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HIERARCHICAL MEMORY ARCHITECTURE

Thomas Vogelsang
Brent Haukness

FIELD
[0001] The subject matter disclosed herein relates generally to the field of computer

memory, and more particularly to hierarchical memory architectures.

BACKGROUND

[0002] Manufacturers and designers of integrated circuit (IC) devices, such as memory
controllers or processors, continue to increase the amount of signals that these devices can
transmit and/or receive over a period of time (bandwidth). For example, processors having
multiple cores have enabled, at least in part, increased processor bandwidth that may be used in
communicating with IC memory devices.

[0003] Conventional memory devices will have difficulty increasing their bandwidths to
meet the ever increasing demand. For example, dynamic random access memory (DRAM) arrays
are scaling to provide more storage, but the speed of memory-cell access is remaining fairly
constant due to physical constraints on the structures used to store and retrieve data. Memory
bandwidth can be increased by accessing more data bits in parallel, but doing so in conventional
memory architectures dramatically increases power use and area requirements. There is therefore
a need for memory architectures, circuits, and methods that increase memory bandwidth without
undue increases in power consumption, area, or circuit complexity.

[0004] Conventional memory devices, including DRAMs, include redundant columns of

memory cells and related repair circuitry to compensate for defective memory resources (e.g.,
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defective memory cells). The repair circuitry typically disables a column associated with defect
memory resources and substitutes the disabled column with a redundant column provided for this
purpose. Substituting a defective column takes time, however, and can therefore increase the
time required to access the memory. There is therefore a need for improved methods and circuits

for substituting defective memory resources.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The subject matter disclosed is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals
refer to similar elements and in which:

[0006] Figure 1 depicts a portion of an integrated-circuit (IC) DRAM device 100 upon which
is instantiated a hierarchical memory array in accordance with one embodiment.

[0007] Figure 2 is a flowchart 200 depicting the operation of IC memory device 100 of
Figure 1 in accordance with one embodiment.

[0008] Figure 3 depicts a portion of a hierarchical memory array 300 in accordance with
another embodiment.

[0009] Figure 4 depicts a portion of a hierarchical memory array 400 in accordance with an
embodiment that includes a sub-array with a number of memory cells appropriate for a practical
memory device.

[0010] Figure 5 provides an expanded view of the portion of Figure 4 encompassed in a
dashed boundary.

[0011] Figure 6 depicts a portion of hierarchical memory 600 in accordance with another
embodiment.

[0012] Figure 7 depicts a portion of a DRAM device 700 upon which is instantiated a
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hierarchical memory array in accordance with an embodiment that supports “sub-page” accesses
to reduce power consumption.

[0013]  Figure 8 depicts a memory 800 in accordance with an embodiment that substitutes
defective memory resources for good ones by decoding row-address signals.

[0014] Figure 9 depicts a memory 900 in accordance with another embodiment.

[0015] Figure 10 is a flowchart 1000 illustrating the operation of memory 900 of Figure 9 in
accordance with one embodiment.

[0016] Figure 11 depicts an embodiment of select logic 835A/B of Figure 8 in accordance
with one embodiment.

[0017]  Figure 12 depicts an embodiment of ADL switch 830 adapted to work with the

embodiment of select logic 835A/B depicted in Figure 11.

DETAILED DESCRIPTION

[0018] Figure 1 depicts a portion of an integrated-circuit (IC) DRAM device 100 upon which
is instantiated a hierarchical memory array in accordance with one embodiment. The memory
array is a two-dimensional array of four memory sub-arrays A0O, AO1, A10, and Al1 arranged
along perpendicular first and second axes, respectively horizontal and vertical in Figure 1. Each
sub-array includes an array of “1T” DRAM cells MC arranged in rows and columns, though
other types of memory cells might also be used. Sub-arrays are accessed in pairs in this
embodiment, with each sub-array opening a row of two memory cells MC.

[0019] It should be appreciated that rows and columns may be of Vaﬂoﬁs sizes, depending on
implementation. In the following examples and in the Figures, this document will focus on a
specific piece of an array with a page size that has four memory bits, and supports write and read

of a data width of two bits (that is, where only two cells are actually read out of a sub-array or
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written to). In this regard, “row” refers to the number of memory cells in a sub-array row,
“page” refers to the number of memory cells having a common row address across multiple sub-
arrays, and “data width” refers to the number of bits communicated for a given memory access.
Figure 1 is thus greatly simplified for ease of illustration. Practical memory devices include far
more sub-arrays, and far more memory cells per sub-array and the row size of 4 and data width
of 2 discussed in these examples.

[0020] The power and time required for data access increases with increasing page size.
Increasing data width for a given page size, or reducing page size for a given data width,
therefore increases the speed and reduces the power required to access a given quantity of data.
To this end, DRAM device 100 supports dramatically greater data widths for a given row size
than conventional hierarchical DRAM devices.

[0021] One reason for the dramatic increase in data-width relative to page size for device 100
is the relative placement of the main data lines MDQOA, MDQ1A, MDQOB, and MDQI1B vs.
the main column-select lines MCSLA and MCSLB. In conventional hierarchical DRAM devices,
the main data lines extend between the memory sub-arrays and the main column-select lines
extend over the memory sub-arrays. In the embodiment of Figure 1, however, the main data lines
MDQOA, MDQ1A, MDQOB, and MDQ1B extend over the memory sub-arrays A0O, A01, A10,
and A11 and the main column-select lines MCSLA and MCSLB extend over the relatively
narrow space between them. In general, the memory sub-arrays are considerably wider than the
space that separates them, so routing the main data lines over the sub-arrays permits more main
data lines, and consequently greater data widths for a given page size.

[0022] With reference to the upper left sub-array A0O, each row of memory cells MC is

coupled to wordline select logic WLS via a common local wordline LWL, and each column of
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memory cells is connected to a corresponding sense amplifier SA via a respective bitline BL. To
read a given memory cell in sub-array A00, device 100 activates both memory cells MC in the
selected row using the corresponding local wordline LWL, and thus presents the contents of the
row of memory cells to the corresponding pair of sense amplifiers. The sense amplifiers SA
sense the row of data, and the content of the one sense amplifier SA associated with the selected
column is then read.

[0023] Sensing a memory DRAM memory cell MC destroys its contents, so the information
in both sense amplifiers SA associated with sub-array A0O is written back to the active row.
Accessing a memory cell MC in a selected column thus requires activation, sensing, and writing
an entire row of memory cells. An entire row is activated and sensed before a column within the
sub-array is accessed, and the entire row is over written or refreshed before it can be closed in
preparation for a subsequent access.

