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An enhanced dual in line memory module (DIMM) connector
includes internal conductive paths that provide access to sig-
naling on standard conductive paths to an industry standard
DIMM. The internal conductive paths are coupled in series or
in parallel with the standard conductive paths through the
connector. Interposer circuitry, such as control circuitry and
or supplemental memory circuitry, may be incorporated on or
within the connector. The interposer circuitry may include
field effect transistor (FET) switching circuitry configured to
selectively decouple a defective dynamic random memory
(DRAM) on a DIMM from a conductive path to a memory
controller and couple a substitute DRAM to the conductive
paths in its place.
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DUAL IN LINE MEMORY MODULE (DIMM)

CONNECTOR
BACKGROUND
[0001] 1. Field
[0002] The present disclosure generally relates to memory

design and fabrication. More specifically, one aspect of the
present disclosure relates to an enhanced dual in line memory
module (DIMM) connector.

[0003] 2. Background

[0004] Electronic devices, such as computers and cellular
telephones, are generally constructed from a large number of
electronic components mounted on one or more densely
populated circuit boards. The performance characteristics
and functionality of electronic devices may be limited by
circuit board surface area constraints. Adding new features or
functionalities to an electronic device to be constructed from
components of a particular scale generally involves increas-
ing the surface area of one or more circuit boards in the device
or removing other features and functionalities from the
device.

[0005] Personal computers, workstations, servers and
many other general purpose computers and special purpose
computers are commonly constructed using a base circuit
board, often referred to as a motherboard or backplane,
coupled to a number of separate circuit boards, often referred
to as, modules or expansion cards. A motherboard generally
includes a number of industry standard connectors mounted
on its surface and a number of conductive paths coupled to the
standard connectors. Modules or expansion cards generally
include a set of exposed conductive contacts along an edge
portion, which are electrically coupled to respective conduc-
tive paths in and arranged for mating with the industry stan-
dard connectors.

SUMMARY

[0006] A memory module connector includes a connector
body configured to mechanically retain an industry standard
memory module to a circuit board and a first set of electrical
paths extending through the connector body. The first set of
electrical paths is configured to electrically couple the indus-
try standard memory module to the circuit board. The
memory module connector also includes a second set of elec-
trical paths configured for coupling the first set of electrical
paths to logic circuitry on the connector body.

[0007] A system includes a memory controller, a connector
supporting an industry standard memory module(s). The con-
nector includes logic operable to access and route pin outs of
primary and secondary memory devices. The system also
includes a redundancy controller coupled to the connector.
The redundancy controller is operable to direct the connector
to activate and remap the secondary memory devices to
replace a failing primary memory device in response to a
request from the memory controller.

[0008] A method for controlling a memory module connec-
tor includes electrically coupling an industry standard
memory module to a memory controller circuit on a circuit
board via a set of electrical paths extending through a con-
nector body. The connector body is configured to mechani-
cally retain the industry standard memory module to the
circuit board. The method also includes coupling the first set
of electrical paths to logic circuitry on the connector body.
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The logic circuitry is configured for accessing signaling to
and from the industry standard memory module.

[0009] A memory module connector includes means for
mechanically retaining an industry standard memory module
to a circuit board. The memory module connector according
to this aspect also includes a first set of electrical paths
extending through the mechanically retaining means. The
first set of electrical paths are configured to electrically
couple the industry standard memory module to the circuit
board. The memory module connector also includes a second
set of electrical paths configured for coupling the first set of
electrical paths to logic circuitry on the mechanically retain-
ing means.

[0010] This has outlined, rather broadly, the features and
technical advantages of the present disclosure in order that the
detailed description that follows may be better understood.
Additional features and advantages of the disclosure will be
described below. It should be appreciated by those skilled in
the art that this disclosure may be readily utilized as a basis for
modifying or designing other structures for carrying out the
same purposes of the present disclosure. It should also be
realized by those skilled in the art that such equivalent con-
structions do not depart from the teachings of the disclosure
as set forth in the appended claims. The novel features, which
are believed to be characteristic of the disclosure, both as to its
organization and method of operation, together with further
objects and advantages, will be better understood from the
following description when considered in connection with
the accompanying figures. It is to be expressly understood,
however, that each of the figures is provided for the purpose of
illustration and description only and is not intended as a
definition of the limits of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a more complete understanding of the present
disclosure, reference is now made to the following descrip-
tion taken in conjunction with the accompanying drawings.
[0012] FIG. 1A is anillustration of a conventional, industry
standard dual in-line memory module (DIMM) and a DIMM
connector.

