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PARTITIONING MEMORY MODULES INTO VOLATILE AND
NON-VOLATILE PORTIONS

BACKGROUND

[0001] As reliance on computing systems continues to grow, so too does the
demand for reliable memory including memory capable of storing persistent data in
the event of a power loss. In addition, there is an increased demand for reliant power
systems and backup schemes for these computing systems. Servers, for example, may
provide architectures for backing up data to flash or persistent memory as well as

backup power sources for powering the data backup.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Some examples of the present application are described with respect to the

following figures:

[0003] FIG. 1 is a block diagram of a system to partition a memory module into a

non-volatile portion and a volatile portion, according to an example;

[0004] FIG. 2 is a block diagram of a system to partition a memory module into a

non-volatile portion and a volatile portion, according to an example;

[0005] FIG. 3 is a flowchart illustrating a method for partitioning a subset of

memory modules into non-volatile and volatile portions, according to an example;

[0006] FIG. 4 is a flowchart illustrating a method for partitioning a subset of

memory modules into non-volatile and volatile portions, according to an example; and

[0007] FIG. 5 is a block diagram of a computer-readable storage medium having
instructions executable to partition a subset of memory modules into non-volatile and

volatile portions, according to an example.
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DETAILED DESCRIPTION

[0008] A computing system such as a server may support large numbers of
memory modules (e.g., a dual in-line memory module (DIMM)), and include a basic
input/output system (BIOS) that may group volatile and non-volatile memory into
different segments. However, applications to be run on the server may be allocated a
single segment (linear region of memory) by the system, despite a desire to provide
backup memory support to the application. Further, a small portion of the total
information or data stored in the DIMMs is to be retained after a loss of power to the
system. Providing backup power to all of the DIMMs in order to retain a small

amount of data may result in inefficiencies, given the finite amount of backup power.

[0009] Examples described herein may avoid such inefficiencies, by enabling
support of volatile and non-volatile portions within a given memory module. Further,
creating a subset of DIMMs having both volatile and non-volatile portions for which a
finite amount of backup power is available after loss of power to the system can result
in a more efficient use of backup power. As applications evolve to utilize non-
volatile memory in addition to volatile memory, a solution to divide or partition the
memory stack into volatile and non-volatile blocks not directly aligned with physical
DIMMs boundaries will be beneficial. Accordingly, portions of any single DIMM
may be volatile or non-volatile, thereby avoiding a need for a memory module to be

only one of a volatile memory or a non-volatile memory.

[0010] In one example, a system includes a memory controller to partition a
memory module into a non-volatile portion and a volatile portion. The memory
controller is to identify persistent data to be backed up during a power loss condition
and to transfer the persistent data from the volatile portion of the memory module to
the non-volatile portion of the memory module, in response to the power loss

condition.

[0011] In another example, a method includes partitioning, by a memory
controller, a subset of a plurality of memory modules into non-volatile portions and
volatile portions and identifying persistent data to be backed up in response to an
interruption of primary power supply to the plurality of memory modules. The
method includes moving, by the memory controller, the persistent data from the

volatile portions of the plurality of memory modules to the non-volatile portions of
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the plurality of memory modules, in response to the interruption of primary power

supply, using backup power provided by a backup power supply.

[0012] In another example, a non-transitory computer-readable storage medium
encoded with instructions executable by a processor of a computing system includes
instructions to partition a subset of a plurality of memory modules into non-volatile
portions and volatile portions, and to identify persistent data to be backup up from the
volatile portions of the plurality of memory modules in response to a power loss
condition. The computer-readable storage medium also includes instructions
executable to copy the persistent data from the volatile portions to the non-volatile
portions of the plurality of memory modules in response to the power loss condition,

using backup power from a backup power supply.

[0013] Referring now to the figures, FIG. 1 is a block diagram of a system to
partition a memory module into a non-volatile portion and a volatile portion,
according to an example. System 100 can be any type of computing system such as a
portable computer or communication device, a standalone server computer, a blade
server, etc. System 100 can include a memory controller 102 coupled to a memory
module 104. System 100 can include additional components such as embedded
firmware and hardware components. For example, system 100 can include a central
processing unit (CPU), power supply, display, other hardware, software application, a

plurality of input/output (I/0O) ports, etc.

