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unl esgsit i dtesgpies faflingveithin the it anfl Sorte bf thernvénkiar aadefiediged appbrglédreBims. Adj acent t he

64K byte nenory |ocati onsMbﬂE(ngmammTlﬁmIﬁy@qﬁ@ﬁlundant secti on 15
havi ng two 20 1 gﬁjus gve embod ogt}? uglenqion are,edescrll edg)nlowa ri;[l thg Btf:rléls{?] clan not all ”%rey

devices, the re ant rows
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sub-array 10 by an input/output |ine 20. Wen one or nore of the redundant
rows 17 or the redundant columm 18 in the redundant section 15 is utilized)
data nmay be coupled out of nenory cells in 25 the redundant section 15 by
means of a redundant input/output line 25. As will be appreciated by those
of ordinary skill in the art, the redundant rows 17 and redundant colum 18
in the redundant section 15 nay be used to replace rows 21 or colums 23 in
the sub-array 10 that may have defective nenory cells. Thus) by programm ng
redundant row or columm decoding circuitry (not shown) to respond to the
address of a rom121 or a colunn 23 haV|ng a defectlve menory cell in the
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test unit 2QdndmQieNie ba 6ssalagld®gi C Circuit whose funct | on it is to generate
tsgguzlnggal :sl-hra]fc IeASs.S AL %meprle of Bo Sdtefecttl?eenéetbngr%ellﬂg the suF?rrn% (f maa lbe: reglﬂcedg)p ]zeuab rnl;e%XrP'
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and it receives, on a line 216, results of a test on a row of the array.
The test unit 201 executes a test of a rowin the array and passes 40 the
results of that test to the error detection unit 202. The test unit 201
then proceeds to the next rowin the ..q_ 16 DEC 2003 WD 02/ 45094

PCT/ USOL/ 50084 array, executes a test of that row, and passes the results
of that test to the error detection unit 202. The test unit 201 conti nues
to repeat this process until all rows in the array have been tested. The
error detection unit 202 generates three signals - error indication (on
line 210), columm nunber for a failing menory cell (on |line 212), and
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row nunber with the "Row Address 0" stored in the storage |ocation 222. If
the two do not match, the second condition for transition fromstate S 1| to
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© 25 Accor di ngly, the protection sought herein is as set forth in the clains
bel ow. ' "30-04-2003 TT3961 CLAIMS: 1. An integrated circuit deviclef DEC 2003
conprising; 1 6 DEC 2003 US0150084 a nenory array ( 10) having a plurality
of menory cells arranged in a plurality of Srows (21) and a plurality of
colums (23), each row (21) and each columm (23) having coupled to it a
plurality ofwoemsey cells; a first redundant row (17) ofeCm@rarsgoseel|ls; ,. a
first redundant columm (18) of nmenory cells; a test circuit (201) coupled
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provide a s bmaeho,l@o&eh ey m{ye @ kirofik aeguedt@aﬁl%@)’%aw cofftrol l2E203 DiSRL- AL Eh Wk CUI

devi ce of Cl;h fss bf d)j'l wFuch dl? rTh)-or ﬁcund-gxts %ored é“ tﬁe storager]B:%B? 522{{{ ggg‘g és Os(ﬁ(gfl ed to

the first regls er %m t he
test &0 rcui e EoHeLp0- tTPFeV”g‘b‘E'dHﬁ'd B)dﬁ‘rﬁ'a%‘%b'f’ca(“’z@%“)‘s %529 fhe adress of theralya et t he
col um 10 achdriemthe fajedammap @il i mrmed intthejstorage fiveatipri 24(Colpragiugibeep). ( 220) and provi de

an out put si gnalif e errdh®Btedtith AE D(ﬁtr@&i‘ts Grlore @l dne BIEMiliGRn @ bived W (PardE1), thl Bdnid® !
conpr isin g g’lock '263%LterL ps%le%Z Clh ﬁlﬁ Hst{ thg gcﬁagé 1 ‘Qt?o\ﬂ IZi}QRJvJ A[d§r£ss a@tgresqﬁ(\é&)d%gs Ftﬂ%&s‘w}/

term nal s and

first r egi sPd r°°“(a?§'dl)° t""‘f“n@“ X @EBﬁﬁfali‘dﬂb‘& fet’ f“é t’hﬁl‘"ﬂ“aﬁ R""Ef‘& ﬂ Y2 bitigythe Sorage location