[0013] FIG. 1B is an illustration of a conventional, industry
standard DIMM connector.

[0014] FIG. 2 is an illustration of a conventional, industry
standard DIMM and a DIMM connector on a base printed
circuit board.

[0015] FIGS. 3A and 3B are illustrations of an enhanced
DIMM connector including interposer circuitry according to
an aspect of the present disclosure.

[0016] FIG. 4 is a cross-sectional side view of an enhanced
DIMM connector including interposer circuitry coupled in
series with standard conductive paths according to aspects of
the present disclosure.

[0017] FIG. 5 is a cross-sectional side view of an enhanced
DIMM connector including interposer circuitry coupled in
parallel with standard conductive paths according to aspects
of the present disclosure.

[0018] FIG. 6 is schematic diagram of a DIMM coupled to
an enhanced DIMM connector including field effect transis-
tor (FET) switches configured to implement a spare DRAM
scheme according to aspects of the present disclosure.
[0019] FIG. 7 is a process flow diagram illustrating a
method for controlling a memory module according to
aspects of the present disclosure.
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[0020] FIG. 8 is a block diagram showing an exemplary
wireless communication system in which a configuration of
the disclosure may be advantageously employed.

[0021] FIG.9is ablock diagram illustrating a design work-
station used for circuit, layout, and logic design of a memory
system component according to one configuration.

DETAILED DESCRIPTION

[0022] The detailed description set forth below, in connec-
tion with the appended drawings, is intended as a description
of various configurations and is not intended to represent the
only configurations in which the concepts described herein
may be practiced. The detailed description includes specific
details for the purpose of providing a thorough understanding
of'the various concepts. It will be apparent to those skilled in
the art, however, that these concepts may be practiced without
these specific details. In some instances, well-known struc-
tures and components are shown in block diagram form in
order to avoid obscuring such concepts. As described herein,
the use of the term “and/or” is intended to represent an “inclu-
sive OR”, and the use of the term “or” is intended to represent
an “exclusive OR”.

[0023] According to aspects of the present disclosure, inter-
poser circuitry is configured on the surface of a dual in-line
memory module (DIMM) connector or embedded within the
body of a DIMM connector. The interposer circuitry is
coupled to conductive paths in the DIMM connector to access
any signaling to and/or from a DIMM installed in the con-
nector. The disclosed DIMM connector may conform to
industry standard conductor arrangements and physical
dimensions for coupling to standard DIMMs. Incorporating
the interposer circuitry on the DIMM connector or within the
DIMM connector body according to aspects of the present
disclosure allows additional capability to be included on a
computing device without increasing the physical size of the
computing device. The disclosed signal interface on a DIMM
connector provides a way to leverage outgoing or incoming
signals, such as control signals and/or data signals to or from
a DIMM, in numerous ways.

[0024] According to an aspect of the present disclosure, an
enhanced DIMM connector including interposer circuitry
may mitigate the effect of memory errors. As memory density
continues to increase in many electronic devices and com-
puter systems, the likelihood of memory errors such as single
and multiple bit errors also increases. Various error correction
techniques have been devised for identifying and correcting
errors in electronic devices and computers. Certain previ-
ously known error correction techniques, which are widely
used in server designs and other computer devices, involve
the use of special DIMMs that can provide error correction
codes to a memory controller for identification and/or correct
single bit memory errors.

