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NETL.040A PATENT
NON-VOLATILE MEMORY MODULE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of priority from U.S.
Provisional Application No. 60/941,586, filed June 1, 2007, which is incorporated in its
entirety by reference herein.

BACKGROUND

[0002] Certain types of memory modules comprise a plurality of dynamic
random-access memory (DRAM) devices mounted on a printed circuit board (PCB). These
memory modules are typically mounted in a memory slot or socket of a computer system
(e.g., a server system or a personal computer) and are accessed by the computer system to
provide volatile memory to the computer system.

[0003] Volatile memory generally maintains stored information only when it is
powered. Batteries have been used to provide power to volatile memory during power
failures or interruptions. However, batteries may require maintenance, may need to be
replaced, are not environmentally friendly, and the status of batteries can be difficult to
monitor. '

[0004] Non-volatile memory can generally maintain stored information while
power is not applied to the non-volatile memory. In certain circumstances, it can therefore be
useful to backup volatile memory using non-volatile memory.

SUMMARY

[0005] In certain embodiments, a memory system coupled to a computer system is
provided which includes a volatile memory subsystem, a non-volatile memory subsystem,
and a controller operatively coupled to the non-volatile memory subsystem. The memory
system can also include at least one circuit configured to selectively operatively decouple the
controller from the volatile memory subsystem.

[0006] In some embodiments, a power module for providing a plurality of
voltages to a memory system is described. The power module includes non-volatile and
volatile memory, and the plurality of voltages include at least a first voltage and a second

voltage. The power module of certain embodiments includes an input providing a third
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voltage to the power module and a voltage conversion element configured to provide the
second voltage to the memory system. The power module also includes a first power element
configured to selectively provide a fourth voltage to the conversion element. The power
module further includes a second power element configured to selectively provide a fifth
voltage to the conversion element. The power module can be configured to selectively
provide the first voltage to the memory system either from the conversion element or from
the input.

[0007] The power module can be configured to be operated in at least three states
in certain embodiments. In a first state, the first voltage is provided to the memory system
from the input and the fourth voltage is provided to the conversion element from the first
power element. In a second, state the fourth voltage is provided to the conversion element
from the first power element and the first voltage is provided to the memory system from the
conversion element. In a third state, the fifth voltage is provided to the conversion element
from the second power element and the first voltage is provided to the memory system from
the conversion element.

[0008] A method of providing a first voltage and a second voltage to a memory
system including volatile and non-volatile memory subsystems is provided in certain
embodiments. The method includes, during a first condition, providing the first voltage to
the memory system from an input power supply and providing the second voltage to the
memory system from a first power subsystem. The method further includes detecting a
second condition and, during the second condition, providing the first voltage and the second
voltage to the memory system from the first power subsystem. The method also includes
charging a second power subsystem and detecting a third condition. During the third
condition, the method includes providing the first voltage and the second voltage to the
memory system from the second power subsystem.

[0009] In certain embodiments, a method is provided for controlling a memory
system operatively coupled to a host system and which includes a volatile memory subsystem
and a non-volatile memory subsystem. The method can include operating the volatile
memory subsystem at a first frequency when the memory system is in a first mode of

operation in which data is communicated between the volatile memory subsystem and the
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host system. In certain embodiments, the method further includes operating the non-volatile
memory subsystem at a second frequency when the memory system is in a second mode of
operation in which data is communicated between the volatile memory subsystem and the
non-volatile memory subsystem. The method can also include operating the volatile memory
subsystem at a third frequency when the memory system is in the second mode of operation,
the third frequency less than the first frequency.

[0010] In certain embodiments, a method is provided for controlling a memory
system operatively coupled to a host system. The memory system includes a volatile memory
subsystem and a non-volatile memory subsystem. In certain embodiments, the method
includes communicating data words between the volatile memory subsystem and the host
system when the memory system is in a first mode of operation. The method can further
include transferring data words from the volatile memory subsystem to the non-volatile
memory subsystem when the memory system is in a second mode of operation. Transferring
each data word can include storing a first portion of the data word in a buffer, storing a
second portion of the data word in the buffer, and writing the entire data word from the buffer
to the non-volatile memory subsystem.

[0011] A memory system operatively coupled to a host system is provided in
certain embodiments. The memory system can include a volatile memory subsystem and a
non-volatile memory subsystem comprising at least 100 percent more storage capacity than
does the volatile memory subsystem. The memory system includes a controller operatively
coupled to the volatile memory subsystem and operatively coupled to the non-volatile
memory subsystem, the controller configured to allow data to be communicated between the
volatile memory subsystem and the host system when the memory system is operating in a
first state and to allow data to be communicated between the volatile memory subsystem and
the non-volatile memory subsystem when the memory system is operating in a second state.

[0012] A method of controlling a memory system operatively coupled to a host
system is provided in certain embodiments. The memory system includes a volatile memory
subsystem and a non-volatile memory subsystem. The method can include communicating
data between the volatile memory subsystem and the host system when the memory system is

in a first mode of operation. The method of certain embodiments further includes storing a
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first copy of data from the volatile memory subsystem to the non-volatile memory subsystem
at a first time when the memory system is in a second mode of operation. The method may
further include restoring the first copy of data from the non-volatile memory subsystem to the
volatile memory subsystem and erasing the first copy of data from the non-volatile memory
subsystem. In certain embodiments, the method also includes storing a second copy of data
from the volatile memory subsystem to the non-volatile memory subsystem at a second time
when the memory system is in the second mode of operation, wherein storing the second
copy begins before the first copy is completely erased from the non-volatile memory
subsystem.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 is a block diagram of an example memory system compatible
with certain embodiments described herein.

[0014] Figure 2 is a block diagram of an example memory module with ECC
(error-correcting code) having a volatile memory subsystem with nine volatile memory
elements and a non-volatile memory subsystem with five non-volatile memory elements in
accordance with certain embodiments described herein.

[0015] Figure 3 is a block diagram of an example memory module having a
microcontroller unit and logic element integrated into a single device in accordance with
certain embodiments described herein.

[0016] Figures 4A-4C schematically illustrate example embodiments of memory
systems having volatile memory subsystems comprising registered dual in-line memory
modules in accordance with certain embodiments described herein.

[0017] Figure 5 schematically illustrates an example power module of a memory
system in accordance with certain embodiments described herein.

[0018] Figure 6 is a flowchart of an example method of providing a first voltage
and a second voltage to a memory system including volatile and non-volatile memory
subsystems.

[0019] Figure 7 is a flowchart of an example method of controlling a memory
system operatively coupled to a host system and which includes at least 100 percent more

storage capacity in non-volatile memory than in volatile memory.
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[0020] Figure 8 schematically illustrates an example clock distribution topology
of a memory system in accordance with certain embodiments described herein.

[0021] Figure 9 is a flowchart of an example method of controlling a memory
system operatively coupled to a host system, the method including operating a volatile
memory subsystem at a reduced rate in a back-up mode.

[0022] Figure 10 schematically illustrates an example topology of a connection to
transfer data slices from two DRAM segments of a volatile memory subsystem of a memory
system to a controller of the memory system.

[0023] Figure 11 is a flowchart of an example method of controlling a memory
system operatively coupled to a host system, the method including backing up and/or
restoring a volatile memory subsystem in slices.

DETAILED DESCRIPTION

[0024] Certain embodiments described herein include a memory system which
can communicate with a host system such as a disk controller of a computer system. The
memory system can include volatile and non-volatile memory, and a controller. The
controller backs up the volatile memory using the non-volatile memory in the event of a
trigger condition. Trigger conditions can include, for example, a power failure, power
reduction, request by the host system, etc. In order to power the system in the event of a
power failure or reduction, the memory system can include a secondary power source which
does not comprise a battery and may include, for example, a capacitor or capacitor array.

[0025] In certain embodiments, the memory system can be configured such that
the operation of the volatile memory is not adversely affected by the non-volatile memory or
by the controller when the volatile memory is interacting with the host system. For example,
one or more isolation devices may isolate the non-volatile memory and the controller from
the volatile memory when the volatile memory is interacting with the host system and may
allow communication between the volatile memory and the non-volatile memory when the
data of the volatile memory is being restored or backed-up. This configuration generally
protects the operation of the volatile memory when isolated while providing backup and

restore capability in the event of a trigger condition, such as a power failure.
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[0026] In certain embodiments described herein, the memory system includes a
power module which provides power to the various components of the memory system from
different sources based on a state of the memory system in relation to a trigger condition
(e.g., a power failure). The power module may switch the source of the power to the various
components in order to efficiently provide power in the event of the power failure. For
example, when no power failure is detected, the power module may provide power to certain
components, such as the volatile memory, from system power while charging a secondary
power source (e.g., a capacitor array). In the event of a power failure or other trigger
condition, the power module may power the volatile memory elements using the previously
charged secondary power source.

[0027] In certain embodiments, the power module transitions relatively smoothly
from powering the volatile memory with system power to powering it with the secondary
power source. For example, the memory system may power volatile memory with a third
power source from the time the memory system detects that power failure is likely to occur
until the time the memory system detects that the power failure has actually occurred.

[0028] In certain embodiments, the volatile memory system can be operated at a
reduced frequency during backup and/or restore operations which can improve the efficiency
of the system and save power. In some embodiments, during backup and/or restore
operations, the volatile memory communicates with the non-volatile memory by writing
and/or reading data words in bit-wise slices instead of by writing entire words at once. In
certain embodiments, when each slice is being written to or read from the volatile memory
the unused slice(s) of volatile memory is not active, which can reduce the power consumption
of the system.

[0029] In yet other embodiments, the non-volatile memory can include at least
100 percent more storage capacity than the volatile memory. This conﬁguration can allow
the memory system to efficiently handle subsequent trigger conditions.

[0030] Figure 1 is a block diagram of an example memory system 10 compatible
with certain embodiments described herein. The memory system 10 can be coupled to a host
computer system and can include a volatile memory subsystem 30, a non-volatile memory

subsystem 40, and a controller 62 operatively coupled to the non-volatile memory subsystem
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40. In certain embodiments, the memory system 10 includes at least one circuit 52
configured to selectively operatively decouple the controller 62 from the volatile memory
subsystem 30.

[0031] In certain embodiments, the memory system 10 comprises a memory
module. The memory system 10 may comprise a printed-circuit board (PCB) 20. In certain
embodiments, the memory system 10 has a memory capacity of 512-MB, 1-GB, 2-GB, 4-GB,
or 8-GB. Other volatile memory capacities are also compatible with certain embodiments
described herein. In certain embodiments, the memory system 10 has a non-volatile memory
capacity of 512-MB, 1-GB, 2-GB, 4-GB, 8-GB, 16-GB, or 32-GB. Other non-volatile
memory capacities are also compatible with certain embodiments described herein. In
addition, memory systems 10 having widths of 4 bytes, 8 bytes, 16 bytes, 32 bytes, or 32 bits,
64 bits, 128 bits, 256 bits, as well as other widths (in bytes or in bits), are compatible with
embodiments described herein. In certain embodiments, the PCB 20 has an industry-standard
form factor. For example, the PCB 20 can have a low profile (LP) form factor with a height
of 30 millimeters and a width of 133.35 millimeters. In certain other embodiments, the PCB
20 has a very high profile (VHP) form factor with a height of 50 millimeters or more. In
certain other embodiments, the PCB 20 has a very low profile (VLP) form factor with a
height of 18.3 millimeters. Other form factors including, but not limited to, small-outline
(SO-DIMM), unbuffered (UDIMM), registered (RDIMM), fully-buffered (FBDIMM), mini-
DIMM, mini-RDIMM, VLP mini-DIMM, micro-DIMM, and SRAM DIMM are also
compatible with certain embodiments described herein. For example, in other embodiments,
certain non-DIMM form factors are possible such as, for example, single in-line memory
module (SIMM), multi-media card (MMC), and small computer system interface (SCSI).

