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iment of a memory device includes a memory stack having one or more
memory die elements, including a first memory die element, and a system
element coupled with the memory stack. The first memory die element in-
cludes multiple through silicon vias (TSVs), the TSVs including data TSVs
and one or more spare TSVs, and self-repair logic to repair operation of ade-
fective TSV of the plurality of data TSVs, the repair of operation of the de-
fective TSV including utilization of the one or more spare TSVs.
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SELF-REPAIR LOGIC FOR STACKEDMEMORY ARCHITECTURE

TECHNICAL FIELD
[0001] Embodiments of the invention generally relate to the field of
electronic devices and, more particularly, to self-repair logic for stacked memory

architecture.

BACKGROUND

[0002] To provide more dense memory for computing operations,
concepts involving memory devices (which may bereferred to as 3D stacked
memory, or stacked memory) having aplurality of closely coupled memory
elements have been developed. A 3D stacked memory may include coupled layers
or packages of DRAM (dynamic random-access memory) memory elements, which
may bereferred to as amemory stack. Stacked memory may be utilized to provide
agreat amount of computer memory in a single device or package, where the device
or package may aso include certain system components, such as a memory
controller and CPU (central processing unit).

[0003] However, there may asignificant cost in the manufacture of 3D
stacked memory, in comparison with the cost of simpler memory elements. Inthe
construction of stacked memory devices, amemory die that iswithout flaws when
fabricated may develop flaws in the manufacture of the 3D stacked memory
package. Because of this, the cost of defective memory devices may be significant

for device manufacturers, or for customers who purchase electronic devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Embodiments of the invention are illustrated by way of example,
and not by way of limitation, in the figures of the accompanying drawings in which
like reference numerals refer to similar elements.

[0005] Figure 1 illustrates an embodiment of a 3D stacked memory;

[0006] Figure 2 illustrates an embodiment of a self-repair apparatus or
system that provides for replacement of defective TSV operation using generation

of error correction code;
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[0007] Figure 3is an illustration of the generation of error correction
code in an embodiment of an apparatus or system;

[0008] Figure 4 illustrates an embodiment of error correction elements
for a apparatus or system providing self-repair of defective TSV operation;

[0009] Figure 5is an illustration of an apparatus or system providing for
self-repair of TSV operation using substitution of defective TSVs with spare TSV,

[0010] Figure 6is an illustration of an embodiment of an apparatus or
system providing for use of data of spare TSV's to substitute for data from defective
TSVs,

[001 1] Figure 7 is an illustration of an embodiment of identification of
defective TSVs in adevice or system;

[0012] Figure 8 is aflowchart toillustrate an embodiment of aprocess
for using spare TSVs in a stacked memory device to repair operations of defective
TSVs,

[0013] Figure9is an illustration of an embodiment of an apparatus or
system including elements for repair of operations of defective TSVs using spare
TSVs; and

[0014] Figure 10 illustrates an embodiment of acomputing system
including stacked memory having elements for repair of operations of defective

TSVsusing spare TSVs.

DETAILED DESCRIPTION

[0015] Embodiments of the invention are generally directed to self-
repair logic for a stacked memory architecture.

[0016] Asused herein:

[0017] "3D stacked memory" (where 3D indicates three-dimensional) or
"stacked memory" means a computer memory including one or more coupled
memory die layers, memory packages, or other memory elements. The memory
may bevertically stacked or horizontally (such as side-by-side) stacked, or
otherwise contain memory elements that are coupled together. In particular, a
stacked memory DRAM device or system may include amemory device having a

plurality of DRAM die layers. A stacked memory device may also include system
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elements in the device, which may be referred to herein as a system layer or
element, where the system layer may include elements such as a CPU (central
processing unit), amemory controller, and other related system elements. The
system layer may include a system on chip (SoC). In some embodiments, the logic
chip may be an application processor or graphics processing unit (GPU).

[0018] With the advent of the stacked DRAM standard (such asthe
WidelO standard), the DRAM wafer may be stacked with a system element such as
asystem on chip (SoC) wafer in the same package with amemory stack. The
stacked memory may utilize through silicon via (TSV) manufacturing techniques,
where vias are produced through silicon dies to provide signal paths through the
memory stack.

[0019] TSV manufacturing technique is used to interconnect the stacked
silicon chips through direct contact. However, this technique may create a
significant yield loss when TSV's are defective. The stacked memory assembling
process and TSV manufacturing may potentially introduce defects into stacked
memory devices. This may result in an increase in manufacturing and test cost
increase, and may create yield problem in manufacturing. Defective TSVs are a
critical element in stacked memory manufacturing because the existence of
defective TSVswill directly impact manufacturing yield. |f each device having
defective TSVs is discarded, the resulting cost would be significantly greater in
comparison with defects in conventional single die memory because in a stacked
memory both a stacked DRAM package and an SoC will belost. In conventional
memory, arepair process may include replacement of an entire row or column by
extrarow or column, but this does not assist in circumstances in which connecting
TSVs are defective.