[0025] Custom DIMMs have also been previously used to
implement more complex error handling techniques. Never-
theless, the use of custom DIMMs to provide additional error
correction functionality is much more expensive than using
standard DIMMs. Moreover, the use of custom DIMMs in a
system design can add cost by constraining the DIMM system
architecture and/or tying the system design to a single DIMM
vendor, for example. An enhanced DIMM connector includ-
ing connector mounted control circuitry, according to an
aspect of the present disclosure, facilitates the implementa-
tion of error protection schemes that can reduce the detrimen-
tal effects of single bit errors and multiple bit errors in a
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computing device without adding substantial cost, and con-
suming additional space within the computing device.
[0026] FIGS. 1A-1B and FIG. 2 show a dual in-line
memory module (DIMM) 100, which is an industry standard
type of module, which generally includes a series of dynamic
random-access memory (DRAM) integrated circuits 102
mounted on a printed circuit board (PCB) 104. Electrical
contacts 106 coupled to the integrated circuits 102 by con-
ductive paths on the PCB 104 are spaced in a standard
arrangement along an edge of the DIMM 100 for mating with
respective conductive terminals of a DIMM connector 108.
The electrical contacts 106 are commonly located on both
sides of the PCB 104 for mating with two separate rows of
conductive terminals in the DIMM connector 108.

[0027] DIMM connectors 108 are industry standard con-
nectors configured for removable coupling of the DIMMs 100
to a base printed circuit board (PCB) such as a motherboard.
As shown in FIG. 1B, a DIMM connector 108 includes a
connector body 110 and a number of conductive terminals
112 that extend through the connector body 110. Each of the
conductive terminals 112 generally includes a mating portion
114 and a solder portion 115. The mating portions are
arranged inside a slot 116 of the connector body 110 to
contact a corresponding electrical contact 106 of a DIMM
100. Industry standard DIMM connectors may include sepa-
rate sets of contacts arranged on each side of the slot 116 for
providing an electrical interface between corresponding con-
tacts on two sides of a DIMM 100.

[0028] AsshowninFIG. 1B and FIG. 2,a DIMM connector
108 is generally permanently coupled to a base PCB, such as
a motherboard 200, by soldering the solder portion 115 of
each of the conductive terminals 112 of the DIMM connector
108 to the conductive paths of the motherboard 200. DIMM
connectors 108 may also be coupled to a motherboard 200 by
mechanical means such as snap arms 118 or mechanical
fasteners. This mechanical attachment securely locates the
DIMM connector 108 on a surface of the motherboard 200
and relieves strain from solder joints that couple the solder
portions 115 of the conductive terminals 112 to conductive
paths of the motherboard 200.

[0029] Referring to FIGS. 3A and 3B, one aspect of the
present disclosure includes an enhanced DIMM connector
300 configured to provide supplemental contacts between a
custom integrated circuit (IC), referred to herein as interposer
circuitry 302, and standard contacts of the enhanced DIMM
connector 300. The connector mounted on the interposer
circuitry 302 may include logic circuitry, such as control
circuitry and/or one or more secondary dynamic random
access memory (DRAM) arrays, for example. In one
example, a set of supplemental contacts allows the interposer
circuitry 302 to send and/or receive signals to and/or from
DIMMs that are mounted in the enhanced DIMM connector
300.

[0030] According to an aspect of the present disclosure, the
enhanced DIMM connector 300 provides access to some or
all of the signaling between a base PCB such as a mother-
board or backplane and memory on a DIMM. By locating the
interposer circuitry 302 on the body 304 of an enhanced
DIMM connector 300, no additional space on the base PCB or
on the DIMM is consumed by the control circuitry.

[0031] FIG. 4 is a cross-sectional side view illustration of
an enhanced DIMM connector 400 according to an aspect of
the present disclosure in which the interposer circuitry 402 is
coupled in series with conductive paths 406, 406' extending
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through the connector. The conductive path 406, 406' pro-
vides coupling between a base PCB and a DIMM installed in
the enhanced DIMM connector 400. For example, the con-
ductive path 406, 406' may be arranged in an industry stan-
dard arrangement. Coupling of the interposer circuitry 402 in
series with the conductive paths 406, 406' allows the inter-
poser circuitry 402 to actively access signals to and/or from
the DIMM, such as data (DQ) and data strobe (DQS), for
example.

