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BACKGROUND OF THE INVENTION
A conventional memory device is illustrated in Figure 1. The
10 memery device is 2 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. Associaté& 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




and stored in one of the row address | atches 26, a columm address is
applied to 28 FEB 2005 WO 031085671 PCT/US00/ 19264 2 the address F&6ERpmS
12. Thegﬂgﬂg egi ster 12 couples the columm address to a colum address
| atch 4 g%ﬁ ng on the operating node of the SDRAM 10PCTAUR/K936Lmm
address is either coupled through a burst counter 42 to a colum address
buffer 44, or to the burst counter 42, which applies a sequence of colum 5
addresses to the colum address buffer 42 starting at the col um address
output by the address register 12. In either case, the columm address
buffer 44 applies a colum address to a columm decoder 48, which applies
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col um add¥&ss strobe signal CAS* where the "*" designates the 25 signal
as active low. The command decoder 68 generates a sequence of conmand
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the arrays 20 or 22, respectively, to a data bus 58 through the column circuit 50,
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 i:ligh level command

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




function (e.g., a read or a wite) designated by each of the high |evel
command signals. These command signals, and the manner in which they
acconpl { i+ WO 03/ 085671 PCT/US00/ 19264 3 respectiv i ons, are
convent i“ﬁ‘glt@%mer efore, in the interest of brevity, a i’gﬁﬁﬁg’”%’%l anation
of these control signals will be omtted A portion of the colum circuits
50 of Figure | is shown in greater deta | in Figure 2. The columm circuit
50 is shown connected to a pair of arra;a/js 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 shown in Figure 2 may be
used to acrespectba fumdtionse are cayee@®nab? Rieveforenirritlge intetest Tfebrevtyuan
circuit 50 includes a plurality of colum node circuits 1 ]Ca-n in addition
to a redunfimther explanationaf thésecwintrol siznalal wilbbe bhreeedcol unm node circuits
110, 10 112 are identical, and, in the interest of clarity and brevity, the
internal conponent s Aopomieinyofoihe cobitremeircaite 56 ofcHigurd 10is shewshinvgrearer
Figure 2. The colum node circuit 110a interfaces with two col ums of
menory cel desail dn Agguneo2 palhe columybeprwinrdfisshowngionneciedstoR0paiDof amrays D1,
D*, respectively. However, it wll, be understood that the colum node
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: The column node circuit 110a interfaces with two columns of
memory cells using two pairs of complementary digit lines Dy, Do* and Dy, 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 Dy, 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 IO 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 tude of the supply voltage, respectively. After the digit |ibesEDP*

have b%b%gg.}li brated by the equilibration circuit 124’9‘5‘%ﬁ8§‘ﬁ)§3?§ct 3
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voltage inbalance in the digit lines D D during a read access of nenory
cells in the arrays 100, 102. The sense agpplifiers 120, 122 then drive the
digit lines D, D in the direction of the inbalance until one of the digit
lines is at the supply voltage and the other of the digit lines is at
ground potential. 5 Once the sense anplifiers 120,122 have driven the digit
lines D, Ddeteas aovaltagssimbalapee iinethef digit limes aDy &t durimg a readoageess! of i n
the respective colum, the digit lines D, D are coupled to respective 1/0
lines |/ oamemorgcely intthe amays dios J02. 1Bhe sepse anmlitfars 120¢d22tthenl drivet he
art, in a read nenory access the signals fromthe digit lines are coupled
to a DC sertBe digip linesdp, f)r‘%‘dﬂl tha shrecuon @fihe dmbatanceamtd aner obtheatigitiinesat a
signal to thehaﬁta st of the mory device. _The other digit lines D, D1
* in the cdt ahthennplyivokiage and dhe ather of the digit linesismat growrd potestipkct i ve
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The other digit ines Dy, D;* in the column node circuit 1102 are similarly
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 dnvers (not shown), and are coupled to the digit lines D, D* by the VO
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 /O lines
I/O, 1/O*, respectively. Similarly, the column node circuit 110b receives a
20 SEL_R+1 signal to couple its digit lines to the same J/O lines, and the column
node circuit 110n receives a SEL_R+N signal to couple its digit lines to the samne
I/O lines. Since the SEL signals select various columns of memory cells in the
ﬁnays 100, 102, they are normally generated by the column decoder 48 (Figure
1.
25 | The I/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 1/0 lines by a select SEL RED signm,Z&ﬁEB?M§
SELRED sj@nilosdes; 9enerated by a redundant columm control circuit 144. The
redundant col umm control circuit 144 may be part of the. Rol/UaWi$dthoder 48
(Figure 1). 2 8 FEB 2005 WO 03/085671 PCT/ US00/ 19264 5 As nenti oned above,
the colum node circuits 11 Ca-n, 112 ar® coupled to both arrays 110,

102. However, the colum node circuits cannot receive signals indicative
of read data fromboth arrays 100, 102 at the sanme tine. For this reason,

i solation transistors, 150, 152 ,ar,e coupl ed,between each.5 djgit lLine D D*
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this reason, nenory devices typical i ncor porate rows “and

redundant jselmion eaidistors 152 coapledr toChleUdtay0f 02rReQYn&E O Hyeafcopiifoh 0 be
defective during testing, either before or "after packagi ng tthe nmenory
devi ce, t NSO Tdsignak Sancor¢heamgyaifed102 chtsinbadw W emembey ¢enant
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signals are typically generated by the row decoders 28 (Figure 1).

