WO 03/085671 PCT/US00/ 19264 1 METHOD AND APPARATUS FOR REPAI RI NG

DEFECTI VE COLUWNS OF MEMORY CELLS TECHNI CAL FI ELD The present invention
rel ates twormsmssoy1 devi ces, particularly 5 dynam ¢ randompaanesse/ 1926401 Y
devices, and, nore particularly, to a method and apparatus for preventing
defective colums of nenory cells fromrendering the entire nenory device
defecti ve. BACKGROUND OF THE | NVENTI ON Al conventi onal nenory device is
illustrated in Figure 1. The 10 menory device is a synchronous dynam c
random access nenory ("SDRAM') 10 that includes an address register 12

adapted to receive roWwmEBIHEers ANRNPPARWTS FOR REPAIRINGugh an address
bus 14. The address bus 14 is generally coupled to a nenory controller

(not shown in Figure 1DEFBE@GTEREIGOLEMDY OEMEMOR YK CELLLSal |y recei ved by
the address register 12 and applied to a row 15 address nulti pl exer 18. The
row address nultiplexer 18 couples the row address to a nunber of

conponent s psepNRiL piEL b ei ther of two nenory bank arrays 20 and 22
dependi ng upon the state of a bank address bit form ng part of the row

address. The ‘arrays ZDhampte&htairventiopr redatds ofo meermoyy cddvieesar pangeldrlyn
rows and colums. Associated with each of the arrays 20 and 22 is a
respect i ve dymamio ranfiine ascesstmaemory, deiicesh asd.omess padiculanlyade gdaethodgada row
decoder 28, which _applies.varjous. signals tQ its res cb_ive ara 2& or 22
as a funct |2PRABIVS fRF BRCYPBUNE CotFRua r@ULTAT L MORPRHBFILS from FeidsrbEae 1 8

al so coupl es. row addresse ] row address | atches 26 for the purpose
of refreshiei%u?ﬁbelﬂ%%i @eeﬁtl%géﬁﬁe't he arrays 20 and 22. The row addresses
are generated for refresh purposes by a 25 refresh counter 30 that is
controlled by a refresh controller 32. After the row address has been

appl i ed t o BACKQBAISND QFi EHEINYENIAINst ored in one of the row address

latches 26, a colum gdgcgn%se%ti'orslala Pr@rr'x(()arg/ §&ice is illustrated in Figure 1. The

10 memory device is a synchronous dynamic random access memory (“SDRAM”)
10 that includes an address register 12 adapted to receive row addresses and
column addresses through an address bus 14. The address bus 14 is generally
coupled to a memory controller (not shown in Figure 1). Typically, a row
address is initially received by the address register 12 and applied to a row

15 address multiplexer 18. The row address multiplexer 18 couples the row address
to a number of components associated with either of two memory bank arrays 20
and 22 depending upon the state of a bank address bit forming part of the row
address. The arrays 20 and 22 are comprised of memory cells arranged in rows
and columns. Associatefd~ with each of the arrays 20 and 22 is a respective row

20 address latch 26, which stores the row address, and a row decoder 28, which
applies various signals to its respective array 20 or 22 as a function of the stored
row address. The row address multiplexer 18 also couples row addresses to the
row address latches 26 for the purpose of refreshing the memory cells in the
arrays 20 and 22. The row addresses are generated for refresh purposes by a

25 refresh counter 30 that is controlled by a refresh controller 32.

After the row address has been applied to the address register 12

and stored in one of the row address latches 26, a column address is applied to



WO 03/ 085671 PCT/ US00/ 19264 2 the address register 12. The address

regi ster 12 couples the colum address to a colum address |atch 40.
Dependi ngwonspsss7oper ati ng node of the SDRAM 10, the col eon/sddiess is

ei ther coupl ed through a burst counter 42 to a colum address buffer 44,
or to the burst counter 42, which applies a sequence of columm 5 addresses
to the columm address buffer 44 startingat the col um address output by
the address register 12. In either case, the colum address buffer 44
applies a colum address to a colum decoder 48, which applies various
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data bus 58 e colum ci cwt a read data pat

includes a ¢gd %oﬁﬂhﬂtadd&@@lﬁtathe%ou%da&h@ubﬁ dMbutst ddun@er #2004 cbhﬁ‘nn
arrays 20 or 22 are coupled fromthe data bus 58 through a wite data

pat h, incl uddagsea baéfiea 44nprito thedussteroufier 420 wirieh appliésea seduemoe of coluntrs 50
where 15 they. are transferred to one of the arrays 20 or 22, respectively.
A mask regi atdress@dtanthe tdumseatidresssuiféart44s stagting @b the pelummaddresgiattput nt o
and out of the colum circuits 50 by, for exanple, selectively, masking
data to be P¥dhe prAgrass Fegisler dys Inz@hahaaszzther%uagb%draé%évﬁ gttt 8pRIE4 on
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CS*, a witegenable signal WE*, a row address strobe signal RAS*, and a

col um address strobe signal CAS* where the "*" designates the 25 si gnal

as activg |ow. The commadodecedetrés @rnef eeesTaysS20l e 'Iearef coupleiiroeh
signal s responsive to the high |evel command signals to carry out a
function (etlgp arrayy 2acdr@?2, eespectieslydiesi Jamttms 3 tlraaph ahe thinm ghchievo|
conmmand

and a read data path that includes a data output register 56. Data to be written to
~one of the arrays 20 or 22 are coupled from the data bus 58 through a write data
path, including a data input register 60, to one of the column circuits 50 where
15 they are transferred to one of the arrays 20 or 22, respectively. A mask register
64 may be used to selectively alter the flow of data into and out of the column
circuits 50 by, for example, selectively masking data to be read from the arrays

20 and 22.
The above-described operation of the SDRAM 10 is controlled by a
20 command decoder 68 responsive to high level command signals received on a
control bus 70. These high level command signals, which are typically generated
by the memory controller, are a clock enable signal CKE*, a clock signal CLK, a
chip select signal CS*, a write enable signal WE*, a row address strobe signal
RAS*, and a column address strobe signal CAS*, where the “*” designates the
25 signal as active low. The command decoder 68 generates a sequence of
command signals responsive to the high level command signals to carry out a
function (e.g., a read or a write) designated by each of the high level command

signals. These command signals, and the manner in which they accomplish their



signals. These command signals, and the manner in which they acconplish
their WO 03/085671 PCT/US00/ 19264 3 respective functions, are
convent i owalo3/ddserefore, in the interest of brevity, a fwcTheoo/ereps anation
of these control signals will be omtted. A portion of the colum circuits
50 of Figure 1 is shown in greater detail in Figure 2. The columm circuit
50 is shown connected to a pair of arrays3 5 100, 102, which may be
subarrays in either of the arrays 20, 22 shown in Figure 1. Alternately, a
single colum circuit 50 containing the circuitry showmn in Figure 2 nmay be

used to acce;%g?éz%‘tv@ RinctiBfs, rb athvéiond. STR¥RforR, i 4HE GnferestBF breRlym
circuit 50 includes a plurality of colum node circuits 1 IGa-n in addition

to a redundguithepbyanasieotibesaitontidlRigrills will befuasietedol urm node circuits
110, io 112 are identical, and, .in the interest of clarity and brevity, the
internal conponents oA portign ofi¢haodlumn eioeintscO ofiFigure daisi shostmiangieater
Figure 2. The column node circuit 110a interfaces wth two col ums, of
nmemory cel | slet@il iy Figwe Zai Thesolemppishinaisyshgvgl eonnestad 1003 pis-of AFRyD1

D1*, tively. Ho Litowill be und d that t | d
ci oui t 190a 005 0y WA M hecthbtys gF sHPROnRERFY 10, oo e EFSPRa i t
4 e . { . _ lind e |
o101 - the dot uemeldveprahel oqhf¥ bt 50, Ebflinihg 88, Feuily SR 28

circuits 11|Q=i*igﬂre éix?ay’[\)ﬁé LiseROIBBAACBBSH RS of 'thé %ﬁzgszzﬁhé{kzmhri%@“ﬁ Phe

Each digit e pair °D, D* has coupled therebetween a ne_ga_tlv‘é sense _
anplifier 12@lunReuit S®irkbks apRidlity &f cbRinn ddde 28rcaftyill10RmAIN &MHiGbs Cui t