[0024] The memory architecture of Figure 1 includes “local” resources restricted to
individual sub-arrays and “main” resources shared among multiple sub-arrays. The local
resources include local wordlines LWL, wordline-select logic WLS, bitlines BL, and memory
cells MC. The main resources include main wordlines MWL[1,0], main data lines MDQ[3:0],
and sense-amplifier select lines SASEL[1,0]. Main wordlines MWL[1,0] and select lines
SASEL[1,0] extend past multiple sub-arrays in a direction parallel to the first axis. Main data
lines MDQ[3:0] likewise extend past multiple sub-arrays, but in a direction parallel to the second
axis and to bitlines BL. The local wordlines in each sub-array are controlled using a single main
wordline in this simple illustrative embodiment; however, the sub-arrays in practical memory
devices include sets of local wordlines, each set controlled using a respective main wordline. The

wordline-select logic WLS associated with the memory arrays are arranged in “stripes” that run
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parallel to the second axis. Main column select lines MCSLO/1 and local wordline-select lines
LWLSEL[1:0] extend over and in parallel with the two WLS stripes in this embodiment.
Wordline select logic WLS and bit-select logic BS in sense-amplifier stripes SAS0O and SAS1
logically combine wordline and column-select signals, as detailed below, to reduce the requisite
number of column-select lines MCSL0/1, and consequently allow column-select routing in the
relatively narrow spaces between the memory sub-arrays. The like-named signals applied to both
WLS stripes are identical.

[0025] The bitlines BL in each sub-array extend to one of two sense-amplifier stripes SASO
and SAS1, each of which includes sense amplifiers SA, column-select logic CS, and bit-select
logic BS. Local data lines LDQ[3:0] extend between respective main data lines MDQ[3:0] and
bit select logic BS. The sense amplifiers SA in each of stripes SASO and SAST1 are coupled to a
respective one of two sense-amplifier select lines SASELO and SASELI1 to receive a
corresponding select signal that enables the sense amplifiers when opening a row of memory
cells. (As with other designations herein, the designations SASELO and SASEL1 refer both to
nodes and their corresponding signals; whether a given designation refers to a node or a signal
will be clear in context.)

[0026]  The following discussion focuses on sense-amplifier stripe SASO and associated
memory sub-arrays AQO and AO1. Two sets of wordline select logic WLS selectively connect
main wordline MWLO to one local wordline LWL in each sub-array AOO and AO1 if one of two
local wordline select signals LWLSELO and LWLSELL1 is asserted. (Signals LWLSELO and
LWLSEL1 select signals local to sub-arrays, but are not themselves local to a sub-array as the
term “local” is used herein.) For example, asserting both main wordline signal MWLO and select

signal LWLSELDO to both sub-arrays AOO and AO1 opens the uppermost page of four memory
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cells MC, a row of two from each of sub-arrays AOO and AO1. Sense amplifiers SA in stripe
SASO sense and amplify the data stored in the open page. In this example, each of four sense
amplifiers SA in stripe SASO stores a corresponding bit from an open memory cell MC.

[0027]  Each sub-array is divided into left and right columns of memory cells, each of which
is associated with a corresponding bitline BL. Column-select logic CS, responsive to a main
column-select signal MCSLO0/1, selectively asserts either local column-select signal LCSLO or
LCSL1 to select the left or right columns, respectively. Bit-select logic BS,I simple transistor
switches in the depicted embodiment, responds to asserted local column-select signals by
coupling respective bitlines to main data lines. For example, asserting signals LCSLO in sense-
amplifier stripe SASO connects the leftmost bitlines of sub-arrays AGO and AO1 to main data
lines MDQO and MDQ1, respectively.

[0028] The main data lines can extend over sense amplifiers SA, from a perspective
perpendicular to the first and second axes (normal to the rows and columns of memory cells), for
routing efficiency. From a layout perspective, each column-select logic CS can be part of a WLS
stripe, a sense-amplifier stripe, or both. The memory sub-arrays in the example of Figure 1 are
depicted as relatively small for ease of illustration; in practical embodiments, the sub-arrays are
much larger relative to other device features. For example, the dimension of the memory sub-
arrays along the first axis will generally be far greater than that of the WLS stripe. Routing all or
most of the main data lines over the memory sub-arrays, rather than over the narrower WLS
stripes, provides far greater routing areas for the main data lines and thus supports greater data
widths for a given page size. As mentioned previously, increasing data width for a given page
size, or reducing page size for a given data width, advantageously increases the speed and

reduces the power required to access a given quantity of data.
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[0029] The simplicity of the illustration of Figure 1 clarifies several features of the depicted
embodiment. Briefly, the arrangement of the data and column select lines, along with
modifications to the sense amplifier stripes, allow the memory device to access relatively wider
data from each sub-array than can be efficiently accessed using conventional hierarchical
memory architectures. Extracting more data for each row access improves power efficiency,
increases data bandwidth, or both. These advantages and means for obtaining them are detailed
below in connection with other more practical embodiments.

[0030] Figure 2 is a flowchart 200 depicting the operation of IC memory device 100 of
Figure 1 in accordance with one embodiment. This example details a read operation by which
row and column accesses are used to deliver the contents of the upper-left memory cells of the
upper sub-arrays AOO and AO1 to respective main data lines MDQO and MDQ1 via sense-
amplifier stripe SASO.

[0031] Beginning with step 205, device 100 receives an activate request from an external
source (not shown), such as a memory controller. The activate request includes a row address,
which is decoded at step 215 to activate the specified row. In this embodiment, a row address
specifies a page that spans two sub-arrays, sub-arrays AOO and A0l in this example. Next, the
main and local wordline select signals MWLO and LWLSELO are asserted, causing wordline
select logic WLS associated with sub-arrays AOO and AO1 to assert the signals on their
respective uppermost local wordlines LWL, opening a page of memory cells (step 220). Opening
a page of memory cells presents the contents of the four uppermost memory cells MC onto their
corresponding bitlines BL to be amplified by the four sense amplifiers SA in stripe SASO, which
are activated by assertion of select signal SASELO (step 225).

[0032] Recalling that the upper-left memory cells MC in each of sub-arrays AOO and AO1 are
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to be read in this example, device 100 next receives a read request 230, from the memory
controller, for example, that includes the address of the column to be read. An address decoder
(not shown) decodes the column address at step 232 and directs column select blocks CSin
stripe SASO to assert local column select signals LCSO. The bit-select logic BS associated with
the asserted signals connects the leftmost bitlines BL in each sub-array AOO and A0O1 to
respective main data lines MDQO and MDQI1 (step 233). The sensed data from the addressed
memory cells is therefore made available on the two main data lines.

[0033] The data made available on the main data lines can be latched by some output
circuitry (not shown) for delivery to whatever entity issued the read request (step 235). For
example, the latched data can be serialized with or without data from other arrays (not shown)
and conveyed to a requesting memory controller. A dashed arrow 240 indicates that subsequent
read or write requests to the open rows, or page, can bypass the row-activation steps to save time
and power. In step 250, device 100 closes the open page responsive to a precharge request 245
by de-asserting the main wordline and local wordline select signals MWLO and LWLSEL to
close the local wordlines opened in step 220, after which the bitlines are precharged to a known
level in anticipation of the next access.

[0034] A write operation is similar to a read operation, except that the data values on the
main wordlines are over-written with voltage levels representative of the data to be stored in the
addressed memory cells. Refresh operations are also similar, but do not require the assertion of a
column-select signal. Circuitry for conveying sensed data to external devices, writing external
data to memory devices, and refreshing dynamic memory cells is well known to those of skill in
the art, and so is omitted here for brevity.

