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MANAGEMENT OF MEMORY REFRESH POWER
CONSUMPTION

Inventor(s):

William Henry Mangione-Smith

CROSS-REFERENCE TO RELATED APPLICATIONS

The ;Sresent application is related to and claims the benefit of the earliest
available effective filing date(s) from the following listed application(s) (the “Related
Applications”) (e.g., claims earliest available priority dates for other than provisional
patent applications or claims benefits under 35 USC § 119(e) for provisional patent
applications, for any and all .parent, grandparent, great-grandparent, etc. applications of
the Related Application(s)).

Related Applications:

For purposes of the USPTO extra-statutory requirements, the present
application constitutes a continuation-in-part of United States Patent application entitled
PERIODICALLY AND EMPIRICALLY DETERMINED MEMORY REFRESH
INTERVALS, naming William Henry Mangione-Smith as inventor, USAN:

, filed April 26, 2006.

The United States Patent Office (USPTO) has published a notice to the effect
that the USPTO’s computer programs require that patent applicants reference both a
serial number and indicate whether an application is a continuation or continuation-in-
part. Stephen G. Kunin, Berefir of Prior-Filed Application, USPTO Official Gazette
March 18, 2003, available at http://www.uspto.gov/web/offices/com/sol/og/2003/

week1 1/patbene.htm. The present applicant entity has provided above a specific

reference to the application(s) from which priority is being claimed as recited by statute,
Applicant entity understands that the statute is unambiguous in its specific reference

language and does not requife either a serial number or any characterization, such as
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“continuation” or “continuation-in-pdrt,” for claiming priority to U.S. patent
applications. Notwithstanding the foregoing, applicant entity understands that the
USPTO’s computer programs have certain data entry requirements, and hence applicant
entity is designating the present application as a continuation-in-part of its parent
applications as set forth above, but expressly points out that such designations are not to
be construed in any way as any type of commentary and/or admission as to whether or
not the present application contains any new matter in addition to the matter of its
parent application(s). |

All subject matter of the Related Applications and of any and all parent, grandparent,
great-grandparent, etc. applications of the Related Applications is incorporated herein

by reference to the extent such subject matter is not inconsistent herewith.

Summary
An embodiment provides a thethod. The method includes determining in

a hardware-implemented controller an extended refresh period of a memory having a
nominal refresh period. The extended refresh period based at least in part on a
monitored result that indicates a discovered memory loss. The method also includes
scheduling in the hardware-implemented controller a refresh of the memory during the
extended refresh period. The method may include monitoring a result from the memory
for an indication of a discovered memory loss using the hardware-implemented
controller. The method may also include monitoring a result from the memory for an
indication of a discovered memory loss solvable by a periodic refresh using the
hardware-implemented controller. The method may further include discovering a
memory loss using the hardware-implemented controller.- The method may include
testing the memory for an indication of a memory loss using the hardware-implemented
controller. In addition to the foregoing, other method embodiments are described in the
claims, drawings, and text that form a part of the preseht application.

Another embodiment provides a device. The device includes means for

determining an extended refresh period of 2 memory having a nominal refresh period,

‘the extended refresh period based at least in part on a monitored result that indicates a
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discovered memory loss. The device also includes means for scheduling in the
hardware-implemented controller a refresh of the memory during the extended refresh
period. The device may include means implemented in the hardware controller for
monitoring a result from the memory for an indication of a memory loss. The device
may fﬁrther include means for causing a testing of the memory for an indication of a
memory loss solvable by a cyclical refresh. In addition to the foregoing, other device
embodiments are described in the claims, drawings, and text that form a part of the
present application.

A further embodiment provides an apparatus. The apparatus includes a
processor, a dynamic memory, and a hardware-implemented memory control circuit.
The hardware-implemented control circuit includes a control circuit for establishing an
extended refresh period of the dynamic memory based at least in part on a monitored
result that indicates an occurrence of a memory loss by the dynamic memory. The
hardware-implemented control circuit also includes a control circuit for causing a
refresh of the dynamic memory during each of at least two extended refresh periods.
The apparatus may include a semiconductor chip that includes the dynamic memory
having a nominal refresh period, the hardware-implemented memory control circuit,
and the processor. The apparatus may also include a circuit board having the processor
and the hardware-implemented memory control circuit respectively operably coupled

" thereto, and a communications interface operably coupled with the circuit board. The
apparatus may further include a semiconductor chip that includes the processor, the
dynamic memory, and the hardware-implemented memory control circuit. Tﬁe
apparatus may further include a power supply, a communications interface, and a
housing at least substantially enclosing the semiconductor chip, the power supply, and
the communications interface. In addition to the foregoing, other apparatus
embodiments are described in the claims, drawings, and text that form a part of the
present application.

An embodiment provides a method. The method includes periodically
determining in a hardware-implemented controller a refresh interval of a dynamic

memory. The refresh interval being responsive to a monitored result that indicates a
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discovered retention loss of a content of the memory. The method also includes
scheduling in the hardware-implemented controller a refresh of the dynamic memory
during each of at least two respective refresh intervals. The method may include
monitoring a result of a memory operation that indicates a discovered retention loss of a
content of the memory. The method may include discovering a retention loss of a
contént of the memory. In addition to the foregoing, other method embodiments are
described in the claims, drawings, and text that form a part of the present application.

Another embodiment provides a device. The device includes means for
periodically determining a refresh interval of a dynamic memory. The refresh interval
is responsive to a monitored result that indicates a discovered retention loss of a content
of the memory. The device also includes means for scheduling a refresh of the dynamic
memory during each of at least two respective refresh intervals. In addition to the
foregoing, other device embodiments are described in the claims, drawings, and text
that form a part of the present application.

A further embodiment provides a memory controller implemented in
hardware. The memory controller includes an evaluation module operable to determine
periodically a refresh interval of a dynamic memory. The refresh interval is responsive
to a monitored result that indicates a discovered retention loss of a content of the
dynamic memory. The memory controller also includes a manager module operable to
schedule a refresh of the dynamic memory during each of at least refresh intervals. In
addition to the foregoing, other embodiments of a memory controller implemented in
hardware are described in the claims, drawings, and text that form a part of the present
application.

An embodiment provides a device. The device includes 2 memory that
requires a periodic refresh and having a nominal refresh period, and a processor
operably coupled with the memory. The device also includes a hardware-implemented
control circuit for periodically discovering a retention time of at least a portion of the
memory that requires a periodic refresh. The hardware-implemented control circuit is
also for determining a refresh period that is not more than the discovered retention time

of the at least a portion of the memory that requires a periodic refresh, and for
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scheduling a refresh of the at least a portion of the memory that requires a periodic
refresh at least once each refresh period. The device may include a semiconductor chip
that includes the memory that requires a periodic refresh, the hardware-implemented,
control circuit, and the processor operably coupled with the memory that requires a
periodic refresh. The device may further include a circuit board, a semiconductor chip
operably coupled with the circuit board and that includes the processor and the -
hardware-implemented control circuit, and a communications interface. The device
may further include a circuit board operably coupled with memory, the processor, and
the hardware-implemented control circuit; a power supply; and a housing that encloses
the power supply and the circuit board.

The foregoing summary is illustrative only and is not intended to be in
any way limiting. In addition to the illustrative aspects, embodiments, and features
described above, further aspects, embodiments, and features will become apparent by

reference to the drawings and the following detailed description.

Brief Description of the Drawings

FIG. 1 illustrates an exemplary general-purpose computing system in
which embodiments n:lay be implemented;

FIG. 2 illustrates an exemplary operational flow in which embodiments
may be implemented; .

FIG. 3 illustrates an alternative embodiment of the exemplary
operational flow of FIG. 2;

FIG. 4 illustrates a;nother alternative embodiment of the cxempla;y _
operational flow of FIG. 2;

FIG. 5 illustrates a further embodiment of the exemplary operational
flow of FIG. 2;

FIG. 6 illustrates an alternative embodiment of the exemplary
operational flow of FIG. 2;

FIG. 7 illustrates another alternative embodiment of the exemplary

operational flow of FIG. 2;
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FIG. 8 illustrates a further alternative embodiment of the exemplary
operational flow of FIG. 2;

FIG. 9 illustrates an alternative embodiment of the exemplary
operational flow of FIG. 2;

FIG. 10 illustrates another alternative embodiment of the exemplary
operational flow of FIG. 2;

FIG. 11 illustrates a further alternative embodiment of the exemplary
operational flow of FIG. 2;

FIG. 12 illustrates an alternative embodiment of the exemplary
operational flow of FIG. 2;

FIG. 13 illustrates a further alternative embodiment of the exemplary
operational flow of FIG. 2;

FIG. 14 illustrates a partial view of an exemplary device in which
embodiments may be implemented;

FIG. 15 illustrates a partial view of an exemplary appafatus in which

embodiments may be implemented;

FIG. 16 illustrates an alternative embodiment of the exemplary apparatus

of FIG. 15;
FIG. 17 illustrates an exemplary a computing system environment in

which embodiments may be implemented;

FIG. 18 illustrates an exemplary operationai flow in which embodiments

may be implemented;

FIG. 19 illustrates an alternative embodiment of the exemplary
operational flow of FiG 18; ‘

FIG. 20 illustrates another alternative embodiment of the exemplary
operational flow of FIG 18; '

FIG. 21 illustrates a further alternative embodiment of the exemplary
operational flow of FIG 18;

FIG. 22 illustrates another alternative embodiment of the exemplary
operational flow of FIG 18;
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FIG. 23 illustrates a further alternative embodiment of the exemplary
operational flow of FIG 18;

FIG. 24 illustrates another alternative embodiment of the exemplary
operational flow of FIG 18; }

FIG. 25 illustrates a partial view of an exemplary apparatus in which
embodiments may be implemented;

FIG. 26 illustrates a partial view of an exemplary memory controller
implemented in hardware in which embodiments may be implemented; and

FIG. 27 illustrates a partial view of an exemplary device in which

embodiments may be implemented.

