array within the memory.



spares used for replacing defective elenents within the nenory and which
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configuration, REs wthin the RU can repair faults (| abel ed Ioc
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There is yet another FSSR architecture, referred to block
FSRR, and shown in FIG. 1lc, wherein ény number of fauits
(including all the fauitsj in a sub-array are replaced with a
block redundancy. The size of the prior art block FSRR
coincides with that of the sdb-array, the sub-array being
defined. as a ‘section of memory contained between sense
amplifier strips. Since in this scheme, a defective block is
replaced 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. 1lc is known in the art,
no provisions exist to provide appropriate corrections when

defects affect the block redundancy array.



The advantage of this arrangenment over the previously described intra-block
r'epl acenent is that one section, nanely, a redundancy array, having a fixed
nunber of RUs may 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 scheme, although it requires a substanti al
anmount- of additional control circuitry to properly service all the
sub-arrays form ng the nenory. There is yet another FSSR
architecture, referred to block FSRR, and shown in FIG 1c, wherein any
nunber of faul t 39menhdakh ks aregahémauths) abpve sgbfaguaytauoels gphdicthe
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In summary, 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
i 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 redundancj. 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 1like, all
falling under the éategory 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 clasé. of faults,
labeled "retention faults", in which a bit, stored in the
capacitor that forms a DRAM cell, fades away over time 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 configurations and the various
trade-offs may be found in an article by T. Kirihata et al., "A

Faul t - Tol erant Design for 256Mo 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-di vi ded
Array Structure", published in the | EEE Journal of Solid State Grcuits,
Vol . 28, pp. 1092-1098, Nov. 1993; and. in an article by H L Kal ter et
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required to replace them. However, if five clustered defects
were presént, and only. units containing four REs were
available, the replacement of defects could potentially fail
altogethér in the intra-block x:eplacement configuration
(because not enough units would be available within the sub-
array to service this number of faults). Similarly, a 'flexibie
replacement configuration also falls short since, in practice,
only units of the "wrong size" are available to perform the
repair, although flexible redundancy schemes are more likely !
to provide successful replacement than the intra-block
replacement architecture.

Retention faults, on the other hand, occur randomly
throughoﬁt 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,"the'n 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 fléxible redundancy replacement architecture because of
the 1large number of such faults, which frequently may



Yet, FSRR suffers froma distinct disadvantage in that it still requires a
-significant nunber of RUs (and corresponding 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
i'n a weak cell, thereby producing a fault. This problemis of utnost

i nportance, particularly, since retenion faults far exceed the nunber of
‘hard faults. Referring back to the hard faults within a
menory, defects of this type tend to cluster, thereby ideally

ry _ cal 13
ol amont o PEPHRhETh e Rpg ERCERFOLREFT KA Sl SRR RS BT,

itself be quite large, thereby necessitating multiple REs and/ or | arge size

REs to repair S!ﬂﬁhviéw&? £ 1Y i’@i‘e&&ﬁéar@a& dd1 d£SHR- 8aE8Y £8ALAIIELPUT

clustered defects, a_4-elenents redundancy unlt woul d be required to
repl ace th%ﬂ?fiﬁﬂéééﬂ°nlstFQerEPE§FéP§6dd§FE&F§ wegkeptLeBntaudis oand

units contbietRg FfaulitRFs wiitheay arbabbmlyt rmsmmlmmmntmfouwcaﬁs !l d

potentialhﬁ fail altgﬂft er_|i E cLOLras blgpk re%ﬁa%ﬁﬁent conflguration

(because nBT"EhBuFh TS0 g 3@8“ (o HORECHE nerous
burden caused by a complex redundancy area overhead.
Typically, 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
maintain optimum performance of the memory.

Related redundancy configurations, including some of the
categories listed above, are described in the followihg
references: o :

U.S. Patent No. 5,491,664 to Pheian, 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
memoxry 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, 1995, in which a memory having a redundancy configuration
is described such that when an appropriate address signal
défees with the address of a defective cell, a spare cell
provided by Ithe redundant configuration is activated to

replace the failing one.



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
schenmes are nore likely to provide successful replacenent than the

i ntra-bl ock.repl acenent architecture. Réetention faults, on the other
hand, occur random y throughout the mgnory, and their nunber is typically
high; -yet, there is a distinct advantage in that they can be repaired with
a single RE. In the intra-block replacenent configuration, retention faults
can only be serviced by RUs cont ai_ni fixe luralit REs.
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U.S. Patent No. 5,459,690 to Rieger at al., issued
October 17, 1995, deséribes. a memory with a redundant
arrangement - that, in the presence of normal wordlines
servicing defective memory cells, enables féulty 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 dowﬁload.system for programming
decoders for redundancy purposes. The fuse sets can be
dynamically assigned to.the redundant decoders, allowing a
multi-dimensional aésignment 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
wiil 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.



overwhel 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 nenory or clustered therein, wthout introducing
an onerous ‘-burden caused by a conpl ex redundancy area overhead. Typically,
this overhead is divided into: a redufidancy el enent overhead and redundant
‘control circuitry overhead, both of which should be mnimzed to achi eve
good repairability and maintain opti num performance of the nenory.
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architecture schene. This configuration has both, the nenory and the

redundant nmenory bl ocks, coupled to a read bus to allow the redundancy
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spare cell provided by the redundant configuration is activated to replace

t he falllng one.
It is a further object of the invention to use redundancy

units, each of which contain a predetermined -number of

redundant elements.

It is still another object of the invention to improve
the yield of a chip by dynamically repairing any size memory
containing both hard faults and retention faults, by selecting
the most effective and efficient repair unit_of the most

appropriate size to make the repair.

It 1is +yet another object of the invention to
simultaneously cure hard faults, retention faults and sub-
array faults within the 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) configuration.

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

circuit requirements.
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7. : U S. - Patent No. 5,461,587 to Seung-Cheol Oh, issued Cctober 24,
1995, in which a row redundancy circuit is used in conjunction with two

ot her spare row decoders, wherein by a judicious use of fuse boxes,

signal generated by a row redundancy control circuit make irt 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 nenory with a redundant

arrangenent that, in the presence of normal wordlines servicing defective
W t h_redundant
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It is still another object of the invention to provide a
fault-tolerant block size redundancir replacement which allows
a fault .in the block redundancy to be repaired .'and used with
other VSRR uhits.

- It is a further object of the invention to allow a faulty '
RU having a predetermingd{pluralityvof'REs to be repaired with
a VSRR unit having less REs than that predetermined plurality.

It is ye't a more particular objéct of the invention to
repair all the faults in the memory device and in the VSRR
f units in parallel, while maintaining a simple, fast and low

power design.

SUMMARY OF THE INVENTION
A piimary aspect of the present invention is a method of

providing a new and improved redundancy configuration known as
a variable size redundancy replacément (VSRR), allowing for
the use of a more efficient and effective replacement unit
(RU) which is fully adaptable to the size of the defect. This
improved VSRR is intended to elimihate the drawbacks of the
more conventional FSRR (Fixed Size Redundancy Replacement)
configuration that wuses fixed size replacement units,

regardless of the number or the size of the defects.
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U S. Patent 5,295,101 to Stephens, Jr. et al., issued March 15, 1994,
rdescribes a two | evel redundancy arrangenent for replacing faulty
sub-arrays with appropriate redundancy el enents. \Wher eas the prior

art and previous discussions have been described mainly in terns of DRAMs,
practitioners of the art will fully gﬁpreciate that the above
confi-gurations and/or architectures e equally applicable to other types
of menories, such as SRAMs5, ROMs, EPROVs, EEPROMs, Flash RAMs, CAMs, and
the |ike. ) ) - 8- ADVANTAGES OF
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appropri apeughietyOo fitedéPEndE€RRLY controlled variable size redundancy
units to the primary memory arrays, the variable size
redundancy units having each a ‘plurality 'of redundancy
elements; and rep'lacing defective "elements in the primary
memory arrays with at least one of the variable size
redundancy units, wherein the redundancy elements in the at
least -one variable size redundancy unit ©replace a
-correspbnding number of the defective elements in the primary

memory arrxay.