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 2 memory device will contain at least one defective lransistor;
signal path or other component. For this reason, memory devices typically
incorporate rows and columns of redundant memory celis. 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 1s provided 1o 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-cdlumn
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

S



circuit 112 is provided to interface with redundant columms of nmenory cells
in the arrays 100, 102. The redundant columm node circuit 112 i}g €Ff agnes
with t s of nmenory cells, so that two redundant re
substi\tAﬁPe %%enever a single defective colum is fouﬁgﬂjwpﬁg festi ng.
However, it will be understood that redundant colums can be substituted
on a colum-by-colum basis, or that gedundant col ums can be substituted
in groups larger than two. The nunber of digit lines Db D in the
redundant columm node circuit 112 can be 2 8 FEB 2005 WD 03/085671
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capacitors 162. As a result of manufacturing defects, one of the digit- 15

- lines D @gspeetivB¥idiags rapacitort 162 hBacteddcesd ahasisior 160 sdlewibicty cdiples asual
failure node) or through a shorted storage capacitor 162. During testing of
t he menoiygit didei Deor Diti > dné eldtevofl the Beordgt eapadtoralél.a Thedotheaplate @f um  of
menory cells will be substituted for the defective colum. However, the
senselganthé fiogage dAfhcit?ds ai lrellrplawed ithams nyplealty coupledibta voltagenizavdngect i ve
colum normally continue to 20 receive the NLAT and PSENSE signals fromthe
row decodemapinitiee of cose-half of the supply voltage. In operation, the storage

capacitors 162 store voltages indicative of either a logic "0" or a logic "1".
The cell plate of each capacitor 162 is typically commen 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



anplifiers 120, 122 can thus couple the cell plate to either the supply

vol tage or ground potential thereby rendering the renai nder of tﬂp,:g[flmgy
cell's def@ed/igsg7 Al t hough this probl em has been recognized in the past,
none of the approaches that have been devel oped to deal REYWHAPE4pr obl em
are entirely 25 satisfactory. One approach has been to selectively

decoupl e the NLAT and PSENSE si gnal s fro]fnthe colum node circuit 110 for
the defective colum of nenory cells. Although 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
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the sense amplifiers 120, 122 to the row decoder 28 is the difficulty of routing

signal lin¢s 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 1o 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 celis is found to be defective
during testing, a redundant column of memory celis 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




colum node circuit 110 and the digit lines D, D of the arrays 100, 102 to
whi ch 20 they are connected. Wen a colum of nenory cells is fogﬁnq:EB%@e

def ect iy g3@yéd709 testing, a redundant col um of nenmory gell.s.i
substituted ?%dr the detective colum, and the | aser fuse C(l)l?,lsp /?%23401: t he

defective colum to its colum node circuit 110 is severed. Wiile this
approach has been satisfactory in ‘the gast, it is becomng | ess so because
the m ninmum | aser pitch has not kept up 2s with decreases in digit line
pitch. Furthernore, while this approach has been satisfactory for
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adversely arfecting non-de ive nmenory cells. In accordance with one
aspect of the invention, a plurality of colum node circuits are provided,

Each of 1 hUNAMARY OFirPlE IIRENTIING " fcl'udce & sense anpli fier, an 15
equi libration circui,t, n. i pput / out circui.t ach of whjch is
coupl ed between a ﬁeswggﬁc@earg;ﬂppﬁrfalﬂ?ﬂggﬁofﬁﬂql%gt ﬁFfﬁC&ﬁV& FO'%@‘S A the
col UMy Nogie mory cells in a memory device does so in a manner that prevents the defective
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 coupled.



circuit. Afirst pair of coupling switches selectively couples each pair of
conplinentary digit lines in each colum node circuit to a pair of F
complinentary digit lines for a respective colum in a first array]. 5@2005
second W&@’Oé?GQoupl ing 20 switches may optionally be prRGHBE00(3§264

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

circuit gERIEL GESORIPTPIONNOFSPHEIDRAWENEIYnal s so that the first and

second coupling swtches coupled to the respective colum node circuits are
non- conductive respBigire ¢ is @ Hocle diagdamtofcotemvenabnab SDIRAMI | s bei ng
substituted for the columm of nmenory cells to which the col um node
circuit is coupled. PighréEBs20bbckwingiahdase 3thdaaicdiagrhar 64 a9pdBohfof
DESCRI PTI ON OF THE DRAWNGS Figure | is a block di agram of a conventi onal
SDRAM Fi gohwna dixuit wdeddr the &PRAMed Fguredat i ¢ di agram of a portion of
colum circuit used in the SDRAM of Figure Figure 3 is _a schematic

il lustrating a portiligueg 3neacchematiayBusizating 2 porthen eDRidvhofy &irays ased,
which interface with the circuitry shown in Figure 2. Figures 4A and 4B is
a bl ock dilagh%lﬁmqﬁﬂ%@ﬁ&ﬁirﬁc‘:m’laghWﬁﬂ%h‘é%&ﬁd‘cﬂ%ﬁ}’ sbP vl inckigure) 2.
according to the invention that be used in the, SDRAM of Figure 1 'in
pl ace of the ccﬁ'%fl‘f??“cﬁf?"@u“irﬁ rip §hmk IRgig eand  Schgmads shagram 9o Ans