[0035] Figure 3 depicts a portion of a hierarchical memory array 300 in accordance with
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another embodiment. Figure 3 depicts only one memory sub-array 310 and two adjacent sense-
ampliﬁer stripes SASO and SAS1. The upper sense-amplifier stripe includes sense amplifiers
SA00, SAO1, SA02, and SA03; the lower includes sense amplifiers SA10, SA11, SA12, and
SA13. Each sense amplifier stripe includes complementary sets of bitlines, one set that extends
into the sub-array 310 and another that extends in the direction opposite sub-array 310. With
reference to the lower stripe, for example, one set of bitlines BL extends upward into sub-array
310 and the other set of bitlines BL extends downward and away from sub-array 310. The sets
of bitlines BL that extend away from sub-array 310 can extend into an adjacent sub-array (not
shown) or can be dummy bitlines provided as reference elements in support of differential
sensing. Data is delivered to and from sub-array 310 via complementary pairs of main data lines
MDQ (e.g., MDQO and /MDQO, where the *“/” indicates an active-low signal).

[0036] Sub-array 310 includes rows and columns of memory cells MC, each depicted as a
small square for ease of illustration. Four darkened squares in the uppermost row represent a
subset being accessed as described below. Sub-array 310 additionally includes four local
wordlines LWL[3:0] extending perpendicular to the columns of memory cells and the
aforementioned bitlines BL extending perpendicular to the rows. Memory sub-arrays are
sometimes referred to as memory blocks or mats by those of skill in the art. Sub-array 310 and
supporting circuitry are greatly simplified for ease of illustration; a more practical embodiment is
detailed below in connection with Figures 4 and 5.

[0037] The upper sense-amplifier stripe SASO includes four sense amplifiers SAQO, SAO1,
SA02, and SA03, a bit switch BS for each sense amplifier, and a multitude of complementary
pairs of local data lines LDQ[3:01/LDQ[3:0]. Each segment of local data line extends

perpendicularly from one of the main data lines MDQ[3:0]/MDQ[3:0], and is named to indicate
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this relationship (e.g., LDQO in each sense amplifier stripe extends from main data line MDQO).
[0038] Though Figure 3 is not to scale, the relative placement and orientations of the main
signal paths with respect to the sub-arrays and the sense-amplifier stripes are as they would be
instantiated in silicon in this embodiment. For example, the local data lines LDQO, LDQ1,
LDQ2, and LDQ3 in a given sense-amplifier stripe may be collinear conductive segments that
extend perpendicularly from respective main data lines, and are shorter than the local wordlines.
Collinear conductive segments are formed, for example, in the same metal layer and extend
along the same line. The local and main data lines are interconnected directly, rather than by way
of a switching element. Interconnections between the local and main data lines may be formed
using vias that extend between metal layers (each dot at the junction of horizontal and vertical
conductors can represent such a via). The upper stripe additionally includes column-select logic
CS on either side supporting a pair of local column select lines LCSLO[0] and LCSL[1]. Most or
all of the local column select lines can be routed over the sense amplifiers, from a perspective
perpendicular to the two axes, for routing efficiency.

[0039] The lower sense-amplifier stripe SAS1 runs parallel to the first axis and includes four
sense amplifiers SA10, SA11, SA12, and SA13, which are identical to the sense amplifiers of the
other stripe SASO but are named differently to facilitate the following discussion. The remaining
elements are the same or similar to like-named structures introduced previously in connection
with Figure 3, so a detailed discussion is omitted.

[0040] Sense amplifier stripes SASO and SAS1 divide sub-array 310 into two overlapping
four-bit-wide columns to produce four-bit-wide data (four complementary data pairs). The
operation of memory array 300 is described in the context of a read access to the four darkened

memory cells MC associated with local wordline LWLO.
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[0041] Wordline select logic WLS opens local wordline LWLO (asserts signal LWIL0) when
main wordline MWL and local wordline select signal LWLSELO are both asserted. The contents
of each memory cell MC in the uppermost row of memory cells in sub-array 310 is thus
presented to a respective one of the eight sense amplifiers of stripes SASO and SAS1 via a
respective bitline BL. Wordline select logic WLS may include level shifting circuitry so that the
local wordlines aré at high enough voltages to allow full restore of data from the sense amplifiers
into the memory cells.

[0042]  The sense amplifiers of the upper and lower stripes SASO and SAS1 are selected
(enabled) by respective select signals SASELO and SASEL1 to allow the sense amplifiers to
sense and amplify the voltages presented on the bitlines. Each sense amplifier is also coupled to
a complementary second bitline that serves as a reference. The sense amplifiers, the connections
between the sense amplifiers and select signals SASELO and SASEL1, and the components of
sub-array 310 are conventional, so a detailed discussion of these elements is omitted.

[0043] A conventional column decoder (not shown) generates main column-select signals
MCSLO and MCSL1 from column address information received with a read or write request.
Main column select lines MCSLO and MCSL1 run parallel to the main data lines and are used to
select between the two available four-bit columns of data. In the instant example, select signal
MCSLO is asserted while the sense amplifiers are sensing the bitline voltages responsive to select
signals SASELO and SASEL1, both of which are asserted. Column select logic CS to the left of
each sense amplifier stripe therefore asserts local column select signals LCSLO[O] and LCSL1[0]
to respective sense amplifier stripes SASO and SAS1. Column select signal LCSLO[0] activates
the bit switches BS associated with sense amplifiers SA00 and SA02 in stripe SASO, while

column select signal LCSL1[0] activates the bit switches BS associated with sense amplifiers
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SA11 and SA13 in stripe SAS1. As a consequence, the bitlines associated with the highlighted
memory cells are connected to the “true” main data lines MDQ(3:0] and the complementary
bitlines are connected to the “complement” data lines /MDQ[3:0]. The sensed contents of the
selected memory cells are therefore presented on the main data lines as four complementary
signal pairs. The four unselected memory cells associated with local wordline LWLO can
likewise be selected by asserting main column select signal MCSL1 in lieu of MCSLO, and other
rows of cells can be selected by asserting others of the local wordline select signals
LWLSEL[3:1]. While only the data lines are shown to be differential, others of the signals can
likewise be conveyed differentially, as will be evident to those of skill in the art.

[0044] Figure 4 depicts a portion of a hierarchical memory array 400 in accordance with an
embodiment that includes a sub-array with a number of memory cells appropriate for a practical
memory device. The depiction of memory array 400 is rotated 90 degrees compared with the
illustrations of Figures 1 and 3, so the first and second axes are vertical and horizontal,
respectively.

[0045] The depicted portion includes left and right sense amplifier stripes 405 and 410, each
of which extends between a pair of column-select blocks CSB. A sub-array 415 of memory cells
is disposed between sense amplifier stripes 405 and 410, and includes memory cells MC, bitlines
BL, and a local wordline LWL. The data width N of the sub-array is e.g. 32 bits (i.e., N=32) in
this example. Each sense-amplifier stripe 405 and 410 includes bit-select logic BS for each of 4N
sense amplifiers. Subsets of eight sense amplifiers additionally include parallel, complementary
pairs of local data lines LDQ, each of which is fixedly connected to one of 2N true and
complementary main data lines MDQ[N-1:0] and /MDQ[N-1:0]. Because N is 32 in this

example, there are 32 pairs of complementary main data lines and 64 local data lines LDQ in
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each sense amplifier stripe.