[0020] In some embodiments, an apparatus, system, or method includes
self-repair logic utilizing spare TSVsto dynamically perform arepair process for
defective TSVs. In some embodiments, in order to improve reliability, reduce costs,
and increase manufacturing yield, spare TSVs are included among TSVsin a
stacked memory deviceto allow for repairing the defective TSVs. However, repair
logic in a stacked memory should be minimized or reduced to avoid excessive

hardware overhead for stacked memory devices.
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[0021] In some embodiments, self-repair logic, such as error correcting
code (ECC) and redirection of data, may be adopted for repair of defective TSVs
operation using spare TSVs. In some embodiments, a TSV repair technique enables
the dynamic repair of defective TSV by replacing the operation of defective TSV's,
thus enhance the manufacturing yield and reliability of devices by allowing full
operation of stacked memory devices having TSV defects. In some embodiments, a
self-repair technique does not require re-routing of devices or shifting operations to
different elements to replace defective TSVs.

[0022] In some embodiments, the testing to identify defective TSVs and
the self-repair of the operation of defective TSV's may occur at various times, and
may occur multiple times in the lifespan of amemory device. Testing and self-
repair may be either static in initial testing, or dynamic in operation. For example,
testing and self-repair of TSV operation may occur in the manufacturing of stacked
memory devices, and may occur in the manufacture of an apparatus or system
including stacked memory. Further, testing and self-repair may occur in the
operation of such apparatus or system. In an example, testing and self-repair may
occur a each power up cycle for the apparatus or system.

[0023] In some embodiments, an apparatus, system, or method provides
for error correction of datatransferred by the TSVs of amemory device. In some
embodiments, a stacked memory device includes self-repair logic utilizing error
correcting code. In this approach, on atransmitting side, a check bit (or other error
correcting code) is generated based on datato betransferred by aplurality of TSVs.
For example, every databyte may beutilized in the generation of check bits. The
datais transferred viathe TSV, with the check bits being transferred via spare
TSVs.

[0024] On areceiving side, decodes the data (the raw data and the check
bit(s)) and corrects the corrupted data, such that correct data is provided by the
stacked memory device regardless of the defective TSV channel. Thus, even though
there is adefective TSV, the error correcting logic corrects the corrupted data from
the channels and thus provides for replacement of the TSV operation.

[0025] In certain implementations, certain errors may be detected and

corrected, or certain errors may be detected if not corrected, such asin
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circumstances in which there are excessive numbers of defective TSVs. For
example, logic may provide for single error correction and double-error detection
(SEC-DED), single-error-correction and double adjacent error correction (SEC-
DAEC), and other correction and detection operations. 1n one example, SEC-
DAEC may be particularly useful in TSV operation because defects in a device may
cause issues for adjacent TSV's, and thus there may be particular value in correcting
double adjacent errors.

[0026] Multiple different kinds of self-repair logic may beutilized in an
embodiment of an apparatus, system, or method, with error correcting codes and
error detecting codes being common examples. For example, for single-bit error
correcting code, check bits are generated using the dataword. If the size of the data
word isD and the number of required check bits to have SEC-DEC capability is C,
then C is determined when D and C meet the requirements of Equation 1:

22>D +C+1 [1

[0027] Hence, if the data words are 32 bits, 64 bits, and 128 bits, then, 6,
7, and 8 bits of check bits are required to perform single error correction,
respectively. Every 32 TSVs, 64TSVs, or 128TSVs may thus have 6, 7, or 8 spare
TSVsto perform the repair process using error correcting code.

[0028] In some embodiments, an apparatus, system, or method utilizes
the redirection of data from adefective TSV to a spare TSV to provide for repair to
TSV operation. In some embodiments, ahardware mapping process maps a
defective TSV channel to a spare channel to perform the self-repair process. In this
approach, on the transmitting side a mapping multiplexer may be used, where
selection bits for the multiplexer may be dynamically or statically generated. In
some embodiments, on the receiving side de-multiplexing logic is implemented and
selection bits may be generated in the same manner. In adynamic approach, Built-
in Self Test (BIST) logic may be run to identify one or more defective TSVs. In
some embodiments, static and dynamic repair is performed by utilizing hardware
mapping logic in the transmitting side and the receiving side. In some
embodiments, the static and dynamic repair processes use multiplexer/de-

multiplexer logic or other similar logic to route a defective TSV to aspare TSV.
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[0029] In some embodiments, amemory device includes amemory stack
having one or more memory die dements, including afirst memory die element,
and a system element coupled with the memory stack. The first memory die
element includes multiple TSVs, the TSVs including data TSV's and one or more
spare TSVs, and self-repair logic to repair operation of adefective TSV of the
plurality of data TSVs, the repair of operation of the defective TSV including
utilization of the one or more spare TSVs.