schemati cs iIIustra’:é{ncg*rvarious enbodi nents. of .control circuitry that may

be used i FTRPRAIEENY P AGCERING Jorbie 4nVvEpleR dbat imay by ysd dpabeam of
ci 7 out try SHREIRFGOHELRP 2 oSSRk G, SRR 2 B g es 4
and 4B illustrate CopjiPesCs AGI SH afe SleM At ifuftPfi £ 08908 Binbodiments
of control circuitry that may be used in the column circuitry of Figure 4.
Figure 6 ts 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
| Figures 4A and 4B illustrate: 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 substaniially the same column node circuits 110’ used in the prior
art columnn 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 Figures 4A and 4B, each of the column nede 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 amray 102. All of the coupling transisters 170, 172 have their gates
connected to each other and to a respective inverter 176. A separate inverter is
pfovided for each of the column node circuits 110°. Power terminals of the

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



of the invention that can be used in the colum circuit 50. The circuitry
shO\(/jm in Figure 4 uses S;Jbstant hally t he sane co:cunn node ci r(r:]wg? %
used in art colum node circuits 110 of Figur ererore,
the int gp@?f"&{ 9{)r evity and clarity, identical corrponent%g'ﬁyg

provided with the sanme reference 20 nunerals, and their operatlon Wi II not
be repeated. Wth reference to Figures Ai and 4B, each of the colum node
circuits 110", except for the redundant*™col um node circuit 112, incl udes
a first coupling transistor 170 coupling each of its digit lines Db DF to
the first array 100, and a second coupling transistor 172 coupling each
of its di grdspechest Dso Biattthe iineery Kocompua 68/ ofl Biese Avo 9H1tidhs. |é,fng
transi stors 170, 1 2 have their gates connected to each ot het an

respect i vetlienvevereers 176. isAdsiepmrtat eespeviive @ontrel cifcQitryes OMseéﬁé”w&fmt he
columm node circuits 110'. Power terminals of the inverter 176 are
connect ed Fi lg'ecﬁﬂmﬂmmbmla:lmurmpdmahaﬁ@e sVmpby adaserAiaBe 2805iadt high

03/ 085671 PCT/ US00/ 19264 10 respectively, so that the inverter 176 ogt put s
one of thebg thraughoa tragistor B@cmr,oas shoveni mvErguee $BL, thei comtrol veirtubyy 178
respective control circuitry 178, shown in Figure 5A, the control
circuitfy WRy bﬁayﬂ lﬂallsﬁuﬁpllﬁ4dhﬂh§alsﬁ bsased doghithroaghtd rasistby 1 82r Thghuse
resi stor as shown in F|3_gre 5B, the control circuitry 178 5 may

be an ant i 0? GB@HQS@SPH&Z aliow bethopresparkaging alﬂdoagthp@chagsmgr&pmnifsmm"éhe
opai rs, i we oha asceuie WU S Bimieg e Trbacksemeiepairs o Alempicang
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control o T eappOBRRR Ty confof QiR Fesiiam i it eoligin s defaries
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outputs a
of a match, the control circuitry 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 Veep 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 low 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
hines 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
voliage.
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



15 thereby causing the inverter 176 to output a voltage of Vccp. The Vccp
voltage renders the coupling transistors 170, 172 conductive so zmagBQME
colum node circuit 110" continues to interface with the arrays 100, 102.
However WPR30B¥71 event the col um of nenory for a col um ®PEFEISSIAILGIt 110
Is defective, the control circuitry 178 outputs a high thereby causing
the inverter 176 to output a 20 | ow. The gom/applied to the respective
gates of the coupling transistors 170, 1% renders the transistors 170,
172 non-conductive, thereby isolating the colum node circuit 110" from
the digit lines in the arrays 100, 102. As a result, the digit Ilines D,

D* in the amveres 1@6,501(1[3{43/1@ BEenen vty anyalkages ehSécompllf the colud®,is
122 so that a short in a storage capacitor coupled to a digit line D, D*
does not 28efgdtiow, the oyt ofabgl qontml sirepary 1@5 13 pulled \négh trovgh ithpipatle t o
ground or the suppl voltage. If a laser fuse 180 (Figure 5A) is used in
t he cont r oupoEsiSIOR f&&lthgr,ebytqaysmgstbc IMVEEET | 196) tof euipnba dawi thal ums off éhe
the col um of npenory with 'cg it is associated is not defective. The
control ci Feupkmg«ﬂﬁlﬁl&l%d%rh fes a lowto its 2 8 FEB 2005 WO 03/ 085671

11 PCT/ US44/19264 inverter 176 so that the jpver ut puts . a vol { age, of
Veep. |f the col unm 4 3 GEPUALE MARNEE.HE 25 AN “%fif%é?’@@ﬁ? |5§|) 13 jused iR e 178
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10 I n the enbodi nBnt of “Fi gu A and AB , the coupling transistors 170
coupl edgt o the array Id€H eafbBdidRE! FlFifhds IACAIURN thd Nedup@ncouRhii®@rs 170

transistors

coupled to the array 100 are operated in common with the coupling transistors
172 coupled 1o 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 ah array 100,
15 102 contaiming 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
acr_;css a column of one array 100 or 102 when the corresponding column of the

20 other array 102 or 100 1s defective.
The rouung of the signal lines to the coupling transistors 170, 172
in the embodiment ofthé invention shown in Figures 4A and 4B ¢ expected to be fairly
routine because the signal lines can be routed in parallel with the signal lines
coupling the inverters 114 to the /0 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.



