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SYSTEMAND METHOD FOR REDUNDANCY 
MEMORY DECODING 

TECHNICAL FIELD 

0001. This invention relates generally to redundancy 
memory for a memory, and more particularly, to a memory 
having a redundancy system employing a programmable 
static redundancy memory element decode path. 

BACKGROUND OF THE INVENTION 

0002 Typical integrated memory devices include arrays 
of memory cells arranged in rows and columns. In many 
Such memory devices, several redundant rows and columns 
are provided to replace malfunctioning memory cells found 
during testing. Testing is typically performed by having 
predetermined data values written to selected row and 
column addresses that correspond to memory cells. The 
memory cells are then read to determine if the data read 
matches the data written to those memory cells. If the read 
data does not match the written data, then those memory 
cells are likely to contain defects which will prevent proper 
operation of the memory device. 
0003. The defective memory cells may be replaced by 
enabling the redundant circuitry. A malfunctioning memory 
cell in a column or a row is Substituted with a corresponding 
redundant element. Such as an entire column or row of 
redundant memory cells, respectively. Therefore, a memory 
device need not be discarded even though it contains defec 
tive memory cells. Substitution of one of the redundant rows 
or columns is accomplished in a memory device by pro 
gramming a specific combination of fuses, or if the memory 
device uses antifuses, by programming a specific combina 
tion of antifuses, located in one of several fuse or antifuse 
circuits in the memory device. Conventional fuses are resis 
tive devices which may be opened or broken with a laser 
beam or an electric current. Antifuses are capacitive devices 
that may be closed or blown by breaking down a dielectric 
layer in the antifuse with a relatively high voltage. A set of 
fuses or antifuses is associated with each redundant element, 
and is programmed, or “blown,” according to the address of 
the defective element the redundant element will replace. 
The programmed addresses for the defective memory loca 
tions that are mapped to a redundant element are static, that 
is, once programmed, the address of the defective memory 
locations are known well before a row or a column of 
memory of the memory is ever accessed. 
0004. When a row or column address received by the 
memory device matches one of the programmed addresses, 
the redundant element associated with the matching address 
is accessed instead of the row or column having the defec 
tive memory cells. In determining whether an address the 
memory device receives matches one of the programmed 
addresses, each incoming address is compared to the 
addresses programmed in the fuse or antifuse circuits. If a 
match is detected, then the corresponding redundant row or 
column is accessed, and the defective row or column is 
ignored, thus, remapping the memory address to the redun 
dant element. 

0005 FIG. 1 is a block diagram for a conventional 
redundancy system 100 that can be used for row redundancy 
elements or for column redundancy elements, as previously 
described. As shown in FIG. 1, there are “n” normal 
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memory elements and “m” redundant elements. Memory 
addresses are provided to an address predecoder 104 and to 
m comparators 108(1)-108(m). Each of the comparators 
108(1)-108(m) further receives a respective redundancy 
address against which the memory addresses are compared. 
Redundancy addresses are provided by a respective antifuse 
circuit (not shown) in which the memory address for a 
defective memory is programmed. 
0006. In operation, memory addresses corresponding to 
memory locations for memory access operations are pro 
vided to the memory device. The address predecoder 104 
generates internal predecoded address signals AXYZi>, 'i' 
representing an integer value corresponding to the number 
of internal predecoded address signals are generated, that are 
provided to n decoders 120(1)-120(n) through a delay 110. 
As will be explained in more detail below, the delay 110 
provides sufficient delay to the AXYZi> signals to allow for 
the decoders 120(1)-120(m) to be disabled when the 
memory address does match one of the programmed 
addresses provided to one of the comparators 108(1)- 
108(m). In response to the AXYZi> signals, one of the 
decoders 120(1)-120(n) generates an active decode signal 
DEC(1)-DEC(n) to enable a respective driver 130(1)-130(n) 
to generate a respective selection signal CSELn activating 
one of the n normal elements to be accessed. As previously 
discussed, the memory address is also compared by the 
comparators 108(1)-108(m) to the respective redundancy 
addresses. If a memory address received by the memory 
device does not match any of the redundancy addresses 
provided to the comparators 108(1)-108(m), none of the 
comparators will generate an active redundancy match sig 
nal RED. 

0007. In contrast, if a memory address matches one of the 
programmed redundancy addresses provided to the com 
parators 108(1)-108(m), the comparator that determines the 
match generates an active REDm signal. The RED(1)- 
RED(n) signals, including the active REDm signal, are 
provided to a respective redundancy decoder 124(1)-124(m) 
through a respective delay 112(1)-112(m). The delays 
112(1)-112(m) are generally the same as the delay 110 in 
terms of delay time. The redundancy decoders 124(1)- 
124(m) included in the signal path to match the propagation 
delay of the decoders 120(1)-120(n). The redundancy 
decoder 124(1)-124(m) that receives the active RED(1)- 
RED(n) signal generates an active redundancy enable signal 
RENABLEm to enable a respective redundancy driver 
134(1)-134(m). In turn, the redundancy driver 134(1)- 
134(m) that is enabled generates a redundancy selection 
signal RCSELm to activate the respective redundant ele 
ment. 

0008 While one of the comparators generates an active 
REDm signal to activate the respective redundant element, 
the address predecoder 104 is also going through the process 
of generating AXYZi> signals to access the normal memory 
element corresponding to the memory address. In order to 
prevent the decoder 120(1)-120(n) corresponding to the 
memory address from activating the respective driver 
130(1)-130(n), and the redundancy decoder 124(1)-124(m) 
corresponding to the comparator 108(1)-108(m) determining 
the matching address from activating the respective redun 
dancy driver 134(1)-134(m) at the same time, the logic 
circuit 116 generates an active decoder disable signal DIS 
ABLE in response to any one of the RED(1)-RED(m) 
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signals being active. The DISABLE signal is provided to all 
of the decoders 120(1) -120(n) to prevent any of the decod 
ers from activating the respective driver. The delay 110 adds 
sufficient delay time to the propagation of the AXY-i> 
signals to accommodate the propagation delay through the 
comparators 108(1)-108(m) and the logic circuit 116. Thus, 
the decoders 120(1)-120(n) will be disabled by the active 
DISABLE signal before the AXY-i> signals reach the 
decoders 120(1)-120(n). 
0009 FIG. 2 is a timing diagram of various signals 
during the operation of the redundancy system 100 of FIG. 
1. At a time T1, the memory address transitions indicating a 
new memory address has been provided to the address 
predecoder 104 and the comparators 108(1)-108(m). At a 
time T2, a predecode propagation delay tPRE after the time 
T1, the address predecoder 104 generates the AXY-i> 
signals and the comparators 108(1)-108(m) generate the 
RED(1)-RED(m) signals. At a time T3, dAXYZi> signals 
and dRED(1)-dRED(m) signals are output by the delay 110 
and the delays 112(1)-112(m) in response to the AXY-i> 
signals and RED(1)-RED(m) signals, all respectively. As 
previously discussed, the delays 110 and 112(1)-112(m) are 
provided to accommodate the propagation delay toIS for 
generating an active DISABLE signal if a redundancy 
element is being accessed instead of the normal element. 
Without the delays 110 and 112(1)-112(m), the AXYZi> 
signals and the RED(1)-RED(m) signals would be provided 
to the decoders 120(1)-120(n) and the 124(1)-124(m) before 
the DISABLE signal could be provided to disable the 
decoders 120(1)-120(n) in the event a redundancy element is 
being accessed. Thus, the time between T2 and T3 is roughly 
equal to the propagation delay time tdIS, which can be 
approximately equal to or greater than the propagation delay 
of the logic circuit 116 to ensure that the decoders 120(1)- 
120(n) are disabled before they can be activated if a redun 
dancy element is to be accessed. 
0010. As shown in FIG. 2, at a time T4, which is a 
decoder propagation delay tEC after the time T3, the 
dAXY-i> signals have been provided to the decoders 
120(1)-120(n), and one of the decoders 120(1)-120(n) will 
generate an active DEC(1)-DEC(n) signal to enable one of 
the drivers 130(1)-130(n), unless an active DISABLE has 
been provided to disable the decoders 120(1)-120(n). Simi 
larly, if an address match is detected by one of the com 
parators 108(1)-108(m), at the time T4 the dRED(1)- 
dRED(m) signals have been provided to the redundancy 
decoder 124(1)-124(m) corresponding to the comparator 
108(1)-108(m) detecting the matching addresses and that 
redundancy decoder 124(1)-124(m) is ready to generate an 
active RENABLEm signal. Finally at a time T5, a driver 
propagation delay t|DRV after the time T4, the select signal 
CSEL(1)-CSEL(n) (to access a normal element) or 
RCSEL(1)-RCSEL(m) (to access a redundant element rather 
than the defective normal element) is generated to activate 
one of the normal or redundant elements. As shown in the 
timing diagram of FIG. 2, and as previously described, the 
delay time t) is added in the conventional redundancy 
system 100 regardless of whether a redundant element is 
accessed or a normal element is accessed. The t) of the 
conventional redundancy system 100 directly affects the 
access time of a memory device, that is, the time for data to 
be read from a memory device. Consequently, avoiding the 
delay time t|D to improve access time for the memory 
devices is desirable. 
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0011. One approach that has been developed to avoid the 
tD of the conventional redundancy system 100 is to include 
dedicated disable logic for each row or column of normal 
memory. The disable logic can be programmed through the 
use of antifuses at the same time redundancy addresses are 
being programmed into the antifuse circuits for the redun 
dant elements. Defective rows or columns of memory can be 
disabled by programming the disable logic dedicated for that 
row or column of memory. As a result, when the memory 
device receives a memory address corresponding to one of 
the defective rows or columns of memory, there is no need 
to wait for signals to propagate through a comparator or a 
logic circuit to disable access to the defective row or column 
since the dedicated disable logic has already disabled the 
defective row or column. Although including the dedicated 
disable logic eliminates the need to include a delay time t) 
in the signal paths to access normal and redundant elements, 
having dedicated disable logic for each row or column of 
memory in a memory device consumes a considerable 
amount of space on the semiconductor die of the memory 
device. Additionally, the use of antifuses or fuses to program 
the dedicated disable logic further exacerbates the problem 
since the physical dimensions of the antifuses and fuses also 
require considerable space on the die. Thus, the use of 
dedicated disable logic for the rows or columns of memory 
is not practical. 
0012 Another redundancy system that has been devel 
oped to reduce or eliminate the delay time to utilizes 
redundant elements physically located at the periphery of a 
redundancy domain that are utilized by “shifting the decod 
ing of memory addresses “up' or “down” to avoid defective 
memory elements. A redundancy domain includes a limited 
number of redundancy elements allocated for the defective 
memory of a region of memory. For example, with respect 
to column redundancy, when a defective column of memory 
is identified, the defective column is ignored by shifting all 
of the column addresses over by one column, and utilizing 
a column of redundant memory at the periphery. Thus, the 
address of the defective column is now remapped to an 
adjacent column of memory. Shortcomings of this redun 
dancy system include sacrificing considerable space on the 
die of the memory device to include the logic circuits 
necessary to remap the shifted memory addresses. Addition 
ally, this redundancy system lacks flexibility because the 
allocation of redundant elements for each redundancy 
domain is limited by the complexity of the Supporting logic. 
Moreover, there is potential access time penalties caused by 
the propagation delay of signals through the Supporting 
logic. 

0013 Therefore, there is a need for an alternative redun 
dancy system that reduces or eliminates the forced delay of 
conventional redundancy systems and that can be practically 
implemented. 

SUMMARY OF THE INVENTION 

0014. One aspect of the invention provides a redundancy 
system for disabling access to normal memory elements 
when memory addresses corresponding to those normal 
memory elements match programmed redundancy addresses 
before the memory addresses and the programmed redun 
dancy addresses are compared. The redundancy system 
includes a first plurality of decoder circuits configured to 
select a memory element for an access operation according 
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to address signals and further includes a plurality of redun 
dancy circuits. Each of the redundancy circuits has a set of 
programmable elements for programming a redundancy 
address corresponding to a memory element selected by one 
of the first plurality of decoder circuits. A second plurality of 
decoder circuits are coupled to the plurality of redundancy 
circuits and are configured to select a redundancy element 
for the access operation in response to receiving address 
signals matching one of the redundancy addresses pro 
grammed in the redundancy circuits. A decoder disable 
circuit is coupled to the first and second pluralities of 
decoder circuits and are further coupled to the plurality of 
redundancy circuits. Based on the redundancy addresses 
programmed in the redundancy circuits, the decoder disable 
circuit selectively and concurrently disables the decoder 
circuits of the first plurality that select the memory elements 
corresponding to the redundancy addresses programmed in 
the redundancy circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 is a functional block diagram of a conven 
tional redundancy system. 
0016 FIG. 2 is a timing diagram of various signals 
during the operation of the convention redundancy system of 
F.G. 1. 