[0014] Memory controller 102 can be a device that manages the memory module
104. For example, memory controller 102 can generally coordinate data access/flow
in the memory module, including identifying locations of persistent data (e.g.,
persistent data 134) and non-persistent data in the memory module. In some
examples, memory controller 102 can include a direct memory access (DMA) engine
(shown in FIG. 2) and functionality described by the memory controller 102 can be
provided by the DMA engine. Memory controller 102 can be implemented in

software, firmware and/or hardware.

[0015] Memory controller 102 can partition the memory module 104 into a
volatile portion (i.e., memory blocks 114a, 114b, 114c, 114d, collectively referred to
herein as volatile portion 114) and a non-volatile portion (i.e., memory blocks 124a,

124b, 124c, collectively referred to herein as non-volatile portion 124). Partitioning
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of the memory module into volatile portion 114 and non-volatile portion 124 can be
based at least in part on a capacity of a backup power supply to successfully provide
backup power to back up the persistent data 134, a size of the memory module 104, a
type of application currently running on the system 100, and requirements of the
system 100 (e.g., system configuration). In various examples, a size of the non-
volatile portion 124 of the memory module 104 is less than a size of the volatile
portion 114 of the memory module 104. In some examples, the memory module 104
is pre-configured and partitioned into the volatile portion 114 and the non-volatile
portion. However, in other examples, the partitioning is performed dynamically (i.e.,
during runtime). Accordingly, the memory module 104 can be both volatile and non-

volatile.

[0016] Memory controller 102 can identify persistent data to be backed up during
a power loss condition or an interruption of primary power supply. Memory
controller 102 can use metadata information such as characteristics, address, location,
etc. to identify persistent data 134 to be backed up. In some examples, memory
controller 102 may use a tracking software (e.g., a metadata engine) to keep track of
persistent data 134 that are to be backed up, and stored as metadata. In other
examples, memory controller 102 may use a caching procedure to identify areas of the
memory module 104 that are to be backed up. In such an example, areas (e.g.,
memory block 114a) may be identified in the metadata as having passed through the
static random access memory (SRAM) of the system’s CPU. In yet other examples,
identification of the persistent data 134 can be based in part on the capacity of the
backup power supply to successfully provide backup power to enable the transfer of
the persistent data 134. Other approaches may be used to flag persistent data 134 and
store the corresponding identification information. Such techniques can be applied
dynamically in real-time during operation of the system 100. In alternate examples,
the memory controller 102 may periodically check for any updates to what data is to

be considered persistent, and its corresponding locations.

[0017] In various examples, persistent data 134 may not be from contiguous
memory addresses in the memory module 104, and may be located at disparate
memory locations throughout the memory module 104. Thus, specific portions of the
memory module 104 may be identified as containing persistent data 134 and targeted

for backup (e.g., according to the metadata), whether located in blocks 114a, 114b,
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114c, 114d, or other non-contiguous locations of the volatile portion of the memory
module 104. In other examples, the persistent data 134 can be physically located in
another memory module different from the memory module 104 (e.g., either on a
portion of the other memory module or occupy an entirety of the other memory

module), or may be located throughout systems across multiple geographic locations.

[0018] Memory controller 102 can transfer the persistent data 134 from the
volatile portion 114 of the memory module 104 to the non-volatile portion 124 of the
memory module 104, in response to the power loss condition. In response to a power
loss condition (e.g., blackout or other interruption to delivery of power to the system
100), the memory controller 102 can copy/move/transfer the persistent data 134 to the
non-volatile portion 124 of the memory module 104, using backup power provided by
the backup power supply. Accordingly, when the power loss condition occurs, the
non-volatile portion 114 of the memory module will include backed up persistent data

144.

[0019] Although backed up persistent data 144 is shown as a single block of data,
examples are not so limiting. Backed up persistent data 144 may be spread as
multiple blocks throughout multiple non-volatile portions 124 of the memory module
104. Memory controller 102 can keep track of the addresses of the backed up
persistent data 144, for example using metadata, and the metadata may serve as a data
pointer. The metadata can also be stored, along with the backed up persistent data
144, in the non-volatile portion 124 of the memory module 104. In some examples,
the metadata can be provided as a descriptor table, a linked list of descriptors, and so

on.