[0030] In some embodiments, amethod includes conducting atest of a
stacked memory device, the stacked memory stack including one or more memory
die elements, a system element coupled with the memory stack, and aplurality of
TSVs, detecting one or more defective TSV's of the plurality of TSVs, and repairing
operation of the one or more defective TSV, the repair of operation including
utilization of the one or more spare TSVs.

[003 1 In some embodiments, a system includes aprocessor to process
data of the system; atransmitter, receiver, or both coupled with an omnidirectional
antenna to transmit data, receive data, or both; and a memory to store data, the
memory including a stacked memory device. In some embodiments, the stacked
memory device includes amemory stack having one or more memory die e ements,
including afirst memory die element, and a system element coupled with the
memory stack, wherein the first memory die element includes aplurality of TSVs,
the plurality of TSVsincluding aplurality of data TSVs and one or more spare
TSVs, and self-repair logic to repair operation of a defective TSV of the plurality of
data TSVs, the repair including utilization of the one or more spare TSVs.

[0032] Figure lillustrates an embodiment of a 3D stacked memory. In
this illustration, a 3D stacked memory device 100, such as aWidelO memory
device, includes a system element 110 coupled with one or more DRAM memory
die layers 120, also referred to herein asthe memory stack. In some embodiments,
the system element may be a system on chip (SoC) or other similar element. In this
illustration, the DRAM memory die layers include four memory die layers, these
layers being afirst memory die layer 130, a second memory die layer 140, athird
memory die layer 150, and afourth memory die layer 160. However, embodiments

are not limited to any particular number of memory die layers in the memory stack
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120, and may include a greater or smaller number of memory die layers. Each die
layer may include one or more dices or portions, and may have one or more
different channels. Each die layer may include atemperature compensated self-
refresh (TCSR) circuit to address thermal issues, where the TCSR and a mode
register (MR) may be apart of management logic of the device, and where the MC
may include thermal offset bit(s) for adjustment of refresh rate by the TCSR. The
die layers and the system element may be thermally coupled together.

[0033] Among other elements, the system element 110 may include a
memory controller 112, such as aWidelO memory controller, for the memory stack
120. In some embodiments, each memory die layer (with the possible exception of
the top (or outermost) memory die layer, such asthe fourth memory die layer 160 in
this illustration) includes aplurality of through silicon vias (TSVs) 105 to provide
paths through the memory die layers, as well as one or more spare TSVs 107.

[0034] In some embodiments, the stacked memory device 100 provides
for self-repair of TSV operations utilizing the spare TSVs 107. In some
embodiments, one or more of the memory die layers 120 includes detection logic
(such as detection 132 illustrated in the first memory die layer 130) to detect
defective TSVs. The detection logic 132 may include BIST elements of the
memory die layer. In some embodiments, one or more of the memory die layers
120 includes spare TSV self-repair logic (such asthe self-repair logic 132 illustrated
in the first memory die layer 130) to provide for repair of the TSV operation for
defective TSVs. In some embodiments, the self-repair logic 132 may include error
correction logic utilizing the spare TSV's, where the error correction logic corrects
errors generated by one or more defective TSVs. In some embodiments, the spare
TSV logic may include multiplexing and de-multiplexing operations to alow for the
rerouting of data of defective TSV's through spare TSVs.

[0035] Figure 2 illustrates an embodiment of a self-repair apparatus or
system that provides for replacement of defective TSV operation using generation
of error correction code. Figure 2 illustrates an embodiment of hardware
architecture to generate check bits based on areceived dataword. However,

embodiments are not limited to any particular error correction structure. In some
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embodiments, regardless of the location of defective TSV, corrupted data may be
restored by the ECC scheme.

[0036] Inthis illustration, amemory apparatus or system 200 includes a
plurality of TSVs 210, where the plurality of TSVs includes one or more spare
TSVs 215. The non-spare TSVs intended to receive data may bereferred to herein
as data TSVs. Asillustrated, at some point intime, a TSV 220 has become
defective. Asillustrated, inputs to the data TSV's of the plurality of TSVs 210 are
also connected to acheck bit generator 225 (or other error correction code
generator, including error correction code generator 300 in Figure 3). In some
embodiments, the check bit generator 225 generates check bits for transmission via
the spare TSVs 215, where the check bits are used in the correction of data that has
been corrupted by the defective TSV 220.

[0037] Figure 3is an illustration of the generation of error correction
code in an embodiment of an apparatus or system. In some embodiments, aerror
correction code generator 300 (such as check bit generator 225 illustrated in Figure
2) receives each data bit input 305 intended for aplurality of TSVs (such asthe data
TSVs of the plurality of TSVs 210 illustrated in Figure 2).

[003 8] Inthis particular implementation, the error correction code
generator 300 includes aplurality of exclusive OR elements (XOR 320, 325, 330,
and 335) to generate check bits 350 for use in the self-repair process for TSVs.
However, embodiments of a memory apparatus or system are not limited to any
particular error correction code generator implementation.