124,: and an UO circuit 126. The equilitbration circuit 124 is controlled by
a prechar ge to@antedahdamti calumn fdRle ¢itatit bd3. Bdl pathiesofcol imanrmadedaromitsr sl 028
(Figure 1) to couple the digit lines D, D to each other and to an
equi | i br & i dri2vare agentioali cinds yipi ¢he ipteress ef dlaghi ande begjutyl, the onternad f
t he magni tude of a supply voltage. The negative 25 sense anplifier 120 and
the positi v@own%ﬁf)mlwpefg THB AREF F&fc'ﬂlééég?fés shovepHt F1846C Bower
signals, typically gr Oﬂ?ed BRISET triloae %ﬂ(cjui?i ltlrb%r i&tgrefageuspwi}/h \f\?vlotg Gmns of
memory cells using two pairs of complementary digit lines Dy, Do* and D,, D, ¥,
respectively. However, it will be understood that the column node circuit 110a
15 may contain fewer or greater numbers of complimentary digit line pairs. In the
interest of brevity, the digit lines Dy, Dy* and D, D* in the column node circuit
110 as well as in the other column node circuits 110b-n, 112 will sometimes be
referred to as simply D and D*. Each digit line pair D, D* has coupled
therebetween a negative sense amplifier 120, a positive sense amplifier 122, an
20 equilibration circuit 124,-and an /O circuit 126.
The equilibration circuit 124 is controlled by a precharge control
circuit 130 that may be part of the row decoders 28 (Figure 1) to couple the digit
lines D, D* to each other and to an equilibration voltage, which typically has a
magnitude equal to one-half the magnitude of a supply voltage. The negative
25 sense amplifier 120 and the positive sense amplifier 122 normally receive
respective power signals, typically ground potential and either the supply voltage
or a pumped voltage having a magnitude that is slightly greater than the

magnitude of the supply voltage, respectively. After the digit lines D, D* have

been equilibrated by the equilibration circuit 124, the sense amplifiers 120, 122



or a punped voltage having a magnitude that is slightly greater than the
magni t ude of the supply voltage, respectively. After the digit lines D, D*
have beewoagwsicrbrated by the equilibration circuit 124, PChassenzes
anplifiers 120, 122 WD 03/085671 PCT/ US00/ 19264 4 detect a voltage

i mbal ance in the digit lines Db DF during a read access of nenory cells in
the arrays 100, 102. The sense anplifi ers4120, 122 then drive the digit
lines Db D in the direction of the inbalance until one of the digit |ines
is at the supply voltage and the other of the digit lines is at ground
potential . 5depee at heltagnimbammke finete digd 1iAds MyvO*durias i headiagtéssl bfies
Db D to voltages indicative of the data read froma nenory cell in the
respective ammony, cellseindihgi arrdyisnk)), D020 The senseughphfiers i 26,pE22 thea drive
lines I/OA 1/0B* by the UOcircuit 126. As is a well understood in the
art, in a rethe dx@mbﬁ@es(s@e&*sm thedirgcgjpaiof the imbalsaceiugtil one wédhe digit Bops ed

to a DC sense anplifier ot sh , .00 ich applies a corresponding data
i gnal t ot nt dabs SHRRYofoliAge HREE prisg ol i heRinesinaf st bdHIEL B, D1
in the col.um node cirguit r [l \ led tO . ect fwveypair
of 1/0 Iides 1108 UoBOHSS ‘éégézsgea??@b@rﬁﬁ%bc‘#ﬁ*?ﬂ% difusgtnd iR RAE D! yhe y
access, the L - A i Y, tef i riv ;
secees L & SolGIES ey (T RE AFTORE IR g SO ol ity
The col um ”@%nﬁi,rtﬁé“dﬁ%iﬂiﬂés e ¥RSciupiid-tdré&pefiate [/OPhés 1/O2S AAOBHMS
inverter 114 to cause it to couple its digit lines D, DF to the I1/O Ilines
1/0, 1/0*, rdspBCcivaliy 126 Md ard wellt insdecstboadmin nhelartc in auead hidihoryeaeesses a
20 SEL_R+1 signal to couple its digit lines to the sane I/O lines, and the
colutm  nodeths signals fiarorthe degit Uines areSEupied\ias i dialsense amppfier (nas shioginy),
lines to the same UO lines. Since the SEL signals sel ecﬁ vari ous col ums
of menor yi0ceWidch appligs a spmaspondue datgsiznaldg the datdusadl thegBRBIORY E8VISY- t he
col um deCOd"la"BeA'c?thng Idgé'llrt eline%)Dl, D;* in the column node circuit 110a are simularly
coupled to a respective pair of I/O lines /OB, VOB* by a respective /O circuit
126.
In a write memory access, the I/O lines are driven by respective
15 write drivers (not shown), and are coupled to the digit lines D, D* by the I/O
circuit 126.
The column node circuit 110a receives a SEL_R signal from a
respective inverter 114 to cause it to couple its digit lines D, D* to the I/O lines
I/O, /O*, respectively. Similarly, the column node circuit 110b receives a
20 SEL_R+1 signal to couple its digit lines to the same I/O lines, and the column
node circuit 110n receives a SEL_R+N signal to couple its digit lines to the same
I/O lines. Since the SEL signals select various columns of memory cells in the
arrays 100, 102, they are normally generated by the column decoder 48 (Figure
D).
25 The /O circuits 126 in the redundant column node circuit 112 are
likewise coupled to the same I/O lines by a select SEL_RED signal, but the
SEL_RED signal is generated by a redundant column control circuit 144. The

redundant column control circuit 144 may be part of the column decoder 48

(Figure 1).



25 The 1/Ocircuits 126 in the redundant columm node circuit 112 are

| i kewi se coupled to the sane I1/Olines by a select SEL_RED signal, but the
SEL_RED swoQmalosics1 gener at ed by a redundant col umm contr ol pcirrusee/1928444. The
redundant columm control circuit 144 may be part of the col um decoder 48
(Figure 1). WO 03/085671 PCT/ US00/ 19264 3 As menti oned above, the colum
node circuits 1l Ga-n, 112 are coupled t0 both arrays 110, 102. However,

t he col unm node circuits cannot receive signals indicative of read data
fromboth arrays 100, 102 at the sanme tinme, For this reason, isolation
transistors 150, 152 #semsotioned aheveetie samns nadg eircuite 1p0ams 102 arge
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capacitors, contained in nmenory devices creates a significant statistical
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transi stor,_  signal path or _other_ conponent. r this rea .
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urdant “cBlumms of nenory cells in

Although the manufacturing yield of memory devices is very good,

the large number of transistors, signal paths, and other components, such as

capacitors, contained in memory devices creates a significant statistical

15 - probability that a memory device will contain at least one defective transistor,

signal path or other component. For this reason, memory devices typically

incorporate rows and columns of redundant memory cells. If a row or column of

memory cells is found to be defective during testing, either before or after

packaging the memory device, the memory device can be programmed to

20 substitute a redundant row of memory cells for the defective row, or a redundant

column of memory cells for the defective column. The redundant column node

circuit 112 is provided to interface with redundant columns of memory cells in

the arrays 100, 102. The redundant column node circuit 112 interfaces with two

columns of memory cells, so that two redundant columns are substituted

25 whenever a single defective column is found during testing. However, it will be

understood that redundant columns can be substituted on a column-by-column

basis, or that redundant columns can be substituted in groups larger than two.

The number of digit lines D, D* in the redundant column node circuit 112 can be



the arrays 100, 102. The redundant colum node circuit 112 interfaces with
two colums of nenory cells, so that two redundant columms are substituted
25 whenewsD 03/0836ngl e defective columm is found during testcmgiSodioeever, it
wi |l be understood that redundant colums can be substituted on a

col um- by-col um basis, or that redundant columms can be substituted in
groups larger than two. The nunber of digit lines Db D* in the redundant
colum node circuit 112 can be WD 03/085671 PCT/ US00/ 19264 6 adjusted as
desired to match the nunber of redundant colums that are substjtuted.
Redundant adjusteds asf desirest ytoc anatsh niek aumper ngfy godurdant galwrmnsc tthal @ yi el d
of nmenory devices. However, there are sone defects that 5 can occur that
cannot be ﬁ@lﬁéﬂnﬁ@é- by substituting a redundant colum. For exanple, wth

reference to Figure ortion of th rrays 1 102 incl acLess
transistors 160 coupﬁfﬂﬁlﬂa?%eq‘?hﬂlggﬁegfi'@gnmi {:ecl% n@g%ﬁﬁ%ﬂgﬁ%vg he
respective_sto . I3t C i St t el y
coupl o5 & TG RHTAE SRR, SHoptfory BIRET A pe it s £ sHhit ACHEE IE
The other plat cgi & thEndt BE BaR@PA Lty ‘aCRddundafit @oldhat For
typicall'y coupled to a voltage having “a nmagnitude of one-half of the
suppl y vol ergraple, Wigtpeefirenmue. td Fegust &, agportioapefC theoarragH206f 002 imclutdeges
indicative of either a logic "0" or a logic "1". The cell plate of each
capaci t or aé&ss stranspitoed |1¥0c opupladt betwieen ofespedies digibdmeasaPacPiorsd 182, As
a result of manufacturing def ectg% one of the digit_ 15 |ines D or D* may
be shor t edrespeetiee gtorageptapaeiiey { fer Each acaess ransidton d 68 selestivalyecaHpdes) 2 or
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plate to echhritotd €63 YiRE Youaéstiabictive of either a logic "0" or a logic "1".
The cell plate of each capacitor 162 is typically common to all of
the storage capacitors 162. As a result of manufacturing defects, one of the digit
15 lines D or D* may be shorted to the cell plate either directly (the usual failure
mode) or through a shorted storage capacitor 162. During testing of the memory
device, this defect will be detected, and a redundant column of memory cells will
be substituted for the defective column. However, the sense amplifiers 120, 122
in the column node circuit 110 for the defective column normally continue to
20 receive the NLAT and PSENSE signals from the row decoder 28. The sense
amplifiers 120, 122 can thus couple the cell plate to either the supply voltage or
ground potential thereby rendering the remainder of the memory cells defective.
Although this problem has been recognized in the past, none of the
approaches that have been developed to deal with this problem are entirely
25 satisfactory. One approach has been to selectively decouple the NLAT and
PSENSE signals from the column node circuit 110 for the defective column of
memory cells. Although this approach does prevent a shorted storage capacitor
from rendering the remaining cells defective, it does so at great expense. The