Detailed Description

In the following detailed descripﬁon, reference is made to the
accompanying drawings, which form a part hereof. In the drawings, similar symbols
typically identify similar components, unless context dictates otherwise. The illustrated
embodiments described in the detailed description, drawings, and claims are not meant -
to be limiting. Other embodiments may be utilized, and other changes may be made,
without departing from the spirit or scope of the subject matter presented here.

FIG. 1 illustrates an exemplary general-purpose computing system in
which embodiments may be implemented, shown as a co.mputing system environment
100. Components of the computing system environment 100 may include, but are not
limited to, a computing device 110 having a processing unit 120, a sys;cem memory 130,
and a system bus 121 that couples various system components including the system
memory to the processing unit 120. The system bus 121 may be any of several types of
bus structures including a memory bus or memory controller, a peripheral bus, and a
local bus using any of a variety of bus architectures. By way of example, and not
limitation, such architectures include Industry Standard Architecture (ISA) bus, Micro
Channel Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video Electronics
Standards Association (VESA) local bus, and Peripheral Componqni Interconnect (PCI)

bus, also known as Mezzanine bus.
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The computing system environment 100 typically includes a variety of
computer-readable media products. Computer-readable medig may include any media
that can be accessed by the computing device 110 and include both volatile and
nonvolatile media, removable and non-removable media. By way of example, and not
of limitation, computer-readable media may include computer storage media and
communications media. Computer storage media includes volatile and nonvolatile,
removable and non-removable media implemented in any method or technology for
storage of information such as computer-readable instructions, data structures, program
modules, or other data. Computer storage media include, but are not limited to,
random-access memory (RAM), read-only memory (ROM), electrically erasable
programmable read-only memory (EEPROM), flash memory, or other memory
technology, CD-ROM, digital versatile disks (DVD), or other optical disk storage,
magnetic cassettes, magnetic tape, magnetic disk storage, or other magnetic storage
devices, or any other medium which can be used to store the desired information and
which can be accessed by the computing device 110. Communications media typically
embody computer-readable instructions, data structures, program modules, or other data
in a modulated data signal such as a carrier wave or other transport mechanism and
include any information delivery media. The term “modulated data signal” means a
signal that has one or more of its characteristics set or changed in such a manner as to
encode information in the signal. By way of example, and not limitation,
communications media include wired media such as a wired network and a direct-wired
connection and wireless media such as acoustic, RF, optical, and infrared media.
Combinations of any of the above should also be included within the scope of
computer-readable media.

The system memory 130 includes computer storage media in the form of
volatile and nonvolatile memory such as ROM 131 and RAM 132. A basic input/output
system (BIOS) 133, containing the basic routines that help to transfer information
between elements within the computing device 110, such as during start-up, is typically
stored in ROM 131. RAM 132 typically contains data and program modules that are

immediately accessible to or presently being operated on by processing unit 120. By
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way of example, and not limitation, FIG. 1 illustrates an operating system 134,
application programs 135, other program modules 136, and program data 137. Often,
the operating system 134 offers services to applications programs 135 by way of one or
more application programming interfaces (APIs) (not shown). Because the operating
system 134 incorporates these services, developers of applications programs 135 need
not redevelop code to use the services. Examples of APIs provided by operating
systems such as Microsoft's "WINDOWS" are well known in the art. Inan
embodiment, an information store may include a computer storage media.

The computing device 110 may also include other removable/non-
removable, volatile/nonvolatile computer storage media products. By way of example
only, FIG. 1 illustrates a non-removable non-volatile memory interface (hard disk
interface) 140 that reads from and writes to non-removable, non-volatile magnetic
media, a magnetic disk drive 151 that reads from and writes to a removable, non-
volatile magnetic disk 152, and an optical disk drive 155 that reads from and writes to a
removable, non-volatile optical disk 156 such as a CD ROM. Other
removable/nonremovable, volatile/non-volatile computer storage media that can be used
in the exemplary operating environment include, but are not limited to, magnetic tape
cassettes, flash memory cards, DVDs, digital video tape, solid state RAM, and solid
state ROM. The hard disk drive 141 is typically connected to the system bus 121
through a non-removable memory interface, such as the interface 140, and magnetic
disk drive 151 and optical disk drive 155 are typically connected to the system bus 121
by a removable non-volatile memory interface, such as interface 150.

The drives and their associated computer storage media discussed above
and illustrated in FIG. 1 provide storage of computer-readable instructions, data
structures, program modules, and other data for the computing device 110, In FIG. 1,
for example, hard disk drive 141, is illustrated as storing an operating system 144,
application programs 145, other program modules 146, and program data 147. Note
that these components can either be the same as or different from the operating system
134, application programs 135, other program modules 136, and program data 137. The

operating system 144, application programs 145, other program modules 146, and
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program data 147 are given different numbers here to illustrate that, at 2 minimum, they
are different copies. A user may enter commands and information into the computing
device 110 through input devices such as a microphone 163, keyboard 162, and
pointing device 161, commonly referred to as a mouse, trackball, or touch pad. Other
input devices (not shown) may include a joystick, game pad, satellite dish, and scanner.
These and other input devices are often connected to the processing unit 120 through a
user input interface 160 that is coupled to the system bus, but may be connected by
other interface and bus structures, such as a parallel port, game port, or a universal serial
bus (USB). A monitor 191 or other type of display device is also connected to the
system bus 121 via an interface, such as a video interface 190. In addition to t-he
monitor, computers may also include other peripheral output devices such as speakers
197 and printer 196, which may be connected through an output peripheral interface
195. .

The computing system environment 100 may operate in a networked
environment using logical connections to one or more remote computers, such as a
remote computer 180. The remote computer 180 may be a personal computer, .a Server,
a router, a network PC, a peer device, or other common network node, and typically
includes many or all of the elements described above relative to the computing device
110, although only a memory storage device 181 has been illustrated in FIG. 1. The
logical connections depicted in FIG. 1 include a local area network (LAN) 171 and a
wide area network (WAN) 173, but may also include other networks such as a personal
area network (PAN) (not shown). Such networking environments are commonplace in
offices, enterprise-wide computer networks, intranets, and the Internet.

‘When used in a LAN networking environment, the computing system
environment 100 is connected to the LAN 171 through a network interface or adapter
170. When used in a WAN networking environment, the computing device 110
typically includes a modem 172 or other means for establishing communications over
the WAN 173, such as the Internet. The modem 172, which may be internal or external,
may be connected to the system bus 121 via the user input interface 160, or via another

appropriate mechanism. In a networked environment, program modules depicted
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relative to the computing device 110, or portions thereof, may be stored in a remote
memory storage device. By way of example, and not limitation, FIG. 1 illustrates
remote application programs 185 as residing on computer storage medium 181.- It will
be appreciated that the network connections shown are exemplary and other means of
establishing a communications link between the computers may be used.

FIG. 1 is intended to provide a brief, general description of an illustrative
and/or suitable exemplary environment in which embodiments may be implemented.
An exemplary system may include the computing system environment 100 of FIG. 1.
FIG. 1 is an example of a suitable environment and is not intended to suggest any
limitation as to the structure, scope of use, or functionality of an embodiment. A
particular environment should not be interpreted as having any dependency or
requirement relating to any one or combination of components illustrated in an
exemplary operating environment. For example, in certain instances, one or more
elements of an environment may be deemed not necessary and omitted. In other
instances, one or more other elements may be deemed necessary and added.

In the description that follows, certain embodiments may be described
with reference to acts and symbolic representations of operations that are performed by
one or more computing devices, such as the computing device 110 of FIG. 1. Assuch,
it will be understood that such acts and operations, which are at times referred to as
being computer-executed, include the manipulation by the processing unit of the
computer of electrical signals representing data in a structured form. This manipulation
transforms the data or maintains them at locations in the memory system of the .
computer, which reconfigures or otherwise alters the operation of the computer in a
manner well understood by those skilled in the art. The data structures in which data is
maintained are physical locations of the memory that have particular properties defined
by the format of the data. However, while an embodiment is being described in the
foregoing context, it is not meant to be limiting as those of skill in the art will appreciate
that the acts and operations described hereinafter may also be implemented in hardware.

Embodiments may be implemented with numerous other general-

purpose or special-purpose computing devices and computing system environments or
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configurations. Examples of well-known computing systems, environments, and
configurations that may be suitable for use with an embodiment include, but are not
limited to, personal computers, handheld or laptop devices, personal digital assistants,
multiprocessor systems, microprocessor-based systems, set top boxes, programmable
consumer electroﬁics, network, minicomputers, server computers, game server
computers, web server computers, mainframe computers, and distributed computing
environments that include any of the above systems or devices.

Embodiments may be described in a general context of computer-
executable instructions, such as program modules, being executed by a computer.
Generally, program modules include routines, programs, objects, components, data
structures, etc., that perform particular tasks or implement particular abstract data types.
An embodiment may also be practiced in a distributed computing environment where
tasks are performed by remote processing devices that are linked through a
communications network. In a distributed computing environment, program modules
may be located in both local and remote computer storage media including memory
storage devices.

