(43) International Publication Date
13 November 2014 (13.11.2014)

(29) World Intellectual Property Ny

~

Organization
International Bureau

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

0 0 DR 0N 0
(10) International Publication Number

WO 2014/182678 Al

WIPOIPCT

we2014/152672 A1 [N 000 0 R0 O

(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
G11C 29/00 (2006.01) DO, DZ, EC, EE, EG, ES, H, GB, GD, GE, GH, GM, GT,
. N ) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: KZ. LA LC. LK, LR, LS, LT, LU, LY, MA, MD, ME.
PCT/US2014/036936 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(22) International Filing Date: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, A,
6 May 2014 (06.05.2014) SC, SD, SE, SG, K, SL, SM, ST, SV, SY, TH, TJ, T™M,
] TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(25) Filing Language: English ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind d regional protection available): ARIPO (BW, GH,
61/820,945 8 May 2013 (08.05.2013) us GM, KE, LR, LS MW, MZ, NA, RW, SD, S, &Z, T2,
14/017,760 4 September 2013 (04.09.2013) us UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant: QUALCOMM INCORPORATED [US/US]; EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, rr, LT, LU, LV,
ATTN: International IP Administration, 5775 Morehouse MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Drive, San Diego, Cdlifornia 92121-1714 (US). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(72) Inventors: CHAI, Chiaming; 5775 Morehouse Drive, San KM, ML, MR, NE, SN, TD, TG).
Diego, Cdlifornia 92121 (US). GE, Shaoping; 5775 More- Declarations under Rule 4.17:
house Drive, San Diego, California 92121 (US). LILES, . , .
Stephen, Edward: ?7]75 Morehouse Drive( S)an Diego, as to applicant's entitlement to applyfor and be granted a
California 92121 (US). patent (Rule 4.17(H))
(74) Agent: TERRANOVA, Steven, N With & T — asto the applicant's entitlement to claim thepriority d the
gent: ' » N WiIIrow erran- earlier application (Rule 4.17(in
ova, PLLC, 100 Regency Forest Drive Suite 160, Cary, P ( (i)
North Carolina 27518 (US). Published:
(81) Designated States (unless otherwise indicated, for every —  With international search report (Art. 21(3))

kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

[Continued on next page]

(54) Titlee REDIRECTING DATA FROM A DEFECTIVE DATA ENTRY IN MEMORY TO A REDUNDANT DATA ENTRY

PRIOR TO DATA ACCESS, AND RELATED SYSTEMS AND METHODS

DEFECTIVE DATA . f
ENTRY REGISTER -

=—(56) —— | -50 /10
T oamentRy |
REDIRECTION |
CIRCUIT (38) ! 1% 4
DEFECTIVE DATA ENTRY i
COMPARATOR CIRCUIT ! r
1 1
M8 . 5 | i
152 i !
22 14 30: : :
MEMORY ACCESS V MEMORY ACCESS /: [
REQUEST LOGIC CIRCUIT : i d i
(12) 7 2 T: Y i
" 26 s —1 251 H i i
1 Lt = !
32 I ! TLITRINT ) aer
7 | ST
I )
0 72’__/! R N
16C  16R w'“m 36C
~—

SRAM DATA ARRAY OUTPUT (34)
FIG. 1

(57) Abstract: Embodiments disclosed include redirecting data from a defective data entry in memory to aredundant data entry pri -
or to data access. Related systems and methods are aso disclosed. The memory is configured to receive a memory access reguest.
The received memory access request comprises a data entry address. The memory uses the data entry address to access data stored in
adata array in the memory in afirst data access path. It is possible that the rows or columns in the memory may be defective asares -
ult of amanufacturing process. In the event that arow or column at the data entry address in the data array is defective, a data entry
redirection circuit redirects the memory access request to aredundant row or column in the data array prior to data access.
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REDIRECTING DATA FROM A DEFECTIVE DATA ENTRY IN MEMORY
TO A REDUNDANT DATA ENTRY PRIOR TO DATA ACCESS, AND
RELATED SYSTEMSAND METHODS

PRIORITY CLAIM
[0001] The present application claims priority to U.S. Provisional Patent
Application Serial No. 61/820,945 filed on May 8, 2013 and entitled "METHODS AND
APPARATUSES FOR REDIRECTING DEFECTIVE DATA ENTRIES TO
REDUNDANT DATA ENTRIES PRIOR TO DATA ARRAY ACCESSES, AND
RELATED SYSTEMS AND METHODS," which isincorporated herein by reference in
its entirety.

[0002] The present application also claims priority to U.S. Patent Application Seria
No. 14/017,760 filed on September 4, 2013 and entitted "REDIRECTING DATA
FROM A DEFECTIVE DATA ENTRY IN MEMORY TO A REDUNDANT DATA
ENTRY PRIOR TO DATA ACCESS, AND RELATED SYSTEMS AND
METHODS," which isincorporated herein by reference in its entirety.

BACKGROUND
l. Field of the Disclosure

[0003] The technology of the disclosure relates generally to computer memory, and

more particularly to accessing data in computer memory.

. Background
[0004] A memory cell is abasic building block of computer data storage, which is
also known as "memory.” A computer system may either read data from or write data
to memory. Memory can be used to provide cache memory in acentral processing unit
(CPU) system as an example. Cache memory may be comprised of atag array and a
data array. The tag array performs the function of retaining an index of memory
addresses stored in a higher performing data array functioning as cache memory. The
data array contains the data values referenced by the index of memory addresses in the
tag array. The tag array receives a memory address indicating which memory address
the CPU needs to access for aread or write operations. If the received memory address

matches atag entry in the tag array, a cache hit occurs meaning the data corresponding
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to the memory address is present in the data array. If the received memory address does
not match atag entry in the tag array, a cache miss occurs. In this instance, the data
must be retrieved from either ahigher level cache or main memory.

[0005] A data array in a cache memory may be comprised of static random access
memory (SRAM) bitcells to provide a SRAM data array. The SRAM data array is
organized in rows and columns of SRAM bitcells, in which a single data item or bit can
be stored. Access to the row containing a plurality of SRAM bitcells is controlled by a
corresponding wordline for read and write operations. The wordline controls access to
the SRAM bitcell for both read and write operations by selecting a desired row of
SRAM bitcells for read or write operations. To read data from a SRAM bhitcell, a
wordline i s asserted to select adesired row of SRAM bitcells. For aread operation, data
read from the selected SRAM bitcell is placed on a set of corresponding bitlines. For a
write operation, data to be written to the SRAM bhitcell is placed on the set of
corresponding bitlines for the SRAM bitcell.