transistors that are used to selectively couple the NLAT and PSENSE signals to



ground potential thereby rendering the remai nder of the nenory cells
defective. Although this problem has been recognized in the past, none of

t he apprwedhssssthat have been devel oped to deal w th thi cprusbd/emar e
entirely 25 satisfactory. One approach has been to sel ectively decouple

t he NLAT and PSENSE signals fromthe columm node circuit 110 for the

def ective colum of nenmory cells. Al though this approach does prevent a
shorted storage capacitor fromrendering the remaining cells defective, it
does so at great expense. The transistors that are used to selectively

coupl e the MAToAffnPREASiRIERANS0t HUIOHR3PRAGEAIE REF) USREY 1926fovide the
colum node circuits 110 nmust be physically very l'arge to provide a

suf fici ent| yuffiertipesianapedande pathdto drve ke semseearmpiifiets 426, 12D solthat so
that they can respond with sufficient speed. Driving the sense anplifiers
120, 122 t theyugin eespehdtwitk|sufficight spqedd abewing theesensesamphifierse12hi 132 y of
the sense 5 anplifiers 120, 122 to sense valtages on the digit _lines D, D*,

thereby redthuphgh a melativelyshigh impedancremagiediy) staws dBe amlityapbthe sspse
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the sense anplifiers 120, 122 to thé row decoder 28 is“the difficulty of
routing sige@dtvel s@iei dmphfieM0r andlavietRivelplaopardrnsidtbarnsd yeacht posirited be
necessary to supply each colum node circuit 118 with two additional

si gnal |inesemseuahplifiep 122 iheigyafiemtobechhse tof athsi karge swunkbereverthe isenswul d
be difficult to route this many signal lines to the colum node circuits
110. Ano®heamppifictsat?0,t1@2pne &ipi¢al gnaiedycdavics. col urms of nmenory cells from

affecting other nmenory cells h been to place a | aser fuse between each
col umm node circuit 1P@OARRF plf@?%mgmthmrﬁé Ipg UHNSHIOBHE s¢lEEHElY FOUPKD2 t o

whi ch the sense amplifiers 120, 122 to the row decoder 28 is the difficulty of routing
signal lines in the memory device. More particularly, it would be necessary to
supply each column node circuit 110 with two additional signal lines coupled to
15 the gates of the transistors. However, it would be difficult to route this many
signal lines to the column node circuits 110.

Another approach to preventing defective columns of memory cells
from affecting other memory cells has been to place a laser fuse between each
column node circuit 110 and the digit lines D, D* of the arrays 100, 102 to which

20 they are connected. When a column of memory cells is found to be defective
during testing, a redundant column of memory cells is substituted for the
detective column, and the laser fuse coupling of the defective column to its
column node circuit 110 is severed. While this approach has been satisfactory in
the past, it is becoming less so because the minimum laser pitch has not kept up

25 with decreases in digit line pitch. Furthermore, while this approach has been
satisfactory for repairing defects found before the memory device has been
packaged, it cannot be used for repairing post-packaging defects.

Although these problems have been explained with reference to the

SDRAM 10 shown in Figure 1, it will be understood that the same problems exist



20 they are connected. Wen a colum of nmenory cells is found to be
defective during testing, a redundant column of nenory cells is

substi t utwo oBossethe detective colum, and the |aser fuseprcoushi/mgeof the
defective colum to its colum node circuit 110 is severed. Wiile this
approach has been satisfactory in the past, it is becomng | ess so because
the m ninmum | aser pitch has not kept up 25 wth decreases in digit line
pitch. Furthernore, while this approach has been satisfactory for
repairing defects found before the nmenory device has been packaged, it
cannot be uggd fothet epdyranily pasidomachegsng maherits. (ADRWMyT) t igdading
probl ens have been explained with reference to the SDRAM 10 shown in

Fi gure 1, iasynichionbasubRAMsoaadt ipacketized sSBYRANMIsobdumins asxisgnchnth@s/ k671
PCT/ US00/ 19264 8 with other dynam c random access nenories ("DRAM")
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apparatus for repairing defective ¢olums o I 0 nenory ce in a nenory
devi ce doesingfeads® tie ¢ovtEmdmaty @eveyant s the defective nenory cells from
adversely affecting non-defective nenory cells. In accordance with one
aspect of the invention, a plurality of colum node circuits are provided,

each of mi§ﬁh§ﬂ%ﬁ%§ﬁ‘k¢%ﬁﬁsﬂ ﬂal r of conplinentary digit |I|ines.
0

Each of the col'urm node circuits also includes a sense anplifier, an 15
equi libration circuitA anethad an@uippawdmst faii repditingedehe@veWabRitrdsS of
coupl ed between a respective pair of the conpli menf’ary digit lines of the
col utm nodememiory uelis inAa memorypdeviceodoasaophianmaanert thiae presenecthe \defactiveupl es

each pair of ' )
memory cells from adversely affecting non-defective memory cells. In

accordance with one aspect of the invention, a plurality of column node circuits
are provided, each of which includes at least one pair of complimentary digit
lines. Each of the column node circuits also includes a sense amplifier, an
15 equilibration circuit, and an input/output circuit, each of which is coupled
between a respective pair of the complimentary digit lines of the column node
circuit. A first pair of coupling switches selectively couples each pair of
complimentary digit lines in each column node circuit to a pair of complimentary
digit lines for a respectiy; column in a first array. A second pair of coupling
20 switches may optionally be provided to selectively couple each pair of
complimentary digit lines in each column node circuit to a pair of complimentary
digit lines for a respective column in a second array. The coupling switches each
have a conductive state determined by a respective column node disable signal,
which is generated by a redundant column control circuit. The redundant column
25 control circuit generates the column node disable signals so that the first and
second coupling switches coupled to the respective column node circuits are non-
conductive responsive to a redundant column of memory cells being substituted

for the column of memory cells to which the column node circuit is éoupled.



conplinmentary digit lines in each columm node circuit to a pair of
conplinentary digit lines for a respective colum in a first array. A
second pawo wfsswmaeupl i ng 20 switches may optionally be prowcdasoo/o264

sel ectively couple each pair of conplinmentary digit Iines in each colum
node circuit to a pair of conplinmentary digit lines for a respective
colum in a second array. The coupling sW tches each have a conductive
state determ ned by a respective colum node disable signal, which is
generated by a redundant columm control circuit. The redundant colum 25

control cir BRIENDESCGRETION QTHEDRIWINGSbl e signals so that the first
and second coupling swtches coupled to the respective_col um node

circuits are non- condugerevkisrablosksiiagamopla cenigatignel SBRAM. of menory
cells being substitut fol.the col um of mory cells to which the cplum
node circuit is coupl gurwé %?%@%@ag’@ﬂ @%éﬂi&%ﬂc d@"‘%ﬂ“&ﬁif E)EQ@FSP‘P‘P?O\I
OF THE DRAW Fi_gur [ i . a conventional SDRAM Figure
2 is a bl ocﬁgﬁs%Fgﬁngéei%@ﬁI?Waogﬁﬁ%g'a portion of colum circuit
used in the SDRAM of H: 2. [WoTNzs LS5 S8 S t i

portion 3f_ nmenor y arr?ﬁ‘%?eéa?cr?%%cg%@o@ ‘i{—?gure an{\Mclgrlkdgﬁ al}%?gr%?%@e

Wi th the cijguid SHRAWVMGY FiBufd 2WRicR- interfade it thecifeudirp GkowWhnas Rsued
schemati c di agram of one enbodi ment of circuitry according to the invention
that may be used in tRguBDRAM of Blogurdiagramm mdicthematibe diagramm ofi onai try
shown in Figure 2. io Figures 5A and 5B are schematics illustrating various
enbodi ment s embfodtoant of aicudtmy tacgording teretieb@vaseon ithat meay deunsedcin ¢he try

of Figure 4. _Figure 6.is a .block djagramof a conputer system including the
SDRAM of Fi éQ%RM Qéﬁt%ﬂfﬁaﬁg Rlace efdihg erlump sirwitsy Sown yuFwWe 2DETAI LED

DESCRI PTI ON OF THE | NT]I 15 Firgure illustrated.colum circuitr
accordiny to one emgﬁ%ﬁgg%@ncﬁg af?\\‘?‘é?ﬁ‘?%ﬂfstlhﬁftr e B‘("én%lése?fnﬁﬂd'l“?%’ts
colum cir Yk tontol Jipceili&ﬂl rt}?é{'rﬁﬁ}y b& A8¥id fhe column circuitry of Figure 4.