[0039] Figure 4 illustrates an embodiment of error correction elements
for a apparatus or system providing self-repair of defective TSV operation. In some
embodiments, a memory apparatus or system 400 includes error correction logic
450 to provide for self-repair of defective TSV operation. In some embodiments,
the correction logic will receive data from aplurality of TSVs 410 coupled to
connections 425, where the TSVs include spare TSVs 415, the spare TSV's being
utilized to provide generated error correction code based on the data transmitted via
the non-spare TSVs.

[0040] Inthis example, the TSVs include one or more defective TSV,

such as a defective TSV 420. In some embodiments, the memory apparatus or
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system utilizes the error correction logic to provide self-repair of the operation of
the defective TSV 420 by generating corrections for errors caused by the defective
TSV.

[0041] Figure 5is an illustration of an apparatus or system providing for
self-repair of TSV operation using substitution of defective TSVs with spare TSVs.
In some embodiments, a hardware mapping process, which may be utilized in static
and dynamic repairs, utilize multiplexer/de-multiplexer logic to route data intended
for adefective TSV to aspare TSV.

[0042] In some embodiments, amemory apparatus or system 500
receives aplurality of functional values 505 that are intended for a set of TSV's 510,
where the TSV's of the apparatus or system 500 also include one or more spare
TSVs 515. In some embodiments, the apparatus or system includes a multiplexer
530, where the multiplexer is used to choose a data line for which there is a
defective TSV such that the data for the defective TSV isrouted to aspare TSV. In
some embodiments, the transmission of the data via the spare TSV allows for self-
repair of the operation of the defective TSV in transmission of the relevant data.

[0043] Figure 5illustrates a particular implementation iswhich a
multiplexer element is used to re-route datato a spare channel. However,
embodiments are not limited to this particular implementation, and may utilize any
elements that provide for the selection of the data of a defective TSV for
transmission using aspare TSV. For example, the multiplexer logic may be
implemented using standard cell, pass transistor, or primitive logic gates. If apass
transistor logic implementation is chosen in an embodiment, then the pass transistor
logic may be added to al channels of the memory device for delay balancing.

[0044] In aparticular example, if the third TSV of aplurality of TSVsis
determined to be defective (such as shown in Figure 5), a defect location may be
identified by fusing for a static operation, where afuse 540 is illustrated for each
transmission TSV. The fusing is represented in Figure 5as“1' or '0' (where '1'
indicates a defect location and '0' indicates alocation having no defect). Inthis
implementation, defect location bits are used as mux/demux selection bits.
However, embodiments are not limited to this particular implementation of the

selection data for the multiplexer and de-multiplexer operations.
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[0045] Figure 6is an illustration of an embodiment of an apparatus or
system providing for use of data of spare TSVs to substitute for data from defective
TSVs. In some embodiments, amemory apparatus or system 600 includes a
plurality of TSVs 610 to transfer functional values 605, where the TSV's include one
or more spare TSVs 615 for use in the self-repair of defective TSV operation. In
this illustration, TSV 620 is defective, and as aresult the data intended for such
TSV has instead been transmitted via a substitute TSV of the one or more spare
TSVs 615. In some embodiments, the apparatus or system 600 includes a
demultiplexer 650 for use in directing the data received from the spare TSVs 615 to
the correct location for the defective TSV 620. While not included in this
illustration, the selection of for the demultiplexer may include fusing as illustrated
in Figure 5.

[0046] Figure 7 is an illustration of identification of defective TSVsin a
device or system. Inthisillustration, aplurality of TSVs 710 may include one or
more defective 720 TSVs. At apoint intime, atest of the TSVs may occur, where
the testing may include the use of BIST circuitry in the memory die elements of the
apparatus of system. Inthis illustration, atest sequence may include the input of
various inputs 705, including al T . Inthisillustration, the defective TSV 720
provides an erroneous '0" value in outputs 735. In some embodiments, the
apparatus or system operates to identify the TSV 720 as defective, and to utilize
such information to provide for self-repair of the operation of the TSV.

[0047] In some embodiments, for dynamic repair aBIST engine may be
run as apart of theinitia firmware bring up/Reset sequence. In some embodiments,
hardware may be implemented to detect the failing channel dynamically. For
example, the hardware implementation may include acounter to keep track of a
number of read mismatches, and a comparator is implemented to compare expected
number of reads with total read mismatches. If the number of mismatches equals the
expected number, then the failing TSV channel can beidentified. Asan example, a
DRAM may have four entries with each entry having awidth of 32. Inthis
example, the BIST engine writes all 1'sto each entry and reads each entry of the 4
entries back. If read mismatch = 4 and if al the mismatches are indicated to the

same failing bit (say data bit 25), then the TSV channel corresponding to data bit 25
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isthe failing and needs to bereplaced. In some embodiments, once the failing
channel location is identified, mux/demux select bits may be programmed in one of
multiple different ways such as firmware, uCode, or any other data bit programming
method.