[0032] In certain preferred embodiments, the memory system 10 is in electrical
communication with the host system. In other embodiments, the memory system 10 may
communicate with a host system using some other type of communication, such as, for
example, optical communication. Examples of host systems include, but are not limited to,
blade servers, 1U servers, personal computers (PCs), and other applications in which space is
constrained or limited. The memory system 10 can be in communication with a disk

controller of a computer system, for example. The PCB 20 can comprise an interface 22 that
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is configured to be in electrical communication with the host system (not shown). For
example, the interface 22 can comprise a plurality of edge connections which fit into a
corresponding slot connector of the host system. The interface 22 of certain embodiments
provides a conduit for power voltage as well as data, address, and control signals between the
memory system 10 and the host system. For example, the interface 22 can comprise a
standard 240-pin DDR2 edge connector.

[0033] The volatile memory subsystem 30 comprises a plurality of volatile
memory elements 32 and the non-volatile memory subsystem 40 comprises a plurality of
non-volatile memory elements 42. Certain embodiments described herein advantageously
provide non-volatile storage via the non-volatile memory subsystem 40 in addition to high-
performance (e.g., high speed) storage via the volatile memory subsystem 30. In certain
embodiments, the first plurality of volatile memory elements 32 comprises two or more
dynamic random-access memory (DRAM) elements. Types of DRAM elements 32
compatible with certain embodiments described herein include, but are not limited to, DDR,
DDR2, DDR3, and synchronous DRAM (SDRAM). For example, in the block diagram of
Figure 1, the first memory bank 30 comprises eight 64Mx8 DDR2 SDRAM elements 32.
The volatile memory elements 32 may comprise other types of memory elements such as
static random-access memory (SRAM). In addition, volatile memory elements 32 having bit
widths of 4, 8, 16, 32, as well as other bit widths, are compatible with certain embodiments
described herein. Volatile memory elements 32 compatible with certain embodiments
described herein have packaging which include, but are not limited to, thin small-outline
package (TSOP), ball-grid-array (BGA), fine-pitch BGA (FBGA), micro-BGA (uBGA),
mini-BGA (mBGA), and chip-scale packaging (CSP).

[0034] In certain embodiments, the second plurality of non-volatile memory
elements 42 comprises one or more flash memory elements. Types of flash memory elements
42 compatible with certain embodiments described herein include, but are not limited to,
NOR flash, NAND flash, ONE-NAND flash, and multi-level cell (MLC). For example, in
the block diagram of Figure 1, the second memory bank 40 comprises 512 MB of flash
memory organized as four 128Mbx8 NAND flash memory elements 42. In addition, non-

volatile memory elements 42 having bit widths of 4, 8, 16, 32, as well as other bit widths, are
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compatible with certain embodiments described herein. Non-volatile memory elements 42
compatible with certain embodiments described herein have packaging which include, but are
not limited to, thin small-outline package (TSOP), ball-grid-array (BGA), fine-pitch BGA
(FBGA), micro-BGA (uBGA), mini-BGA (mBGA), and chip-scale packaging (CSP).

[0035] Figure 2 is a block diagram of an example memory module 10 with ECC
(error-correcting code) having a volatile memory subsystem 30 with nine volatile memory
elements 32 and a non-volatile memory subsystem 40 with five non-volatile memory
elements 42 in accordance with certain embodiments described herein. The additional
memory element 32 of the first memory bank 30 and the additional memory element 42 of
the second memory bank 40 provide the ECC capability. In certain other embodiments, the
volatile memory subsystem 30 comprises other numbers of volatile memory elements 32
(e.g., 2, 3, 4,5, 6, 7, more than 9). In certain embodiments, the non-volatile memory
subsystem 40 comprises other numbers of non-volatile memory elements 42 (e.g., 2, 3, more
than 5).

[0036] Referring to Figure 1, in certain embodiments, the logic element 70
comprises a field-programmable gate array (FPGA). In certain embodiments, the logic
element 70 comprises an FPGA available from Lattice Semiconductor Corporation which
includes an internal flash. In certain other embodiments, the logic element 70 comprises an
FPGA available from another vendor. The internal flash can improve the speed of the
memory system 10 and save physical space. Other types of logic elements 70 compatible
with certain embodiments described herein include, but are not limited to, a programmable-
logic device (PLD), an application-specific integrated circuit (ASIC), a custom-designed
semiconductor device, a complex programmable logic device (CPLD). In certain
embodiments, the logic element 70 is a custom device. In certain embodiments, the logic
element 70 comprises various discrete electrical elements, while in certain other
embodiments, the logic element 70 comprises one or more integrated circuits. Figure 3 is a
block diagram of an example memory module 10 having a microcontroller unit 60 and logic
element 70 integrated into a single controller 62 in accordance with certain embodiments
described herein. In certain embodiments, the controller 62 includes one or more other

components. For example, in one embodiment, an FPGA without an internal flash is used
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and the controller 62 includes a separate flash memory component which stores configuration
information to program the FPGA.

[0037] In certain embodiments, the at least one circuit 52 comprises one or more
switches coupled to the volatile memory subsystem 30, to the controller 62, and to the host
computer (e.g., via the interface 22, as schematically illustrated by Figures 1-3). The one or
more switches are responsive to signals (e.g., from the controller 62) to selectively
operatively decouple the controller 62 from the volatile memory subsystem 30 and to
selectively operatively couple the controller 62 to the volatile memory subsystem 30. In
addition, in certain embodiments, the at least one circuit 52 selectively operatively couples
and decouples the volatile memory subsystem 30 and the host system.

[0038] In certain embodiments, the volatile memory subsystem 30 can comprise a
registered DIMM subsystem comprising one or more registers 160 and a plurality of DRAM
elements 180, as schematically illustrated by Figure 4A. In certain such embodiments, the at
least one circuit 52 can comprise one or more switches 172 coupled to the controller 62 (e.g.,
logic element 70) and to the volatile memory subsystem 30 which can be actuated to couple
and decouple the controller 62 to and from the volatile memory subsystem 30, respectively.
The memory system 10 further comprises one or more switches 170 coupled to the one or
more registers 160 and to the plurality of DRAM elements 180 as schematically illustrated by
Figure 4A. The one or more switches 170 can be selectively switched, thereby selectively
operatively coupling the volatile memory subsystem 30 to the host system 150. In certain
other embodiments, as schematically illustrated by Figure 4B, the one or more switches 174
are also coupled to the one or more registers 160 and to a power source 162 for the one or
more registers 160. The one or more switches 174 can be selectively switched to turn power
on or off to the one or more registers 160, thereby selectively operatively coupling the
volatile memory subsystem 30 to the host system 150. As schematically illustrated by Figure
4C, in certain embodiments the at least one circuit 52 comprises a dynamic on-die
termination (ODT) 176 circuit of the logic element 70. For example, the logic element 70
can comprise a dynamic ODT circuit 176 which selectively operatively couples and
decouples the logic element 70 to and from the volatile memory subsystem 30, respectively.

In addition, and similar to the example embodiment of Figure 4A described above, the one or
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more switches 170 can be selectively switched, thereby selectively operatively coupling the
volatile memory subsystem 30 to the host system 150.

[0039] Certain embodiments described herein utilize the non-volatile memory
subsystem 40 as a flash “mirror” to provide backup of the volatile memory subsystem 30 in
the event of certain system conditions. For example, the non-volatile memory subsystem 40
may backup the volatile memory subsystem 30 in the event of a trigger condition, such as, for
example, a power failure or power reduction or a request from the host system. In one
embodiment, the non-volatile memory subsystem 30 holds intermediate data results in a
noisy system environment when the host computer system is engaged in a long computation.
In certain embodiments, a backup may be performed on a regular basis. For example, in one
embodiment, the backup may occur every millisecond in response to a trigger condition. In
certain embodiments, the trigger condition occurs when the memory system 10 detects that
the system voltage is below a certain threshold voltage. For example, in one embodiment,
the threshold voltage is 10 percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the voltage goes above a certain threshold
value, such as, for example, 10 percent above a specified operating voltage. In some
embodiments, a trigger condition occurs when the voltage goes below a threshold or above
another threshold. In various, a backup and/or restore operation may occur in reboot and/or
non-reboot trigger conditions.

[0040] As schematically illustrated by Figures 1 and 2, in certain embodiments,
the controller 62 may comprise a microcontroller unit (MCU) 60 and a logic element 70. In
certain embodiments, the MCU 60 provides memory management for the non-volatile
memory subsystem 40 and controls data transfer between the volatile memory subsystem 30
and the non-volatile memory subsystem 40. The MCU 60 of certain embodiments comprises
a 16-bit microcontroller, although other types of microcontrollers are also compatible with
certain embodiments described herein. As schematically illustrated by Figures 1 and 2, the
logic element 70 of certain embodiments is in electrical communication with the non-volatile
memory subsystem 40 and the MCU 60. The logic element 70 can provide signal level
translation between the volatile memory elements 32 (e.g., 1.8V SSTL-2 for DDR2 SDRAM
elements) and the non-volatile memory elements 42 (e.g., 3V TTL for NAND flash memory
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elements). In certain embodiments, the logic element 70 is also programmed to perform
address/address translation between the volatile memory subsystem 30 and the non-volatile
memory subsystem 40. In certain preferred embodiments, 1-NAND type flash are used for
the non-volatile memory elements 42 because of their superior read speed and compact
structure.

[0041] The memory system 10 of certain embodiments is configured to be
operated in at least two states. The at least two states can comprise a first state in which the
controller 62 and the non-volatile memory subsystem 40 are operatively decoupled (e.g.,
isolated) from the volatile memory subsystem 30 by the at least one circuit 52 and a second
state in which the volatile memory subsystem 30 is operatively coupled to the controller 62 to
allow data to be communicated between the volatile memory subsystem 30 and the non-
volatile memory subsystem 40 via the controller 62. The memory system 10 may transition
from the first state to the second state in response to a trigger condition, such as when the
memory system 10 detects that there is a power interruption (e.g., power failure or reduction)
or a system hang-up.

[0042] The memory system 10 may further comprise a voltage monitor 50. The
voltage monitor circuit 50 monitors the voltage supplied by the host system via the interface
22. Upon detecting a low voltage condition (e.g., due to a power interruption to the host
system), the voltage monitor circuit 50 may transmit a signal to the controller 62 indicative of
the detected condition. The controller 62 of certain embodiments responds to the signal from
the voltage monitor circuit 50 by transmitting a signal to the at least one circuit 52 to
operatively couple the controller to the volatile memory system 30, such that the memory
system 10 enters the second state. For example, the voltage monitor 50 may send a signal to
the MCU 60 which responds by accessing the data on the volatile memory system 30 and by
executing a write cycle on the non-volatile memory subsystem 40. During this write cycle,
data is read from the volatile memory subsystem 30 and is transferred to the non-volatile
memory subsystem 40 via the MCU 60. In certain embodiments, the voltage monitor circuit
50 is part of the controller 62 (e.g., part of the MCU 60) and the voltage monitor circuit 50
transmits a signal to the other portions of the controller 62 upon detecting a power threshold

condition.
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[0043] The isolation or operational decoupling of the volatile memory subsystem
30 from the non-volatile memory subsystem in the first state can preserve the integrity of the
operation of the memory system 10 during periods of operation in which signals (e.g., data)
are transmitted between the host system and the volatile memory subsystem 30. For
example, in one embodiment during such periods of operation, the controller 62 and the non-
volatile memory subsystem 40 do not add a significant capacitive load to the volatile memory
system 30 when the memory system 10 is in the first state. In certain such embodiments, the
capacitive load of the controller 62 and the non-volatile memory subsystem 40 do not
significantly affect the signals propagating between the volatile memory subsystem 30 and
the host system. This can be particularly advantageous in relatively high-speed memory
systems where loading effects can be significant. In one preferred embodiment, the at least
one circuit 52 comprises an FSA1208 Low-Power,. Eight-Port, Hi-Speed Isolation Switch
from Fairchild Semiconductor. In other embodiments, the at least one circuit 52 comprises
other types of isolation devices.

