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1 ' ' A Menory System oS
Fi.edd of the Invention 5 The present invention rel ates generall

to menory integrated circuit manufacturing, and nore particularly to,
fusel ess repair of nenory arrays usilng redundant nmenory cells.
Background of the Invention 10 The significance of defects in
menory systens i s such that considerable effort has been invested to
provi de repairable arrays using dun&ﬁ %glgory array rows, redundant
menory array columms, or bot h. by t/spare nenory |ines

(i.e., rows or colums) are not 15 actlvated for use in the nmenory array

unl ess post-manufacture testing Fleld'dfdﬂ@aﬁ\%ﬁn Bat a defect exists in the
main menory array structure. Wen IS detected in the main

menory array structure, a redundant nenory array row or colum, is

substituteg for themﬁgreéerﬁqhuamusméﬁwy féndriilly to merforylintegtaed i nal
result is that the nme

LA X s oy e e Rl pd of lory

substitute foraﬁrbyshéhigtnedmfdum rhemery‘(lcehs either row or colum). The
final yield of a nenory systemincorporating such redundant structures is
greatly inproved relative to a nenory systemin which a single failure
results in the whol e menory systBackgeoungd of the Jawention Known
redundant gt ructures fall into one of two broad types of r edundant

architectures: (1) cache/t g arc ectures; and fuse e

ar chi tectures. 181’-‘&‘]’%4‘08 ‘{}éiqf%‘? Fé@%%@ﬁ’g)'%tﬁﬂs FH?:E ﬂﬁt smal | array
of Lrenﬁr y li neéoﬂiﬁderable eff@ﬂ%@s bga]g irogestaititee Boﬁdg&epmeahdbmmysammgl p

with the nenor en defects &SN,
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repl ace the fabbthy 'ﬂihemgedumhmt/@me memoryrdimes rﬁge;sows@mmpﬂumnehatwnot
stori ng t ad r V, B ta
associ at eg% %&;%?]aéegrfo%@gn&?ﬂ the cagﬁg%fab’ ace%3$ﬂ Mﬁﬂcﬂ‘ :iﬁb
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cells in the Cﬁﬁﬂ?ﬂs H@ﬂéh@&eﬁ?ﬂ{e alie methbP Ay (sthictfd, 4l redinidant memory

flexible and | ar, Ire erat i on tvveen ach S ored
tag and each i APaY ré’él‘ﬂPé§9 M%&%@&W %F@e {h
fault. The final result is that the memory array is fully functlonal and the

20 fault in the main array is avoided by activating a redundant line to
substitute for the faulty memory line (i.e., either row or column). The
final yield of a memory system incorporating such redundant structures is
greatly improved relative to a memory system in which a single failure
results in the whole memory system being scrapped.

25 Known redundant structures fall into one of two broad types of
redundant architectures: (1) cache/tag architectures; and (2) fuse-based
architectures.

In a cache/tag based architecture, a small array of memory lines and
corresponding address tags are placed on-chip with the memory array.

30 When defects are discovered during testing, individual ones of the cache
lines are mapped, via the tags, to replace the faulty memory lines. The
mapping is accomplished by storing the address or “tag” of the defective
line(s) into the tag associated with one or more of the cached replacement
line(s). Subsequent accesses of the faulty main array address use the

35 memory cells in the cached replacement line. Although this solution is
flexible and modular, it requires a compare. operation between each stored
tag and each input address for each memory access. This comparison
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2 - typically affects the access tine of the nenory system adversely.
Al so, cache/tag architectures are generally conpl ex structures,
require significant space to inplenent, and consune excessive power.
In a fuse-based architecture, a replacenght rowis selected by blowing 5
a fuse associated with a defective nmenory row. Once the fuse is blown, the
defective address is remapped either: (1) directly to a redundant rrem)ry

2) to the t I th
Lhe socond castrPIGAly & 8508 SRR DY s YO YRR Rt Als
defective) is ad;&e/wgmmi&témnes Ianjaggneraﬂ mph%] ntstnmmne;; re‘qmmafsag;dfnzl ant 10
redundancy i s al soné}nﬁwﬁ %‘I"rﬁ ﬁgﬁo nﬂ%e %SJ%Wre since a fault is

corrected by i AP Ty row p0|n ers to point _to (row+ 1).

The last rowin t hehtrerfgsq»-bmdagmc:hmm,r& ep mmtd‘ommelm by blewing
memory array. ie assoaate@%lm fattfeefe&ﬁfee&eﬁt {w e®rReithé Task RG], TR T e

a process t hat . I’tS fuse orrra |on rocesses. can be m)re
tli.vm es ispegrapped @theri () J(jqu‘flyppﬁ%s%‘ﬁ&d anfemerys ar e
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typicall'y formegwi 61'%2) to the ﬁe)wumﬁaﬂalqnem) riy Qe 1mihérntem¢qu arrayclinas a
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| ayers, et ch addfthre);is alsop'eimpped tarthie et bubseqrent memm;ypo'EhIStst)alefose to

| aser Oper Fﬁﬁfy " e Eggp x and
may adverse y a y| eﬁfﬁg@urt ng ;%Ir%%gg@ Ql;cﬁ‘&ectures oW n ugsg
requires an adém’fﬁ@ sammeyﬂnaﬁ n@myam%pmrs torpgint to a (rgWpteds of

bl owi ng the fughehétrov iAIRE nV@RBEY afythsw ipuitts 2 rédumddritirowein the
residue on the die surface and wthin fuse openings. This residue is 25

sonetimes condMEPOEY AP&Ykting in el ectrical short circuits or |eakage
paths. Al so, fused Beflafuserbasedtstrategibs outlindibabove paplirea pyotdse thate,

b
" the 1 T of Sfeos e ﬁg‘%ﬁ ?ﬁé?éﬁpe&g%’once%e%é’?fﬂ@% TolipleR ian ?, ©
cannot be "un- liypisal integr cnrmun(IG)rgreccsses|'Bte§u§9@cﬂra®eucaklﬁéonna@bmso

repair operati o RRateaP pieht ScRCIREE g ili
subsequent end%‘vg&?@?@%g?t?v@?ar P 0SSl e Whi chﬁ:%\%e lwﬁaf?e 1 con)

lifetine. erefore, Tgogn proRERing s ted g e gh papsiyaton,
redundancy systgg@r-level dmwcﬁﬁcs; mtmlreelayefs$ atdhl andipalishstop heyer f andaﬂimhkd

repair and, gror %o%gcf)gse the fuse to laser operations. These etches to form a fuse opening
are complex and may adversely affect yield. Purther, the process of
blowing fuses requires an additional assembly/laser step after test. The
process of blowing the fuse with a laser vaporizes the fuse leaving particle
residue on the die surface and within fuse openings. This residue is
25 sometimes conductive resulting in electrical short circuits or leakage
paths. Also, fused repair must be performed before packaging the die,
must be performed in the factory, and can never be undone or used later
in the life of the memory system. Therefore, once a fuse is blown, it
cannot be "un-blown". In addition, once the IC is packaged, the laser
30 repair operation cannot be performed through the IC package and
subsequent end-user repair is impossible which adversely affects IC
lifetime.
Therefore, a need exists for a memory repair redundancy system
which is more versatile and safe than fuse-based repair and more area-
35 efficient and less-complex than cache-based repair.




35 efficient and | ess-conpl ex than cache-based repair.

3- Brief Description of the Draw ngs

The features and advantages of the present invention will be nore

clearly understood fromthe foll ow ng deBai | ed descri ption taken in 5
conjunction with the acconpanying Fl GURES where |ike nunmerals refer to
| i ke and corresponding parts and in which: FIG 1 depicts a

prosent [mvention Y =St SRR DesHabEbn S the DdBRE LoTam ot 8
replacenent row circuit 10 illustrated in FIG 1 in accordance with t he
Mot hod of |t esting. (T features and adyitages'of B phéefit Iy RS e dc nce
with the pres eqieanl)ﬁmdlemtﬁoé from the following 'defailed descriptisn falfendin

Descri pti 0§ Ofcdlﬁ@n@i&\(\’wﬂ% the accompanym FIGURES| wherd fike TRitOfh19 efer

apparatus tau herei.n uses a use ased and non-cache based
systemto enagtf’eh]ffeﬁ%?l Pd’t?ﬁﬂﬁtts andlp ﬂ"r’Fg‘ant NMENDry array rows

and/ or colums. UnlFike ltdqncla(aﬂﬁobhsﬁagram of aysémory systemycinstouctadyin

herei n does nq x?enaﬂ operations which sl ow nenory
access tines. %ﬁcgg&%%g%n%}ﬁ&%{&gﬁﬁg{ Yerein does not requi re CAMs

whi ch significantl )Flﬁemc@@rﬂmf diagzam of a replacesaentyiome pircgitcritical in
hi gh- per f pyMaNfRsfiafd PRI PEGSE B a@@&x‘cﬁﬁcé‘%th Tlpresent m}rentlon, and

hi gh- per f or mance/ hi e Ly chi use. based
solutions, the proc@&s &E‘ nﬁ gﬁﬁ&@ r%?‘emp testing the maemeryh o 25
form fuse opendegee dépiited iy FIG. 1 ufieacterlatide withk the présent daeentidrowi ng
operation Unli ke a fuse which can only be altered once and never "un-

bl own", the systemtaught herein is fully re-programmble so that

rrem)ry repai r via redundant rovDetliledtDescripgionbef therDrawisgsnor e t han
once. In agdition, additional repal r or new redundant row activation can 30

be perforned after cka |n years after the part is used by an end-
user thereby allow Q‘ba& tapprratisdayght hereinfuses adonss s