[0048] Figure 8is aflowchart to illustrate an embodiment of a process
for using spare TSVs in a stacked memory device to repair operations of defective
TSVs. Inthis illustration, testing may be conducted for a stacked memory device
805, where the stacked memory device includes spare TSVs and logic to provide for
self-repair of defective TSV operation. 1n some embodiments, there may be testing
to determine whether one or more defective TSV's have been identified in the
stacked memory device 810. If no defective TSV's have been identified, normal
operation may be commenced or continued 815, which, depending on the
implementation, may be followed by period retesting of the memory device 805,
such astesting on start up of the apparatus or system containing the memory device.

[0049] In some embodiments, the testing of TSVs may vary depending
on the self-repair implementation. 1n some embodiments, the testing may include
the generation of error correction bits for transmission via the one or more spare
TSVs. In some embodiments, the testing may include testing utilizing BIST
circuitry of the memory device.

[0050] In some embodiments, if one or more defective TSVs are
identified 810, then operations are implemented to provide self-repair of the
operation of the defective TSVs using the one or more spare TSV's 820.

[005 1 In some embodiments (shown as Process A), the self-repair
includes receiving the generated error correction bits that are transmitted via the
gpare TSVs 825. In some embodiments, corrected data for the defective TSVs is
generated using error correction logic 830, where the corrected data is based upon
the received data and error correction data. The memory device operation then
proceeds using the corrected data 835, allowing commencement or continuation of
normal operation of the memory device 815.

[0052] In some embodiments (shown as Process B), the self-repair
includes identifying a spare TSV for each defective TSV 850, and setting a
multiplexer (or other logic elements) to direct data intended for the defective TSV to

11
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the spare TSV 855. In some embodiments, a demultiplexer is set to direct data from
the identified spare TSVs to the appropriate data connections for the one or more
defective TSVs 860. The memory device operation then proceeds using the spare
TSV data path 865, allowing commencement or continuation of normal operation of
the memory device 815.

[0053] Figure9isan illustration of an embodiment of an apparatus or
system including elements for repair of operations of defective TSVs using spare
TSVs. Computing device 900 represents a computing device including amobile
computing device, such as alaptop computer, atablet computer (including a device
having atouchscreen without a separate keyboard; a device having both a
touchscreen and keyboard; adevice having quick initiation, referred to as "instant
on" operation; and adevice that is generally connected to anetwork in operation,
referred to as "always connected"), amobile phone or smart phone, awireless-
enabled e-reader, or other wireless mobile device. It will be understood that certain
of the components are shown generally, and not all components of such adevice are
shown in device 900. The components may be connected by one or more buses or
other connections 905.

[0054] Device 900 includes processor 910, which performs the primary
processing operations of device 900. Processor 910 can include one or more
physical devices, such as microprocessors, application processors, microcontrollers,
programmable logic devices, or other processing means. The processing operations
performed by processor 910 include the execution of an operating platform or
operating system on which applications, device functions, or both are executed. The
processing operations include operations related to 1/0 (input/output) with ahuman
user or with other devices, operations related to power management, operations, or
both related to connecting device 900 to another device. The processing operations
may also include operations related to audio 1/0O, display 1/0, or both.

[0055] In one embodiment, device 900 includes audio subsystem 920, which
represents hardware (such as audio hardware and audio circuits) and software (such
as drivers and codecs) components associated with providing audio functions to the
computing device. Audio functions can include speaker, headphone, or both such

audio output, aswell as microphone input. Devices for such functions can be
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integrated into device 900, or connected to device 900. In one embodiment, a user
interacts with device 900 by providing audio commands that are received and
processed by processor 910.

[0056] Display subsystem 930 represents hardware (such as display devices)
and software (such as drivers) components that provide a display having visual,
tactile, or both elements for auser to interact with the computing device. Display
subsystem 930 includes display interface 932, which includes the particular screen
or hardware device used to provide adisplay to auser. In one embodiment, display
interface 932 includes logic separate from processor 910 to perform at least some
processing related to the display. In one embodiment, display subsystem 930
includes atouch screen device that provides both output and input to a user.

[0057] 1/O controller 940 represents hardware devices and software
components related to interaction with auser. I/O controller 940 can operate to
manage hardware that is part of audio subsystem 920, adisplay subsystem 930, or
both such subsystems. Additionally, 1/0 controller 940 illustrates a connection point
for additional devices that connect to device 900 through which auser might
interact with the system. For example, devicesthat can be attached to device 900
might include microphone devices, speaker or stereo systems, video systems or
other display device, keyboard or keypad devices, or other 1/O devices for use with
specific applications such as card readers or other devices.