[0044] Power may be supplied to the volatile memory subsystem 30 from a first
power supply (e.g., a system power supply) when the memory system 10 is in the first state
and from a second power supply 80 when the memory system 10 is in the second state. In
certain embodiments, the memory system 10 is in the first state when no trigger condition
(e.g., a power failure) is present and the memory system 10 enters the second state in
response to a trigger condition. In certain embodiments, the memory system 10 has a third
state in which the controller 62 is operatively decoupled from the volatile memory subsystem
30 and power is supplied to the volatile memory subsystem 30 from a third power supply (not
shown). For example, in one embodiment the third power supply may provide power to the
volatile memory subsystem 30 when the memory system 10 detects that a trigger condition is
likely to occur but has not yet occurred.

[0045] In certain embodiments, the second power supply 80 does not comprise a
battery. Because a battery is not used, the second power supply 80 of certain embodiments
may be relatively easy to maintain, does not generally need to be replaced, and is relatively
environmentally friendly. In certain embodiments, as schematically illustrated by Figures 1-

3, the second power supply 80 comprises a step-up transformer 82, a step-down transformer
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84, and a capacitor bank 86 comprising one or more capacitors (e.g., double-layer capacitors).
In one example embodiment, capacitors may take about three to four minutes to charge and
about two minutes to discharge. In other embodiments, the one or more capacitors may take
a longer time or a shorter time to charge and/or discharge. For example, in certain
embodiments, the second power supply 80 is configured to power the volatile memory
subsystem 30 for less than thirty minutes. In certain embodiments, the second power supply
80 may comprise a battery. For example, in certain embodiments, the second power supply
80 comprises a battery and one or more capacitors and is configured to power the volatile
memory subsystem 30 for no more than thirty minutes.

[0046] In certain embodiments, the capacitor bank 86 of the second power supply
80 is charged by the first power supply while the memory system 10 is in the first state. Asa
result, the second power supply 80 is fully charged when the memory system 10 enters the
second state. The memory system 10 and the second power supply 80 may be located on the
same printed circuit board 20. In other embodiments, the second power supply 80 may not be
on the same printed circuit board 20 and may be tethered to the printed circuit board 20, for
example.

[0047] When operating in the first state, in certain embodiments, the step-up
transformer 82 keeps the capacitor bank 86 charged at a peak value. In certain embodiments,
the step-down transformer 84 acts as a voltage regulator to ensure that regulated voltages are
supplied to the memory elements (e.g., 1.8V to the volatile DRAM elements 32 and 3.0V to
the non-volatile flash memory elements 42) when operating in the second state (e.g., during
power down). In certain embodiments, as schematically illustrated by Figures 1-3, the
memory module 10 further comprises a switch 90 (e.g., FET switch) that switches power to
the controller 62 the volatile memory subsystem 30, and the non-volatile memory subsystem
40 between the power from the second power supply 80 and the power from the first power
supply (e.g., system power) received via the interface 22. For example, the switch 90 may
switch from the first power supply to the second power supply 80 when the voltage monitor
50 detects a low voltage condition. The switch 90 of certain embodiments advantageously
ensures that the volatile memory elements 32 and non-volatile memory elements 42 are

powered long enough for the data to be transferred from the volatile memory elements 32 and
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stored in the non-volatile memory elements 42. In certain embodiments, after the data
transfer is complete, the switch 90 then switches back to the first power supply and the
controller 62 transmits a signal to a the at least one circuit 50 to operatively decouple the
controller 62 from the volatile memory subsystem 30, such that the memory system 10 re-
enters the first state.

[0048] When the memory system 10 re-enters the first state, data may >be
transferred back from the non-volatile memory subsystem 40 to the volatile memory
subsystem 30 via the controller 62. The host system can then resume accessing the volatile
memory subsystem 30 of the memory module 10. In certain embodiments, after the memory
system 10 enters or re-enters the first state (e.g., after power is restored), the host system
accesses the volatile memory subsystem 30 rather than the non-volatile memory subsystem
40 because the volatile memory elements 32 have superior read/write characteristics. In
certain embodiments, the transfer of data from the volatile memory bank 30 to the non-
volatile memory bank 40, or from the non-volatile memory bank 40 to the volatile memory
bank 30, takes less than one minute per GB.

[0049] In certain embodiments, the memory system 10 protects the operation of
the volatile memory when communicating with the host-system and provides backup and
restore capability in the event of a trigger condition such as a power failure. In certain
embodiments, the memory system 10 copies the entire contents of the volatile memory
subsystem 30 into the non-volatile memory subsystem 40 on each backup operation.
Moreover, in certain embodiments, the entire contents of the non-volatile memory subsystem
40 are copied back into the volatile memory subsystem 30 on each restore operation. In
certain embodiments, the entire contents of the non-volatile memory subsystem 40 are
accessed for each backup and/or restore operation, such that the non-volatile memory
subsystem 40 (e.g., flash memory subsystem) is used generally uniformly across its memory
space and wear-leveling is not performed by the memory system 10. In certain embodiments,
avoiding wear-leveling can decrease cost and complexity of the memory system 10 and can
improve the performance of the memory system 10. In certain other embodiments, the entire
contents of the volatile memory subsystem 30 are not copied into the non-volatile memory

subsystem 40 on each backup operation, but only a partial copy is performed. In certain
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embodiments, other management capabilities such as bad-block management and error
management for the flash memory elements of the non-volatile memory subsystem 40 are
performed in the controller 62.

[0050] The memory system 10 generally operates as a write-back cache in certain
embodiments. For example, in one embodiment, the host system (e.g., a disk controller)
writes data to the volatile memory subsystem 30 which then writes the data to non-volatile
storage which is not part of the memory system 10, such as, for example, a hard disk. The
disk controller may wait for an acknowledgment signal from the memory system 10
indicating that the data has been written to the hard disk or is otherwise secure. The memory
system 10 of certain embodiments can decrease delays in the system operation by indicating
that the data has been written to the hard disk before it has actually done so. In certain
embodiments, the memory system 10 will still be able to recover the data efficiently in the
event of a power outage because of the backup and restore capabilities described herein. In
certain other embodiments, the memory system 10 may operated as a write-through cache or
as some other type of cache.

[0051] Figure 5 schematically illustrates an example power module 100 of the
memory system 10 in accordance with certain embodiments described herein. The power
module 100 provides power to the various components of the memory system 10 using
different elements based on a state of the memory system 10 in relation to a trigger condition.
In certain embodiments, the power module 100 comprises one or more of the components
described above with respect to Figure 1. For example, in certain embodiments, the power
module 100 includes the second power supply 80 and the switch 90.

[0052] The power module 100 provides a plurality of voltages to the memory
system 10 comprising non-volatile and volatile memory subsystems 30, 40. The plurality of
voltages comprises at least a first voltage 102 and a second voltage 104. The power module
100 comprises an input 106 providing a third voltage 108 to the power module 100 and a
voltage conversion element 120 configured to provide the second voltage 104 to the memory
system 10. The power module 100 further comprises a first power element 130 configured to
selectively provide a fourth voltage 110 to the conversion element 120. In certain

embodiments, the first power element 130 comprises a pulse-width modulation power
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controller. For example, in one example embodiment, the first power element 130 is
configured to receive a 1.8V input system voltage as the third voltage 108 and to output a
modulated SV output as the fourth voltage 110.

[0053] The power module 100 further comprises a second power element 140 can
be configured to selectively provide a fifth voltage 112 to the conversion element 120. The
power module 100 can be configured to selectively provide the first voltage 102 to the
memory system 110 either from the conversion element 120 or from the input 106.

[0054] The power module 100 can be configured to be operated in at least three
states in certain embodiments. In a first state, the first voltage 102 is provided to the memory
system 10 from the input 106 and the fourth voltage 110 is provided to the conversion
element 120 from the first power element 130. In a second state, the fourth voltage 110 is
provided to the conversion element 120 from the first power element 130 and the first voltage
102 is provided to the memory system 10 from the conversion element 120. In the third state,
the fifth voltage 112 is provided to the conversion element 120 from the second power
element 140 and the first voltage 104 is provided to the memory system 10 from the
conversion element 120.

[0055] In certain embodiments, the power module 100 transitions from the first
state to the second state upon detecting that a trigger condition is likely to occur and
transitions from the second state to the third state upon detecting that the trigger condition
has occurred. For example, the power module 100 may transition to the second state when it
detects that a power failure is about to occur and transitions to the third state when it detects
that the power failure has occurred. In certain embodiments, providing the first voltage 102
in the second state from the first power element 130 rather than from the input 106 allows a
smoother transition from the first state to the third state. For example, in certain
embodiments, providing the first voltage 102 from the first power element 130 has capacitive
and other smoothing effects. In addition, switching the point of power transition to be
between the conversion element 120 and the first and second power elements 130, 140 (e.g.,
the sources of the pre-regulated fourth voltage 110 in the second state and the pre-regulated

fifth voltage 112 in the third state) can smooth out potential voltage spikes.
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[0056] In certain embodiments, the second power element 140 does not comprise
a battery and may comprise one or more capacitors. For example, as schematically illustrated
in Figure 4, the second power element 140 comprises a capacitor array 142, a buck-boost
converter 144 which adjusts the voltage for charging the capacitor array and a voltage/current
limiter 146 which limits the charge current to the capacitor array 142 and stops charging the
capacitor array 142 when it has reached a certain charge voltage. In one example
embodiment, the capacitor array 142 comprises two 50 farad capacitors capable of holding a
total charge of 4.6V. For example, in one example embodiment, the buck-boost converter
144 receives a 1.8V system voltage (first voltage 108) and boosts the voltage to 4.3V which
is outputted to the voltage current limiter 146. The voltage/current limiter 146 limits the
current going to the capacitor array 142 to 1A and stops charging the array 142 when it is
charged to 4.3V. Although described with respect to certain example embodiments, one of
ordinary skill will recognize from the disclosure herein that the second power element 140
may include alternative embodiments. For example, different components and/or different
value components may be used. For example, in other embodiments, a pure boost converter
may be used instead of a buck-boost converter. In another embodiment, only one capacitor
may be used instead of a capacitor array 142.

[0057] The conversion element 120 can comprise one or more buck converters
and/or one or more buck-boost converters. The conversion element 120 may comprise a
plurality of sub-blocks 122, 124, 126 as schematically illustrated by Figure 4, which can
provide more voltages in addition to the second voltage 104 to the memory system 10. The
sub-blocks may comprise various converter circuits such as buck-converters, boost
converters, and buck-boost converter circuits for providing various voltage values to the
memory system 10. For example, in one embodiment, sub-block 122 comprises a buck
converter, sub-block 124 comprises a dual buck converter, and sub-block 126 comprises a
buck-boost converter as schematically illustrated by Figure 4. Various other components for
the sub-blocks 122, 124, 126 of the conversion element 120 are also compatible with certain
embodiments described herein. In certain embodiments, the conversion element 120 receives
as input either the fourth voltage 110 from the first power element 130 or the fifth voltage

112 from the second power element 140, depending on the state of the power module 100,
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and reduces the input to an appropriate amount for powering various components of the
memory system. For example, the buck-converter of sub-block 122 can provide 1.8V at 2A
for about 60 seconds to the volatile memory elements 32 (e.g., DRAM), the non-volatile
memory elements 42 (e.g., flash), and the controller 62 (e.g., an FPGA) in one embodiment.
The sub-block 124 can provide the second voltage 104 as well as another reduced voltage
105 to the memory system 10. In one example embodiment, the second voltage 104 is 2.5V
and is used to power the at least one circuit 52 (e.g., isolation device) and the other reduced
voltage 105 is 1.2V and is used to power the controller 62 (e.g., FPGA). The sub-block 126
can provide yet another voltage 107 to the memory system 10. For example, the voltage 107
may be 3.3V and may be used to power both the controller 62 and the at least one circuit 52.