[0032] FIG. 5 is a cross-sectional side view illustration of
an enhanced DIMM connector 500 according to an aspect of
the present disclosure in which the interposer circuitry 502 is
coupled in parallel with conductive paths 506, 506' extending
through the connector. The conductive path 506, 506' provide
coupling between a base PCB and a DIMM installed in the
enhanced DIMM connector 500 and may be arranged in an
industry standard arrangement, for example. Coupling of the
interposer circuitry 502 in parallel with the conductive paths
506, 506' allows the interposer circuitry 502 to passively
access signals to and/or from the DIMM, such as command
and address signals, for example.

[0033] According to another aspect of the present disclo-
sure, an enhanced DIMM connector may include one or more
conductive paths 406, 406' coupled in series with interposer
circuitry as shown in FIG. 4 and one or more conductive paths
506, 506' coupled in parallel with the interposer circuitry as
shown in FIG. 5.

[0034] Theinterposer circuitry on an enhanced DIMM con-
nector according to aspects of the present disclosure may
include logic circuitry operable to access and route signals to
and/or from memory circuitry of a DIMM that is inserted in
the connector. In an example implementation, the logic is
operable to access and route conductive paths between pri-
mary and secondary memory devices to provide error correc-
tion functionality and/or redundancy. The primary memory
device and/or the secondary memory device may be located
on the DIMM that is installed in the connector. Alternatively,
according to an aspect of the present disclosure, the second-
ary memory device may be incorporated in the interposer
circuitry, for example.

[0035] In one example implementation of the disclosed
DIMM connector, interposer circuitry to implement an error
correction scheme includes control circuitry in an integrated
circuit (IC) mounted directly to the body of the disclosed
DIMM connector. This example of using connector mounted
control circuitry to provide error protection can reduce the
detrimental effects of single bit errors and multiple bit errors
in a computing device without consuming additional space
within the computing device.

[0036] Inanother example implementation of the disclosed
DIMM connector, the interposer circuitry is configured to add
spare dynamic random access memory (DRAM) circuitry to
amemory system. The spare DRAM circuitry may be actively
substituted for a defective DRAM on the DIMM, for
example. This dynamic substitution of DRAM mitigates the
effects of single bit errors and multiple bit errors on a DIMM
without relying on a custom DIMM solution or increasing the
physical size of a computing device.

[0037] An example of a DRAM substitution scheme that
may be implemented using an enhanced DIMM connector,
according to an aspect of the present disclosure, is described
with reference to FIG. 6. In this example, a standard DIMM
600 including a number of DRAM chips 602 is installed in an
enhanced DIMM connector 604. The enhanced DIMM con-
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nector 604 is coupled to memory controller circuitry 606,
which may be mounted on a printed circuit board such as a
motherboard or backplane, for example. Interposer circuitry
includes a number of field effect transistor (FET) switches
and is mounted or incorporated within the enhanced DIMM
connector 604. A first subset of the FET switches 608 is
coupled in series with conductive paths coupling each DRAM
chip 602 on the standard DIMM 600 with the memory con-
troller circuitry 606. A second subset of the FET switches 609
is coupled in series with conductive paths coupling one or
more spare DRAMs 610 to the memory controller circuitry
606. Each FET switch 608 in the first subset has a correspond-
ing FET switch 609 in the second subset.

[0038] According to an aspect of the present disclosure,
spare select circuitry 612 is coupled to an enable input on each
of'the FET switches 608, 609. The spare select logic circuitry
is configured to generate a spare select signal, which turns off
one of the FET switches 608 in the first subset to decouple a
defective DRAM chip 602 from the memory controller cir-
cuitry 606 and, at the same time, turns on the corresponding
FET switch 609 in the second subset to couple a spare DRAM
chip 610 to the memory controller circuitry 606. In one imple-
mentation, the spare DRAM chip 610 may be mounted on, or
incorporated in, the enhanced DIMM connector, for example.
In another implementation, the spare DRAM chip may be
mounted on the printed circuit board or on another DIMM
that is separately coupled to the memory controller, for
example.