In accordance to another aspect of the invention, there
is provided a method of making a memory device fault-tolerant
with a variable redundancy replacement arrangement, the method
comprising the steps of: configuring the memory into a
plurality of primary memory arrays having each a plurality of
elements"';" coupling variable size redundancy units to each of
thé primary memory arrays, the variable size redundancy units
having each a pluraiity of redundancy elements; and replacing
defective elements in each of the primary memory arrays,
wherein the redundancy elements in at least one of the
variable size redundancy units are coupled to each of the

primary memory arrays.

In acéorc_lance with a third aspect of the invention, there
is provided a method of making a memory device fault-tolerant
with a variable redundancy replacement arrangement, the method
comprising the steps of: configuring a plurality of primary

memory arrays having each a plurality of elements; coupling at
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Yet anot her advantage of the invention is to sinultaneously cure hard
.faults, retention faults and sub-array faults within the nenory, and to
acconplish this without curing one type of fault at the expense of the

ot her. The use of a VSRR configuration m-nimzes REs and
associated circuit requirenents. Yet a further advantage of the
invention is to ensure that the repaint of hard and retention faults in a
menory i s achieved without requiring the expenditure of additional power
and wi thout inpinging on the speed of the nmenory. Still another
advant age Déastﬁeonéve.ﬂi'h.ablles me)rmdxdﬁiald;auiﬁrépltﬁf athie bbDakadit§ of
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one of the variable size redundancy units, wherein the
variable size redundancy unit replaces defective primary
memory -elements in accordance to the number of defective

elements.

In accordance with a fourth aspeét of the invention,
there is provided a method of making a memory device fault-
tolerant with a variable redundancy replacement arrangement,
the method comprising the stebs of: providing a plurality of
primary memory arrays having each a pluraiity of elements;
coupling a plurality of independently controlled variable size
redundancy units: to the primary memory arrays, wherein the
variable size redundancy units have each a plurality of
redundancy elements; providing a block redundancy array
coupled to the primary memory arrays; and replacing defective
elementé'- in the primary memory arrays and in the block
redundancy array with at least one of the variable size
redundandy units, wherein the redundancy elements in the at
least one of the -variable size redundancy units replace a
corresponding number of defective elements in the primary

memory array and in the block redundancy array.

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 better
understood by reference to the following description of
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SUMVARY OF THE | NVENTI ON According to a first aspect of the
invention there is provided a nethod of providing a nmenory device with a
vari abl e redundancy repl acenent arrangenent to make said nenory device
fault tolerant, said nethod conprising the steps of: : provi ding a
plurality of primary nenory arrays each having a plurality of elenents;
coupling a plurality of independentlyxontrolled variable size redundancy
units to said primary nmenory arrays, said variable size redundancy units
each having a plurality of redundancy el enents; provi ding a bl ock
r edundancy emboahineaitd eslf t @heai thywehtbsy BGRRehY ial resjurstition with the

repl aci ng f | ..l e S.1ln.saLd_plLi r In said
bl ock redu% gﬁ%‘a%S?gvl&ﬁ%ﬁ”%ég?é:ggeoﬁégg%xgggggvé$?g%?éﬁs?gglfgﬁﬁhdancy
units, wherein said redundancy elenents in said at | east one of said

variable size redgndangy siithiss &SRR iCO! £FESPEIEH g WADYE Of ﬂﬁefnf‘&f%ve

elenments in said primary nenory arrays and_in_said bl ock redundancy array.

REPLACENMENPEEMEgEed with a conventional FSRR intra-block replacement
scheme, and showing how failing rows in the various sections
of the memory are corrected with REs replacing failing ones in

each corresponding section.

FIG. 1lb 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 selectivély replace failing rows énywhere
within the memory.

FIG. lc shows a schematic diagram of a memory provided

wiﬁh a conventional block FSRR schéme, wherein a good block

' forﬁed-by-a plurality of REs replaces a block of equivalent
size within the memory.

FIG. 2 shows a schematic diagram of a VSRR (Variable Size
Redundanéy Replacement) architecture memory which dynamically
allocates RUs depending 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 showing how the VSRR configuration is used in a typical
DRAM.

FIG. 4a shows a control circuit applicable to the VSRR

configquration, according to the present invention.



-10- According to a second aspect of the invention there is
‘provi‘ded a nethod of providing a nenory device with a vari abl e redundancy
repl acenent arrangenment to nmake said nmenory device fault tolerant, said

met hod conprising the steps of: a) configuring the menory
device int6 a plurality of primary nenory arrays each having a plurality of
el enents; b) coupling asplurality of independently controlled

“variable size redundancy units to said primary nmenory arrays, said variable
'size redundancy units each having a plurality of redundancy el enents;

C) coupl i ngr1@s bl ek §8duNdanes rdf I aYab@amdi £bPI i €&t Ye MRITOT Y hal I A¥RR
replac ng defective el egents in said primary menory arrays and in
sald bl ock %u?%?wﬂnﬁﬁ E8G-e48 one of said variable size
redundancy units; repl aci ng a correspondi ng nunber of
defective el emyyes 18.5a) py TBENCHERREY SF1 QY BAUCK 32LErBHOCKs the
ements in said at Feast one

redundancy arra MAt sal redundan2¥

vari abl e Fesa 1¥%ﬂﬁﬁﬁaﬁ§?ﬁnﬁ@9t§ﬂb ecoder s )accorgéngdit®y hhel qresent of
r edundancy nwen@liigaes and di sabling a correspondi ng defective one of

wor dl i nes. According to a third aspect of the invention there is
provi ded a nethod of providing a nenory device with a variabl e redundancy
r epl acenent arwangenﬂﬂt1B0tﬂﬁketSﬁidgWﬂﬂagraﬁﬂdppliaaﬂnetﬂbetw@nbfﬁéﬁ

met hod co r|S|ng providing a plurality of primary
menory ar ygrggbﬁfﬂguﬁ% Hg blurallty of elenents; coupling a
plurality of independently controlled variable size redundancy units to

ﬁgi/f'ngr ;”glr ﬁr gﬁ&t_@{/ y g?r aﬁéict?hdtiéﬁibaﬁ' PusbZPat O WA getih L FLARY g
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
i
diagram of FIG. 6a.

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

FIG. 8a is a schematic diagram of the priority decoder
used for the line and block redundancy configuration of FIG.
7.

FIGs. 8b-1 and 8b-2 are timing diagrams applicable to the
block diagram shown in FIG. 8a.



repl acing a defective variable size redundancy unit with another variable

. size redundancy unit having | ess elenents than the nunber of said el enents
in said defective variable size redundancy unit; and repl aci ng
defective elenents in said pri.-mary menory arrays with at | east one of said
vari abl e size redundancy units, wherein said elenents in said at |east one
.of said variable size redundancy uniigds replace a correspondi ng nunber of
defective elenents in said primary nmenory arrays A primary aspect
of the present invention is a nethod of providing a new and i nproved
redundananEBEMEnunﬂSGREETmmm QE THEaPREPERRED ZEMBOOIMENTSY replacenent
(VSRR) , aIIomA re off t ctiv enpent
unit (RU) whic (yfn]% H§ %%I g'ItE'O t% Eﬁ%ggofa%]hgﬂéaﬁec% % saﬁgn]f)(ggved
VSRR i's | ﬁtléﬁeréal of & mﬁmme PHevidednatkh @fvawealnvbeeseéﬁvﬁﬁ@umnqasRR

(Fi xed Si zepRadendaicy %@@Imeweabhfci@ﬂisaﬂ%ﬁtlon t haty uees fimed PR
repl acenent gnlts regar dl ess of thghnﬂﬁb or the size of the defects.