[0058] Although described with respect to certain example embodiments, one of
ordinary skill will recognize from the disclosure herein that the conversion element 120 may
include alternative embodiments. For example, there may be more or less sub-blocks which
may comprise other types of converters (e.g., pure boost converters) or which may produce
different voltage values. In one embodiment, the volatile memory elements 32 and non-
volatile memory elements 42 are powered using independent voltages and are not both
powered using the first voltage 102.

[0059] Figure 6 is a flowchart of an example method 200 of providing a first
voltage 102 and a second voltage 104 to a memory system 10 including volatile and non-
volatile memory subsystems 30, 40. While the method 200 is described herein by reference
to the memory system 10 schematically illustrated by Figures 1-4, other memory systems are
also compatible with embodiments of the method 200. During a first condition, the method
200 at comprises providing the first voltage 102 to the memory system 10 from an input
power supply 106 and providing the second voltage 104 to the memory system 10 from a first
power subsystem in operational block 210. For example, in one embodiment, the first power
subsystem comprises the first power element 130 and the voltage conversion element 120
described above with respect to Figure 4. In other embodiments, other first power
subsystems are used.

[0060] The method 200 further comprises detecting a second condition in

operational block 220. In certain embodiments, detecting the second condition comprises
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detecting that a trigger condition is likely to occur. During the second condition, the method
200 comprises providing the first voltage 102 and the second voltage 104 to the memory
system 10 from the first power subsystem in an operational block 230. For example,
referring to Figure 4, a switch 148 can be toggled to provide the first voltage 102 from the
conversion element 120 rather than from the input power supply.

[0061] The method 200 further comprises charging a second power subsystem in
operational block 240. In certain embodiments, the second power subsystem comprises the
second power element 140 or another power supply that does not comprise a battery. For
example, in one embodiment, the second power subsystem comprises the second power
element 140 and the voltage conversion element 120 described above with respect to Figure
4. In other embodiments, some other second power subsystem is used.

[0062] The method 200 further comprises detecting a third condition in an
operational block 250 and during the third condition, providing the first voltage 102 and the
second voltage 104 to the memory system 10 from the second power subsystem 140 in an
operational block 250. In certain embodiments, detecting the third condition comprises
detecting that the trigger condition has occurred. The trigger condition may comprise various
conditions described herein. In various embodiments, for example, the trigger condition
comprises a power reduction, power failure, or system hang-up. The operational blocks of
the method 200 may be performed in different orders in various embodiments. For example,
in certain embodiments, the second power subsystem 140 is charged before detecting the
second condition.

[0063] In certain embodiments, the memory system 10 comprises a volatile
memory subsystem 30 and a non-volatile memory subsystem 40 comprising at least 100
percent more storage capacity than does the volatile memory subsystem. The memory system
10 also comprises a controller 62 operatively coupled to the volatile memory subsystem 30
and operatively coupled to the non-volatile memory subsystem 40. The controller 62 can be
configured to allow data to be communicated between the volatile memory subsystem 30 and
the host system when the memory system 10 is operating in a first state and to allow data to
be communicated between the volatile memory subsystem 30 and the non-volatile memory

subsystem 40 when the memory system 10 is operating in a second state.

20-

Samsung Electronics Co., Ltd.
Ex. 1006, p. 21



[0064] Although the memory system 10 having extra storage capacity of the non-
volatile memory subsystem 40 has been described with respect to certain embodiments,
alternative configurations exist. For example, in certain embodiments, there may be more
than 100 percent more storage capacity in the non-volatile memory subsystem 40 than in the
volatile memory subsystem 30. In various embodiments, there may be at least 200, 300, or
400 percent more storage capacity in the non-volatile memory subsystem 40 than in the
volatile memory subsystem 30. In other embodiments, the non-volatile memory subsystem
40 includes at least some other integer multiples of the storage capacity of the volatile
memory subsystem 30. In some embodiments, the non-volatile memory subsystem 40
includes a non-integer multiple of the storage capacity of the volatile memory subsystem 30.
In one embodiment, the non-volatile memory subsystem 40 includes less than 100 percent
more storage capacity than does the volatile memory subsystem 30.

[0065] The extra storage capacity of the non-volatile memory subsystem 40 can
be used to improve the backup capability of the memory system 10. In certain embodimer;ts
in which data can only be written to portions of the non-volatile memory subsystem 40 which
do not contain data (e.g., portions which have been erased), the extra storage capacity of the
non-volatile memory subsystem 40 allows the volatile memory subsystem 30 to be backed up
in the event of a subsequent power failure or other trigger event. For example, the extra
storage capacity of the non-volatile memory subsystem 40 may allow the memory system 10
to backup the volatile memory subsystem 30 efficiently in the event of multiple trigger
conditions (e.g., power failures). In the event of a first power failure, for example, the data in
the volatile memory system 30 is copied to a first, previously erased portion of the non-
volatile memory subsystem 40 via the controller 62. Since the non-volatile memory
subsystem 40 has more storage capacity than does the volatile memory subsystem 30, there is
a second portion of the non-volatile memory subsystem 40 which does not have data from the
volatile memory subsystem 30 copied to it and which remains free of data (e.g., erased).
Once system power is restored, the controller 62 of the memory system 10 restores the data to
the volatile memory subsystem 30 by copying the backed-up data from the non-volatile
memory subsystem 40 back to the volatile memory subsystem 30. After the data is restored,

the memory system 10 erases the non-volatile memory subsystem 40. While the first portion
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of the non-volatile memory subsystem 40 is being erased, it may be temporarily un-
accessible.

[0066] If a subsequent power failure occurs before the first portion of the non-
volatile memory subsystem 40 is completely erased, the volatile memory subsystem 30 can
be backed-up or stored again in the second portion of the non-volatile memory subsystem 40
as described herein. In certain embodiments, the extra storage capacity of the non-volatile
memory subsystem 40 may allow the memory system 10 to operate more efficiently. For
example, because of the extra storage capacity of the non-volatile memory subsystem 40, the
memory system 10 can handle a higher frequency of trigger events that is not limited by the
erase time of the non-volatile memory subsystem 40.

[0067] Figure 7 is a flowchart of an example method 300 of controlling a
memory system 10 operatively coupled to a host system and which includes a volatile
memory subsystem 30 and a non-volatile memory subsystem 40. In certain embodiments, the
non-volatile memory subsystem 40 comprises at least 100 percent more storage capacity than
does the volatile memory subsystem 30 as described herein. While the method 300 is
described herein by reference to the memory system 10 schematically illustrated by Figures
1-3, the method 300 can be practiced using other memory systems in accordance with certain
embodiments described herein. In an operational block 310, the method 300 comprises
communicating data between the volatile memory subsystem 30 and the host system when
the memory system 10 is in a first mode of operation. The method 300 further comprises
storing a first copy of data from the volatile memory subsystem 30 to the non-volatile
memory subsystem 40 at a first time when the memory system 10 is in a second mode of
operation in an operational block 320.

[0068] In an operational block 330, the method 300 comprises restoring the first
copy of data from the non-volatile memory subsystem 40 to the volatile memory subsystem
30. The method 300 further comprises erasing the first copy of data from the non-volatile
memory subsystem 40 in an operational block 340. The method further comprises storing a
second copy of data from the volatile memory subsystem 30 to the non-volatile memory

subsystem 40 at a second time when the memory system 10 is in the second mode of
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operation in an operational block 350. Storing the second copy begins before the first copy is
completely erased from the non-volatile memory subsystem 40.

[0069] In some embodiments, the memory system 10 enters the second mode of
operation in response to a trigger condition, such as a power failure. In certain embodiments,
the first copy of data and the second copy of data are stored in separate portions of the non-
volatile memory subsystem 40. The method 300 can also include restoring the second copy
of data from the non-volatile memory subsystem 40 to the volatile memory subsystem 30 in
an operational block 360. The operational blocks of method 300 referred to herein may be
performed in different orders in various embodiments. For example, in some embodiments,
the restoring the second copy of data to the volatile memory subsystem 30 at operational
block 360 before the first copy of data is completely erased in the operational block 340.

[0070] Figure 8 schematically illustrates an example clock distribution topology
400 of a memory system 10 in accordance with certain embodiments described herein. The
clock distribution topology 400 generally illustrates the creation and routing of the clock
signals provided to the various components of the memory system 10. A clock source 402
such as, for example, a 25 MHz oscillator, generates a clock signal. The clock source 402
may feed a clock generator 404 which provides a clock signal 406 to the controller 62, which
may be an FPGA. In one embodiment, the clock generator 404 generates a 125 MHz clock
signal 406. The controller 62 receives the clock signal 406 and uses it to clock the controller
62 master state control logic. For example, the master state control logic may control the
general operation of an FPGA controller 62.

[0071] The clock signal 406 can also be input into a clock divider 410 which
produces a frequency-divided version of the clock signal 406. In an example embodiment,
the clock divider 410 is a divide by two clock divider and produces a 62.5 MHz clock signal
in response to the 125 MHz clock signal 406. A non-volatile memory phase-locked loop
(PLL) block 412 can be included (e.g., in the controller 62) which distributes a series of clock
signals to the non-volatile memory subsystem 40 and to associated control logic. For
example, a series of clock signals 414 can be sent from the controller 62 to the non-volatile
memory subsystem 40. Another clock signal 416 can be used by the controller logic which is

dedicated to controlling the non-volatile memory subsystem 40. For example, the clock
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signal 416 may clock the portion of the controller 62 which is dedicated to generating address
and/or control lines for the non-volatile memory subsystem 40. A feedback clock signal 418
is fed back into the non-volatile memory PLL block 412. In one embodiment, the PLL block
412 compares the feedback clock 418 to the reference clock 411 and varies the phase and
frequency of its output until the reference 411 and feedback 418 clocks are phase and
frequency matched.

[0072] A version of the clock signal 406 such as the backup clock signal 408 may
be sent from the controller to the volatile memory subsystem 30. The clock signal 408 may
be, for example, a differential version of the clock signal 406. As described herein, the
backup clock signal 408 may be used to clock the volatile memory subsystem 30 when the
memory system 10 is backing up the data from the volatile memory subsystem 30 into the
non-volatile memory subsystem 40. In certain embodiments, the backup clock signal 408
may also be used to clock the volatile memory subsystem 30 when the memory system 10 is
copying the backed-up data back into the volatile memory subsystem 30 from the non-
volatile memory subsystem 40 (also referred to as restoring the volatile memory subsystem
30). The volatile memory subsystem 30 may normally be run at a higher frequency (e.g.,
DRAM running at 400MHz) than the non-volatile memory subsystem 40 (e.g., flash memory
running at 62.5MHz) when communicating with the host system (e.g., when no trigger
condition is present). However, in certain embodiments the volatile memory subsystem 30
may be operated at a reduced frequency (e.g., at twice the frequency of the non-volatile
memory subsystem 40) without introducing significant delay into the system during backup
operation and/or restore operations. Running the volatile memory subsystem 30 at the
reduced frequency during a backup and/or restore operation may advantageously reduce
overall power consumption of the memory system 10.