[0058] Asmentioned above, 170 controller 940 may interact with audio
subsystem 920, display subsystem 930, or both such subsystems. For example, input
through a microphone or other audio device can provide input or commands for one
or more applications or functions of device 900. Additionally, audio output can be
provided instead of or in addition to display output. In another example, if display
subsystem includes atouch screen, the display device aso acts as an input device,
which can be a least partially managed by 1/O controller 940. There can also be
additional buttons or switches on device 900 to provide 1/0 functions managed by
[/O controller 940.

[0059] In one embodiment, I/0O controller 940 manages devices such as
accelerometers, cameras, light sensors or other environmental sensors, or other

hardware that can be included in device 900. The input can be part of direct user
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interaction, aswell asproviding environmental input to the system to influence its
operations (such as filtering for noise, adjusting displays for brightness detection,
applying aflash for acamera, or other features).

[0060] In one embodiment, device 900 includes power management 950 that
manages battery power usage, charging of the battery, and features related to power
saving operation.

[0061] In some embodiments, memory subsystem 960 includes memory
devices for storing information in device 900. The processor 910 may read and
write data to elements of the memory subsystem 960. Memory can include
nonvolatile (having a state that does not change if power to the memory deviceis
interrupted), volatile (having a state that is indeterminate if power to the memory
device is interrupted) memory devices, or both such memories. Memory 960 can
store application data, user data, music, photos, documents, or other data, aswell as
system data (whether long-term or temporary) related to the execution of the
applications and functions of system 900.

[0062] In some embodiments, the memory subsystem 960 may include a
stacked memory device 962, where the stacked memory device includes one or
more memory die layers and a system element. In some embodiments, the stacked
memory device 962 include spare TSV self-repair logic 964, where the self-repair
logic 964 provides for replacement of the operation of defective TSVsusing the
spare TSV's of the stacked memory device.

[0063] Connectivity 970 includes hardware devices (e.g., connectors and
communication hardware for wireless communication, wired communication, or
both) and software components (e.g., drivers, protocol stacks) to enable device 900
to communicate with external devices. The device could be separate devices, such
as other computing devices, wireless access points or base stations, aswell as
peripherals such as headsets, printers, or other devices.

[0064] Connectivity 970 can include multiple different types of
connectivity. To generalize, device 900 is illustrated with cellular connectivity 972
and wireless connectivity 974. Cellular connectivity 972 refers generaly to cellular
network connectivity provided by wireless carriers, such as provided via 4G/LTE

(Long Term Evolution), GSM (global system for mobile communications) or
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variations or derivatives, CDMA (code division multiple access) or variations or
derivatives, TDM (time division multiplexing) or variations or derivatives, or other
cellular service standards. Wireless connectivity 974 refers to wireless connectivity
that is not cellular, and can include personal area networks (such as Bluetooth),
local area networks (such as WiFi), wide area networks (such as WiMax), and other
wireless communications. Connectivity may include one or more omnidirectional
or directional antennas 976.

[0065] Peripheral connections 980 include hardware interfaces and
connectors, aswell as software components (e.g., drivers, protocol stacks) to make
peripheral connections. It will be understood that device 900 could both be a
peripheral device ("to" 982) to other computing devices, aswell as have peripheral
devices ("from" 984) connected to it. Device 900 commonly has a"docking"
connector to connect to other computing devices for purposes such as managing
(such as downloading, uploading, changing, or synchronizing) content on device
900. Additionally, adocking connector can allow device 900 to connect to certain
peripherals that allow device 900 to control content output, for example, to
audiovisua or other systems.

[0066] In addition to aproprietary docking connector or other proprietary
connection hardware, device 900 can make peripheral connections 980 via common
or standards-based connectors. Common types can include aUniversal Serial Bus
(USB) connector (which can include any of anumber of different hardware
interfaces), DisplayPort including MiniDisplayPort (MDP), High Definition
Multimedia Interface (HDMI), Firewire, or other type.

[0067] Figure 10 illustrates an embodiment of acomputing system
including stacked memory having elements for repair of operations of defective
TSVsusing spare TSVs. The computing system may include a computer, server,
game console, or other computing apparatus. In this illustration, certain standard
and well-known components that are not germane to the present description are not
shown. Under some embodiments, the computing system 1000 comprises an
interconnect or crossbar 1005 or other communication means for transmission of
data. The computing system 1000 may include aprocessing means such as one or

more processors 1010 coupled with the interconnect 1005 for processing
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information. The processors 1010 may comprise one or more physical processors
and one or more logical processors. The interconnect 1005 is illustrated as a single
interconnect for simplicity, but may represent multiple different interconnects or
buses and the component connections to such interconnects may vary. The
interconnect 1005 shown in Figure 10 is an abstraction that represents any one or
more separate physical buses, point-to-point connections, or both connected by
appropriate bridges, adapters, or controllers.