BRI EF DESERPAHOEHAEE O hRETF NEsea COMPTiSESe thehtSYRR nBBPEa: ©f
aspect s aREsad\tmt amoérrhhgemamenumauaeé tahelwalartywfofit RgsNI RGdHIEM
w Il beco en n h vent j on self be bet r
inder st oofoBy o AR cVag AR b Syl A 0REL? ebrfogpr© S LRE vsre
arrangement, all the REs in any RU are simultaneously 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,,, 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 repair' a fault caused by a missing
bit-line or a short occurring between elements. RU,, .,, RU,,
and RU,, érefpreferably reserved for handling larger faults,
such as a defective decoder, and the like. The RUs are
controlled f)y 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 fof:the repair while minimizing any penalty in the RE
area allocated for that purpose. Shown below (Table I) is a
comparisoh between the FSRR and VSRR configurations depicting,
for each category, the total number of elements and redundancy
match detection decoders that are required for repairing a
hypothetical fail distribution. Let the domain be defined as
requiring the repair of one 32-element-fault, one 8 element-
fault, two 4—elément—fau1ts, four 2-element-faults, and eight
l-element-faults.



12 enbodi nents of the invention taken in conjunction with the
accoripanyi ng drawi ngs, the description of which fol | ows. FIG la
shows a schenatic representation of a nenory provided with a conventional
FSRR i ntra-bl ock replacenent schene, and show ng how failing rows in the
various sections of the menory are corrected with REs replacing failing
ones in each correspondi ng section. 15 FIG Ib shows a schematic

di agram of a nmenory provided with a conventional FSRR fl exible redundancy
repl acenent schene, wherein an array. of REs clustered at one end of the
menory is used to selectively replace failing rows anywhere within the
nmenory. FIG 1c shows a schematic diagram of a nenory provided with
a conventional block FSRR schene, wmssm 2 good bl ock fornmed by a
plurality of REs reBI aces a bl ock of equivalent size within the nenory.
FIG 2 sh a_schenmatic

ﬂ?é N fﬁfﬁﬁ?ﬁﬁTﬁf=§ S Varant & of 7e Regunpaney
Repl acenerdt) ¥aPEnFRBAES ¢ nenbry wnﬂgh_dpﬁé icallly 4llocated RUsTﬁépéﬁaing

upon the tiyppaand §kze off fagpt ﬁreqﬁnt hegei n,| acgord|ng t0 t he preéqrt
i nventi on.

VSRR : 32/1 8/1 8/2 8/4 8/8 64/16 "
FSRR 32/8 8/2 8/2. 16/4 32/8 96/24 H

! number of REs/number of RUs

The above Table assumes FSRR requiring four elements,
with one decoder to be replaced regardless the size of the
fault. To repair all the assumed failures, FSRR requires 96
REs and 24 redundancy RUs, whereas VSRR requires.ohiy'64 REs
and 6 RUs. More particularly, referring to column 2 of TABLE
1, there is shown a total of one 32 clustered defect that
needs replacing. Under VSRR, one unit comprised of 32 REs is
sufficient 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 confiquration, there will be a

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

Referring now to FIG. 3, there is shown a schematic block
representation of a 256Mb DRAM chip 10 consisting of sixteen
16Mb units 15. For purposes of discussion, it is'éssumed 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 replacement and to the flexible redundancy replacement,



FIG 3 is a schematic diagram of an overview of a 256Mb DRAM show ng how

the VSRR configuration is used in a typical DRAM FIG 4a shows a
control circuit applicable to the VSRR configuration, according to the
present invention. - 13 FIG 4b is’a

timng diagram applicable to the VSRR configuration shown in FIG 4a.
FIG 5a is a schematic of a block diaggam of the redundancy unit control
decoder, -according to the present invention. FIG 5b is the-tirm ng

di agram applicable to the block diagramof FIG 5a.
g ppby gesggning in each cogf?guration 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 Ouf.put circuit (not shown).

Unlike the conventional intra-block replacement, each 1Mb
block is devoid of any redundant wordlihes ({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.
RU,, and RU,,, each consist of eight and thirty-two RWLs,
respectively. This makes it possible to select the most
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 example, enabling the redundancy cii:cuitry 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



FIG 6a depicts a typical fuse latch arrangenent FLAT and a master fuse

| atch arrangenent MFLAT controlled by the circuitry shown in FIGs. 4a and
5a, for replacing faulty elenents in the nenory. FIG 6b is the _
timng diagram applicable to the bl ock diagram of FIG 6a. FIG 7 is
a schematic diagram of an enbodi nent a?plicable to the block FSRR
architecture of FIG 1c, wherein a RE'fn a line redundancy array corrects
defects in both, the prinary menory array and in the redundancy bl ock

array. redtth&andd b%m@f%&ﬁygﬂ'dbﬂﬂfiyfﬁglOn O?e&ﬁg%%' ©Y% dg%&%ﬁﬁdéﬁgéb L

f the | and .bl ock redundancy caonfi.gu
agé 8b-ez 1325 t?m’nﬁe’a?sg?ﬁﬁéléﬁﬁrisc&@ gesgribedopser iaradvamlsoRPniies G

8a. to the combination comprised4of 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
better perfbrmance, these are most advantageously positioned
at ﬁhé bottom of the redundancy block.

Referring now to FIG. 4a, showing a block representation
of the variable size redundancy replacement (VSRR) control
circuitry, the control circuitry includes wordline decoders
(WLDEC); redundancy. wordline decoders (RWLDEC); variable
reduhdanCY' unit control circuits .(RUCNT), represented as
RUCNT,,, RUCNTg,,, RUCNT,,,,, RUCNT,, and RUCNT,,; wordline
driver (WLDRV) and redundancy wordline driver (RWLDRV). To
illustrate the operation of the 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 the 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
activé within the 16Mb units, at the expense of only minor

modifications.

The detailed operations of 1) standby mode, 2} normal
active mode, and 3) variable redundancy active mode, are

described hereinafter.

FIG. 4b shows the timing diagram for the most relevant
signals: address ADDs, node N, node N, , WLON, WL disable
signal bWLDIS, RWLEs, WL, and RWL, referred to in FIG. 4a.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring now to
FIG 2, there is showm a schematic diagramof a nenory provided with a
vari abl e si ze redundancy repl acenent (VSRR) configuration. Unl i ke
t he FSRR configuration, wherein each RU conprise$ the sane nunber of REs,
the VSRR arrangenent includes a plurality of RUs, each containing a

vari abl e nunber of REs. Mreover, in ##He VSRR arrangenent, all the REs in
any RU are sinultaneously replaced in any given repair. By way of exanple,

RU i.e., + nRU U U ,
U orr] R or TR A7) SERREEY RBAbr (ML e B oy ot

RU err] (ie&2& Jﬂi)err heRUE@PF]—‘?l RuERe r FLON Fepains @y fonkP¥t ofhichyp
4, 8, and 33 sBBled aspPecthyelys And MRS r{an |dt reppi regagtileke st el t.