[0046] While the illustration includes only a single local wordline LWL, a subset of
associated memory cells MC, and a few dozen bitlines BL, the sub-array includes 256 bitlines,
256 wordlines, and 65,536 memory cells in this embodiment. Other embodiments can have more
or fewer wordlines, bitlines, or both. Arrays of sub-arrays can be used to form memory banks,
and multiple banks can be instantiated on a single IC. A DRAM IC might include, for example,
eight memory banks, each of which includes an 8x16 array of sub-arrays like the example of
Figure 4.

[0047] Each local data-line pair (pair of LDQs) in a given sense amplifier stripe serves eight
sense amplifiers, and can thus provide the contents of one of eight memory cells in the sub-array
to the associated complementary pair of main data lines. The sub-array’s 256 bitlines can thus be
accessed using the main data lines as eight 32-bit-wide columns. An embodiment with 512
bitlines per sub-array similarly divided into eight columns would provide data via 64 pairs of
main data lines. For comparison, a conventional memory sub-array of the same size and with
similar routing resources for data and column-select signals may provide data via just four pairs
of main data lines. One such memory sub-array is described in Y. Nitta et. al., “A 1.6Gb/s Data
Rate 1Gb Synchronous DRAM with Hierarchical Square Shaped Memory Block and Distributed
Bank Architecture,” pg. 376, Proc. International Conference on Solid State Circuits, 2006. As
compared with this conventional memory architecture, the embodiment of Figure 4 thus
increases data width by a factor of eight or sixteen for a given sub-array width, and consequently
for a given page size. This dramatic width improvement is obtained with little increase in logical
complexity or circuit area.

[0048] One reason for the dramatic data-width increase is the relative placement of the main

14
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data lines vs. the main column-select lines. In Nitta et al., the main data lines extend between the
memory sub-arrays, from a perspective perpendicular to the first and second axes, and the main
column-select lines extend over the memory sub-arrays. In contrast, the main data lines in the
embodiment of Figure 4 extend over the memory sub-arrays, rather than over the relatively
narrow space between them. In general, the memory sub-arrays are considerably wider than the
space that separates them, so routing the main data lines over the sub-arrays permits moré main
data lines, and consequently greater data widths. The embodiments disclosed herein also require
fewer main column-select lines for efficient routing between the sub-arrays. In general, the
embodiment of Figure 4 includes N main data lines and M main column-select lines, where N is
significantly greater than M.

[0049] Main data lines that extend along the edges of memory sub-arrays may not literally
extend over the sub-arrays, as the boundaries of the various elements can vary due to design and
layout choices and constraints. When it is said that the main data lines extend over the memory
sub-arrays, therefore, it means that the vast majority (over 90%) of the main data lines are so
routed with some possible exceptions near the edges of the sub-arrays. In the embodiment of
Figure 4, for example, main data lines MDQ[N-1] might extend close to or within the upper
WLS stripe. Similarly, peripheral ones of eight main column-select lines MCSL[7:0] may
overlap the memory sub-arrays.

[0050] Each column select block CS includes four switching elements SE that combine a
sense amplifier select signal SASEL[1,0] with a main column select signal MCSL[3:0] to select
one of eight groups of sense amplifiers SA, and consequently to select one of eight groups of
bitlines BL. In this example, a local wordline signal LWL is asserted to open the depicted row of

memory cells, the contents of which are captured in the sense amplifiers of both sense amplifier
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stripes. Main column select signal MCSLO and sense amplifier select signals SASEL1 and
SASELD are also asserted to cause the highlighted bit-select logic BS to connect the associated
true and complementary bitlines to the associated local data lines LDQ, and consequently to a
complementary pair of main data lines MDQ. A dashed border 450 encompassing the lower
eight sense amplifiers in each stripe and the related signal paths identifies circuit structures
described below in more detail in connection with Figure 5.

[0051]  Figure 5 provides an expanded view of the portion of Figure 4 encompassed in
dashed border 450. The example shows how two highlighted memory cells are sensed and their
respective contents provided on two complementary pairs of main data lines. The select signal on
the dashed local column-select line LCSL is asserted for each sense-amplifier stripe. The
highlighted bit switches BS, which may be as shown in Figure 3, respond to local column select
signals LCSL by connecting their respective true and complement bitlines BLt and BLc to the
respective true and complement local data lines LDQt and LDQc. The “true” signals are those
that convey the sensed contents of the addressed memory cell. The “complement” signals convey
the relative value of the complementary bitline, and serve as a reference in support of differential
sensing. These labels are for ease of illustration: in a practical memory system most bitlines can
alternate between sensing a memory cell and serving as the complementary reference. For
example, complementary bitlines BLc in Figure 5 may extend over adjacent sub-arrays (not
shown) to provide access to additional sets of memory cells.

[0052] Dotted arrows indicate the direction of information flow from the two accessed
memory cells MC to the four main data lines MDQO, /MDQO, MDQ1, and /MDQI. In the
leftmost sense amplifier stripe 405, the selected bit-select logic BS, shaded for emphasis,

connects its true and complementary bitlines BLt and BLc to respective local data lines LDQt
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and LDQc. These local data lines are electrically the same nodes as respective main data lines
MDQO and /MDQO, so the signal sensed from the selected memory cell is directed to main data
lines MDQO and /MDQO. In the rightmost sense amplifier stripe 410, the selected bit-select logic
BS connects its bitlines BLt and BLc to respective local data lines LDQt and LDQc, and thus
directs the sensed complementary signal to main data lines MDQ1 and /MDQ1.

[0053] Figure 6 depicts a portion of hierarchical memory 600 in accordance with another
embodiment. The portion depicted in Figure 6 is similar to that of Figure 4, with like-identified
elements being the same or similar. Some features have been omitted from Figure 6 for ease of
illustration. In this example each main-data-line pair and related memory resources forms a
respective main data unit 605 and 603r. In this example, the lower main data unit 605r is
associated with a pair of redundant main data lines MDQr and /MDQr, while the upper main data
unit 605 is associated with one of 32 additional pairs of main data lines MDQ[31:0] and
/MDQ[32:0]. In this embodiment the main data units 605 and 605r are identical, and either one
can be considered the redundant resource.

[0054] The main data units share common local column-select signals LCSL[7:0], which
allows one main data unit to be substituted for another without changing the column addressing
used for memory access. Should main data unit 605 include defective memory resources, for
example, main data unit 605t can be used instead without changing the column-addressing
scheme. As discussed below in detail, defective memory resources are substituted for good ones
using row address signals and without remapping column addresses. Row address signals are
commonly available before column access signals, so basing resource substation on row
addresses allows more time for resource substitution.