0017 FIG. 3 is a functional block diagram of a redun 
dancy system according to an embodiment of the present 
invention. 

0018 FIG. 4 is a timing diagram of various signals 
during the operation of the redundancy system of FIG. 3. 
0.019 FIG. 5 is a schematic drawing of an antifuse 
predecoder for a redundancy system according to an 
embodiment of the present invention. 
0020 FIG. 6 is a schematic drawing of a redundant 
decoder for a redundancy system according to an embodi 
ment of the present invention. 
0021 7 is a functional block diagram of a redundancy 
system according to an alternative embodiment of the 
present invention. 
0022 FIG. 8 is a functional block diagram illustrating a 
synchronous memory device including a redundancy system 
of FIG. 3 and/or the redundancy system of FIG. 7. 
0023 FIG. 9 is a functional block diagram illustrating a 
computer system including a synchronous memory device of 
FG. 8. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0024 Certain details are set forth below to provide a 
sufficient understanding of the invention. However, it will be 
clear to one skilled in the art that the invention may be 
practiced without these particular details. In other instances, 
well-known circuits, control signals, and timing protocols 
have not been shown in detail in order to avoid unnecessarily 
obscuring the invention. 
0025 FIG.3 illustrates a redundancy system 300 accord 
ing to an embodiment of the present invention. Functional 
blocks included in the redundancy system 300 that have 
been previously described with respect to the redundancy 
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system 100 of FIG. 1 have been identified using the same 
reference numbers. For example, the redundancy system 300 
includes an address decoder 104, comparators 108(1)- 
108(m), decoders 120(1)-120(n) and redundancy decoders 
124(1)-124(m), and drivers 130(1)-130(n) and redundancy 
drivers 134(1)-134(m). Operation of these elements are the 
same as previously described. The redundancy system 300 
further includes a plurality of antifuse decoders 310(1,1)- 
310(m,m). As shown in FIG. 3, the plurality of antifuse 
decoders 310 are arranged in rows (1 to n) corresponding to 
a respective decoder and driver pair (1 to n), and further 
arranged in columns (1 to m) corresponding to a respective 
antifuse predecoder (1 to m). In FIG. 3, the antifuse decod 
ers 310 are identified according to their row and column as 
310(row, column). Disable logic 314(1)-314(n) is also 
included in the redundancy system 300. Each of the disable 
logic 314 is coupled to the antifuse decoders 310 of a 
respective row (1 to n), and provides an active disable signal 
DISABLE(1)-DISABLE(n) to a respective one of the decod 
ers 120(1)-120(n). As shown in FIG. 3, NAND gates are 
used for the disable logic 314(1)-314(n), however, other 
logic circuits can be used as well. 
0026. The redundancy system 300 will now be described 
with respect to column redundancy, although embodiments 
of the present invention can be applied to row redundancy as 
well. Moreover, the redundancy system 300 will be 
described as using antifuses, however fuses can also be used 
as well. In operation, redundancy addresses are provided by 
a respective antifuse circuit (not shown) in which the 
address for a defective column of memory is programmed, 
as previously described with respect to the redundancy 
system 100 of FIG. 1. The redundancy addresses are static 
and are applied to the comparators 108(1)-(m) and the 
antifuse predecoders 308(1)-308(m) prior to any access 
operation to the normal memory elements. That is, the 
redundancy addresses corresponding to defective columns 
of memory are already programmed in the antifuse circuits 
and the comparators 108(1)-(m) and the antifuse predecod 
ers 308(1)-308(m) can receive the redundancy addresses 
well before column memory addresses for a column access 
operation are provided to the address predecoder 104 and the 
comparators 108(1)-108(m) for an access operation. 
0027) Each of the antifuse predecoders 308(1) 308(m) 
that receives an redundancy address generates antifuse pre 
decode signals FXYm-i> corresponding to the respective 
redundancy address. The “m corresponds to which antifuse 
decoder 308(1)-308(m) generates the signals, and the 'i' is 
an integer value representing the number of signals in the 
antifuse predecode signal. The value of <i> is related to the 
number of columns of memory that can be required by the 
redundancy column memory, and should be a sufficient 
number to allow selection of one of then normal columns of 
memory at a time. The FXYm-i> signals are provided to the 
antifuse decoders 310 to which a respective antifuse prede 
coder 308(1)-308(m) is coupled. As shown in FIG. 3, each 
antifuse predecoder 308(1)-308(m) is coupled to a respective 
column of antifuse decoders 310 (1 to n). Based on the 
FXYm-i> signals that are generated, one of the antifuse 
decoders 310 (1 to n) in a column will generate an antifuse 
decode signal FDECm n. The FDECm n signal for the one 
antifuse decoder 310 (1 to n) will be applied to the respective 
disable logic 314 (1 to n). As a result, the respective disable 
logic 314 (1 to n) will generate an active DISABLEnsignal 
to disable the corresponding decoder 120(1)-120(n). As 
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previously discussed, since the redundancy addresses for the 
defective columns of memory are static, and consequently, 
are available before a column access operation begins, the 
decoders 120(1)-120(n) corresponding to the defective col 
umns of memory can also be disabled before the column 
access operation begins. As a result, the redundancy system 
300 does not include delays in the redundancy decode signal 
path to prevent selecting both the defective normal memory 
element and the redundant element to which the memory 
address is mapped, in contrast to the redundancy system 100 
of FIG. 1. Thus, by the time a memory address for a column 
access operation is received, and the memory address 
matches the address of a defective column of memory that 
is programmed in an antifuse circuit, the decoder 120(1)- 
120(n) for the defective column of memory can already be 
disabled. The comparator 108(1)-108(m) coupled to the 
antifuse circuit programmed with the address of the defec 
tive column of memory responds to receiving the matching 
memory address by generating an active redundancy match 
signal RED(m) to activate the corresponding redundancy 
driver 124(1)-124(m) and the redundancy driver 134(1)- 
134(m). As a result, a redundancy column select signal 
RCSEL is generated by the redundancy driver 134(1)- 
134(m) to select the column of redundancy memory to 
which the memory address has been mapped. Although not 
necessary for the operation of the redundancy system 300, 
the redundancy drivers 124(1)-124(m) are provided to match 
the signal propagation delay added by the decoders 120(1)- 
120(n) coupled to the drivers 130(1)-130(n). In an alterna 
tive embodiment, the redundancy drivers 124(1)-124(m) are 
omitted and the comparators 108(1)-108(m) activate a 
respective one of the redundancy drivers 134(1)-134(m) to 
access the redundant memory element. 
0028. For example, a first redundancy address corre 
sponding to a first defective column of memory is provided 
to the antifuse predecoder 308(1). In the present example, it 
will be assumed that column of memory driven by the 
column select signal CSEL4 is defective, and the address has 
been remapped to the column of redundant memory driven 
by the redundancy column select signal RCSEL1. That is, 
the redundancy address programmed in the antifuse circuit 
coupled to the antifuse decoder 308(1) and the comparator 
108(1) corresponds to the column driven by the CSEL4 
signal. The antifuse predecoder 308(1) generates FXY1<i> 
signals corresponding to the redundancy address, and in 
response to the FXY1<i> signals, the antifuse decoder 
310(4,1) generates an active FDEC1 4 signal. The 
FDEC1 4 signal causes the disable logic 314(4) to generate 
a DISABLE4 signal to disable the decoder 120(4). In this 
manner, the defective column of memory driven by the 
CSEL4 signal cannot be accessed. 
0029. Upon receiving a memory address corresponding 
to the defective column of memory driven by the CSEL4 
signal, the comparator 108(1) generates an active RED1 
signal. In response, the decoder 124(1) generates an active 
redundancy enable signal RENABLE1 to enable the redun 
dancy driver 134(1). The redundancy driver 134(1) gener 
ates an active RCSEL1 signal to drive the column of 
redundancy memory driven by the RCSEL1 signal to be 
accessed in stead of the defective column of memory driven 
by the CSEL4 signal. 
0030) The address predecoder 104 also receives the 
memory address corresponding to the column of memory 
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driven by the CSEL4 signal at the same time it is received 
by the comparator 108(1). Concurrently with the redun 
dancy decoding process of the comparator 108(1) and the 
decoder 124(1), the address predecoder 104 generates 
AXYZi> signals to activate the decoder 120(4). However, 
the decoder 120(4) does not respond to the AXYZi> signals 
because the decoder 120(4) has already been disabled by the 
DISABLE4 signal of the disable logic 314(4), as previously 
discussed. As illustrated by the present example, the defec 
tive column of memory driven by the CSEL4 signal can be 
disabled without the need to add any delay time during the 
redundancy decoding process. 
0031 FIG. 4 illustrates the timing of various signals 
during the operation of the redundancy system 300. The 
signals of FIG. 4 will be described with respect to the 
present example of remapping the address of the column of 
memory driven by the CSEL4 signal to the redundancy 
memory driven by the RCSEL1 signal. At a time T1, the 
memory address corresponding to the column of memory 
driven by the CSEL4 signal is received by all of the 
comparators 108(1)-108(m), as well as the address prede 
coder 104. At a time T2, a comparator/address predecode 
propagation delay time tRRE after the time T1, the com 
parator 108(1), which as previously discussed corresponds 
to the column of redundant memory to which the column 
driven by the CSEL4 signal has been remapped, generates 
an active RED1 signal. The address predecoder 104 simi 
larly generates AXYZi> signals to activate the decoder 
120(4) at the time T2. At a time T3, a decoder propagation 
delay time t|DEC, the redundancy decoder 124(1) generates 
an active RENABLE1 signal to enable the redundancy 
driver 134(1). As previously discussed, the decoder 120(4) 
does not generate an active DEC4 signal because it has 
already been disabled by the active DISABLE4 signal from 
the disable logic 314(4). At a time T4, a driver propagation 
delay time t|DRV after the time T3, the redundancy driver 
134(1) generates an active RCSEL1 signal to activate the 
column of redundant memory to which the address corre 
sponding to the CSEL4 signal has been remapped. 
0032. The DECi signal is shown in FIG. 4 making a 
transition at the time T3 for the purpose of comparing the 
timing with the ENABLEi signal. That is, the DECi signal 
is shown in FIG. 4 as being generated after only a tEC 
delay from when the decoder receives the AXYZi> signals. 
As further shown in FIG. 4, the RENABLEi signal is also 
generated with only a t|DEC delay. In contrast to the timing 
diagram of FIG. 2, that is, the timing diagram for the 
redundancy system 100 of FIG. 1, active DECi and REN 
ABLEi signals can be generated t|DEC after the address 
predecoder 104 and the comparators 108(1)-108(m) receive 
a memory address, rather than having to wait an additional 
forced delay time t). Thus, with embodiments of the present 
invention, one such embodiment shown in FIG. 3, the 
forced delay time t) can be eliminated from the address 
decode process for each memory access operation. 
0033 FIG. 5 illustrates the antifuse predecoder 308 
according to an embodiment of the present invention. The 
antifuse predecoder 308 is shown in FIG. 5 for a 6-bit 
redundancy address. The antifuse predecoder 308 includes 
three sets of predecoder stages 504, 508, 512. The prede 
coder stages 504, 508, 512 are the same except that the pair 
of input redundancy address signals ANTIFUSEn each 
predecoder stage receives is different. The predecoder stage 
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504 receives input redundancy address signals ANTIFUSE0 
and ANTIFUSE1, the predecoder stage 508 receives input 
redundancy address signals ANTIFUSE2 and ANTIFUSE3, 
and the predecoder stage 512 receives input redundancy 
address signals ANTIFUSE4 and ANTIFUSE5. Operation 
of the predecoder stages 504, 508, 512 are the same, and 
consequently, operation will only be described with respect 
to the predecoder stage 504 in the interest of brevity. The 
predecoder stage 504 includes two input inverters 520 and 
524. Four two-input AND gates 530, 534, 538, 542 are 
coupled to four combinations of the ANTIFUSE0 signal, the 
ANTIFUSE1 signal, and the complementary signals. The 
AND gates 530, 534, 538,542 output a first group of four 
antifuse predecode signals based on the combination of the 
ANTIFUSE0 and ANTIFUSE1 signals, and the complemen 
tary signals. One of the four antifuse predecode signals will 
be active based on the States of the ANTIFUSEO and 
ANTIFUSE1 signals. In combination with the antifuse pre 
decode signals output by the predecode stages 508 and 512, 
each antifuse predecoder 308 can generate a 12-bit antifuse 
decode signal FXYm-i>. 

0034 FIG. 6 illustrates the antifuse decoder 310 accord 
ing to an embodiment of the present invention. As shown in 
FIG. 6, a three-input NAND gate is used as the antifuse 
decoder 310. The output of the antifuse decoder 310 is 
coupled to the one of the inputs of a respective disable logic 
314 to provide an antifuse decode signal FDECm n. The 
antifuse predecoder 308 illustrated in FIG. 5 can be used 
with the antifuse decoder 310 to select one of sixty-four 
antifuse decoders 310 to generate an active FDECm n 
signal. That is, 64 antifuse decoders 310 can be coupled to 
each antifuse predecoder 308 and one of the 64 antifuse 
decoders 310 can be selected using the 6-bit redundancy 
address. A table in FIG. 6 shows which one of 64 antifuse 
decoders 310 coupled to the antifuse predecoder 308 will be 
selected to generate an active FDECm n signal based on the 
FXYm-i> signals. 