FIG. 2 illustrates an exemplary operational flow 200 in which
embodiments may be implemented. In an embodiment, the operational flow may be
implemented using the computing system environment 100 of FIG 1. After a start
operation, the operational flow moves to an ascertainment operation 210. The
ascertainment operation determines in a hardware-implemented controller an extended
refresh period of 2 memory having a nominal refresh period. The extended refresh
period is based at least in part on a monitored result that indicates 'a discovered memory
loss. A power saving oﬁeration 260 schedules in the hardware-implemented controller
a refresh of the memory during the extended refresh period. The operational flow then
moves to an end operation.

FIG. 3 illustrates an alternative embodiment of the exemplary
operational flow 200 of FIG. 2. The ascertainment operation 210 may include at least
one additional operation. The at least one additional operation may include an

operation 212, an operation 214, and/or an operation 216. The operation 212
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determines in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period and operably coupled to a processor, the
extended refresh period based at least in part on a monitored result that indicates a
discovered memory loss. The operation 214 determines in a hard ware-implemented
controller an extended refresh period of 2 memory having a nominal refresh period and
operably coupled to and formed on a single chip with a processor, the extended refresh
period based at least in part on a monitored result that indicates a discovered memory
loss. The operation 216 determines in a hardware-implemented controller an extended
refresh period of 2 memory having a nominal refresh period and operably coupled to
and formed on a single chip with the memory, the extended refresh period based at least
in part on a monitored result that indicates a discovered memory loss.

FIG. 4 illustrates another alternative embodiment of the exemplary
operational flow 200 of FIG. 2. The ascertainment operation 210 may include at least
one additional operation. The at least one additional operation may include an
operation 218, an opergtion 222, and/or an operation 224. The operation 218
periodically determines in a hardware-implemented controller an extended refresh
period of 2 memory having a nominal refresh period, the extended refresh period based
at least in part on a monitored result that indicates a discovered memory loss. The
operation 222 determines in a controller implemented in at least one of a firmware,
and/or a microengine an extended refresh period of a memory having a nominal refresh
period, the extended refresh period based at least in part on a monitored result that
indicates a discovered memory loss. The opefation 224 determines in a controller
implemented in a chipset an éxtended refresh period of a memory having a nominal
refresh period, the extended refresh period based at least in part on a monitored result
that indicates a discovered memory loss.

FIG. 5 illustrates a further embodiment of the exemplary operational
flow 200 of FIG. 2. The ascertainment operation 210 may include at least one
additional operation. The at least one additional operation may include an operation
226, an operation 228, and/or an operation 232. The operation 226 determines, in a

controller implemented in a semiconductor chip that includes a memory circuit having a
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nominal refresh period, an extended refresh period of the memory based at least in part
on a monitored result that indicates a discovered memory loss. The operation 228
determines, in a controller implemented in a semiconductor chip that includes the
memory having a nominal refresh period and a processor, an extended refresh period of
the memory based at least in part on a monitored result that indicates a discovered
memory loss. The operation 232 determines in a hardware-implemented controller an
extended refresh period of a memory having a nominal refresh period. The memory
includes at least one of an embedded memory, and/or an embedded cache memory. The
extended refresh period is based at least in part on a monitored result that indicates a
discovered memory loss.

FIG. 6 illustrates an alternative embodiment of the exemplary
operational flow 200 of FIG. 2. The ascertainment operation 210 may include at least
one additional operation. The at least one additional operation may include an
operation 234, and/or an operation 242, The operation 234 determines in a hardware-
implemented contrgller an extended refresh period of a memory having a nominal
refresh period. The memory includes at least one of a memory cell, a block of memory
cells, a page of memory, a memory chip, 2 memory module, and/or a memory system.
The extended refresh period is based at least in part on a monitored result that indicates
a discovered memory loss. For example, in a DRAM memory, a single memory cell
includes a transistor and a capacitor. Since capacitors leak electrons, a bit stored on a
single memory cell eventually fades away and a memory loss occurs unless the
capacitor is refreshed. A block of memory may include at least two cells, which may or
may not be adjacent. A page may include at least two blocks of memory. A page of
memory may include between 4 KB to 64 KB in size. A memory module may include
at least two memory chips, such as a SIMM or a DIMM.

The operation 242 determines in a hardware-implemented controller an
extended refresh period of a memory having a nominal refresh period. The memory
including at least one of a single inline memory module, a dual inline memory module,
and/or a small outline dual in-line memory module, and the extended refresh period

based at least in part on a monitored result that indicates a discovered memory loss.
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FIG. 7 illustrates another alternative embodiment of the exemplary
operational flow 200 of FIG. 2. The ascertainment operation 210 may include at least
one additional operation. The at least one additional operation may include an
operation 236. The operation 236 determines in a hardware-implemented controller a
first extended refresh period of a first portion of 2 memory having a nominal refresh
period and a second extended refresh period of a second portion of the memory. The
first and second extended refresh periods are based at least in part on a respectively
monitored result that indicates a first discovered memory loss corresponding to the first
memory portion and a second discovered memory loss corresponding to the second
memory portion. In an embodiment, the operation 236 determines different extended
refresh periods for two separate portions of a memory. The two separate portions of a
memory may include at least two memory cells, at least two memory blocks, at least
two pages, at least two portions of a memory chip, at least two separate memory chlps
such as two separate memory chips on a module, and/or at least two separate memory
modules. The operation 236 may include at least one additional operation, such as an
operation 238. The operation 238 schedules in the hardware-ir;lplemented controller a
refresh of the first memory portion during the first extended refresh period and a refresh
of the second memory portion during the second extended refresh period.

FIG. 8 illustrates a further alternative embodiment of the exemplary
operational flow 200 of FIG. 2. The ascertainment operation 210 may include at least
one additional operation. The at least one additional operation may include an
operation 244, an operation 245, and/or an operation 246. The operation 244
determines in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period. The memory may be implemented in at least
one of an information storage, a memory chip, and/or a silicon memory chip. The
extended refresh period is based at least in part on a monitored result that indicates a
discovered memory loss. The operation 245 determines in a hardware-implemented
controller an extended refresh period of a memory having 2 nominal refresh period.
The memory may be implemented in at least one of a quantum memory, 2 photonic

quantum memory, and/or atomic quantum memory. The extended refresh period is
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based at least in part on a monitored result that indicates a discovered memory loss.

The operation 246 determines in a hardware-implemented controller an extended
refresh period of a memory having a nominal refresh period. The memory includes at
least one of a DRAM, an EDO DRAM, a SDRAM, a RDRAM, a VRAM, and/or a
DDR DRAM. The extended refresh period is based at least in part on a monitored
result that indicates a discovered memory loss. In an embodiment, the acronym DRAM
means dynamic random access memory. '

FIG. 9 illustrates an alternative embodiment of the exemplary
operational flow 200 of FIG. 2. The ascertainment operation 210 may include at least
one additional operation. The at least one additional operation may include an
operation 248, an operation 252, and/or an operation 254. The operation 248
determines in a hardware-implemented controller an extended auto-refresh period of a
memory having a nominal auto-refresh period. The extended auto-refresh period is
based at least in part on a monitored result that indicates a discovered memory loss.
The operation 252 determines in a hardware-implemented controller an extended self-
refresh period of a memory having a nominal self-refresh period. The extended self-
refresh period is based at least in part on a monitored result that indicates a discovered
memory loss. The operation 254 determines in a hardware-implemented controller an
extended refresh period of a memory having a nominal refresh period. The extended
refresh period includes a period of time between restorations of a charge corresponding
to a content saved in the memory and is based at least in part on a monitored result that
indicates a discovered memory loss.

FIG. 10 illustrates another alternative embodiment of the exemplary
operational flow 200 of FIG. 2. The ascertainment operation 210 may include at least
one additional operation. The at least one additional operation may include an
operation 256, and/or an operation 258. The operation 256 determines in a hardware-
implemented controller an extended refresh period of a memory having a nominat
refresh period. The nominal refresh period includes at least one of a refresh period
generally specified by a manufacturer of the memory, a refresh period generally

specified by a marketer for the memory, a refresh period generally recommended for the
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memory, and/or a non-empirically established refresh period for the memory. For
example, a nominal refresh period may be 64 milliseconds (ms) for DRAM specified by
a manufacturer. In another embodiment, a nominal refresh period may be called a
standard refresh period. By way of further example, a determined extended refresh
period for a selected memory may range between 500 ms and 5000 ms depending on
the monitored result that indicates a discovered memory loss. By way of additional
example, a determined extended refresh period for a selected memory may range
between 100 ms and 25000 ms depending on the monitored result that indicates a
discovered memory loss.

The operation 258 determines in a hardware-implemented controller an
extended refresh period of a memory having a nominal refresh period. The extended
refresh period is based at least in part both on 2 monitored result that indicates a
discovered memory loss and on a targeted reduction of power consumed by the memory
compared to a power consumed by the memory using the nominal refresh period. For
example, a conservative targeted reduction of power consumed by memory refresh may
include determining an approximate midpoint between a nominal refresh period of 64
ms and a discovered memory loss at 24000 ms, such as for example, selecting an
extended refresh period of 12000 ms. By way of further example, an aggressive
targeted reduction of power consumed over a period of time by memory refresh may
include determining an extended refresh period of 20000 ms for the same parameters.

FIG. 11 illustrates a further alternative embodiment of the exemplary
operational flow 200 of FIG. 2. The power saving operation 260 may include at least
one additional operatien. The at least one additional operation may include an
operation 262, an operation 264, an operation 266, and/or an operation 268. The
operation 262 causes the hardware-implemented controller to refresh the memory
during the extended refresh period. The operation 264 utilizes the hardware-
implemented controller to refresh of the memory during the extended refresh period.
The operation 266 schedules in the hardware-implemented controller a refresh of the

memory at least once during the extended refresh period. The operation 268 schedules
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in the hardware-implemented controller a refresh of a content of the memory during the
extended refresh period.