[0055] As with the example of Figure 5, this example shows how two highlighted memory
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cells are sensed and their respective contents provided on two complementary pairs of main data
lines. The select signal on the dashed local column-select line LCSL1 is asserted, which induces
the highlighted bit switches to connect their respective true and complement bitlines BLt and
BLc to the respective true and complement local data lines (LDQOt and LDQc in data unit 605
and LDQrt and LDQrc in data unit 605r). Main data units can be sized differently in other
embodiments (e.g., including two main-data-line pairs rather than one). The use and benefits of
embodiments like that of Figure 6 are detailed below in connection with Figures 8-12.

[0056]  Figure 7 depicts a portion of a DRAM device 700 upon which is instantiated a
hierarchical memory array in accordance with an embodiment that supports “sub-page” accesses
to reduce power consumption. DRAM device 700 has much in common with DRAM device 100
of Figure 1, with like-labeled elements being the same or similar. A detailed discussion of
similar elements is omitted from the discussion of Figure 7 for brevity.

[0057] With reference to Figure 1, asserting one of select signals SASELO or SASEL1
activates an entire page of sense amplifiers, two sense amplifiers for each of two memory sub-
arrays, to read a selected row of memory cells. For example, asserting sense-amplifier select
signal SASELQ activates the four sense amplifiers SA in sense-amplifier stripe SAS0. Column
select logic CS then selects one bitline BL from each of sub-arrays AOO and A01 to convey two
bits of data on main data lines MDQO and MDQ1. Four memory cells MC are therefore sensed to
provide two bits of data.

[0058] Turning to Figure 7, device 700 improves power efficiency relative to the
embodiment of Figure 1 by sensing fewer memory cells—e.g. a “sub-page”—for a given
quantity of data. As in the example of Figure 1, a page in device 700 includes four memory cells

MC, two in each of two adjacent sub-arrays (e.g., the topmost two memory cells in each of sub-
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arrays AOO and AO1). Rather than sense all four cells in one page to access two memory cells, as
did the embodiment of Figure 1, device 700 senses only two memory cells to access two bits. To
accomplish this, separate control signals are provided to the two sub-array columns A and B,
each of which provides two-bit-wide data from one of the two constituent sub-arrays. For
example, sub-array column A can produce two bits of data MDQOA and MDQI1A from either
sub-array AOO or A10. A column multiplexer/demultiplexer decodes row address information
(not shown) to select between sub-array columns A and B when communicating two-bit data
DQO0 and DQ1 to and from device 700.

[0059]  With reference to the upper left sub-array A0O, each row of memory cells MC is
coupled to wordline select logic WLS via a common local wordline LWL, and each column of
memory cells is connected to a corresponding sense amplifier SA via a respective bitline BL. To
read a given memory cell in sub-array AOO, device 100 activates both memory cells MC in the
selected row using the corresponding local wordline LWL, and thus presents the contents of the
row of memory cells to the sense amplifiers. The sense amplifiers SA sense the row of data, and
the contents of the one sense amplifier associated with the selected column is then read.

[0060] Control lines to sub-array column A convey a main column-select signal MCSLA and
two local wordline select signals LWLSELOA and LWLSEL1A. These signals control sense-
amplifier-select logic SASA and column-select logic CSA in each of two sense-amplifier stripes
SASO and SAS1. Select logic SASA issues a sub-page signal SPA that selectively enables a
collection of sense amplifiers SA to communicate data between a row, or sub-page, of memory
cells in sub-array AOO and two main data lines MDQOA and MDQ1A. Control lines to sub-array
column B similarly use a main column-select signal MCSLB and two local wordline select

signals LWLSELOB and LWLSEL1B to control sense-amplifier-select logic SASB and column-
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select logic CSB to communicate data between pairs of memory cells and two main data lines
MDQOB and MDQ1B. Sense amplifier stripes SASO and SAS1 are thus able to activate
alternative rows of memory cells, rather than an entire page, to communicated two bits of data.
Device 700 selects between sub-array columns A and B based upon a decoded row-address (not
shown), the same row-address multiplexer/demultiplexers 710 uses to select between pairs of
main data lines.

[0061]  The following discussion focuses on stripe SASO and memory sub-array AOQ.
Wordline select logic WLS adjacent sub-array AOO selectively connects main wordline MWLO
to one of the two local wordlines LWL in sub-array AOO. Asserting local wordline signals LWL
in one sub-array opens a row of memory cells MC. Sense-amplifier select logic SASA asserts
sub-page signal SPA responsive to select signal SASELO and one of local wordline select signals
LWLSELOA and LWLSEL1A. Sub-page signal SPA enables two sense amplifiers SA in stripe
SASO to sense and amplify the data stored in the open row. Column-select logic CSA, responsive
to sense-amplifier select signal SASELO and main column-select signal MCSLA, asserts a local
column-select signal LCSLA to bit-select logic BS to connect the active sense amplifiers to main
data lines MDQOA and MDQI1A. Other embodiments can be configured or requested to provide
both full-page and sub-page access.

[0062] In the embodiment of Figure 7, all sensed memory cells MC connected to a given
local wordline LWL are accessed. In a practical embodiment, it is likely that only a subset of
such memory cells would be accessed. Using the sub-array in Figures 4 and 5 for illustration,
only two memory cells are accessed per sixteen active sense amplifiers associated with a local
wordline LWL. Such an embodiment can be modified to support sub-page access using

additional column-select logic to select between sub-sets of local wordlines that together provide
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access to an entire page.

Redundant Memory Resources

[0063] The following discussion describes how embodiments of the memory systems
disclosed herein can be adapted to provide efficient memory-resource redundancy schemes.
Defective resources, identified using conventional test procedures, are associated with data lines.
Redundant data-line resources are then substituted for defective ones by consideration of row-
address bits. In memory systems in which row addresses arrive before the column addresses,
employing the row address to identify defective resources allows more time for resource
substation, and consequently supports improved memory-access speeds, more space and power
efficient control circuitry, or both.

[0064] Figure 8 depicts a memory 800 in accordance with an embodiment that substitutes
defective memory resources for good ones by decoding row-address signals. Memory 800
includes a conventional memory interface 805 that decodes memory requests RQ, in part to
derive row address signals RA<12:0> and column address signals <2:0> for application to a
memory array 810 and a data interface 815. Memory array 810, in turn, includes an address
decoder 820 that decodes (1) column addresses CA<2:0> to select one of eight columns within
each of thirty-three main data units and (2) row addresses RA<12:0> to select one of 2713 rows
of memory cells. Selecting a column conveys one bit of data from each main data unit to a
corresponding one of thirty-three secondary sense amplifier (SSA) in a sense-amplifier array
825. These sense amplifiers are considered “secondary” to distinguish them from the sense
amplifiers within the sense-amplifier stripes in the array. In one embodiment the array data units
are like data units 605 and 605r described above in connection with Figure 6.

[0065] The thirty-three sense amplifiers of array 825 are coupled to a data-line switch 830
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via respective array data lines ADL. Switch 830 connects a subset of the thirty-three array data
lines to column data lines CDL, of which there are thirty-two in this embodiment. In other
words, ADL switch selectively removes one of array data lines ADL. Should one of the array
data lines be found to be associated with defective memory resources, for example, select logic
835 associated with ADL switch 830 is provided a redundant-address select signal RedAdd<5:0>
that specifies the defective main array data unit. select logic 835 then considers row-addresses
bits RA<12:11> to determine whether a given memory access is directed to the defective main
array data unit. If so, the defective memory array unit is substituted for a good one by excluding
the associated array data line ADL in favor of another.