[0020] FIG. 2 is a block diagram of a system to partition a memory module into a
non-volatile portion and a volatile portion, according to an example. System 200
includes a memory controller 202, a memory bus 230, a backup power supply 210,
and a plurality of memory modules (i.e., memory modules 240a, 240b, 240c, 240d,
and 240e, collectively referred to herein as memory modules 240). The memory
controller 202 can include a DMA engine 212 and can form at least a portion of the
CPU 220, which may receive a power loss signal 250. The memory controller 202 is
coupled to the memory bus 230, which is coupled to the plurality of memory modules
240. The DMA engine 212 can be the portion of the memory controller 202

responsible for memory access including data transfer/copy/move. For example, the
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DMA engine 212 can allow access to the memory modules 240 directly, independent
of the CPU 220. Backup power supply 210 is to provide backup power to the
memory controller 202, memory bus 230 and the memory modules 240 (the backup

power supply domain shown enclosed in dashed lines).

[0021] In the example of FIG. 2, the memory controller can partition a subset of
the memory modules 240 into non-volatile portions and volatile portions. For
example, memory modules 240b and 240d can be partitioned into non-volatile
portions (depicted in blocks having diagonal patterns) and volatile portions (depicted
in shaded blocks), while memory modules 240a, 240c, and 240e may only include
volatile portions. Accordingly, memory modules 240b and 240d include both non-
volatile portions and volatile portions. Thus, system 200 can include a plurality of
memory slots that are occupied by persistent capable memory modules (e.g., 240b and
240d) each having portions assigned as persistent, and other memory modules (e.g.,
240a, 240c, and 240e¢) that may or may not support the persistent feature and are

currently configured as volatile.

[0022] The backup power supply 210 can be used to perform backups, for
example, in response to a power loss condition. For example, the CPU 220 may
receive a power loss signal 250 indicating a power loss. Upon loss of power to the
system 200, the backup power supply 210 may serve as a local finite power source to
provide enough energy to continue to allow the CPU’s memory controller 202
(including the DMA engine 212) to transfer the persistent data from the volatile
portions of the memory modules 240 to the non-volatile portions of the memory
modules 240, as described above. Thus, the backup power supply 210 may provide
enough energy to power at least the memory controller 202 (and the DMA engine
212), the memory bus 230, and the memory modules 240. Additional modules (not
specifically shown) within the CPU 220 may also be powered as needed.

[0023] Backup power supply 210 can be an energy component to convert stored
energy to electrical energy to deliver power to components described above.
Examples of backup power supply 210 can include, but are not limited to, a
rechargeable battery, a capacitor (e.g., supercapacitor, ultracapacitor, etc.), a flywheel,
and the like. A capacity of the backup power supply 210 can be chosen based on
parameter/considerations including total power needs of the CPU 220 and memory

modules 240 during the data transfer process, the finite period of time which backup



WO 2016/130163 PCT/US2015/015973

power is to be available, the maximum number of memory modules having non-
volatile portions to be supported, and any additional signals needed by the memory
modules’ connector interface and/or which memory pins are repurposed, if applicable,

and so on.

[0024] FIG. 3 is a flowchart illustrating a method for partitioning a subset of
memory modules into non-volatile and volatile portions, according to an example.
Method 300 can be implemented, for example, in the form of executable instructions
stored on a non-transitory computer-readable storage medium and/or in the form of
electronic circuitry. The example method 300 will now be described with further

reference to FIG. 1 and/or FIG. 2.

[0025] Method 300 includes partitioning, by a memory controller, a subset of a
plurality of memory modules into non-volatile and volatile portions, at 310. For
example, memory controller 202 can partition a subset of the memory modules 240
(e.g., memory modules 240b and 240d) into regions including both volatile portions
and non-volatile portions. In various examples, the partitionable memory modules
240b and 240d can include flash components to support non-volatile features. In
other examples, the partitionable memory modules 240b and 240d can include a
secondary memory controller (e.g., a limited functionality memory controller) on
board each memory module 240b and 240d to move the persistent data from the
volatile portion to the non-volatile portion. Accordingly, a remainder of the memory
modules may not support non-volatile features and may only include volatile portions

(e.g., memory modules 240a, 240c, and 240e).