FIG. 12 illustrates a further alternative embodiment of the exemplary
operational flow 200 of FIG. 2. The power saving operation 260 may include at least
one additional operation. The at least one additional operation may include an
operation 272, an operation 274, and/or an operation 276. The operation 272 realizes in
the hardware-implemented controller a power consumption reduction strategy for the
memory that includes scheduling the extended refresh period in lieu of the nominal
refresh period. The operation 274 schedules in the hardware-implemented controller a
refresh of the memory dﬁring the extended refresh period in lieu of scheduling a refresh
of the memory during the nominal refresh period. The operation 276 schedules in the
hardware-implemented controller a refresh of the memory during the extended refresh
period designed to reduce a memory power consumption compared to the nominal
refresh period.

FIG. 13 illustrates a further alternative embodiment of the exemplary
operational flow 200 of FIG. 2. The operational flow may inciude at least one
additional operation 280. The at least one additional operation may include an
operation 282, an operation 284, an operation 286, and/or an operation 288. The
operation 282 monitors a result from the memory for an indication of a discovered
memory loss using the hardware-implemented controller. The operation 284 monitors a
result from the memory for an indication of a discovered memory loss solvable by a
periodic refresh using the hardware-implemented controller. The operation 286
discovers a memory loss using the hardware-implemented controller. The operation
288 tests the memory for an indication of a memory loss using the hardware-
implemented controller.

FIG. 14 illustrates a partial view of an exemplary device 300 in which
embodiments may be implemented. The device includes means 310 for determining an
extended refresh period of a memory having a nominal refresh period. The extended

refresh period based at least in part on a monitored result that indicates a discovered
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memory loss. The device also includes means 320 for scheduling in the hardware-
implemented controller a refresh of the memory during the extended refresh period.

In an alternative embodiment, the device 300 may include means 330
implemented in the hardware controller for monitoring a result from the memory for an
indication of a memory loss. In another alternative embodiment, the device may
include means 340 for causing a testing of the memory for an indication of 2 memory
loss.

FIG. 15 illustrates a partial view of an exemplary apparatus 400 in which
embodiments may be implemented. The apparatus includes a processor 410, a dynamic
memory 430, and a hardware-implemented memory control circuit 420. The processor
may include any processing unit, and may be described as a central processing unit that
controls operation of a computer, such as for example, the processing unit 120
described in conjunction with FIG. 1. The hardware-implemented memory control
circuit includes a hardware-implemented memory control circuit for establishing an
extended refresh period of the dynamic memory based at least in part on a monitored
result that indicates an occurrence of a memory loss in the dynamic memory. The
hardware-implemented memory control circuit further includes a hardware-
implemented memory control circuit for causing a refresh of the dynamic memory
during each of at least two extended refresh periods.

In an alternative embodiment, the hardware-implemented memory
control circuit further includes a hardware-implemented memory control circuit for
establishing an extended refresh period of a dynarnic memory having a nominal refresh
period. The extended refresh period may be based at least in part on a monitored result
that indicates an occurrence of a memory loss in the dynamic memory, and the extended
refresh period being a longer period of time than the nominal refresh period. In another
embodiment, the hardware-implemented memory control circuit further includes a
hardware-implemented memory control circuit for establishing an extended refresh
period of the dynamic memory based at least in part on a monitored result that indicates
an occurrence of a memory loss solvable by a periodic refresh of the dynamic memory.

In a further embodiment, the hardware-implemented memory control circuit further

19



10

15

20

25

WO 2007/127282 PCT/US2007/010090

includes a hardware-implemented memory control circuit for periodically establishing
an extended refresh period of the dynamic memory based at least in part on a monitored
result that indicates an occurrence of a memory loss in the dynamic memory.

In an alternative embodiment, the hardware-implemented further
includes a hardware-implemented memory control circuit implemented in at least one of
a transistor, a firmware, and/or a microengine and for establishing an extended refresh
period of the dynamic memory based at least in part on a monitored result that indicates
an occurrence of a memory 1oss in the dynamic memory. In another alternative
embodiment, the hardware-implemented memory control circuit further includes a
hardware-implemented memory control circuit for causing a refresh of the dynamic
memory during each of at least two extended refresh periods in lieu of a refresh of the
dynamic memory during each of at least two nominal refresh periods. In a further
embodiment, the hardware-implemented memory control circuit further includes a
hardware-implemented memory control circuit for causing a refresh of the dynamic
memory during each of at least two extended refresh periods and for causing a refresh
power consumption reduction by the dynamic memory when compared to a refresh of
the dynamic memory during each of at least two nominal refresh periods.

FIG. 16 illustrates an alternative embodiment of the exemplary apparatus
400 of FIG. 15. The apparatus may include a semiconductor chip 482 that includes the
dynamic memory 430 having a nominal refresh period and the hardware-implemented
memory control circuit 420. The apparatus may further include a semiconductor chip
482 that includes the dynamic memory having a nominal refresh period, the hardware-
implemented memory control circuit, and the processor 410. The apparatus may also
include a circuit board 484 that operably couples the processor and the hardware-
implemented memory control circuit.

The apparatus 400 may include a semiconductor chip 482 that includes
the processor and the hardware-implemented memory control circuit. The apparatus
may also include a circuit board 484 having the processor 410 and the hardware-
implemented memory control circuit 420 respectively operably coupled thereto, and a

communications interface 450 operably coupled with the circuit board. The
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communications interface may include a wired and/or a wireless communication
interface. A wired communications interface may include a wired network
communications interface usable in communicating with 2 LAN, WAN, a private
network, and/or a public network, such as the Internet. A wireless communications
interface may include a wireless network interface and/or cellular network. The
apparatus may further include a semiconductor chip 482 that includes the processor and
the hardware-implemented memory control circuit, a power supply 440, and a housing
486 that encloses the power supply and the semiconductor chip.

In an embodiment, the apparatus 400 may include a communications
interface 450, and a circuit board 484. The circuit board ﬁaving the hardware~
implemented memory control circuit 420, the processor 410, the dynamic memory 430,
and the communications interface 450 respectively operably coupled thereto. In another
embodiment, the apparatus may include the power supply 440. In a further
embodiment, the apparatus may include a housing 486 at least substantially enclosing a
circuit board 484 having the hardware-implemented memory control circuit, the
processor, the dynamic memory, and the communications interface respectively
operably coupled thereto.

In an embodiment, the apparatus 400 may include a semiconductor chip
482 that includes the processor 410, the dynamic memory 430, and the hardware-
implemented memory control circuit 420. The apparatus also includes a power supply
440 and a communications interface 450, and a housing 486 that at least substantially
encloses the semiconductor chip, the power supply, and the communications interface.

In an embodiment of the apparatus 400, the dynamic memory 430 having
a nominal refresh period includes a dynamic memory implemented in at least one of a
single inline memory module, a dual inline memory module, a fully buffered dual inline
memory module, and/or a small outline dual in-line memory module. In another
embodiment, the dynamic memory having a nominal refresh period includes a dynamic
memory implemented in at least one of an information storage, a memory chip, and/or a
silicon memory chip. In a further embodiment, the dynamic memory having a nominal

refresh period includes a dynamic memory implemented in at least one of a quantum
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memory, a photonic quantum memory, and/or atomic quantum memory. In another
embodiment, the dynamic memory having a nominal refresh period includes a dynamic
memory implemented in at least one of a DRAM, an EDO DRAM, a SDRAM, a
RDRAM, a VRAM, and/or a DDR DRAM. '

FIG. 17 illustrates an exemplary a computing system environment 600 in
which embodiments may be implemented. The illustrated exemplary environment 600
includes an Intel Pentium 4 processor 610, an Intel hub architecture that includes a
memory controller hub 620 and an input/output controller hub 625, and a dynamic
memory illustrated as SDRAM/DDR 630 having a nominal refresh period of 64 ms.
The illustrated exemplary environment also includes other computing system
peripherals.

In operation of an embodiment, the hardware-implemented memory
control circuit may be implemented in the hub architecture, such as the memory control
b 620. The memory control hub establishes an extended refresh period of the
dynamic memory 630 based at least in part on a monitored result that indicates an
occurrence of a memory loss in the dynamic memory. In an embodiment, the memory
control hub begins establishing an extended refresh period during or after an end user
initial startup of the computing system environment 600. In an alternative embodiment,
the control hub begins establishing an extended refresh period after an assembly of the
computing system environment 600. For example, the monitored result that indicates
an occurrence of a memory loss in the dynamic memory may include a result indicating
that the shortest retention time of any page of the dynamic memory 630 is 7500
milliseconds (ms). For example, the extended refresh period may be established as
6400 ms. After the extended refresh period for the dynamic memory is established, the
memory control hub causes a refresh of the dynamic memory during each of at least.
two extended refresh periods. Continuing with the above example, refreshing the
dynamic memory once each 6400 ms instead of each 64 ms results in a one-hundred
fold savings of power expended to refresh the dynamic memory.

Embodiments may be implemented in other exemplary systems,

including components manufactured by other manufacturers and/or having different
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architectures. Other embodiments may be implemented in embedded systems, and may
be advantageous in low power dissipation systems.