[0006] It may be desired to provide memory, including cache memory, in smaller
geometries in a semiconductor die as the sizes of semiconductor packaging are reduced.
However, providing memory in smaller geometries can decrease semiconductor
manufacturing yields. Providing memory in smaller geometries can also increase the
number of defective rows or columns present in the memory. In this regard, some rows
and/or columns in a data array of the memory may be used as redundant rows or
columns to be used in place of defective rows or columns. A method to implement row
or column redundancy within a data array of memory may include utilizing a static
multiplexer system. The static multiplexer system utilizes a multiplexer for each row or
column in the data array to bypass a defective row or column in the data array based on
a static index indicating a defective row and/or column. For high performance or high
data capacity memory, the data array may be divided into smaller data sub-arrays, aso
caled "sub-arrays." Each sub-array in the memory may have dedicated periphery
circuits such as row decoders, write drivers, sense amplifiers, and control/clocking
circuitry.

[0007] However, static multiplexers may not operate efficiently for row or column
redundancy in adata array that utilizes sub-arrays. Static multiplexers may not operate

efficiently, because each sub-array will have separate, dedicated row index decoding,



WO 2014/182678 PCT/US2014/036936

wire routing, sense amplifiers, and control/clocking circuitry. Thus, with this memory
redundancy configuration, it may be more practical or desirable to have redundant rows
or columns designed or configured within each sub-array. To configure redundant rows
or columns within each sub-array of a memory requires increased area for the additional
redundant rows or columns to be manufactured within each sub-array in order to

provide redundant rows or columns.

SUMMARY OF THE DISCLOSURE
[0008] Embodiments disclosed include redirecting data from a defective data entry

in memory to aredundant data entry prior to data access. Related systems and methods
are also disclosed. The embodiments disclosed herein may be employed in cache
memory that includes a static random access memory (SRAM) data array as a non-
limiting example. The memory is configured to receive amemory access request. The
received memory access request comprises a data entry address. The memory uses the
data entry address to access data stored in a data array in the memory in a first data
access path. It ispossible that the rows or columns in the memory may be defective as a
result of a manufacturing process. In the event that arow or column at the data entry
address in the data array is defective, a data entry redirection circuit redirects the
memory access request to aredundant row or column in the data array.

[0009] In embodiments disclosed herein, latency of memory access to the data array
isnot increased as aresult of the data entry redirection. To avoid or reduce latency of
the data entry redirection circuit adding latency to the memory access, the data entry
redirection circuit is not provided in the first data access path of the memory in
embodiments discussed herein. The data entry redirection circuit is provided in a
second data access path in the memory outside the first data access path. The data entry
redirection circuit receives the same data entry address for the memory access request in
the second data access path. The data entry redirection circuit redirects the data entry
address to aredundant row or column in the data array if the data entry address points to
a defective row or column in the data array. By providing the data entry redirection
circuit in the second data access path outside of the first data access path, the data entry

redirection circuit can determine if the requested data entry address is defective and
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redirect the memory access request to aredundant row or column in the data array prior
to the data entry access in the data array at the data entry address. Further, to avoid
latency of the data entry redirection circuit adding latency to the memory access, the
latency of the second data access path containing the data entry redirection circuit is less
than the latency of the first data access path. Thus, the memory access latency will be
the latency of the first data access path.

[0010] In this regard in one embodiment, a memory is provided. The memory
comprises a memory access logic circuit provided in a first data access path. The
memory access logic circuit is configured to receive at least a portion of a data entry
address of a memory access request as an input for addressing a data entry in a data
array in the first data access path. The memory access logic circuit is further configured
to generate an index as an output in the first data access path comprising a data entry
address index to index the data array to access the data entry in the data array
corresponding to the at least aportion of the data entry address.

[0011] The memory further comprises a data entry redirection circuit. The data
entry redirection circuit comprises a defective data entry comparator circuit provided in
a second data access path separate from the first data access path. The defective data
entry comparator circuit is configured to, prior to indexing the data entry in the data
array, receive at least one defective data entry address as an input from a defective data
entry index register representative of the at least one defective data entry address in the
data array at a comparator second input. The defective data entry comparator circuit is
further configured to compare the at least a portion of the data entry address to the
received at least one defective data entry address. The defective data entry comparator
circuit is further configured to generate a redirection index as an output in the second
data access path comprising aredirection data entry address index. The defective data
entry comparator circuit generates the redirection index to aredundant data entry in the
data array if the received at least a portion of the data entry address matches the
received at least one defective data entry address. The data entry redirection circuit
further comprises a data entry address index selector configured to select the redirection
index to index the data array if the received at least a portion of the data entry address
does match the received at least one defective data entry address. The comparison of
the received at least a portion of the data entry address to the received at least one
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defective data entry address is performed in the second data access path prior to
indexing the data entry in the data array at the at least a portion of the data entry
address. In this manner, the defective data entry determination does not have to be
performed as part of the memory access request data path, which would increase
memory access latency. The defective data entry determination may be performed prior
to the access to the data array in the second data access path so as to not increase latency
of the memory access.

[0012] In another embodiment, a memory is provided. The memory comprises a
memory access logic circuit means provided in a first data access path means. The
memory access logic circuit means is configured to receive at least a portion of a data
entry address means of amemory access request means as an input for addressing a data
entry means in a data array means in the first data access path means. The memory
access logic circuit means is further configured to generate an index means as an output
in the first data access path means comprising a data entry address index means to index
the data array means to access a data entry means in the data array means corresponding
to the at least aportion of the data entry address means.

[0013] The memory further comprises a data entry redirection circuit means. The
data entry redirection circuit means comprises a defective data entry comparator circuit
means provided in a second data access path means separate from the first data access
path means. The defective data entry comparator circuit means is configured to, prior to
indexing the data entry means in the data array means, receive at least one defective
data entry address means as an input from a defective data entry index register means
representative of the at least one defective data entry address means in the data array
means at a comparator second input means. The defective data entry comparator circuit
means is further configured to compare the at least a portion of the data entry address
means to the received at least one defective data entry address means. The defective
data entry comparator circuit means is further configured to generate aredirection index
means as an output in the second data access path means comprising a redirection data
entry address index means, to aredundant data entry means in the data array means if
the received at least a portion of the data entry address means matches the received at
least one defective data entry address means. The data entry redirection circuit means

further comprises a data entry address index selector means configured to select the
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redirection index means to index the data array means if the received at least a portion
of the data entry address means does match the at least one received defective data entry
address means.

[0014] In another embodiment, a method of redirecting a defective data entry to a
redundant data entry in a data array is provided. The method comprises receiving at
least a portion of adata entry address of a memory access request in afirst data access
path and a second data access path for indexing a data entry in adata array. The method
further comprises indexing the data entry in the data array in the first data access path at
adata entry index representative of the at least a portion of the data entry address. The
method further comprises comparing the at least a portion of the data entry address to a
defective data entry address representative of a defective data entry in the data array in a
defective data entry address comparator circuit in the second data access path, prior to
indexing the data entry at the at least a portion of the data entry address. The method
further comprises indexing the data entry in the data array at aredirection index as the
data entry index, if the comparison generates a match between the at least a portion of
the data entry address and the defective data entry address. The method further
comprises accessing the data entry in the data array at the redirection index as the data
entry index, if the comparison generates the match between the at least a portion of the

data entry address and the defective data entry address.