0035 FIG. 7 illustrates a redundancy system 700 accord 
ing to an alternative embodiment of the present invention. 
The redundancy system 700 includes functional blocks 
previously described with respect to FIGS. 1 and 3. Such 
functional blocks will be identified using the previously 
defined reference numbers. In the redundancy system 700, 
the disable signals DISABLEn generated by the disable 
logic 314(1)-314(n) are provided to respective drivers 
730(1)-730(n), rather than to the decoders 120(1)-120(n) as 
previously described with respect to the redundancy system 
300 of FIG. 3. The drivers 730(1)-730(n) can be designed 
using conventional circuits by those ordinarily skilled in the 
art based on the description provided herein. The operation 
of the redundancy system 700 is similar to the operation of 
the redundancy system 300, as previously described. How 
ever, rather than disabling the decoders 120(1)-120(n), the 
drivers 730(1)-730(n) can be disabled before a memory 
access operation begins based on the static redundancy 
addresses programmed in the antifuse circuits (not shown). 
As a result, the decoder 120(1)-120(n) associated with a 
defective normal memory element will generate an active 
decode signal DECn in response to the AXYZi> signals 
output by the address predecoder 104, but the corresponding 
driver 730 will not generate a selection signal to drive the 
normal memory element. Thus, only the redundant driver 
134(1)-134(m) for the redundant memory element to which 
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the memory address of the defective normal memory ele 
ment is mapped will be activated during the memory access 
operation. 

0036 FIG. 8 is a functional block diagram of a memory 
device 800 including the redundancy system 300 of FIG. 3 
and/or the redundancy system 700 of FIG. 7. The memory 
device 800 in FIG. 8 is a double-data rate (DDR) synchro 
nous dynamic random access memory (“SDRAM), 
although the principles described herein are applicable to 
any memory device that utilizes redundancy memory ele 
ments, such as conventional synchronous DRAMs 
(SDRAMs), as well as packetized memory devices like 
SLDRAMs and RDRAMs, and are equally applicable to any 
embedded memory having redundancy memory repair capa 
bility. 

0037. The memory device 800 includes an address reg 
ister 802 that receives row, column, and bank addresses over 
an address bus ADDR, with a memory controller (not 
shown) typically supplying the addresses. The address reg 
ister 802 receives a row address and a bank address that are 
applied to a row address multiplexer 804 and bank control 
logic circuit 806, respectively. The row address multiplexer 
804 applies either the row address received from the address 
register 802 or a refresh row address from a refresh counter 
808 to a plurality of row address latch and decoders 810A-D. 
The bank control logic 806 activates the row address latch 
and decoder 810A-D corresponding to either the bank 
address received from the address register 802 or a refresh 
bank address from the refresh counter 808, and the activated 
row address latch and decoder latches and decodes the 
received row address. Row antifuse circuits 811A-D include 
sets of antifuses that can be programmed with the addresses 
of the defective rows of memory. The row address latch and 
decoder 810A-D includes functional blocks for implement 
ing a redundancy decode system according to an embodi 
ment of the present invention, for example, the redundancy 
system 300 or 700 previously described. 

0038. In response to the decoded row address, the acti 
vated row address latch and decoder 810A-D applies various 
signals to a corresponding memory bank 812A-D to thereby 
activate a row of normal memory elements or redundancy 
memory elements corresponding to the decoded row 
address. Each memory bank 812A-D includes a memory 
cell array having a plurality of memory cells arranged in 
rows and columns of normal memory elements or redun 
dancy memory elements, and the data stored in the memory 
cells in the activated row is stored in sense amplifiers in the 
corresponding memory bank. The row address multiplexer 
804 applies the refresh row address from the refresh counter 
808 to the decoders 810A-D and the bank control logic 
circuit 806 uses the refresh bank address from the refresh 
counter when the memory device 800 operates in an auto 
refresh or self-refresh mode of operation in response to an 
auto- or self-refresh command being applied to the memory 
device 800, as will be appreciated by those skilled in the art. 

0039. A column address is applied on the ADDR bus after 
the row and bank addresses, and the address register 802 
applies the column address to a column address counter and 
latch 814 which, in turn, latches the column address and 
applies the latched column address to a plurality of column 
decoders 816A-D. Column antifuse circuits 815A-D include 
sets of antifuses that can be programmed with the addresses 
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of the defective columns of memory. The column address 
counter and lath 814 includes functional blocks for imple 
menting a redundancy decode system according to an 
embodiment of the present invention, for example, the 
redundancy systems 300 or 700. The bank control logic 806 
activates the column decoder 816A-D corresponding to the 
received bank address, and the activated column decoder 
decodes the applied column address. Depending on the 
operating mode of the memory device 800, the column 
address counter and latch 814 either directly applies the 
latched column address to the decoders 816A-D, or applies 
a sequence of column addresses to the decoders starting at 
the column address provided by the address register 802. In 
response to the column address from the counter and latch 
814, the activated column decoder 816A-D applies decode 
and control signals to an I/O gating and data masking circuit 
818 which, in turn, accesses normal memory elements or 
redundant memory elements corresponding to the decoded 
column address in the activated row of memory cells in the 
memory bank 812A-D being accessed. 
0040. During data read operations, data being read from 
the addressed memory cells is coupled through the I/O 
gating and data masking circuit 818 to a read latch 820. The 
I/O gating and data masking circuit 818 supplies N bits of 
data to the read latch 820, which then applies two N/2 bit 
words to a multiplexer 822. In the embodiment of FIG. 3, 
the circuit 818 provides 64 bits to the read latch 820 which, 
in turn, provides two 32 bits words to the multiplexer 822. 
A data driver 824 sequentially receives the N/2 bit words 
from the multiplexer 822 and also receives a data strobe 
signal DQS from a strobe signal generator 826 and a delayed 
clock signal CLKDEL from a delay-locked loop 825. The 
DQS signal is used by an external circuit such as a memory 
controller (not shown) in latching data from the memory 
device 800 during read operations. In response to the 
delayed clock signal CLKDEL, the data driver 824 sequen 
tially outputs the received N/2 bits words as a corresponding 
data word DQ, each data word being output in Synchronism 
with a rising or falling edge of a CLK signal that is applied 
to clock the memory device 800. The data driver 824 also 
outputs the data strobe signal DQS having rising and falling 
edges in Synchronism with rising and falling edges of the 
CLK signal, respectively. Each data word DQ and the data 
strobe signal DQS collectively define a data bus DATA. The 
DATA bus also includes masking signals DMO-M, which 
will be described in more detail below with reference to data 
write operations. 
0041. During data write operations, an external circuit 
such as a memory controller (not shown) applies N/2 bit data 
words DQ, the strobe signal DQS, and corresponding data 
masking signals DM on the data bus DATA. A data receiver 
828 receives each DQ word and the associated DM signals, 
and applies these signals to input registers 830 that are 
clocked by the DQS signal. In response to a rising edge of 
the DQS signal, the input registers 830 latch a first N/2 bit 
DQ word and the associated DM signals, and in response to 
a falling edge of the DQS signal the input registers latch the 
second N/2 bit DQ word and associated DM signals. The 
input register 830 provides the two latched N/2 bit DQ 
words as an N-bit word to a write FIFO and driver 832, 
which clocks the applied DQ word and DM signals into the 
write FIFO and driver in response to the DQS signal. The 
DQ word is clocked out of the write FIFO and driver 832 in 
response to the CLK signal, and is applied to the I/O gating 
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and masking circuit 818. The I/O gating and masking circuit 
818 transfers the DQ word to the addressed memory cells in 
the accessed bank 812A-D subject to the DM signals, which 
may be used to selectively mask bits or groups of bits in the 
DQ words (i.e., in the write data) being written to the 
addressed memory cells. 

0042. A control logic and command decoder 834 receives 
a plurality of command and clocking signals over a control 
bus CONT, typically from an external circuit such as a 
memory controller (not shown). The command signals 
include a chip select signal CS*, a write enable signal WE*, 
a column address strobe signal CAS, and a row address 
strobe signal RAS*, while the clocking signals include a 
clock enable signal CKE* and complementary clock signals 
CLK, CLK, with the “” designating a signal as being 
active low. The command signals CS*, WE*, CAS*, and 
RAS are driven to values corresponding to a particular 
command. Such as a read, write, or auto-refresh command. 
In response to the clock signals CLK, CLK*, the command 
decoder 834 latches and decodes an applied command, and 
generates a sequence of clocking and control signals that 
control the components 802-832 to execute the function of 
the applied command. The clock enable signal CKE enables 
clocking of the command decoder 834 by the clock signals 
CLK, CLK. The command decoder 834 latches command 
and address signals at positive edges of the CLK, CLK* 
signals (i.e., the crossing point of CLK going high and 
CLK going low), while the input registers 830 and data 
drivers 824 transfer data into and from, respectively, the 
memory device 800 in response to both edges of the data 
strobe signal DQS and thus at double the frequency of the 
clock signals CLK, CLK*. This is true because the DQS 
signal has the same frequency as the CLK, CLK signals. 
The memory device 800 is referred to as a double-data-rate 
device because the data words DQ being transferred to and 
from the device are transferred at double the rate of a 
conventional SDRAM, which transfers data at a rate corre 
sponding to the frequency of the applied clock signal. The 
detailed operation of the control logic and command decoder 
834 in generating the control and timing signals is conven 
tional, and thus, for the sake of brevity, will not be described 
in more detail. 

0043 FIG. 9 is a block diagram of a computer system 
900 including computer circuitry 902 including the memory 
device 800 of FIG. 8. Typically, the computer circuitry 902 
is coupled through address, data, and control buses to the 
memory device 800 to provide for writing data to and 
reading data from the memory device. The computer cir 
cuitry 902 includes circuitry for performing various com 
puting functions, such as executing specific Software to 
perform specific calculations or tasks. In addition, the com 
puter system 900 includes one or more input devices 904, 
Such as a keyboard or a mouse, coupled to the computer 
circuitry 902 to allow an operator to interface with the 
computer system. Typically, the computer system 900 also 
includes one or more output devices 906 coupled to the 
computer circuitry 902, such as output devices typically 
including a printer and a video terminal. One or more data 
storage devices 908 are also typically coupled to the com 
puter circuitry 902 to store data or retrieve data from 
external storage media (not shown). Examples of typical 
storage devices 908 include hard and floppy disks, tape 
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cassettes, compact disk read-only (CD-ROMs) and compact 
disk read-write (CD-RW) memories, and digital video disks 
(DVDs). 
0044) From the foregoing it will be appreciated that, 
although specific embodiments of the invention have been 
described herein for purposes of illustration, various modi 
fications may be made without deviating from the spirit and 
Scope of the invention. For example, the redundancy system 
300 and 700 are shown as including disable logic 314(1)- 
314(n) that generate DISABLEnsignals to disable a respec 
tive decoder 120(1)-120(n) or driver 130(1)-130(n). How 
ever, the decoders 120(1)-120(n) and the drivers 130(1)- 
130(n) can be modified to include logic circuits so that the 
antifuse decode signals FDECm n from a respective row of 
antifuse decoders 310 are provided directly to the decoder 
120 or the driver 130, rather than using disable logic 314 to 
generate a DISABLE signal that disables operation when a 
memory address is remapped to a redundant memory ele 
ment. Such modifications are well within the skill of those 
ordinarily skilled in the art. Accordingly, the invention is not 
limited except as by the appended claims. 

What is claimed is: 
1. An address decoder receiving address signals and 

selecting a memory element in response to the address 
signals, the address decoder comprising: 

a first plurality of decoder circuits configured to select a 
memory element for an access operation according to 
the address signals; 

a plurality of redundancy circuits, each redundancy circuit 
having a set of programmable elements for program 
ming a redundancy address corresponding to a memory 
element selected by one of the first plurality of decoder 
circuits; 

a second plurality of decoder circuits coupled to the 
plurality of redundancy circuits and configured to select 
a redundancy element for the access operation in 
response to receiving address signals matching one of 
the redundancy addresses programmed in the redun 
dancy circuits; and 

a decoder disable circuit coupled to the first plurality of 
decoder circuits and further coupled to the plurality of 
redundancy circuits, based on the redundancy 
addresses programmed in the redundancy circuits, the 
decoder disable circuit configured to selectively and 
concurrently disable the decoder circuits of the first 
plurality that select the memory elements correspond 
ing to the redundancy addresses programmed in the 
redundancy circuits. 

2. The address decoder of claim 1 wherein each decoder 
circuit of the first plurality comprises a decode circuit and a 
driver circuit coupled to the decode circuit, the driver circuit 
having a disable node coupled to the decoder disable circuit 
to receive a disable signal and configured to drive a memory 
element to be accessed in response to an inactive disable 
signal and being activated by the decode circuit when 
selected by the address signals. 

3. The address decoder of claim 1 wherein each decoder 
circuit of the first plurality comprises a decode circuit and a 
driver circuit coupled to the decode circuit, the decode 
circuit having a disable node coupled to the decoder disable 
circuit to receive a disable signal and configured to activate 
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the driver circuit to drive a memory element to be accessed 
in response to an inactive disable signal and being activated 
when selected by the address signals. 