[0073] In one embodiment, the backup clock 408 and the volatile memory system
clock signal 420 are received by a multiplexer 422, as schematically illustrated by Figure 7.
The multiplexer 422 can output either the volatile memory system clock signal 420 or the
backup clock signal 408 depending on the backup state of the memory system 10. For
example, when the memory system 10 is not performing a backup or restore operation and is

communicating with the host system (e.g., normal operation), the volatile memory system
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clock signal 420 may be provided by the multiplexer 422 to the volatile memory PLL block
424. When the memory system 10 is performing a backup (or restore) operation, the backup
clock signal 408 may be provided.

[0074] The volatile memory PLL block 424 receives the volatile memory
reference clock signal 423 from the multiplexer 422 and can generate a series of clock signals
which are distributed to the volatile memory subsystem 30 and associated control logic. For
example, in one embodiment, the PLL block 424 generates a series of clock signals 426
which clock the volatile memory elements 32. A clock signal 428 may be used to clock
control logic associated with the volatile memory elements, such as one or more registers
(e.g., the one ore more registers of a registered DIMM). Another clock signal 430 may be
sent to the controller 62. A feedback clock signal 432 is fed back into the volatile memory
PLL block 424. In one embodiment, the PLL block 424 compares the feedback clock signal
432 to the reference clock signal 423 and varies the phase and frequency of its output until
the reference clock signal 423 and the feedback clock signal 432 clocks are phase and
frequency matched.

[0075] The clock signal 430 may be used by the controller 62 to generate and
distribute clock signals which will be used by controller logic which is configured to control
the volatile memory subsystem 30. For example, control logic in the controller 62 may be
used to control the volatile memory subsystem 30 during a backup or restore operation. The
clock signal 430 may be used as a reference clock signal for the PLL block 434 which can
generate one or more clocks 438 used by logic in the controller 62. For example, the PLL
block 424 may generate one or more clock signals 438 used to drive logic circuitry associated
with controlling the volatile memory subsystem 30. In certain embodiments, the PLL block
434 includes a feedback clock signal 436 and operates in a similar manner to other PLL
blocks described herein.

[0076] The clock signal 430 may be used as a reference clock signal for the PLL
block 440 which may generate one or more clock signals used by a sub-block 442 to generate
one or more other clock signals 444. In one embodiment, for example, the volatile memory
subsystem 30 comprises DDR2 SDRAM elements and the sub-block 442 generates one or
more DDR2 compatible clock signals 444. A feedback clock signal 446 is fed back into the
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PLL block 440. In certain embodiments, the PLL block 440 operates in a similar manner to
other PLL blocks described herein.

[0077] While described with respect to the example embodiment of Figure 7,
various alternative clock distribution topologies are possible. For example, one or more of
the clock signals have a different frequency in various other embodiments. In some
embodiments, one or more of the clocks shown as differential signals are single ended
signals. In one embodiment, the volatile memory subsystem 30 operates on the volatile
memory clock signal 420 and there is no backup clock signal 408. In some embodiments, the
volatile memory subsystem 30 is operated at a reduced frequency during a backup operation
and not during a restore operation. In other embodiments, the volatile memory subsystem 30
is operated at a reduced frequency during a restore operation and not during a backup
operation.

[0078] Figure 9 is a flowchart of an example method 500 of controlling a
memory system 10 operatively coupled to a host system. Although described with respect to
the memory system 10 described herein with respect to Figures 1-3 and 7, the method 500 is
compatible with other memory systems. The memory system 10 may include a clock
distribution topology 400 similar to the one described above with respect to Figure 7 or
another clock distribution topology. The memory system 10 can include a volatile memory
subsystem 30 and a non-volatile memory subsystem 40.

[0079] In an operational block 510, the method 500 comprises operating the
volatile memory subsystem 40 at a first frequency when the memory system 10 is in a first
mode of operation in which data is communicated between the volatile memory subsystem 30
and the host system. In an operational block 520, the method 500 comprises operating the
non-volatile memory subsystem 40 at a second frequency when the memory system 10 is in a
second mode of operation in which data is communicated between the volatile memory
subsystem 30 and the non-volatile memory subsystem 40. The method 500 further comprises
operating the volatile memory subsystem 30 at a third frequency in an operational block 530
when the memory system 10 is in the second mode of operation. In certain embodiments, the
memory system 10 is not powered by a battery when it is in the second mode of operation.

The memory system 10 may switch from the first mode of operation to the second mode of
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operation in response to a trigger condition. The trigger condition may be any trigger
condition described herein such as, for example, a power failure condition. In certain
embodiments, the second mode of operation includes both backup and restore operations as
described herein. In other embodiments, the second mode of operation includes backup
operations but not restore operations. In yet other embodiments, the second mode of
operation includes restore operations but not backup operations.

[0080] The third frequency can be less than the first frequency. For example, the
third frequency can be approximately equal to the second frequency. In certain embodiments,
the reduced frequency operation is an optional mode. In yet other embodiments, the first,
second and/or third frequencies are configurable by a user or by the memory system 10.

[0081] Figure 10 schematically illustrates an example topology of a connection to
transfer data slices from two DRAM segments 630, 640 of a volatile memory subsystem 30
of a memory system 10 to a controller 62 of the memory system 10. While the example of
Figure 10 shows a topology including two DRAM segments 630, 640 for the purposes of
illustration, each address location of the volatile memory subsystem 30 comprises more than
the two segments in certain embodiments. The data lines 632, 642 from the first DRAM
segment 630 and the second DRAM segment 640 of the volatile memory subsystem 30 are
coupled to switches 650, 652 which are coupled to the controller 62 (e.g., logic element 70)
of the memory system 10. The chip select lines 634, 644 and the self-refresh lines 636, 646
(e.g., CKe signals) of the first and second DRAM segments 630, 640, respectively, are
coupled to the controller 62. In certain embodiments, the controller 62 comprises a buffer
(not shown) which is configured to store data from the volatile memory subsystem 30. In
certain embodiments, the buffer is a first-in, first out buffer (FIFO). In certain embodiments,
data slices from each DRAM segment 630, 640 comprise a portion of the volatile memory
subsystem data bus. In one embodiment, for example, the volatile memory subsystem 30
comprises a 72-bit data bus (e.g., each data word at each addressable location is 72 bits wide
and includes, for example, 64 bits of accessible SDRAM and 8 bits of ECC), the first data
slice from the first DRAM segment 630 may comprise 40 bits of the data word, and the

second data slice from the second DRAM segment 640 may comprise the remaining 32 bits
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of the data word. Certain other embodiments comprise data buses and/or data slices of
different sizes.

[0082] In certain embodiments, the switches 650, 652 can each be selectively
switched to selectively operatively couple the data lines 632, 642, respectively from the first
and second DRAM segments 630, 640 to the controller 62. The chip select lines 634, 644
enable the first and second DRAM segments 630, 640, respectively, of the volatile memory
subsystem 30, and the self-refresh lines 636, 646 toggle the first and second DRAM segments
630, 640, respectively, from self-refresh mode to active mode. In certain embodiments, the
first and second DRAM segments 630, 640 maintain stored information but are not accessible
when they are in self-refresh mode, and maintain stored information and are accessible when
they are in active mode.

[0083] In certain embodiments, when the memory system 10 is backing up the
volatile memory system 30, data slices from only one of the two DRAM segments 630, 640
at a time are sent to the controller 62. For example, when the first slice is being written to the
controller 62 during a back-up, the controller 62 sends a signal via the CKe line 636 to the
first DRAM segment 630 to put the first DRAM segment 630 in active mode. In certain
embodiments, the data slice from the first DRAM segment 630 for multiple words (e.g., a
block of words) is written to the controller 62 before writing the second data slice from the
second DRAM segment 640 to the controller 62. While the first data slice is being written to
the controller 62, the controller 62 also sends a signal via the CKe line 646 to put the second
DRAM segment 640 in self-refresh mode. Once the first data slice for one word or for a
block of words is written to the controller 62, the controller 62 puts the first DRAM segment
630 into self-refresh mode by sending a signal via the CKe line 636 to the first DRAM
segment 640. The controller 62 also puts the second DRAM segment 640 into active mode
by sending a signal via the CKe line 646 to the DRAM segment 640. The second slice for a
word or for a block of words is written to the controller 62. In certain embodiments, when
the first and second data slices are written to the buffer in the controller 62, the controller 62
combines the first and second data slices 630, 640 into complete words or blocks of words

and then writes each complete word or block of words to the non-volatile memory subsystem
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40. In certain embodiments, this process is called “slicing” the volatile memory subsystem
30.

[0084] In certain embodiments, the data may be sliced in a restore operation as
well as, or instead of, during a backup operation. For example, in one embodiment, the non-
volatile memory elements 42 write each backed-up data word to the controller 62 which
writes a first slice of the data word to the volatile memory subsystem 30 and then a second
slice of the data word to the volatile memory subsystem 30. In certain embodiments, slicing
the volatile memory subsystem 30 during a restore operation may be performed in a manner
generally inverse to slicing the volatile memory subsystem 30 during a backup operation.

[0085] Figure 11is a flowchart of an example method 600 of controlling a
memory system 10 operatively coupled to a host system and which includes a volatile
memory subsystem 30 and a non-volatile memory subsystem 40. Although described with
respect to the memory system 10 described herein with respect to Figures 1-3 and 10, the
method 600 is compatible with other memory systems. The method 600 comprises
communicating data words between the volatile memory subsystem 40 and the host system
when the memory system 10 is in a first mode of operation in an operational block 610. For
example, the memory system 10 may be in the first mode of operation when no trigger
condition has occurred and the memory system is not performing a backup and/or restore
operation or is not being powered by a secondary power supply.

[0086] In an operational block 620, the method further comprises transferring data
words from the volatile memory subsystem 30 to the non-volatile memory subsystem 40
when the memory system 10 is in a second mode of operation. In certain embodiments, each
data word comprises the data stored in a particular address of the memory system 10. The
memory system 10 may enter the second mode of operation, for example, when a trigger
condition (e.g., a power failure) occurs. In certain embodiments, transferring each data word
comprises storing a first portion (also referred to as a slice) of the data word in a buffer in an
operational block 622, storing a second portion of the data word in the buffer in an
operational block 624, and writing the entire data word from the buffer to the non-volatile

memory subsystem 40 in an operational block 626.
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[0087] In one example embodiment, the data word may be a 72 bit data word
(e.g., 64 bits of accessible SDRAM and 8 bits of ECC), the first portion (or “slice”) may
comprise 40 bits of the data word, and the second portion (or “slice”) may comprise the
remaining 32 bits of the data word. In certain embodiments, the buffer is included in the
controller 62. For example, in one embodiment, the buffer is a first-in, first-out buffer
implemented in the controller 62 which comprises an FPGA. The method 600 may generally
be referred to as “slicing” the volatile memory during a backup operation. In the example
embodiment, the process of “slicing” the volatile memory during a backup includes bringing
the 32-bit slice out of self refresh, reading a 32-bit block from the slice into the buffer, and
putting the 32-bit slice back into self-refresh. The 40-bit slice is then brought out of self-
refresh and a 40-bit block from the slice is read into a buffer. Each block may comprise a
portion of multiple words. For example, each 32-bit block may comprise 32-bit portions of
multiple 72-bit words. In other embodiments, each block comprises a portion of a single
word. The 40-bit slice is then put back into self-refresh in the example embodiment. The 32-
bit and 40-bit slices are then combined into a 72-bit block by the controller 62 and ECC
detection/correction is performed on each 72-bit word as it is read from the buffer and written
into the non-volatile memory subsystem (e.g., flash).

[0088] In some embodiments, the entire data word may comprise more than two
portions. For example, the entire data word may comprise three portions instead of two and
transferring each data word further comprises storing a third portion of each data word in the
buffer. In certain other embodiments, the data word may comprise more than three portions.