Figure 6 is a block diagram of a computer system including the

SDRAM of Figure 1 containing the column circuitry of Figure 4.

DETAILED DESCRIPTION OF THE INVENTION

15 Figure 4 illustrated column circuitry according to one embodiment
of the invention that can be used in the column circuit 50. The circuitry shown in
Figure 4 uses substantially the same column node circuits 110’ used in the prior
art column node circuits 110 of Figure 2. Therefore, in the interest of brevity and
clarity, identical components have been provided with the same reference

20 numerals, and their operat}on will not be repeated.

With reference to Figure 4, each of the column node circuits 110’,
except for the redundant column node circuit 112, includes a first coupling
transistor 170 coupling each of its digit lines D, D* to the first array 100, and a
second coupling transistor 172 coupling each of its digit lines D, D* to the

25 second array 102. All of the coupling transistors 170, 172 have their gates
connected to each other and to a respective inverter 176. A separate inverter is
provided for each of the column node circuits 110°. Power terminals of the

inverter 176 are connected to ground and to a pumped voltage Vccp,



Figure 4 uses substantially the sanme colum node circuits 110" used in the
prior art colum node circuits 110 of Figure 2. Therefore, in the interest
of brevi twoanasseel arity, identical conponents have been praviusedi9zss h t he
sanme reference 20 nunerals, and their operation will not be repeated. Wth
reference to Figure 4, each of the colum node circuits 110', except for

t he redundant columm node circuit 112, ih0Qludes a first coupling

transi stor 170 coupling each of its digit lines Db D to the first array
100, and a second coupling transistor 172 coupling each of its digit |ines

D, D tot h‘?eﬁ;écﬁ@%lg,”?o it e iB2rtef176 Yutping dHRWH thesk twaRSIEEA SEAd o 172

have their gates nnected to each other and to a respective lnverter 176.

A separat e ithy efiveters S 76pisodiiden byorespectiveotonthel cietuwity MPgle Ak rsbpiwinsinl10' .
Power termnals of the inverter 176 are connected to ground and to a

punped vol t &gurectdp, the@onsiod 86 uryPCis usgobd sieplyl0laser fpsect 80/ blaged hight hat
the inverter 176 outputs one of these two voltages. Each of the inverters
176 is dri vy byoughspaesisips 18n0fots showniin kiguresSBashe sonmol pircuityul 8 5A,

e oson 1 esbiben b T T8L4R6 3.0 ok 5 a0 0o 383, P
178 5 k- i bi i . i.st

165, “rhe” uoBr W AEhak 130, AR g 3 RGeSk e SR SRR
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pre-packaging repairs. Alternatively, t 0 circuitry

appropri at ecentrélditduitry 198 rﬁﬁéobmppﬂ@pﬁatdniwdiay €Rotdhoivn)tthgt iheGHeaRith
colum control circuit 144. For exanple, if a colum is defective, io its
associ at ed dentedahdantroolimnycohidl ayuibé4pr dipraxanplé,df aagiame is defeethvem
address with each colum address received by the nenory device. In the
event o aitasasstriatedlecontel caicunry ¢u8 tnay b programmeduo comparpritspedlama
signal to thg respectiye inverter 176. |In ogperation, the control circuitry
178 nor mal | 9d&EsHMd %?CMIUII@ addeessgeeiyad ibygthe Heemaue dewice 118 the eyemtout a

voltage of gf %pina{cm? tgg CC%n\{r%ll tc%%%itry 178 may output an appropriate signal to the
respective inverter 176.

In operation, the control circuitry 178 normally outputs a low

15 thereby causing the inverter 176 to output a voltage of Vccp. The Vcep voltage

renders the coupling transistors 170, 172 conductive so that the column node

circuit 110’ continues to interface with the arrays 100, 102. However, in the

event the column of memory for a column node circuit 110’ is defective, the

control circuitry 178 outputs a high thereby causing the inverter 176 to output a

20 low. The Jow applied to the respective gates of the coupling transistors 170, 172

renders the transistors 170, 172 non-conductive, thereby isolating the column

node circuit 110" from the digit lines in the arrays 100, 102. As a result, the digit

lines D, D* in the arrays 100, 102 are decoupled from the sense amplifiers 120,

122 so that a short in a storage capacitor coupled to a digit line D, D* does not

25 allow the sense amplifiers 120, 122 to drive the cell plate to ground or the supply

voltage.
If a laser fuse 180 (Figure 5A) is used in the control circuitry 178,
the laser fuse is left unblown in the event the column of memory with which it is

associated is not defective. The control circuitry 178 then applies a low to its



renders the coupling transistors 170, 172 conductive so that the colum
node <circuit 110" continues to interface with the arrays 100, 102.

However, wo oles¢7event the columm of nenory for a col umm modasod/ieedt 110
is defective, the <control circuitry 178 outputs a high thereby causing the
inverter 176 to output a 20 low. The lowjapplied to the respective gates of
the coupling transistors 170, 172 renders the transistors 170, 172

non- conductive, thereby isolating the colum node circuit 110° fromthe

digit lines in the arrays 100, 102. As a result, th it _lines D D* in
the arrays inwerterob’@ase ‘hébé}lﬁpI@’&rﬁeF&ﬁ‘m% as?éﬂ'é%:eaﬁg \?‘IQ%E df {hey colump i

h h I d d d
éﬁaél ow  neleGEieE: HRPRPHEPE TotonE3 ey gy 1 é% peftel e upueb in Bifina or
t I | t I
circui try 198 TSR 1676 dbre BE Syl Gheierigr S8 8 Gftut S48 ifas ndeigir e £ O
menory wth mgﬁgéltﬁrmgémrgqngﬁ ed is not defective. The control circuitry

178 then app owto its WO 03/085671 PCT/US00/ 19264 11 inverter 176

so that the inverter qutpsingla Mehiagl of aMifose 184 (Pigueo!5B)risiwsed in the
defective, the output of the control circuitry 178 is pulled high through
the pul | - ugonesl sirouity8278,t the raniyfusausdniy blhwni vthe toolurhicoft memerpovita | ow
that turns off the coupli tran5|stors 170, 172. 5 1In a sim]ar ner,

i f an anti - hieh iBis asrspgw@g 5ot defeetiee. i H fthﬁeCOIE@ﬁtISdief@FtW?uﬁh‘? JnaAgse ¢ he

ti-f 184 bl o ft f h . t ed
S not " def cdsie, EfJFIlWBI?:éWchR%FﬁEY@ T, QP e el e uipm TR [ ©
bl th II h t put .of trol t 178 to b
Ul od hi g REY kaen AeOgh MR HBEafer 198,000 T (he onbo ment of
Fi 4 th I tQa t
por ated'd n common w R [t i e’ (S O s oA 010

operated 1 n conmon wi ing transistor’s e array
102. Howeveroupfedd theParanden %&g%eﬁd@d i1 @BRINAGE wiBiP e ebusligh ladsiswys be

applied to the transistors 170 respectivel y. Using

172 coupled to the array 102. However, it will be understood that separate
control signals may be applied to the transistors 170, 172, respectively. Using
this arrangement, a column node circuit 110" may be isolated from an array 100,

15 102 containing a defective column of memory cells and continue to interface
with the same column of memory cells in the other array. However, the amount
and complexity of circuitry needed to provide separate control signals for the
transistors 170, 172 may very well outweigh the advantages of being able to
acéess a column of one array 100 or 102 when the corresponding column of the

20 other array 102 or 100 is defective.

The routing of the signal lines to the coupling transistors 170, 172
in the embodiment of the invention shown in Figure 4 is expected to be fairly
routine because the signal lines can be routed in parallel with the signal lines
coupling the inverters 114 to the /O circuits 126. Moreover, the coupling

25 transistors 170, 172, as well as the circuitry driving those transistors, can be
relatively small since they do not need to couple a great deal of power. As a
result, the circuitry for selectively decoupling the column node circuits 110" from

the arrays 100, 102 uses relatively little surface area on the semiconductor die

containing the memory device.



this arrangenent, a colum node circuit 110 nmay be isolated froman array
100, 15 102 containing a defective columm of nenory cells and continue to

i nt er f acewowBsethe same col um of nenory cells in the ot Rem/z0o/m2o4
However, the amount and conplexity of circuitry needed to provi de separate
control signals for the transistors 170, 172 may very well outweigh the
advant ages of being able to access a colldm of one array 100 or 102 when

t he correspondi ng colum of the 20 other array 102 or 100 is defective.