4. The address decoder of claim 1 wherein the program 
mable elements comprise antifuses. 

5. The address decoder of claim 1 wherein the program 
mable elements comprise fuses. 

6. The address decoder of claim 1 wherein the first 
plurality of decoder circuits comprises N decoder circuits, 
the second plurality of decoder circuits comprises M 
decoder circuits, and the decoder disable circuit comprises 
(NxM) redundancy decoder circuits and M redundancy 
predecoder circuits, M redundancy decoder circuits coupled 
to a respective one of the N decoder circuits and N redun 
dancy decoders coupled to a respective one of the M 
redundancy predecoder circuits, each of the N redundancy 
decoders coupled to a respective one of the M redundancy 
predecoder circuits coupled to a different decoder circuit of 
the first plurality. 

7. The address decoder of claim 6 wherein the plurality of 
redundancy circuits comprises M redundancy circuits, each 
redundancy circuit coupled to a respective one of the M 
redundancy decoder circuits. 

8. An address decoder receiving address signals for a 
memory operation, the address decoder comprising: 

a first plurality of N decoder circuits, each decoder circuit 
having an input to which address predecode signals are 
applied, an output at which an address decode signal is 
provided, and a disable node at which a respective 
disable signal is applied, each of the N decoder circuits 
configured to generate an active address decode signal 
in response to an inactive disable signal applied to the 
disable node and address predecode signals activating 
the particular decoder circuit; 

an address predecoder circuit having an input to which the 
address signals are applied and having an output 
coupled to the inputs of the N decoder circuits at which 
address predecode signals are provided, the address 
predecoder circuit configured to generate address pre 
decode signals based on the address signals to activate 
one of the N decoders in response to receiving the 
address signals; 

M redundancy address comparators, each comparator 
having a first input to which the address signals are 
applied, having a second input to which redundancy 
address signals are applied, and further having an 
output at which a match signal is provided, each 
comparator configured to generate an active address 
decode signal in response to receiving matching 
address signals and redundancy address signals; 

M redundancy address predecoder circuits, each redun 
dancy predecoder circuit having an input at which 
respective redundancy address signals are applied and 
having an output at which redundancy address prede 
code signals are provided, each redundancy address 
predecoder circuit configured to generate redundancy 
address predecode signals based on the redundancy 
address signals; 

a plurality of (NxM) redundancy decoders, each redun 
dancy decoder having an input at which redundancy 
address predecode signals are applied and further hav 
ing an output at which a redundancy decode signal is 
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provided, each redundancy decoder configured to gen 
erate an active redundancy decode signal in response to 
being activated by the redundancy address predecode 
signals, N redundancy decoders coupled to the output 
of a respective one of each of the M redundancy 
address predecoder circuits; and 

N logic circuits, each logic circuit having M inputs 
coupled to the output of M redundancy decoders, one 
redundancy decoder from each set of N redundancy 
decoders coupled to the output of a respective one of 
each of the M redundancy address predecoder circuits, 
each logic circuit further having an output coupled to 
the disable node of a respective one of the first plurality 
of N decoder circuits and configured to generate an 
active disable signal in response to any of the M 
redundancy decoders to which the logic circuit is 
coupled providing an active redundancy decode signal. 

9. The address decoder of claim 8, further comprising a 
second plurality of M decoder circuits, each decoder circuit 
having an input coupled to a respective one of the M 
redundancy address comparators and having an output at 
which an address decode signal is provided, each of the M 
decoder circuits configured to generate the active address 
decode signal in response to receiving an active match signal 
from a respective comparator. 

10. The address decoder of claim 8 wherein the N logic 
circuits comprises N Boolean NAND gates. 

11. The address decoder of claim 8, further comprising a 
first plurality of N driver circuits and a second plurality of 
M driver circuits, the N driver circuits coupled to a respec 
tive one of the N decoder circuits and the M driver circuits 
coupled to a respective one of the M redundancy address 
comparators, each driver circuit configured to generate an 
active memory element activation signal to access a respec 
tive memory element in response to an active address 
decode signal. 

12. The address decoder of claim 8 wherein each redun 
dancy address predecoder circuit is configured to generate 
redundancy address predecode signals in response to receiv 
ing redundancy address signals representative of a defective 
memory element to activate one of the N redundancy 
decoders to which the redundancy address predecoder cir 
cuit is coupled, the activated redundancy decoder coupled to 
the decoder circuit of the first plurality associated with the 
defective memory element corresponding to the redundancy 
address signals. 

13. A redundancy system, comprising: 

a redundancy domain having a plurality of normal 
memory elements and at least one redundant memory 
element, the normal elements corresponding to a 
respective memory address and the redundant memory 
elements configured to have a memory address of the 
domain mapped thereto; 

a plurality of driver circuits, each driver circuit coupled to 
a respective one of the normal memory elements or a 
respective redundant memory element; 

a plurality of decoder circuits, each decoder circuit 
coupled to a respective one of the plurality of driver 
circuits that is coupled to a respective one of the normal 
memory elements and configured to activate the respec 
tive driver circuit to access the memory element to 
which the driver circuit is coupled; 
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an address predecoder coupled to the decoder circuits, the 
address predecoder configured to generate predecode 
signals in response to receiving an input memory 
address to select the decoder circuit coupled to the 
driver circuit that is coupled to the normal memory 
element corresponding to the input memory address; 

a plurality of disable circuits coupled to a respective one 
of the decoder circuits, each of the disable circuits 
configured to disable the respective decoder circuit to 
which it is coupled in response to receiving an active 
redundancy decode signal; 

a plurality of redundancy decoders coupled to the plural 
ity of disable circuits, each disable circuit coupled to a 
number of redundancy decoders, the number equal to 
the number of redundant memory elements of the 
domain, each redundancy decoder configured to gen 
erate an active redundancy decode signal to cause the 
respective disable circuit to disable the respective 
decoder circuit in response to receiving redundancy 
predecode signals selecting the particular redundancy 
decoder; 

a plurality of redundancy predecoder circuits coupled to 
the plurality of redundancy decoders, each redundancy 
predecoder circuit coupled to one of the redundancy 
decoders coupled to each disable circuit and configured 
to generate redundancy predecode signals in response 
to receiving programmed redundancy address signals 
to select a redundancy decoder to which it is coupled to 
generate an active redundancy decode signal and dis 
able the decoder circuit coupled to the normal element 
corresponding to the programmed redundancy address 
signals: 

a plurality of redundancy address circuits coupled to a 
respective one of the plurality of redundancy prede 
coder circuits, each redundancy address circuit having 
programmable elements for programming a redun 
dancy address corresponding to a defective normal 
memory element and configured to generate corre 
sponding programmed redundancy address signals for 
the redundancy predecoder circuit to which it is 
coupled in response to having a redundancy address 
programmed therein; and 

a plurality of comparators coupled to a respective one of 
the plurality of redundancy address circuits and further 
coupled to a respective one of the driver circuits 
coupled to a respective redundant memory element, 
each comparator configured to generate an activation 
signal to cause the respective driver circuit to access the 
redundant memory element to which the respective 
driver circuit is coupled in response to receiving a 
memory address matching the programmed redun 
dancy address signals. 

14. The redundancy system of claim 13 wherein the 
plurality of decoder circuits coupled to the plurality of driver 
circuits that are coupled to the normal memory elements are 
a first plurality of decoders, and the redundancy system 
further comprises a second plurality of decoder circuits 
coupled to a respective one of the plurality of comparators 
and further coupled to a respective one of the drivers 
coupled to a respective one of the redundant memory 
elements, each decoder circuit of the second plurality con 
figured to activate the respective driver circuit to access the 
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redundant memory element to which the driver circuit is 
coupled in response to receiving an activation signal from 
the respective comparator. 

15. A redundancy system, comprising: 
a redundancy domain having a plurality of normal 
memory elements and at least one redundant memory 
element, the normal elements corresponding to a 
respective memory address and the redundant memory 
elements configured to have a memory address of the 
domain mapped thereto; 

a plurality of driver circuits, each driver circuit coupled to 
a respective one of the normal memory elements or a 
respective redundant memory element, each driver 
circuit coupled to a respective one of the normal 
memory elements configured to drive the memory 
element to which it is coupled in response to being 
activated and further configured to be disabled in 
response to receiving an active disable signal; 

a plurality of decoder circuits, each decoder circuit 
coupled to a respective one of the plurality of driver 
circuits that is coupled to a respective one of the normal 
memory elements and configured to activate the respec 
tive driver circuit to access the memory element to 
which the driver circuit is coupled when selected; 

an address predecoder coupled to the decoder circuits, the 
address predecoder configured to generate predecode 
signals in response to receiving an input memory 
address to select the decoder circuit coupled to the 
driver circuit that is coupled to the normal memory 
element corresponding to the input memory address; 

a plurality of disable circuits coupled to a respective one 
of the driver circuits coupled to a respective normal 
memory element, each of the disable circuits config 
ured to generate an active disable signal to disable the 
respective driver circuit to which it is coupled in 
response to receiving an active redundancy decode 
signal; 

a plurality of redundancy decoders coupled to the plural 
ity of disable circuits, each disable circuit coupled to a 
number of redundancy decoders, the number equal to 
the number of redundant memory elements of the 
domain, each redundancy decoder configured to gen 
erate an active redundancy decode signal to cause the 
respective disable circuit to disable the respective 
decoder circuit in response to receiving redundancy 
predecode signals selecting the particular redundancy 
decoder; 

a plurality of redundancy predecoder circuits coupled to 
the plurality of redundancy decoders, each redundancy 
predecoder circuit coupled to one of the redundancy 
decoders coupled to each disable circuit and configured 
to generate redundancy predecode signals in response 
to receiving programmed redundancy address signals 
to select a redundancy decoder to which it is coupled to 
generate an active redundancy decode signal and dis 
able the driver circuit coupled to the normal element 
corresponding to the programmed redundancy address 
signals: 

a plurality of redundancy address circuits coupled to a 
respective one of the plurality of redundancy prede 
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coder circuits, each redundancy address circuit having 
programmable elements for programming a redun 
dancy address corresponding to a defective normal 
memory element and configured to generate corre 
sponding programmed redundancy address signals for 
the redundancy predecoder circuit to which it is 
coupled in response to having a redundancy address 
programmed therein; and 

a plurality of comparators coupled to a respective one of 
the plurality of redundancy address circuits and further 
coupled to a respective one of the driver circuits 
coupled to a respective redundant memory element, 
each comparator configured to generate an activation 
signal to cause the respective driver circuit to access the 
redundant memory element to which the respective 
driver circuit is coupled in response to receiving a 
memory address matching the programmed redun 
dancy address signals. 

16. The redundancy system of claim 15 wherein the 
plurality of decoder circuits coupled to the plurality of driver 
circuits that are coupled to the normal memory elements are 
a first plurality of decoders, and the redundancy system 
further comprises a second plurality of decoder circuits 
coupled to a respective one of the plurality of comparators 
and further coupled to a respective one of the drivers 
coupled to a respective one of the redundant memory 
elements, each decoder circuit of the second plurality con 
figured to activate the respective driver circuit to access the 
redundant memory element to which the driver circuit is 
coupled in response to receiving an activation signal from 
the respective comparator. 

17. A redundancy system, comprising: 
a redundancy domain having a plurality of normal 
memory elements and at least one redundant memory 
element, the normal elements corresponding to a 
respective memory address and the redundant memory 
elements configured to have a memory address of the 
domain mapped thereto; 

a plurality of driver circuits, each driver circuit coupled to 
a respective one of the normal memory elements or a 
respective redundant memory element; 

a plurality of decoder circuits, each decoder circuit 
coupled to a respective one of the plurality of driver 
circuits that is coupled to a respective one of the normal 
memory elements and configured to activate the respec 
tive driver circuit to access the memory element to 
which the driver circuit is coupled, each decoder circuit 
further configured to be disabled in response to receiv 
ing an active redundancy decode signal; 

an address predecoder coupled to the decoder circuits, the 
address predecoder configured to generate predecode 
signals in response to receiving an input memory 
address to select the decoder circuit coupled to the 
driver circuit that is coupled to the normal memory 
element corresponding to the input memory address; 

a plurality of redundancy decoders coupled to the plural 
ity of decoder circuits, each decoder circuit coupled to 
a number of redundancy decoders, the number equal to 
the number of redundant memory elements of the 
domain, each redundancy decoder configured to gen 
erate an active redundancy decode signal to disable the 



US 2006/0083099 A1 

respective decoder circuit in response to receiving 
redundancy predecode signals selecting the particular 
redundancy decoder; 

a plurality of redundancy predecoder circuits coupled to 
the plurality of redundancy decoders, each redundancy 
predecoder circuit coupled to one of the redundancy 
decoders coupled to each decoder circuit and config 
ured to generate redundancy predecode signals in 
response to receiving programmed redundancy address 
signals to select a redundancy decoder to which it is 
coupled to generate an active redundancy decode signal 
and disable the decoder circuit coupled to the normal 
element corresponding to the programmed redundancy 
address signals; 

a plurality of redundancy address circuits coupled to a 
respective one of the plurality of redundancy prede 
coder circuits, each redundancy address circuit having 
programmable elements for programming a redun 
dancy address corresponding to a defective normal 
memory element and configured to generate corre 
sponding programmed redundancy address signals for 
the redundancy predecoder circuit to which it is 
coupled in response to having a redundancy address 
programmed therein; and 

a plurality of comparators coupled to a respective one of 
the plurality of redundancy address circuits and further 
coupled to a respective one of the driver circuits 
coupled to a respective redundant memory element, 
each comparator configured to generate an activation 
signal to cause the respective driver circuit to access the 
redundant memory element to which the respective 
driver circuit is coupled in response to receiving a 
memory address matching the programmed redun 
dancy address signals. 