[0026] Method 300 includes identifying, by the memory controller, persistent
data to be backed up in response to an interruption of primary power supply to the
plurality of memory modules, at 320. For example, memory controller 202 can use a
caching procedure to identify areas of the memory modules 240 that are to be backed
up (i.e., identify persistent data in the memory modules 240). In an example, such
areas may be identified according to identifying data that has passed through the
SRAM of the CPU 220. Other techniques may be used to flag persistent data and
store the corresponding identifying information. Such techniques may be applied
dynamically in real-time during operation. In other examples, the memory controller
may periodically check for any updates to what data is to be considered persistent and

its corresponding location.
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[0027] Method 300 includes moving, by the memory controller, the persistent
data from the volatile portions of the plurality of memory modules to the non-volatile
portions of the memory modules, in response to the interruption of primary power
supply, using backup power provided by a backup power supply, at 330. For
example, memory controller 202 can receive a power loss signal 250 indicating a
power loss condition has occurred. In response to the power loss condition, memory
controller can move the persistent data from any of the volatile portions of the
memory modules 240 to the non-volatile portions of the memory modules 240, using
backup power provided by the backup power supply 210. Accordingly, persistent
data can be moved from any contiguous or non-contiguous memory block across any
location in the memory modules to the non-volatile portions (which may also be
located in any of the memory modules 240 according to the partitioning). In some
examples, the method 300 of FIG. 3 includes additional steps in addition to and/or in

lieu of those depicted in FIG. 3.

[0028] FIG. 4 is a flowchart illustrating a method for partitioning a subset of
memory modules into non-volatile and volatile portions, according to an example.
Method 400 can be implemented, for example, in the form of executable instructions
stored on a non-transitory computer-readable storage medium and/or in the form of
electronic circuitry. The example method 400 will now be described with further

reference to FIG. 1 and/or FIG. 2.

[0029] Method 400 includes tracking, by the memory controller, memory
locations of the persistent data as the persistent data is moved to the non-volatile
memory portions of the memory modules, at 410. For example, the memory
controller can use a tracking software to keep track of persistent data that are to be
backed up. Memory controller can use any other data tracking techniques and keep
track of the addresses of the backed up persistent data, for example using metadata,

where the metadata can serve as a data pointer.

[0030] Method 400 includes storing the memory locations in the non-volatile
portions of the memory modules to locate the persistent data, at 420. For example,
the memory controller can store the tracking information (e.g., metadata) in the non-
volatile portion or on a storage device available to the memory controller, such that
the persistent data can be located. In some examples, the method 400 of FIG. 4

includes additional steps in addition to and/or in lieu of those depicted in FIG. 4.
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[0031] FIG. 5 is a block diagram of a computer-readable storage medium having
instructions executable to partition a subset of memory modules into non-volatile and
volatile portions, according to an example. Computer-readable medium 520 may be
any electronic, magnetic, optical, or other physical storage device that stores
instructions executable by a processor 510 of a computing system 500. Thus,
computer-readable storage medium 520 may be, for example, random access memory
(RAM), an electrically-erasable programmable read-only memory (FEPROM), a
storage drive, an optical disc, and the like. As described in detail below, computer-
readable storage medium 520 may be encoded with executable instructions for

partitioning a subset of memory modules into non-volatile and volatile portions.

[0032] Memory partitioning instructions 521 include instructions to partition a
subset of a plurality of memory modules into non-volatile portions and volatile
portions. For example, the instructions can be executable to partition a group of
memory modules, such as DIMMs, into portions including volatile portions and non-
volatile portions. Thus, any DIMM in the group will include both a volatile portion

and a non-volatile portion.

[0033] Persistent data identifying instructions 522 include instructions to identify
persistent data to be backed up from the volatile portions of the plurality of memory
modules in response to a power loss condition. For example, the instructions can be
executable to identify data in various areas of the memory modules to be backed up.

Identification of the persistent data can be in real-time, for example.

[0034] Persistent data copying instructions 523 include instructions to copy the
persistent data from the volatile portions to the non-volatile portions of the plurality of
memory modules in response to the power loss condition, using backup power from a
backup power supply. The instructions 523 further include instructions to track
memory locations of the persistent data copied to the non-volatile memory portions of
the memory modules, and instructions to store the memory locations in the non-

volatile portions of the memory modules to locate the persistent data.