FIG. 18 illustrates an exemplary operational flow 800 in which

embodiments may be implemented. In an embodiment, the operational flow may be

implemented using the computing system environment 100 of FIG 1. Afier a start
operation, the operational flow moves to a recurrent specification operation 810. The
recurrent specification operation periodically determines in a hardware-implemented
controller a refresh interval of a dynamic memory. The refresh interval is responsive to
a monitored result that indicates a discovered retention loss of a content of the memory.
A persistence operation 850 schedules in the hardware-implemented controller a refresh
of the dynamic memory during each of at least two respective refresh intervals. The
flow then moves to an end operation.

FIG. 19 illustrates an alternative embodiment of the exemplary
operational flow 800 of FIG 18. The recurrent specification operation 810 may include
at least one additional operation. The at least one additional operation may include an
operation 812, an operation 814, and/or an operation §16. The operation 812
periodically determines in a hardware-implemented controller operably coupled to a
processor a refresh interval of a dynamic memory. The refresh interval is responsive to
a monitored result that indicates a discovered retention loss of a content of the memory.
The operation 814 periodically determines in a hardware-implemented controller
operably coupled to and formed on a single semiconductor chip with a processor a
refresh interval of a dynamic memory. The refresh interval is responsive to a monitored
result that indicates a discovered retention loss of a content of the memory. The
operation 816 periodically determines in a hardware-implemented controller operably
coupled to and formed on a single semiconductor chip with a memory a refresh interval
of a dynamic memory, the refresh interval being responsive to a monitored result that
indicates a discovered retention loss of a content of the memory.

FIG. 20 illustrates an alternative embodiment of the exemplary
operational flow 800 of FIG 18. The recurrent specification operation 810 may include

at least one additional operation. The at least one additional operation may include an
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operation 818, an operation 822, and/or an operation 824. The operation 818
periodically determines in a hardware-implemented controller a refresh interval of a
dynamic memory. The refresh interval includes an interval of time between refreshes
that maintains a content of at least one cell of the dynamic memory, and that is based
upon a monitored result that indicates a discovered retention loss of a content of the
memory. The operation 822 periodically determines in a hardware-implemented
controller an auto-refresh interval of a dynamic memory. The auto-refresh interval is
responsive to a monitored result that indicates a discovered retention loss of a content of
the memory. The operation 824 periodically determines in a hardware-implemented
controller a self-refresh interval of a dynamic memory. The self-refresh interval is
responsive to a monitored result that indicates a discovered retention loss of a content of
the memory.

FIG. 21 illustrates an alternative embodiment of the exemplary
operational flow 800 of FIG 18. The recurrent specification operation 810 may include
at least one additional operation. The at least one additional operation may include an
operation 826, an operation 828, and/or an operation 832. The operation 826
periodically determines in a hardware-implemented controller a refresh interval of a
dynamic memory. The refresh interval is responsive both to a monitored result that
indicates a discovered retention loss of a content of the memory and to a substantially
reducing a power consumption by the memory. The operation 828 pericdically
determines in a hardware-implemented controller a refresh interval of a dynamic
memory. The refresh interval is responsive to a monitored result that indicates a
discovered shortest retention time among constituent cells of the memory for loss of a
content. The operation 832 periodically determines in a hardware-implemented
controller a refresh interval of a dynamic memory operably coupled with a processor.
The refresh interval is responsive to a monitored result that indicates a di.scovered
retention loss of a content of the memory.

FIG. 22 illustrates an alternative embodiment of the exemplary
operational flow 800 of FIG 18. The recurrent specification operation 810 may include

at least one additional operation. The at least one additional operation may include an
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operation 834, an operation 836, and/or an operation 838. The operation 834
periodically determines in a hardware-implemented controller a refresh interval of a
dynamic memory operably coupled with a processor and the hardware-implemented
controller. The refresh interval is responsive to a monitored result that indicates a
discovered retention loss of a content of the memory. The operation 836 periodically
determines in a hardware-implemented controller a refresh interval of a dynamic
memory that includes at least one of a memory cell, a block of memory cells, a page of
memory, a memory chip, a memory module, and/or a memory system. The refresh
interval is responsive to a monitored result that indicates a discovered retention loss of a
content of the memory. The operation 838 periodically determines in a hardware-
implemented controller a refresh interval of a dynamic memory. The refresh interval
being responsive to a monitored result that indicates a discovered retention loss of a
content of the memory. The periodically includes at least one of a time interval, a
memory temperature interval, a memory age interval, a memory usage interval, and/or a
response to an outcome. For example, in an embodiment, a time interval may include a
day, a month, six months, a year, and/or two years. For example, in another
embodiment, a memory temperature interval may include an interval of a five-degree
ambient temperature change. For example, in a further embodiment, a memory usage
interval may include an interval of 1000 hours of memory operation. For example, in
another embodiment, a memory response to an outcome may include an occurrence of a
memory error more frequently than once each 100K read cycles.

FIG. 23 illustrates an alternative embodiment of the exemplary
operational flow 800 of FIG 18. The persistence operation 850 may include at least one
additional operation. The at least one additional operation may include an operation
852, an operation 854, and/or an operation 856. The opergtion 852 initiates through the
hardware-implemented controller a refresh of the memory during each of at least two
respective refresh intervals. The operation 854 ca:uses the hardware-implemented
controller to implement a refresh of the dynamic memory during each of at least two
respective refresh intervals. The operation 856 causes the hardware-implemented

controller to schedule a refresh of the dynamic memory during each of at least two
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respective refresh intervals. The refresh intervals are based at least in part on a targeted
reduction of a refresh power consumed by the memory.

FIG. 24 illustrates an alternative embodiment of the exemplary
operational flow 800 of FIG 18. The operational flow 800 may include at least one
additional operation 870. The at least one additional operation may include an
operation 872, and/or an operation 874. The operation 872 monitors a result of a
memory operation that indicates a discovered retention loss of a content of the memory.
The operation 874 discovers a retention loss of a content of the memory.

FIG. 25 illustrates a partial view of an exemplary apparatus 900 in which
embodiments may be implemented. The apparatus includes means 910 for periodically
determining a refresh interval of a dynamic memory. The refresh interval being
responsive to a monitored result that indicates a discovered retention loss of a content of
the memory. The apparatus also includes means 920 for scheduling a refresh of the
dynamic memory during each of at least two respective refresh intervals.

FIG. 26 illustrates a partial view of an exemplary memory controller
1000 implemented in hardware and in which embodiments may be implemented. The
memory controller includes an evaluation module 1020 and 2 manager module 1025.
The evaluation module includes an evaluation module operable to periodically
determine a refresh interval of a dynamic memory. The refresh interval is responsive to
a monitored result that indicates a discovered retention loss of a content of the dynamic
memory. The manager module includes a manager module operable to schedule a
refresh of the dynamic memory during each of at least refresh intervals.

In an embodiment, the evaluation module 1020 includes an evaluation
module implemented in at least one of a transistor, a firmware, and/or a microengine.
In another embodiment, the manager module 1025 includes a manger module
implemented in at least one of a transistor, a firmware, and/or a microengine. Ina
further embodiment, the evaluation module further includes an evaluation module
operable to periodically determine a refresh interval of a dynamic memory. The refresh
interval designed to reduce power consumed over a time refreshing the dynamic

memory. In another embodiment, the evaluation module further includes an evaluation
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module operable to periodically determine a refresh interval of a dynamic memory. The
refresh interval is based on a monitored result that indicates a discovered retention loss
of a content of the dynamic memory. The periodically includes at least one of a time
period, an age period of the memory, a periodic measure of memory usage, and/or a
response to an outcome of a memory operation.

FIG. 27 illustrates a partial view of an exemplary device 1100 in which
embodiments may be implemented. The device includes 2 memory 1130 that requires a
beriodic refresh and having a nominal refresh period. The device further includes a
processor 1110 operably coupled with the memory. The device also includes a
hardware-implemented control circuit 1120. The hardware-implemented control circuit
includes a circuit for periodically discovering a retention time of at least a portion of the
memory that requires a periodic refresh. The hardware-control circuit also includes a
circuit for determining a refresh period that is not more than the discovered retention
time of the at least a portion of the memory that requires a periodic refresh. The
hardware-control circuit further includes a circuit for scheduling a refresh of the at least
a portion of the memory that requires a periodic refresh at least once each refresh
period.

In an embodiment, the hardware-implemented control circuit 1120
further includes a hardware-implemented control circuit for periodically discovering a
retention time of at least a portion of the memory that requires a periodic refresh. The
periodically includes at least one of a period of time, an age period of the memory, a
periodic measure of memory usage, and/or a response to an outcome of a memory
operation. In another embodiment, the hardware-implemented control circuit further
includes a hardware-implemented control circuit for selecting a refresh period that is no
greater than the discovered retention time of the at least a portion of the memory that
requires a periodic refresh. In a further embodiment, the hardware-implemented control
circuit further includes a hardware-implemented control circuit for causing a refre;h of
the at least a portion of the memory that requires a periodic refresh at least once each

refresh period.
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In an embodiment, the device 1100 includes a semiconductor chip 1182
that includes the memory 1130 that requires a periodic refresh and the hardware-
implemented control circuit 1120. In another embodiment, a semiconductor chip 1182
includes the memory that requires a periodic refresh, the hardware-implemented control
circuit, and the processor 1110 operably coupled with the memory that requires a
periodic refresh. In a further embodiment, device includes a cirenit board 1184 that
operably couples the processor operably coupled with the memory and the hardware-
implemented control circuit.