BRIEF DESCRIPTION OF THE FIGURES

[0015] Figure 1is a schematic diagram of an exemplary memory that includes a

data entry redirection circuit for selecting a redundant data entry in a data array of the
memory, if the data entry at a data address for a memory access request is defective,
prior to the data entry access in the data array;

[0016] Figure 2 is a flowchart illustrating an exemplary process for selecting either
adata entry or aredundant data entry in a data array of the memory of Figure 1for a
memory access request, based on whether the data entry at the data address for the
memory access request is defective, prior to the data entry access in the data array;

[0017] Figure 3 is a schematic diagram of another exemplary memory provided as
cache memory comprising a tag array and a data array, and further comprising a data

entry redirection circuit for selecting a redundant data entry in the data array of the
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cache memory for a memory access request, if a data entry at a data address for the
memory access request is defective, prior to the data entry access in the data array;
[0018] Figure 4 is a schematic diagram illustrating a plurality of exemplary timing
windows illustrating a plurality of memory access requests processed in a pipelined
fashion for selecting redundant data entries in the data array of the cache memory of
Figure 3 for memory access requests, if the data entry at the data address for a memory
access request is defective, prior to the data entry access in the data array; and

[0019] Figure 5 is a block diagram of an exemplary processor-based system that
includes memory comprising a data entry redirection circuit for selecting a redundant
data entry in adata array of the memory for amemory access request, if adataentry at a
data address for a memory access request is defective, prior to the data entry access in

the data array, including without limitation, the memory in Figure 1and Figure 3.

DETAILED DESCRIPTION

[0020] With reference now to the drawing figures, several exemplary embodiments

of the present disclosure are described. The word "exemplary” is used herein to mean
"serving as an example, instance, or illustration.” Any embodiment described herein as
"exemplary" is not necessarily to be construed as preferred or advantageous over other
embodiments.

[0021] Embodiments disclosed include redirecting data from a defective data entry
in memory to aredundant data entry prior to data access. Related systems and methods
are also disclosed. The embodiments disclosed herein may be employed in cache
memory that includes a static random access memory (SRAM) data array as a non-
limiting example. The memory is configured to receive amemory access request. The
received memory access request comprises a data entry address. The memory uses the
data entry address to access data stored in a data array in the memory in a first data
access path. It ispossible that the rows or columns in the memory may be defective as a
result of a manufacturing process. |In the event that arow or column at the data entry
address in the data array is defective, a data entry redirection circuit redirects the
memory access request to aredundant row or column in the data array.

[0022] In embodiments disclosed herein, latency of memory access to the data array

isnot increased as aresult of the data entry redirection. To avoid or reduce latency of
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the data entry redirection circuit adding latency to the memory access, the data entry
redirection circuit is not provided in the first data access path of the memory in
embodiments discussed herein. The data entry redirection circuit is provided in a
second data access path in the memory outside the first data access path. The data entry
redirection circuit receives the same data entry address for the memory access request in
the second data access path. The data entry redirection circuit redirects the data entry
address to aredundant row or column in the data array if the data entry address points to
a defective row or column in the data array. By providing the data entry redirection
circuit in the second data access path outside of the first data access path, the data entry
redirection circuit can determine if the requested data entry address is defective and
redirect the memory access request to aredundant row or column in the data array prior
to the data entry access in the data array at the data entry address. Further, to avoid
latency of the data entry redirection circuit adding latency to the memory access, the
latency of the second data access path containing the data entry redirection circuit is less
than the latency of the first data access path. Thus, the memory access latency will be
the latency of the first data access path.

[0023] In this regard, Figure 1 illustrates a schematic diagram of an exemplary
memory 10. The memory 10 in Figure 1 may be provided in a cache memory as a non-
limiting example. The memory 10 is configured to receive a memory access request 12.
The received memory access request 12 comprises a data entry address 14. The
memory 10 uses the data entry address 14 to access adata entry 16 stored in adata array
17. Inthis example, the data array 17 is a SRAM data array 18. The data entry 16 may
be comprised of one or more bitcells and/or comprised of adata entry row 16R or adata
entry column 16C as illustrated in Figure 1. The data entry address 14 may comprise
the full memory address of alocation in the SRAM data array 18 or only a portion of
the memory address sufficient to access the data entry row 16R or data entry column
16C desired in the SRAM data array 18. The memory 10 is configured to accesses the
data entry 16 at the data entry address 14 through afirst data access path 20. The first
data access path 20 is illustrated in Figure 1 as a data path extending from a SRAM
input 22 to the SRAM data array 18. The first data access path 20 illustrates an access
path for memory access requests that do not involve addressing of defective data entries
in the SRAM data array 18, which will be discussed in more detail below.
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[0024] With continuing reference to Figure 1, the memory access request 12 is
provided aong the first data access path 20 where the memory access request 12
encounters processing components. The processing components in the first data access
path 20 comprise a memory access logic circuit 24 in this exemplary embodiment. The
memory access logic circuit 24 processes the memory access request 12 so as to access
the data entry 16 at the proper address in the SRAM data array 18. As an example,
processing of the memory access request 12 begins by receiving the memory access
request 12 comprising the data entry address 14 a a memory access logic circuit input
26. The memory access logic circuit 24 trandates the data entry address 14 in the
received memory access request 12 into an index 28. The memory access logic circuit
24 then provides the index 28 as an output on a memory access logic circuit output 30.
The processing continues as the index 28 output on the memory access logic circuit
output 30 is received by a data entry address index selector 32. The data entry address
index selector 32 provides the index 28 to the SRAM data array 18 for accessing the
data entry 16. Using the received index 28, the SRAM data array 18 accesses the data
entry 16 in the SRAM data array 18 at the address of the memory access request 12. The
SRAM data array 18 then provides the data entry 16 addressed by the memory access
request 12 as output on a SRAM data array output 34.

[0025] It is possible that the data entry rows 16R or the data entry columns 16C at
the data entry address 14 in the memory 10 may be defective. For example, the
manufacturing process can create defects in the semiconductor die. The defects may
result from processing instabilities, material non-uniformities, etc. Thus, the data entry
rows 16R or data entry columns 16C may be defective as aresult of the manufacturing
process. A data entry row 16R or adata entry column 16C that is defective is otherwise
known as a defective data entry 36. The defective data entry 36 may also be referred to
as a defective data entry row 36R or a defective data entry column 36C. In the event a
data entry row 16R or a data entry column 16C of the memory 10 at the data entry
address 14 in the SRAM data array 18 is defective, adata entry redirection circuit 38 in
Figure 1is configured to redirect the memory access request 12 to a redundant data
entry 40 in the SRAM data array 18. The data entry redirection circuit 38 receives the
memory access request 12 comprising the data entry address 14. The data entry
redirection circuit 38 determines if the data entry address 14 is a defective data entry 36.
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If it is determined that the data entry 16 to which the data entry address 14 points is a
defective data entry 36 in the SRAM data array 18, the data entry redirection circuit 38
can redirect the data entry address 14 to aredundant data entry 40 in the SRAM data
array 18. In this manner, while the first data access path 20 is used to determine the
index 28 for accessing the data entry 16, the data entry redirection circuit 38 is
configured to redirect the indexing in the event a defective data entry 36 has been
indexed by the first data access path 20.