[0066] Data interface 815 sends and receives data to switch 830 via the thirty-two column
data lines CDL. Interface 805 additionally provides control signals Ctrl to interface 815 in
support of various conventional operations, such as to distinguish between read and write
accesses and to address different subsets of available data lines if less than all the available data
lines are to be accessed to receive or convey data DQ. The operations of interfaces 805 and 815
are well known to those of skill in the art, so a detailed discussion of interfaces 805 and 815 is
omitted for brevity.

[0067]  Figure 9 depicts a memory 900 in accordance with another embodiment. Memory 900
is similar to memory 800, with like-identified elements being the same or similar. Address
decoder 820 is divided into two portions 820A and 820B, a common arrangement used for
routing efficiency. Select logic 835 is likewise divided into portions 835A and 835B. Though the
control signals are shown connected to only one portion of address decoder 820 and select logic
835, this is for ease of illustration. In each case the requisite control signals are conveyed to both

portions as needed.
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[0068] Memory array 810 is divided into four regions 8§10[3:0], each of which includes 2*11
rows of memory cells. There can be more or fewer regions in other embodiments. As described
previously, thirty-two main array data units 605, one of which is shown, and a redundant main
array data unit 605r vertically traverse all four array regions. Each array data unit includes a
complementary set of main data line pairs, which are coupled to respective sense amplifiers in
sense-amplifier array 825. The sense amplifiers of array 825 convert the complementary signals
to and from single-ended signals on thirty-three array data lines to switch 830. Switch 830, at the
direction of select logic 835A and 835B, connects thirty-two of the thirty-three array data lines to
data interface 815.

[0069] Dividing array 810 into four regions improves coverage for redundant memory
resources. Assuming, for example, that the portion of data unit 605 in array region 810[0]
includes defective memory resources but those portions in regions 810[3:1] are good, then
redundant data unit 605r can be substituted for the defective data unit 605 only when memory
requests are directed to rows within array regions 810[0]. In this way, redundant data unit 605r
can substitute for defective resources in more than one defective data unit. Further, though only
one data unit is designated as redundant, that unit need not be in any way different from the
others, and different embodiments can be provided with different types or amounts of redundant
resources.

[0070] Memory 900 selects between array regions using match logic 930 and four banks of
storage elements 925[3:0], which may be banks of fuses or some other storage mechanism. Each
collection of storage elements corresponds to one of the array regions and stores a six-bit binary
number that uniquely identifies one of the array data lines. One can therefore specify a defective

memory resource within a given array region by programming the corresponding storage element
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with a six-bit number specifying the main data-line pair associated with the defect resource. If
the highlighted data unit 605 includes defective resources in array region 810[3], for example,
storage elements 925[3] can be programmed to indicate the need to substitute that data unit with
data unit 605r when rows within array unit 810[3] are accessed..

[0071] Wordline select logic 935A/B within decoder 820A/B uses all the row-address bits
RA<12:0> to select the addressed row. The two-most significant bits of row address RA<12,11>
distinguish the four array regions, and are used by match logic 930 to present the contents of one
bank of storage elements 925[3:0] as signal RedAdd<5:0> to select logic 835A/B. A main
column select decoder 940A/B decodes main column-select signals from column addresses
CA<2:0>, a process that is timed with respect to a column-access strobe pcas from request
interface 805. The decoding and application of row and column signals is detailed above in
connection with the embodiments of Figures 1-5.

[0072] Figure 10 is a flowchart 1000 illustrating the operation of memory 900 of Figure 9 in
accordance with one embodiment. The process begins at 1005 when RQ interface 805 decodes
an activate command from e.g. a memory controller or processor (not shown) to obtain a row
address RA<12:0>. This decoding can support row redundancy. In an example of a row
redundancy hit in one embodiment, the decoding replaces an external address RA<12:0> with
the internal address of a redundant row to be used. In that case, the row address that flows from
1005 can be the internal address after row redundancy evaluation.

[0073] The row address decoded from 1005 is applied to match logic 930 and wordline select
logic 935A/B. Match logic 930 selects one of the banks of storage elements 925[3:0] based on
row-address bits RA<12,11> and passes the contents to select logic 835A/B as signal

RedAdd<5:0> (1010). Select logic 835A/B then controls ADL switch 830 to connect a thirty-
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two-bit subset of the thirty-three array data lines to the thirty-two column data lines CDL (1015),
the subset selected based on the value of signal RedAdd<5:0> to preclude any array data line
ADL identified as associated with defective memory resources.

[0074] Wordline select logic 935A/B and array 810 begin the process of activating the
addressed row (1020) as soon as the row address is available. At some point, RQ interface 805
decodes a read or write command that specifies a column address CA<2:0> (1025) and uses the
decoded column information to select a column in array 810. Finally, at 1030, data DQ is
conveyed to or from interface 815, depending upon whether the command is for a write or a read
operation.

[0075] Some conventional redundancy schemes identify defective memory resources by
column address. Such systems therefore decode column addresses to identify memory resources
in need of replacement. The embodiment of Figures 9 and 10 instead decodes the row address to
identify memory resources in need of replacement. In system where the row address is available
before the column address, the process of Figure 10 allow more time for address decoding and
resource substitution. This time can be used to improve speed performance and relaxes timing
requirements for the decoding and substitution. In the embodiment of Figure 9, this relaxation
allows the fuses and related circuitry to be physically disposed on the side of array 810 opposite
the interface. This is an important advantage, as the interface side of memory 900 is generally
more spatially restricted than the other side of the array.

[0076] Figure 11 depicts an embodiment of select logic 835A/B of Figure 8 in accordance
with one embodiment. Select logic 835A/B includes conversion logic 1100 that converts signal
RedAdd<5:0> into a thirty-two bit serial data string that is loaded into a series of storage

elements 1105[31:0], thirty-two latches in one embodiment. The outputs of the storage elements
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are provided to a series of AND gates to produce thirty-two select signals S[31:0] that control
ADL switch 830 (Figure 8).

[0077] Conversion logic 1100 behaves as follows. If bit RedAdd<5> is a logic one, then each
of storage elements 1105[31:0] is loaded with a logic one. As a consequence, all outputs S[31:0]
from the AND gates are set to one. As detailed below in connection with Figure 12, this setting
connects array data lines ADL[31:0] to respective ones of column data lines CDL[31:0], leaving
redundant array data line ADLr unused.

[0078] If bit RedAdd<5> is a logic zero, then bits RedAdd<4:0> are decoded to create a
serial data stream that includes a single zero in the bit position that corresponds to a defective
memory resource. In the illustration of Figure 11, bits RedAdd<4:0> are 00010b (decimal value
of 2) to indicate that data line ADL[2] is to be substituted. Storage element 1105[2] is therefore
loaded with a logic zero while the remaining storage elements are loaded with a logic one. The
AND gates combine these stored values to produce a thermometer-coded select signal S[31:0] in
which the first to bits S[1:0] are one and the remaining bits S[31:2] are zero.