[0035] The techniques described above may be embodied in a computer-readable
medium for configuring a computing system to execute the method. The computer-
readable media may include, for example and without limitation, any number of the

following non-transitive mediums: magnetic storage media including disk and tape
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storage media; optical storage media such as compact disk media (e.g., CD-ROM,
CD-R, etc.) and digital video disk storage media; holographic memory; nonvolatile
memory storage media including semiconductor-based memory units such as FLASH
memory, EEPROM, EPROM, ROM; ferromagnetic digital memories; volatile storage
media including registers, buffers or caches, main memory, RAM, etc.; and the
Internet, just to name a few. Other new and obvious types of computer-readable
media may be used to store the software modules discussed herein. Computing
systems may be found in many forms including but not limited to mainframes,
minicomputers, servers, workstations, personal computers, notepads, personal digital
assistants, tablets, smartphones, various wireless devices and embedded systems, just

to name a few.

[0036] In the foregoing description, numerous details are set forth to provide an
understanding of the present disclosure. However, it will be understood by those
skilled in the art that the present disclosure may be practiced without these details.
While the present disclosure has been disclosed with respect to a limited number of
examples, those skilled in the art will appreciate numerous modifications and
variations therefrom. It is intended that the appended claims cover such modifications

and variations as fall within the true spirit and scope of the present disclosure.



WO 2016/130163 PCT/US2015/015973
11

CLAIMS

What is claimed is:

1. A system, comprising:
a memory controller to:
partition a memory module into a non-volatile portion and a volatile
portion;
identify persistent data to be backed up during a power loss condition;
and
transfer the persistent data from the volatile portion of the memory
module to the non-volatile portion of the memory module, in

response to the power loss condition.

2. The system of claim 1, comprising a backup power supply to provide
backup power to the memory module in response to the power loss condition, the
backup power to enable the transfer of the persistent data to the non-volatile portion

of the memory module.

3. The system of claim 2, wherein partition of the non-volatile portion of the
memory module is based in part on a capacity of the backup power supply to

successfully provide backup power to enable the transfer of the persistent data.

4. The system of claim 2, wherein identification of the persistent data is based
in part on a capacity of the backup power supply to successfully provide backup

power to enable the transfer of the persistent data.

5. The system of claim 1, wherein a size of the non-volatile portion of the

memory module is less than a size of the volatile portion of the memory module.

6. The system of claim 1, wherein the memory module includes a dual in-line

memory module (DIMM).
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7. The system of claim 1, wherein the persistent data identified by the
memory controller coexists in the memory module with non-persistent data in a single
contiguous block, such that a memory space address map of the system is presented as

a contiguous block including the persistent and the non-persistent portions.

8. The system of claim 1, wherein the memory controller is to transfer the
persistent data from non-contiguous portions of the memory module and write the

persistent data to the non-volatile portion in a contiguous sequential manner.

9. The system of claim 1, wherein the memory controller is to track memory
locations of the persistent data as the persistent data is transferred to the non-volatile
portion, and to store the memory locations for locating the persistent data in the non-

volatile portion.

10. A method, comprising:

partitioning, by a memory controller, a subset of a plurality of memory
modules into non-volatile portions and volatile portions;

identifying, by the memory controller, persistent data to be backed up in
response to an interruption of primary power supply to the plurality of
memory modules; and

moving, by the memory controller, the persistent data from the volatile
portions of the plurality of memory modules to the non-volatile
portions of the plurality of memory modules, in response to the
interruption of primary power supply, using backup power provided by

a backup power supply.

11. The method of claim 10, comprising:

tracking, by the memory controller, memory locations of the persistent data as
the persistent data is moved to the non-volatile memory portions of the
memory modules; and

storing, by the memory controller, the memory locations in the non-volatile

portions of the memory modules for locating the persistent data.

12. The method of claim 10, wherein partitioning the subset of the plurality of
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memory modules into non-volatile and volatile portions is based on a capacity of the

backup power supply.

13. The method of claim 10, wherein the backup power supply is to provide
backup power to the memory controller and the plurality of memory modules in

response to the interruption of primary power supply for a threshold period of time.

14. A non-transitory computer-readable storage medium encoded with
instructions executable by a processor of a computing system, the computer-readable
storage medium comprising instructions to:

partition a subset of a plurality of memory modules into non-volatile portions

and volatile portions;

identify persistent data to be backed up from the volatile portions of the

plurality of memory modules in response to a power loss condition;
and

copy the persistent data from the volatile portions to the non-volatile portions

of the plurality of memory modules in response to the power loss

condition, using backup power from a backup power supply.