18. The redundancy system of claim 17 wherein the 
plurality of decoder circuits coupled to the plurality of driver 
circuits that are coupled to the normal memory elements are 
a first plurality of decoders, and the redundancy system 
further comprises a second plurality of decoder circuits 
coupled to a respective one of the plurality of comparators 
and further coupled to a respective one of the drivers 
coupled to a respective one of the redundant memory 
elements, each decoder circuit of the second plurality con 
figured to activate the respective driver circuit to access the 
redundant memory element to which the driver circuit is 
coupled in response to receiving an activation signal from 
the respective comparator. 

19. A redundancy system, comprising: 
a redundancy domain having a plurality of normal 
memory elements and at least one redundant memory 
element, the normal elements corresponding to a 
respective memory address and the redundant memory 
elements configured to have a memory address of the 
domain mapped thereto; 

a plurality of driver circuits, each driver circuit coupled to 
a respective one of the normal memory elements or a 
respective redundant memory element, each driver 
circuit coupled to a respective one of the normal 
memory elements configured to drive the memory 
element to which it is coupled in response to being 
activated and further configured to be disabled in 
response to receiving an active redundancy decode 
signal; 
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a plurality of decoder circuits, each decoder circuit 
coupled to a respective one of the plurality of driver 
circuits that is coupled to a respective one of the normal 
memory elements and configured to activate the respec 
tive driver circuit to access the memory element to 
which the driver circuit is coupled; 

an address predecoder coupled to the decoder circuits, the 
address predecoder configured to generate predecode 
signals in response to receiving an input memory 
address to select the decoder circuit coupled to the 
driver circuit that is coupled to the normal memory 
element corresponding to the input memory address; 

a plurality of redundancy decoders coupled to the plural 
ity of driver circuits, each driver circuit coupled to a 
number of redundancy decoders, the number equal to 
the number of redundant memory elements of the 
domain, each redundancy decoder configured to gen 
erate an active redundancy decode signal to disable the 
respective driver circuit in response to receiving redun 
dancy predecode signals selecting the particular redun 
dancy decoder, 

a plurality of redundancy predecoder circuits coupled to 
the plurality of redundancy decoders, each redundancy 
predecoder circuit coupled to one of the redundancy 
decoders coupled to each disable circuit and configured 
to generate redundancy predecode signals in response 
to receiving programmed redundancy address signals 
to select a redundancy decoder to which it is coupled to 
generate an active redundancy decode signal and dis 
able the driver circuit coupled to the normal element 
corresponding to the programmed redundancy address 
signals: 

a plurality of redundancy address circuits coupled to a 
respective one of the plurality of redundancy prede 
coder circuits, each redundancy address circuit having 
programmable elements for programming a redun 
dancy address corresponding to a defective normal 
memory element and configured to generate corre 
sponding programmed redundancy address signals for 
the redundancy predecoder circuit to which it is 
coupled in response to having a redundancy address 
programmed therein; and 

a plurality of comparators coupled to a respective one of 
the plurality of redundancy address circuits and further 
coupled to a respective one of the driver circuits 
coupled to a respective redundant memory element, 
each comparator configured to generate an activation 
signal to cause the respective driver circuit to access the 
redundant memory element to which the respective 
driver circuit is coupled in response to receiving a 
memory address matching the programmed redun 
dancy address signals. 

20. The redundancy system of claim 19 wherein the 
plurality of decoder circuits coupled to the plurality of driver 
circuits that ate coupled to the normal memory elements are 
a first plurality of decoders, and the redundancy system 
further comprises a second plurality of decoder circuits 
coupled to a respective one of the plurality of comparators 
and further coupled to a respective one of the drivers 
coupled to a respective one of the redundant memory 
elements, each decoder circuit of the second plurality con 
figured to activate the respective driver circuit to access the 
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redundant memory element to which the driver circuit is 
coupled in response to receiving an activation signal from 
the respective comparator. 

21. A memory device comprising: 
an address bus; 
a control bus; 
a data bus; 

an address decoder coupled to the address bus; 
a read/write circuit coupled to the data bus; 
a control circuit coupled to the control bus; 
a memory-cell array coupled to the address decoder, 

control circuit, and read/write circuit, the memory-cell 
array having a plurality of memory elements arranged 
in rows and columns; and 

a redundancy system coupled to the address decoder and 
the memory-cell array, the redundancy system receiv 
ing address signals and selecting a memory element in 
response to the address signals, the redundancy system 
comprising: 

a first plurality of decoder circuits configured to select 
a memory element for an access operation according 
to the address signals; 

a plurality of redundancy circuits, each redundancy 
circuit having a set of programmable elements for 
programming a redundancy address corresponding 
to a memory element selected by one of the first 
plurality of decoder circuits; 

a second plurality of decoder circuits coupled to the 
plurality of redundancy circuits and configured to 
select a redundancy element for the access operation 
in response to receiving address signals matching 
one of the redundancy addresses programmed in the 
redundancy circuits; and 

a decoder disable circuit coupled to the first plurality of 
decoder circuits and further coupled to the plurality 
of redundancy circuits, based on the redundancy 
addresses programmed in the redundancy circuits, 
the decoder disable circuit configured to selectively 
and concurrently disable the decoder circuits of the 
first plurality that select the memory elements cor 
responding to the redundancy addresses pro 
grammed in the redundancy circuits. 

22. The memory device of claim 21 wherein each decoder 
circuit of the first plurality comprises a decode circuit and a 
driver circuit coupled to the decode circuit, the driver circuit 
having a disable node coupled to the decoder disable circuit 
to receive a disable signal and configured to drive a memory 
element to be accessed in response to an inactive disable 
signal and being activated by the decode circuit when 
selected by the address signals. 

23. The memory device of claim 21 wherein each decoder 
circuit of the first plurality comprises a decode circuit and a 
driver circuit coupled to the decode circuit, the decode 
circuit having a disable node coupled to the decoder disable 
circuit to receive a disable signal and configured to activate 
the driver circuit to drive a memory element to be accessed 
in response to an inactive disable signal and being activated 
when selected by the address signals. 
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24. The memory device of claim 21 wherein the program 
mable elements comprise antifuses. 

25. The memory device of claim 21 wherein the program 
mable elements comprise fuses. 

26. The memory device of claim 21 wherein the first 
plurality of decoder circuits comprises N decoder circuits, 
the second plurality of decoder circuits comprises M 
decoder circuits, and the decoder disable circuit comprises 
(NxM) redundancy decoder circuits and M redundancy 
predecoder circuits, M redundancy decoder circuits coupled 
to a respective one of the N decoder circuits and N redun 
dancy decoders coupled to a respective one of the M 
redundancy predecoder circuits, each of the N redundancy 
decoders coupled to a respective one of the M redundancy 
predecoder circuits coupled to a different decoder circuit of 
the first plurality. 

27. The memory device of claim 26 wherein the plurality 
of redundancy circuits comprises M redundancy circuits, 
each redundancy circuit coupled to a respective one of the M 
redundancy decoder circuits. 

28. A memory device comprising: 
an address bus; 
a control bus; 
a data bus; 
an address decoder coupled to the address bus; 
a read/write circuit coupled to the data bus; 
a control circuit coupled to the control bus; 
a memory-cell array coupled to the address decoder, 

control circuit, and read/write circuit, the memory-cell 
array having a plurality of memory elements arranged 
in rows and columns; and 

a redundancy system coupled to the address decoder and 
the memory-cell array, the redundancy system receiv 
ing address signals and selecting a memory element in 
response to the address signals, the redundancy system 
comprising: 

a first plurality of N decoder circuits, each decoder 
circuit having an input to which address predecode 
signals are applied, an output at which an address 
decode signal is provided, and a disable node at 
which a respective disable signal is applied, each of 
the N decoder circuits configured to generate an 
active address decode signal in response to an inac 
tive disable signal applied to the disable node and 
address predecode signals activating the particular 
decoder circuit; 

an address predecoder circuit having an input to which 
the address signals are applied and having an output 
coupled to the inputs of the N decoder circuits at 
which address predecode signals are provided, the 
address predecoder circuit configured to generate 
address predecode signals based on the address sig 
nals to activate one of the N decoders in response to 
receiving the address signals; 

M redundancy address comparators, each comparator 
having a first input to which the address signals are 
applied, having a second input to which redundancy 
address signals are applied, and further having an 
output at which a match signal is provided, each 
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comparator configured to generate an active address 
decode signal in response to receiving matching 
address signals and redundancy address signals; 

M redundancy address predecoder circuits, each redun 
dancy predecoder circuit having an input at which 
respective redundancy address signals are applied 
and having an output at which redundancy address 
predecode signals are provided, each redundancy 
address predecoder circuit configured to generate 
redundancy address predecode signals based on the 
redundancy address signals; 

a plurality of (NxM) redundancy decoders, each redun 
dancy decoder having an input at which redundancy 
address predecode signals are applied and further 
having an output at which a redundancy decode 
signal is provided, each redundancy decoder config 
ured to generate an active redundancy decode signal 
in response to being activated by the redundancy 
address predecode signals, N redundancy decoders 
coupled to the output of a respective one of each of 
the M redundancy address predecoder circuits; and 

N logic circuits, each logic circuit having M inputs 
coupled to the output of M redundancy decoders, one 
redundancy decoder from each set of N redundancy 
decoders coupled to the output of a respective one of 
each of the M redundancy address predecoder cir 
cuits, each logic circuit further having an output 
coupled to the disable node of a respective one of the 
first plurality of N decoder circuits and configured to 
generate an active disable signal in response to any 
of the M redundancy decoders to which the logic 
circuit is coupled providing an active redundancy 
decode signal. 

29. The memory device of claim 28, further comprising a 
second plurality of M decoder circuits, each decoder circuit 
having an input coupled to a respective one of the M 
redundancy address comparators and having an output at 
which an address decode signal is provided, each of the M 
decoder circuits configured to generate the active address 
decode signal in response to receiving an active match signal 
from a respective comparator. 

30. The memory device of claim 28 wherein the N logic 
circuits comprises N Boolean NAND gates. 

31. The memory device of claim 28, further comprising a 
first plurality of N driver circuits and a second plurality of 
M driver circuits, the N driver circuits coupled to a respec 
tive one of the N decoder circuits and the M driver circuits 
coupled to a respective one of the M redundancy address 
comparators, each driver circuit configured to generate an 
active memory element activation signal to access a respec 
tive memory element in response to an active address 
decode signal. 

32. The memory device of claim 28 wherein each redun 
dancy address predecoder circuit is configured to generate 
redundancy address predecode signals in response to receiv 
ing redundancy address signals representative of a defective 
memory element to activate one of the N redundancy 
decoders to which the redundancy address predecoder cir 
cuit is coupled, the activated redundancy decoder coupled to 
the decoder circuit of the first plurality associated with the 
defective memory element corresponding to the redundancy 
address signals. 
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33. A memory device comprising: 
an address bus; 
a control bus; 

a data bus; 

an address decoder coupled to the address bus; 
a read/write circuit coupled to the data bus; 
a control circuit coupled to the control bus; 
a memory-cell array coupled to the address decoder, 

control circuit, and read/write circuit, the memory-cell 
array having a redundancy domain having a plurality of 
normal memory elements and at least one redundant 
memory element, the normal elements corresponding 
to a respective memory address and the redundant 
memory elements configured to have a memory address 
of the domain mapped thereto; and 

a redundancy system coupled to the address decoder and 
the memory-cell array, the redundancy receiving 
address signals and selecting a memory element in 
response to the address signals, the redundancy system 
comprising: 

a plurality of driver circuits, each driver circuit coupled 
to a respective one of the normal memory elements 
or a respective redundant memory element; 

a plurality of decoder circuits, each decoder circuit 
coupled to a respective one of the plurality of driver 
circuits that is coupled to a respective one of the 
normal memory elements and configured to activate 
the respective driver circuit to access the memory 
element to which the driver circuit is coupled; 

an address predecoder coupled to the decoder circuits, 
the address predecoder configured to generate pre 
decode signals in response to receiving an input 
memory address to select the decoder circuit coupled 
to the driver circuit that is coupled to the normal 
memory element corresponding to the input memory 
address; 

a plurality of disable circuits coupled to a respective 
one of the decoder circuits, each of the disable 
circuits configured to disable the respective decoder 
circuit to which it is coupled in response to receiving 
an active redundancy decode signal; 

a plurality of redundancy decoders coupled to the 
plurality of disable circuits, each disable circuit 
coupled to a number of redundancy decoders, the 
number equal to the number of redundant memory 
elements of the domain, each redundancy decoder 
configured to generate an active redundancy decode 
signal to cause the respective disable circuit to 
disable the respective decoder circuit in response to 
receiving redundancy predecode signals selecting 
the particular redundancy decoder; 

a plurality of redundancy predecoder circuits coupled 
to the plurality of redundancy decoders, each redun 
dancy predecoder circuit coupled to one of the 
redundancy decoders coupled to each disable circuit 
and configured to generate redundancy predecode 
signals in response to receiving programmed redun 
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dancy address signals to select a redundancy decoder 
to which it is coupled to generate an active redun 
dancy decode signal and disable the decoder circuit 
coupled to the normal element corresponding to the 
programmed redundancy address signals; 

a plurality of redundancy address circuits coupled to a 
respective one of the plurality of redundancy prede 
coder circuits, each redundancy address circuit hav 
ing programmable elements for programming a 
redundancy address corresponding to a defective 
normal memory element and configured to generate 
corresponding programmed redundancy address sig 
nals for the redundancy predecoder circuit to which 
it is coupled in response to having a redundancy 
address programmed therein; and 

a plurality of comparators coupled to a respective one 
of the plurality of redundancy address circuits and 
further coupled to a respective one of the driver 
circuits coupled to a respective redundant memory 
element, each comparator configured to generate an 
activation signal to cause the respective driver circuit 
to access the redundant memory element to which 
the respective driver circuit is coupled in response to 
receiving a memory address matching the pro 
grammed redundancy address signals. 