172 coupled to the array 102. However, it will be understood that separate
control signals nmay be applied to the transistors 170, 172, respezcﬂt Fglfm
Using this arrangenment, a columm node circuit 110" may be i sal ated

an arr aYY QPSS9 102 containing a defective col um of nenbf YUel 19804 ng

continue to interface wth the sane colum of nenory cells in the other
array. However, the anopunt and conplexity of circuitry needed to provide
separate control signals for the transi&iors 170, 172 may very wel |l
outwei gh the advantages of being able to access a colum of one array 100
or 102 when the corresponding colum of the 20 other array 102 or 100 is

def ect ive. The rout ianoiekhl o gmodtintRe dbrbSEURLIRY (OPSFOTHELS

170, 172 in the e I ment of the inventio res
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in paralle e sign l'ines coupling the i nverter

circuits; : t C | 4430 nAR. B Sthk/ 7 2, | L¢ as
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the circuitry Iving t tors, can ively sma i hce

they do rabmepdells 16 WhtleuR ydirealonfiedledal dRP¥RIve. AR ﬁdiﬁ@ﬁ%kon&ﬂﬁ%no
circuitry for Selectively decoupling the colum node circuits 110" from

the ary ayhe 1600 1sdi8don 3Rasisairatlis0ednd thetrigia isolation eraakReor@N 2@ all of the
sem conductor die containing the nenory device. 2 B FEB 2005 WO

03/ 08567 kohHhhUsedY ¢R264s 1201 in awoaddparmat groupenthedisoRiion @PiQREd 450,
circuitry (not shown) is wused to control the operation of the isolation
transi st A itb€achlbdhiredual tolaini hede caobatlldi dre alw simirallelbbn aléRuane
non-conductive 'in the event a colum of nenory cells to which they are
connect eddde-bietobimr eodenbasatli tHaweves, thomanuhint mgpdscamplexéfyt of sbtaityon
transistors 150 and the right isaolation transistors 152 in all of the

col um ndbat ycbetrequmed PreeniErlshgaisalasiagr gapsistarhd 50sdi5at sorthat they
transi stors_150, 52 i.n each .individu cqolum node circuit 110" are al so
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outweigh the value of eliminating the coupling transistors 170, 172 and their
associated control circuitry.

Figure 6 is a block diagram illustrating a computer system 200

15 including the SDRAM 10’ of Figure 1 containing the column circuitry of - Figures 4
and 48, 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 controi 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 compacl

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

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



to performboth their original isolation function and the function of
isolating colum node circuits 110" from defective colums of nehbFEB 2005
cells ma%, %ﬁ’twei'gh the value of elimnating the coupling transistors 170,
172 and P83 Lsoci ated control ci rcuitry. Figure 6 is BRCBUSed19désagr am
illustrating a conputer system 200 15 including the SDRAM 10" of Figure 1
containing the colum circuitry of - Fi es 4A and 4B. The conputer
system 200 i ncludes a processor 202 for perform ng various conputing
functions, such as executing specific software to perform specific

cal cul ations_or tasks. The processor 202-inc|udes a processor bus 204 that
normal Iy i {COBAd ™ hrangddin dhes SBRAM6]0’athronghoa emoppGonaroller 238t a This
210. In 20 addition, the conputer_ system 200 includes one or nore input
devi ces 214mermgenhcongoben&itheamally includessan addass dus topupled tor theesdiiress202
to allow an opera__[_or tf interface with the conputer system 200.
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SDRAM 10" is coupled to the data
direct |y othd fvendbn hasbe@desyribed hs %ir@ccﬁgﬂed Eéﬁﬁén%iﬁfy%%ﬂ%c}ﬁorw
ntron ha

be appreciated that, although specific “enbodinents of the inve
been descr cels] ihevilli be Dnderswogahasitomay be coupled to a single array of memory

|
ve

cells. Further, although the disclosed 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.




i | lustration, various nodifications may be made w thout deviating fromthe
spirit and scope of the invention. For exanple, although the di Z@ g@fg@
&n

enbodi "Ry < the i nvention has been descri bed as bei I
t wo arrays[)@fsz’érr@rmry cells, it will be understood that {}%ﬁﬁ%ﬂ@z@oupl ed

to a single array of nenory cells. Further, although the discl-osed
enbodi ment has been described for use j/0 a SDRAM it w |l be understood
that it nay be used in any present or future developed DRAM i ncl udi ng
asynchronous DRAMs and packetized DRAMs, 15 such as synchronous |ink DRAMs
(" SLDRAMs") and RAMBUS DRAMs (RD% SAccordi ngly, the invention is
not limted except as by the appended clainms. WO 03/085671 14 CLAIM 20
FEB 2005 PCT/ US00/ 19264 1. A nmenory device, conprising a first array of
menory cells arranged in rows and columms, the first array including at