226 is set, indicating that the failure can only be repaired using a redundant row. The “Column Number 0"
information in the storage location 224 will not be valid since more than one bit failed. The “Match101” and
“Match201” signals on the lines 264, 266 are qualified with their respective “Must Repair” bits in storage
locations 226, 236 to prevent their participating in a column match if the “Must Repair” bits are set.
If the control block 203 is in state S1, there again are two possible next-state points, $3 and S4. The S3
35 state is arrived at via path E4. The conditions required for taking the E4 path are: (1) that the failing column
matches “Column Number 0” and (2) the row address does not match “Row Address 0.” In other words, to
determine the first condition for a transition from S1 to S3, the comparator 252 will compare the next failing
column number with the “Column Number 0" stored in the storage location 224 to determine if they match. If
they do match, and the “Must Repair 0” bit in the storage location is not set, the logic gate 260 will generate a
40 signal “Match101” on the line 264. The logic gate 260 comprises an AND gate with its input from the storage
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15 receive the output signal fromthe second conparator (252), and the
output termnal coupled to the control circuit (203). 6. A nethod f g DEC 2003
repl aci ng defective nenory cells in a nmenory array, conprising; 20 testing
a row of menory cells in the menory array; detecting a defective nenory
cell coupled to the row, providing, to a control unit row information and
col umm i nf o'W e¥45¢94associ ated with the defective nenoryPCEUSIS®We4 er m ni ng
an assignment of at |east one of a redundant row and a redundant 25 col um
to replace jolgonfbd StertdaO'o dRhiheQRAbdoM SRS mggontgﬂtmmlh bﬁnpsreﬁwﬂmwcol um
based on ths:.mgql H.lh e Iﬂ)f OArd ess%)osl;:]o’red%tggslto@ oca?on 2?&’\1 llf[t]xf gvrorﬁg'tncl)tcl)thc es nﬁgl ster
associ ated W th ere rowinre 6 determ ni gt
redundant r $¥oR for fegeiiey fr°%i e St BreR §? tsﬁaé‘SfEﬁal Uﬁﬁm}PFﬁ“‘Brzﬁoa’(“PP&ﬁ 15 puinyt §eggi st er

associ at ed Watchi0¢1ethy comtighbibelr 03 BOvar ofithg tive 268 Ir (5O the previcoslkedignedrfRawi Avgreshat  t he
redundant co il stbrége (RAGE2 xsTﬁ'EZﬂEch]ehlBy\hﬁ Irednal @CloiCial BB stakagke ildcRigh ARY Fdo@d - 9

AVENDED SHE}EuInber 2]‘ m@toBEeQOc‘?r&Q §44 is as eﬂélfhgg%ﬁ’g clbm&l"gg %14& ﬁ-l’"l;riggo@zlge lantmIPf% et hod

of claim®6, wherein détermning the assignment o east ore o

r edundant rc?bv ~ and the redundant col um conpri ses corrparl ng the col urm

i nformation wi t The¥istaris airired ofinom the Slrstateyis peth BY Sy coiditipns eeayiredefiritabing thyEdheth ect ed

def ecti ve meenbat e faidibglrow dvesGot mite RO AdBRREL 00 stbrhgd lobatioh,222MTRS BitHa “MIAMKDAT sigag) t he

col umiy i N OpHRtihdHs Wchxﬁ,ﬁﬁtoﬂﬁé flidlled thd o am,t m;. fhbﬁewdﬁtr@me batne AR Y cel |

and the prewoslxtpl? chlo f%?%{tl ﬁlrtrel . g‘? fré%r a_C hj 0 9. The
method of ci"aimrB " WHar ern” TSt THE L 5T “th f?fég° R ant

col um conpf F‘g"e'%ddfd-‘ét"érﬂfﬁfﬂlfnﬁ@’l‘{“hés'%%w ﬁ&ektﬁ%“‘“t%‘é(“?@mnﬁ{ﬂlalml "5 &l Had | n
response t ol'drethestorsieriocatign 238 &iset.t Hoea mldtiple bit failue, thexmisting dat @ the safagh ldchienspr2eazh ousl y
det ect ed defregdirgea m{oﬁgquzlatlonsszbﬁ"zﬁl @sp@éﬁbe‘l&m’{h R falﬂg romgstmtuhﬁlg st&igeCI aim
8, fur; her 88 BiZSIm“M%stEtaa;‘)§ (Pglt tpra g){)c 1o§ 15 eé q{]erﬁnatthcgnalsob enl'gcl)mstate - row