"down-time" freed hfase@ Eﬁﬂyndi{-@ﬂﬂ{étbased system to en4¥il@GhabYy ré&il usavg (Or
columm since r O\gun%dan% (I)xlzelizr{grf Qu@ray rows and/or columns. Unlike the cache-based
system, the system taught herein does not need additional compare
20  operations which slow memory access times. Also, the method taught
herein does not require CAMs which significantly reduces surface area
overhead which is critical in high-performance microprocessor design and
high-performance/high-density memory chips. Unlike the fuse based
solutions, the process is simpler and does not require a complex etch to
25 form fuse openings. There is no fuse residue due to the laser blowing
operation. Unlike a fuse which can only be altered once and never "un-
blown", the system taught herein is fully re-programmable so that
memory repair via redundant row selection can be performed more than
once. In addition, additional repair or new redundant row activation can
30 Dbe performed after packaging many years after the part is used by an end-
user thereby allowing an end-user to obtain more useful life and less
"down-time" from the memory product.
Generally, each row (or column since row and column are
interchangeable herein) is associated with a row selection circuit. Each row
35 selection circuit contains an electrically-programmable memory element.
If this memory element is programmed with a first logic value (e.g., a logic
one), then the normal main memory array is accessed/enabled. If an error




I nt er changeabl e herein) is associated with a row selection circuit. Each
row 35 selection circuit contains an el ectrically-progranmbl e nenory

el enent . If this nmenory elenment is progranmmed with a first logic
value (e.g., a logic one), then thednormal main nmenory array is
accessed/ enabled. If an error

4 Is found in row N of the array, the nenory el enent associated with

ero) which - i fsmbfrosow Mot heeay, de oanery SlsteniepbeitEd it s,
D:JS hfS_ dO}Nln they is ellecta{caﬂy Wlﬁi:tgﬁ tala"m?ddoga@"vamé (eg. loghezero) whichI t
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time to a new 2 SARgAnt Fowi orPRIce ShE aroien sOTRE P s o B cn
menory r owsrayouisingsa pusheddenh” method. The elegtrically-rasableememunynt

| nvention ﬁ‘g Qﬁengé}ﬂgrctﬁéqg@ﬁﬂgggr%ﬁﬁ@deﬁf}ater tinftd h Few heﬁ}%‘xg{ ei nbel ow.

10 Jepi ct OC! agram of a menory system construct ed
in accordance epnfiguration centpining mere oF fepergedundant merpory

event of o memece® Ed"“‘?é*ﬁ ﬁ{‘;}é@d@i"gag’e ? e ecord ﬁﬂ”e?‘ér e aspoct of {he
present invention, &I?y“F g present inyention g be, Hiderstor TERIERIA The
mai n advant ageso ®IGsH1-8 hereinbelowsi on are that certain process steps

associ ate ith fus ) [\ g t eachi ' ' time
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may cont ani nat én takeondamoe with the preseshinventiomeMeparyaystargit0her ei n can be
reconfigured OfndfipobaRs AoeIBREy R ¥nddea r8I@Ad At @lend dry VWK RUKRE.,

unl i ke fuses. Accor di to a her aspect of thé present
i nvention, nemsV§nt gf@ memory Fog g?-‘HH'Sed into sequential chains which are

eit Eer ﬁl ock- gr oupehcebrding to dfedadpect of €hé preseny invgrtibn)inionfuses peet t o
Ca Ot Ty A TS R ot iR T Ry BB Y O
nunber ed sequemmhiaion)arerthat ¢ertaindroogss steps assoeigied iwitly fuses araonartteslin
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di scussed in daesiduedfspmvblosving thei fusescwhich mey confaringte the BEmRGE ur e.
I'n one bl ock- grsgb'ﬁé&ﬂ eyt ] m thlight Bifeir ciR belRcoffigeridiéd | y 30 chai ned
'na i St26eql§e3;[~cl>§laxrgxl{gg a %\rll\?r t:?xgg,l gveanngfbéroﬁ p]é‘]ﬂ-(azgom%,r {nlike fuses.
According to another aspect of the present invention, memory rows
are grouped into sequential chains which are either block-grouped or
modulo-interleave grouped with respect to each other. Assume a memory
array contains 20 main memory rows of cells. These 20 rows of main
25 memory can be rank-ordered (i.e., numbered sequentially) from 1 to 20 by
the position in the array (i.e., top-to-bottom, left-to-right, etc.). The block-
grouped architecture versus the modulo or interleaved architecture is
discussed in detail below using this example 20 row memory architecture.
In one block-grouped embodiment, the rows 1-10 are sequentially
30 chained in a first sequential push down chain and rows 11-20 are
sequentially chained in a second sequential push down chain. Each
sequential chain has at least one associated redundant row of cells.
Therefore, the first sequential chain of rows 1-10 will be coupled to or
associated with at least one redundant row of memory (a first redundant
35 row) and the second sequential chain of rows 11-20 will be coupled along
with or associated with at least one other redundant row of memory (a
second redundant row). If a fault is detected in one of the main memory




sequentially chained in a second sequential push down chain. Each
sequential chain has at |east one associ ated redundant row of cells.
Therefore, the first sequential chain of rows 1-10 will be coupled to or
associated with at |east one redundant rd of menory (a first redundant 35
row) and the second sequential chain of rows 11-20 will be coupl ed al ong
with or associated with at | east one other redundant row of nenory (a

ove 1- 10, 1 ho eBari0 s efckRilipedsdifb Ricitnt beBiaf ilf Lo B
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row. The main ry rovvs 5-8 can be 15 associated wth the second
r edundant row. efgrapnedno ry rons 9-12 can be associated with the
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W e 1tour I e nennr can

associ ated wi t B9 7 She TR hempry gpiR 4 canbe i8cied , o
allows for up wdth ﬂweefli'stlﬂetlundamsmw tiEhec ovaie merdory rows 5-86an becr appi ng
the part assl °Q9soac§at@{i v9ﬂﬁ tﬂ% QUi récﬂﬂ{dir&ééwp Ofhg él{lr%l%ﬁ'horg rowd 948 _one

bad row requiring replra rimen shown "t hat
as menory cel mé’@raﬁag@atad withethe; third reduntbanturpy -y The maim memgryg rows

phys: cal | y- adj 3848t carOYe alggagldf&ed YHTRIRE fOirth reg{iun&&ﬂﬂﬁﬁd Iftfauintaﬁ\ Pderﬁc:g
el hod i Scuss BAWAIGVAD Fa B potiaten SR B GHn fedrng pow. TS fiechiBe
adj acent rows atchiteckiedeyallowdforrgp de five faaltytirpwst fodre cormeded twminout
20  scrapping the part as long as no one group of four rows contains more
than one bad row requiring replacement.

Experimentation has shown that as memory cells decrease in size, it
is likely that multiple physically-adjacent rows may be damaged or
rendered faulty by a single contiguous physical defect. In these situations,

25  the grouped method discussed above is not usually optimal. If two or
more adjacent rows are likely to be rendered faulty, then a modulo or
interleaved row grouping scheme should be used to form interleaved
sequential chains of grouped memory rows. It is this interleaved
architecture which is detailed graphically in FIG. 1 and discussed in more

30 detail below.

Again, assume a memory array contains 20 main memory rows of
cells. These 20 rows of main memory can be rank-ordered (i.e., numbered
sequentially) from 1 to 20 by the physical position of the rows in the array
(i.e., top-to-bottom, left-to-right, etc.). In one interleaved embodiment, as

35 illustrated in FIG. 1, two sequential chains of rows can be made. One
sequential chain used to group all of the odd memory rows (e.g., rows 1, 3,
5, .. 19) into a first sequential chain and a second sequential chain being




I nterl'eaved row groupi ng schene should be used to forminterleaved
sequential chains of grouped nenory rows. It is this interleaved
architecture which is detailed graphlcalg% in FIG 1 and discussed in nore
30 detail bel ow. Agai n, nMme a nmenory array contains 20
mai N menory rows of cells. These 20 rows of main nenory can be
rank-ordered (i.e., nunbered sequentially) from1l to 20 by the
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a functional IC. These four rows may even be physically adjacent to one
another in the memory array and still be fully correctable unlike the block-
ordered approach outlined hereinabove. In general, N rows of main
memory can be grouped into M sequential chains of one or more main
25 memory rows where each sequential chain contains one or more
redundant rows and roughly N/M main memory cells (N and M being
finite, positive integers).

In addition, multiple redundant word lines in the memory array
can be dedicated to each sequential chain of main memory rows in a single

30 memory system without the cost, surface area, and complexity associated
with prior cache based redundancy architectures.

According to a third aspect of the present invention, testing of the
memory system may be performed (1) by the memory system
manufacturer immediately after manufacture or (2) by the end user

35  (computer/system purchaser), operating system of a computer, or by the
memory system itself at any point during the life of the memory system.
Such flexibility accommodates failures which may occur even years after




order ed approach outlined hereinabove. In general, Nrows of main
menory can be grouped into M sequential chains of one or nore main 25
menory rows where each sequential chain contains one or nore

redundant rows and roughly N'M mai n nenor¥ cells (N and M bei ng

finite, positive integers). In addi tion, multiple redundant
word lines in the nennry array can be dedicated to each sequenti al
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to wordline 1083 (aks fe w10 Addltlo I he
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20 so that all odd memory rows are within a first sequential chain and all
even memory are in a second sequential chain as per the connections

made between elements 104 in FIG. 1. The final M ones of the N+1 ALT
SELECT signals are coupled to a differing one of M spare rows 108N+1

through 108N+M. In other words, at least M redundant memory rows are

25  used to support M sequential chains. However, more logic can be added to
the circuit of FIG. 2 to support, for example, two or more redundant
memory rows per sequential chain (e.g. the fotal number of redundant
rows may be L*M where L is a finite positive integer greater than zero
where there are L redundant rows allocated to each sequential chain).