[0068] In some embodiments, the computing system 1000 further
comprises arandom access memory (RAM) or other dynamic storage device or
element as amain memory 1012 for storing information and instructions to be
executed by the processors 1010. RAM memory includes dynamic random access
memory (DRAM), which requires refreshing of memory contents, and static random
access memory (SRAM), which does not require refreshing contents, but a
increased cost. In some embodiments, main memory may include active storage of
applications including abrowser application for using in network browsing
activities by auser of the computing system. DRAM memory may include
synchronous dynamic random access memory (SDRAM), which includes aclock
signal to control signals, and extended data-out dynamic random access memory
(EDO DRAM). In some embodiments, memory of the system may include certain
registers or other special purpose memory.

[0069] In some embodiments, the main memory 1012 includes stacked
memory 1014, wherein the stacked memory includes spare TSV self-repair logic
1015.

[0070] The computing system 1000 also may comprise aread only
memory (ROM) 1016 or other static storage device for storing static information
and instructions for the processors 1010. The computing system 1000 may include
one or more non-volatile memory elements 1018 for the storage of certain elements.

[0071] In some embodiments, the computing system 1000 includes one
or more input devices 1030, where the input devices include one or more of a
keyboard, mouse, touch pad, voice command recognition, gesture recognition, or

other device for providing an input to acomputing system.
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[0072] The computing system 1000 may also be coupled via the
interconnect 1005 to an output display 1040. In some embodiments, the display
1040 may include aliquid crystal display (LCD) or any other display technology,
for displaying information or content to auser. In some environments, the display
1040 may include atouch-screen that is also utilized as at least apart of an input
device. In some environments, the display 1040 may be or may include an audio
device, such as a speaker for providing audio information.

[0073] One or more transmitters or receivers 1045 may also be coupled
to the interconnect 1005. In some embodiments, the computing system 1000 may
include one or more ports 1050 for the reception or transmission of data. The
computing system 1000 may further include one or more omnidirectional or
directional antennas 1055 for the reception of datavia radio signals.

[0074] The computing system 1000 may also comprise apower device
or system 1060, which may comprise apower supply, abattery, asolar cell, afuel
cell, or other system or device for providing or generating power. The power
provided by the power device or system 1060 may be distributed as required to
elements of the computing system 1000.

[0075] In the description above, for the purposes of explanation,
numerous specific details are set forth in order to provide athorough understanding
of the present invention. It will be apparent, however, to one skilled in the art that
the present invention may be practiced without some of these specific details. In
other instances, well-known structures and devices are shown in block diagram
form. There may beintermediate structure between illustrated components. The
components described or illustrated herein may have additional inputs or outputs
which are not illustrated or described.

[0076] Various embodiments may include various processes. These
processes may be performed by hardware components or may be embodied in
computer program or machine-executable instructions, which may be used to cause
ageneral-purpose or special-purpose processor or logic circuits programmed with
the instructions to perform the processes. Alternatively, the processes may be

performed by acombination of hardware and software.
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[0077] Portions of various embodiments may be provided as a computer
program product, which may include anon-transitory computer-readable storage
medium having stored thereon computer program instructions, which may be used
to program acomputer (or other electronic devices) for execution by one or more
processors to perform aprocess according to certain embodiments. The computer-
readable medium may include, but is not limited to, floppy diskettes, optical disks,
compact disk read-only memory (CD-ROM), and magneto-optical disks, read-only
memory (ROM), random access memory (RAM), erasable programmable read-only
memory (EPROM), electrically-erasable programmable read-only memory
(EEPROM), magnet or optical cards, flash memory, or other type of computer-
readable medium suitable for storing electronic instructions. Moreover,
embodiments may also be downloaded as a computer program product, wherein the
program may betransferred from aremote computer to arequesting computer.

[0078] Many of the methods are described in their most basic form, but
processes can be added to or deleted from any of the methods and information can
be added or subtracted from any of the described messages without departing from
the basic scope of the present invention. It will be apparent to those skilled in the
art that many further modifications and adaptations can be made. The particular
embodiments are not provided to limit the invention but to illustrate it. The scope of
the embodiments of the present invention is not to be determined by the specific
examples provided above but only by the claims below.

[0079] If it is said that an element "A" is coupled to or with element
"B," element A may be directly coupled to element B or be indirectly coupled
through, for example, element C. When the specification or claims state that a
component, feature, structure, process, or characteristic A "causes' acomponent,
feature, structure, process, or characteristic B, it means that "A" is at least apartial
cause of "B" but that there may also be & least one other component, feature,
structure, process, or characteristic that assists in causing "B." If the specification
indicates that a component, feature, structure, process, or characteristic "may",
"might", or "could" beincluded, that particular component, feature, structure,

process, or characteristic is not required to beincluded. If the specification or claim
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refersto"a’ or "an" element, this does not mean there is only one of the described
elements.