R pliher ooy apd . 7 Yy cel

associated wt response
to deterni nt4ty Staff’r‘?éff“l“ Ffélm%j'é‘f’ g‘t‘?i ‘1°Vé’t°PrE[fP8r"‘)9d’&sé? [ as é‘i‘FH““teﬁEY *?fr"é‘WaBB%ZPQ/ Igfbe ect ed
def ecti ve nesrok Jeecot tatieryhetisr thergioh sivate. or Ratiple]bit fflpre sirpe thi Bdingbw @illde sordd inwher ei n
det er m ni NQstdrdzloABRI2GN (MMt AdaEss 1) énd rLdlit A Bebradd WedieH DS Wil B sefl o diltBieBE t he
ass | gnment beﬁmt he: Mu&ﬂébﬁ&ﬂﬁ@i ikl Q@ﬁ&%«@mmw& row i nfor or mat i on, opt i ?RZ' 'r Y
o oo el e Lol ) AL, SERCEIRL SRR BAERT B,
assi gnirent 5 Bf pER GRmbpitkencn & rrgwf %‘B“ﬁf) F‘Fgéeé’é 2 glfiRlechitieniy Whorathe saURIARmAtcbW | n
response t o“GiemeXuriberi2/igs deterained ty éhe chapegdr 258 Tiveiiting yow Gs@isignea PR ivvRIds @Vih oUuS| y
det ect ed defhesfdrdgy/Bealit B 3hd ©Rlid 0»SHEY Eorage 162N UBIiNG. IrihSre s QWukifl B elRE @R 30
13. A net hoqll } %&éﬁ@ﬂ;} % ag mf?tgﬁ% wﬁlealsg‘gerrar ¥l1e %? pa)l&b-eqllmies 1%.%&1"3 re_lr_% a¥mg?é bit elyoi'
compr I S | ng that matches “Column Number 1,” as determme by the comparator 256. In this case, “Row Address 1” in the
storage location 232 is freed by clearing “Valid 1” in the storage location 238. The failing column is stored in
storage location 244 (“Column Number 2”), and “Valid 2" in the storage location 248 is set.
If the control block 203 is in state S5 or state S4, paths E7 and E8 take the control block 203 to state S6.
In state 56, all redundant rows and the redundant columns have been assigned. The E7 path is taken when there
30 is either a single or multiple bit error that does not match “Row Number 0,” as determined by the comparator
250, and the failing bit does not match “Column Number 2,” as determined by the comparator 258. For a single
bit error, the storage location 232 (“Row Address 1”) is assigned the failing row number, the storage location
234 (“Column Number 1”) gets the failing bit number, and “Valid 1” in the storage location 238 is set. For a
multiple bit error, if “Must Repair 0” in the storage location 226 is clear, “Row Address 0” in the storage
35 location 222 is transferred to “Row Address 1” in the storage location 232, “Column Number 0 in the storage
location 224 is transferred to “Column Number 1” in the storage location 234, and the new failing row is stored
in the storage location 222 (“Row Address 0). The “Must Repair 0” bit of the storage location 226 is set as
well. If there is a multiple bit error and “Must Repair 0” is already set, then “Row Address 1” in the storage
location 232 is assigned the failing row number, “Column Number 1” in the storage location 234 gets the failing
40 bit number, “Valid 1” in the storage location 238 js set, and “Must Repair 1” in the storage location 236 is set.
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AVENDED SHEET ' 30-04-2003 TT3961 16 DEC 2003 US0150084 det ect i ng a first
defective nenory cell in the nmenory array; providing, to a control Cclif 8k0 2003
row i nformation and col unm information associated with the first defective
menory cell; assigning a first redundant row using the provided row
information associated 5 with the first defective nenory cell; detecting a
second def ecwovwmdsnnory cell in the nmenory array; provi ¢icmgsoiseost he contr ol
circuit, rowinformation and colum information associated with the second

def ective nenor yThG@JS Lath Q%ke?nrv{ﬁl:d‘&]é?&s MQJ (Ql%lr anti n%oeg Intgt tcf@%w%gg}gpg o? ECt ive