A f the RU Il ,r a fault db bit.-|

sﬂ)c/)r? OCCEIS erB %én 8o g‘r’n.;ha'I £ re&%ﬁf’é‘%ﬂﬁsgﬂu[éf Tﬂ%\%ﬁﬂ%‘[ e‘%‘ﬁpl §q9r°?
pr ef er abl yRMémc/emltfmxt hulndlang bdr gédve foaatiptus, RWIgh @ BUQNTecWhen the
d d Ih
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redundancy un cir era Jjacent to tIﬁe
r edundancy i§l aekive. (but VSRRbQF'—Ihdws Whenn%tl%fef@chll% &he ehivienher® to

be used foﬁ:hbh%or—%%ﬂ'lred’w}idﬁnﬂ naat;vagmaaa PRDBbENatRvERY, REndNeRWL is
al l ocated for that purpose, bel ow &Tabl e | g 1s a conparison between

the FSRR afGti¥rg nf‘l"@h‘?}ét |ddf§§‘kd7cﬁﬁ c¥ihg, ther L8t EFFRFTIhetPotaF
nunber of - pegmgntin ame nestiuntdasyy nacthvdensgei on decoders that are
required for repairing a hypothetlcal fail distribution. Let the donmain be
defined as requiring the repair- of one 32-element-fault, one 8 el enent-
fault, two 4-el @merd -howmkad, aohive-ndédepnallathes refquhdanghtword lines

1-el ement 'Eﬂgbtlﬁ"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.

While in redundancy 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 1is 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 operatién while

in redundancy mode is described next.



TABLE I[err] #of Faul ts 1 1 2 4 8 Total

“Faul't " Si ze 32 8 4 2 1 VSRR 32/ 1
8/1 8/ 2 8/ 4 8/ 8 64/ 16 FSRR 32/ 8 8/ 2 8/ 2
16/ 4 32/.8 96/ 24 1 nunber of REs/ nunber of RUs The above

Tabl e assunes FSRR requiring four elenents, with one decoder to be repl aced
-regardl ess the size of the fault. Tol1®epair all the assuned failures, FSRR
requires 96 REs and 24 redundancy RUs, whereas VSRR requires only 64 REs

and 6 RUs. Mor arti,cul arl erri | u th e|s
shown a total %P golﬁ‘éd'é?d@ tg‘l"g gg?“fihg MY ?eéipﬁgckﬁg ncft

one unit sohprated dthg2 amqprﬁlﬁél 8WBEt nltiqmptaq)r thiee defréval Unflera
FSRR, ei ght ﬂaBE%nV“Wd.(nge &ﬁ%u'&&%éﬁ&p;bﬂ&tbs sareriedlldo BY gy of a

second exarrple referri nqlto col um ABLE 1, there are 8 single
redundancy mat 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 detoding makes it possible for one
RWL to become active (without incurring in speed penalties) by
means of apprbpriate addressing, which had already been
previously decoded when WLON switched to a high.

RWLDEC is provided with a variable size redundancy
decoder that makes it possible to implement the VSRR
configuration of the present invention. By way of example,
for a single wordline replacement no decoder is required, and
the RWLE signal generated by the RUCNT directly controls the
appropriate RWLE driver. A 2WL, 4WL, 8WL,and 32WL replacement
requires 1 bit (1b), 2 bits (2b), 3b, and 5b decoders,
respectively, at the corresponding RWLDEC. This, in turn,
activates the appropriate node N; in accordance with address
inputs ADD.



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
achi eve the sane result. Referring nowto FIG 3, there is shown a
schematic bl ock representation of a 256Mb DRAM chi p 10 consi sting of

si xteen 16Mo units 15. For purposes of discussion, it is assuned that the

- 16My unit 15 defines a '"domain', i.e20 a fault which can be repaired within
the 16Mo unit, and which is to be referred, hereinafter, as a flexible

r edundancy rele[%cf%r@\n%q}&pet&gf@ gongén ndsg%qﬁ%%ﬁgggggﬁg@?écgﬂfl ur atlon

accordi ng I nve applie
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16 by desh@rbly threagh cRObNEUrarhes ac{EaYief MArpahaddazed sRYs that
are to reBI ace _clusters_of defe The 16My unit, havin g 8, 192 (16 x 512

per 1M b &BE?%HdIQQeEuF(W}at‘E%}ﬁ@ FLATS dTiviagn 21899 S {-sﬁblalal“ays)
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sel ected yRgR ReR@ht .CHt21sMbtermined by the number of bits for each
RUCNT réquired by the VSRR configuration. Additionally, 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.

In order to enable a RUCNT, the master fuse needs to be
blown. As long as the master fuse remains intact, the output
MF of MFLAT (FIG. 5b) stays at 0. The output RWLE of the AND
gate, therefore, remains at 0O, pegardless of the address.
When the master fuse 1is blown (MF set at 1), RWLE is
controlled by the combination of outputs of FLAT, i.e., 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, thereby RWLE switching to 1.



(out of 16) block is activated. (Note: only one W. 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 anplifier 28 anplifies
t he. charge on bitline BL. .The anplified bit-information (i.e., the data) is-
sel ected by ‘the correspondi ng col unm address (not shown),: and is
transferred to a Data Qutput circuit o4not shown). Unli ke the
conventional intra-block replacenent, each 1M bl ock is devoid of any
redundant wor dl i ReSegRibs) .ndw 128KbF F@duhdantyhddeocks wishlowan s& xsedrematic
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circuitry 2&%@@@&6@12'.' ThB8eSstdtl Hf Rolded RO|, "RiYar§Mizaatay1hfched
Instead, 1 out of the 64 RWs (redundant W) in the 128Kb redundancy bl ock

22 is acti vaRefMOPhelRffeh aCigT Wi ts n80, 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 6r 1, resulting in an address and fuse match

detection.

Within the circuit FLAT of FIG. 6a is included the
circuit MFLAT (or Master FLAT), which is shown alongside with
appropriate timing curves (FIG. 6b). The CMOS latch, formed
by 60, gS and 68; is set during the power-up phase of the chip
by FPUP and FPUN, as depicted in the diagram. If, during
power—uﬁ, 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 in RUCNT (FIG. 5a) is disabled . If, on the
other hand, fuse 83 is blown, then, at power-up, NO, N1 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.
5).



17 redundancy conbi nation conprising NMOS devices 20, capacitors 25, and
‘'sensé anplifiers 28 described previously also applies to the conbination
conprised of 30-35-38 . The detail ed operation of this control circuitry is
descri bed next. The wordlines in the sixteen 1My bl ocks and the RWs
i n the redundant bl ocks are controlled by the appropriate variable size RU
control circuit RUCNT 24 of FIG 4a.22For better performance, these are
nost advant ageously positioned at the botton1of t he redundancy bl ock.
Referring now t | G ., 4a, show ng gﬁf ,{ep sent at.i on qi t he variable

si ze redundancy’FEPFELBRenPOMSAR) 5‘ rol’rcir ﬁ%)ﬁlﬁtuf Bt r oRPCEPEE try
i ncl udes vemisthd iveexte cofletise (WEESHL iﬁdendaony namely nea diznotierso I &ALREC) ;

vari able r. , I
R PR RO R B RSB 2o e
driver (WIRFenitPratupbiaskyanehdteséuge 9ér FIRW.BRW Ammamtmameryhe
operation é&fré{lelysalilmf&g&t ’tH@r@ant he thRSRHed N4 %E.u@s%qisd

t he di scussion, |let us presune that _.only _one of ei.ther, out o 192
i he seraaye 07 Lb T8RBenad ARD-tam o R PIoEK meRSATAY A BERY 2,
is active igsot Inﬁ.—e’&ﬁal‘s&hhnry tpoldi £ fbed Pt ﬂ?reabbrttbnnefsuoé ﬁﬂ‘lﬁnﬁjr Héhbry
readily ap reciatge t W s Ry be active . wi.thin E‘ 15Nb

units, brinoashpingd $o Tifealsd {EV1 2850 0hE allebdd Las. Pelbe
operat|oniuﬁthgrsassmmgdnbUep SybnemmaW'AdﬂlwatMDoetheamtﬂ@anﬁnmemmey

redundancy,,4GH} VE-PYfns ¥ CL4EGET hilhelelc NBldAs (1abeled X). Block
redundancy 150-can, in-this instant case, be used to replace
éub—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, irrespective if a primary memory array, a redundancy
block array or a redundancy unit (in the VSRR configuration).
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.