[0080] An embodiment is an implementation or example of the present
invention. Reference in the specification to "an embodiment," "one embodiment,"
"some embodiments,” or "other embodiments’ means that aparticular feature,
structure, or characteristic described in connection with the embodiments is
included in at least some embodiments, but not necessarily al embodiments. The

non

various appearances of "an embodiment,” "one embodiment,” or "some
embodiments” are not necessarily al referring to the same embodiments. It should
be appreciated that in the foregoing description of exemplary embodiments of the
present invention, various features are sometimes grouped together in asingle
embodiment, figure, or description thereof for the purpose of streamlining the
disclosure and aiding in the understanding of one or more of the various inventive
aspects. This method of disclosure, however, is not to be interpreted as reflecting an
intention that the claimed invention requires more features than are expressly recited
in each claim. Rather, asthe following claims reflect, inventive aspects liein less
than all features of a single foregoing disclosed embodiment. Thus, the claims are
hereby expressly incorporated into this description, with each claim standing on its

own as a separate embodiment of this invention.
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CLAIMS
What is claimed is:

1. A memory device comprising:
amemory stack having one or more memory die elements, including afirst
memory die element; and
asystem element coupled with the memory stack;
wherein the first memory die element includes:
apluraity of through silicon vias (TSVs), the plurality of TSVs
including aplurality of data TSV's and one or more spare
TSVs, and
self-repair logic to repair operation of adefective TSV of the
plurality of data TSV, the repair of operation of the defective

TSV including utilization of the one or more spare TSVs.

2. The memory device of claim 1, wherein the self-repair logic includes an
error correction code generator to generate an error correction code based on
data for the data TSVs, the error correction code to be transferred viathe one

or more spare TSVs.

3. The memory device of claim 2, wherein the self-repair logic further includes

error correction logic to generate corrected data for the defective TSV.

4. The memory device of claim 1, wherein the self-repair logic includes a
detection element to detect the defective TSV.

5. The memory device of claim 4, wherein the self-repair logic includes a
multiplexer element to direct data intended for the defective TSV to afirst
spare TSV.

6. The memory device of claim 5, wherein the self-repair logic further includes
ademultiplexer element to direct datareceived on the first spare TSV to a

connection for the defective TSV.
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10.

11

12.

13.

14.

The memory device of claim 1, wherein the self-repair logic provides for
static repairs of operation of defective TSV's in manufacture of the memory

device.

The memory device of claim 1, wherein the self-repair logic provides for
dynamic repairs of operation of defective TSVs in operation of the memory

device.

The memory device of claim 1, wherein the memory device is aWidelO

compatible device.

A method comprising:

conducting atest of a stacked memory device, the stacked memory stack
including one or more memory die elements, a system element
coupled with the memory stack, and aplurality of through silicon
vias (TSVs);

detecting one or more defective TSV's of the plurality of TSVs; and

repairing operation of the one or more defective TSV's, the repair of

operation including utilization of the one or more spare TSVs.

The method of claim 10, wherein repairing operation of the one or more
defective TSVs includes generating an error correction code based on data

for the data TSVs.

The method of claim 11, further comprising transferring the error correction

code via the one or more spare TSVs.

The method of claim 10, further comprising generating corrected data for the

ohe or more defective TSVs.

The method of claim 10, wherein repairing the operation of the one or more
defective TSVs includes directing data intended for afirst defective TSV to
afirst spare TSVs
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15.

16.

17.

18.

19.

The method of claim 14, wherein repairing the operation of the one or more
defective TSVs further includes directing data received on the first spare
TSV to aconnection for the first defective TSV.

The method of claim 10, wherein repairing the operation of the one or more
defective TSVs includes static repair in manufacture of the stacked memory

device.

The method of claim 10, wherein repairing the operation of the one or more

defective TSVs includes dynamic in operation of the memory device.

A system comprising:
aprocessor to process data of the system;
atransmitter, receiver, or both coupled with an omnidirectional antennato
transmit data, receive data, or both; and
amemory to store data, the memory including a stacked memory device, the
stacked memory device including:
amemory stack having one or more memory die elements, including
afirst memory die element, and
asystem element coupled with the memory stack, wherein the first
memory die element includes:
aplurality of through silicon vias (TSVs), the plurality of
TSVsincluding aplurality of data TSVs and one or
more spare TSVs, and
self-repair logic to repair operation of adefective TSV of the
plurality of data TSVs, the repair including utilization

of the one or more spare TSVs.

The system of claim 18, wherein the self-repair logic includes an error
correction code generator to generate an error correction code based on data
for the data TSV's, the error correction code to be transferred via the one or

more spare TSVs.
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20.

21.

22.

23.

24.

25.

The system of claim 19, wherein the self-repair logic further includes error

correction logic to generate corrected data for the defective TSV.

The system of claim 18, wherein the self-repair logic includes a detection
element to detect the defective TSV.

The system of claim 21, wherein the self-repair logic includes a multiplexer

element to direct data intended for the defective TSV to afirst spare TSV.

The system of claim 22, wherein the self-repair logic further includes a
demultiplexer element to direct data received on the first spare TSV to a

connection for the defective TSV.
The system of claim 18, wherein the system is a mobile device.

The system of claim 24, wherein the mobile device is atablet computer.
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