The routing of the signal lines to the coupling transistors 170, 172 in
the enbodi nent of t hqpidvaRrhive BRiodimelt, Adpfopfiate cBXRRSE Gt sRoRA) fidi 11y
routine because the signal |ines can be rout gg ip;1]11 pa?al | el c\?\ﬁﬂ)th ?ﬁ@)s@gnal

lines couplseddo tddatrioh\es bpedtibhdoft thet ReldtioR ehfisistbEss13@,615Veb &gV Bf thd he
coupling 25 transistors 170, 172, as well as the circuitry driving those

t ransi st or ssolataon deansisédrat 1 ¥&| ¥52 narel nenwoadudtewe do thet eveneda toplemupbe a
great deal of power. As a result, the circuitry for selectively decoupling
the col unm mgBaryYSellsgptwhigh they argronppeted s dotective, In edditivagorcongolling v

b o e TSR B SR B pltet s TRy e e
e rout Y, SOy 1300 Pl AP el g,
oS AR 9y KO Chey TS e B B 4 B
transi st or aodébyagistuinfenddegbisis. s HAbé i, tHeaRmoahPhsd t8/plkia) bf @irciftf
colum node circuits 110" in two separate groups, the isolat’ion transistors
150, 152 thmteaeh Henriquirddab cmitromtheoidelationcwansistdl’ 150,152 so hanthe} | ed
on a colum node-by-col um node basis. However, the amount and conplexity
of circldi t pyrfomaboiayhaie ariginalr ésplation: dhneteon tand theolfuncim tofaisolasing s
he'  unct | GAUGHN | RS EHRBTS CORmira ade BF ke SalomBoy of rBReEY cealisv &l umms
of memory ggév!/eigHB%e value of eliminating the coupling transistors 170, 172 and their
associated control circuitry.
Figure 6 i1s a block diagram illustrating a computer system 200
15 including the SDRAM 10’ of Figure 1 containing the column circuitry of Figure
4. The computer system 200 includes a processor 202 for performing various
computing functions, such as executing specific software to perform specific
calculations or tasks. The processor 202 includes a processor bus 204 that
normally includes an address bus 206, a control bus 208, and a data bus 210. In
20 addition, the computer system 200 includes one or more input devices 214, such
as a keyboard or a mouse, coupled to the processor 202 to allow an operator to
interface with the computer system 200. Typically, the computer system 200 also
includes one or more output devices 216 coupled to the processor 202, such
output devices typically being a printer or a video terminal. One or more data
25 storage devices 218 are also typically coupled to the processor 202 to store data
or retrieve data from external storage media (not shown). Examples of typical
storage devices 218 include hard and floppy disks, tape cassettes, and compact

disk read-only memories (CD-ROMs). The processor 202 is also typically

coupled to cache memory 226, which is usually static random access memory



outwei gh the value of elimnating the coupling transistors 170, 172 and
their associated control circuitry. Figure 6 is a block diagram

i1l ustratwog3sasssonput er system 200 15 including the SDRAWMCIOSO@i9264 gure 1
containing the colum circuitry of Figure 4. The conputer system 200

i ncl udes a processor 202 for performng Ygri ous conmputing functions, such
as executing specific software to performspecific calculations or tasks.
The processor 202 includes a processor bus 204 that normally includes an
address bus 206, a control bus_208 ~and a data bus 210. In 20 additign, the
conput er sy§tSRAMD) iand| dthe SRRAM 8y chropgh ajawmery cantrolleg$30. 4sThe
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processor 2 0 store a or trieve data st orage medi a

(not shown) difesayRirtrovkhiN@ireatory oatretler 289i ces 218 include hard and
fl oppy disks, tape cassettes, and conpact disk read-only nenories

(CD- ROMs) . The procesdaon2@i2 faregdiag it ywilk bkl apprecamidethat,caltteaigh spectiie
226, which is usually static random access nenory WO 03/ 085671

PCT/ US00/ 1926ibotimentsSRAMhE wmvdntion thayesbepm describad oheynina foke pyrposes of
controller 230. The nenory c%ntr,ol | er 230&_;1?3{ ma{fl}y i ncl.udes_.an address bus
coupl ed to dihestelidine ¥ariops, Bodi1qatiogs maay be eaWHBPRL dRVigRg froupheSRIBE ¢ he

| bus 7Q. Th . bus. 58 of th 10, i | ed . h
bus. 210 of | #AR SPBL LU InygRtoR; FAEFxABDlE rutergn sbE RENDeR i dieRal Bt
troll : LRng i | |at , h
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purposes of cejit | WSkijRbé QRderé®gdOthat mayiwea&b%s,d 18Ya SifofesRaVol Hasthory
deviating fromthe spirit and scope of "the invention. For exanpl e,

al t hough t hgedi sFuphes moagh Mentisefosed embodiment has been described for use in

a SDRAM, it will be understood that it may be used in any present or future

developed DRAM, including asynchronous DRAMs and packetized DRAMs,

15 such as synchronous link DRAMs (“SLDRAMs”) and RAMBUS DRAMs

(“RDRAMSs”). Accordingly, the invention is not limited except as by the

appended claims.



io the invention has been described as being coupl ed between two arrays of
menory cells, it will be understood that it nay be coupled to a single
array of wemsnyse7cel | s. Further, although the disclosed eroadisseni2chas been
described for use in a SDRAM it will be understood that it nmay be used in
any present or future devel oped DRAM Lfcluding asynchronous DRAMs and
packeti zed DRAMs, 15 such as synchronous™link DRAMs (" SLDRAMs") and RAMBUS
DRAMs (" RDRAMs"). Accordingly, the invention is not linited except as by
the appended clainms. WO 03/085671 FEﬁ%%ﬁag/19264 14 CLAIM5 1. A nenory
device, conprising a first array of cells arranged in rows and
colums, the first array including at |east one redundant colum of nenory
cells; a control circuit structured to provide control signals for
controlling the oper at Aomenrory e vieenePmprisingc e responsive to conmmand

signals received by the device; a data path circuit structured to
coupl e data betweed ff mbmaysqfrmerrma%s amangedein 9w apd codumps o theafssthys,

he d h | udi I f I
| oot 7 ourgey heiiEE o 163608k uBenr R HoeBiehs Sl ador coses 1 ecei ved
e Tetory cevi 5aB0f Gl {FhLReE 6 Bihihe TBHREY SGRAL Fop QERESHAACIAT O

the row address in t arra um1 no e Ci

each i ncb@é#aasnaéf hR2SheROS E@{/lceolfes Sﬁé’mé't@&%rﬁﬁﬁn@ a'oflalk' RRevedaBy m‘e the

col um no circuits conpri'sing: a s nse anplifier coufled between each
pair of flRencsi9rdeiviceentary digit lines of the colum node circuit; an
equilibration circuit coupled between each pair of the conplinentary digit
lines of the col una dacadpathi cicanit stractdred to couple data between the first array and
an externally accessible data bus, the data path circuit including at least one pair of
complimentary input/output lines;

a row address decoder decoding row addresses received by the memory
device and activating a row of memory cells corresponding to the row address in the
first array;

a plurality of column node circuits each including at least one pair of
complimentary digit lines, each of the column node circuits comprising:

a sense amplifier coupled between each pair of the complimentary
digit lines of the column node circuit;

an equilibration circuit coupled between each pair of the
complimentary digit lines of the column node circuit; and

an input/output circuit coupled to each pair of the complimentary
digit lines of the column node circuit, the input/output circuit being structured
to couple each pair of complimentary digit lines of the column node circuit to a
respective pair of complimentary input/output lines responsive to a column
enable signal;

a column address decoder decoding column addresses received by the
memory device and to generate a plurality of the column enable signals, the column

address decoder generating at least one of the column enable signals responsive to

each of the column addresses;



an input/output circuit coupled to each pair of the conplinentary digit
| ines of the columm node circuit, the input/output circuit being structured
to coupl eweaslsysai r of conplinmentary digit |ines of the celcarasooroxtes circuit
to a respective pair of conplinmentary input/output |ines responsive to a
colum enabl e signal; a colum ‘address decoder decodi ng col um addresses
received by the nenory device and to géberate a plurality of the col um
enabl e signals, the colum address decoder generating at | east one of the
colum enabl e signals responsive to each of the col um addresses; WO
03/ 085671 PCT/ USO0A1pal4otf firsh gemiplingf switckes selggtively somplonge<sack| pairi okl y
coupling each pair of _conplimentary digit |lines in each coluym node . .
circuit rcomplimagntaryrdigis ises h%ﬁ@%i 90151@ Poéq FIREYt R paLr scmthm%méaf digit i n
the first. array, the f.irst ,coupli wi.t ches jhaw ng a ,conductive st.ate
det er m ndieh oL a easacivP ool O o BT iy B Y e fup G2 SR i iRg
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lines in colum n circ 0 a palr conplrnent@ry’ digit |lines