In accordance to the present invention, and further with
reference to FIG. 7, the redundancy array 130 is now
structured within the memory device as having the capability
of correcting defects within the block redundancy array,
allowing 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 assigning RUs contained in the variable redundancy
array 130.



FIG 4b shows the tim ng diagramfor the nost rel evant signals: address
ADDs,” 'node N, node NR, W.ON, W disable signal bW.D'S, RWEs, W, and RW,
referred to in FIG A4a. 18 Wi le
in standby node (i.e., when the chip is not enabled), the control [ine W.ON
remains at a low, which disables all the W.s and RALs (all at 0),

regardl ess of the state (i.e., "don'tzscare” condition) of the WDEC output
N, of RAWDEC output Nerr], and of the out put RALE of RUCNT. When Ege chip
is enabled (i.e,, in the active node), either W. or RAL i s active ut not
bot h). vhen Vi ThecRapfdguratd athiqf difiGer I FRY 9TEERLEY REr Mdrvad area
node. Al t ecombinatyonwoan v mvaﬁtwat edn(c\edpntehdéss:a:hlb@ﬁ Y!ﬂ thaev@i'dnp I's
referred t t ungan atl\ze n_a_nor.nal
active mdgogffgs%ﬁgl?gdt?%a% é’jwo?d Pné ér’Tg e sFé‘r?albllﬂﬁ;]ﬁ FemtirAanecya

| ow, keepi ﬁﬁr@h@emﬁﬂﬁutsbp\jﬂal ixbWI%S) 1of. t heRUmr #itthd ndi €hbl evariabilie

WLDI SGEN ateduhdéhcy T RS ra ?ﬁ 313@%9)9%13{1' eQraf d%&%cw'éﬁlrmﬁ' rgsﬁ 8§'art!h%n
will be described hereina 6 uni t

enabl ed, 1BHPAEFRES rlﬂporlr?ﬁl% 1‘% FPSn?#@erEeﬁﬁnﬂEE}EE aé?i%ﬁﬁlh@()enéfnode
N out of 8BtH&Znurlbes sBkésfettpowsthliea hOsub-array, e.g., 114, is found

to exceed a 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, t_'here is shown a schematic .
diagram of the priority deco&er, 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 redundaricy array 150 to be simultaneously checked for a
redundancy replacemént, resulting in no-access penalty.
Therein is also depicted a block diagram which includes: two
variable size RU control circuits RUCNT0 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
driver are not shown in _FIIG. 8a, although a parallel may be
drawn to, corresponding elements in FIG. 4a, via nodes N and
Ng.
reference to FIG. 4a.

The basic control flow is the same as that descrlbed with

Four operations are applicable to the above
configuration: 1) normal operation, 2) variable redundant
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),



activate one W. out of the 8,192 when the signal WON switches to a high.
"Whil e in redundancy node, activating the redundant wordlines RAL is
controlled by a two-path decoding: a) through RUCNT, and b) through RW.DEC.
As previously explained, a RU consisting of several REs is controlled by

t he appropriate RUCNT. Each RE in the RUis controlled by the alternate
‘path-b), i.e., RALDEC. Both decodi ng2paths work in parallel, and a final
decodi ng of the results of RUCNT and RW.DEC t akes effect in the RALDRV.: A

detail ed scription he ope ton while in redupdan made i.s. descr.i bed
next . c1:"3}1e output I%{ILIEBLK oP ﬁﬁ&hg‘m( regains at fls Fgéﬁh’ é‘l - d@nfis
typi cal | y Ri8isectedbey duGNfelhbdclimcthey ahaanthe degprdpeidat ELORWEBRR i dn t o

the arriv ' I ON. (The detection phase is referred to as the
redundanc?eﬁfagtrc%%egée%‘tﬁ‘g%'\é\%ése). This forces the signal bWD S at the

out put of WDI SGEN to switch to O, thereby inhibiting the wordlines in the
16Mo unit fromyifioQm iy msdé Ve) , i Ngwife KNI radwndaec puiod et gction

phase, an alterpat ath for _selectjng an RE jn %:ie | east one RU i s_decoded
i n RW.DECA 1 yhem, NLON S5t tChes AR Dec tihe gorresponding (L 1s
address dnidblrethtbywthe sappebppiatet hedeonNtesponding Nl err] to a 1. The
nunber of address bits used for
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 appropriate RWLE and node N,
switches to 1. The switch of RWLE to 1 makes bWLDIS switch to

0_,- disabling the appropriaté WL in the primary array.

Vhile in mode 3), all RWLEs remain at 0, keeping bWLDIS
at 1. Alternatively, RUCNT,,,  detects a block redundancy mode
" impacting RWLE,, depending on the state of the node N,. Thik
enables BWLDRV and disables WLDRV. Accordingly, when signal
WLON switches to 1, the corresponding RWL in the block
redundancy is activated, disabling WL.

While in mode 4), RUCNT,, and a variable RUCNT detect
the block redundancy replacement mode and the VSRR mode,
simultaneously. 'However, only RWLDRV (in the VSRR
configuration) is enabled, because of the high value taken by
bWLDIS, concurrently disabling WLDRV and BWLDRV. It follows
that VSRR takes precedence over the block redundancy
replacement mode. Alternatively, VSRR has a higﬁer priority
than the block redundancy replacement, which is achieved with
DWLDIS 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



RWDEC sets the bits required for decoding the appropriate nunber of REs
‘In ‘the correspondi ng RU. This path is independently controlled no
matter if it is in a redundancy node or in normal node. The final decision
to activate an RAL is determ ned by the decoding result of Nerr] and RALE
in RALDRV. The aforenentioned two path decodi ng makes it possible for one
"RW. to becone active (w thout incurrddng in speed penalties) by means of
appropriate addressi ng, which had al ready been previously decoded when W.ON
switched t. p i.ahhe si

redundancy gecoger t RS sPﬁEtC"%glés.E ‘g’?gk sgﬁuitgﬁ%ﬁg@SRﬁzﬁhough
conf i gur aﬂ:h@ndgpltsn@rppésmthewm¢mlcay Jvﬁayﬂa(ﬂe exdiypracts dratesiwgte

wordline ggpl ?ﬂ@f‘itﬂj‘o AR, | S THRAWB&SFL aagcichseﬁl\/\'e%n%e%m@ c%n%ét ed
by the R rectly controls thi %elpro riate RV\LE driver
b

8W., and 3SWESFEHV: pPligsliteeallpwyp fagiytolerant §’a(r2‘tﬁbl%b51%‘ﬂ0m5b
decoders, cbﬁaaemm\gelay mﬁﬁbéheoﬁodéEéﬁﬁmde NBERVLOECepaibi de fier tilfd), RUs
activates tkﬁﬁ %%%r(%prdlp Oéjn?a g{.rillzg accordance with address inputs
ADD. 20 Referring now to FIGs. 5a

and 5b respectively, there is showm a block diagram and t-he tim ng di agram

of a single RUpfNLELeRl’ $HVenBYON dellirSneh ks ih Sndlf BE W Uil din
many different memory configuration schemes. While the
present invention has been described in térms 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. -