34. The memory device of claim 33 wherein the plurality 
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a plurality of driver circuits, each driver circuit coupled 
to a respective one of the normal memory elements 
or a respective redundant memory element, each 
driver circuit coupled to a respective one of the 
normal memory elements configured to drive the 
memory element to which it is coupled in response 
to being activated and further configured to be dis 
abled in response to receiving an active disable 
signal; 

a plurality of decoder circuits, each decoder circuit 
coupled to a respective one of the plurality of driver 
circuits that is coupled to a respective one of the 
normal memory elements and configured to activate 
the respective driver circuit to access the memory 
element to which the driver circuit is coupled when 
selected; 

an address predecoder coupled to the decoder circuits, 
the address predecoder configured to generate pre 
decode signals in response to receiving an input 
memory address to select the decoder circuit coupled 
to the driver circuit that is coupled to the normal 
memory element corresponding to the input memory 
address; 

a plurality of disable circuits coupled to a respective 
one of the driver circuits coupled to a respective 
normal memory element, each of the disable circuits of decoder circuits coupled to the plurality of driver circuits 

that are coupled to the normal memory elements are a first 
plurality of decoders, and the redundancy system further 
comprises a second plurality of decoder circuits coupled to 
a respective one of the plurality of comparators and further 
coupled to a respective one of the drivers coupled to a 
respective one of the redundant memory elements, each 
decoder circuit of the second plurality configured to activate 
the respective driver circuit to access the redundant memory 
element to which the driver circuit is coupled in response to elements of the domain, each redundancy decoder 
receiving an activation signal from the respective compara- configured to generate an active redundancy decode 
tOr. signal to cause the respective disable circuit to 

35. A memory device comprising: disable the respective decoder circuit in response to 
receiving redundancy predecode signals selecting 
the particular redundancy decoder; 

configured to generate an active disable signal to 
disable the respective driver circuit to which it is 
coupled in response to receiving an active redun 
dancy decode signal; 

a plurality of redundancy decoders coupled to the 
plurality of disable circuits, each disable circuit 
coupled to a number of redundancy decoders, the 
number equal to the number of redundant memory 

an address bus; 

a control bus; 

a data bus; 
a plurality of redundancy predecoder circuits coupled 

to the plurality of redundancy decoders, each redun 
dancy predecoder circuit coupled to one of the 
redundancy decoders coupled to each disable circuit 
and configured to generate redundancy predecode 
signals in response to receiving programmed redun 
dancy address signals to select a redundancy decoder 
to which it is coupled to generate an active redun 

an address decoder coupled to the address bus; 

a read/write circuit coupled to the data bus; 

a control circuit coupled to the control bus; 
a memory-cell array coupled to the address decoder, 

control circuit, and read/write circuit, the memory-cell 
array having a redundancy domain having a plurality of 
normal memory elements and at least one redundant 
memory element, the normal elements corresponding 
to a respective memory address and the redundant 
memory elements configured to have a memory address 
of the domain mapped thereto; and 

a redundancy system coupled to the address decoder and 
the memory-cell array, the redundancy receiving 
address signals and selecting a memory element in 
response to the address signals, the redundancy system 
comprising: 

dancy decode signal and disable the driver circuit 
coupled to the normal element corresponding to the 
programmed redundancy address signals; 

a plurality of redundancy address circuits coupled to a 
respective one of the plurality of redundancy prede 
coder circuits, each redundancy address circuit hav 
ing programmable elements for programming a 
redundancy address corresponding to a defective 
normal memory element and configured to generate 
corresponding programmed redundancy address sig 
nals for the redundancy predecoder circuit to which 
it is coupled in response to having a redundancy 
address programmed therein; and 
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a plurality of comparators coupled to a respective one 
of the plurality of redundancy address circuits and 
further coupled to a respective one of the driver 
circuits coupled to a respective redundant memory 
element, each comparator configured to generate an 
activation signal to cause the respective driver circuit 
to access the redundant memory element to which 
the respective driver circuit is coupled in response to 
receiving a memory address matching the pro 
grammed redundancy address signals. 

36. The memory device of claim 35 wherein the plurality 
of decoder circuits coupled to the plurality of driver circuits 
that are coupled to the normal memory elements are a first 
plurality of decoders, and the redundancy system further 
comprises a second plurality of decoder circuits coupled to 
a respective one of the plurality of comparators and further 
coupled to a respective one of the drivers coupled to a 
respective one of the redundant memory elements, each 
decoder circuit of the second plurality configured to activate 
the respective driver circuit to access the redundant memory 
element to which the driver circuit is coupled in response to 
receiving an activation signal from the respective compara 
tOr. 

37. A memory device comprising: 
an address bus; 
a control bus; 
a data bus; 
an address decoder coupled to the address bus; 
a read/write circuit coupled to the data bus; 
a control circuit coupled to the control bus; 
a memory-cell array coupled to the address decoder, 

control circuit, and read/write circuit, the memory-cell 
array having a redundancy domain having a plurality of 
normal memory elements and at least one redundant 
memory element, the normal elements corresponding 
to a respective memory address and the redundant 
memory elements configured to have a memory address 
of the domain mapped thereto; and 

a redundancy system coupled to the address decoder and 
the memory-cell array, the redundancy receiving 
address signals and selecting a memory element in 
response to the address signals, the redundancy system 
comprising: 
a plurality of driver circuits, each driver circuit coupled 

to a respective one of the normal memory elements 
or a respective redundant memory element; 

a plurality of decoder circuits, each decoder circuit 
coupled to a respective one of the plurality of driver 
circuits that is coupled to a respective one of the 
normal memory elements and configured to activate 
the respective driver circuit to access the memory 
element to which the driver circuit is coupled, each 
decoder circuit further configured to be disabled in 
response to receiving an active redundancy decode 
signal; 

an address predecoder coupled to the decoder circuits, 
the address predecoder configured to generate pre 
decode signals in response to receiving an input 
memory address to select the decoder circuit coupled 
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to the driver circuit that is coupled to the normal 
memory element corresponding to the input memory 
address; 

a plurality of redundancy decoders coupled to the 
plurality of decoder circuits, each decoder circuit 
coupled to a number of redundancy decoders, the 
number equal to the number of redundant memory 
elements of the domain, each redundancy decoder 
configured to generate an active redundancy decode 
signal to disable the respective decoder circuit in 
response to receiving redundancy predecode signals 
selecting the particular redundancy decoder, 

a plurality of redundancy predecoder circuits coupled 
to the plurality of redundancy decoders, each redun 
dancy predecoder circuit coupled to one of the 
redundancy decoders coupled to each decoder circuit 
and configured to generate redundancy predecode 
signals in response to receiving programmed redun 
dancy address signals to select a redundancy decoder 
to which it is coupled to generate an active redun 
dancy decode signal and disable the decoder circuit 
coupled to the normal element corresponding to the 
programmed redundancy address signals; 

a plurality of redundancy address circuits coupled to a 
respective one of the plurality of redundancy prede 
coder circuits, each redundancy address circuit hav 
ing programmable elements for programming a 
redundancy address corresponding to a defective 
normal memory element and configured to generate 
corresponding programmed redundancy address sig 
nals for the redundancy predecoder circuit to which 
it is coupled in response to having a redundancy 
address programmed therein; and 

a plurality of comparators coupled to a respective one 
of the plurality of redundancy address circuits and 
further coupled to a respective one of the driver 
circuits coupled to a respective redundant memory 
element, each comparator configured to generate an 
activation signal to cause the respective driver circuit 
to access the redundant memory element to which 
the respective driver circuit is coupled in response to 
receiving a memory address matching the pro 
grammed redundancy address signals. 

38. The memory device of claim 37 wherein the plurality 
of decoder circuits coupled to the plurality of driver circuits 
that are coupled to the normal memory elements are a first 
plurality of decoders, and the redundancy system further 
comprises a second plurality of decoder circuits coupled to 
a respective one of the plurality of comparators and further 
coupled to a respective one of the drivers coupled to a 
respective one of the redundant memory elements, each 
decoder circuit of the second plurality configured to activate 
the respective driver circuit to access the redundant memory 
element to which the driver circuit is coupled in response to 
receiving an activation signal from the respective compara 
tOr. 

39. A memory device comprising: 

an address bus; 

a control bus; 

a data bus; 
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an address decoder coupled to the address bus; 
a read/write circuit coupled to the data bus; 
a control circuit coupled to the control bus; 
a memory-cell array coupled to the address decoder, 

control circuit, and read/write circuit, the memory-cell 
array having a redundancy domain having a plurality of 
normal memory elements and at least one redundant 
memory element, the normal elements corresponding 
to a respective memory address and the redundant 
memory elements configured to have a memory address 
of the domain mapped thereto; and 

a redundancy system coupled to the address decoder and 
the memory-cell array, the redundancy receiving 
address signals and selecting a memory element in 
response to the address signals, the redundancy system 
comprising: 
a plurality of driver circuits, each driver circuit coupled 

to a respective one of the normal memory elements 
or a respective redundant memory element, each 
driver circuit coupled to a respective one of the 
normal memory elements configured to drive the 
memory element to which it is coupled in response 
to being activated and further configured to be dis 
abled in response to receiving an active redundancy 
decode signal; 

a plurality of decoder circuits, each decoder circuit 
coupled to a respective one of the plurality of driver 
circuits that is coupled to a respective one of the 
normal memory elements and configured to activate 
the respective driver circuit to access the memory 
element to which the driver circuit is coupled; 

an address predecoder coupled to the decoder circuits, 
the address predecoder configured to generate pre 
decode signals in response to receiving an input 
memory address to select the decoder circuit coupled 
to the driver circuit that is coupled to the normal 
memory element corresponding to the input memory 
address; 
plurality of redundancy decoders coupled to the 
plurality of driver circuits, each driver circuit 
coupled to a number of redundancy decoders, the 
number equal to the number of redundant memory 
elements of the domain, each redundancy decoder 
configured to generate an active redundancy decode 
signal to disable the respective driver circuit in 
response to receiving redundancy predecode signals 
selecting the particular redundancy decoder, 

a plurality of redundancy predecoder circuits coupled 
to the plurality of redundancy decoders, each redun 
dancy predecoder circuit coupled to one of the 
redundancy decoders coupled to each disable circuit 
and configured to generate redundancy predecode 
signals in response to receiving programmed redun 
dancy address signals to select a redundancy decoder 
to which it is coupled to generate an active redun 
dancy decode signal and disable the driver circuit 
coupled to the normal element corresponding to the 
programmed redundancy address signals; 

a plurality of redundancy address circuits coupled to a 
respective one of the plurality of redundancy prede 
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coder circuits, each redundancy address circuit hav 
ing programmable elements for programming a 
redundancy address corresponding to a defective 
normal memory element and configured to generate 
corresponding programmed redundancy address sig 
nals for the redundancy predecoder circuit to which 
it is coupled in response to having a redundancy 
address programmed therein; and 

a plurality of comparators coupled to a respective one 
of the plurality of redundancy address circuits and 
further coupled to a respective one of the driver 
circuits coupled to a respective redundant memory 
element, each comparator configured to generate an 
activation signal to cause the respective driver circuit 
to access the redundant memory element to which 
the respective driver circuit is coupled in response to 
receiving a memory address matching the pro 
grammed redundancy address signals. 

40. The memory device of claim 39 wherein the plurality 
of decoder circuits coupled to the plurality of driver circuits 
that are coupled to the normal memory elements are a first 
plurality of decoders, and the redundancy system further 
comprises a second plurality of decoder circuits coupled to 
a respective one of the plurality of comparators and further 
coupled to a respective one of the drivers coupled to a 
respective one of the redundant memory elements, each 
decoder circuit of the second plurality configured to activate 
the respective driver circuit to access the redundant memory 
element to which the driver circuit is coupled in response to 
receiving an activation signal from the respective compara 
tOr. 