for a respective cgl HNpdiP SfSEGPMhgE Wt¥hes §EleE@EY | Yot &RASphRVHMT 2
conductive state dgt‘&éerzr%ngg% 1b;?’the respecti vee coleurm %odoalglpgi Sabl e gi gnal ;

and a r e@uffphiiertaly digit ¢t ivkach colunin apdd virngt ® 4 paipetidonepliméntary dipde

di sable signal to the first coupling switches coupled to each of the col umm
node ci lines tfer aepspeaivet helumeiundhatsecohd ranrayi, shdlcoupling avatahasi diavgng rae
first coupling swtches coupled to the respective colum node circuits to
be non-céﬂﬂ@cﬁtxmstateégmwgby thearesperii@aalums nads disablepisngl; aad| s bei ng

substituted for the cql um of . nenor el.Is.to ich the cal um, node
o reu 1 o coupl e SOURN Ry Sl ipsit, Fo g 2 MEsheR DK ORI oS

vy i ndranlengiei e fof Yind PublRBab s e ke Bol Rt s
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second
switches coupled to the respective column node circuits to be non-conductive

responsive to a redundant column of memory cells being substituted for the column of

memory cells to which the column node circuit is coupled.

2. The memory device of claim 1, further comprising

a second array of memory cells arranged in rows and columns, the
second array including at least one redundant column of memory cells, the second
array being coupled to the data path circuit to couple data to and from the second
array, and to the row address decoder to activate a row of memory cells in the second
array,

a pair of second coupling switches selectively coupling each pair of
complimentary digit lines in each column node circuit to a pair of complimentary digit
lines for a respective column in the second array, the second coupling switches having
a conductive state determined by a respective column node disable signal, the second
coupling switches being coupled to the redundant column control circuit, the
redundant column control circuit applying a column node disable signal to the second
coupling switches coupled to each of the column node circuits, the redundant column

disable signal causing the second coupling switches coupled to the respective column



array, and to the row address decoder to activate a row of nenory cells in
the second array, a pair of second coupling swtches selectively coupling
each pai rwofo3gmnpl i mrentary digit lines in each colum noaeTaisoowt4to a
pair of conplinmentary digit lines for a respective colum in the second
array, the second coupling switches having a conductive state determ ned
by a respective colum node disable sigﬂgl, the second coupling swtches
bei ng coupled to the redundant colum control circuit, the redundant

col umn control circuit applyipg.a col urm. node disahl e signal to the segond
cougl i ng I@ﬂ?tcélﬁélbts é&:?ﬁl'léﬁlg‘f%{‘g%&we6F5éJ99é‘V§otPLﬁr#d§|‘88%“tc‘i%1 t ,mpwé)rysceﬁs

coupl ed iRl Ep Bkt OBy ts EEENEE Cobh 8¢ ShgRic i
circuits Ha f%a non- conducti ve responsive to a redundant colum of nenory

cells bel nE; Substituted for the colum of nenory cells to which the col um
node circuit is coupled. 3. The nenory device of claim2 wherein each of

th I d [ [ furth i . i sol ati t i st | ed
between each of thé- i r skieaemansdsuipe R wheteihgech, ab e v alugn pgE
digit li f th I .nod ' it - ' '
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control crrcuit dgenérating isolation contrdl signals that cause either the

first coufdreig theWnkfldep devidehfirere @dehpiiveplanngoRvibh Woagol kifcuinatoupdéditot o
be conductive. 4. The nenory device of claim3 wherein the isolation

transi st aiisfiranmdtseeond eplphnge switchéesf all ®f thpaohinen nodgoirewitss the asolaéarh
other. 5. The nenory device of claim2 wherein each of the col um node
ci rcui t s conblidizcuit generatingyisolatipniqontol signafs thae gaugeyeitheyi the |finse soupling of
which is coupled to a pair of conplinentary digit lines in the first array
by one ofwilsBepar the ssrond cpupling sinitches. bt petRth gioPe; ndugdys. of
conmplinentary digit lines in the second array by one of the pairs of
second coupling swtches.

4, The memory device of claim 3 wherein the isolation transistors

and the coupling switches are separate components from each other.

5. The memory device of claim 2 wherein each of the column node
circuits include a plurality of pairs of complimentary digit lines each of which is
coupled to a pair of complimentary digit lines in the first array by one of the pairs of
first coupling switches and to a pair of complimentary digit lines in the second array

by one of the pairs of second coupling switches.

6. The memory device of claim 1 wherein each of the first coupling

switches comprise a field effect transistor.

7. The memory device of claim 1 wherein each of the redundant
column control circuits comprises a respective programmable impedance element

having a conductive state and a non-conductive state.

8. The memory device of claim 7 wherein each of the programmable

impedance elements comprises a laser fuse.



6. The nmenory device of claim1l wherein each of the first coupling
swtches conprise a field effect transistor. 7. The nenory device of claim
1 wher ei rwoeachsswli1 t he redundant column control circuits EOFASIEERGH
respective programmabl e i npedance el ement having a conductive state and a
non- conductive state. 8. The nenory device of claim7 wherein each of the
programmabl e inpedance el enments conprisgs a | aser fuse. WO 03/ 085671

PCT/ US00/ 19264 17 9. The nmenory device of claim7 wherein each of the
programuabl e inpedance el enents conprises an anti-fuse. 10. The nenory

device of claim 1 wher ei Tht heerforpdevieesf cRim FoWREleHeEach O thePr6grAeable
access nenory. 11. The nenory device of claim 10 wherein the nmendry device

conpr i sesimpadanch elentaiss dympnises amantfuseccess nenory. 12. The nenory device
of claim1l wherein the columm enable signal coupled to each of the colum
node circuits and the redundant columm disable signal applied to the first

coupling switches fog thepasseeioedeil WM cRoge 1 Civhetdih egpe{/}mﬂét)‘zﬁ/' ﬂgviﬁe

t hrough respective conductors that are positioned in para eac

ot her. 13corApfisdsindlyidniiec tahdedaricess memogpupl ing to a first array of nenory
cells arranged in rows and colums, the columm circuit conprising: a
plurality of colum node circuits each including at | east one pair of

conplimentary digitqy{in f caleum: [ r.cui [ Si;ng...a
sense amplifier cou}o{'ed _ }el? \;\qggﬁog%p%?gcéﬁ rg_kog!ﬁtuﬁ_ gﬂgﬁrﬂﬁri&#e}r{fea?@ém%fig%%es
of the cotdfiprifadesyrichfdtdus d%_aﬁﬁé'k:iddbrn@hbc%@s%e&ﬁ% coupl ed between each
pair of the " conpli'nentary di'git Iines of the colu node circuit; and an
i nput/output circuit coupled to each pair of the conplinentary digit lines

of the colum node fj reupfs HfSoly BEECYE BHim® Whikdin B 28t YEA81E S onal

coupled to each of the column node circuits and the redundant column disable signal
applied to the first coupling switches for the associated column node circuit are

coupled through respective conductors that are positioned in parallel with each other.

13. A column circuit adapted for coupling to a first array of memory
cells arranged in rows and columns, the column circuit comprising:
a plurality of column node circuits each including at least one pair of
complimentary digit lines, each of the column node circuits comprising:
a sense amplifier coupled between each pair of the complimentary
digit lines of the column node circuit;
an equilibration circuit coupled between each pair of the
complimentary digit lines of the column node circuit; and
an input/output circuit coupled to each pair of the complimentary
digit lines of the column node circuit, the input/output circuit being structured
to couple the pair of complimentary digit lines of the column node circuit to a
pair of complimentary input/output lines, respectively, responsive to a column
enable signal;
a pair of first coupling switches selectively coupling each pair of the

complimentary digit lines in each column node circuit to respective pairs of



to couple the pair of conplinentary digit lines of the colum node circuit
to a pair of conplinentary input/output |ines, respectively, responsive to
a col um wemalss7si gnal ; a pair of first coupling sw tchepcsaisew1926£! y
coupling each pair of the conplinmentary digit lines in each colum node
circuit to respective pairs of WO 03/085671 PCT/ US00/ 19264 18
conplinmentary digit lines in the first &8ray, the switches having a
conductive state determ ned by a respective colum node disabl e signal
and a redundant colum control circuit applying respective colum node

di sabl ecshpRmefitdrp dibR findsSin defiritngram the sedtcdhes dasingfa thductivengiaeode
circuit, each of  the redundant columm di sable signals causing the first
coupl i ndetsmirineidy craspeetive colutrirenedesgisahile signablamdn node circuits to be
non- conducti ve responsive to a redundant, columm of nenory cells being
substituted for tagedundant eplummsenirekrirguit RpplYiBs fespectivs aatymdqwde