30 Continuing with the N+1 replacement row selection circuits 1040
through 104N, each selection circuit 104¢ through 104N also receives a
PUSH DOWN IN input and generates a PUSH DOWN OUT output. The
first M PUSH DOWN IN inputs are connected to a voltage supply labeled
ground (GND) as illustrated in FIG. 1 since there are no preceding memory

35  rows at the beginning of a sequential chain of rows. Otherwise, when
there are preceding rows existing in the sequential chain (the selection
circuit is the second or subsequent selection circuit in the chain), then the




where*Mis typically less than N. In FIG 2, an interleave factor of 2 is
used 20 so that all odd nenory rows are within a first sequential chain

and all even nenory are in a second sequential chain as per the
connecti ons made between el enents 4 in FIG 1. The final M ones of
the N1 ALT SELECT signals are coupled to a differing one of Mspare
rows 108N+1 t hrough 108N+M I n ot her words, at |east M redundant

. 2D d tial [ 1
001 ¢ can b atibons of the RIS BRI IN Bibite o6 Souplbau e G Py .
two or more reHEWANOUT outpunTh firtilMIPUSHEDUWN QUT baitpuisearg. coupled
bosi tive | nt egl® AgPReaalier 110 5H% SR aff po Midinn clbiheRin IS, | o
al l ocated to essquerdiplehairaht thesemd of 3e sequentiatwhaimuThgserM linghie N+1
repl acenentg ro liaqtsi ' ' : L s
seloect I on c5| rcﬁf‘?ﬁfggolh gﬂp@ﬁ%&%ﬁ@@%g&%&? Sggu%@ﬁ@é‘gﬁb P E%Wn N
i nput and gene ted fxy cusefyl sinee theiest controllercan %WBWWN I N
i nputs are congesskad feBdBackosibAS, HURAR ! pusha®eWabperation dcaiked rdpbrlfsn

illustrated in FILG 1,F| nce t 'Eiirle atre no preceding nenory 3 5 rows at the
begi nni ng of a¢aayEReGifgsequental ghainy s * ot herwi se, when there are

precedi ng rows exi s{Tesigcontrélier Hémlsosupplies ai TESE BESsiel thetNeoh
circuit i he ' ' hd T | then
S0 he r&sla Iegﬁrw%ﬁ%@@oggdgﬁsa%ow Cphé TESTIHES QBﬁigﬂses D

t he one of the | nputs is _coupléd to the
(i-Mth PUSH FA ENSaAGErsignal, nad wRESET signwl. (e BAUIE signd
cl ement's i n ¢ he PR (IR ARE clféa?‘%’n%n“ ot e |
These M lines cgcuﬁﬁaamwwc? %300&%??&?%& B PWB " OPEERHeR 4 04

( nOE s F?Ci fi calal gequential thaifitandl &Qal?[lﬁ aklléast ]@hea&kdundaﬁuhl@?lmerdvthﬁ Thest
control | er, ca . .
ush- dovn her BTG Bienel aBpliss &bt oPra-dowit 1ahbed réRBile fomdf of

chai n. the FATSET signal meithier the ldratitsol 0. topthecnemoTESTra3US physinally1

2 "TEALT sPoREEl) Faethe %ﬁ%ﬁ?@%ﬁ% L0 En woe OB R ona
i s used to wrimeeded dotrendes the;memery stenetuze fallyifunctional |ﬁz€sBE§-§ of the
circuits 104 (gpmaficfaars alll GFARImARRLy elerfitii! within' testirelawmoo@ee FIGOD) | n
a sequent I% ¢ b[% E‘Bg is r}ggxl'eefuqu cligs%% A Bt b i e B W Y. 2T

Test controller 110 is bi-directionally coupled to a sense amplifier

112 and to a memory controller 114. Sense amplifier 112 is coupled, by a
plurality of bit lines, to memory rows 1060 through 106N and to spare rows

108N +1 through 108N +M. Sense amplifier 112 outputs a selected memory
25 row to multiplexer 116 which itself is coupled to the external environment
through a DATA BUS. Memory controller 114 is bi-directionally coupled
to the external world through a CONTROL BUS and is coupled to decoder
102 as illustrated.
In the depicted embodiment, the interleave factor, or M, equals 2.
30 With M=2, the PUSH DOWN IN terminals and PUSH DOWN OUT
terminals in FIG. 1 are coupled so that all even rank-ordered memory
rows and all even rank-ordered selection circuits (i.e., elements 104 and
106 subscripted as 0, 2, 4, ... 18 in FIG. 1) are formed into a first sequential
chain which is associated with spare/redundant word line 1 of FIG. 1.
35 With M=2 in FIG. 1, the PUSH DOWN IN terminals and PUSH DOWN
OUT terminals of elements 104 are coupled so that all odd rank-ordered
memory rows and all even rank-ordered selection circuits (i.e., elements




15 ENGAGE signal applies the "push-down" changes resulting fromuse of
the FAULT signal within the circuits 104 to the nenory array to physically
and sel ectively enable the configuration of rows 106 and rows 108 as are
needed to render the nmenory structure ful9y functional. The RESET

signal clears all of the nenory elenents within the circuits 104 (see FIG
2) 20 TEST BUS is nore fully described below in connection with FIG 2.
Test controll er 110 | s bi-directional Iéscoupl ed to a s nse amol i fier
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coupl ed so that even rank- ordere rOWs .an
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9 104 a fornmed
into a second THELECTH ﬂﬁoﬂghé‘é‘séw'aﬁfgcﬁq )here is an
spare/r edundant lréaﬂ@r ﬁla?tfone In Eﬂh@r vaordiha{eqbgtﬂoz &EFIG]tZGmla Bee

factor efine n quent i |ns rela .r
USRI a1 oy e SHahaslsctian FEfte RS ERRLP AR Ph Fi
1, two sequent icsle wabas -rdmdmbgnMormmrerowsm r cui ts are formed and
arranged in an even d r Fllgféh | d
be underst ood, howeve 8{;%‘1%18{&?%{&5% r?%Xv _gn100 I?% ?8 ity HY &é gﬁy
number great er hwbnakmgqamode)oﬂomemm tapqparts: (Df%@?@ﬁa l‘ﬂa w\g-(x,te

determ nes the i /al’fégyﬁﬁiﬂéto Q¥Go08N+1 10 through 108N+M

Each sequen iaI chain w II have one, associ e
k 26 Ina normal reag?wnte data transfer, an adg.ress is presented to

decoder 102 via the ADDRESS BUS. Decoder 102 then asserts one of the
differential decode signal pairs, DECODEO/DECODEO through
DECODEN/DECODREY, corresponding to the memory row which is

associated with the desired memory address. The decode signals are then
25 routed to one of N possible memory rows 1060 through 106) or to one of

M spare rows 108N+1 though 108N.+M as configured by the selection
circuits 104. The particular memory row or spare/redundant row to which
the decode signals are routed is described more fully below in connection
with FIG. 2.

30 During the normal read /write operation, one memory row or spare
row is coupled by a plurality of bit lines in FIG. 1 to sense amplifier 112,
then to multiplexer 116, and ultimately to the external environment via
the DATA BUS. In a read data transfer, data stored in one memory row or
spare row is sensed by sense amplifier 112 and output through multiplexer

35 116 to the external environment. In a write type data transfer, data
presented on DATA BUS, is routed by multiplexer 116 to sense amplifier
112 where it is driven into a particular one of the memory rows or spare




redundant row 108 so that only one faulty row per chain may be repaired.
However, additional coupling logic 402 can be added to FIG 2 to allow for
a SELECT, and an ALT SELECT 1 through an ALT SELECT K where K is an

i nteger greater than one. In other vvordquOthe | ogic 402 of FIG 2 may be 15
augnented to enabl e each selection circuit to not only "push-down" by

one row but push-down by two or nore rows. The operation of
menory system 100 copveni en Iy de c |be eaki ng its node
of operations FAY3SE "—g‘a‘?X@w@ aFW#‘?reﬂ)\é Dew valigst er
and (2) a test ovedidespany preexisting value mltha‘aparﬁcmihr mremniomy Idcatigat a
transfer, an a A BUS.
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then to nultiplexer 1 and ultimately to the external -environnment via

the DATA BUS. Wiiting and readingivasioisdest patterns such as 0800 1d 1h=0y 10w or
spare row i s sgoEledi1dg, é@%&héfmém&fbrrla aoe&ﬁbzwtmoldlﬁbﬁua{k Fealk iaRlgex er

35 116 to the xternal I’lVI ronrrent writ.e t ata t sfer dat a
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20  discovered in the main memory array containing rows 106, then the
redundant rows 108 are not activated at this time by memory element
write operations within the selection circuits 104 (see FIG. 2).

Conversely, if test controller 110 determines that one or more of the

memory rows 1060 through 106N are defective, then test controller 110

25  causes replacement row circuits 1049 through 104N to remap one or more
of the Ni+1 differential decode signal pairs DECODE0/DECODED through
DECODEN/DECODE! away from the defective memory row and to one or
more of the spare/redundant rows 108N+1 through 108N+M. Specifically,
each set of replacement row circuits 104¢ through 104N shifts the

30 particular one of the differential decode signal pairs DECODE0/DECODEO
through DECODEN/DECODER away from the defective memory row and

to the next memory row in a "push-down" manner (see TABLES 1 and 2
below). In essence, each replacement row selection circuit 104g through

104N which is both in the same sequential chain assigned to the faulty row

35  and subsequent to the faulty row in subscripted rank-order shifts its

respective differential decode signal pairs DECODEO/DECODE( through
DECODEN/DECODETR to a next subsequent memory row 1069 through

the read and Wlﬁ)4(ﬁthrou§h 10dhptd dﬂﬂﬁﬁiﬁ mz{;ﬁ&@mmﬁffe@exﬁmtd&bdé sl pairs



an on-chip CPU, mcrocontroller, etc, causes decoder 102 and sense
anplifier 112 to systematically test the read, wite, and storage 10
functionality of nenory rows 106[err] through 106N. These tests include
witing and reading various test patterntl such as 0000, 1111, 0101, 1010,
0011, 1100, etc. to the nenory array locations. In addition, the reads and
wites are perfornmed in specific orders which are known to flush out
various faults i ch be ejther design or .manufagct.urin efects. I f test
15 Coont rol | RO & FeRAATTaW ROnASRBryOR e B oird b e BNk o
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defective menop§dyestial chain containingiall Has:ever rabscring i*@mﬁtﬁé&@&m"
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of this m@'{fic sequential chain. It should be understood that, in

the event .?gé a defective nenory row 1060 t hrough 106N, the final
differenti decode
Selection Circuits in the Odd The Memory Row Which is
Sequential Chain by Rank-Ordered | Selected by the Selection Circuit in
Reference Numbers the 1st Column

1041 1061

1043 1063

1045 1065

1047 1067

1049 1069

10411 10611

10413 10613

10415 10615

10417 10617

10419 10619

-TABLE 1 -



si gnal- pair of DECODEQ DECCDEO t hr ough DECODEN DECODEN in the 5
sequential chain wll be shifted to one of the spare rows 108N+1 through
108N+M As descri bed above, the replacenent row circuits 1040 through
104N form i ndependent and interl eaved seliential chains of circuits.
Therefore, when one pair of differential decode signal pairs

DECODEQ' DECODEO t hr ough DECCDEN/ DECODEN are shifted by one, 10 then the

DECODE si gnal s_are act uaI h| fted b rows in .
i nterl eaved ar ‘ﬁ’é’éﬁ'&ﬁ“@ memorf’m* q‘ﬁgvﬁfé!‘fﬂéﬁ B?Fes?—qrbéy pelectoR: r at es
two sequenti al cnhaitrlmydna'ABLE 1 aboyednisi afauitus detectetld tlm_:teail ¢orithsllerven

anot her pLZSUZLfﬁﬁF‘@ AR ot feiselesgion R A i Subrequehsctubl |

104 (i.e., rowsircoits witleimsthat oddmmb)ered chaindpelgy,, se&qtlon c1rcu1tse1Q4@; 10411,
circuits 1 ar
t Ihe g:ELECTOg: gna?o‘fﬁfﬁﬁn H&ﬁgﬁﬂwgg}@ %&%\ tﬁa"fl@g{fﬂl‘ sblégé%‘étgtsgdﬁgngx(l ntact).