nmenory cell§“j urm 1 nf ormati on

associ at ed W cf?ﬁsa{ ghef“f’“F srfm %af‘l g.? Ttﬁeéa %‘&E@E’B‘H%Pif 58‘F°|r H‘B’FE)C Reyrpravill 398k gnij ng
a first redtrPRistinit 2ot Bepalr 9 and dyy Bepaie! " ers aleady est- (Fowisiagle titrer, thetselunin addsess fand
second def edt faitiag tigssprey inC'edling: Nednber 2 agd ‘Y alidanset. E6XA nuBplCAS&OS My REdaik &t

redundant r @Wetis@l “CAMRAXISE §7Gs sd,eeta ﬁlr«aahmnrllgmﬁehﬁtané“k}aldfz* & st mhgw kﬁ@@&&&d

def ect | | " further
cCompr 1 1 ng: Sakey Ang” el A3LErhetly it ar B SRR st BRI ng
that the fi r@!ﬂmag‘an%lcefﬁtareﬁr@r‘fsqlvmé‘éw‘res2”deﬁ ‘Weltd 2518 gt elhgy nepcilrpris stopdin 18w The

nmet hod of clAddras IT4nd “FlasrRebrgrl” s@hpri sing; detecting a third defective nmenory

cell in the Menorye @ktoBYock 105 Qﬂsﬁie@gmdﬁﬁwkmlsmd' e He'wreﬁ&"dgesnof ¥h “Row

i nfor W@t i OnAedpegs &’QL'MMI(SOWCOQE‘ A ss":}S makc & o\lNlht rt%ult h?t &oes not megc%f“(e‘qt Ve
ef ecty ve

menory cell; ™shar es

a col urm wi A" zt'ﬁ‘é‘f‘a@w&") fﬂl%? 3 “eﬁé"l“%‘&ls W?PWFFD%“?/*%@ peth Br“‘ki"ﬁ‘bs%ééo%m
def ecti ve nitoresaledt fakep fam §6 (9560 Thelkd0 pythovoud @hn Wyt Repdic)” awit‘Mash Repriel”assi gni ng
the first redaeant ana@iMohalmilihtepd Rgee if @codidrd@ar M ning (a) that the third

defective menor yAfEleJhJ ﬁrgggﬁtesp%s is tb?nﬁl@te Qnd(iﬁ%lbUlm s\é\ﬁ” Hi}lr %f)ptalj;‘cﬁsrhast Qﬁgnzdl Tow End

def eCtl% ve columns to be replaced, the state machine of the control block 203 is locked, and a second self-test pass is

performed. Any failures found in the second pass will cause a transition from any state to state S7, indicating a
fatal error. If no failures are found in the second pass, the state machine of the control block 203 holds the
repaired state resulting from the first pass.
The particular embodiments disclosed above are illustrative only, as the invention may be modified and
20 practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. For example, the process steps set forth above may be performed in a different order.
Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the invention.
25 Accordingly, the protection sought herein is as set forth in the claims below.



30 nenory cell or the second defective nenory cell and (b) thafgtite MY st
'80D42008d defective nenory cells share a colum. TI 3961 F6tWana~dedr$g$¢l_g%0084
a filed April Q7 -11 AMENDED SHEET ' ' 30-0O-r-2003 TT3961 16. The

of clai m {gg9fyrther conprising; 1 6 DEC 2003 US0150084 assigning the first
redundant columm in response to determning that: (a) the third defective

. menory cell shares a colum with either the first defective nmenmory' 5 cell
or the second defective nenory cell and (b) the first and second defective
nmenory ce{d«hm not share a colum; and rel easing the redundant row

associ ated.” W ﬁ either the first defective nenory cell or the second
‘defective nenory cell in response to determning that the third defective
menory cell shares a colum with either _the first or second defective
menory celd, réfjBiegrajed qircuit deviceocomprisings net hod of claim 14, further
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TT1961 HRYYsuil (20¢Y! thé 8bAtolastrchit! (268 Miapted to determine an assignment of at Jeast
one of the first redundant row (17) and the first redundant column (18), optionally
15 choosing between the first redundant row and the first redundant column based upon

the column information: - ,_ :

a first register (220) coupled to the control circuit (203) and adapted to receive
an assignment of the first redundant row (17) in response to a determination by the
control circuit (203) to choose the first redundant row; and

20 a second register (230) édupled to the control circuit (203) and adapted to
receive an assignment of the first redundant column (18) in response to a
determination by the control circuit (203) to choose the first redundant column.