circuit is coupled. 14. The colum citcuit of claim 13 wherein the colum
1 oui  diseblE gl T BrdGURUNE PAUDES I Esaly o His Abm BoR AT Hor A8 and

ot et B T5RRAATD b HiiaP AT SO TR B4 BB i Rlina bR AGR IS UL,
¢ol urm ﬁl%g:‘%s 4! dothhul ﬁé@fgﬁsﬂcgﬁs P&tk SndH-cofRi¥RivE RS SHsYv el tdat reliRgsned N

the secon ray, e swtc aving a conductive state determ ned by a

r espect ¢)8mad fURBmPYl eellé béikaubbttald for ik cslammdofinERiorgeldnid Whash theei ng
coupled to the redundant columm control circuit, the redundant colum -

cont r ol colemnoode dppliyisrpuplezdl uim node di sabl e signal to the second
coupling switches coupled to each of the colum node circuits, the
redundant col umm di sabl e signal causing the second coupling swtches

coupl ed to the regpectipye &Q{,ﬁ%dé@ﬂ? of! d1&i USS gﬁxgpéin”t?x@' %&QHHP%Eﬂgﬁgoirs he

responsive to a redundant co nmenory cell el ng substitute

col um @fuplEdTRY ¥ sEEIAS atr@y WHIRébAECAR! d+ahgBA R réws Qrlicolsmas Bk adlurhh. The
colum circuit of claim 14 wherein each of the columm node circuits

f ur t her cieswipfureies comprésihgta pair tof aasorst couptingpd veidcHes tovapite e acbaddf paineff i r st
and the complimentary digit lines in each column node circuit to respective pairs of
complimentary digit lines in the second array, the switches having a conductive state
determined by a respective column node disable signal, the second coupling switches
being coupled to the redundant column control circuit, the redundant column control
circuit applying a column node disable signal to the second coupling switches coupled
to each of the column node circuits, the redundant column disable signal causing the
second coupling switches coupled to the respective column node circuits to be non-

conductive responsive to a redundant column of memory cells being substituted for the

column of memory cells to which the column node circuit is coupled.

15.  The column circuit of claim 14 wherein each of the column node
circuits further comprises an isolation transistor coupled between each of the first and

second coupling switches and a respective digit line of the column node circuit.

16. The column circuit of claim 15 wherein the isolation transistors

and the first and second coupling switches are separate components from each other.



second coupling switches and a respective digit line of the colum node
circuit. 16. The columm circuit of claim 15 wherein the isolation
transi st owe 03mgsd7t he first and second coupling sw tches areTasparasse
conponents from each other. WD 03/085671 PCT/US00/ 19264 19 17. The col um
circuit of claim214 wherein each of the colum node <circuits include a
plurality of pairs of conplinentary digit9lines each of which is coupled
to a pair of conplinentary digit lines in the first array by one of the
pairs of first coupling switches and to a pair of conplinmentary digit

lines in the secopfl artRY cofmAREcait dfft@aipRil A SwiRireinCaRAhIOBE RoltEn SWdec hes.

18. The colum circuit of claim 13 wherein each of the first coupling
SW tChe@ir@lﬁfépiﬂ&lﬂieaaf;bl&faiitzfcifephirk rafnsomplimenttdy digie lirsuearhc of omhichois
cl aim 13 wherein each of the redundant colum control circuits conprises a

r espect cogpled og e garadl eomphstatay dRitmes in the fing azraydmdone iof éhstpairs addnd a
non-conductive state. 20. The columm circuit of claim 19 wherein each of
the prttsenping swishernArd te|acpinod commplimentarydigidinestinsthe seeondggayol um
circuit, of claim19 rein,each.of the rogranmabl e i npedance el enents
conpr i sB¥% OBg of the paigst sesond ¢RUP %gﬁwch?£cuit of claimi13 wherein the
colum enabl e signal coupled to each of the colum. node circuits and the
redundant colum disable signal applied to the first coupling transistors
for the associ at etB.col Tinecobuen circouiof caim 1% wineteinl each ofigie fiesspoupiing
conductors that are positioned in parallel with each other. 23. A conputer
syst em Swidehssicomnpyise adf1gld sftecs sranpisiarng a processor bus; an input device
coupled to the processor through the processor bus adapted to allow data
to be entered into the conputer system an output device coupled to the
processor throughl9.he Phocehann dirtuit aflapdian 18 ovkdremvweadt af tthe redond it
fromthe conputer system and

column control circuits comprises a respective programmable impedance element

having a conductive state and a non-conductive state.

20. The column circuit of claim 19 wherein each of the

programmable impedance elements comprises a laser fuse.

21. The column circuit of claim 19 wherein each of the

programmable impedance elements comprises an anti-fuse.

22.  The column circuit of claim 13 wherein the column enable signal
coupled to each of the column node circuits and the redundant column disable signal
applied to the first coupling transistors for the associated column node circuit are

coupled through respective conductors that are positioned in parallel with each other.

23. A computer system, comprising:

a procéssor having a processor bus;

an input device coupled to the processor through the processor bus
adapted to allow data to be entered into the computer system;

an output device coupled to the processor through the processor bus

adapted to allow data to be output from the computer system; and



WO 03/ 085671 PCT/ US00/ 19264 20 a menory device, conprising a first array
of nmenory cells arranged in rows and colums, the first array including at
| east onewoadwsstant col umm of nmenory cells; a control cir®aTiusse/1az6t ured to
provi de control signals for <controlling the operation of the nenory device
responsive to command signals received by the nenory device; a data path
circuit structured to couple data betweepQthe first array and an
externally accessible data bus, the data path circuit including at |east
one pair of conplinentary input/output lines; a row address decoder
decodi ng row addr egsgsmoscdéwes] compriséng nenory. device and activating a row
of nmenory cells corresponding to the row address in the first array; a
plurality of columm node fuist amay of emerhoryhctlisdamangad {ressws ané cphimns,cthe
conmplinmentary digit |lines, each of the colum node circuits conprising: a
sense anpl i fi Brsteoaylinelugmngatdenst gae rediindapt celyen ebmgmoarggelds;y digit |ines
of the colum node circuit; an equilibration,circuit &gupl ed be,tvveaian ach
‘ai t€

pair of the conpliment&r §ORF e SUYFWRd  £Q)| PRAYITR dePttiq] ¢ signals foran

i / ‘ i lLed.. ‘ | i - di.gi
[ hes. of the SO flibadBeCRAEbR o oRtiy el EimeBORR 4 Eo gy it
structured topeeiHRaHS th@fﬂblg &vicempl imentary digit lines of the colum

node circuit to a respective pair of conplinmentary input/output |ines

responsive to a col um gdabl gatls coodik stractoeddBcAPlE 656 tienedethedReodiag
col um addresses received by the nenory device and to generate a plurality

of the col umamhabkrtesnghadceessible dacobusythadamgssh dacoidénclydingraaliéasg oate
| east one of the columm enable signals responsive to each of the col um
addr esses; pair of complimentary input/output lines;

a row address decoder decoding row addresses received by the
memory device and activating a row of memory cells corresponding to the row
address in the first array;

a plurality of column node circuits each including at least one pair
of complimentary digit lines, each of the column node circuits comprising:

a sense amplifier coupled between each pair of the
complimentary digit lines of the column node circuit;

an equilibration circuit coupled between each pair of the
complimentary digit lines of the column node circuit; and

an input/output circuit coupled to each pair of the
complimentary ‘digit lines of the column node circuit, the input/output
circuit being structured to couple each pair of complimentary digit lines
of the column node circuit to a respective pair of complimentary
input/output lines responsive to a column enable signal;

a column address decoder decoding column addresses received by
the memory device and to generate a plurality of the column enable signals, the
column address decoder generating at least one of the column enable signals
responsive to each of the column addresses;

pairs of first coupling switches selectively coupling each pair of

complimentary digit lines in each column node circuit to a pair of



pairs of first coupling switches selectively coupling each pair of
conplinentary digit lines in each colum node circuit to a. pair of WO