Therefore, the following selection avilhndwaoasirt he configuration of the nmenory

array: 20 Sel ect | on. a rcw ts | n the Odd The I\/Ermry Row
Which is Seertrertat—chearn r\allr\ teret—Setected te—Seteet+on
Circuit in Seleghon quqgipémaﬁg The Memory Row Whighhis 1st
Col um Reference %'Séfs] Selected by the Selection Circdi@&hef I ]
104 err] 106][ erjr ]
104[ err] 1060 erl ] the 1st Column
104[ err] : 1041 106][ erfr ] 1061
104[ err] 100[ et ]
104[ err] 1043 106[ erfr] 1063
104[ err] ) 1045 106[ erjr ] 1065
104[ err] +o61err 10
104[ err] 1047 106[ grr] 69
104[ err] 1049 106[ grr] 10611
- TABLE 1- §2 Now
assune that tHe nenory rowl%bb which is acl:essed by selll%%??on circuit
1047 in TABLE}1 above has do#pylt as detectled by the tedféggntroller

10415 10617

10417 10619

10419 (Spare Wordline 2) 108N+M

-TABLE2 -
10 Note in TABLE 2 that the faulty memory row 1067 is avoided in

favor of a redundant row 108. In TABLE 2, the selection circuits are
programmed such that the selection circuits 1041 through 1045 access

memory rows via asserted SELECT signals whereas the selection circuits
104y through 10419 access memory rows via asserted ALT SELECT signals
15 thereby bypassing the faulty row 1067. TABLE 2 clearly indicates why this

method is called a "push-down" approach. All subsequent functional
rows from the faulting row are "pushed down" in the decoding scheme
until the last row in the sequential chain is forced to pick up a redundant
row 108.

20 One skilled in the art would readily appreciate that the interleaved
aspect of the present invention allows physically adjacent defective rows to
be repaired with little cost and complexity via the above illustrated
odd/even push-down scheme. A designer of memory system 100 selects



110. In this case, the selection circuit 1047 and all subsequent sel ection
circuits within that odd-nunbered chain (e.g., selection circuits 104[err],

104[err], 5 ... 10419) will be programmed to select the i+Mh el enents
so that the foll owi ng sel ection wil13now occur: Sel ection
Crcuits by Rank-Odered The Menory Row Wich is Ref er ence
Nunber s Selected by the Selection Grcuit in

04
agg[ éﬂ ] Col um the interleave factor, M@@eﬂﬂi 01[1 ear chmpromise of the yield enhanci:qg)G[ err]
104[ err] benefits of being able to repairlfaGligrsofvs versus the disadvantage of L04[ err]
igg% Z; { % increasing the die sizé¥3l @e" dld%itigP (if spare rows 108N+1 through igg% Z; { }
106[ err] 108N+M. A cleaner pgagess will result’in a reduced interleave factor (@] er r ]

104[ err] ; irortit b I s : [err]
(Spare Wor d5| ne 2) EI)%[% dreflcts a circuit Jlgél[a‘?ﬁ of a single replacement row C_“Fk% E o

10 Not e 104 previously Hliustratechin Bl 1 frivamit/104cpntains § memenyded i n

favor of g r edﬁledﬁéﬁt ; t %Omlh uﬂ&?co?@hﬁgw s 40de g latQ@ﬁlieﬁﬂﬁ@{Bﬁtduﬁﬁlwﬁvﬂl
rogrammed suc a e selection Circuid rou a S

ﬁem%r y [OWs Vi gejz}??%? 838 %&@e&a&"jﬁ%ﬁb@‘f%ﬁ@?ﬁsﬂsﬁg‘ %reg‘bﬁﬁeﬁdc‘l&ﬁiﬁl ts

ggge})hr gughS:SL_SEIECﬂ’CﬂgnaL rfEmaSELEﬁW&gnaigaamﬁeddfl A:ﬁi'smgii@ta_ i & g\r;é&;:lﬁ?s

method i o R0 S ﬁ%&ug‘%%%’@‘{&g&éﬁgﬁe %ﬁf@%}%&@ﬂgfﬁﬂa{l} i GbhRd _¥‘

rows from the Seeind lngic stateiscstoredsinethedmemonyrelement|40ddiThg firshlagic state

111,01 88 ARSI sl SO G W 0

i nter| eaved "P“s}bf$8‘€§ Qpergiign gr‘\%té’n? faule hegiecand 4 tc L4 é%\?ﬁoieg m -

adj acent def ecthe enemusy lement 400behere tie cxCuiti 104 is ifotded toqsdrfangl a

gonpl exit )ﬁfg/i a%ﬂ%_%{%%. iolflﬁggti it ed odd/ even push-down schene. A

esi gner of menbry system ects

13 A first current electrode of an n-type transistor 200 and a first current
electrode of an n-type transistor 202 generate the signals SELECT and ALT
SELECT, respectively, from the coupling circuit 402. A second current
electrode of transistors 200 and 202 are each connected to the input

20 DECODE from the decoder 102 of FIG. 1. Each of the control electrodes of
gates 200 and 202 is connected to an output of an NAND gate 204 and to an
output of an inverter 206, respectively. An input of inverter 206 is also
connected to the output of NAND gate 204 within the coupling circuit 402.
A first input of NAND gate 204 receives the control signal ENGAGE.

25 ENGAGE is used to temporarily prevent the application of the logic value
stored in the memory element 400 to the memory array of FIG. 1 during
test and push-down procedures. :

In general, the memory element 400 contains circular-coupled
inverters referred to as a keeper circuit or used within static random access

30 memory (SRAM) cell design. Alternatives to the use of SRAM memory
elements are DRAM elements containing a capacitor and a transistor, an
EEPROM device, a flash device, an EPROM device, a non-volatile
ferroelectric cell, and the like. The SRAM cell is preferred over the other
cells due to its ease of integration with other logic devices. When using

35 the SRAM storage structure for circuit 400 as shown in FIG. 2, a second
input of NAND gate 204 receives a stored logic value output of an inverter
208. The output of inverter 208 is also connected to an input of an inverter




the interleave factor, M based on a conprom se of the yield enhancing
benefits of being able to repair faulty rows versus the disadvant age of

i ncreasing the die size by the addition of spare rows 108N+1 t hrough
108[err]. A cleaner process will result 4 a reduced interleave factor (M.
5 FIG 2 depicts a circuit diagramof a single replacenment row
circuit 104 previously illustrated in FIG 1. Crcuit 104 contains a
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A Tirst input 81 IRAES Gapuston 1A and: tods Arsl s utbt rcrads ol e
ENGAGE i's usedtnansismtpﬂﬁarA![cpnmoéelnum@rddeeambalsemd onréfeﬁt éleetrbaeiof val ue
stored in jtshe
oot and fioh- SannistoETRRcotiled o W SREDI BRI PUSP! HIOWN IN4id B e,
400 cont ai ns c;’fmmﬁg?éﬁ;@md (C;Nu)rmpe@fﬂglﬁifﬁemmokdemoée ;g.;mer

t or usegediindné bétré. 65152 dﬂiﬂ@c} aRRANA :
gle;fgln AItern?% ‘ﬂ‘a t he,u e&é]ofpg'%gﬁ _ € %mements are }B@ﬂ)v
el enents conta l[#ge;f&n cuLent g |‘§t"6‘rn' respectively-d4vi ce, a
fl ash deV| ce emnmuede and aasetondvciir?énﬂdecht:%de of &ﬁhﬁ@idi‘llem'&ﬁ'ece' L | ?gd
the like. I e other ce
ease of |nt egra | n&%btthéﬁﬁéwég}gg%&&em%qﬂ%yﬁo ﬁé@iﬂ
storage structt@specdvelyircuit 400 as shown in FIG 2, a second I nput
208 The autpat reﬂ% r&'hd‘}{ Bf ?ésblhfwc}&éonnecte tp‘HM fla npu#mféh%qﬂy

izg\sler IQ? out puElescrib respect to the signals ENGAGE, tR%S%r']I‘ and FAULT. When

ENGAGE corresponds to a logic low value, then replacement row circuit

25 104 maps the input DECODE signal to the output SELECT signal directly.
In preparation for testing memory system 100, the RESET signal may be
asserted to write a predetermined reset value or default value into the
memory element formed by circular-coupled inverters 208 and 210. This
predetermined value (zero at the output of inverter 208) causes redundant

30  row circuit 104 to directly map its input DECODE signal to its output
SELECT signal in later modes of operation. As described above in

connection with FIG. 1, an intelligent actor, such as test controller 110, tests
each memory row 106g though 106N for its read, write, and storage

capabilities. If a particular one of memory rows 1060 though 106N fails,
35  then test controller 110 will simultaneously assert the address of the

defective memory row (which may be the same static address currently

being asserted for testing) and the signal FAULT. This dual assertion of




14 . 210 and to a first current electrode of an n-type transistor
212. An out put of I nverter 210 is connected to an input of inverter
208. Inverters 208 and 210 formthe nmenory el enent by circularly
storing a single stable bit of inftdmati on. A control el ectrode of
transistor 212 is coupled to the control 5 si gnal RESET and a second
current el ectrode of the transistor 212 S coupled to the voltage

supply ground ), v o1, e, RESET _s| gn IS use nory
ol Brent 2400 t o tae B eadithe e %%\asassomar%w%%é@w row
reconfiguring dfipthel mmerswﬁdlﬁ&mnﬁ (ct@neft 4D0. 1). The out put