[0026] With continued reference to Figure 1, to avoid or reduce latency of the data
entry redirection circuit 38, the data entry redirection circuit 38 is not provided in the
first data access path 20 of the memory 10. Instead the data entry redirection circuit 38
is provided in a second data access path 42 in the memory 10 outside the first data
access path 20. By providing the data entry redirection circuit 38 in the second data
access path 42 outside of the first data access path 20, the data entry redirection circuit
38 can determine if the received data entry address 14 is defective prior to the data entry
16 access in the SRAM data array 18 at the data entry address 14. As a non-limiting
example, the data entry redirection circuit 38 may determine if the received data entry
address 14 is defective while the memory access logic circuit 24 is processing the
received memory access request 12. Thus, latency of the data entry redirection circuit
38 provided in the second data access path 42 does not add to the latency of the first
data access path 20 for the memory access request 12 in this example. More details
regarding an exemplary process of the memory access request 12 being received by the
memory 10 in Figure 1 and being processed to provide access to data stored in the
SRAM data array 18 at the data entry address 14 will now be described in conjunction
with reference to Figure 2.

[0027] In this regard, Figure 2 is a flowchart illustrating exemplary processing of
the memory access request 12 received by the memory 10 of Figure 1. With reference
to Figures 1 and 2, the memory access request 12 comprising the data entry address 14
is received in the first data access path 20 and the second data access path 42. In the
first data access path 20 the memory access request 12 is received at a memory access
logic circuit input 26 (block 60 in Figure 2). The memory access logic circuit 24
processes the received memory access request 12 and generates an index 28
representative of the data entry address 14 at a memory access logic circuit output 30
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(block 62 in Figure 2). The memory access logic circuit 24 can decode the data entry
address 14 in the received memory access request 12. Decoding of the data entry
address 14 can translate the received memory access request 12 into the index 28 used
to index the data entry 16 in the SRAM data array 18 corresponding to the memory
access request 12. The additional bits of information may identify data entry row(s)
16R and/or column(s) 16C to be accessed in the SRAM data array 18. The index 28 is
provided to the data entry address index selector 32. The data entry address index
selector 32 then indexes the data entry 16 in the SRAM data array 18 based on a
generated index. Aswill be discussed below, if aredirection index 52 is generated then
use the redirection index 52 representative of the redundant data entry 40 to index the
SRAM data array (block 64 in Figure 2). In some embodiments, the data entry 16 may
be a data entry row 16R or a data entry column 16C in the SRAM data array 18. The
index 28 provided by the data entry address index selector 32 is then used to access the
data entry 16 (block 66).

[0028] With continued reference to Figures 1 and 2, accessing of the redundant data
entry 40 of the SRAM data array 18 via the second data access path 42 will now be
described. Accessing the redundant data entry 40 via the second data access path 42 is
performed separate, from accessing the data entry 16 via the first data access path 20 as
described above. The second data access path 42 also receives the memory access
request 12 (block 68 in Figure 2). The second data access path 42 is comprised of the
data entry redirection circuit 38. The data entry redirection circuit 38 provides
processing components for the memory access request 12 in the second data access path
42. The data entry redirection circuit 38 is comprised of a defective data entry
comparator circuit 44 and the data entry address index selector 32 in this example. The
defective data entry comparator circuit 44 is configured to receive the data entry address
14 as an input at a first comparator input 46 for addressing the data entry 16 in the
SRAM data array 18 in the second data access path 42.

[0029] With continued reference to Figures 1 and 2, the defective data entry
comparator circuit 44 is further configured to receive a defective data entry address 48
at a second comparator input 50 (block 70 in Figure 2). The defective data entry
comparator circuit 44 compares the data entry address 14 and the defective data entry

address 48. The defective data entry comparator circuit 44 determines if there is a
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match between the data entry address 14 and the defective data entry address 48. If itis
determined that there is a match, the defective data entry comparator circuit 44 is
configured to generate a redirection index 52 at a comparator output 54 (block 72 in
Figure 2). If the data entry address index selector 32 determines that aredirection index
52 was generated and should be used, the redirection index 52 representative of the
redundant data entry 40 is used to index the SRAM data array 18 for access (block 64 in
Figure 2). Next, if it is determined that the redirection index 52 is generated in the
second data access path 42 indicating a defective data entry 36 is to be referenced, then
accessing the SRAM data array 18 is based on the redirection index 52 (block 74 in
Figure 2). However, as described above, if it is determined that there is not a match
between the data entry address 14 and the defective data entry address 48, the data entry
16 referenced by the data entry address 14 is not deemed defective. In the scenario that
the data entry 16 corresponding to the memory access request 12 is not determined to be
defective, the data entry address index selector 32 provides the index 28 to index the
data entry 16 in the SRAM data array 18 if no other index 28 is provided to the data
entry address index selector 32 as described below (block 66 in Figure 2).

[0030] With continued reference to Figures 1 and 2, the defective data entry address
48 received by the defective data entry comparator circuit 44 corresponds to the
defective data entries 36 previously identified in the SRAM data array 18. The
defective data entry address 48 is an address output from a defective data entry index
register 56. The defective data entry index register 56 comprises a list of the defective
data entry addresses 48, if any, determined to be in the SRAM data array 18. The list of
the defective data entry addresses 48, corresponding to the defective data entries 36 in
the SRAM data array 18, may be determined during the manufacturing process. As
previoudy discussed, the manufacturing process of the memory 10 may result in
defective data entry rows 36R or columns 36C in the SRAM data array 18. The
defective data entry row 36R and the defective data entry column 36C in the SRAM
data array 18 may be identified during various testing phases of the manufacturing
process. If it is determined during these various testing phases that there are any
defective data entry rows 36R or defective data entry columns 36C, the defective data
entry index register 56 will be generated containing a list of the defective data entry
addresses 48 identified, if any. The defective data entry addresses 48 will be used by
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the defective data entry comparator circuit 44 to determine if adata entry address 14 isa
defective data entry 36.

[0031] Note that the defective data entry index register 56 can be any type of
storage component or device that can store defective data entry addresses 48. For
example, the defective data entry index register 56 could include a set of programmable
fuses that are used to indicate the bit values of the defective data entry addresses 48 as a
non-limiting example. The defective data entry index register 56 could aso be
comprised of circuit-based storage devices, including but not limited to CPU registers,
store defective data entry addresses 48.