| east one redunddnt cohumemery deviseycaBprisinga control circuit structured
to provide control signals for controlling the operation of the nenory
devi ce responsi vé fisstcyRmaofl memery sellscarangedbin rows andneslpmnsyithe : first
data path circuit structured,to,couple data between the first array and
an ext BrAXINGlding. adeast onseduRiAnt doama.af memERy plsui t | ncl uding. at

| east one pair of caonpli.nentary input/outpyt |ines;, a row address decoder

decodi ng row addrie rcéf,céli“vﬂﬂi/%rﬁ@ R@?@&?COEEOI sgnals fos contrallimg) the r ow
f el | I ng - th dd in th first ,

ol ur al CPyraiBn B iff RRHOH it sebbe dpomman pgaals prrenyl pypine

conpli Eﬁ:'?lltn ydéUiQé't | i nes, each of the colum node circuits conprising:  a
sense anpli i er ¢Bupl ed between each pair of the conplinentary

a data path circuit structured 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

S

each of the column addresses;



digit lines of the colum node circuit; an equilibration circuit coupled
bet ween each pair of the conplinmentary digit |ines of the colun?8¢€g%M5
circuithv?%gmﬁ£7input/output circuit coupled to each pair_of the

conpl i nentary digit lines of the colum node circuit, thECTHINIP put
circuit being structured to couple each pair of conplinmentary digit |ines
of the columm node circuit to a respective pair of conplinentary

i nput/output |ines responsive to a col d@n enabl e signal; a columm address
decoder decodi ng col um addresses received by the nenory device and to

generate a plurality of ghf col um‘l. enabl.e signals, the colum address
decoder generating@ Rei| @5sHrhneoupling, swdtohgsys ely sioypling eachppast wf t o

ea_ch of the,.col um (ﬁddrles_ses; 2§ FEB 2005 WO 03/ 085671 PCT/ US00/ 19264 15 a
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signal to the first coupling switches coupled'to eac e Ccol urm "Rode

ci rcui t soncartive gtatt deteradhedi By the flsperti vl Sallibf ﬁdWEﬁ)AE%iﬁiaﬂ%ﬁdhe first
coupling switches coupled to the respective colum node & rcuits to be

non-conductive respdusdam ¢alummr eshirdlaciraudobpplyin arespEctveeddlemiehode

substituted for the colum of nenory cells to which the colum node

ci r cui tdisgbleosignald o Zhe Thest rompling dewitchesotoupled o leachuof e cobimni God@
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.

2. The memory device of claim 1, further comprising

a second array of memory celis 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

]



a second array of menory cells arranged in rows and colums, the second
array including at | east one redundant colum of nenory cells, t Wel 6Bt 3t
array hepRemggypl ed to the data path circuit to couple daig iQeaed,from
the second array, and to the row address decoder to activate a row of
menory cells in the second array, a pair of second coupling swtches

sel ectively coupling each pair of conpginentary digit lines in each
colum node circuit to a pair of conplinmentary digit Ilines for a
respective colum in the second array, the second coupling sw tches having

a Condlflﬁhla‘é?rcﬁhglttﬁ HECAGH-RbAGEC Ve FespBABISE D EredithdAmit ﬁ@gdéﬁﬁieﬁorﬁi&ml :

t he secon coupling swtches being coupled to the reé(;g nt co

contr O!befdg SibistituteRefor the ¢bHaRh ofaheore ealls & whictt tid caRpiY nbde Rircitign
node disabl e signal to the second coupling switches coupled to each of

the colcygplegode circuits, the redundant columm disable signal causing the
second coupling switches coupled to the respective colum 28 FEB 1005 WO

03/ 085671 PCT/ US00/1926-1 16 node circuits to be non-conductive responsive
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or the second coupling svmt(?he_s, but not both, to be_ conductive. 4.
Menory cefibF eirbhit Senefatigiydlfich tbErbE Sigakisohat EARR! &tlrsthe aMdt tbapling
coupling switches are separate conmponents from each other. 5. The nenory

devi ce sofitchesbi ydvondicouphinl switdhes, b@l notibotlede becionductige.i ncl ude a
plurality of pairs of conplinmentary digit |ines each of which is

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 compnses 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.



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 conpli rre[?tgﬁagza ?@git

lines i nd array by one of the pairs of second coupli
6. The %h@?g?ﬁ%g?/l ce of claim 1 wherein each of the firstPEbUSI/IPI64

switches conprise a field effect transistor. 7. The nenory device of claim
1 wherein each of the redundant colum control circuits conprises a
respecti ve progranmmbl e i npedance el enepf having a conductive state and a
non- conductive state. 8. The nenory device of claim7 wherein each of the
progranmmabl e inpedance el enents conprises a | aser fuse. 20 FEB 2005 WD

03/085671 PCT/ US0091926 ik inefory Heviee BpcYaifle witrdih &kflldf e PRSE ST A0E"

of the programmabl e inpedance el enents conprises an anti-fus

menory dimpedanct efdmeénts comipeises antang-filggor y device conprises a dynamic
random access nenory. 11. The menory device of claim 10 wherein the nenory
device conprises a synchronous dynam c random access nenory. 12. The

menory devi ce of c C coupled to

e colu enabl e si gpal
each of the colum odell-é1 ﬁ{?ﬁ@aﬂﬁ‘”ﬁﬁe SRR o i WhesEImibe i memosy sdeviee 0
appl i ed | for 11-c associate' colum node
circuit %@gﬁﬂgesf%%@% g]g%é@lﬁg%@@?qr% conductors that are positioned

in parallel with each other. 13. A colum circuit adapted for coupling to a
first array of nenory cells arranged in rows and col ums, the colum

circuit conprisi ng11 the pemaryidevicd ofotlaim Md\eh@nelmtthésmeﬂﬁyld&hé@' ng

at | east one.pair
comprises a synchronous dynamic random access memory.