[0079] Figure 12 depicts an embodiment of ADL switch 830 adapted to work with-the
embodiment of select logic 835A/B depicted in Figure 11. Switch 830 includes thirty-two
multiplexers, an example of which is detailed at the lower right. Each multiplexer includes two
input nodes coupled to a pair of the thirty-three array data lines ADL[31:0,r]. These multiplexers
couple a thirty-two-bit subset of the array data lines to column data lines CDL[31:0].

[0080] Following the first example of Figure 11, in which signals S[31:0] are all set to one,
each multiplexer directs an array data line ADL[31:0] to a corresponding column data line
CDL[31:0]: the redundant array data line ADLr is ignored. Turning to the second example of

Figure 11, the one in which array data line ADL2 has been deemed to be associated with
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defective memory resources, select logic 835A/B sets the values of select signals S[1:0] to one
and the remaining signals S[31:2] to zero. In that case, as shown in Figure 12, select signals
S[31:0] control the multiplexers to omit a connection to ADL2 in favor of one to redundant array
data line ADLr.

[0081] Recalling the discussion of Figure 8, signal RedAdd[5:0] is selected using row
address bits RA<5,4> to distinguish between array regions 810[3:0]. A single redundant array
data line can thus be used to substitute for as many as four defective collections of memory
resources in this embodiment. Substituting defective array data units based on row-address
signals thus provides more efficient allocation of redundant resources. This efficiency reduces
area and power requirements.

[0082] In the foregoing description and in the accompanying drawings, specific terminology
and drawing symbols are set forth to provide a thorough understanding of the present invention.
In some instances, the terminology and symbols may imply specific details that are not required
to practice the invention. For example, the interconnection between circuit elements or circuit
blocks may be shown or described as multi-conductor or single conductor signal lines. Each of
the multi-conductor signal lines may alternatively be single-conductor signal lines, and each of
the single-conductor signal lines may alternatively be multi-conductor signal lines. Similarly,
signals described or depicted as having active-high or active-low logic levels may have opposite
logic levels in alternative embodiments.

[0083] As another example, circuits described or depicted as including metal oxide
semiconductor (MOS) transistors may alternatively be implemented using bipolar technology or
any other technology in which a signal-controlled current flow may be achieved. With respect to

terminology, a signal is said to be “asserted” when the signal is driven to a low or high logic state
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(or charged to a high logic state or discharged to a low logic state) to indicate a particular
condition. Conversely, a signal is said to be “de-asserted” to indicate that the signal is driven (or
charged or discharged) to a state other than the asserted state (including a high or low logic state,
or the floating state that may occur when the signal driving circuit is transitioned to a high
impedance condition, such as an open drain or open collector condition). A signal driving circuit
is said to “output” a signal to a signal receiving circuit when the signal driving circuit asserts (or
de-asserts, if explicitly stated or indicated by context) the signal on a signal line coupled between
the signal driving and signal receiving circuits. A signal line is said to be “activated” when a
signal is asserted on the signal line, and “deactivated” when the signal is de-asserted.
Additionally, the prefix symbol “/* attached to signal names indicates that the signal is an active
low signal (i.e., the asserted state is a logic low state). In any case, whether a given signal is an
active low or an active high will be evident to those of skill in the art.

[0084] An output of a process for designing an integrated circuit, or a portion of an
integrated circuit, comprising one or more of the circuits described herein may be a computer-
readable medium such as, for example, a magnetic tape or an optical or magnetic disk. The
computer-readable medium may be encoded with data structures or other information describing
circuitry that may be physically instantiated as an integrated circuit or portion of an integrated
circuit. Although various formats may be used for such encoding, these data structures are
commonly written in Caltech Intermediate Format (CIF), Caima GDS II Stream Format (GDSII),
or Electronic Design Interchange Format (EDIF). Those of skill in the art of integrated circuit
design can develop such data structures from schematic diagrams of the type detailed above and
the corresponding descriptions and encode the data structures on computer readable medium.

Those of skill in the art of integrated circuit fabrication can use such encoded data to fabricate
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integrated circuits comprising one or more of the circuits described herein.

[0085] While the present invention has been described in connection with specific
embodiments, variations of these embodiments are also envisioned. For example, the foregoing
examples can be adapted for use in various array architectures, including the well-known open
bitline and folded bitline architectures. These examples are in no way exhaustive, as many
alternatives within the scope of the claims will be obvious to those of ordinary skill in the art.
Moreover, some components are shown directly connected to one another while others are

. shown connected via intermediate components. In each instance the method of interconnection,
or “coupling,” establishes some desired electrical communication between two or more circuit
nodes, or terminals. Such coupling may often be accomplished using a number of circuit
configurations, as will be understood by those of skill in the art. Therefore, the spirit and scope
of the appended claims should not be limited to the foregoing description. For U.S. applications,
only those claims specifically reciting “means for” or “step for” should be construed in the

manner required under the sixth paragraph of 35 U.S.C. Section 112.
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CLAIMS

What is claimed is:

1. A hierarchical memory comprising:

an array of memory sub-arrays, each sub-array including rows and columns of
memory cells, local wordlines extending perpendicular to the columns of memory cells,
and bitlines extending perpendicular to the rows of memory cells;

main wordlines extending parallel to the local wordlines and selectively coupled
to the local wordlines in a first plurality of the sub-arrays;

main data lines extending parallel to the bitlines and over the sub-arrays; and

bit-select logic to selectively couple each main data line to at least one of the

bitlines in a respective second plurality of the sub-arrays.

2. The memory of claim 1, wherein a plurality of sense-amplifier stripes extend between

adjacent ones of the sub-arrays and parallel to the first axis.

3. The memory of claim 2, each sense-amplifier stripe including a plurality of sense

amplifiers, each sense amplifier to receive a sense-amplifier-select signal.

4. The memory of claim 2, wherein each sense-amplifier stripe includes a collection of
sense amplifiers for each sub-array, and sense-amplifier select logic to select between

alternative collections of sense amplifiers in one of the rows of sub-arrays.
5. The memory of claim 2, each sense-amplifier stripe including column-select logic.

6. The memory of claim 5, each sense-amplifier stripe further including the bit-select logic

coupled to the column-select logic via local column-select lines.

7. The memory of claim 2, wherein the main data lines extend over the sense-amplifier
stripes.
8. The memory of claim 1, further comprising, for each sub-array, a plurality of local data

lines connected to respective main data lines and extending parallel to the first axis.

9. The memory of claim 8, wherein each local data line and connected main data line are
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interconnected directly.

The memory of claim 9, wherein each local data line is selectively connectable to exactly

one of the bitlines.

The memory of claim 9, wherein the local data lines are formed in a first metal layer, the
main data line are formed in a second metal layer, and the local and main data lines are

connected by vias.

The memory of claim 8, wherein the local data lines comprise sets of collinear local data

lines.

The memory of claim 8, wherein each of the local data lines is shorter than each of the

local wordlines.