[0032] To avoid or reduce latency of the data entry redirection circuit 38 from
adding latency to the memory access request 12 latency, the data entry redirection
circuit 38 is not provided in the first data access path 20 of the memory 10 in
embodiments discussed herein. Instead, the data entry redirection circuit 38 is provided
in the second data access path 42 in the memory 10 outside of the first data access path
20. The data entry redirection circuit 38 receives the same data entry address 14 for the
memory access request 12 in the second data access path 42. The data entry redirection
circuit 38 redirects the data entry address 14 to aredundant data entry 40 in the SRAM
data array 18 if the data entry address 14 points to a defective data entry 36 in the
SRAM data array 18. By providing the data entry redirection circuit 38 in the second
data access path 42 outside of the first data access path 20, the data entry redirection
circuit 38 can determine if the requested data entry address 14 is defective and redirect
the memory access request 12 to aredundant data entry 40 in the SRAM data array 18
prior to the data entry 16 access in the SRAM data array 18 at the data entry address 14.
In this manner, latency of the data entry redirection circuit 38 is not provided as part of
the first data access path 20 for memory access requests 12 that do not involve
redirection to aredundant data entry 40 in the SRAM data array 18. The memory 10
may be provided for in different memory 10 applications, such as a SRAM cache
memory, which is often used in higher performing applications. Thus, avoiding or
reducing latency of the data entry redirection circuit 38 as part of the first data access
path 20 for the memory access request 12 can be particularly advantageous.

[0033] Memory that includes a data entry redirection circuit can be provided for

different memory applications, as desired. For example, Figure 3 illustrates an
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exemplary block diagram of cache memory 10' that includes a data entry redirection
circuit 38' similar to the data entry redirection circuit 38 in the memory 10 in Figure 1.
The cache memory 10' includes a memory access logic circuit 24' and a data array 17
similar to that of Figure 1. In this example, the data array 17 is a SRAM data array 18.
The cache memory 10' is an exemplary embodiment of the schematic diagram of the
memory 10 of Figure 1. Common elements between the memory 10 in Figure 1 and the
cache memory 10' in Figure 3 are noted with common element numbering and will not
be re-described in accordance with Figure 3. The memory access logic circuit 24'
comprises atag array logic circuit 74. The tag array logic circuit 74 is comprised of a
tag column 76, a valid column 78, tag array logic 80, and a decoder logic circuit 82.
The tag array logic circuit 74 is provided as an on-chip memory index for performing
valid lookups for the data entries 16 in the SRAM data array 18. The tag array logic
circuit 74 determines if there is a match between the data entry address 14 and the valid
contents of the tag column 76.

[0034] With continued reference to Figure 3, upon a determination that the data
entry address 14 matches the contents of the tag column 76, the tag array logic 80 will
determine if the received data entry address 14 is valid. The tag array logic 80 receives
a referenced tag address 84 from the tag column 76. The tag array logic 80 then
determines if the referenced tag address 84 is valid. If the referenced tag address 84 is
valid, a"cache hit" results. However, if there is no referenced tag address 84 or if the
referenced tag address 84 is determined to be invalid, a "cache miss' occurs. The
decoder logic circuit 82 receives a valid tag address 86 from the tag array logic 80.
Upon receipt of the valid tag address 86, the decoder logic circuit 82 resolves the
address location of the data entry 16 in the SRAM data array 18. The tag array logic
circuit 74 provides the index 28 as an output of the memory access logic circuit 24'.
Similar to the memory 10 in Figure 1, the memory access logic circuit 24" in the cache
memory 10' of Figure 3 provides the index 28 as an output to the data entry address
index selector 32 for selecting a data entry 16 to access in the SRAM data array 18.
However, in this exemplary embodiment, the index 28 will be provided as an output if a
"cache hit" is determined in the tag array logic circuit 74. It should be noted that the tag
array logic 80 will determine if the received data entry 16 is valid, resulting in either a

"cache hit" or a"cache miss,” even if it is determined that the data entry 16 is defective
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in the second data access path 42. In this manner, as described below, the processing in
the second data access path 42 will determine if the data entry 16 is defective but does
not replace the function of determining whether the data entry 16 is valid, resulting in
either a"cache hit" or a"cache miss' performed in the first data access path 20.

[0035] With continued reference to Figure 3, a data entry redirection circuit 38'
similar to Figure 1 is provided in the second data access path 42. The data entry
redirection circuit 38 provides a smilar function of comparing the data entry address
14 to the defective data entry address 48. The data entry redirection circuit 38' may be
comprised of at least one defective data entry address comparator. In this non-limiting
example, afirst defective data entry address comparator 88, and optionally, a second
defective data entry address comparator 90 are provided. The first defective data entry
address comparator 88 is configured to compare at least a portion of the data entry
address 14 to a defective data entry address 48. The second defective data entry address
comparator 90 may be optionally provided to reduce the number of bits of the data entry
address 14 that the first defective data entry address comparator 88 will need to compare
with the defective data entry address 48. By reducing the number of bits in the data
entry address 14 in each stage of this comparison, performance of the first defective data
entry address comparator 88 may be increased as opposed to only providing a single
comparator to compare al the bits in the data entry address 14. In alternative
embodiments, more than two (2) comparison stages using a plurality of defective data
entry address comparators may be used. As anon-limiting example, the first defective
data entry address comparator 88 may compare the most significant X bits, and the
second defective data entry address comparator 90 may compare the remaining least
significant Y bits. A first portion of a resolved redundant address 92 is output to a
defective logic circuit 94, which combines the results of the optiona pluraity of
defective data entry address comparators. The output of the defective logic circuit 94 is
the redirection index 52. The redirection index 52 is output to the data entry address
index selector 32.

[0036] With continued reference to Figure 3, the output of the defective logic circuit
94 is the redirection index 52 that is generated based on the comparison performed in
the data entry redirection circuit 38'. The redirection index 52 is output to the data entry
address index selector 32. The data entry address index selector 32 uses the redirection
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index 52, if provided, to index the SRAM data array 18 at the received redirection index
52 instead of the index 28 as described above. The indexing of the SRAM data array 18
at the redirection index 52 allows access to the redundant data entry 40. Upon access,
the SRAM data array 18 will cause the value at the redundant data entry 40 to be output
from the SRAM data array 18 on the SRAM data array output 34. The completion of
the access by outputting the value in the redundant data entry 40 in the SRAM data
array 18 completes access via the second data access path 42.

[0037] In continuing reference to Figure 3, the latency of the memory access to the
SRAM data array 18 isnot increased as aresult of the data entry redirection circuit 38'.
To avoid or reduce latency of the data entry redirection circuit 38 adding latency to the
memory access, the data entry redirection circuit 38 is provided in the second data
access path 42 and not provided in the first data access path 20 of the memory 10.
Further, to avoid latency of the data entry redirection circuit 38" adding latency to the
memory access, the latency of the second data access path 42 containing the data entry
redirection circuit 38' is less than the latency of the first data access path 20. Thus, the
memory access latency will be the latency of the first data access path 20.

[0038] With continued reference to Figure 3, the memory access request 12 is
comprised of a memory access request (MAR) address 96 for addressing the data entry
16. The MAR address 96 is comprised of the data entry address 14. The data entry
address 14 will be comprised of the most significant bits of the MAR address 96,
wherein the data entry address 14 may have fewer bits than the MAR address 96. To
fully resolve the data entry 16 address, all of the bits of the MAR address 96 are
required. However, in the case where the data entry address 14 has fewer bits than the
MAR address 96, there will be at least one column select bit 98 and/or at least one row
select bit 100 that will not be included as a part of the data entry address 14. If the data
entry address 14 is comprised of fewer bits than the MAR address 96, the data entry
address 14 may address a plurality of data entry rows 16R and/or a plurality of data
entry columns 16C.