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 nunber of fuses that are required for
each variable replacenent. It is determ ned by the nunber of bits for each-
RUCNT required by the VSRR configuration. Additionally, one nmaster fuse
M-LAT is al so needed for each RUCNT. 26 For a single bit replacenent
RUCNT[ err] 13 bits are needed to decode one of the 8k wordlines in the 16M
unit. This requires 13 FLATs and oneciagier FLAT (MFLAT), |abel ed 13F+1MF
in FIG 4a. For a 2W replacenent RUCNT[err], one bit can be saved,
resulting in 12 fuses and one nmaster fuse (12F+1MF). For 4W., 8W and 32W
repl acenert.s, 1,méthaddof fpisesidingoae mEairgr déisﬁ:@.r@;theapeiﬂii/&!bjm
requi red per (L1E+ 10F+ +1\VE i n of
its operation f%omééﬁémt%nc réyﬁﬁggg §E t%r]}earln%%xggﬁé WSF%

fuse needs to wmmaw&tlbﬂgeaénthesmdt aethgde compailad nignttde stthgs

out put MF of MAT (FIG 5b) stays at 0. The output RALE of the AND gate,
therefore, remains at 0, regardless of the address. Wen the naster fuse is
bl owmn (MF set at 1), RWE is controlled by the conbination of outputs of

FLAT, i.e., FARD &S0Piguriakesdid Omévﬂ@ﬂytaev@@ér 4PN Ngladdnassy | eput
ADD fails to__match the pro fuse informatio
A Cer nat el y. BB S0 (Y o SEEh FRYIE6  886BnaF ndb S hE¥hes The

programed fuseledertteni i on. Onl y when all the fuse programred addresses
match the ADD i nputs, and MF is bl own, thereby RALE switching to 1.

b) coupling a plurality of independently controlled
variable size redundancy units to said primary memory
arrays, said variable size redundancy units having each
a plurality of redundancy elements; and

c) 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 variable size redundancy unit replace a corresponding
number of said defective elements in said primary memory

array.

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

3. The method of claim 1, wherein said variable size

redundancy units are controlled by a varlable 51ze

HlI\II\ I IIIII 1l

redundancy control circuit.
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21 Referring nowto FIG 6a, there is shown a schematic diagram for
"the fuse latch FLAT, wherein FLAT is depicted as an address-fuse
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
diagramof FIG 6b. If fuse 83 is not blown at power-up, nodes NO, N1, and
‘N2 are set to 0, 1 and O, respectiveld. Alternatively, if fuse 83 is blomn,
nodes NO, N1 and N2 are set to 1, O, and 1, respectively. Those states of

nodes NO, N2_ar, ed..in ch .Ci rcu1 S a nd 68.
Ei t her of. ‘ne ?:%E% mek g l‘?b g hd ¥ r&}é‘n 825@5 &%y bh R4
state of nodes MNdumdahRy AﬁumdaA» D flurbhesxt edobyrouedl by69ddresesdume ed

to the CMOS trafsiss;at fs,4Q .and 75, respectively. As long as the fuse
f emai ns mtacta‘{@ 1i8g %a the, output FADD of FLAT 47 fol | ows ADD. \Wen

the fuse is bl own, FADDfoIIows ADD. FADD swi tches to 1 when both ADD and
the fuse are either O or 1, resulting in an address and fuse match

det ecti on. Wthin the circujt FLAT. of FIG a i.s included the
T ool OvaaT (TS WBSEBPOrBAC AR b T endhenh il snamelts: G0 PBR: P o
timng curves (dfdid rfdgunddvecNIE ¢ tscimu i termesstidiyy &&pl%:eaadcﬁi&stm: Bt

diagram 11, AEsSeE s Lapeifal doh sitd myil Helbe R e e

(al so referredto as MF) switch to O, 1, O, respectively. Wth M

6. ‘The method of claim 1, wherein said variable size
redundancy units are controlled by matching detection

decoding means.

7. The method of claim 6, wherein said matching detection

decoding means further comprises:

a master fuse latch that includes a master fuse coupled
to a comparator; and

a plurality of fuse latches haviné each a plurality of
fuses and comparators, said fuse latches being controlled
by address iines, wherein said fuse 1latches are
respectively coupled to gating means, and said gating
means generate a signal that enables a redundancy

wordline driver and a wordline disable circuit.

8. The method of claim 1, wherein said elements in said
primary memory arrays are selected from the group

consisting of bitlines, wordlines, single bits, multiple

* [ L M S *

bits, single words and multiple words.
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at 0, the AND gate in RUCNT (FIG 5a) is disabled . If, on the other hand,
fuse 83 is blown, then, at power-up; NO, N1 and N2 (also referred to as M)
switch to 1, 0, 1, respectively, while M- is at 1, which enables the AND
gate in RUCNT (FIG 5). - ' 22

Referring nowto FIG 7, there is shown another enbodi nent of the present

i nvention, nanely, a fault tol erant H8ock redundancy repl acenent
configuration applicable to the conventional block architecture of FIG 1c

. Aprimary nme arr is illustrated,thereip,.str red, lugal ity
of sub- arrgys (r)r%‘% (Pﬁ%‘éf)gd do- ﬁ'g?}" AlB| g‘i’:tlié{r]eehﬁn anc&jy g’%rxglf/aqj's% élz?
preferably posi reduadamcy it txepldce e qusten ofe defpCidvg elienmemtaned

to contain at |gast N& depLEhariet mdndis - fattfa assuUNBH t hal s PEERY
114 within the prigary nenory array contains a l'arge nunber of faults

(1 abel ed X). Bl GEPlPé:)(éﬂ\?d’afndW‘i%O can, in this instant case, be used to
repl ace sub-array 114 in its totality. Practitioners of the art wll
fully realize that defects can occur in any of the sub-arrays that formthe
menory device, irrespective if a primary nenory array, a redundancy bl ock
array or alPeduffiencmethotl (ofi ti@a¥BRRlcovhexeini @@did variable size

redundancy units replace a cluster of defective elements
in said primary memory arrays in a flexible redundancy

replacement mode.

11. The method of claim 1, wherein said variable size
redundancy units replace individual randomly distributed
defects in said primary mémorj arrays in an intra-block
replacement mode.

12. The method of claim 1, wherein said variable size
redundancy units replace individual randomly distributed
defects in said primary memory arrays in a flexible

redundancy replacement mode.

13. The method as recited in step c) of claim 1, further

comprising the steps of:

providing at least one wordline coupled té6 a wordline
driver, said wordline driver being controlled by a
wordline disable circuit;

providing at least one wordline decoder coupled to at

least one wordline driver, said coupling being provided

A

by an address line;
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As such, the presence of a defect in the redundancy bl ock array can pose
serious performance problens in any replacement scheme, since redundancy
arrays are presuned to be good, when in reality they may be defective.

I n accordance to the present invention, and further with reference to FIG
7, the redundancy array 130 is now structured within the nmenory device as
‘havi hg the capability of correcting #fects within the bl ock redundancy
array, allow ng a defective bl ock redundancy array to replace |arge

portions of th | PMRLY arcay. T nabl e such_a repai.r,  r cy bl ock
150 is tested,%%H%Vg§§xge?5c¥§afgh%ﬁghﬁgéiﬁﬁéqgﬁjﬁ%ﬁ%&%ﬁbﬁ?ﬂgﬁgﬁg ¥o’a
cont ai ned in theedundanty weaddddaecyrdveay 130.