In an embodiment, the device includes a semiconductor chip 1182 that
includes the processor 1110 operably coupled with the memory 1130 and the hardware-
implemented control circuit 1120. In another embodiment, the device includes the
circuit board 1184, and a semiconductor chip 1182. The semiconductor chip is
operably coupled with the circuit board and includes the processor and the hardware-
implemented control circuit. The device also includes a communications interface
1150. In a further embodiment, the device includes a semiconductor chip that includes
the processor and the hardware-implemented control circuit. The device also includes a
power supply 1140 and a housing 1186 that encloses the power supply and the
semiconductor chip. In an embodiment, the power supply is configured to electrically
couple with a portable power source (not shown) and operable to provide power to the
device. In an embodiment, the configuration of the power supply to accept the portable
power source imparts mobility and/or portability to a thin computing device and thus to
the device. The device may include a handheld device, a wireless device, a camera, a
laptop computer, a game console, a cell phone, a pager, a PDA, a global positioning
system, a satellite, media player, an electronic scanner, an electronic book reader,
and/or a browsing device. In another embodiment, the power supply includes a power
supply configured to electrically couple with a replaceable portable power source and
operable to provide power to the device. In a further embodiment, the power supply
includes a power supply configured to electrically couple with a selectively replaceable
portable power source and operable to provide power to the device. In an embodiment,

the power supply includes a power supply configured to electrically couple with a
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rechargeable portable power source and operable to provide power to the device. In
another embodiment, the power supply includes a power supply configured to
electrically couple with at least one of a battery, a rechargeable battery, a replaceable
battery, a fuel cell, an energy harvesting system, a capacitor, and/or a selectively
removable power source and operable to provide power to the device.

In an embodiment, the power supply 1140 includes a power supply
electrically coupled with at least one of a battery, a rechargeable battery, a replaceable
battery, a fuel cell, an energy harvesting system, a capacitor, and/or a selectively
removable power source and operable to provide power to the device. In another
embodiment, the power supply includes a power supply configured to electrically
couple with a portable power source and operable to provide power to the device. Ina
further embodiment, the power supply includes at least one of a DC/DC regulated
power supply, a controllable power supply, and/or programmable power supply
configured to electrically couple with a portable power source and operable to provide
power to the device.

In an embodiment, the device 1100 includes a circuit board 1184
operably coupled with memory 1130, the processor 1110, and the hardware-
implemented control circuit 1120. The device also includes the power supply 1140 and
the housing 1186 that encloses the power supply and the circuit board. In another
embodiment, the device includes a circuit board operably coupled with memory, the
processor, and the hardware-implemented control circuit. The device also includes the
power supply, the communications interface 1150, and the housing 1186 that carries the
circuit board, the power supply, and communications interface.

The foregoing detailed description has set forth various embodiments of
the devices and/or processes via the use of block diagrams, flow diagrams, operation
diagrams, flowcharts, illustrations, and/or examples. Insofar as such block diagrams,
operation diagrams, flowcharts, illustrations, and/or examples contain one or more
functions and/or operations, it will be understood that each function and/or operation
within such block diagrams, operation diagrams, flowcharts, illustrations, or examples

can be implemented, individually and/or collectively, by a wide range of hardware,

29



10

15

20

25

30

WO 2007/127282 PCT/US2007/010090

software, firmware, or virtually any combination thereof unless otherwise indicated. A
particular block diagram, operation diagram, flowchart, illustration, environment,
and/or example should not be interpreted as having any dependency or requirement
relating to any one or combination of components illustrated therein. For example, in
certain instances, one or more elements of an environment may be deemed not
necessary and omitted. In other instances, one or more other elements may be deemed
necessary and added.

In addition, those skilled in the art will appreciate that the mechanisms of
the subject matter described herein are capable of being distributed as a program
product in a variety of forms, and that an illustrative embodiment of the subject matter
described herein applies equally regardless of the particular type of signal- bearing
media used to actually carry out the distribution. Examples of a signal-bearing media
include, but are not limited to, the following: recordable type media such as floppy
disks, hard disk drives, CD ROMs, digital tape, and computer memory; and
transmission type media such as digital and analog communication links using TDM or
IP based communication links (e.g., packet links).

It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including™ should be interpreted as
“including but not limited to,” the term “having” should be interpreted as “having at
least,” the term “includes” should be interpreted as “includes but is not limited to,” etc.).
It will be further understood by those within the art that if a specific number of an
introduced claim recitation is intended, such an intent will be explicitly recited in the
claim, and in the absence of such recitation no such intent is present. For example, as
an aid to understanding, the following appended claims may contain usage of the
introductory phrases "at least one" and "one or more" to introduce claim recitations.
However, the use of such phrases should not be construed to imply that the introduction
of a claim recitation by the indefinite articles "a" or "an" limits any particular claim
containing such introduced claim recitation to inventions containing only one such

recitation, even when the same claim includes the introductory phrases "one or more" or
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"at least one" and indefinite articles such as "a" or "an" (e.g., “a” and/or “an” should
typically be interpreted to mean “at least one” or “one or more”); the same holds true
for the use of definite articles used to introduce claim recitations. In addition, even if a
specific number of an introduced claim recitation is explicitly recited, those skilled in
the art will recognize that such recitation should typically be interpreted to mean at least
the recited number (e.g., the bare recitation of "two recitations," without other
modifiers, typically means at least two recitations, or two or more recitations).
Furthermore, in those instances where a convention analogous to “at least one of A, B,
and C, etc.” is used, in general such a construction is intended in the sense one having
skill in the art would understand the convention (e.g., “ a system having at least one of
A, B, and C” would include but not be limited to systems that have A alone, B alone, C
alone, A and B together, A and C together, B and C together, and/or A, B, and C
together, etc.)_. In those instances where a convention analogous to “at least one of A,
B, or C, etc.” is used, in general such a construction is intended in the sense one having
skill in the art would understand the convention (e.g., “ a system hav.ing at least one of
A, B, or C” would include but not be limited to systems that have A alone, B alone, C
alone, A and B together, A and C together, B and C together, and/or A, B, and C
together, etc.). )

The herein described aspects depict different components contained
within, or connected with, different other components. It is to be understood that such
depicted architectures are merely exemplary, and that in fact many other architectures
can be implemented which achieve the same functionality. In a conceptual sense, any
arrangement of components to achieve the same functionality is effectively "associated"
such that the desired functionality is achieved. Hence, any two components herein
combined to achieve a particular functionality can be seen as "associated with” each
other such that the desired functionality is achieved, irrespective of architectures or
intermedial components. Likewise, any two components so associated can also be
viewed as being "operably connected," or "operably coupled," to each other to achieve
the desired functionality. Any two components capable of being so associated can also

be viewed as being "operably couplable" to each other to achieve the desired
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functionality. Specific examples of operably couplable include but are not limited to
physically mateable and/or physically interacting components and/or wirelessly
interactable and/or wirelessly interacting components.

While various aspects and embodiments have been disclosed herein,
other aspects and embodiments will be apparent to those skilled in the art. The various
aspects and embodiments disclosed herein are for purposes of illustration and are not
intended to be limiting, with the true scope and spirit being indicated by the following

claims.
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WHAT IS CLAIMED IS:

1. A method comprising:

determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period, the extended refresh period based at least in

part on a monitored result that indicates a discovered memory loss; and

scheduling in the hardware-implemented controller a refresh of the memory

during the extended refresh period.

2. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period and operably coupled to a processor, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss.

3. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period and operably coupled to and formed on a
single chip with a processor, the extended refresh period based at least in part on a

monitored result that indicates a discovered memory loss.

4. The method of claim 1, wherein the determining in a hardware-implemented

controller an extended refresh period of a memory having a nominal refresh period, the
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extended refresh period based at least in part on a monitored result that indicates a
discovered memory loss further includes:

determining in a hardware-implemented controller an extended refresh period of a

memory having a nominal refresh period and operably coupled to and formed on a
single chip with the memory, the extended refresh period based at least in part on a

monitored result that indicates a discovered memory loss.

5. The method of claim 1, wherein the determining in 2 hardware-implemented
controlier an extended refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a
discovered memory loss further includes:

periodically determining in a hardware-implemented controller an extended

refresh period of a memory having a nominal refresh period, the extended refresh

period based at least in part on a monitored result that indicates a discovered memory

loss.

6. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a
discovered memory loss further includes:

determining in a controller implemented in at least one of a firmware, and/or a

microengine an extended refresh period of a memory having a nominal refresh

period, the extended refresh period based at least in part on a monitored result that

indicates a discovered memory loss.

7 The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of a memory having a nominal refresh period, the

extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:
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determining in a controller implemented in a chipset an extended refresh period of
a memory having a nominal refresh period, the extended refresh period based at least

in part on a monitored result that indicates a discovered memory loss.

8. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of 2 memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining, in a controller implemented in a semiconductor chip that includes a
memory circuit having a nominal refresh period, an extended refresh period of the

memory based at least in part on a monitored result that indicates a discovered

memory loss.

9. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a mqnitored result that indicates a
discovered memory loss further includes:

determining, in a controller implemented in a semiconductor chip that includes

the memory having a nominal refresh period and a processor, an extended refresh
period of the memory based at least in part on a'monitored result that indicates a

discovered memory loss.

10. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of 2 memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period, the memory including at least one of an

embedded memory, and/or an embedded cache memory, and the extended refresh
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period based at least in part on a monitored result that indicates a discovered memory

loss.

11. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period, the memory including at least one of a
memory cell, a block of memory cells, a page of memory, a memory chip, a memory
module, and/or a memory system, and the extended refresh period based at least in

part on a monitored result that indicates a discovered memory loss.

12. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes;

determining in a hardware-implemented controller a first extended refresh period
of a first portion of 2 memory having a nominal refresh period and a second extended
refresh period of a second portion of the memory, the first and second extended
refresh periods based at least in part on a respectively monitored result that indicates a
first discovered memory loss corresponding to the first memory portion and a second

discovered memory loss corresponding to the second memory portion.

13. The method of claim 12, wherein the scheduling in the hardware-
implemented controller a refresh of the memory during the extended refresh period

further includes:

scheduling in the hardware-implemented controller a refresh of the first memory
portion during the first extended refresh period and a refresh of the second memory

portion during the second extended refresh period.
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14, The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period, the memory including at least one of a
single inline memory module, a dual inline memory module, and/or a small outline
dual in-line memory module, and the extended refresh period based at least in part on

a monitored result that indicates a discovered memory loss.

15. The method of claim 1, wherein the determining in-a hardware-implemented
controller an extended refresh period of 2 memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period, the memory implemented in at least one of
an information storage, 2 memory chip, and/or a silicon memory chip, and the
extended refresh périod based at least in part on a monitored result that indicates a

discovered memory loss.

16. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period, the memory implemented in at least one of
a quantum memory, a photonic quantum memory, and/or atomic quantum memory,
and the extended refresh period based at least in part on a monitored result that

indicates a discovered memory loss.
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17. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period, the memory includes at least one of a
DRAM, an EDO DRAM, a SDRAM, a RDRAM, a VRAM, and/or a DDR DRAM,
and the extended refresh period based at least in part on a monitored result that

indicates a discovered memory loss.

18. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of 2 memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining in a hardware-implemented controller an extended auto-refresh
period of a memory having a nominal auto-refresh period, the extended auto-refresh
period based at least in part on a monitored result that indicates a discovered memory

loss.

19. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining in a hardware-implemented controller an extended self-refresh period
of a memory having a nominal self-refresh period, the extended self-refresh period

based at least in part on a monitored result that indicates a discovered memory loss.

20. The method of claim 1, wherein the determining in a hardware-implemented

controller an extended refresh period of a memory having a nominal refresh period, the
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extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period, the extended refresh period including a
period of time between restorations of a charge corresponding to a content saved in
the memory and that is based at least in part on a monitored result that indicates a

discovered memory loss.

21. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period, wherein the nominal refresh period includes
at least one of a refresh period generally specified by a manufacturer of the memory,
a refresh period generally specified by a marketer for the memory, a refresh period
generally recommended for the memory, and/or a non-empirically established refresh

period for the memory.

22. The method of claim 1, wherein the determining in a hardware-implemented
controller an extended refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored result that indicates a

discovered memory loss further includes:

determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period, the extended refresh period based at least in
part on both a monitored result that indicates a discovered memory loss and on a
targeted reduction of power consumed by the memory compared to a power

consumed by the memory using the nominal refresh period.
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23. The method of claim 1, wherein the scheduling in the hardware-implemented

controller a refresh of the memory during the extended refresh period further includes:

causing the hardware-implemented controller to refresh the memory during the

extended refresh period.

24. The method of claim 1, wherein the scheduling in the hardware-implemented

controller a refresh of the memory during the extended refresh period further includes:

utilizing the hardware-implemented controller to refresh of the memory during the

extended refresh period.

25. The method of claim 1, wherein the scheduling in the hardware-implemented

controller a refresh of the memory during the extended refresh period further includes:

scheduling in the hardware-implemented controller a refresh of the memory at

least once during the extended refresh period.

26. The method of claim 1, wherein the scheduling in the hardware-implemented

controller a refresh of the memory during the extended refresh period further includes:

scheduling in the hardware-implemented controller a refresh of a content of the

memory during the extended refresh period.

27. The method of claim 1, wherein the scheduling in the hardware-implemented

controller a refresh of the memory during the extended refresh period fgrther includes:

realizing in the hardware-implemented controller a power consumption reduction
strategy for the memory that includes scheduling the extended refresh period in lien

of the nominal refresh period.

28. The method of claim 1, wherein the scheduling in the hardware-implemented

controller a refresh of the memory during the extended refresh period further includes:
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scheduling in the hardware-implemented controller a refresh of the mémory
during the extended refresh period in lieu of scheduling a refresh of the memory

during the nominal refresh period.

29. The method of claim 1, wherein the scheduling in the hardware-implemented

controller a refresh of the memory during the extended refresh period further includes:

scheduling in the hardware-implemented controller a refresh of the memory
during the extended refresh period designed to reduce a memory power consumption

compared to the nominal refresh period.

30. The method of claim 1, further comprising:

monitoring a result from the memory for an indication of a discovered memory

loss using the hardware-implemented controller.

31. The method of claim 1, further comprising:

monitoring a result from the memory for an indication of a discovered memory

loss solvable by a periodic refresh using the hardware-implemented controller.

32. The method of claim 1, further comprising:

discovering a memory loss using the hardware-implemented controller.

33. The method of claim 1, further comprising:

testing the memory for an indication of a memory loss using the hardware-

implemented controller.
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34. A device comprising:

means for determining an extended refresh period of a memory having a nominal
refresh period, the extended refresh period based at least in part on a monitored result

that indicates a discovered memory loss; and

means for scheduling a refresh of the memory during the extended refresh period.

35. The device of claim 34, further comprising:

means for monitoring a result from the memory for an indication of a memory

loss.

36. The device of claim 34, further comprising:

means for causing a testing of the memory for an indication of a memory loss.
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37. An apparatus comprising:

a processor;

a dynamic memory; and

a hardware-implemented memory control circuit for;

establishing an extended refresh period of the dynamic memory based at
least in part on a monitored result that indicates an occurrence of a memory loss

in the dynamic memory; and

causing a refresh of the dynamic memory during each of at least two

extended refresh periods.

38. The apparatus of claim 37, further comprising:

a semiconductor chip that includes the dynamic memory having a nominal refresh

period and the hardware-implemented memory control circuit.

39. The apparatus of claim 37, further comprising:

a semiconductor chip that includes the dynamic memory having a nominal refresh

period, the hardware-implemented memory control circuit, and the processor.

40. The apparatus of claim 37, further comprising:

a circuit board that operably couples the processor and.the hardware-implemented

memory control circuit. _ )

41. The apparatus of claim 37, further comprising:

a semiconductor chip that includes the processor and the hardware-implemented

memory control circuit.
42. The apparatus of claim 37, further comprising:
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a circuit board having the processor and the hardware-implemented memory

control circuit respectively operably coupled thereto; and

a communications interface operably coupled with the circuit board.

43. The apparatus of claim 37, further comprising:

a semiconductor chip that includes the processor and the hardware-implemented

memory control circuit;
a power supply; and

a housing that encloses the power supply and the semiconductor chip.

~ 44. The apparatus of claim 37, further comprising:
a communications interface; and

a circuit board having the hardware-implemented memory control circuit, the
_processor, the dynamic memory, and the communications interface respectively operably

coupled thereto.

45. The apparatus of claim 44, further comprising:

a power supply.

46. The apparatus of claim 44, further comprising:

a housing at least substantially enclosing the circuit board having the hardware-
implemented memory control circuit, the processor, the dynamic memory, and the

communications interface respectively operably coupled thereto.

47. The apparatus of claim 37, further comprising:

a semiconductor chip that includes the processor, the dynamic memory, and the

hardware-implemented memory control circuit;

a power supply;
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a communications interface; and

a housing at least substantially enclosing the semiconductor chip, the power

supply, and the communications interface.

48, The apparatus of claim 37, wherein the dynamic memory includes:

a dynamic memory implemented in at least one of a single inline memory
module, a dual inline memory module, a fully buffered dual inline memory module,

and/or a small outline dual inline memory module.

49, The apparatus of claim 37, wherein the dynamic memory includes:

a dynamic memory implemented in at least one of an information storage, a

memory chip, and/or a silicon memory chip.

50. The apparatus of claim 37, wherein the dynamic memory includes:

a dynamic memory implemented in at least one of a quantum memory, a photonic

quantum memory, and/or atomic quantum memory.

51. The apparatus of claim 37, wherein the dynamic incmory includes:

a dynamic memory implemented in at least one of a DRAM, an EDO DRAM, a
SDRAM, a RDRAM, a VRAM, and/or a DDR DRAM.

52. The apparatus of claim 37, wherein the hardware-implemented memory
control circuit for establishing an extended refresh period of the dynamic memory based
at least in part on a monitored result that indicates an occurrence of a memory loss in the

dynamic memory further includes:

a hardware-implemented memory control circuit for establishing an extended
refresh period of a dynamic memory having a nominal refresh period, the extended

refresh period based at least in part on a monitored result that indicates an occurrence of
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a memory loss in the dynamic memory, and the extended refresh period being longer

than the nominal refresh period.

53. The apparatus of claim 37, wherein the hardware-implemented memory
control circuit for establishing an extended refresh period of the dynamic memory based
at least in part on a monitored result that indicates an occurrence of a memory loss in the

dynamic memory further includes:

a hardware-implemented memory control circuit for establishing an extended
refresh period of the dynamic memory based at least in part on a monitored result that
indicates an occurrence of a memory loss solvable by a periodic refresh of the dynamic

memory.

54. The apparatus of claim 37, wherein the hardware-implemented memory
control circuit for establishing an extended refresh period of the dynamic memory based
at least in part on a monitored result that indicates an occurrence of a memory loss in the

dynamic memory further includes:

a hardware-implemented memory control circuit for periodically establishing an
extended refresh period of the dynamic memory based at least in part on a monitored

result that indicates an occurrence of a memory loss in the dynamic memory.