Connocted Ser i al ?5”5&?93 SapE A ﬁgﬂm%ﬁgmpiwmwﬁ&%ﬂ los"

is used to creaubsaquent memoty alenérds H@Onanleeqlwmmcults 104 Wthh rebide

t of
R géfﬂ T
transistor 216! thersigaals BUSH QQW(N WSHS

second current
si gnal zbqblicemdnt mw oirau:sit 104|m Hwet seejtmuhabdhamf Imnthasé gnbsejiien

t |
{rane: st ot 1 gireuits S0 BEFLISH DOWREAIIGLR 378 Hae IHE bole A1&E B) §
supply ground giznmitaneous asssetsqmef iPAULT and DECODE inthe S@}ﬁ@h@ﬂl@m%ﬁ
repl acement fo%&dﬁeﬂtwﬁﬁwm'??oﬁﬂ(%wm@‘rhms 1 anddfﬁéféu%e;ld with

respect to the signals GE, RESET, and FAU IGA
corresponds to a [ o p.ger;, ePa‘leﬁ'éngt‘%WPg‘ﬁFéﬁéﬂﬁgicY%W%PF“CE‘FtthgE 104
nmaps thf Inp]yt elbi&i&Et 480 d0£ bl tedrculte Iomtd@lFIGSEJ-ﬁGﬂ'ca}rthér Iillorwﬂl h%sert the In
prepar at i or.te si gnal _nmay be
Pecbrtad i w piese] ENGACE ManeRtng Me doeicl Al st i S Ry ement

menory el errent Mmeébybywerbemﬂﬁﬂrambamwthmmmdrdemﬁdm @ansistoins 200

0 Fow ci roui EdR 454 Aeepiealiettl Ruch{iBl Bt S BRCOTIE FERITEL

SELECT signal ifPtafrem HisidBLECToignaliquypu mma&m BEH Qiros;mkputput

tcon?ect ion Wt Rbﬁ&hﬁtthlac mﬁ)@gﬂmgqg% r(]@@t'%u%%gqhaﬁztlﬁé irfjont r ol Iter 113,
ests eac nme r,OWw. rr 0 wite, an
st or age capabﬁq;'t‘?’ [aFF ]rdll?g,rﬁ ?fgﬁ%%fbaw HEugh
106N fails, 35 detrheriO()eiﬂpmbedhndiIGelr Nethod 800 begins aaastarsstpp&RerInat he
address of thenext ste d&ﬁeﬁiét&t%ﬁﬁbnef%@é@é‘d%hwtrhﬁ gh
addr ess currenﬁbg I? 'b gr asert for testi.n gn&l FAULT.
This dual asse Nntmlca y by teading and writing certain 1tpa nd out o

each memory row. If a particular one of memory rows 1060 through 106N

25  is determined to contain a fault via a step 306, then test controller 110
determines if the signal ENGAGE is asserted, a step 308. The assertion of

the signal ENGAGE indicates that an attempt has already been made by
memory system 100 to map out failing ones of memory rows 106¢ through

106N. In this case, no more repairs are possible and in order to do further

30  repairs, the RESET signal must be asserted and testing begun from the
beginning. Therefore, if the signal ENGAGE is asserted, then test
controller 110 declares the memory device to be unusable via-a step 314.
Finally, method 300 terminates at a stop step 315.

If the signal ENGAGE is not asserted in step 308, then test controller

35 110 simultaneously asserts the signal FAULT and the address of the
defective memory row 1060 through 106N via a step 310. As described

above in connection with FIG. 2, this simultaneous assertion of the faulty



15 | the FAULT signal and the decode signals associated with the
faulty row flip the logic state stored in the nenory el enent 400.

In addition, the output of inverter 208 will ripple dowmnward to al
subsequent menory el enments 400 in subsed@ent circuits 104 which reside 5
In the sane sequential chain via proper interleaved or block coupling of
the signals PUSH DOMN OUT with PUSH DOMN I N signals. The PUSH DOWN OUT

he PUSH DOW AKER e dRe AL S5t heftes 2 “biRidicativer ISERT e R 104

in the sequentthalmeﬂmryn elément ¥l Testsmmiroller 110 thenrtcanhssthé(immbheoPUSH

E.SOSAQI’![ INOII'In(F;]cht EA res B%%E rﬁ[ﬁ{eafhggﬁgeac I%IBIE%.I Fgacﬁlﬁg%]h assom at ed

with the faul tensuwe (:lsaetefhtermlmhgtesrqdmm mepwiry)rows available to anyitagte, when
BT o pouits Tod il chatfliave e tRErPMcalip xhiludthl resulting SR bgbAlly 21
ENGACE. {1 ans dPreRgiraddirighl BNt Jows v ithin that eangmin astep

f db S14ptent 20fitrofidr 210 deterintites avlidther th ﬁhﬁ@d@ﬁe tor
Zggrre d Q% 2 ¢&A§$ﬁ? fbed abov e actllfoﬁa e ?ir.\ééeggt >

=i gnal | qggmw Bt Gabr 848 el a8 S %@ﬁf%\%ﬁeﬁ'cﬁo‘g?gnm
out put ﬂlthr‘P‘FﬁhclﬂﬁNl'|Iﬁ(§h%P¥1@H|1~°eﬂQbﬂ1qg§éeTﬂBLlE QR?ﬁEClﬂahéebl n).
20 G G tek nggﬁ@ Eﬁép%h; . ' th
menory 16 }agl%geil\g degl cte mggFi @5 N éﬂgm }%s at a starGt
step 302. |n &equentiakgl amcontr@llqre@tﬁ Mot Fepair bPYQn@éib?sﬁféhch
m%‘mfr y rgwt 10@:{t%ﬁhtér€ﬂ?uﬂh in the ch&ﬁfil\t:ohy taitlyy t6st coaddleg I1$0§1é&1drtéé le o
certain bi erns into _an [ Vyefs OW. i cu
one of rrermrs &Fﬂ%@ﬁbﬁﬁﬁﬁs%e due @gﬁgge %@?Q}‘%&'ﬁﬁ&?ﬂgﬁg faul t
via a step 3o&pwm stbqsﬁlt.oﬁinab]yl enethdd 300 termihetes ati nstopi step BES.si gnal
ENGAGE 1 51355t e pniteBieR %ol 8P ACHL Bt Qhior in the PiuBlBP Lo FNGATE

i ndi cat es hat an attenpt has 2 NMenory s

to map out faidhainy thewdesicomiralley 1ﬂ6mnrepmrthr.ermodgrth1s case, @[ err]. In

? 2' Z i fgset hgo d&"tﬁ)lle?ﬁqo rcﬁfrluﬁisl?eé)ﬁﬁﬁ's?éf?g%dMé’cheﬂ%O dlsd Eﬁhﬂﬂﬁésﬁ%rstﬁé

it oy T s e s T
troll 11 itshtes rtestadoinds t 314.

Iilogalrloy ¥ t hod ?’a%}éaZ/e ét‘gtﬁ t ;qz si;jep‘ﬁﬁf = ffeltohe

signal E GEquv £ lggié%i_ls aﬁ-lg%g] eﬁe C&Pdéf)%f’? BYIP%rn@gmryllO

si nul t aneous| yrox&4@6Q 109%¥S‘F1'K ritegta dry s gteptiBe test gpnirailer 1

def ective nenuietefrfities Qb fttids] tebfedoaueh ﬂ@ﬁi& irewa106(Cthréd: 1esm@ﬁ€est bed

Shove. | 1 COMSELTII) e ot sl Ak AP SEUP 08T BUCLEh oo ek

test controller 110 returns to step 304 to continue to test each memory row
25 1060 through 106N until all memory rows are completely tested.
If test controller 110 has tested each memory row 106¢ through
106N, then test controller 110 determines if any previous error/fault was

-

detected in memory system 100 via step 320. If no previous error was
detected in memory system 100, then test controller 110 declares the

30 memory system to be usable in a step 322. Method 300 then terminates at a
stop step 315. If a previous error was detected in memory system 100 so

that redundant memory was selected via "push-down" operations enabled
via the step 310, then test controller 110 tests the spare rows 108N+1

through 108N +M by asserting the ENGAGE signal in a step 324, and
35 returning to test memory system 100 at step 304 in a step 324.



16 - address and the FAULT signal wites a "fault-indicative" |ogic
value into the nmenory el enent 400. Test controller 110 then tracks

t he nunber of failures in each sequential chain in a step 312.
Tracking is needed to ensure that*4 he nunber of redundant nenory rows
available to any one 5 sequential chain have not been totally exhausted
resulting in the inability to repair additional faulting rows within

that sequential chgj BneldBodibfht of the debribbd Shy&fion, dhibfiod 3 get er m nes
el'y precedi error was the’firs

whet her the imedia error in a

particul ar seipiamentedrhy te%mrqgﬁﬂes/ll%mét should begenderstoadthatgnethod] err] .
If the error Bgoagly E@?effbfﬁbd%rf@fadt&}iﬂ%ﬁteﬁ,%)‘ hf WpRfatif sﬁéﬂe%gﬁﬁié%}??%second
a

error) and there iS on@%?one redundan I

t “menpry row per S

chain, then t 82 S3AFIGFPBING TYPIEM SOTRAIAHRE TBEPORY SYtemy 104
encount er &8 f geheral-purpesecGRUhemBedded, weitit tiye niemnorycarray,odd ley ahg@thec! ar es
the nmenory deyj u e Ll I
rows via stepxéﬁﬁpiﬁF%§F13¥&ﬁ§#h3g¥§ﬁ%%pgﬁﬁg%g&é%%gé&%egﬁ%%dggéﬁ . 15
| nstead, if tmemerosystem 100 is manuficterede each time piemnerar sy Osisquent i al
chain, then t I Hﬁ%ga rrent st
controller 11@68\6%'%@%{;2 drfd(”g a}&g?%%??@g tgﬁgﬁb%g%péa‘fesdogféﬁtl nuﬁe%rgﬁ tep
316 after det PARKAEING fe weg ysazs pheadysee¥sed nenory row 1060 t hrough
%86[ er (rj ] lrlhssle_d i tw&ﬂ?thé présb?t %ﬁﬂeﬁﬂ'ﬁﬁ‘_ﬁh‘{z& bes\%ﬁhu_ Stifte _dtaiitii d@ﬁth&it{ed Wwith 110