[0039] Inoneexample, a connector mounted control circuit
may include a redundancy controller that delivers a subset of
the DRAM signals external to the connector in order to utilize
secondary DRAMs. The redundancy controller may deliver a
subset of the DRAM signals to a secondary DRAM located
within an enhanced DIMM connector. In one example, the
redundancy controller includes persistent storage for keeping
track of which secondary DRAMs are in use.

[0040] According to an aspect of the present disclosure,
logic circuitry is configured to access and/or reroute signaling
through an enhanced DIMM connector. The signal paths
being accessed may be hardwired to a specific predetermined
set of contacts in the enhanced DIMM connector and/or
routed through a number of FET switches controlled by the
logic circuitry on the enhanced DIMM connector, for
example. The disclosed DIMM connector may be scaled up to
receive multiple spare DRAMSs on a single enhanced DIMM
connector. Additional industry standard DIMM connectors
and/or enhanced DIMM connectors may be included in a
memory system for coupling spare DRAMs to a printed cir-
cuit board, such as a motherboard or backplane.

[0041] According to an aspect of the present disclosure, a
memory system may be configured to include industry stan-
dard DIMMs and the disclosed enhanced DIMM connectors.
Each of the industry standard DIMMs may be seated in a
respective one of the presently disclosed enhanced DIMM
connectors. In another example, each of a subset of the indus-
try standard DIMMs may be seated in a respective one of the
presently disclosed enhanced DIMM connectors, while the
remainder may be seated in industry standard connectors. In
some memory implementations, according to an aspect of the
present disclosure, a memory system may include modules
seated on a single one of the disclosed enhanced DIMM
connectors, for example.

[0042] A method for controlling a memory module accord-
ing to an aspect of the present disclosure is described with
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reference to FIG. 7. The method 700 includes electrically
coupling an industry standard memory module to a memory
controller circuit on a circuit board first via a set of electrical
paths at block 702. The first set of electrical paths extends
through a connector body configured to mechanically retain
an industry standard memory module to the circuit board. At
block 704, the method 700 also includes coupling the first set
of electrical paths to logic circuitry on the connector body.
The logic circuitry is configured for accessing signaling to
and from the industry standard memory module, for example.
[0043] According to an aspect of the disclosure, the method
700 may include coupling a spare select signal path to the
logic circuitry atblock 706, and receiving a spare select signal
from a memory controller on the spare select signal path at
block 708. The method also includes coupling a spare DRAM
to the first set of data paths via a second set of data paths
extending through the connector body in response to receiv-
ing the spare select signal at block 710. At block 712, the
method 700 includes decoupling a defective DRAM on the
industry standard memory module from the first set of data
paths in response to receiving the spare select signal.

[0044] According to an aspect of the present disclosure the
method 700 may also include checking the standard memory
module for dynamic random access memory (DRAM) fail-
ures at block 714 and sending the spare select signal to the
logic circuitry in response to detecting a failure of the DRAM
at block 716.

[0045] In one aspect of the present disclosure, a memory
module connector includes means for mechanically retaining
an industry standard memory module to a circuit board. The
memory module connector also includes a first set of electri-
cal paths extending through the mechanically retaining
means. [n one aspect, the mechanically retaining means is the
connector body 110. In another aspect, the aforementioned
means may be any structure configured to perform the func-
tions recited by the aforementioned means. Although specific
means have been set forth, it will be appreciated by those
skilled in the art that not all of the disclosed means are
required to practice the disclosed configurations. Moreover,
certain well known means have not been described, to main-
tain focus on the disclosure.