[0039] With continued reference to Figure 3, in this non-limiting example, the MAR
address 96 has seventeen (17) bits. The seventeen (17) bits provided in the MAR
address 96 are used to fully resolve a memory location. The data entry address 14
provided in the MAR address 96 has fourteen (14) bits. In this example, the at least one



WO 2014/182678 PCT/US2014/036936
17

column select bit 98 is comprised of two (2) bits because it addresses one (1) out of four
(4) of apluraity of columns 102. Additionally, in this example, the at least one row
select bit 100 is comprised of one (1) bit because it addresses one (1) out of two (2)
rows of aplurality of rows 104. Thus, the MAR address 96 has atotal of seventeen (17)
bits. The seventeen (17) bits in the MAR address 96 are comprised of the fourteen (14)
bits for the data entry address 14, the two (2) column select bits 98, and the one (1) row
select bit 100. The number of bits in the at least one column select bit 98 and the
number of hits in the at least one row select bit 100 are determined by design choices.
[0040] With continued reference to Figure 3, the design choices may include a
column mux circuit scheme and/or row replacement pairing of the SRAM data array 18.
As a non-limiting example, a cache memory 10" design may comprise a 4-1 (four-to-
one) column mux circuit scheme, where there are four (4) columns in the plurality of
columns 102 which share one (1) set of dedicated periphery circuits (e.g., column
decoders, write drivers, sense amplifiers, and control/clocking circuitry, etc.). A
defective data entry 36 in a4-lcolumn mux circuit scheme requires the redirection of all
four (4) columns of the plurality of columns 102, due to the shared dedicated periphery
circuits. In this example of a4-1 column mux circuit scheme, the two (2) column select
bits 98 in the MAR address 96 representing the four (4) columns in the plurality of
columns 102 are not required. The two (2) column select bits 98 are not required
because the four (4) columns in the plurality of columns 102 are replaced or redirected
for a single column redirect action in this example. The two (2) column select bits 98
representing four (4) of the plurality of columns 102 would be used if a column within
the 4-1 column mux circuit scheme needs to be redirected.

[0041] With continued reference to Figure 3, as an additional non-limiting example,
two (2) rows of the pluraity of rows 104 may be replaced in a single row redirect
action. The two (2) rows of the plurality of rows 104 may be replaced for similar
reasons to the four (4) columns 98 being replaced in a single column redirect action in
the 4-1 column mux circuit scheme described above. The two (2) rows of the plurality
of rows 104 may be replaced in a single row redirect action because, in this example,
the two (2) rows of the plurality of rows 104 share periphery circuits for controlling
access to the plurality of rows 104. If two (2) rows of the plurality of rows 104 are

replaced in a single row redirect action, the row select bit 100 is not required. The row
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select bit 100 is not require because it is not necessary to determine which of the two (2)
rows of the plurality of rows 104 are to be replaced with the redundant data entry 40.
[0042] With continued reference to Figure 3, as described above, any latency of the
data entry redirection circuit 38' is not provided as part of the first data access path 20
for memory access requests 12. Thus, the overall memory access latency of the cache
memory 10' is not increased due to the data entry redirection circuit 38 while providing
for redundant row and/or columns of the data entries 16 in the SRAM data array 18.
[0043] Further, the processing of memory access requests 12(0)- 12(N) in the cache
memory 10' in Figure 3 may aso be pipelined. As will be discussed in more detail
below with regard to Figure 4, the processing of the memory access request 12(0)-12(N)
in the cache memory 10' can be provided in a series of different processing stages.
Each processing stage can be configured to provide a particular designated processing
function for amemory access request 12(0)- 12(N) while other processing stages process
other memory access requests 12(0)- 12(N). In this manner, the processing stages in the
cache memory 10' can be more fully utilized as opposed to having idle times waiting on
other processing stages to be completed before a next memory access request 12(0)-
12(N) can be processed.

[0044] In this regard, Figure 4 is an exemplary timing diagram 106 that illustrates a
pluraity of memory access requests 12(0)-12(N) processed in a pipelined fashion in the
cache memory 10' of Figure 3. Processing the plurality of memory access requests
12(0)-12(N) in apipelined fashion allows for overlapping execution of each one of the
pluraity of memory access requests 12(0)- 12(N). To process a memory access request
12 in a pipelined fashion, the memory access request 12 is divided into a plurality of
access stages.

[0045] With continued reference to Figure 4, three (3) memory access request 12
stages for a plurality of pipelined memory access request 12(0)- 12(N) stages are
illustrated in the following non-limiting example. A first memory access request stage
108 comprises receiving the data entry address 14 in the first data access path 20 and the
second data access path 42. A second memory access request stage 110 is comprised of
adefective data entry comparator circuit 44 further receiving at least one defective data
entry address 48 in the second data access path 42. The second memory access request

stage 110 is further comprised of comparing the data entry address 14 to the at least one
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defective data entry address 48 corresponding to the defective data entries 36 in the
SRAM data array 18. The defective data entry comparator circuit 44 performs the
comparison in the second data access path 42, prior to indexing the data entry 16 at the
data entry address 14. Additionaly, the defective data entry comparator circuit 44
generates the redirection index 52 if the data entry address 14 matches the at least one
defective data entry address 48. A match indicating that the data entry address 14
results in a defective data entry 36. A third memory access request stage 112 is
comprised of the data entry address index selector 32 selecting aredirection index 52 if
the redirection index 52 is generated. However, if a redirection index 52 is not
generated, the data entry address index selector 32 uses the index 28 representative of
the data entry address 14 to index the SRAM data array 18. The third memory access
request stage 112 is further comprised of accessing the SRAM data array 18 at either the
redundant data entry 40 represented by the redirection index 52 or at the data entry 16
represented by the index 28. In an aternative embodiment, a memory access request 12
may be processed in greater or fewer than three (3) access stages. Each one of the
plurality of memory access requests 12(0)-12(N) is processed within at least one timing
window 114(0)-114(M). Additionally, each one of the plurality of memory access
requests 12(0)-12(N) may be executed in a pipelined fashion with a plurality of access
stages corresponding to separate memory access requests 12(0)-12(N) being executed
in the same timing window 114(0)-114(M).