advances/increnments an.interna i i ch.indicate at nenory -
row 106[ err] F%#%ﬁﬂﬁ?%ﬁﬁﬂ%éﬁﬁ °§Hﬁ8§8%3§ﬁﬁe¥ﬁ“é1?F%€°%ﬁ%?atest controller
110 det émproeameritsi wilh ascurcky tse akilledbirotlye artw Bix6dhamnple; Hreough
106[err]. If . e r . : .
106[err] thr o%@%efﬁé?‘éﬁt][&pﬁ&\i’g m&&ﬂ%éngo @gé\‘{é%ls‘%ggn%ﬁprceg ur nés{ §50§ :sctl ep
304 to conti n@d ewin additinncto, redundanbrews Theospmory element taugignheareir |
has Toot e eaoh Dermrbl ERIR i kel X6, i o select value. /Hig hitxtulé Hiterleavtly 110
control |l er lléa"&gil%g?%%%gar} %eﬁ[g#na M%@Vr@fmelmLﬁﬁész Itis tqjé?ect ed in
menory syst emuhd@rstoad stiewefdizd, that this imventionds aotdimited to the patticatdred in
menory syste € I L% System
to be usable ina %‘%QMQ%{&P % 1% #é%t%gcr%rﬁﬁ %Ig?l'éés?gk)gtgded réﬁl{i‘%‘sst%p step
315. |f a preepversalk medifigations thatidainphdepant fyomytbe spiriband scope of thisat
redundamagnnqﬁﬁeﬂa§n§elected via "push-down" operations enabled via

t

the step 310, en test controller 110 tests the spare rows 108[err]
through 108[err] by asserting the ENGAGE signal in a step 324, and




35 returning to test nenory system 100 at step 304
I'n one—enbodi nent of the described in

|an enent ﬁm |Ter 110. It should be understoo
300 may b rm Jmf actory tester18by an oper

on a data protedsimg sy

jn_a step 324.

m i ncorporating nmenory system 100, by a 5

gener al - purpose CPU enbedded with the menory array, or by any other
control neans. Further, nmethod 300 may by executed i mredi ately after
menory system 100 i s manufactured, each tine nmenory system 100 is

powered up, or at any other appropriate ChA#M$l even after nenory array

packagi ng fol | guggk g isf end-user use. 10 Wil e the present

i nventi on has been i I(f ustrated and described with reference to
speci fic enbodi nents, further nodifications and I mprovenents wl |

occur to thseiskil L&Eﬂlélﬂof)h@y@éﬁl cbar r@iﬁg’pl e, the present invention
may be nodified to prowder |

nd | d . fo
addition to, redundant ?fﬁgaﬁ&rﬁf%‘%‘nﬁﬁl ﬂ"??b‘ﬁf*dﬁ%pg? ﬁr%r&‘eltg’én be

any el ement used to store a sehembrywaklls. The nodul o interl eaving

nder st ood. therofore.  ASECPRE R o RO TR o e o

i lustrated enbodi nent and t hef mempty cellsandd i n t he appended clains to

cover all ywdificati Onsl'éahs%i selectioh cﬁ@ﬁﬁr&uﬁl&m&ﬁ%ﬁfg’c%& Oflur W&I f

this 20 1invention.
selection circuits,

a Sec

each sel e@hddheserond sef of memory ce s, the set selec%/lont he

second plurality of selecti onc&bﬁﬁmdxﬁpﬁamgng a

el ectrically programrabl e menpry lectncaﬁt for st ar

Sholdr1d memory element
coupled to receive decode input signals and a
fault control signal; and

a coupling circuit coupled to the electrically-
programmable memory element, the coupling
circuit having a first select output used to
selectively access the first set of memory cells
and a second select output used to selectively
access the second set of memory cells, the first
select output being enabled for use when a first
logic value is stored in the memory element and
the second select output being enabled for use
when a second logic value is stored in the
electrically-programmable memory element.

The memory system of claim 1 wherein the first set of memory cells
and the second set of memory cells are rows of memory within a
memory array.

The memory system of claim 1 wherein the first set of memory cells
and the second set of memory cells are columns of memory within
a memory array.

15
20
25
2.
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5 ete—— """ alogic bit in one of either amkirsf{ logic state or
a second

logic state, each el gcTHISCSHHARF bl e
e I eremend s e secdnd SR

circui t¥ bei ng coupl

sequential chain t hrough inputs and outputs o he
electrically- 10 programmabl e nenory el enents, the
second plurality . O | ection circuits selecting
only non-redunffant The memory system of claim ir@ﬁ%’ﬁ“ &%ﬁ@ﬁf'&caghén all of the
el ectrically- programmable memory ¢lemgnaisrahdfirutermupled seeof s of the
second plurality of selection circuits are in the

first logic state, 1%verters. at | east one of the selection

circuits in the second _ plurality of selection
circuits se es\g' ng §%%$IS%%&E rc])f claim 1 wherein the electricalfyedundant
0 e

menory cells en at least o ] .
el ectrical | y- progr aP¥as¥ Jnemeny: glement isa non-volatile memory element.

first plurality of selection circuits is witten to contain 20

t he second | ogic stge. 16. The,nenor . 2l 15 wherein
the sel ection éi rcuiﬁ@ memorygygpe%r?g %ﬂlﬂgﬁééhé%zrﬁn%qé ?%cﬁl%lilg)r'ei n a
rank-order for eachprogramsabletriemmonyi elepienticomprisesi a sapagtitoral i ty of
selectionqircuits is less than 25 t he rank-order of for each sel ection
circuit in the _second plurality of . selection circuits, 17.
The nmenory sysf¥em offhel memory systenaiof claim 4 avherein the elestrially- are

rank ordered from 1ﬁr8§ﬁﬁﬂi\ﬁbﬁ thetnd eﬁf&t@ﬁs%@ﬁpﬁdcﬂb BPeset coftrol sigial

circuit in the flrsaﬂgicﬁral |1§% of gg es(c%lon %'ériq%s IS a mJ|t1I pl e of

M begi nni ng at one ranheusest froresst the glec TPereTmahle memory

the second plural it elahestetoeatdefaulticonfigusatien.a nul ti pl e of M begi nni ng

at two vvhe]{§ Mis an integer greater than or equal to tw. 35 18. The
S

menory syst'em of claim 15 wherein the electrically- _progranmabl e
nenory el enent 8. can The miegwnyisyateny of rcdaimy 1pyherein the ceupling girguitdset

control signal. fod to an J BeniBIa al?iﬁé@ﬂ%ﬁéeé‘dxﬁi‘dﬂsl abhenein
the first and seconé:ouﬂ, ,[?I ural ?%/ of se e?t"li on, cj,rcuits arebf%llj Igl(] to a
menory array and a (pggyenting a logic value of the electrically-programmable mem

element from affecting the selection of either the first or second

20 plurality of memory cells when deasserted; and (2) allowing the
logic value of the electrically-programmable memory element to
select one of either the first or second plurality of memory cells
when asserted.

25 9. The memory system of claim 1 wherein the electrically-
programmable memory element is written when decode signals
from a decoder and a fault control signal are both asserted.

10. The memory system of claim 1 wherein a test controller is used to
30 test a memory array which contains the first and second plurality of
memory cells to detect one or more faults in the memory array,
whereby the test controller is used to initiate re-programming of the
electrically-programmable memory element to compensate for one
or more faults.
35
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controII chip wth the first and seco nlurality of
sel ect | oﬂ!ﬂl@" Wm Hﬂ“he test controller being usembl SREEF mﬁm

scontroller initiatjnhg reprograrrl

reprogramthe el ectrically-progra |l e menory e abl e
menory out of the menory array which does not contain the nenory
faults. 10 20. A nenory system conprising: a first selection
circuit havingip fi n‘i@ﬁB dréin -

circuit, the fllrast Trrlri;‘%mry e)ynggtsﬂﬁgf\:/ldﬁgﬂa%% ut %%ntrol I@i

first control signaptogiammahle nemery elempentih %apﬁapprrcgtlp in PHQ"EPPEUN

and a second out putof 4 Rreéddifif e‘.[@ﬁﬁiéadl b@@@ﬁ&nmﬁ&]e BeiitgyVeleineat fiom kb
contain a first logic séateto bIe rimary |ine of menory cells in

a menory array for DE&E® F‘ﬁ?eﬁe("e ¥ing circuit: and (2) being
witten to5contain a second |ogic state to enable an alternative |ine of

menory cells |Pla nfﬂ@ﬂexﬁ&éﬂ%ét@ﬁﬂifﬁlg@al Wikerbd ﬁfe&@&?ﬂc CI rcuit;

T
iTst selection cir |nthe

a second sel ectrTon CircCul fﬁ

menory 20 sprgrammablememery element hﬁ%mcgpm@eﬁp tpanmvhd
coupl i ng of ﬁ'shBHécLueﬁt f&e&ﬁ@ﬂmﬁ?ﬁﬁ FRINMAbRIBIEmAgVeélathenid ol
controll ed by cont signal, a first output coupled

to the second coupl?‘#{fequﬁmt set seiec ‘Efﬂ“tl,' and a second output, the second
menory el @¢fent: (1) being vvrltten to conta| nafirst logic

state to enabl f nory arra
for use via th sec@hﬁ%‘ﬂﬂf%&&e&gf claim 1 v CI rcul ; e%iﬁ?éln glgﬁg WIYI tteny
to contain a secondcontgins & plurality of sebsalection circuits wh@re:aleta@h qtrigallyne
of memory cells in gy, Wﬁﬂ dvﬁ\énfd}gtéléﬁleﬁf n the plurahty oftsEE sél?@ﬁ&q

coupling circuit; lon circu cond
selection circuit |frewss are connecte t@&ncg Z\‘FF‘F}& ?ﬁ%erd menory

el enent ang a thirdwritten to a prev@cﬁwélea&malll 1dgrainieableimemaey@lomehenent

havi ng an i nput fir LI nal first
out put coupl ed to tHethe sequen%ai %&%’F PH%S W@uefe&é@yasgkg'%n%@?put,
the third nenory  memory elemmrsmntthe(s:bﬁubatlabchumtten to contain a first

|l ogic state to enable a 35 primary line of menory cells in a nmenory

array for use via the third coupling circuit; and (2) being
witten to conl4in Ihggngm@ry@gst@ngpﬁlcblmlwherem the gesnem aysier

al ternatiyg line of (hRiERs/a phhtatity bf defBslBétiorbiraitd Which are rank-ordéted Vi a
the third coupling ic_l_|r0|t1\1ala(_? %P
e electrically-programmable memory element in
every Mth set selection circuit from 1 to N being connected into a
sequential chain wherein a value written to a previous electrically-
programmable memory element in the sequential chain affects
25 subsequent electrically programmable memory element in the

sequential chain, N and M being integers where M is less than N.