[0046] FIG. 8 is a block diagram showing an exemplary
wireless communication system 800 in which an aspect of the
disclosure may be advantageously employed. For purposes of
illustration, FIG. 8 shows three remote units 820, 830, and
850 and two base stations 840. It will be recognized that
wireless communication systems may have many more
remote units and base stations. Remote units 820, 830, and
850 include IC devices 825 A, 825C and 8258 that include the
disclosed enhanced DIMM connector apparatus. It will be
recognized that other devices may also include the disclosed
enhanced DIMM connector apparatus, such as the base sta-
tions, switching devices, and network equipment. FIG. 8
shows forward link signals 880 from the base station 840 to
the remote units 820, 830, and 850 and reverse link signals
890 from the remote units 820, 830, and 850 to base stations
840.

[0047] In FIG. 8, remote unit 820 is shown as a mobile
telephone, remote unit 830 is shown as a portable computer,
and remote unit 850 is shown as a fixed location remote unit
in a wireless local loop system. For example, the remote units
may be mobile phones, hand-held personal communication
systems (PCS) units, portable data units such as personal data
assistants, GPS enabled devices, navigation devices, set top
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boxes, music players, video players, entertainment units,
fixed location data units such as meter reading equipment, or
other devices that store or retrieve data or computer instruc-
tions, or combinations thereof. Although FIG. 8 illustrates
remote units according to the teachings of the disclosure, the
disclosure is not limited to these exemplary illustrated units.
Aspects of the disclosure may be suitably employed in many
devices, which include an enhanced DIMM connector appa-
ratus.

[0048] FIG.9 is a block diagram illustrating a design work-
station used for circuit, layout, and logic design of a memory
system component, such as the enhanced DIMM connector
apparatus disclosed above. A design workstation 900
includes a hard disk 901 containing operating system soft-
ware, support files, and design software such as Cadence or
OrCAD. The design workstation 900 also includes a display
902 to facilitate design of a circuit 910 or a semiconductor
component 912 such as an enhanced DIMM connector appa-
ratus. A storage medium 904 is provided for tangibly storing
the circuit design 910 or the semiconductor component 912.
The circuit design 910 or the semiconductor component 912
may be stored on the storage medium 904 in a file format such
as GDSII or GERBER. The storage medium 904 may be a
CD-ROM, DVD, hard disk, flash memory, or other appropri-
ate device. Furthermore, the design workstation 900 includes
a drive apparatus 903 for accepting input from or writing
output to the storage medium 904.

[0049] Data recorded on the storage medium 904 may
include specify logic circuit configurations, pattern data for
photolithography masks, or mask pattern data for serial write
tools such as electron beam lithography. The data may further
include logic verification data such as timing diagrams or net
circuits associated with logic simulations. Providing data on
the storage medium 904 facilitates the design of the circuit
design 910 or the semiconductor component 912 by decreas-
ing the number of processes for designing semiconductor
wafers.

[0050] For a firmware and/or software implementation, the
methodologies may be implemented with modules (e.g., pro-
cedures, functions, and so on) that perform the functions
described herein. A machine-readable medium tangibly
embodying instructions may be used in implementing the
methodologies described herein. For example, software
codes may be stored in a memory and executed by a processor
unit. Memory may be implemented within the processor unit
or external to the processor unit. As used herein, the term
“memory” refers to types of long term, short term, volatile,
nonvolatile, or other memory and is not to be limited to a
particular type of memory or number of memories, or type of
media upon which memory is stored.

[0051] If implemented in firmware and/or software, the
functions may be stored as one or more instructions or code
on a computer-readable medium. Examples include com-
puter-readable media encoded with a data structure and com-
puter-readable media encoded with a computer program.
Computer-readable media includes physical computer stor-
age media. A storage medium may be an available medium
that can be accessed by a computer. By way of example, and
not limitation, such computer-readable media can include
RAM, ROM, EEPROM, CD-ROM or other optical disk stor-
age, magnetic disk storage or other magnetic storage devices,
or other medium that can be used to store desired program
code in the form of instructions or data structures and that can
be accessed by a computer; disk and disc, as used herein,
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includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray disc where
disks usually reproduce data magnetically, while discs repro-
duce data optically with lasers. Combinations of the above
should also be included within the scope of computer-read-
able media.