12 The memory device of claim 1 wherein the column enable si gnal
coupled to each of the column node circuits and the redundant column disable signal
applied to the first coupling switches for the associated colwmn node circuit are

coupled through respective conductors that are positioned in pafa]le] 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 comprisi'ng:
a plurality of column node circuits each including at least one pair of
complimentary digit lines, each of the column node circuits compnsing:
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

)



conplinmentary digit lines, each of the columm node circuits conpri,si nEqB:f a
sense anplifier coupled between each pair of the conplinentary dildi £ 10des

of the ﬁ,@l gm‘g%q?de circuit; an equilibration circuit coug,lcg.ﬁ%@ﬁwn each

pai r of if complinmentary digit lines of the colum nod and an
I nput/output circuit coupled to each pair of the conplinentary digit lines
of the colum node circuit, the i nput/f>¢1t put circuit being structure% to
couple the pair of conplinentary digit*®ines of the colum node circuit to
a pair of conplinmentary input/output |ines, respectively, responsive to a
colum enable signal,; a pair of first coupl i_n%leswi tches selectively

coupl comphimentaryi digif linke indbeplirstramay; yhelisyitches hayving aceomdunsivenstateode
circuit to respective pairs of C._ 28 FEB 2008 WO 03/085671

PCT/ Udetermied-Hy a sespacive eotumnynode ghsable signal; andhe first array, the

swi tches having a conductive state determ ned by a respective colum node
di sabl e si gnal ; aarediundapt ¢edemn eanuainCiEynt ApplYng cigspecting ¢Phynneredect i ve
col umm, node, disable signals to the first coupling switches in each of the
col undlispblgesignals (o the Sghcoupling, ewiehemgachcef thecalpmmnedecigauitseadiusi ng

e . CONRn BB ok RESPSGH U SRRl
e PR RS o on S SHLA, B B e 5, SRy o
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b o BUPLT B BeTE S AP toE TG G oPe FRREENITSA B,

SWi tc@gﬁgﬁfe}&g(#eregiﬂ%@t?%lg&égg&r of the conplinentary digit lines in each

col unii™n pective pairs of conplinmentary digit lines in
the second array, the switches having a conductive state determ ned by a
respective col um node disable signal, the second coupling sw tches
14.  The column circuit of claim 13 wherein the column circuit is
coupled to a second array of memory cells arranged in rows and columns, the column
circuit further comprising a pair of second coupling switches coupled to each pair of
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 redgndant 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.




bei ng coupled to the redundant colum control circuit, the redundant col um
control circuit applying a colum node disable signal to the se%ond
couplinqyag%@%ﬂﬁf coupled to each of the colum node circuits, t/eFEB 2005

r edundan di sabl e signal causing the second coupl PAHUSHI&Hes
coupled to the respective colum node circuits to be non- conductive
responsive to a redundant column of nenory cells being substituted for the
colum of nmenory cells to which the col ufth node circuit is coupled. 15. The

columm circuit of claim14 wherein each of the colum node <circuits
further conprises an isolation transistor coupl ed between each of the first

and second coup{7ng Thelcohannadifbuit 6ESRERL 14 Fheketh ball BE cﬁﬂﬁlﬂﬁbﬂgn
I the solation

node circuit. 16. The colum circuit of claim15 erein

transigir@fis firtudens pluraityasf pagost! co d)é?ﬁargV\@h Bhed i&h i
conponents from _eachlj ot het?. 2°8 FEB 2005 WO 0 /0??8716%§fﬁ§88%%4519
17. Theoupitd o a Paircof tomF}iﬂi@tﬂﬁyldig\iﬁl@ﬁ&l i hedisOArhy Bystieion &irs of
circuits include a plurality of pairs of conplinmentary“digit |1 nes each of
whi ch fisst coupligswitohes padtoaf pawrofl complimentady digit lineéesn the sdrfd athy arr ay
by one of the pairs of first coupling switches and to a pair of

conpl ibeonaof thti paits ofi seeond couplingswathiesr ray by one of the pairs of
second coupling switches. 18. The colum circuit of claim 13 wherein each
of the first coupling swtches conprise a field effect transistor. 19. The

colum circuit cl o &0 redundant cont r ol

ci rgui tsI colrJr;:)ri 21;85 a%%é%%éﬁﬁpgg‘?gr%@%ﬁg%@&;%ﬁ I@%&lﬁgwﬂ'ﬂs‘i‘% a

condugwiy&egtcgﬁ@rg@q ﬁdﬂ%ﬂ&?rﬁ%ﬁ%ﬁi{&e state. 20. The columm circuit of -
| f the '