23 The configuration of FIG 7 nmay generally be viewed as a

conbi nati on of the jinventive concepts described in the VSRR configuration
of FIG 2, as dfHPEingoatndeprdc PN dsiyRfancar Fergddast deaesGr o &F G

1c. RUs w thimédet rié addindohidy arnmd Jameairi 38 r¢ asa 1d e cus Bi g f1sei sg
within any of the sub-arrays 100:115 qr. in the blg rqgundanc array 150.
& s fiddHey

't the number dT-ILtRRdiamn aRdE S LAney, 5934 2 one’ ek

n
wordline driver being controlled by one of said

redundancy wordline decoders; and

providing 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.

lé. The method of claim 13, wherein said redundancy wordline

i drivers respectively control a plurality of redundancy

~ wordlines, and wherein said wordline drivers respectively
control a plurality of said wordlines.

15. The method of claim 13, wherein said wordline disable
circuit is controlled by said at least one variable size

redundancy control circuit.

16. The method of claim 13, wherein said at least one
variable size redundancy control circuit is an AND gate.

R
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to exceed a predetermned nunmber, initially, block 150 is nmade defect free,
“and only then it is used to replace sub-array 114. Thlsmgpﬁﬁqmawdto

FIG 8a, there is shown a schematic diagramof the priori
according to the présent” invention, that orchestrates th f
defective arrays within the nenory wwth a defect-free bl ock redundancy

“array. The priority decoder allows pPimary array 114 and bl ock redundancy
array 150 to be sinultaneously checked for a redundancy repl acenent,

resul ting{-n ng; p I Therein | (o] I Gt bl ock _di_ agram
whi ch i nol'Udess: thg uat! Sal PRI 8 hEnBral Tl Sk on otk . a
bl ock redundan@&iz®nredungiansy t rROCAFEReRT | agugragigemendi shol angjederswtiot

W.DI SGEN, wor diniedbeF i #0881 WORVe r A8EUNGANE YmWPHh 8 | BEmPE1 Y EhgRYRERY
bl ock redundang)y wordline drivers BW.DRV. WL decoder V\LDE%, RW. decoder

RW.DEC, and bl i redundancy W. driver are not shown in FIG 8a, although a
parall el may be drawn to corresponding elenents in FIG 4a, via nodes N and

N[ err]. The basj Q flow js sane .as th described with.reference
to FIG 4a. AO%éI%‘%‘{ﬁig opera i'gﬁgsryaggltaoapgﬁli lalb]feazfltsfoo t RE1™3 i ¥ove
confi gurati on: memnony refraperbavbng ejckaza i pbiral tdvndfinelepentsi;on, 3)

bl ock redundancy operation, and 4) a repl acenent node operation, wherein

faults in the block redundancy are replaced by a VSRR arrangenent. During
operations 1) &e@pding a plurality of variablé size redundancy units to

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

elements; and

replacing defective elements in each of said primary
memory arrays with said redundancy elements in at least
one of said variable size redundancy units.

i . i

18. A method of providing a memory device with a wvariable
redundancy replacement arrangement to make said memory
fault tolerant, said method comprising the steps of:

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

coupling at least one variable size redundancy array to
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 elements; and

replacing defective elements in said primary memory

Ll
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24  the output RALE[err] of RUCNT[err] renmains at O, allow ng Ws and
RWs to be controlled in the manner described for VSRR in reference to FIG

4, While in node 1), all RALEs renain at 0 and bW.DI S at 1.
Accor di ngly,; .when WL.ON switches to 1, the corresponding W. i s enabl ed by
t he appropriate node N. Wiile in node 2), the appropriate RALE

swtches to 1, forcing bW.DIS to 0. Asz result,. when W.ON switches to 1,
t he correspondi ng RAL sel ected by the appropriate RALE and node N err]

switches to 1. The sw f to 1.makes bWDI S swifch to O, disabling
the appropriate W inatg%y%ri%;g a‘?ff a;%.eaS% NG te §%1§Dd'€%5éb Pl RAES
remai n at 0, keeping PedDingagicyl. whibspnat whekeinRUSNE|der réaxibabies g idock
redundancy node i npactdclghndAbther Ghitereagy n S f: Jdhe. _nade

Nl err]. This enabl es BV\LDI%V anc}?di séLbI.es e\[%e/g Z\;Icgc}(;%r dlhﬁgﬁc?:lv\hé;npsril Y
W.ON switches to 1, tRETOEH &IFHRILR IRNWBSCROGRaCS sekthedDnakesy dfs said

activated, disabling Wefective Wlidneerits Node 4), RUCNT[err] and a variable
RUCNT det ect the bl ock redundancy replacenent node and the VSRR node,

si mul t aneousl y. However, only RWDRV (in- the VSRR configuration) is
enabl ed, because of the high value taken by

19. The method of claim 18, wherein said variable size
redundancy unit is controlled by a variable size
redundancy control circuit. ' '

20. The method of claim 18, wherein said elements in said
variable size redundancy units are further controlled by
addressing decoding mé.ans.

21. The method of claim 20, wherein said variable size

redundancy units are integral to at least one of said
primary memory arrays.

22. The method of claim 21, wherein said variable. size
redundancy units are integral to at least one of said
redundancy arrays.

A
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bW.DI S, concurrently disabling W.DRV and BWDRV. It follows that VSRR takes
precetlence over the bl ock redundancy repl acement node. Alternatively, VSRR
has a higher priority than the bl ock redundancy repl acenent, which is
achieved with bW.DI S gating both W.DRV and BW.DRV (a function which is
referred to as priority decoding). It is, therefore, possible to repair
faulty elenments with other VSRR neans3gven when a faulty elenent is part of
a redundancy block. There is no access penalty because the natch

det ections,ef th emlélt(?ﬂq( royidin ng & mompry device wit® a {;QS}EQ%%CY

and of the VSRR can wor taneou e deci sion_of either
operation is naﬁédﬁﬁfi9nﬁ?ﬁrcr¥?%¥%?e‘0ﬁ5‘?ﬁ ?ﬁéaﬁEPB?PFytHec‘}'@&‘& saldhuemere

descri bed concepiuténtbeeefaiac! istely rpHd®kdpid vy acHaudteps! erant
vari abl e size RU containing a nunber of defective REs to repair defective

RUs with other RUs of smaller size. The present invention described
herei n may be desoghdiingn arapjudalfityemtt rmnmq’rxcomémguyatairmamhhanng

Wil e the pres échngeg%hQEﬂT¥§tH?”beH%Hﬂé”*"n ternms of various

enbodi nent s, er enbodi ment's “nay cone to nd to those skilled in the art
wi t hout departlng from.the spirit and scope of the present invention. The

i nvention shoul dofpeing€a plurality of independently controlled variable
size redundancy units to said primary memory arrays, said
variable size redundancy units have each a plurality of
redundancy elements;

providing a block redundancy array coupled to said
primary memory arrays; and

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 unité replace a corresponding number of
defective elements in said primary memory array and in
said block redundancy array.