[0046] With continuing reference to Figure 4, the memory access request 12(0)
begins processing of the first memory access request stage 108 in the first timing
window 114(0). The processing of the first memory access request 12(0) then
progresses to the second memory access request stage 110 in a second timing window
114(1). During the second timing window 114(1), a memory access request 12(1) may
also begin to execute in the first memory access request stage 108. It should be noted
that both the second memory access request stage 110 of the memory access request
12(0) and the first memory access request stage 108 of the memory access request 12(1)
are being processed during the second timing window 114(1), in this example. The
memory access request 12(0) and the memory access request 12(1) then progress
processing to a third timing window 114(2). In the third timing window 114(2), the

memory access request 12(0) progresses to the third memory access request stage 112 of
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processing and the memory access request 12(1) progresses to the second memory
access request stage 110 of processing. Additionally, a memory access request 12(2)
begins processing in the first memory access request stage 108. The processing of the
memory access request 12(2) is processed similarly to the memory access requests
12(0), 12(1). The memory access request 12(2) is processed in timing windows 114(2) -
114(M) and will not be re-described here. In this manner, the memory access regquests
12(0)-12(N) may be pipelined into stages of execution, alowing for simultaneous
execution of a plurality of access stages 108, 110, 112 for each of the memory access
requests 12(0)-12(N).

[0047] Redirecting data from a defective data entry in memory to aredundant data
entry prior to data access and related systems and methods according to embodiments
disclosed herein may be provided in or integrated into any processor-based device.
Examples, without limitation, include a set top box, an entertainment unit, a navigation
device, a communications device, afixed location data unit, a mobile location data unit,
amobile phone, acellular phone, acomputer, aportable computer, a desktop computer,
apersonal digital assistant (PDA), a monitor, a computer monitor, atelevision, a tuner,
aradio, a satellite radio, amusic player, adigital music player, aportable music player,
adigital video player, avideo player, adigital video disc (DVD) player, and a portable
digital video player.

[0048] In this regard, Figure 5 illustrates an example of a processor-based system
116 that can employ systems and methods for redirecting data from a defective data
entry 36 to a redundant data entry 40 prior to data access. In this example, the
processor-based system 116 includes one or more CPUs 118, each including one or
more processors 120. The CPU(s) 118 may have cache memory 122 coupled to the
processor(s) 120 for rapid access to temporarily stored data. The CPU(s) 118 is coupled
to a system bus 124 and can intercouple master and slave devices included in the
processor-based system 116. As is well known, the CPU(s) 118 communicates with
these other devices by exchanging address, control, and data information over the
system bus 124. For example, the CPU(s) 118 can communicate bus transaction
requests to a memory controller 126 as an example of a slave device. Although not
illustrated in Figure 5, multiple system buses 124 could be provided, wherein each
system bus 124 constitutes a different fabric.



WO 2014/182678 PCT/US2014/036936
21

[0049] Other master and slave devices can be connected to the system bus 124. As
illustrated in Figure 5, these devices can include a memory system 128, one or more
input devices 130, one or more output devices 132, one or more network interface
devices 134, and one or more display controllers 136, as examples. The input device(s)
130 can include any type of input device, including but not limited to input keys,
switches, voice processors, etc. The output device(s) 132 can include any type of output
device, including but not limited to audio, video, other visual indicators, etc. The
network interface device(s) 134 can be any devices configured to allow exchange of
data to and from a network 138. The network 138 can be any type of network,
including but not limited to a wired or wireless network, a private or public network, a
local area network (LAN), a wide local area network (WLAN), and the Internet. The
network interface device(s) 134 can be configured to support any type of
communication protocol desired. The memory system 128 can include one or more
memory units 140(0-N).

[0050] The CPU(s) 118 may aso be configured to access the display controller(s)
136 over the system bus 124 to control information sent to one or more displays 142.
The display controller(s) 136 sends information to the display(s) 142 to be displayed via
one or more video processors 144, which process the information to be displayed into a
format suitable for the display(s) 142. The display(s) 142 can include any type of
display, including but not limited to a cathode ray tube (CRT), aliquid crystal display
(LCD), aplasma display, etc.

[0051] Those of skill in the art will further appreciate that the various illustrative
logical blocks, modules, circuits, and agorithms described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, instructions
stored in memory or in another computer-readable medium and executed by a processor
or other processing device, or combinations of both. The master devices, and dave
devices described herein may be employed in any circuit, hardware component,
integrated circuit (IC), or IC chip, as examples. Memory disclosed herein may be any
type and size of memory and may be configured to store any type of information
desired. To clearly illustrate this interchangeability, various illustrative components,
blocks, modules, circuits, and steps have been described above generally in terms of

their functionality. How such functionality is implemented depends upon the particular
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application, design choices, and/or design constraints imposed on the overall system.
Skilled artisans may implement the described functionality in varying ways for each
particular application, but such implementation decisions should not be interpreted as
causing a departure from the scope of the present disclosure.

[0052] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a processor, a Digital Signal Processor (DSP), an Application Specific Integrated
Circuit (ASIC), aField Programmable Gate Array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A processor
may be a microprocessor, but in the aternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may aso be
implemented as a combination of computing devices, e.g., a combination of a DSP and
a microprocessor, a plurality of microprocessors, one or more miCcroprocessors in
conjunction with a DSP core, or any other such configuration.

[0053] The embodiments disclosed herein may be embodied in hardware and in
instructions that are stored in hardware, and may reside, for example, in Random Access
Memory (RAM), flash memory, Read Only Memory (ROM), Electrically
Programmable ROM (EPROM), Electrically Erasable Programmable ROM
(EEPROM), registers, ahard disk, aremovable disk, a CD-ROM, or any other form of
computer readable medium known in the art. An exemplary storage medium is coupled
to the processor such that the processor can read information from, and write
information to, the storage medium. In the aternative, the storage medium may be
integral to the processor. The processor and the storage medium may reside in an ASIC.
The ASIC may reside in a remote station. In the alternative, the processor and the
storage medium may reside as discrete components in aremote station, base station, or
server.

[0054] It is also noted that the operational steps described in any of the exemplary
embodiments herein are described to provide examples and discussion. The operations
described may be performed in numerous different sequences other than the illustrated
sequences. Furthermore, operations described in a single operational step may actually

be performed in a number of different steps. Additionally, one or more operational
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steps discussed in the exemplary embodiments may be combined. It isto be understood
that the operational steps illustrated in the flow chart diagrams may be subject to
numerous different modifications as will be readily apparent to one of skill in the art.
Those of skill in the art will also understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[0055] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described herein, but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.



WO 2014/182678 PCT/US2014/036936
24

What is clamed is;

1. A memory, comprising:
a memory access logic circuit provided in a first data access path, the memory
access logic circuit configured to:
receive at least a portion of a data entry address of a memory access
request as an input for addressing a data entry in a data array in
the first data access path; and
generate an index as an output in the first data access path comprising a
data entry address index, to index the data array to access the data
entry in the data array corresponding to the at least a portion of
the data entry address,
adata entry redirection circuit, comprising:
adefective data entry comparator circuit provided in a second data access
path separate from the first data access path, the defective data
entry comparator circuit configured to, prior to indexing the data
entry in the data array:
receive at least one defective data entry address as an input from
a defective data entry index register representative of the
at least one defective data entry address in the data array
at acomparator second input;
compare the at least a portion of the data entry address to the
received at least one defective data entry address; and
generate aredirection index as an output in the second data access
path comprising a redirection data entry address index, to
aredundant data entry in the data array if the received at
least a portion of the data entry address matches the
received at least one defective data entry address; and
a data entry address index selector configured to select the redirection
index to index the data array if the received at least a portion of
the data entry address does match the at least one received
defective data entry address.
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2. The memory of claim 1, wherein the data entry address index selector is further
configured to select the index to index the data array if the received at least a portion of
the data entry address does not match the at least one received defective data entry
address.