claim19 where each o progranmuabl e i npedance el enments conprises a
| aser fuse. 21. The columm circuit of claim19 wherein each of the
programmabl e i npedan el epents conpri_ses an_anti-fuse. 22. The colum

circuit of clai m%3 &olrmpeciegntof cdaiabild whepsin eachfi B resluadant of

t he col wmm node (ii rcui.ts and the redundant col um di ?abl e signal
column conrol Circuiis 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 sysiem, 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

o



applied to the- first coupling transistors for the associated col um node
circuit are coupled through respective conductors that are posit8dh8diin

par al | |t ch other. 23. A conputer system conprisijg. cessor
havi ngegr(ﬁ%@g@gor bus; an input device coupled to the pr@g"é%%oglr'wt rough
the processor bus adapted to allow data to be entered into the conputer
system an out put device coupled to the Br ocessor through the processor bus
adapted to allow data to be out put fr omPhe conput er system and 2 8 FEB
2005 WO 03/085671 PCT/ US00/ 19264 20 a nenory device, conprising a first
array of nenory cells arranged in rows and colums, the first array
i ncludi ng at | east memeonyathyietaaOmMPsistngn of nenory cells; a control circuit
structured to provide control signals for controlling the operation of the
menory devi ce responsi & §ir§loarg maersPphaelis arranged énl rows tand codumng, tevi ce;
a data path circuit structured to cog(&le data between the first array and
an ext er nal [firsbarray sndudingzat deasuone regundaphclamn of memaryicetlsudi ng, at
| east one pair of conplinmentary input/output |ines; a tow address decoder
decodi ng row addr essesa r EQHIle FUGPIL SEUCRERG §O dprOvide anontzalt isignalsigfer r ow
of menory cells corresponding tQ the row address in the first array; a
plurality OFOBB'P&WE %@WF%@P&@%MQW QYAEh EESRONSWNE JO comungnd signgls
conpl i ment arz di%ﬁ? Il'bnes, each of the colum node circuits conprising: a
sense anpl i FrENYEd QY IBe BEPMATYEHch pair of the conplinentary digit |ines
of the columm node cirgyit; an equlljbrati circuit coupled bepween each
pair of the conplinent §?&? p&ﬂb?‘trgf'it ﬁ@c?)’fecfﬂ%cq}lﬂﬁﬁﬁ"ﬁt% CEn ﬂ@ﬁjf’fs,t Y an
| nput/out pu%nﬁ'aﬂlcéﬂtgm%?ﬂpflc%gsssﬂe %%ffbl?s"’}'tﬁe ﬁgtatlglﬁh 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 ines 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 circnit to a pair of

o



conplinmentary -diait lines of the colum node circuit, the input/output
circuit being structured to couple each pair of conplinentary dig%tﬁkiﬁes
of the Qﬁjﬂg%PnOde circuit to a respective pair of conplinentary 05

i nput/ou 8 Bp6Td s responsive to a colum enabl e signal; RCTAISONMI2€dr ess
decoder decodi ng col um addresses received by the nenory device and to
generate a plurality of the colum enablilsignals, the colum address
decoder generating at | east one of the c lurm enabl e signals responsive to
each of the columm addresses; pairs of first coupling switches selectively
coupling each pair of cgonplinmentary diait lines in each colum node
circuit to acpmphmentary digy kmes f0d respeaiveesiomn ROHUEMY H92p4ha first
conplimentary digit Iines for a respective columm in the fast array, the
first coupl ¢ORPIERG SwHeheshaving a gopduauiveistate determintdt by arespéctive aolumn

respective col , _node disable signal; a second pair of coupling swtches
sel ectively E%‘tlenHﬁsﬂlSle 3Malpair  of conplinmentary digit lines in each col um

node circuit to a pair_of (éfngrl ‘rtnsnt ary digjt lines for a respective
columm in the second af FE§PNY RAT of Soupling s¥itchasselestivelycoupdimgieachi pair

state determ erﬁ%n%.th respecti.ve colu node di sabl e signal; and a
rgdunflant cg+ﬂ : HP?'@Frypicﬁgﬁi ?’nﬁﬁpﬂ/i‘?ﬁf C(Fj’ c@QdﬁeC?@NgmﬁO ?oﬂ@rdpﬁgbl e
0Pt LS abaERY RS L rEHELRE s ko i
Conduct Tve. 1 ubie SURLES, avhle oL SORAGHGYE Site BRlominga by e rgpecive "

substi t ut ed cdl@mntdiRleChtdbI® sRhalBi Y cel ls to which the col um node
circuit is coupled. 24. The conputer system of claim23 wherein the nenory

device further conprisesdundant column control circuit applying a respective column
node disable signal to the first coupling switches coupled to each of the column
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 Tow address decoder to activate a row of memory cells in the second
array,

a pair of second coupling switches séiectively 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

o



a second array of menory cells arranged in rows and colums, the second
array including at |east one redundant colum of nenory cells, t Wel SEf: @06l

array Reph9oskyp! ed to the data path circuit to couple daig fggefdgsfromthe
second 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 pair of conplinentary djg?i t lines in each col unm node

circuit to a pair of conplinentary dig lines for a respective colum in
the second array, the second coupling switches having a conductive state