[0052] In addition to storage on computer readable
medium, instructions and/or data may be provided as signals
on transmission media included in a communication appara-
tus. For example, a communication apparatus may include a
transceiver having signals indicative of instructions and data.
The instructions and data are configured to cause one or more
processors to implement the functions outlined in the claims.
[0053] It should be appreciated that memory devices
including the enhanced DIMM connectors described herein
may be included within a personal computer, GPS enabled
devices, navigation devices, set top boxes, music players,
video players, entertainment units, fixed location data units
such as meter reading equipment, or any other device that
stores or retrieves data or computer instructions, or any com-
bination thereof. Accordingly, aspects of the disclosure may
be suitably employed in any device, which includes active
integrated circuitry including memory having magnetic tun-
nel junction (MTJ) storage elements as disclosed herein.
[0054] Further, it should be appreciated that various
memory systems and devices can include an array of
enhanced DIMM connectors as disclosed herein. Addition-
ally, the enhanced DIMM connectors disclosed herein may be
used in various other applications, such as network server
applications, for example. Accordingly, although portions of
the foregoing disclosure discuss the stand alone enhanced
DIMM connector, it will be appreciated that various aspects
can include devices into which the enhanced DIMM connec-
tor is incorporated.

[0055] Accordingly, aspects can include machine-readable
media or computer-readable media embodying instructions
which when executed by a processor transform the processor
and any other cooperating elements into a machine for per-
forming the functionalities described herein as provided for
by the instructions.

[0056] While the foregoing disclosure shows illustrative
aspects, it should be noted that various changes and modifi-
cations could be made herein without departing from the
scope of the disclosure as defined by the appended claims.
The functions, steps and/or actions of the method claims in
accordance with the aspects described herein need not be
performed in any particular order. Furthermore, although ele-
ments of the aspects may be described or claimed in the
singular, the plural is contemplated unless limitation to the
singular is explicitly stated.

[0057] Although the present disclosure and its advantages
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the technology of the disclo-
sure as defined by the appended claims. For example, rela-
tional terms, such as “above,” “below,” “top” and “bottom”
are used with respect to a substrate or electronic device. Of
course, if the substrate or electronic device is inverted, above
becomes below, top becomes bottom and vice versa. Addi-
tionally, if oriented sideways, the terms “above,” “below,”
“top” and “bottom” may refer to sides of a substrate or elec-
tronic device, for example.

[0058] Theword “exemplary” is used herein to mean “serv-
ing as an example, instance, or illustration.” Any aspect
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described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other aspects. Like-
wise, the term “aspects of the disclosure” does not require that
all aspects of the disclosure include the discussed feature,
advantage or mode of operation. The terminology used herein
is for the purpose of describing particular aspects only and is
not intended to be limiting of aspects of the disclosure.
[0059] As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises,” “‘comprising,”
“includes” and/or “including,” when used herein, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof
[0060] Moreover, the scope of the present application is not
intended to be limited to the particular configurations of the
process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from the
disclosure, processes, machines, manufacture, compositions
of'matter, means, methods, or steps, presently existing or later
to be developed that perform substantially the same function
or achieve substantially the same result as the corresponding
configurations described herein may be utilized according to
the present disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What is claimed is:

1. A memory module connector, comprising:

a connector body configured to mechanically retain an
industry standard memory module to a circuit board;

a first set of electrical paths extending through the connec-
tor body and configured to electrically couple the indus-
try standard memory module to the circuit board; and

a second set of electrical paths configured for coupling the
first set of electrical paths to logic circuitry on the con-
nector body.

2. The memory module connector of claim 1, further com-
prising the logic circuitry coupled to the second set of elec-
trical paths and mounted on the connector body.

3. The memory module connector of claim 2, in which the
logic circuitry is operable to route signals on the first set of
electrical paths between a primary memory device and a
secondary memory device.

4. The memory module of claim 2, in which the logic
circuitry is configured to perform dynamic random access
memory (DRAM) error detection.

5. The memory module of claim 1 integrated into a set top
box, a music player, a video player, an entertainment unit, a
navigation device, a computer, a portable data unit, and/or a
fixed location data unit.