15. The non-transitory computer-readable storage medium of claim 14,
comprising instructions to:
track memory locations of the persistent data copied to the non-volatile
portions of the memory modules; and
store the memory locations in the non-volatile portions of the memory

modules to locate the persistent data.
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300
o

Partition, by a memory controller, a subset of a plurality of memory
modules into non-volatile and volatile portions

{dentify, by the memory controller, persistent data to be backed up in
response to an interruption of primary power supply to the plurality of
memory modules

330
/_

Move, by the memory controller, the persistent data from the volatile
portions of the plurality of memory modules to the non-volatile portions
of the plurality of memory modules, in response to the interruption of
primary power supply, using backup power provided by a backup power

supply

FIG. 3
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410

Track, by the memory controller, memory locations of the persistent
data as the persistent data is moved to the non-volatile memory portions
of the memory modules

420

Store, by the memory controller, the memory locations in the hon-
volatile portions of the memory modules for locating the persistent data

FIG. 4



PCT/US2015/015973

WO 2016/130163

5/5

S "Old

1G J0ssao0id

TZG suononJsu|
Bulkdon vleq 1uslsIsiad

Z2G Suononisy|
SutAinuap) eleq usisisiad

126 suononisuj
Buiuoniped Asoway

026 wnipapy obeio}g ajgepeay-mLinduio)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/015973

A. CLASSIFICATION OF SUBJECT MATTER
GOGF 12/16(2006.01)i, GOG6F 1/26(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GOG6F 12/16; GO6F 12/02; GO6F 13/10; G11C 7/00; GO6F 12/00; GO6F 11/00; GO6F 1/26

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: partitioning, volatile, non-volatile, back up, persistent, transfer, power loss

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2009-0031072 A1 (RONALD H. SARTORE) 29 January 2009 1-5,7-15
See paragraphs [0030], [0032], [0089], [0110], [0115]; claims 1, 16;
and figure 1.
Y 6
Y US 8397013 Bl (DANIEL L. ROSENBAND et al.) 12 March 2013 6

See column 2, lines 40-44; claim 17; and figure 1A.

A US 2014-0032818 A1 (JICHUAN CHANG et al.) 30 January 2014 1-15
See paragraphs [0032]-[0033]; and figure 1.

A US 2004-0083405 A1 (ROBERT C. CHANG et al.) 29 April 2004 1-15
See paragraphs [0030], [0036]; and figure 1b.

A WO 2011-087595 A2 (INTEL CORPORATION) 21 July 2011 1-15
See page 2, lines 21-25; and figure 1.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
18 December 2015 (18.12.2015) 23 December 2015 (23.12.2015)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

. Korean Intellectual Property Office
N B Y \ 11 g ( h a
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 302-701, .S C

R Republic of Korea
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8262

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2015/015973

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2009-0031072 Al 29/01/2009 CN 101960430 A 26/01/2011
US 2009-0235038 Al 17/09/2009
US 2013-0111109 Al 02/05/2013
US 2013-0111110 Al 02/05/2013
US 2013-0111111 A1 02/05/2013
US 2014-0359237 Al 04/12/2014
US 8074034 B2 06/12/2011
US 8200885 B2 12/06/2012
US 8200929 Bl 12/06/2012
US 8650363 B2 11/02/2014
US 8812802 B2 19/08/2014
US 8819368 B2 26/08/2014
WO 2009-015285 Al 29/01/2009

US 8397013 B1 12/03/2013 US 8977806 Bl 10/03/2015

US 2014-0032818 Al 30/01/2014 None

US 2004-0083405 Al 29/04/2004 CN 101833482 A 15/09/2010
CN 1540672 A 27/10/2004
EP 1416379 A2 06/05/2004
EP 1416379 A3 24/05/2006
EP 1416379 Bl 21/11/2012
JP 04371771 B2 25/11/2009
JP 05162535 B2 13/03/2013
JP 2004-152301 A 27/05/2004
JP 2009-283005 A 03/12/2009
KR 10-1004876 Bl 28/12/2010
KR 10-2004-0038712 A 08/05/2004
KR 10-2009-0091101 A 26/08/2009
US 2007-0106919 Al 10/05/2007
US 7181611 B2 20/02/2007
US 7809962 B2 05/10/2010

WO 2011-087595 A2 21/07/2011 CN 102667735 A 12/09/2012
EP 2517109 A2 31/10/2012
EP 2517109 A4 04/09/2013
US 2011-0153916 Al 23/06/2011
US 8914568 B2 16/12/2014
WO 2011-087595 A3 27/10/2011

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report