The memory of claim 1, further comprising a plurality of main column-select lines, each
sense-amplifier stripe including local column-select lines and column-select logic to

selectively connect the main column-select line to the local column-select lines.

The memory of claim 14, wherein the main column-select lines extend past multiple sub-

arrays parallel to the second axis.
The memory of claim 1, wherein each of the memory cells is a DRAM memory cell.

The memory of claim 1, embodied in a DRAM integrated circuit, the DRAM integrated
circuit providing an output responsive to a read command from a remote device and
directed to an address associated with the sub-arrays, where the output provides data from

the address.

A method of accessing memory cells in a memory array that includes a plurality of sub-
arrays of memory cells, each sub-array including rows and columns of memory cells,
local wordlines connected to respective rows of memory cells and local bitlines
connected to respective columns of memory cells, the method comprising:

receiving an access request, the access request including a row address and a

column address;
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decoding the row address;

asserting, responsive to the row address, a local wordline signal on at least one of
the local wordlines to activate a row of the memory cells in at least one of the sub-arrays;

decoding the column address; and

connecting, responsive to the column address, a subset of the bitlines to respective
main data lines, each main data line extending over multiple sub-arrays in a direction that

is parallel to the local bit lines.

The method of claim 18, further comprising asserting a main wordline signal on a main
wordline that extends past multiple ones of the sub-arrays and in a direction that is

parallel to the local wordlines.

The method of claim 19, wherein the main wordline extends over multiple ones of the

sub-arrays from a perspective normal to the rows and columns.

The method of claim 19, wherein asserting the local wordline signal further comprises
asserting a local wordline select signal on a wordline select line that extends in parallel

with the bit lines.

The method of claim 21, wherein the wordline select line extends past a plurality of the

sub-arrays.

The method of claim 18, further comprising sensing the stored data with a plurality of
sense amplifiers arranged in a stripe of sense amplifiers, wherein the stripe of sense

amplifiers extends between adjacent sub-arrays and in parallel with the local wordlines.

The method of claim 23, wherein sensing the stored data comprises asserting a sense-
amplifier select signal on a sense-amplifier select line extending through multiple stripes

in parallel with the local wordlines.

The method of claim 18, wherein asserting at least one local wordline signal on at least
one of the local wordlines to activate a row of the memory cells in at least one of the sub-

arrays also activates at least one row of memory cells in at least one adjacent sub-array.

The method of claim 25, wherein the rows of memory cells in adjacent sub-arrays are
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sub-rows of a page of memory cells.

The method of claim 18, wherein asserting at least one local wordline signal on at least
one of the local wordlines to activate a row of the memory cells in at least one of the sub-

arrays activates one row of memory cells in each of two adjacent sub-arrays.

A DRAM comprising:

an array of memory sub-arrays, each sub-array including rows and columns of
memory cells, local wordlines connected to respective rows of memory cells, and local
bitlines connected to respective columns of memory cells;

N main data lines each extending over multiple sub-arrays and in a direction that
is parallel to the local bitlines; and

M main column-select lines each extending past multiple sub-arrays and in a

direction that is parallel to the local wordlines, wherein N is greater than M.

The DRAM of claim 28, further comprising a plurality of main wordlines each extending

past multiple sub-arrays in a row of sub-arrays parallel to the local wordlines.

The DRAM of claim 29, further comprising bit-select logic to selectively couple each

main data line to each of a plurality of bitlines in the multiple sub-arrays.

The DRAM of claim 30, wherein a plurality of sense-amplifier stripes extend between

adjacent ones of the sub-arrays and parallel to the local wordlines.
The DRAM of claim 31, each sense-amplifier stripe including column-select logic.

The DRAM of claim 32, each sense-amplifier stripe further including the bit-select logic

coupled to the column-select logic via local column-select lines.

A memory comprising:

a memory array having rows and columns of memory cells interconnected by
respective wordlines and bitlines, each memory cell including a control terminal coupled
to a wordline and a data terminal connected to one of the data lines;

an address decoder to selectively assert row-address signals on respective

wordlines to enable respective rows of memory cells; and
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a data-line switch coupled to the data lines, the switch to select a subset of the

data lines responsive to the row-address signals.

The memory of claim 34, wherein the memory array includes master array data units
arranged in parallel, each master array data unit including at least one of the data lines
and a plurality of bitlines selectively coupled to the at least one data line responsive to

column-select signals.

The memory of claim 35, the memory array including a plurality of column-select lines
extending over the data units perpendicular to the data lines to provide the column-select

signals to the data units.

The memory of claim 36, wherein each of the data units receives the same column-select

signals.

The memory of claim 34, wherein the memory array is divided into array regions
separately addressed using a subset of the row-address signals, and wherein the selection
circuit selects the subset of the data lines responsive to the subset of the row-address

signals.

The memory of claim 38, further comprising, for each array region, a storage element to

identify an excluded data line for memory accesses to the region.
The meinory of claim 39, wherein the storage elements include fuses.

The memory of claim 39, further comprising match logic coupled to the storage elements
to select one of the excluded main data lines based on the subset of the row-address

signals.

The memory of claim 39, wherein the memory array is physically disposed between the

storage elements and the selection circuit.

The memory of claim 34, the subset of the data lines to collectively convey data of a data

width expressed as single-ended or differential signals.
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The memory of claim 34:

wherein each of the data lines is selectively coupled to a respective subset of the
wordlines and memory cells;

wherein the subset of the wordlines and memory cells selectively coupled to one
of the data lines includes defective memory resources; and

wherein the data-line selection circuit decouples the one of the data lines
selectively coupled to the defevctive memory resources responsive to the row-address
signals selecting the subset of the wordlines and memory cells that includes defective

memory resources.

The memory of claim 44, wherein the one of the data lines selectively coupled to the
defective memory resources is selectively coupled to alternative memory resources, and
wherein the data-line selection circuit includes the one of the data lines selectively
coupled to the defective memory resources responsive to the row-address signals

selecting the alternative memory resources.

An access method for writing to and reading from a memory array having rows and
columns of memory cells interconnected by respective wordlines and data lines, each
memory cell including a control terminal coupled to a wordline and a data terminal
coupled to one of the data lines, the method comprising:
receiving an activate command specifying a row address of the memory cells;
decoding the row address to identify a subset of the array data lines; and

conveying data to or from the memory array via the subset of the array data lines.

The method of claim 46, further comprising receiving a second command specifying a
column address; wherein the decoding of the row address begins prior to receipt of the

second command.

The method of claim 46, wherein at least one of the array data lines is part of a redundant
data resource, and wherein the decoding substitutes the redundant data resource for a

defective data resource.

The method of claim 46, wherein the array data lines extend through regions of memory
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cells, each region including rows of memory cells, and wherein decoding the row address
to identify the subset of the data lines comprises determining which of the array data lines
is coupled to a defective memory resource in one of the regions specified by the row

address.

The method of claim 49, wherein an array data line coupled to the defective memory
resource in the one of the regions specified by the first-mentioned row address is a
member of the subset of the data lines for a second row address specifying a second of

the regions.
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