6. A system, comprising:

a memory controller;

a connector supporting at least one industry standard
memory module and including logic operable to access
and route pin outs of a plurality of primary and second-
ary memory devices; and

a redundancy controller coupled to the connector, the
redundancy controller operable to direct the connector
to activate and remap the secondary memory devices to
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replace a failing primary memory device in response to
a request from the memory controller.

7. The system of claim 6, in which the at least one industry
standard memory module comprises an industry standard
dual in-line memory module (DIMM); and

the primary and secondary memory devices comprise a

dynamic random access memory DRAM.

8. The system of claim 7, in which the redundancy control-
ler is operable to supply a subset of DRAM signals secondary
DRAMSs external to the connector.

9. The system of claim 7, in which the redundancy control-
ler is operable to supply a subset of DRAM signals to a
secondary DRAM located within the connector.

10. The system of claim 6, in which the redundancy con-
troller is operable to detect DRAM failure using error correc-
tion codes.

11. The system of claim 6, in which the redundancy con-
troller includes persistent storage indicating which ones of
the secondary memory devices are in use.

12. The system of claim 6, in which each of the at least one
industry standard memory module is seated in the connector.

13. The system of claim 6, in which a subset of the at least
one industry standard memory modules are seated in the
connector while a remainder are seated in industry standard
connectors.

14. The system of claim 6, further comprising at least one
field effect transistor (FET) switch coupled to a logic circuitry
on the connector and configured to access and route the pin
outs.

15. The system of claim 6 integrated into a set top box, a
music player, a video player, an entertainment unit, a naviga-
tion device, a computer, a portable data unit, and/or a fixed
location data unit.

16. A method for controlling a memory module connector,
comprising:

electrically coupling an industry standard memory module

to a memory controller circuit on a circuit board via a
first set of electrical paths extending through a connector
body, the connector body configured to mechanically
retain the industry standard memory module to the cir-
cuit board; and

coupling the first set of electrical paths to logic circuitry on

the connector body, the logic circuitry configured for
accessing signaling to and from the industry standard
memory module.

17. The method of claim 16, further comprising:

coupling a spare select signal path to the logic circuitry;

receiving a spare select signal from a memory controller on

the spare select signal path;
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coupling a spare DRAM to a first set of data paths via a
second set of data paths extending through the connector
body in response to receiving the spare select signal; and

decoupling a defective DRAM on the industry standard
memory module from the first set of data paths in
response to receiving the spare select signal.

18. The method of claim 17, further comprising:

checking the industry standard memory module for
dynamic random access memory (DRAM) failures;

sending the spare select signal to the logic circuitry in
response to detecting a failure of the DRAM.

19. The method of claim 16, further comprising integrating
the memory module connector into a set top box, a music
player, a video player, an entertainment unit, a navigation
device, a computer, a portable data unit, and/or a fixed loca-
tion data unit.

20. A memory module connector, comprising:

means for mechanically retaining an industry standard
memory module to a circuit board;

a first set of electrical paths extending through the
mechanically retaining means and configured to electri-
cally couple the industry standard memory module to
the circuit board; and

a second set of electrical paths configured for coupling the
first set of electrical paths to logic circuitry on the
mechanically retaining means.

21. The memory module connector of claim 20, further
comprising a redundancy controller coupled to the memory
module connector, the redundancy controller operable to
direct the memory module connector to activate and remap
secondary memory devices to replace a failing primary
memory device in response to a request from a memory
controller.

22. The memory module connector of claim 20, further
comprising the logic circuitry coupled to the second set of
electrical paths and mounted on the mechanically retaining
means.

23. The memory module connector of claim 22, in which
the logic circuitry is operable to route signals on the first set of
electrical paths between a primary memory device and a
secondary memory device.

24. The memory module of claim 22, in which the logic
circuitry is configured to perform dynamic random access
memory (DRAM) error detection.

25. The memory module of claim 20 integrated into a set
top box, a music player, a video player, an entertainment unit,
anavigation device, a computer, a portable data unit, and/or a
fixed location data unit.
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