15. A memory system, comprising:
a first plurality of selection circuits, each selection circuit in

30 the first plurality of selection circuits having an
electrically-programmable memory element for storing
a logic bit in one of either a first logic state or a second
logic state, each electrically-programmable memory
element within the first plurality of selection circuits

35 being coupled in a first sequential chain through
inputs and outputs of the electrically-programmable
memory elements, the first plurality of selection

“‘“ﬁ“m i



a fourth selection circuit adjacent the second sel ect ’ i a2
menory ﬂ'ﬁlﬁw a fourth nenory el enent and zﬁ*%tﬁ%ﬂ HAS BEENI
couplin m " ,murt h menmory el ement having at_i npuREPLACED ;
sr's

control |l &d by 4 he control signal, 24 first output coupled To tie—
fourth coupling circuit, and a second output, the fourth nenory

el emrent (1) being WW|tten to contain a first logic state to enable a
primary line of nenory cells i.n a

arr for yse .via the
fourth coupling circuit; and {BSULSeH "HD ii} PP&“PB‘%@HPQPH?&‘%‘BB%d 10
| ogi c fstate to enable an al t&segmentewmmaﬁfofrthnmigctueh]ly-progmnmabt@/
array for use via the fourth of
claim 20 wherein: (1) the mm&gﬂ&:&”&eﬁgﬁ%’&theﬁrﬁtiplu@ltg e?%?g
sel ection circuits are seri al¢igcuitsigredn the fissthlegic/state; ot leaLSh@ng@é@hei
outputs tosforma first sequepjs orlcéli'étﬂtsofr\ tRVBfa¢ plurality JreRition and (2)
the nenory el enents of the second an ourt circuits_are
serially coupl ed together vi aClFGH Stkﬂ?ﬁg?g@?‘i}rwgl%éﬁna
sequential chain of nennryfelﬁrm@ﬁtai- leasEQme &the detteichlig-programhable ng
menory in a nmenory array of a_ne t sin
the steps of: (a) pr ogr@ﬁm(ﬁéfy%eﬁemsaﬁ%? @'St ﬁﬁrgﬁ%ﬁgpsquéﬁgﬂ °
el ectrical | y- programmabl e nentirguits 1s written to eontainttbe isacandlagiastatg; astd
sel ectionggircuits to Se&%ﬁ s BPE&E&&%Q&Cmts each setﬁcHBHfH L RES

in the nenory array, the's 0 e nmenory
array in a first nmenory confl'élﬁ'ﬁcpb Plurahtyqftﬁﬁlmqmt%a‘angm zing the
menory systemwhile in the figgttrf@l9iprogrammable méMod @wéménofoﬁabrm

functional period of tineg; 151‘ i,ons on th
first memory configuration af?équg%}txgoneof%ﬂgar ﬁ’éﬁtqgﬂﬁ &,or&seézpn i me

to identify a location of a niogie ytateywach3fectrically-programablenmemanyr ay ;
and ) reprogranmng t I t glrlmabl e
menory 1(5d el enents i ngf%ﬁ%“& UWE@J 0%0%91 @u?-ﬁhﬁ}’glf rgéclg S to select
ahsecond plural i tycmultﬁeh@ng dqucpé@d Hhatﬂﬁéom‘émml i enabl e
t he menory array i féfgﬂl{e lé&ﬁcmm,.ch | S
different 35 fromt heﬂ}rﬁugﬁqﬁggﬁ% conf urati oﬁé wher eb econd
menor y conf i gur at | BFPEGB1Ha e %@&Bﬁr thﬁéﬁ??‘? tep
(b). 21 of selection circuits selecting only non-redundant

20 memory segments when all of the electrically-

programmable memory elements of the second
plurality of selections circuits are in the first logic state,
at least one of the selection circuits in the second
plurality of selection circuits selecting a second line of

25 redundant memory cells when at least one of the
electrically-programmable memory elements in the
first plurality of selection circuits is written to contain
the second logic state.

30 16. A memory system, comprising:

a first selection circuit having a first memory element and a
first coupling circuit, the first memory element having
an input controlled by a first control signal, a first
output coupled to the first coupling circuit, and a

35 second output, the first memory element: (1) being

\mm\ \m\ T \\T‘“’

line of memory cells in a memory array for use via the



23. The nethod of claim 22 wherein the step (c) de

f aul t”mm)lmm lmrect ion by using a built-in-sel ﬂ'@{éﬁ%ﬁHAs(@EM

enory

circu the nenory system where the|BlI ST REPLACEDrcuit]is
enabl e*t oc t'as ry systemafter t¥e functional atrTTzarl on of
step (b). 24. The nethod of claim 22 wherein the nenory systemis
packaged into an integrated circuit package before the steps (c) and 10

(d) are perforned. 25. the r
lines in the first and gec%ﬁgﬁhﬁg l‘lﬁ?r&n% W% e%naéraeorq%\%%f a
nenory array. 15 26. The ns#eceod glccstatmtozgmam@.aa. etrn@tlmhmp lines in
the first and second plﬂfeiﬁélﬁryeqﬂ%lﬂ%f‘ﬁ{e‘lnéfynﬁﬁ' 6r 68¢ Vil thePfird
menory array. mef hod of clai"m 22 wherein the steps (c¢)
and (d) are 20 perforned V|§° SHEWY tester |ocated on-chip with the
rrerrgry 5 | arrayI Vmelrea%eédtﬁit tﬁéle@ﬂimpcireaitard jEdeit ﬂi@gmﬁddlectwhl lélmaﬁd
reads ogi'cal val ues togthe nenor rra t in the
menory system 25 ZSmGTWh%'&%}? %}&aﬁﬂ%"é‘% o&xﬁgte}%ozgz[ ep (c)
is automatically per f or elethent emd: & eeconvbcqupsling em:uﬁ, ’é‘mmcendup

29. The nethod of claim 22 whgj nnﬁ?n% [ %g,tuq)
performed at specified periods e%]fl&tyta% %a@z‘ﬁ)ig ah [%h’tﬁﬁf hl% 51? cI aim
22 wherein the step (d) requi fitst coptrol signal, a first qutppk coupled e second

el ectri calylgy- progranmabl e ”E”Eé&plﬁigf‘aﬁ‘&&ﬁ 48] haeednd output bl@é sécdnd

re- progranm ng can occur. The od of cla 2 whereln the
first nmenory configuration mowoﬂﬁmﬁ%n@ig% Pyé“éél | s.
22 logic state to enable a primary hne of memmy cells in a

memory array for use via the second coupling circuit;

and (2) being written to contain a second logic state to
15 enable an alternative line of memory cells in a

memory array for use via the second coupling circuit;

a third selection circuit adjacent the second selection circuit in
the memory system and having a third memory
element and a third coupling circuit, the third memory

20 element having an input controlled by the first control
signal, a first output coupled to the third coupling
circuit, and a second output, the third memory
element: (1) being written to contain a first logic state to
enable a primary line of memory cells in a memory

25 array for use via the third coupling circuit; and (2)
being written to contain a second logic state to enable
an alternative line of memory cells in a memory array
for use via the third coupling circuit; and

a fourth selection circuit adjacent the second selection circuit

30 in the memory system and having a fourth memory
element and a fourth coupling circuit, the fourth
memory element having an input controlled by the
first control signal, a first output coupled to the fourth
coupling circuit, and a second output, the fourth

35 memory element: (1) being written to contain a first
logic state to enable a primary line of memory cells in a

e e memory array for use via the fourth coupling circuit;

LD




32. The nethod of —ctai-m 22 wherein the second nmenopy config i on

cont ai nt rrem)ry cell's which were | THIS ﬂebEETaHAS\%EN t he
first mnﬂlmw maﬁlon 33. A nmethod fo in a
Menory *arreay Lor # system th&nethod c st s of:

(a) providing a nenory array having |ines of nenory, the nmenory 10
array al so having redundant |ines of memory which are prOV|ded to

array (b} providing anchbayPeRESEReRTE AR Rih A SRR sy

el ement s whi ch areengblecm ahmqudumnﬁmmnoqneeﬂseuoa di sabl e
specific 15 redundant | | FRFI¥ s Vi B6S KON bub ARG feus
non-functi onal | nes o? m) y the nenory ;’ '(’ c)

using a test controller, which is on-chip with the rrermry array, to
test each 13nel1pf mMABiethbd foi SelbBliME Yn@hbRy mamemoi-yl)arfa@eaf hfﬂ(éxﬁarf

non-functional |ine _of ne t.he” neno via tes
oper ations perfornmefy %‘?n‘c'ﬁﬁeé‘éf?mémm T’lé% t%ﬁrf‘ggps of (&) sinmultaneously
asse;tl ntg a dleclode coPtr(ﬂ) pnognaﬂnnmlngta phmksptofal@&mally-programmalblb t he
non-functional |ine of nenory r

order to change a state of at asﬁ’ one éz}tg‘iﬂ &u ftlgln ﬁl@chon circuits to
programmabl e menmory el enents ¢glea mﬁrﬁlephuahw OmethE%ﬂ irythememory

programebie nmenory el ements LAQvathd §8%lo geérﬁ%ﬁlﬁg%!elﬁﬁ
programmabl e nmenory el enents di sggl I n ? ona ne emory

of memory and enabling a specPFiay Mgy qu{é‘ 1&% R in

response to an asserti on(ls)f perforniggtest operatiorsi godie flrs'lGne The Imet hod
of claim 33 wherein the step r co i n
detected faults to determ ne |$&fég§r%{sz) ﬁufﬁ&slgﬁ?%%f‘ ofa tfgflit

fi xalbl EI Vi a (rje Sro?ran’m ng or imthe memotyearray, exhaustion of al |
avai | abl e reedundant capa ?ﬁﬁ‘%h

menory decloséer S‘f Foéé Or}n%l ection g’l’?%%%e?? %%géf*% %ﬁble
menory decoder, the menpom glements fin $he plurality ofrselectionceimewitsi ng

electrical |y enable memory  to selecta se@RIPRirdlity of memory lines in the
memory array to enable the memory array in a second
memory configuration which is different from the first
20 memory configuration whereby the second memory
configuration avoids the memory fault identified in

step (b).