55, The apparatus of claim 37, wherein the hardware-implemented memory
control circuit for establishing an extended refresh period of the dynamic memory based
at least in part on a monitored result that indicates an occurrence of a memory loss in the

dynamic memory further includes:

a hardware-implemented memory control circuit implemented in at least one of a
transistor, a firmware, and/or a microengine and for establishing an extended refresh
period of the dynamic memory based at least in part on a monitored result that indicates

an occurrence of a memory loss in the dynamic memory.
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56. The apparatus of claim 37, wherein the hardware-implemented memory
control circuit for causing a refresh of the dynamic memory during each of at least two

extended refresh periods further includes:

a hardware-implemented memory control circuit for causing a refresh of the
dynamic memory during each of at least two extended refresh periods in lieu of a refresh

of the dynamic memory during each of at least two nominal refresh periods.

57. The apparatus of claim 37, wherein the hardware-implemented memory
control circuit for causing a refresh of the dynamic memory during each of at least two

extended refresh periods further includes:

a hardware-implemented memory control circuit for causing a refresh of the
dynamic memory during each of at least two extended refresh periods and for causing
a refresh power consumption reduction by the dynamic memory when compared to a

refresh of the dynamic memory during each of at least two nominal refresh periods.

47



PCT/US2007/010090

WO 2007/127282

1/27

_ SWYY90dd 25NOW 00}
8 nowvonady 191 \/j cal
18} 310N3Y \ - =
= fm i S3NC0 =
/ T - 9 auvosamy 3INOHd viva WYa90ud SWY390ud T wases
i PR P Moo= || -ouom Wv90Yd | g5 ¥IHLO NOILYOIddY ONILYH3dQ
_ £L) R B N 7
— SN -
SY3LNdWaD — L ~ e
a N -
310W3Y - @ F_ —._HI__ . -
zl 9s1 cl ~N 348 P
MHOMLIN YUY 20IM L *. .& ~ -
v — . — —— — — ] r‘ﬁlillll \lll —_—-_——— — e e et — ——— — -
| = BE—S5 il |
_ _
oiL 091 05k —J — 9
_ .J .Mq + vy FoVANILN] 7 _
. IOVANILN FOVAMILN| AMOWII 3oV4Y3LN] st vivg |
zmoz:mz_ 10dN} “JOA-NON AHOWIW “1OA-NON Wyao0ud |
i ¥asn FTavAONIY 378VAOWIN-NON |
YHOMLIZN
vayy Voo _ 55 \
| S3INA0 Wyuooud ¥aHLo| | |
SHINVIIS | ‘ ‘ |
| SNQ WIALSAS Tl swvuooud _
( ‘ | NOLLYDITddY I
\.mm—. L6} i F ¥R # . |
| FEp  Walsis |
_ ONILY¥IJO
¥ILNRI 30VANALN| — _
TWMIHdINA 3OVAHILN T vy |
1Nding J O3AIA J \ \ llllllll _ ~
1IN ONISSIO0N | ey —
G6L o6l 0T} solgd |
Ter (wow) “
oi AMOWI WILSAS _

—— —— —— ar— —— — —— S—— — — — — — — A —— — — — o — — — — — — p——— — — — e — —— — ———




WO 2007/127282 PCT/US2007/010090
2/27

FIG. 2
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Determining in a hardware-implemented controller an extended
refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored
result that indicates a discovered memory loss.
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Scheduling in the hardware-implemented controller a refresh of
the memory during the extended refresh period.
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Detérmining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period, the extended refresh period based at least in
part on a monitored result that indicates a discovered memory loss.
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FIG. 4
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FIG. 5
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Determining in a hardware-implemented controller an extended refresh period ofa
memory having a nominal refresh period, the extended refresh period based at least in
part on a monitored result that indicates a discovered memory loss.
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Scheduling in the hardware-implemented controller a refresh of
the memory during the extended refresh period. -
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FIG.7
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Determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period, the extended refresh period based at least in
part on a monitored result that indicates a discovered memory loss.

236 Determining in a hardware-implemented controller a first extended refresh
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second extended refresh period of a second portion of the memory, the first and
second extended refresh periods based at least in part on a respectively
monitored result that indicates a first discovered memory loss corresponding to
the first memory portion and a second discovered memory loss corresponding to
the second memory portion.
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Scheduling in the hardware-implemented controller a refresh of
the memory during the extended refresh period.
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FIG. 8

Start
200 -
v —"

Determining in a hardware-implemented controlier an extended refresh period of a
memory having a nominal refresh period, the extended refresh period based at least in
part on a monitored result that indicates a discovered memory loss.
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Scheduling in the hardware-implemented controller a refresh of
the memory during the extended refresh period.
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FIG. 9
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Determining in a hardware-implemented controller an extended refresh period of a
memory having a nominal refresh period, the extended refresh period based at
least in part on a monitored result that indicates a discovered memory loss.
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Scheduling in the hardware-implemented controller a refresh of
the memory during the extended refresh period.
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FIG. 10
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Detérmining in a hardware-implemented controller an extended refresh period of a

memory having a nominal refresh period, the extended refresh period based at

least in part on a monitored result that indicates a discovered memory loss.
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FIG. 11
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Determining in a hardware-implemented controller an extended
refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored
result that indicates a discovered memory loss.
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Scheduling in the hardware-implemented controller a refresh of the memory during
the extended refresh period.
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Determining in a hardware-implemented controller an extended
refresh period of a memory having a nominal refresh period, the
exiended refresh period'based at least in part on a monitored
result that indicates a discovered memory loss.
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Scheduling in the hardware-implemented controller a refresh of the memory during
the extended refresh period.
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FIG. 13
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Determining in a hardware-impliemented controller an extended
refresh period of a memory having a nominal refresh period, the
extended refresh period based at least in part on a monitored
result that indicates a discovered memory loss.
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Scheduling in the hardware-implemented controlier a refresh of
the memory during the extended refresh period.

— e — —— — — ——

: 282 Monitoring : : 284 Monitoring a ”—_2_3_(3: l: 288 Testing 1| :
| aresult from the || result from the ({ Discovering :, the memory | !
| memory for an | | memory for an (1 a memory || foran : :
: indication ofa | : indication of a H loss using |: indication of | |
| discovered . : | discovered memory ¥ the 'l' a memory | |
| memory loss || loss solvable by a || hardware- :, loss using I
| using the | | periodic refresh I'l implemented | the : :
: hardware- | : using the hardware- :: controller. |: hardware- | |
| implemented : | implemented T || implemented | |
| cingo!?r; ] )_controller. ) I| controller. _! :

—— . — D —— —— — — —— — o W— —— — e s . — A ——— —— . —— — o—— — W ——




PCT/US2007/010090

WO 2007/127282

14/27

"$s0| AlowsL B JO UolleoIpul
ue ioj Aiowsat oy} jo Bupsa)
e Buisneo loj suesly OFE

R |

"$50| AlowBW € 0 uopedIpul
ue 1o} Aiowawl ay} woyj Jnsal

|
|
|
|
|
. “ e Buojuow 10} Suesyy OEC
|
j

—— — — — m— — — — ———  ——— ——

—

‘pouad

ysayal papusxs sy} Buunp
Aowiows ay) Jo ysaujal

e Buljnpayos 10} suespy [Z¢

"ss0] Alowaw

Um._miu,m_u B saleaipul jeyl
J)nsal palojjuoly B Uo Hed uj
I1seg| 1 paseq polad ysaijel
papusixs ayj ‘pouad ysaljal
jeujwou e Buiaey Alowst

B Jo polad ysayel papuajxs
ue Buiuiwiis}ap Joj suealy O1E

vi "9l

00¢



WO 2007/127282 PCT/US2007/010090
15/27

FIG. 15
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Periodically determining in a hardware-implemented controller a
refresh interval of a dynamic memory, the refresh interval being
responsive to a monitored result that indicates a discovered
retention loss of a content of the memory.
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Scheduling in the hardware-implemented controlier a refresh of
the dynamic memory during each of at least two respective
refresh intervals.
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FIG. 19
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Periodically determining in a hardware-implemented controller a refresh interval of a
dynamic memory, the refresh interval being responsive to a monitored result that
indicates a discovered retention loss of a content of the memory.
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Scheduling in the hardware-implemented controller a refresh of
_the dynamic memory during each of at least two respective
refresh intervals.
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Periodically determining in a hardware-implemented controller a refresh interval of a

dynamic memory, the refresh interval being responsive to a monitored result that
indicates a discovered retention loss of a content of the memory.
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Periodically determining in a hardware-implemented controller a refresh interval of a
dynamic memory, the refresh interval being responsive to a monitored result that
indicates a discovered retention loss of a content of the memory.
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FIG. 22
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Perio—dic:ally determining in a hardware-implemented controller a refresh interval of a
dynamic memory, the refresh interval being responsive to a monitored result that
indicates a discovered retention loss of a content of the memory.
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Scheduling in the hardware-implemented controller a refresh of
the dynamic memory during each of at least two respective

refresh intervals.
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Periodically determining in a hardware-implemented controller a refresh interval of a
dynamic memory, the refresh interval being responsive to a monitored result that
indicates a discovered retention loss of a content of the memory.
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Scheduling in the hardware-implemented controller a refresh of the dynamic memory
during each of at least two respective refresh intervals.
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FIG. 24
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Periodically determining in a hardware-implemented controller a
refresh interval of a dynamic memory, the refresh interval being
responsive to a monitored result that indicates a discovered
retention loss of a content of the memory.
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Scheduling in the hardware-implemented controller a refresh of
the dynamic memory during each of at least two respective
refresh intervals.
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