2. The integrated circuit device of claim 1, further comprising;
25 a second redundant row (17) of memory cells; and,
a third register (240) coupled to the control circuit (203), the control circuit
(203) adapted to respond to a detection of a defective memory cell to determine an
assignment of at least one of the first and second redundant rows (17) and the first
redundant column (18), and the third register (240) adapted to receive an assignment
30 of the second redundant row (17) in response to a determination by the control circuit
(203).
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"FROFRPBY claim 18, further conprising; re-assigning the second redundfB0150084
row in response to determning that: (a) two of the first, second, and

third defBE396de nenory cells share a columm and (b) the 5 fourth defective
menory cell does not share a colum with any of the first, second, and

third defeetive nenory cells. ,, 20. The nethod of claim 13, further
conprising; storing the assigned redundant rows and columms in a register.
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detecting a defective memory cell coupled to the row;

providing, to a control unit row information and column information
associated with the defective memory cell;

determining an assignment of at least one of a redundant row and a redundant

25 column to replace the first row, optionally choosing between the redundant column

based on the column information; _

storing the row information in a register associated with the redundant row in
response to determining that the redundant row is chosen; and

storing the column information in a register associated with the redundant

30 column in response to determining that the redundant column is chosen.
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memory cell share a column.

10 9. The method of claim 8, wherein determining the assignment of the redundant
column comprises determining the assignment of the redundant column in response to
determining that the defective memory cell and the previously detected defective

memory cell share a column.

15 10.  The method of claim 8, further comprising releasing a previous assignment of
a redundant row associated with the previously detected defective memory cell in
response to determining that the defective memory cell and the previously detected
defective memory cell share a column.

20 11.  The method of claim 7, wherein determining the assignment of the redundant

row comprises determining the assignment of the redundant row based upon the row
information, optionally selecting between the redundant row and redundant column

based upon the row information.

25 - 12.  The method of claim 11, wherein determining the assignment of the redundant
row comprises selecting the redundant row in response to determining that the
defective memory cell and the previously detected defective memory cell share a row

using the row information.

30 13. A method for replacing defective memory cells in a memory array,

comprising;
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- detecting a second defective memory cell in the memory array;
providing, to the control circujt, row information and column information
associated with the second defective memory cell;
determining whether the first and second defective memory cells share a
10 column based upon the provided column information associated with the first and the
- second defective memory cells.
assigning a first redundant column in response to determining that the first and
second defective memory cells share a column; and
releasing the first redundant row in response to determining that the first and
15 second defective memory cells share a column.

14. The method of claim 13, further comprising;

assigning a second redundant row in response to determining that the first and
second memory cells do not share a column.

20 _
15.  The method of claim 14, further comprising;
detecting a third defective memory cell in the memory array;
providing, to the control circuit, row information and column information
associated with the third defective memory cell;
25 determining whether the third defective memory cell shares a columm with

either the first defective memory cell or the second defective memory cell based upon
the provided row information;
re-assigning the first redundant row in response to determining: (a) that the
third defective memory cell does not share a column with either the first defective
30 memory cell or the second defective memory cell and (b) that the first and second

defective memory cells share a column.
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16.  The method of claim 15, further comprising;

assigning the first redundant column in response to determining that: (a) the
third defective memory cell shares a column with either the first defective memory
cell or the second defective memory cell and (b) the first and second defective
memory cells do not share a column; and releasing the redundant row associated with
either the first defective memory cell or.the second defective memory cell in response
to determining that the third defective memory cell shares a column with either the

first or second defective memory cell, respectively.

17. The method of claim 14, further comprising;

assigning the first redundant column in response to determining that: (a) the
third defective memory cell does not share a column with the first or second defective
memory cells, (b) the third defective memory cell does not share a row with the first
or second defective memory cells, and (c) the first and second defective memory cells

do not share a column.

18. The method of claim 17, further comprising;

detecting a fourth defective memory cell;

providing, the control circuit row and column nformation associated with
either the fourth defective memory cell;

determining whether the fourth defective memory cell shares a row or a
column with either the first, the second, or the third defective memory cell using the
provided row and column information; and

providing an indication of a fatal error in response to determining that the first
and the second redundant rows are assigned, the first redundant column is assigned,
and the fourth defectiv_e memory cell does not share a row or a column with the first,

the second, or the third defective memory cell.
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and third defective memory cells. -

20.  The method of claim 13, further comprising;

storing the assigned redundant rows and columns in a register.
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