[0089] In certain embodiments, the data may be sliced in a restore operation as
well as, or instead of, during a backup operation. For example, in one embodiment, the non-
volatile memory elements 40 write each backed-up data word to the controller 62 which
writes a first portion of the data word to the volatile memory subsystem 30 and then a second
portion of the data word to the volatile memory 30. In certain embodiments, slicing the
volatile memory subsystem 30 during a restore operation may be performed in a manner
generally inverse to slicing the volatile memory subsystem 30 during a backup operation.

[0090] The method 600 can advantageously provide significant power savings

and can lead to other advantages. For example, in one embodiment where the volatile
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memory subsystem 30 comprises DRAM elements, only the slice of the DRAM which is
currently being accessed (e.g., written to the buffer) during a backup is configured in full-
operational mode. The slice or slices that are not being accessed may be put in self-refresh
mode. Because DRAM in self-refresh mode uses significantly less power than DRAM in
full-operational mode, the method 600 can allow significant power savings. In certain
embodiments, each slice of the DRAM includes a separate self-refresh enable (e.g., CKe)
signal which allows each slice to be accessed independently.

[0091] In addition, the connection between the DRAM elements and the
controller 62 may be as large as the largest slice instead of as large as the data bus. In the
example embodiment, the connection between the controller 62 and the DRAM may be 40
bits instead of 72 bits. As a result, pins on the controller 62 may be used for other purposes
or a smaller controller may be used due to the relatively low number of pin-outs used to
connect to the volatile memory subsystem 30. In certain other embodiments, the full width of
the data bus is connected between the volatile memory subsystem 30 and the controller 62
but only a portion of it is used during slicing operations. For example, in some embodiments,
memory slicing is an optional mode.

[0092] Various embodiments of the present invention have been described above.
Although this invention has been described with reference to these specific embodiments, the
descriptions are intended to be illustrative of the invention and are not intended to be
limiting. Various modifications and applications may occur to those skilled in the art without

departing from the true spirit and scope of the invention as defined in the appended claims.
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WHAT IS CLAIMED IS:
1. A memory system coupled to a computer system, comprising:
a volatile memory subsystem;
a non-volatile memory subsystem;
a controller operatively coupled to the non-volatile memory subsystem;
at least one circuit configured to selectively operatively decouple the
controller from the volatile memory subsystem.

2. The memory system of Claim 1, wherein the memory system is configured to
be operated in at least two states, the at least two states comprising:

a first state in which the controller and the non-volatile memory subsystem are
decoupled from the volatile memory subsystem by the at least one circuit; and

a second state in which the volatile memory subsystem is operatively coupled
to the controller to allow data to be communicated between the volatile memory
subsystem and the non-volatile memory subsystem via the controller.

3. The memory system of Claim 2, wherein power is supplied to the volatile
memory subsystem from a first power supply when the memory system is in the first state
and power is supplied to the volatile memory subsystem from a second power supply when
the memory system is in the second state.

4. The memory system of Claim 3, wherein the second power supply does not
comprise a battery.

5. The memory system of Claim 3, wherein the second power supply comprises
one or more capacitors.

6. The memory system of Claim 5, wherein the second power supply comprises a
battery and is configured to power the volatile memory subsystem for less than thirty
minutes.

7. The memory system of Claim 5, wherein the one or more capacitors comprises
one or more double layered capacitors.

8. The memory system of Claim 5, wherein the one or more capacitors are

charged by the first power supply while the memory system is in the first state.
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9. The memory system of Claim 3, further comprising a printed circuit board,
wherein the second power supply and the memory system are located on the printed circuit
board.

10.  The memory system of Claim 3, wherein the at least two states further
comprise a third state in which power is supplied to the volatile memory subsystem from a
third power supply.

11. The memory system of Claim 2, wherein the controller and the non-volatile
memory subsystem do not add a significant capacitive load to the volatile memory system
when the memory system is in the first state.

12.  The memory system of Claim 1, wherein the volatile memory subsystem
comprises one or more DRAM memory elements.

13. The memory system of Claim 1, wherein the volatile memory subsystem
comprises one or more SRAM memory elements.

14. The memory system of Claim 1, wherein the non-volatile memory subsystem
comprises one or more flash memory elements.

15. The memory system of Claim 1, wherein the memory system is implemented
on a memory module.

16. The memory system of Claim 1, wherein the at least one circuit comprise one
or more switches coupled to the controller, to the volatile memory subsystem, and to the host
computer.

17. The memory system of Claim 1, wherein the volatile memory subsystem
comprises a registered DIMM comprising one or more registers and a plurality of DRAM
elements, wherein the one or more registers are coupled to the computer system.

18. The memory system of Claim 17, wherein the at least one circuit comprise one
or more switches coupled to the one or more registers and to the plurality of DRAM elements
and configured to selectively operatively couple the volatile memory subsystem and to the
computer system.

19. The memory system of Claim 17, wherein the one or more registers are
coupled to the plurality of DRAM elements and the at least one circuit comprises one or more

switches coupled to the one or more registers and to a power source for the one or more
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registers, wherein the one or more switches are configured to selectively operatively couple
the one or more registers to the power source for the one or more registers.

20.  The memory system of Claim 1, wherein the non-volatile memory subsystem
comprises at least 100 percent more storage capacity than does the volatile memory
subsystem.

21. A power module for providing a plurality of voltages to a memory system
comprising non-volatile and volatile memory, the plurality of voltages comprising at least a
first voltage and a second voltage, the power module comprising:

an input providing a third voltage to the power module;

a voltage conversion element configured to provide the second voltage to the
memory system,

a first power element configured to selectively provide a fourth voltage to the
conversion element;

a second power element configured to selectively provide a fifth voltage to the
conversion element, wherein the power module is configured to selectively provide
the first voltage to the memory system either from the conversion element or from the
input, wherein the power module is configured to be operated in at least three states
comprising: ‘

a first state in which the first voltage is provided to the memory system
from the input and the fourth voltage is provided to the conversion element
from the first power element;

a second state in which the fourth voltage is provided to the conversion
element from the first power element and the first voltage is provided to the
memory system from the conversion element;

a third state in which the fifth voltage is provided to the conversion
element from the second power element and the first voltage is provided to the
memory system from the conversion element.

22. The power module of Claim 21, wherein the first power element comprises a

pulse-width modulation power controller.
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23. The power module of Claim 21, wherein the second power element does not
comprise a battery.
24.  The power module of Claim 21, wherein the second power element comprises
one or more capacitors.
25. The power module of Claim 24, wherein the second power element comprises
a battery and is configured to power the volatile memory for less than thirty minutes.
26.  The power module of Claim 21, wherein the conversion element comprises
one or more buck converters.
27.  The power module of Claim 21, wherein the conversion element comprises
one or more buck-boost converters.
28. A method of providing a first voltage and a second voltage to a memory
system including volatile and non-volatile memory subsystems, the method comprising:
during a first condition, providing the first voltage to the memory system from
an input power supply and providing the second voltage to the memory system from a
first power subsystem;
detecting a second condition;
during the second condition, providing the first voltage and the second voltage
to the memory system from the first power subsystem;
charging a second power subsystem;
detecting a third condition;
during the third condition, providing the first voltage and the second voltage
to the memory system from the second power subsystem.
29.  The method of Claim 28, wherein detecting the second condition comprises
detecting that a trigger condition is likely to occur.
30.  The method of Claim 29, wherein detecting the third condition comprises
detecting that the trigger condition has occurred.
31.  The method of Glaim 28, wherein the trigger condition comprises a power
reduction.
32.  The method of Claim 28, wherein the trigger condition comprises a power

failure.
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33.  The method of Claim 28, wherein the trigger condition comprises a system
hang-up.

34.  The method of Claim 28, wherein the first power subsystem comprises a
pulse-width modulation power controller and a voltage conversion subsystem.

35. The method of Claim 28, wherein the second power subsystem does not
comprise a battery.

36.  The method of Claim 35, wherein the second power subsystem comprises one
or more capacitors and the voltage conversion subsystem.

37. A method of controlling a memory system operatively coupled to a host
system and which includes a volatile memory subsystem and a non-volatile memory
subsystem, the method comprising:

operating the volatile memory subsystem at a first frequency when the
memory system is in a first mode of operation in which data is communicated
between the volatile memory subsystem and the host system;

operating the non-volatile memory subsystem at a second frequency when the
memory system is in a second mode of operation in which data is communicated
between the volatile memory subsystem and the non-volatile memory subsystem; and

operating the volatile memory subsystem at a third frequency when the
memory system is in the second mode of operation, the third frequency less than the
first frequency.

38. The method of Claim 37, wherein the third frequency is approximately equal
to the second frequency.

39.  The method of Claim 37, wherein the memory system is not powered by a
battery when it is in the second mode of operation.

40.  The method of Claim 7, wherein the memory system switches from the first
mode of operation to the second mode of operation in response to a trigger condition.

41.  The method of Claim 40, wherein the trigger condition comprises a power

failure condition.
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42.  The method of Claim 37, wherein the memory system further comprises a
printed circuit board and the volatile memory subsystem and the non-volatile memory
subsystem are located on the printed circuit board.

43, A method of controlling a memory system operatively coupled to a host
system and which includes a volatile memory subsystem and a non-volatile memory
subsystem, the method comprising:

communicating data words between the volatile memory subsystem and the
host system when the memory system is in a first mode of operation; and
transferring data words from the volatile memory subsystem to the non-
volatile memory subsystem when the memory system is in a second mode of
operation, wherein transferring each data word comprises:
storing a first portion of the data word in a buffer;
storing a second portion of the data word in the buffer; and
writing the entire data word from the buffer to the non-volatile
memory subsystem.

44.  The method of Claim 43, wherein the transferring each data word further
comprises storing a third portion of each data word in the buffer.

45. A memory system operatively coupled to a host system, comprising:

a volatile memory subsystem;

a non-volatile memory subsystem comprising at least 100 percent more
storage capacity than does the volatile memory subsystem; and

a controller operatively coupled to the volatile memory subsystem and
operatively coupled to the non-volatile memory subsystem, the controller configured
to allow data to be communicated between the volatile memory subsystem and the
host system when the memory system is operating in a first state and to allow data to
be communicated between the volatile memory subsystem and the non-volatile
memory subsystem when the memory system is operating in a second state.

46. The memory system of Claim 45, wherein power is supplied to the volatile

memory subsystem from a first power supply when the memory system is in the first state.
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47, The memory system of Claim 46, wherein power is supplied to the volatile
memory subsystem from a second power supply when the memory system is in the second
state.

48.  The memory system of Claim 47, wherein the second power supply does not
comprise a battery.

49.  The memory system of Claim 45, wherein the memory system further
comprises a printed circuit board and the volatile memory subsystem, the non-volatile
memory subsystem, and the controller are located on the printed circuit board.

50. A method of controlling a memory system operatively coupled to a host
system and which includes a volatile memory subsystem and a non-volatile memory
subsystem, the method comprising:

communicating data between the volatile memory subsystem and the host
system when the memory system is in a first mode of operation;

storing a first copy of data from the volatile memory subsystem to the non-
volatile memory subsystem at a first time when the memory system is in a second
mode of operation;

restoring the first copy of data from the non-volatile memory subsystem to the
volatile memory subsystem;

erasing the first copy of data from the non-volatile memory subsystem; and

storing a second copy of data from the volatile memory subsystem to the non-
volatile memory subsystem at a second time when the memory system is in the
second mode of operation, wherein storing the second copy begins before the first
copy is completely erased from the non-volatile memory subsystem.

51.  The method of Claim 50, further comprising restoring the second copy of data
from the non-volatile memory subsystem to the volatile memory subsystem.