3. The memory of claim 1, wherein the defective data entry comparator circuit
comprises aplurality of comparison stages for comparing the received at least aportion
of the data entry address to the received at |east one defective data entry address.

4. The memory of claim 1, wherein the received at least one defective data entry
address may indicate at least one defective row or at least one defective column in the

data array.

5. The memory of claim 1, wherein the at least a portion of the data entry address
represents at least one row of data entries or at least one column of data entries in the

data array.

6. The memory of claim 1, wherein the data entry redirection circuit is further
configured to receive the at least a portion of the data entry address as an input for
addressing the data entry in the data array in the second data access path at a comparator
first input.

7. The memory of claim 6, wherein the data entry redirection circuit is configured
to receive at least a portion of a data entry address for a second memory access request
as a second input for addressing a second data entry in the data array in the first data
access path, while generating the redirection index as the output in the second data
access path to the redundant data entry in the data array if the received at least a portion
of the data entry address for a first memory access request matches the received at least

one defective data entry address.
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8. The memory of claim 7, wherein the data entry redirection circuit is configured
to generate a second redirection index as the output in the second data access path,
while the data entry address index selector is configured to select the redirection index
to index the data array if the received at least a portion of the data entry address does
match the received at least one defective data entry address.

9. The memory of claim 1 comprised of cache memory, wherein the data array is
comprised of a SRAM data array.

10. The memory of claim 9, wherein the memory access logic circuit is comprised

of atag array for indexing the data array prior to the data array access.

11. The memory of claim 10, wherein the tag array generates the index as the output
in the first data access path.

12, The memory of clam 1, wherein the memory access logic circuit and the
defective data entry comparator circuit are configured to receive the at least a portion of
the data entry address as the input for indexing the data entry in the data array in afirst

timing window.

13. The memory of claim 12, wherein the defective data entry comparator circuit is
configured to compare the received at least a portion of the data entry address to the
received at least one defective data entry address in a second timing window prior to the
memory access logic circuit indexing, as the output, the data entry in the data array in
the first data access path at the at least aportion of the data entry address representative

of thereceived at least aportion of the data entry address in athird timing window.

14, The memory of claim lintegrated into an integrated circuit.

15. The memory of clam 1 integrated into a device selected from the group

consisting of a set top box, an entertainment unit, a navigation device, a

communications device, afixed location data unit, a mobile location data unit, a mobile
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phone, a cellular phone, a computer, a portable computer, a desktop computer, a

personal digital assistant (PDA), a monitor, a computer monitor, atelevision, atuner, a

radio, a satellite radio, amusic player, adigital music player, a portable music player, a

digital video player, a video player, a digital video disc (DVD) player, and a portable

digital video player.

16.

A memory, comprising:
amemory access logic circuit means provided in afirst data access path means,
the memory access logic circuit means configured to:
receive at least a portion of a data entry address means of a memory
access reguest means as an input for addressing a data entry
means in adata array means in the first data access path means;
and
generate an index means as an output in the first data access path means
comprising a data entry address index means, to index the data
array means to access the data entry means in the data array
means corresponding to the at least a portion of the data entry
address means;
adata entry redirection circuit means, comprising:
adefective data entry comparator circuit means provided in a second data
access path means separate from the first data access path means,
the defective data entry comparator circuit means configured to,
prior to indexing the data entry means in the data array means:
receive at least one defective data entry address means as an input
means from a defective data entry index register means
representative of the defective data entry address means in
the data array means at a comparator second input means;
compare the at least a portion of the data entry address means to
the received at least one defective data entry address
means,; and
generate aredirection index means as an output in the second data

access path means comprising a redirection data entry
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address index means, to a redundant data entry means in
the data array means if the received at least a portion of
the data entry address means matches the received at |east
one defective data entry address means; and
a data entry address index selector means configured to select the
redirection index means to index the data array means if the
received at least a portion of the data entry address means does
match the at least one received defective data entry address

means.

17. A method of redirecting a defective data entry to aredundant data entry in a data
array, comprising:

receiving at least aportion of adata entry address of a memory access request
in afirst data access path and a second data access path for indexing
adataentry in adata array;

indexing the data entry in the data array in the first data access path at a data
entry index representative of the at least a portion of the data entry
address;

comparing the at least a portion of the data entry address to a defective data
entry address representative of a defective data entry in the data
array in a defective data entry address comparator circuit in the
second data access path, prior to indexing the data entry at the at
least aportion of the data entry address;

indexing the data entry in the data array at aredirection index as the data entry
index, if the comparison generates a match between the at least a
portion of the data entry address and the defective data entry
address; and

accessing the data entry in the data array at the redirection index as the data
entry index, if the comparison generates the match between the at
least a portion of the data entry address and the defective data entry
address.
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18. The method of claim 17, further comprising accessing the data entry in the data
array at the data entry index as the data entry index, if the at least a portion of the data
entry address does not match the defective data entry address.

19. The method of claim 17, further comprising receiving the at least a portion of the
data entry address in the first data access path and the second data access path for
indexing the data entry in the data array, wherein the at least a portion of the data entry
address represents at least one row of data entries or at least one column of data entries

in the data array.

20. The method of claim 18, further comprising comparing the at least a portion of
the data entry address to the defective data entry address representative of the defective
data entry in the data array in the defective data entry address comparator circuit,
wherein the defective data entry address comparator circuit is configured to compare the
received at least a portion of the data entry address to the defective data entry

representative of the defective data entry in aplurality of comparison stages.

21. The method of claim 17, further comprising receiving at least aportion of a data
entry address for a second memory access request as a second input for addressing a
second data entry in the data array in the first data access path and a second data access
path for indexing a second data entry in the data array, while comparing the at least a
portion of the data entry address to the defective data entry address representative of the
defective data entry in the data array in the defective data entry address comparator
circuit in the second data access path, prior to indexing the data entry at the at least a
portion of the data entry address.

22. The method of claim 21, further comprising comparing the at least a portion of
the data entry address for the second memory access request to a second defective data
entry address representative of a second defective data entry in the data array in the
defective data entry address comparator circuit in the second data access path, while

accessing the data entry in the data array at the redirection index as the data entry index,
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if the comparison generates the match between the at least a portion of the data entry
address and the defective data entry address.

23. The method of claim 17, further comprising receiving the at least a portion of the
data entry address in the first data access path for indexing the data entry in the data

array, wherein the data array is cache memory.

24, The method of claim 21, further comprising receiving the at least a portion of the
data entry address in the first data access path for indexing the data entry in the data

array, wherein atag array receives the at least a portion of the data entry address.
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