18.  The method of claim 17 wherein the memory system is functionally
25 utilized in the first memory configuration for a functional period of
time before the step (b) determines a memory fault requiring
correction.

19.  The method of claim 17 wherein the memory system is packaged
30 into an integrated circuit package before the steps (b) and (c) are
performed.

20.  The method of claim 17 wherein the memory lines in the first and

second plurality of memory lines are rows of a memory array.
35

21.  The method of claim 17 wherein the memory lines in the first and
second plurality of memory lines are columns of a memory array.
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23 ~———a-pmenory array having plurality of pri ry lipes coupled
lurality of selection circuitd Ta8 SHEBT HAS BERN bf

ﬁce]dmgalﬂmmr'mwmﬁmlg lines coupl ed to thejpl ur aRERLACEDH sel eption
Circui t's, ¢ "o Rl I anplifier for r7éadingrre e

menory array; and *  wherein, a fault control signal is used to alter
| ogic states in the electrically erasabl e nenory el enents of
the plurality of selection circuits, a reset control signal

bei ng used for electrically resettigg the electrically
I

erasabl e nmenor2.el eFbensetbpdroferlainuddvhereis thasteps (lard (@ure perfarmed; 0
an engage control syGng oh%hiﬁ&@ét& }tﬂiaﬁéﬁ‘bg?&g%%tﬁhﬁe%&ﬁby tﬁgda y

erasabl e nmenory el enents of the plurality | ection circul o the
menory array to select active nmenory lines fromthe plurality of

g g i ma rA y MEempryai tne%a Rilethbd ¢f dlaidh 117Ywhérein dhe gept (byasatsorhatiedly 15
. memory system conpri,sing: a NMenory. arra rising a
plurality of main IPFF&Q%Fdﬁ@ﬁ%‘F)’h%Hberﬁory systemis POW%T?@?QR ty of redundant

i nes of nenory; a plurality of line selection circuits wherein one
line selection,gircgdt | . : ! menory
fromeither t h%g'mai n Fiﬂln%%mg‘f()f 96““ 17 Wﬂéﬁ%‘e&r@er %@?@rﬁarﬁg‘%}ﬁggﬂy | i nes of

memory vi a el ect ri cpetformed sispecified periods of timgeat i ons within the
plurality1@f line selection circuits; and conductive input and

out put lines which ou h rality of Li . el ection
circuits into &l U%Pﬁg?&'@ﬁ &néié’rm v‘é’g‘e’éeéﬁgﬁﬁtsf% () megisizes that the
where each interl| eaphdaliefluf eldctticallipprogranimable metriryudementsobe rédet
nore of the line seEe tion circui V\haﬁrqeciggfat | east one redundant

X .

line of menory is a § EFéF?Joﬁfatr%ﬁ‘éggﬁ eaved sequential chain.

37. A nmethod for selecting nenory in a nenory array of a nmenory

systemth t hgd CcopRML SN a3 rei fitsR ) meRio? '3z igatio
pl urali tyqojfme?g'ct r?‘g{gll*}y- pr nglglmme%“ﬁ{eeégﬁ&e ' € el e nztts 1i1n a
plurality of sel ect Fomtains active rednadantcnemnaryeallsy yral ity of

menory lines in the nenory array, the step of progranmm ng

enabl ing the ry.array.in, a.fjrst ry..cqnfiguration: .
per f or mi ng ters?ggpe iIBég‘oéinofﬁ ﬁsrt%"% &ec %?‘Péu#‘%ﬁ"&x ‘Eoélﬁg?ggg%n
i dentify a | ocati oncoftainsrectivey rédundaritrmetroryeells whicheyeid nat active in
exi st ; 2{({/ (c) tﬁé fﬂsgﬁ{éﬁorsg%ufa%ﬁ’gram ng the plurality of

el ectrical prog € nmenory elenents in the plurality of
selection circuits to select a second plurality of nenory

lines in the megory Apehod For selecting memory in a memory array of a memory
system, the method comprising the steps of:
(a) providing a memory array having lines of memory, the
25 memory atray also having redundant lines of memory
which are provided to functionally replace non-
functional lines of memory in the memory array;
(b) providing an array of electrically-programmable memory
elements which are selectively programmed to enable
30 or disable specific redundant lines of memory to
functionally replace non-functional lines of memory
in the memory array;
(c) using a test controller, which is on-chip with the memory
array, to test each line of memory in the memory array;
35 (d) identifying a non-functional line of memory in the
' memory atray via test operations performed by the test
controller; and

"



bt h d '
! /" gm e”a efﬁe?eﬁ”?%maihiyfl?s? Séﬁﬁ?y[?ﬁﬁ%’% iﬂﬁﬂ‘e}é’ﬂy

t he se rrermry configurati on avoi ds t

identifie stsep 5 (b); and (d) repeati ng steps (b) t hr ough
(d) automatically at specific peri ods of time throughout
operation of the menory system (e)

si mul t aneously asserting e C | ' . .
associated with the non- 1‘(§)n:l gﬁef)ﬁ?ly Fﬁ#grg detcgaé coitrol signal that is
a fault control signal in ord@SSQC@)afedaﬁgb fé\esmm-éumhmal line of memory and

| east one of the electrically,zaua rmlb\fdepto change a state of at
el enents within the array of Iectrlc %
e‘?@

memory el enents, the at | east ‘%ﬂ%o@PQ %tgcgﬂg%wgrammable memory

FVOQ{ amF'? WEWD][Y el eﬁentsd@léﬁ&hbltlswlthﬁii‘ﬂﬁ@a?a y of electrically-programmable
unctional line of nmemory and _enablin

redundant |ine of nenory in r &% %g‘gﬁg’a@?e ttclle%t v of the electrically-

of an engage control signal. programﬁ&ble mereory plesyaritedisabling thergon-

a nenory decoder; I S

coupled to the menory 15 functiond] lﬂ{&éﬂﬂé%oﬁﬁ?&ﬁ%hﬂgl .ct

sel ection circuits containi ngredundant line of memory in re@%?rtpé’d} F§seé¥19§abl e

menory el epgnts; ofaneﬁgauggr&wr@rsigﬁ]haw ng plurality of
primary nmenory Iines coupled to the plurality of
selection circuits and a plurality of redundant
menory |ines cQ@9pl ecA tmembey 29stem comprising: plurality of selection
circuits;

a memory decoder;
a plurality of selection circuits coupled to the memory
15 decoder, the plurality of selection circuits containing
electrically erasable memory elements;
a memory array having plurality of primary memory lines
coupled to the plurality of selection circuits and a
plurality of redundant memory lines coupled to the
20 plurality of selection circuits;
a sense amplifier for reading memory values from the
memory array; and
wherein, a fault control signal is used to alter logic states in
the electrically erasable memory elements of the
25 plurality of selection circuits, a reset control signal
being used for electrically resetting the electrically
erasable memory elements of the plurality of selection
circuits, and an engage control signal for applying
contents of the electrically erasable memory elements
30 of the plurality of selection circuits to the memory
array to select active memory lines from the plurality
of primary memory lines and the plurality of
redundant memory lines.
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a sense anplifier for reading nenory values fromthe

menory ar“ umnmuaulm”“‘ wherein, a fault control signal is used
to alter the electrically erasable

nmenory el efrent s 'of M hé& 25 26 plurality of selection
circuits, a reset control signal bei ng used for
electrically resetting the electrically erasabl e

menory el emantgnof kh e% ﬁaé}s o(t'orﬁﬁhgﬁ{uon

circuits, and engage co & appl yi ng oo
contents of the electri calmmmgmaompmm&ammwmam lines of

of the plurality of selectlonnfe&ﬁ d SLRESP dant li £

array to select active magg &l?%lﬁomoﬁgﬁ lﬁriéa;n an ne?o me;m;ry,
of primary menory | i nes & u{q{gyrg Jing p@ ci@q;n circuits wherein one line selection
redundant rgenory |ines. c1rcu1t is usec}?@o eﬁaﬁl%rmﬁé/hﬁﬁ)‘feﬁéﬁgﬁ?'ff(ﬁhng

a nenory array conprising a p 0 nes of

menory and a plurality of -redﬁ%%h‘qy rigfesrﬁeg fgefprory or the redundant
plurality of line selection clinesiof merherevia eleetridally-erabalitilocatidns
cither the main |ines of memoritih ik SIEERIE SfIAR selection circuits; and

lines of nenory via el eceondugtive mpadasideontput imgsswhich group the plurality
within thqelurality of line selifelseRittibh’ GHidiSs: ln%"a 1ura11 of interleaved
conductive input and output |ines wh altl,rcgp t he r al |t3’ &LO

of line selection circuits i nPeAUETS E‘lsy ¢ [f F@ﬁ@@ﬂ ed sequential
sequential chains where each t]ﬁﬁlﬁrdmm @ afitp twd or more of the line

chain contains a unique two orelFr%ée of

selection circuits, wherein at &t cgﬁéﬁge‘ghﬁﬁeéﬂtat l?%sé one redundant line
of menory is associ ated with efotemenis assocatabwith each interleaved

sequent i aly £hain. sequential chain.
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