52.  The method of Claim 50, wherein the memory system enters the second mode
of operation in response to a power failure.

53.  The method of Claim 50, wherein the memory system is not powered by a

battery when it is in the second mode of operation.
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54. The method of Claim 50, wherein the first copy of data and the second copy of

data are stored in separate portions of the non-volatile memory subsystem.
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NON-VOLATILE MEMORY MODULE

ABSTRACT OF THE DISCLOSURE

Certain embodiments described herein include a memory system which can
communicate with a host system such as a disk controller of a computer system. The
memory system can include volatile and non-volatile memory and a controller which are
configured such that the controller backs up the volatile memory using the non-volatile
memory in the event of a trigger condition. In order to power the system in the event of a
power failure or reduction, the memory system can include a secondary power source which
is not a battery and may include, for example, a capacitor or capacitor array. The memory
system can be configured such that the operation of the volatile memory is not adversely
affected by the non-volatile memory or the controller when the volatile memory is interacting

with the host system.

5430569
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Independent . :
T} * o - - =
= | @7crr 1160 Minus X or | X
< IApplication Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16() N/A OR N/A
TOTAL TOTAL
ADD'T FEE OR  ADD'T FEE

*

If the entry in column 1 is less than the entry in column 2, write “0" in column 3.
If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20".

*** If the "Highest Number Previously Paid For* IN THIS SPACE is less than 3, enter “3".
The "Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Paten
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

*

*

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.C. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
12/131,873 06/02/2008 2189 0.00 NETL.040A 54 7
CONFIRMATION NO. 6645
20995 FILING RECEIPT

KNOBBE MARTENS OLSON & BEAR LLP

7040 MAN STREET S

FOURTEENTH FLOOR
IRVINE, CA 92614

Date Mailed: 06/16/2008

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections
Applicant(s)
Power of Attorney: None
Domestic Priority data as claimed by applicant

This appln claims benefit of 60/941,586 06/01/2007

Foreign Applications

If Required, Foreign Filing License Granted: 06/11/2008

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/131,873

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
Title

NON-VOLATILE MEMORY MODULE
Preliminary Class
711

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no

effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
page 1 of 3
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in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.
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The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.C. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

[ APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/131,873 06/02/2008 NETL.040A
CONFIRMATION NO. 6645
20995 FORMALITIES LETTER

KNOBBE MARTENS OLSON & BEAR LLP

5040 MAIN STREET A

FOURTEENTH FLOOR
IRVINE, CA 92614

Date Mailed: 06/16/2008

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

* The statutory basic filing fee is missing.
Applicant must submit $310 fo complete the basic filing fee for a non-small entity. If appropriate, applicant may
make a written assertion of entitlement to small entity status and pay the small entity filing fee (37 CFR 1.27).

* The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63

signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary interest,
is required.

The applicant needs to satisfy supplemental fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

« Additional claim fees of $2540 as a non-small entity, including any required multiple dependent claim fee, are
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are
due.

+ To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or

declaration) as set forth in 37 CFR 1.16(f) of $130 for a non-small entity, must be submitted with the missing
items identified in this notice.

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $3700 for a non-small entity
« $310 Statutory basic filing fee.
« $130 Surcharge.

« The application search fee has not been paid. Applicant must submit $510 to complete the search fee.
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« The application examination fee has not been paid. Applicant must submit $210 to complete the examination
fee for a non-small entity.
- Total additional claim fee(s) for this application is $2540
- $840 for 4 independent claims over 3.
« $1700 for 34 total claims over 20.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/mkanno/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Docket No.:  NETL.040A September 16, 2008

Page 1 of |
Please Direct All Correspondence to Customer Number 20995
RESPONSE TO FORMALITIES NOTICE
Applicant . Jeffrey C. Solomon et al. CERTIFICATE OF EFS WEB
TRANSMISSION
App. No : 12/131,873 . I hereby certify that this correspondence,
and any other attachment noted on the
Filed : June 2,2008 automated Acknowledgement Reccipt, is
being transmitted from within the Pacific
For : NON-VOLATILE MEMORY MODULE Time zone to the Commissioner for

Patents via the EFS Web server on:

Art Unit . 2189 September 16, 2008

(Date) )
Conf. No. . 6645 %{/M

Bruce S. Itchkawitz, Reg. No. 47,677

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

The above-captioned application was filed without a Declaration and filing fees. Enclosed in
compliance with 37 CFR 1.53(f) are the following.
X) A Declaration in 2 pages.

X) A Notice to File Missing Parts dated June 16, 2008.

X) Basic filing and surcharge fees will be paid via EFS Web. Other remaining fees as described on
the attached Notice to File Missing Parts will not be paid at this time. Extension of time is
requested by payment of any extension fee.

(X) A Preliminary Amendment in 5 pages.

The Commissioner is hereby authorized to charge any additional fees which may be > required,

now or in the future, or credit any overpayment, to Account Noil 11}0/

Bruce S. Itchkawitz
Registration No. 47,677
Attorney of Record
Customer No. 20,995
(949) 760-0404

5619960
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1430

Y

WWW.DSPO. oV
| APPLICATION NUMBER | FILING OR 371(C) DATE I FIRST NAMED APPLICANT ] ATTY. DOCKET NO./TITLE |
12/131,873 06/02/2008 NETL.040A
CONFIRMATION NO. 6645
20995 FORMALITIES LETTER

KNOBBE MARTENS OLSON & BEAR LLP

2040 MAN STREET A

FOURTEENTH FLOOR
IRVINE, CA 92614

Date Mailed: 06/16/2008

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

« The statutory basic filing fee is missing.
Applicant must submit $310 to complete the basic filing fee for a non-small entity. If appropriate, applicant may
make a written assertion of entitlement to small entity status and pay the small entity filing fee (37 CFR 1.27).

» The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63

signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary interest,
is required.

The applicant needs to satisfy supplemental fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

+ Additional claim fees of $2540 as a non-small entity, including any required multiple dependent claim fee, are
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are
due.

» To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or

declaration) as set forth in 37 CFR 1.16(f) of $130 for a non-small entity, must be submitted with the missing
items identified in this notice.

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $3700 for a non-small entity
+ $310 Statutory basic filing fee.
+ $130 Surcharge.

« The application search fee has not been paid. Applicant must submit $510 to complete the search fee.
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+ The application examination fee has not been paid. Applicant must submit $210 to complete the examination

fee for a non-small entity.
» Total additional claim fee(s) for this application is $2540
+ $840 for 4 independent claims over 3.
+ $1700 for 34 total claims over 20.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/mkanno/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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DECLARATION FOR UTILITY OR DESIGN APPLICATION
UNDER 37 CFR 1.63

Docket No.: NETL.040A Page 1 of 2
Title: NON-VOLATILE MEMORY MODULE
Inventors; Chi-She Chen, Jeffrey C. Solomon; Scott Milton; Jayesh Bhakta

Please Direct All Correspondence to Customer Number 20995

This Declaration is directed to the invention that:

Was filed as Serial No. 12/131,873 filed on June 2, 2008

As a below named inventor:

" 1 believe the inventor(s) named below to be the original and first inventor(s) of the subject
matter which is described and claimed and for which a patent is sought;

1 have reviewed and understand the contents of the above-identified application, including
the claims, and any amendment filed herewith or identified above;

I acknowledge the duty to disclose information which is material to patentability as defined
in 37 CFR 1.56;

I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these statements
were made with the khowledge that willful false statements and the like so made are punishable by
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such
willful, false statements may jeopardize the validity of the application or any patent issued thereon.

Full name of first inventor; Chi-She Chen

Signature: M '(\Date: o?- /S0

Citizenship: Taiwan
Mailing Address: 944 Crystal Water Lane, Walnut, CA 91789
Residence Address: Same as above

(if different than above)
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DECLARATION FOR UTILITY OR DESIGN APPLICATION
UNDER 37 CFR 1.63

Docket No.: NETL.040A Page 2 of 2
Title: NON-VOLATILE MEMORY MODULE
Inventors: Chi-She Chen, Jeffrey C. Solomon; Scott Milton; Jayesh Bhakta

Please Direct All Correspondence to Customer Number 20995

Full name of second inventor: Jeffery C. Solomon

Signature; % [& //%w—\— Date: 07 -/5-08

o (W ;
Citizenship: United States
Mailing Address: 6 Silver Fir, Irvine, CA 92604
Residence Address: Same as above

(if different than above)

Full name of third inventor: Scott Milton

Signature: M /4 B % Date: 09 fis/200%

Citizenship: United States

Mailing Address: 49 Statehouse Place, Irvine, CA 92602
Residence Address: Same as above

(if different than above)

Full name of fourth inventor: Jayesh Bhakta

Signature: /M(J 4 ﬁ W/ Date: 9-15-0%

Citizenship: gnited States
Mailing Address: 12220 Rose Street, Cerritos, CA 90703
Residence Address: Same as above

(if different than above)

Send Correspondence To:
KNOBBE, MARTENS, OLSON & BEAR, LLP
Customer No. 20,995

5618847
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NETL.040A

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

1 o CERTIFICATE OF EFS WEB
Applicant Jeffrey C. Solomon et al. TRANSMISSION
App No 12/131.873 | hereby certify that this correspondence, and
’ any other attachment noted on the automated
. Acknowledgement Receipt, is being transmitted
Filed June 2: 2008 from within the Pacific Time zone to the
Commissioner for Patents via the EFS Web
For NON-VOLATILE MEMORY server on:
MODULE September 16, 2008
. (Daye) .
Examiner Unknown % / éé /’%
Art Unit 2189 Bruce S. Ilchkawit"g Reg. No. 47.67
Conf # 6645
PRELIMINARY AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria,

Dear Sir:

VA 22313-1450

Prior to examination on the merits, please amend the above-captioned application as

described herein.

Amendments to the Claims: Begin on Page 2 of this Preliminary Amendment.

Remarks: Begin on page 5 of this paper.
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Application No.:  12/131,873
Filing Date: June 2, 2008

AMENDMENTS TO THE CLAIMS

Please cancel Claims 21-54 without prejudice, as indicated below.

A complete listing of all claims is presented below with insertions underlined (e.g.,
insertion), and deletions struckthrough or in double brackets (e.g., deletten or [[deletion]]):

1. (Original) A memory system coupled to a computer system, comprising:

a volatile memory subsystem;

a non-volatile memory subsystem;

a controller operatively coupled to the non-volatile memory subsystem;

at least one circuit configured to selectively operatively decouple the controller
from the volatile memory subsystem.

2. (Original) The memory system of Claim 1, wherein the memory system is
configured to be operated in at least two states, the at least two states comprising:

a first state in which the controller and the non-volatile memory subsystem are
decoupled from the volatile memory subsystem by the at least one circuit; and

a second state in which the volatile memory subsystem is operatively coupled to
the controller to allow data to be communicated between the volatile memory subsystem
and the non-volatile memory subsystem via the controller.

3. (Original) The memory system of Claim 2, wherein power is supplied to the
volatile memory subsystem from a first power supply when the memory system is in the first
state and power is supplied to the volatile memory subsystem from a second power supply when
the memory system is in the second state.

4. (Original) The memory system of Claim 3, wherein the second power supply
does not comprise a battery.

S. (Original) The memory system of Claim 3, wherein the second power supply
comprises one or more capacitors.

6. (Original) The memory system of Claim 5, wherein the second péwer supply
comprises a battery and is configured to power the volatile memory subsystem for less than thirty
minutes.

7. (Origiﬁal) The memory system of Claim 5, wherein the one or more

capacitors comprises one or more double layered capacitors.

-
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Application No.:  12/131,873
Filing Date: June 2, 2008

8. (Original) The memory system of Claim 5, wherein the one or more
capacitors are charged by the first power supply while the memory system is in the first state.