03/ 085671wB@3043800/ 19264 21 conplimentary digit |ines foPCa/usespaesive
colum in the first array, the first coupling switches having a conductive
state determ ned by a respective colum _node disable signal; a second pair
of coupling switches selectively couplingleach pair of conplinentary digit
lines in each colum node circuit to a pair of conplinmentary digit |ines
for a respective colum in the second array, the coupling sw tches having
a conduct i ve camplémertacy digiedingy fone respeasive celummoinuthe fiostearay atbe efirst
signal; and a redundant co|lunn control circuit, applyihg a respective colum
node di sabl e eQuphiag statchaehayingia conductivg stafs detssauned By adespsciye golwma he

colum node ci c(ﬁitbi each of the redundant columm disable signals causing
the first co‘Eﬁﬁ{ei Eja W'tvgﬁ s coupled to the respective columm node circuits

to be non- conductive rg i C 2 I

bei ng substituted for at%2'8?:%Ip\éﬁ‘nég‘f&r{%rﬁ;%@gg&eﬁqss&#%ﬁ&ﬁB{:%&ﬁﬂ}e?{gz%{cﬁnéuﬁ%ode
circuit is coyplgghplisdentde dEANPMA" i YedAMcOiukh 2hAL i bNat P&ir MBIOr Y
device further conprises?! a second array of nenory cells arrangetd in rows
and col umms, ddigplienand digit ainek nfo dlirBgpertive easitmant teduacwmnd agallnke of
menory cells, the second array being coupled to the data path circuit to
coupl e dat a tawuplidgf switchelehawognal canduatiye astatet detetminedwbydthee sespdeteeier
to activate a row of nenory cells in the second array, a pair of second
coupling sw t@@@n@ﬂéﬁﬁabél $g8dupndng each pair of conplimentary digit
lines in each colum node circuit .to a pair of conpli.nentar [ | i nes

for a respective col umf §eﬂuf‘ﬂ%ms‘§ﬂ6w& S RYRE THE F‘(th:lﬂgé t%%“f‘&‘hes
naving a conduet v Stahe ASHETI g EARSRhLYRASS IR P eRECHERP! ©

signal, the
node circuits, each of the redundant column disable signals causing the first

coupling switches coupled to the respective column node circuits to be non-
conductive responsive to a redundant column of memory cells being substituted

for the column of memory cells to which the column node circuit is coupled.

24.  The computer system of claim 23 wherein the memory device
further comprises:

a second array of memory cells arranged in rows and columns, the
second array including at least one redundant column of memory cells, the second
array being coupled to the data path circuit to couple data to and from the second
array, and to the row address decoder to activate a row of memory cells in the second
array,

a pair of second coupling switches selectively coupling each pair of
complimentary digit lines in each column node circuit to a pair of complimentary digit
lines for a respective column in the second array, the second coupling switches having
a conductive state determined by a respective column node disable signal, the second
coupling switches being coupled to the redundant column control circuit, the
redundant column control circuit applying a column node disable signal to the second

coupling switches coupled to each of the column node circuits, the redundant column



coupling switches being coupled to the redundant columm control circuit,
the redundant columm control circuit applying a columm node di sabl e signal
to the sewondosswoupl i ng switches coupled to each of the celcarsonones
circuits, the redundant colum WO 03/085671 PCT/ USO0/ 19264 22 disable
signal causing the second coupling switches coupled to the respective
colum node circuits to be non-conducti22e responsive to a redundant col umm
of nmenory cells being substituted for the columm of nmenory cells to which
the colum node circuit is coupled. 25. The conputer systemof claim 24
wher ei ndigatsis sggnal bausing dmmseondecatiplingi wveitahes cnupled daythe sespeghive selwmn on

transi stor coupled between each of the first nd secqnd coupling SV\,\tCheS
and a resjeecir¢uiss tdibgi norn-teRAUS VEHESRYISLYAIND f¢Qlu MEMATEICRIE he

menory device further conprjses an isolati cont ciycuit coupled. to
The 1| rbensbuisAdos o Po ML of fraraangiel it SGich he Sl haBReReRRdei s,
the isola ié)n control circuit generating isolation control signals that

cause ef4R¥%the first coupling switches or the second coupling switches,
but not both; to be conductive. 26. The conputer system of claim 24 wherein

Components. 11om ebh LM CORBRISTTRES 6B RLE Bimeyh POIFEaR GIH R 306 FRBIDR .
compl | AR ARTeT sruapEser P RolaeaHE s R G pled Yes e R B gf the fis:
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coupling es conpr afie ct transistor. 29. The conputer
system @f i &irdd vl WbEsIRI Boaplitle Giwitdirs refdaldsithe coluain nodst cioduits, rthai t s
conprises a respective programuabl e inpedance el enent having a conductive
stat e aRdladionaoneobdirchitveenstaire, iSARRY Q8ERYT SiGAlY UB0Cans2enher the first

coupling switches or the second coupling switches, but not both, to be conductive.

26.  The computer system of claim 24 wherein the isolation transistors

and the coupling switches are separate components from each other.

27. The computer system of claim 24 wherein each of the column
node circuits include a plurality of pairs of complimentary digit lines each of which is
coupled to a pair of complimentary digit lines in the first array by a first coupling
switch and to a pair of complimentary digit lines in the second array by a second

coupling switch.

28.  The computer system of claim 23 wherein each of the coupling

switches comprise a field effect transistor.

29.  The computer system of claim 23 wherein each of the redundant
column control circuits comprises a respective programmable impedance element

having a conductive state and a non-conductive state.



23 30. The conputer system of claim 29 wherein each of the programmable

i npedance el enents conprises a | aser fuse. 31. The conputer system of claim
29 wher eiwoaamgseof the progranmmabl e i npedance el ements c@OEIUSIE& 9284
anti-fuse. 32. The conputer system of claim 23 wherein the nenory device
conprises a dynam c random access nenory. 33.- The conputer system of claim
32 wherein the nenory device conprises @3synchronous dynam ¢ random access
menory. 34. The conputer system of claim 23 wherein the colum enable

signal coupled to each of the columm node circuits and the redundant col um

di sable signal a ie bdS | 1T anshs or e
associ at ed gol um1pjr?dde@fc%@@phgﬁregggggfe%p%?gﬁg29rté@ﬁ)ezg{nl v%atctli‘}onocrucqlgr S

that - ar cpdgsihiraBRdnigedaaébleslerts édmpASE: a Rshefuse 35. ‘A method of coupl i ng

data signals between of a plurality of pairs of conplinmentary digit |ines
inafirst array of nmenory cells and a plurality of colum <circuits, the

L M M e R
of Compl 4 BERiRibMliflipedah eStemlehd AfmblifKlarfddiliusel 1 Lhe event the digit

lines imthAe firs ay are not Ive; and 1solating the first array
froma colum circuit if any digit lines in the first array correspondi ng

to digit lines in the lum circuit are defectjive. W) 03/ 085671 i

PCT/ US00/ 10264 24 3236, Hife CREDHT %%St?f?a‘?f(rjr?@gnvér’eﬂé}eﬁelph Ay gheYise ar e

coupl ed . [ [ a plurality of pairs of .
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conpl i men nes 1n secon ray of nmenory cells, the nethod
conprising: coupling the data signals between at | east one pair of
complinmentary digit lines in each columm circuit and correspondi ng pairs
of conplinentary %3@ t Theneemputer system of claim 32 wherein the memory device

comprises a synchronous dynamic random access memory.

34. The computer system of claim 23 wherein the column enable
signal coupled to each of the column node circuits and the redundant column disable
signal applied to the first coupling transistors for the associated column node circuit
are coupled through respective conductors that are pesitioned in parallel with each

other.

35. A method of coupling data signals between of a plurality of pairs
of complimentary digit lines in a first array of memory cells and a plurality of column
circuits, the method comprising:

coupling the data signals between at least one pair of complimentary
digit lines in each column circuit and corresponding pairs of complimentary digit lines
in the first array, in the event the digit lines in the first array are not defective; and

isolating the first array from a column circuit if any digit lines in the first

array corresponding to digit lines in the column circuit are defective.



in the second array in the event the digit lines in the second array are
not defective; and isolating the second array fromthe colum circuit if
any di gi twbiosessern the second array correspondi ng to di giPCTiuSnE®2641 t he
columm circuit are defective. 37. The nethod of claim34 further conprising
substituting a pair of conplinentary di %t lines for the pair of

conplinentary digit lines in the first affay that are defective. 38. The
met hod of claim 35 wherein the nenory device conprises a dynam c random
access nmenory. 39. The nethod of claim 38 wherein the nenory device
conprises a synd$ onolhe @aiked ofreladedawdheseinntheodsta signal¥rarenequpled of
claim 35 wherein each of the cplu ircuits onprises two pairs of
conpl i ﬁa@ﬁ\ygq.ry&m Qjﬁprqni GIEQUILS and a pﬁraﬁty of pairs of cglrl)lphmentary dlglat lines in a
second array of memory cells, the method comprising:
coupling the data signals between at least one pair of complimentary
digit lines in each column circuit and corresponding pairs of complimentary digit lines
in the second array in the event the digit lines in the second array are not defective;
and
isolating the second array from the column circuit if any digit lines in the

second array corresponding to digit lines in the column circuit are defective.

37.  The method of claim 34 further comprising substituting a pair of
complimentary digit lines for the pair of complimentary digit lines in the first array

that are defective.

38.  The method of claim 35 wherein the memory device comprises a

dynamic random access memory.

39.  The method of claim 38 wherein the memory device comprises a

synchronous dynamic random access memory.

40. The method of claim 35 wherein each of the column circuits

comprises two pairs of complimentary digit lines.