24. The method of claim 23, wherein said block redundancy
array replaces one of said primary arrays.

25. The method of claim 23, wherein repair means repairs
defects in said block redundancy array, and wherein said
repaired block redundancy array subsequently replaces one

O

of said primary arrays.
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neasured in terns of the clains that foll ow

=~ 28'- What is claimed is: 1. A net hod of providing a nenory deV|ce
mﬁth a vari abl e redundancy repl acenent arrangenent to nake said nmenory
device fault tolerant, said nmethod conprising the steps of:

providing a plurality of primary menory arrays each having a plurality of
‘el ements; coupling a pluralityygof independently controlled variable
size redundancy units to said primary nenory arrays, said variable size

redundancy, unt sy 8GN 89 QuBLY 25! (n0lel UUNIPIGLSLERRALS surtner

provi di ng a bl ocREr 83 5H ancy array colple mary nmenory arrays;
and B repCampngS@§féttﬂwiumﬁ%m%ﬁtérrﬁYsald primary nmenory arrays and
in said block redundancy array with at | east one of said variable size
redundancy units, wherein said redundancy elenents in said at | east one of
said variabl e size redundancy units replace a correspondi ng nunber of

def ecti ve 2¥enmemhe métﬁaﬁdoﬂrénaim 26 powlyerd 1@ \sa ian dheipa isamealblsockrther

dund T b
Oy o Yonestres, a5 B R el s R TR LA

met hod of claim 1, wherein repair neans repairs defectlves elenents I n sald
bl ock redundancy array, and wherein said repaired bl ock redundancy array
subsequentlg repl aces one of said primary nenory arrays. The

met hod of 2Bai n¥Be mpEhedrosaFlaiepdty Wﬁﬁﬁﬁ#ﬂwﬁaﬂﬁeFegéﬁﬁrP§é§3afﬂ€ﬁaﬁﬁhncy

comprises an intra-block redundancy unit.

29. The method of claim 25, wherein said repair means further
comprises a flexible redundancy unit.

i 30. The method 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.

31. A method of providing a memory device with a variable
redundancy replacement arrangement to make said memory
fault tolerant, said method comprising the steps of:

a) configuring the'memory into a plurality of primary

memory arrays, having each a plurality of elements;

b) coupling a plurality of independently controlled
variable size redundancy units to said primary memory

arrays, said variable size redundancy units having each

g

a plurality of redundancy. elements;
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array. 5. The nethod of claim4, wherein said repair neans further
* ‘conprises at | east one variable size redundancy unit. 6. The et hod
of claim4, wherein said repair neans further conprises an intra-bl ock
- redundancy .unit. 7. - The met hod of claim3, wherein said repair neans
further conprises a flexible redundancy unit. .
-27 - 8. The method of claimi1, wherein repair neans repairs
defectives elenents in said bl ock regundancy array, said repaired.bl ock
r edundancy array S|nultaneously repIaC| one of said pripary menory
arrays. PoHRLABE & PIASH “éig RS AF RN it SRt %r%’aFFXbl-e
redundancy rephéfergnaraafangenent to nake said nenory device fault
tol erant, said nethod conprising the steps of: a) configuring
the menory device into a plurality of primary menory arrays each having a
plurality of edkneepipcing defdgtive ebemeénby anpbedid pmingfry ndepemgent |y
control I ed variabhgsShgg §GUIURIRNBI AN ey o R Y DAY ZELALS,

said variabl e size redundancy uni.ts each havin urality of undancy
el enent s; one @f SalchéﬁﬁﬁﬁéeaSHF@C%QH&HQ%&%? PrditiSyy t o sald pri mary
menory arrays;

e) replacing a corresponding number of defective elements

in said primary memory array and in said block redundancy

array with said elements in said at least one variable

size redundancy unit; and

f) decoding at least one of said redundancy wordlines and
‘disabling a corresponding defective one of said
wordlines. '

i

32. The method as recited in step f) of claim 31, wherein
said decoding is performed by a circuit that comprises:

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

configuration.

33. The method as recited in claim 32, wherein each of said
redundancy wordline decoders controls a redundancy

wordline driver, and wherein said driver is attached to

AR O

one of said redundancy wordlines.
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d) repl acing defective elenents in said primry nmenmery-arrays—and-i-n-
"sai’d bl ock redundancy array with at |east one of said variable size
redundancy units; e) repl aci ng a cor r esponthisfjeehtisstReen Rpplaced
defective €lenents in said primary nenory array and in

redundancy array with said redundancy elenents in said

‘vari abl e size redundancy unit; and decodi ng at [ east one of
redundancy wordlines and disabling a correspondi ng defective one of

wor dl i nes. 10, The nethod as recited in claim9, wherein said decoding
step f) i Sher R REHRPS 25 reeFitefatn Ohpth skl wherein of

wor dl i ne decodeirmpuwiontofokkiiky reduthdasdiyndendy inerddcobsy canteshorasdeo

decoders havin p ity @f | t i g1 npu L. di a different
decodi ng confi g:u}?eat %’ggl";%ert 139 égg‘#e%n%qﬁﬁ%%r{égpr%%e@égg%n {c}?%?md%ﬁfle%%r ein
each of said r«&ffirticye waaddi ed etwrddererntomined swithtuadadc wamiah lee

driverand wher eldgafidhél | ¥8p1hSefbhacliadesQ one of said redundancy
wor dl i nes. 12. The method as recited in claim 11, wherein the nunber

of inputs of said redundancy wordline decoder corresponds to the nunber of
sai d redundancy elenents in said variable size redundancy units.

-28- 1 h t.hod ited, i . ai 0. wherei i d.redunda
wor dl i ne d5zoddE ORI [ oF od* B> EAtr o38i ni A odPRG nERRECIE Fatd
addr essi ng decamidundeaasrs woaidid ree decaidedts ade peordardl Jed by eddressting
mat ching det ecly QD GRS bRk, 2" SafAUR Y 137 JaLEGHPAE Weans being

activated independently of redundant matching detection

means that are coupled to said redundancy wordlines.

; 36. A method of providing a memory'device with a variable
redundancy replacement arrangement to make said memory
i fault tolerant, said method comprising the steps of:

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

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

elements;

replacing a defective said variable size redundancy unit |
with at least another said variable size redﬁndancy unit

having less said elements than the number of said

elements in said defective variable size redundancy unit;

and

replacing defective elements in said primary memory

arrays with at least one of said variable size redundancy

* c L M s *
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wor dl i nes. 14. A nmet hod of providing a nenory device wth a variable
"redundancy repl acenent arrangenent to nake said nenory device fault

tol erant, said nethod conprising the steps of: . providing a
plurality of primary nmenory arrays each having a plurality of elenents;

" coupling a plurality of independently controlled variable size redundancy
units to said primary nenory arrays, said variable size redundancy units
each having a plurality of el enents; 36 repl acing a defective variable
si ze redundancy unit with another variable size redundancy unit having |ess
el enent s_t han t HRifgnbwheseidnis@idl ederesteninssaidaitedmant wie aff sasice

redundancy unityaiéble size' BHaGHAGCYCLRGHsY &HIRBNS EBreakpoRid iRy Y
menory arrays with at Iegst ope gf sai d variabl e sizewiedundanc units,
wherein said el BHEREE | REs AT TH LGS (E e sdfd SAHT aBFe ™2 MERMdancy
units repl ace aacmayespondi ng nunber of defective elenents in said primary
nmenory arrays. '

37. A method of providing a memory device with a wvariable
redundancy replacement arrangement to make said memory
fault tolerant, said method comprising the steps of:

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

.coupling a plurality of independently controlled variable
size redundancy units to said primary memory arrays, said-
variable size redundancy units having each a plurality of

redundancy elements; and

providing a decoder comprising at least two redundancy
matching detection circuits driving a disable circuit and
wordline drivers, and at least two redundancy wordline
driVers, at least one of which is controlled by a
priority decoder. '

38. The method as recited in claim 37, wherein said at least
two redundancy matching'detection means simultaneously
detect a redundancy mode, wherein a corresponding one of

said redundancy wordlines is disabled by said priority

UL

decoding means.
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