41. A processor-based system, comprising: 

a data input device; 
a data output device; 
a processor coupled to the data input and output devices; 

and 

a memory device coupled to the processor, the memory 
device comprising, 

an address bus; 

a control bus; 

a data bus; 

an address decoder coupled to the address bus; 
a read/write circuit coupled to the data bus; 
a control circuit coupled to the control bus; 
a memory-cell array coupled to the address decoder, 

control circuit, and read/write circuit, the memory 
cell array having a plurality of memory elements 
arranged in rows and columns; and 

a redundancy system coupled to the address decoder 
and the memory-cell array, the redundancy system 
receiving address signals and selecting a memory 
element in response to the address signals, the redun 
dancy system comprising: 

a first plurality of decoder circuits configured to 
Select a memory element for an access operation 
according to the address signals; 
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a plurality of redundancy circuits, each redundancy 
circuit having a set of programmable elements for 
programming a redundancy address correspond 
ing to a memory element selected by one of the 
first plurality of decoder circuits; 

a second plurality of decoder circuits coupled to the 
plurality of redundancy circuits and configured to 
Select a redundancy element for the access opera 
tion in response to receiving address signals 
matching one of the redundancy addresses pro 
grammed in the redundancy circuits; and 

a decoder disable circuit coupled to the first plurality 
of decoder circuits and further coupled to the 
plurality of redundancy circuits, based on the 
redundancy addresses programmed in the redun 
dancy circuits, the decoder disable circuit config 
ured to selectively and concurrently disable the 
decoder circuits of the first plurality that select the 
memory elements corresponding to the redun 
dancy addresses programmed in the redundancy 
circuits. 

42. The processor-based system of claim 41 wherein each 
decoder circuit of the first plurality comprises a decode 
circuit and a driver circuit coupled to the decode circuit, the 
driver circuit having a disable node coupled to the decoder 
disable circuit to receive a disable signal and configured to 
drive a memory element to be accessed in response to an 
inactive disable signal and being activated by the decode 
circuit when selected by the address signals. 

43. The processor-based system of claim 41 wherein each 
decoder circuit of the first plurality comprises a decode 
circuit and a driver circuit coupled to the decode circuit, the 
decode circuit having a disable node coupled to the decoder 
disable circuit to receive a disable signal and configured to 
activate the driver circuit to drive a memory element to be 
accessed in response to an inactive disable signal and being 
activated when selected by the address signals. 

44. The processor-based system of claim 41 wherein the 
programmable elements comprise antifuses. 

45. The processor-based system of claim 41 wherein the 
programmable elements comprise fuses. 

46. The processor-based system of claim 41 wherein the 
first plurality of decoder circuits comprises N decoder 
circuits, the second plurality of decoder circuits comprises 
M decoder circuits, and the decoder disable circuit com 
prises (NxM) redundancy decoder circuits and M redun 
dancy predecoder circuits, M redundancy decoder circuits 
coupled to a respective one of the N decoder circuits and N 
redundancy decoders coupled to a respective one of the M 
redundancy predecoder circuits, each of the N redundancy 
decoders coupled to a respective one of the M redundancy 
predecoder circuits coupled to a different decoder circuit of 
the first plurality. 

47. The processor-based system of claim 46 wherein the 
plurality of redundancy circuits comprises M redundancy 
circuits, each redundancy circuit coupled to a respective one 
of the M redundancy decoder circuits. 

48. A processor-based system, comprising: 
a data input device; 
a data output device; 
a processor coupled to the data input and output devices; 

and 
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a memory device coupled to the processor, the memory 
device comprising, 
an address bus; 
a control bus; 
a data bus; 
an address decoder coupled to the address bus; 
a read/write circuit coupled to the data bus; 
a control circuit coupled to the control bus; 
a memory-cell array coupled to the address decoder, 

control circuit, and read/write circuit, the memory 
cell array having a plurality of memory elements 
arranged in rows and columns; and 

a redundancy system coupled to the address decoder 
and the memory-cell array, the redundancy system 
receiving address signals and selecting a memory 
element in response to the address signals, the redun 
dancy system comprising: 

a first plurality of N decoder circuits, each decoder 
circuit having an input to which address predecode 
signals are applied, an output at which an address 
decode signal is provided, and a disable node at 
which a respective disable signal is applied, each 
of the N decoder circuits configured to generate an 
active address decode signal in response to an 
inactive disable signal applied to the disable node 
and address predecode signals activating the par 
ticular decoder circuit; 

an address predecoder circuit having an input to 
which the address signals are applied and having 
an output coupled to the inputs of the N decoder 
circuits at which address predecode signals are 
provided, the address predecoder circuit config 
ured to generate address predecode signals based 
on the address signals to activate one of the N 
decoders in response to receiving the address 
signals: 

M redundancy address comparators, each compara 
tor having a first input to which the address signals 
are applied, having a second input to which redun 
dancy address signals are applied, and further 
having an output at which a match signal is 
provided, each comparator configured to generate 
an active address decode signal in response to 
receiving matching address signals and redun 
dancy address signals; 

M redundancy address predecoder circuits, each 
redundancy predecoder circuit having an input at 
which respective redundancy address signals are 
applied and having an output at which redundancy 
address predecode signals are provided, each 
redundancy address predecoder circuit configured 
to generate redundancy address predecode signals 
based on the redundancy address signals; 

a plurality of (NxM) redundancy decoders, each 
redundancy decoder having an input at which 
redundancy address predecode signals are applied 
and further having an output at which a redun 
dancy decode signal is provided, each redundancy 
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decoder configured to generate an active redun 
dancy decode signal in response to being activated 
by the redundancy address predecode signals, N 
redundancy decoders coupled to the output of a 
respective one of each of the M redundancy 
address predecoder circuits; and 

N logic circuits, each logic circuit having M inputs 
coupled to the output of M redundancy decoders, 
one redundancy decoder from each set of N redun 
dancy decoders coupled to the output of a respec 
tive one of each of the M redundancy address 
predecoder circuits, each logic circuit further hav 
ing an output coupled to the disable node of a 
respective one of the first plurality of N decoder 
circuits and configured to generate an active dis 
able signal in response to any of the M redundancy 
decoders to which the logic circuit is coupled 
providing an active redundancy decode signal. 

49. The processor-based system of claim 48, further 
comprising a second plurality of M decoder circuits, each 
decoder circuit having an input coupled to a respective one 
of the M redundancy address comparators and having an 
output at which an address decode signal is provided, each 
of the M decoder circuits configured to generate the active 
address decode signal in response to receiving an active 
match signal from a respective comparator. 

50. The processor-based system of claim 48 wherein the 
N logic circuits comprises N Boolean NAND gates. 

51. The processor-based system of claim 48, further 
comprising a first plurality of N driver circuits and a second 
plurality of M driver circuits, the N driver circuits coupled 
to a respective one of the N decoder circuits and the M driver 
circuits coupled to a respective one of the M redundancy 
address comparators, each driver circuit configured to gen 
erate an active memory element activation signal to access 
a respective memory element in response to an active 
address decode signal. 

52. The processor-based system of claim 48 wherein each 
redundancy address predecoder circuit is configured to gen 
erate redundancy address predecode signals in response to 
receiving redundancy address signals representative of a 
defective memory element to activate one of the N redun 
dancy decoders to which the redundancy address predecoder 
circuit is coupled, the activated redundancy decoder coupled 
to the decoder circuit of the first plurality associated with the 
defective memory element corresponding to the redundancy 
address signals. 

53. A processor-based system, comprising: 
a data input device; 
a data output device; 
a processor coupled to the data input and output devices: 

and 

a memory device coupled to the processor, the memory 
device comprising, 
an address bus; 
a control bus; 
a data bus; 
an address decoder coupled to the address bus; 
a read/write circuit coupled to the data bus; 
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a control circuit coupled to the control bus; 
a memory-cell array coupled to the address decoder, 

control circuit, and read/write circuit, the memory 
cell array having a redundancy domain having a 
plurality of normal memory elements and at least one 
redundant memory element, the normal elements 
corresponding to a respective memory address and 
the redundant memory elements configured to have 
a memory address of the domain mapped thereto; 
and 

a redundancy system coupled to the address decoder 
and the memory-cell array, the redundancy receiving 
address signals and selecting a memory element in 
response to the address signals, the redundancy 
system comprising: 

a plurality of driver circuits, each driver circuit 
coupled to a respective one of the normal memory 
elements or a respective redundant memory ele 
ment; 

a plurality of decoder circuits, each decoder circuit 
coupled to a respective one of the plurality of 
driver circuits that is coupled to a respective one 
of the normal memory elements and configured to 
activate the respective driver circuit to access the 
memory element to which the driver circuit is 
coupled; 

an address predecoder coupled to the decoder cir 
cuits, the address predecoder configured to gen 
erate predecode signals in response to receiving an 
input memory address to select the decoder circuit 
coupled to the driver circuit that is coupled to the 
normal memory element corresponding to the 
input memory address; 

a plurality of disable circuits coupled to a respective 
one of the decoder circuits, each of the disable 
circuits configured to disable the respective 
decoder circuit to which it is coupled in response 
to receiving an active redundancy decode signal; 

a plurality of redundancy decoders coupled to the 
plurality of disable circuits, each disable circuit 
coupled to a number of redundancy decoders, the 
number equal to the number of redundant memory 
elements of the domain, each redundancy decoder 
configured to generate an active redundancy 
decode signal to cause the respective disable cir 
cuit to disable the respective decoder circuit in 
response to receiving redundancy predecode sig 
nals selecting the particular redundancy decoder; 

a plurality of redundancy predecoder circuits 
coupled to the plurality of redundancy decoders, 
each redundancy predecoder circuit coupled to 
one of the redundancy decoders coupled to each 
disable circuit and configured to generate redun 
dancy predecode signals in response to receiving 
programmed redundancy address signals to select 
a redundancy decoder to which it is coupled to 
generate an active redundancy decode signal and 
disable the decoder circuit coupled to the normal 
element corresponding to the programmed redun 
dancy address signals: 
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a plurality of redundancy address circuits coupled to 
a respective one of the plurality of redundancy 
predecoder circuits, each redundancy address cir 
cuit having programmable elements for program 
ming a redundancy address corresponding to a 
defective normal memory element and configured 
to generate corresponding programmed redun 
dancy address signals for the redundancy prede 
coder circuit to which it is coupled in response to 
having a redundancy address programmed therein; 
and 

a plurality of comparators coupled to a respective 
one of the plurality of redundancy address circuits 
and further coupled to a respective one of the 
driver circuits coupled to a respective redundant 
memory element, each comparator configured to 
generate an activation signal to cause the respec 
tive driver circuit to access the redundant memory 
element to which the respective driver circuit is 
coupled in response to receiving a memory 
address matching the programmed redundancy 
address signals. 

54. The processor-based system of claim 53 wherein the 
plurality of decoder circuits coupled to the plurality of driver 
circuits that are coupled to the normal memory elements are 
a first plurality of decoders, and the redundancy system 
further comprises a second plurality of decoder circuits 
coupled to a respective one of the plurality of comparators 
and further coupled to a respective one of the drivers 
coupled to a respective one of the redundant memory 
elements, each decoder circuit of the second plurality con 
figured to activate the respective driver circuit to access the 
redundant memory element to which the driver circuit is 
coupled in response to receiving an activation signal from 
the respective comparator. 

55. A processor-based system, comprising: 

a data input device; 
a data output device; 
a processor coupled to the data input and output devices; 

and 

a memory device coupled to the processor, the memory 
device comprising, 

an address bus; 

a control bus; 

a data bus; 

an address decoder coupled to the address bus; 

a read/write circuit coupled to the data bus; 

a control circuit coupled to the control bus; 
a memory-cell array coupled to the address decoder, 

control circuit, and read/write circuit, the memory 
cell array having a redundancy domain having a 
plurality of normal memory elements and at least one 
redundant memory element, the normal elements 
corresponding to a respective memory address and 
the redundant memory elements configured to have 
a memory address of the domain mapped thereto; 
and 
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a redundancy system coupled to the address decoder 
and the memory-cell array, the redundancy receiving 
address signals and selecting a memory element in 
response to the address signals, the redundancy 
system comprising: 

a plurality of driver circuits, each driver circuit 
coupled to a respective one of the normal memory 
elements or a respective redundant memory ele 
ment, each driver circuit coupled to a respective 
one of the normal memory elements configured to 
drive the memory element to which it is coupled 
in response to being activated and further config 
ured to be disabled in response to receiving an 
active disable signal; 

a plurality of decoder circuits, each decoder circuit 
coupled to a respective one of the plurality of 
driver circuits that is coupled to a respective one 
of the normal memory elements and configured to 
activate the respective driver circuit to access the 
memory element to which the driver circuit is 
coupled when selected; 

an address predecoder coupled to the decoder cir 
cuits, the address predecoder configured to gen 
erate predecode signals in response to receiving an 
input memory address to select the decoder circuit 
coupled to the driver circuit that is coupled to the 
normal memory element corresponding to the 
input memory address; 

a plurality of disable circuits coupled to a respective 
one of the driver circuits coupled to a respective 
normal memory element, each of the disable cir 
cuits configured to generate an active disable 
signal to disable the respective driver circuit to 
which it is coupled in response to receiving an 
active redundancy decode signal; 

a plurality of redundancy decoders coupled to the 
plurality of disable circuits, each disable circuit 
coupled to a number of redundancy decoders, the 
number equal to the number of redundant memory 
elements of the domain, each redundancy decoder 
configured to generate an active redundancy 
decode signal to cause the respective disable cir 
cuit to disable the respective decoder circuit in 
response to receiving redundancy predecode sig 
nals selecting the particular redundancy decoder; 

a plurality of redundancy predecoder circuits 
coupled to the plurality of redundancy decoders, 
each redundancy predecoder circuit coupled to 
one of the redundancy decoders coupled to each 
disable circuit and configured to generate redun 
dancy predecode signals in response to receiving 
programmed redundancy address signals to select 
a redundancy decoder to which it is coupled to 
generate an active redundancy decode signal and 
disable the driver circuit coupled to the normal 
element corresponding to the programmed redun 
dancy address signals; 

a plurality of redundancy address circuits coupled to 
a respective one of the plurality of redundancy 
predecoder circuits, each redundancy address cir 
cuit having programmable elements for program 



US 2006/0083099 A1 

ming a redundancy address corresponding to a 
defective normal memory element and configured 
to generate corresponding programmed redun 
dancy address signals for the redundancy prede 
coder circuit to which it is coupled in response to 
having a redundancy address programmed therein; 
and 

a plurality of comparators coupled to a respective 
one of the plurality of redundancy address circuits 
and further coupled to a respective one of the 
driver circuits coupled to a respective redundant 
memory element, each comparator configured to 
generate an activation signal to cause the respec 
tive driver circuit to access the redundant memory 
element to which the respective driver circuit is 
coupled in response to receiving a memory 
address matching the programmed redundancy 
address signals. 