Rl AR i R BB ORAT e RS
B A S
e e S 2 SRR hefnf BT A PR AE 0 5

col um ode circuits to be non-conductive responsive to a redundant col um
of €@ells being substituted for the colum of menory cells to which
the colum-node circuit is coupled. 25. The conputer systemof claim 24
wherein each of the colum node circuits further conprises_an isolation
transi stor couplid bdheczompuien systermhoffclaign 24amheseinoeashc8fithe £@IamNL ches
and a respective digit line of the colum node cjrcuit, andh\l\ger ei.n the
menor godeevirauitst furthies comprses B 4dselation Hlansistor coypleddyetwicen aeh O BESt 1 o
the first and second coupling sw tches, of all. . of E)Rﬁ col um nogde circuits,
the ambbegdrdncamplingoswirhesuand garespestivegdigdloling obthe SeiymBR NQds G U, a1
cause either the first oupl i.ng, switches or the second coupli. sw t,ches,
bt nad wehereingibe BREBORKNCHES GUrbeY Camases i iag/s cantr ok Sorif foSHlther of n
the isolation transistqrs d the coupli Lt ch are p .

compole e fﬁ%ﬁ?‘iaﬁ?ﬁoﬂah@qﬁ%ﬁ S‘VHgﬁE%r%télgrO?\é%t ‘éﬁﬁ‘{ﬁm aogiémgégﬁ'\?\ﬁ’letrhgi n
each %Blz{t{]oen ggrlxtyoqncircuit generating isolation control signals that cause either 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 (0 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
columnn control circuits comprises a respective programmable impedance element

having a conductive state and a non-conductive state.




node circuits include a plurality of pairs of conplinmentary digit |ines
each of which is coupled to a pair of conplinentary digit |ines ZmFEH]?UUS

first ar{‘@%%&% first coupling switch and to a pair of conplinmentary
digit lines fe second array by a second coupling sw PECKHUS@RBI928he

conput er system of claim23 wherein each of the coupling swtches conprise
a field effect transistor. 29. The conputer system of claim 23 wherein each
of the redundant colum control circuit33conprises a respective
programmabl e i npedance el ement having a conductive state and a

non- conductive state. 2 8 FEB 2005 WD 03/ 085671 PCT/ US00/ 19264 23 30. The

conmput er system ofpcl angoﬁ‘gﬁl’t&i o ammabl e i npedance

el enents conprises a | aser fuse. 3%)&@2 @gn%[]bﬁgr %s{vﬁﬁ{%? @Iaﬁgp 9 the
wher ei npregedinffablden dﬁaﬁ%émﬁ?ﬁ@cbﬂ@ﬂé nts conprises an

ant i -ftzpse. 32. The c%rrput er systemo c?glﬁ?na%g%ér ein the nenory device
conpri ses a dynam ¢ random access nenory. 33. The conputer systemof claim
32 wherein the nmeppry device conprises a synchronous dynani ¢ random access

memory. 34. The ut 1€ sGOMPHEST SYBi8Mm o8 olaimei29 twheredt uenclenabl ehe

si gnal éﬁ8§f)| ed B@ .each of t{ée colum node circuits and the redundant col um
di sabl BRRACEIFIRCOANC HE e ™S CRIPRSER N ARifusensi stors for the

associ ated colum node circuit .are coupled through respective conductors
that are positioned in parallel with each other. 35. A nmethod of coupling

data signal s betvien cFhecpmputér $ysteh GRiclasm 2f Wl‘i’éﬁé‘hi 'ﬂﬁé‘tlﬁéﬁﬁogi Qf-tegiiéei nes
ina first array of nenory cells and a plurality of colum <circuits, the
met hod COBMIISES arflynague pan abecsdamemengnal s between at | east one pair of
conplinmentary digit lines in each colum circuit and correspondi ng pairs

of conplinmentary digit |ines
33.  The computer 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

A 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 first array, in the event the digit lines in the first ar ray &not
defective; and |solating the first array froma colum circuit if ﬁ@r Uéglt

lines i array corresponding to digit lines i

ci rcui t‘pgﬁ‘g’g%ﬁé otive 25 FEB 200 Wb 0%/ 085671 PCT/ USOO! Eﬁ%”@%’?{gﬁ The
met hod of claim 35 wherein the data signals are coupled between the colum
circuits and a plurality of pairs of cogplinmentary digit lines in a second

array of menory cells, the nmethod conprising: coupling the data signals
bet ween at | east one pair of conplinent ary digit lines in each colum

circuit and co in ntar di es in th econd
Z:urjaysl)lna: |he © e sﬁnfarr ‘?%&&" th colggég Ci ﬁ?fllg? o ‘ffgﬁﬁ@?: x:;
i}lgf tect lve %%OC‘QEE%CHBW% cl a%ar]it?l cfﬁljrt her conpf?fﬁyﬁﬁét [ t?t]:n?\gi 21 e
pt  Sr Sy LR R Wt i - o comhs FARATE
wherein the rrer%’?]bhgévﬁ%ed%[g?r%gﬁélg ‘%g‘f”%ﬁ@réfﬁee&r%%é’mfaeté@@ ?'33"7 39.
dynara Aaein, Fach R dhad LG dyly BB RARMn S A5 B ARSIy afRitBiER "o~
the &P N Re Ol Mirh§ in GRERVENB B 4P BALY fn o sERMR! APRN LAY Yof dgfécwenes

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.