56. The processor-based system of claim 55 wherein the 
plurality of decoder circuits coupled to the plurality of driver 
circuits that are coupled to the normal memory elements are 
a first plurality of decoders, and the redundancy system 
further comprises a second plurality of decoder circuits 
coupled to a respective one of the plurality of comparators 
and further coupled to a respective one of the drivers 
coupled to a respective one of the redundant memory 
elements, each decoder circuit of the second plurality con 
figured to activate the respective driver circuit to access the 
redundant memory element to which the driver circuit is 
coupled in response to receiving an activation signal from 
the respective comparator. 

57. A processor-based system, comprising: 
a data input device; 
a data output device; 
a processor coupled to the data input and output devices; 

and 

a memory device coupled to the processor, the memory 
device comprising, 
an address bus; 
a control bus; 
a data bus; 
an address decoder coupled to the address bus; 
a read/write circuit coupled to the data bus; 
a control circuit coupled to the control bus; 
a memory-cell array coupled to the address decoder, 

control circuit, and read/write circuit, the memory 
cell array having a redundancy domain having a 
plurality of normal memory elements and at least one 
redundant memory element, the normal elements 
corresponding to a respective memory address and 
the redundant memory elements configured to have 
a memory address of the domain mapped thereto; 
and 

a redundancy system coupled to the address decoder 
and the memory-cell array, the redundancy receiving 
address signals and selecting a memory element in 
response to the address signals, the redundancy 
system comprising: 
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a plurality of driver circuits, each driver circuit 
coupled to a respective one of the normal memory 
elements or a respective redundant memory ele 
ment, 

a plurality of decoder circuits, each decoder circuit 
coupled to a respective one of the plurality of 
driver circuits that is coupled to a respective one 
of the normal memory elements and configured to 
activate the respective driver circuit to access the 
memory element to which the driver circuit is 
coupled, each decoder circuit further configured to 
be disabled in response to receiving an active 
redundancy decode signal; 

an address predecoder coupled to the decoder cir 
cuits, the address predecoder configured to gen 
erate predecode signals in response to receiving an 
input memory address to select the decoder circuit 
coupled to the driver circuit that is coupled to the 
normal memory element corresponding to the 
input memory address; 

a plurality of redundancy decoders coupled to the 
plurality of decoder circuits, each decoder circuit 
coupled to a number of redundancy decoders, the 
number equal to the number of redundant memory 
elements of the domain, each redundancy decoder 
configured to generate an active redundancy 
decode signal to disable the respective decoder 
circuit in response to receiving redundancy pre 
decode signals selecting the particular redundancy 
decoder; 
plurality of redundancy predecoder circuits 
coupled to the plurality of redundancy decoders, 
each redundancy predecoder circuit coupled to 
one of the redundancy decoders coupled to each 
decoder circuit and configured to generate redun 
dancy predecode signals in response to receiving 
programmed redundancy address signals to select 
a redundancy decoder to which it is coupled to 
generate an active redundancy decode signal and 
disable the decoder circuit coupled to the normal 
element corresponding to the programmed redun 
dancy address signals; 

a plurality of redundancy address circuits coupled to 
a respective one of the plurality of redundancy 
predecoder circuits, each redundancy address cir 
cuit having programmable elements for program 
ming a redundancy address corresponding to a 
defective normal memory element and configured 
to generate corresponding programmed redun 
dancy address signals for the redundancy prede 
coder circuit to which it is coupled in response to 
having a redundancy address programmed therein; 
and 

a plurality of comparators coupled to a respective 
one of the plurality of redundancy address circuits 
and further coupled to a respective one of the 
driver circuits coupled to a respective redundant 
memory element, each comparator configured to 
generate an activation signal to cause the respec 
tive driver circuit to access the redundant memory 
element to which the respective driver circuit is 
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coupled in response to receiving a memory 
address matching the programmed redundancy 
address signals. 

58. The processor-based system of claim 57 wherein the 
plurality of decoder circuits coupled to the plurality of driver 
circuits that are coupled to the normal memory elements are 
a first plurality of decoders, and the redundancy system 
further comprises a second plurality of decoder circuits 
coupled to a respective one of the plurality of comparators 
and further coupled to a respective one of the drivers 
coupled to a respective one of the redundant memory 
elements, each decoder circuit of the second plurality con 
figured to activate the respective driver circuit to access the 
redundant memory element to which the driver circuit is 
coupled in response to receiving an activation signal from 
the respective comparator. 

59. A processor-based system, comprising: 

a data input device; 
a data output device; 
a processor coupled to the data input and output devices; 

and 

a memory device coupled to the processor, the memory 
device comprising, 

an address bus; 

a control bus; 

a data bus; 

an address decoder coupled to the address bus; 
a read/write circuit coupled to the data bus; 
a control circuit coupled to the control bus; 
a memory-cell array coupled to the address decoder, 

control circuit, and read/write circuit, the memory 
cell array having a redundancy domain having a 
plurality of normal memory elements and at least one 
redundant memory element, the normal elements 
corresponding to a respective memory address and 
the redundant memory elements configured to have 
a memory address of the domain mapped thereto; 
and 

a redundancy system coupled to the address decoder 
and the memory-cell array, the redundancy receiving 
address signals and selecting a memory element in 
response to the address signals, the redundancy 
system comprising: 

a plurality of driver circuits, each driver circuit 
coupled to a respective one of the normal memory 
elements or a respective redundant memory ele 
ment, each driver circuit coupled to a respective 
one of the normal memory elements configured to 
drive the memory element to which it is coupled 
in response to being activated and further config 
ured to be disabled in response to receiving an 
active redundancy decode signal; 

a plurality of decoder circuits, each decoder circuit 
coupled to a respective one of the plurality of 
driver circuits that is coupled to a respective one 
of the normal memory elements and configured to 
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activate the respective driver circuit to access the 
memory element to which the driver circuit is 
coupled; 

an address predecoder coupled to the decoder cir 
cuits, the address predecoder configured to gen 
erate predecode signals in response to receiving an 
input memory address to select the decoder circuit 
coupled to the driver circuit that is coupled to the 
normal memory element corresponding to the 
input memory address; 

a plurality of redundancy decoders coupled to the 
plurality of driver circuits, each driver circuit 
coupled to a number of redundancy decoders, the 
number equal to the number of redundant memory 
elements of the domain, each redundancy decoder 
configured to generate an active redundancy 
decode signal to disable the respective driver 
circuit in response to receiving redundancy pre 
decode signals selecting the particular redundancy 
decoder; 

a plurality of redundancy predecoder circuits 
coupled to the plurality of redundancy decoders, 
each redundancy predecoder circuit coupled to 
one of the redundancy decoders coupled to each 
disable circuit and configured to generate redun 
dancy predecode signals in response to receiving 
programmed redundancy address signals to select 
a redundancy decoder to which it is coupled to 
generate an active redundancy decode signal and 
disable the driver circuit coupled to the normal 
element corresponding to the programmed redun 
dancy address signals; 

a plurality of redundancy address circuits coupled to 
a respective one of the plurality of redundancy 
predecoder circuits, each redundancy address cir 
cuit having programmable elements for program 
ming a redundancy address corresponding to a 
defective normal memory element and configured 
to generate corresponding programmed redun 
dancy address signals for the redundancy prede 
coder circuit to which it is coupled in response to 
having a redundancy address programmed therein; 
and 

a plurality of comparators coupled to a respective 
one of the plurality of redundancy address circuits 
and further coupled to a respective one of the 
driver circuits coupled to a respective redundant 
memory element, each comparator configured to 
generate an activation signal to cause the respec 
tive driver circuit to access the redundant memory 
element to which the respective driver circuit is 
coupled in response to receiving a memory 
address matching the programmed redundancy 
address signals. 

60. The processor-based system of claim 59 wherein the 
plurality of decoder circuits coupled to the plurality of driver 
circuits that are coupled to the normal memory elements are 
a first plurality of decoders, and the redundancy system 
further comprises a second plurality of decoder circuits 
coupled to a respective one of the plurality of comparators 
and further coupled to a respective one of the drivers 
coupled to a respective one of the redundant memory 



US 2006/0083099 A1 

elements, each decoder circuit of the second plurality con 
figured to activate the respective driver circuit to access the 
redundant memory element to which the driver circuit is 
coupled in response to receiving an activation signal from 
the respective comparator. 

61. A method for accessing a memory element in response 
to receiving a memory address, the method comprising: 

receiving redundant address signals representative of pro 
grammed redundant addresses, the programmed redun 
dant addresses corresponding to normal memory ele 
ments that are defective, each programmed redundant 
address associated with a respective redundant memory 
element; 

based on the redundant address signals, disabling access 
to the normal memory elements corresponding to the 
programmed redundant addresses; 

after access to the normal elements corresponding to the 
programmed redundant address has been disabled, 
comparing the memory address with the programmed 
redundant addresses; 

in response to determining the memory address matches 
one of the programmed redundant addresses, accessing 
the redundant memory element associated with the 
programmed redundant address matching the memory 
address; and 

otherwise accessing the normal memory element corre 
sponding to the memory address. 

62. The method of claim 61 wherein each of the normal 
memory elements is coupled to a corresponding decoder 
circuit and driver circuit, and disabling access to the normal 
memory elements corresponding to the programmed redun 
dant addresses comprises disabling the decoder circuits 
corresponding to the programmed redundant addresses from 
responding to the memory addresses for the normal elements 
to which the decoder circuits are coupled. 

63. The method of claim 61 wherein each of the normal 
memory elements is coupled to a corresponding decoder 
circuit and driver circuit, and disabling access to the normal 
memory elements corresponding to the programmed redun 
dant addresses comprises disabling the driver circuit from 
driving the respective normal memory element correspond 
ing to the programmed redundant addresses when selected 
by the respective decoder circuit. 

64. The method of claim 61 wherein disabling access to 
the normal memory elements corresponding to the pro 
grammed redundant addresses based on the redundant 
address signals comprises disabling access to only the 
normal memory elements corresponding to the programmed 
redundant addresses based on the redundant address signals. 
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65. The method of claim 61, further comprising in 
response to determining the memory address matches one of 
the programmed redundant addresses, waiting a delay before 
accessing the redundant memory element associated with 
the programmed redundant address matching the memory 
address, the delay approximately equal to a signal propaga 
tion delay for a decoder circuit coupled to a respective 
normal memory element. 

66. A method for remapping memory addresses corre 
sponding to normal memory elements to a respective redun 
dant memory element, the method comprising: 
programming redundant addresses corresponding to the 

normal memory elements; 
for each programmed redundant address, generating 

redundancy predecode signals to activate a respective 
redundancy decoder that disables access to the respec 
tive normal element corresponding to the programmed 
redundant address; 

comparing memory addresses with the programmed 
redundant addresses; and 

accessing the redundant memory elements associated 
with the programmed redundant address in response to 
a memory address matching a programmed redundant 
address. 

67. The method of claim 66 wherein each of the normal 
memory elements is coupled to a corresponding decoder 
circuit and driver circuit, and the method further comprises 
disabling the decoder circuits corresponding to the pro 
grammed redundant addresses from responding to the 
memory addresses for the normal elements to which the 
decoder circuits are coupled in response to activating a 
redundancy decoder coupled to the decoder circuit. 

68. The method of claim 66 wherein each of the normal 
memory elements is coupled to a corresponding decoder 
circuit and driver circuit, and the method further comprises 
disabling the driver circuits corresponding to the pro 
grammed redundant addresses from responding to the 
memory addresses for the normal elements to which the 
driver circuits are coupled in response to activating a redun 
dancy decoder coupled to the driver circuit. 

69. The method of claim 66, further comprising waiting a 
delay before accessing the redundant memory element asso 
ciated with the programmed redundant address matching the 
memory address, the delay approximately equal to a signal 
propagation delay for a decoder circuit coupled to a respec 
tive normal memory element. 