9. (Original) The memory system of Claim 3, further comprising a printed
circuit board, wherein the second power supply and the memory system arc located on the printed
circuit board.

10. (Original) The memory system of Claim 3, wherein the at least two states
further comprise a third state in which power is supplied to the volatile memory subsystem from
a third power supply.

11 (Original) The memory system of Claim 2, wherein the controller and the
non-volatile memory subsystem do not add a significant capacitive load to the volatile memory
system when the memory system is in the first state.

12. (Original) The memory system of Claim 1, wherein the volatile memory
subsystem comprises one or more DRAM memory elements.

13. (Original) The memory system of Claim 1, wherein the volatile memory
subsystem comprises one or more SRAM memory elements.

14. (Original) The memory system of Claim 1, wherein the non-volatile memory
subsystem comprises one or more flash memory elements.

15. (Original) The memory system of Claim 1, wherein the memory system is
implemented on a memory module.

16. (Original) The memory system of Claim 1, wherein the at least one circuit
comprise one or more switches coupled to the controller, to the volatile memory subsystem, and
to the host computer.

17. (Original) The memory system of Claim 1, wherein the volatile memory
subsystem comprises a registered DIMM comprising one or more registers and a plurality of
DRAM elements, wherein the one or more registers are coupled to the computer system.

18. (Original) The memory system of Claim 17, wherein the at least one circuit
comprise one or more switches coupled to the one or more registers and to the plurality of
DRAM elements and configured to selectively operatively couple the volatile memory subsystem

and to the computer system.
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Application No.:  12/131,873
Filing Date: June 2, 2008

19.  (Original) The memory system of Claim 17, wherein the one or more registers
are coupled to the plurality of DRAM elements and the at least one circuit comprises one or more
switches coupled to the one or more registers and to a power source for the one or more registers,
wherein the one or more switches are configured to selectively operatively couple the one or
more registers to the power source for the one or more registers.

20.  (Original) The memory system of Claim 1, wherein the non-volatile memory
subsystem comprises at least 100 percent more storage capacity than does the volatile memory
subsystem.

21.-54. (Cancelled)
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Application No.:  12/131,873
Filing Date: June 2, 2008

REMARKS

Original Claims 1-20 remain pending and original Claims 21-54 have been cancelled
without prejudice. Applicants believe that none of the foregoing amendments have added new
matter to the application.

All of the claims currently pending in the present application are believed to be allowable
over the prior art, and such action is earnestly solicited. If, however, any matters remain which
could be resolved by Examiner's Amendment, the Examiner is cordially invited to contact the
undersigned by telephone so that any such matters can be promptly resolved.

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: September 16, 2008 By: % W

Bruce S. Itchkawitz
Registration No. 47,677
Attorney of Record
Customer No. 20,995
(949) 760-0404

5933718
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Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
411431
1 NETLO40A_MPARTS.pdf yes 10
7c4ealOdeaefcfab736e80390¢17f981809e!
497
Multipart Description/PDF files in .zip description
Document Description Start End
Applicant Response to Pre-Exam Formalities Notice 1 3
Oath or Declaration filed 4 5
Preliminary Amendment 6 10
Warnings:
Information:
31782
2 Fee Worksheet (PTO-06) fee-info.pdf no 2
a4817ac094a56ff4ab5396dcd1280629affff|
79¢
Warnings:
Information:
Total Files Size (in bytes):| 443213

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY DOCKET.NO ITOT CLAIMSIIND CLAIMSl
12/131,873  06/02/2008 2189 440 NETL.040A 20
CONFIRMATION NO. 6645
20995 FILING RECEIPT
KNOBBE MARTENS OLSON & BEAR LLP
2040 MAIN STREET O 00
000000032226843

FOURTEENTH FLOOR
IRVINE, CA 92614

Date Mailed: 09/30/2008

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Chi-She Chen, Walnut, CA;
Jeffery C. Solomon, Irvine, CA;
Scott Milton, Irivhe, CA,;
Jayesh Bhakta, Cerritos, CA;
Power of Attorney: None

Domestic Priority data as claimed by applicant
This applIn claims benefit of 60/941,586 06/01/2007

Foreign Applications

If Required, Foreign Filing License Granted: 06/11/2008

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/131,873

Projected Publication Date: Incomplete Reply
Non-Publication Request: No

Early Publication Request: No

page 1 of 3
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Title

NON-VOLATILE MEMORY MODULE
Preliminary Class

711

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/131,873 06/02/2008 Chi-She Chen NETL.040A
CONFIRMATION NO. 6645
20995 FORMALITIES LETTER

KNOBBE MARTENS OLSON & BEAR LLP

2040 MAIN STREET N AT A AR

FOURTEENTH FLOOR 000000
IRVINE, CA 92614

Date Mailed: 09/30/2008

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)

Filing Date Granted

The U.S. Patent and Trademark Office has received your reply on 09/16/2008 to the Notice to File Missing Parts
(Notice) mailed 06/16/2008 and it has been entered into the nonprovisional application.The reply, however, does
not include the following items required in the Notice.

The period of reply remains as set forth in the Notice. You may, however, obtain EXTENSIONS OF TIME under
the provisions of 37 CFR 1.136 (a) accompanied by the appropriate fee (37 CFR 1.17(a)).

A complete reply must be timely filed to prevent ABANDONMENT of the above-identified application. Replies
should be mailed to: Mail Stop Missing Parts, Commissioner for Patents, P.O. Box 1450, Alexandria VA
22313-1450.

Items Required to Avoid Abandonment:

The required items noted below SHOULD be filed along with any items required above. The filing date of this
nonprovisional application will be the date of receipt of the items required above.

The applicant needs to satisfy supplemental fees problems indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $720 for a non-small entity
« The application search fee has not been paid. Applicant must submit $510 to complete the search fee.
« The application examination fee has not been paid. Applicant must submit $210 to complete the examination
fee for a non-small entity.
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Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/eulanday/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 2 of 2
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Docket No.: NETL.000GEN Customer No. 20,995

REVOCATION
A AND
GENERAL POWER OF ATTORNEY

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

The undersigned is an empowered representative of the Assignee and hereby appoints the
registrants of Knobbe, Martens, Olson & Bear, LLP, Customer No. 20,995, as attorneys and
agents to represent the Assignee before the United States Patent and Trademark Office (USPTO)
in connection with any and all patent applications assigned to the Assignee according to the
USPTO assignment records or assignment documents supplied with an accompanying Statement
Under 37 CFR § 3.73(b). This appointment is to be to the exclusion of the inventor(s) and his
attorney(s) in accordance with the provisions of 37 CFR § 3.71.

Submission of this paper in connection with any matter of the below named assignee,
together with a statement under 37 CFR 3.73(b), shall serve to revoke any previous powers of
attorney in that matter.

A Statement Under 37 CFR § 3.73(b), signed by a registrant of Knobbe, Martens, Olson
& Bear, LLP, is attached setting forth a full chain of title for the subject application owned by the
Assignee named below.

Please recognize or change the correspondence address for the application identified in

the attached Statement to Customer No. 20,995,

By: %/ Date: 6/ Z/° 7

Name: Christo% LopZ Title: Vice President

Assignee: NETLIST, INC.
475 Goddard , Suite 100
Address: Irvine, CA 92618

3429813/ap
021507
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@ @ P PATENT
Application No.: 12/131,873 Client Code: NETL.040A

Filing Date: June 2, 2008 Page 1

ASSIGNMENT

WHEREAS, We, Chi-She Chen, a Taiwanese citizen, residing at 944 Crystal Water
Lane, Walnut, CA 91789; Jeffrey C. Solomon, a United States citizen, residing at 16 Silver Fir,
Irvine, CA 92604; Scott Milton, a United States citizen, residing at 49 Statehouse Place, Irvine,
CA 92602; and Jayesh Bhakta, a United States citizen, residing at 12220 Rose Street,

- Cerritos;-CA-90703,-have invented-certain-new-and-useful-improvements-in.a-NON-VOLATILE o

MEMORY MODULE for which we have filed an application for Letters Patent in the United
States, Application No. 12/131,873, Filed on June 2, 2008;

AND WHEREAS, Netlist, Inc. (hereinafter "ASSIGNEE"), a Delaware Corporation, with
its principal place of business at 51 Discovery, Ste #150, Irvine, CA 92618, desires to acquire
the entire right, title, and interest in and to said improvements and said Application:

NOW, THEREFORE, for good and valuable consideration, the receipt of which is
hereby acknowledged, we, the inventors, do hereby acknowledge that we have sold, assigned,
transferred and set over, and by these presents do hereby sell, assign, transfer and set over,
unto said ASSIGNEE, its successors, legal representatives and assigns, the entire right, title,
and interest throughout the world in, to and under said improvements, and said application
including all provisional applications relating thereto (including but not limited
to U.S. Provisional Application No. 60/941,586, filed June 1, 2007), and all divisions, renewals
and continuations thereof, and all Letters Patent of the United States which may be granted
thereon and all reissues and extensions thereof, and all rights of priority under International
Conventions and applications for Letters Patent which may hereafter be filed for said
improvements in any country or countries foreign to the United States, and all Letters Patent
which may be granted for said improvements in any country or countries foreign to the United
States and all extensions, renewals and reissues thereof; and we hereby authorize and
request the Commissioner of Patents of the United States, and any Official of any country or
countries foreign to the United States, whose duty it is to issue patents on applications as
aforesaid, to issue all Letters Patent for said improvements to said ASSIGNEE, its successors,
legal representatives and assigns, in accordance with the terms of this instrument.

AND WE DO HEREBY sell, assign, transfer, and convey to ASSIGNEE, its successors,
legal representatives, and assigns all claims for damages and all remedies arising out of any
violation of the rights assigned hereby that may have accrued prior to the date of assignment
to ASSIGNEE, or may accrue hereafter, including, but not limited to, the right to sue for,
collect, and retain damages for past infringements of said Letters Patent before or after
issuance.

AND WE HEREBY covenant and agree that we will communicate to said ASSIGNEE,
its successors, legal representatives and assigns, any facts known to us respecting said
improvements, and testify in any legal proceeding, sign all lawful papers, execute all divisional,
continuing and reissue applications, make all rightful oaths and generally do everything
possible to aid said ASSIGNEE, its successors, legal representatives and assigns, to obtain
and enforce proper patent protection for said improvements in all countries.
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PATENT

Client Code: NETL.040A

Application No.; 12/131,873
Page 2

Filing Date: June 2, 2008

y IN TESTIMONY WHEREOF, | hereunto set my hand and seal this 2 Y¥4 day of
Oefy ey 2008

Chi-She Chen

STATE OF (Gl steoesse.’ )

¢
county of Clarge |
OrQraée./, 24,Lo® & before @vur'&’ . f/ . , notary public,

personally appeared Chi-She Chen who proved to me on the basis of satisfactory evidence to
be the person(sf whose name¢sY is/ar€ subscribed to the within instrument, and acknowledged
to me that he executed the same in his authorized capacity(jgs), and that by his signature(s¥”
on the instrument the person(sy; or the entity upon behalf of which the person(s) acted,

executed the instrument.

SS.

| certify under PENALTY OF PERJURY under the laws of the State of California that
the foregoing paragraph is true and correct.

WITNESS my hand and official seal.

[SEAL]

Notary Slg\mre“”'/

DENNIS B. GINTHER &
Commission # 1648822  §
Notary Public - California é
Orange Counly P

2 {a’ )
j e My Comm, Explres Mar 30, 2010
TR TR Ry
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PATENT
Application No.: 12/131,873 Client Code: NETL.040A
Filing Date: June 2, 2008 Page 3

IN TESTIMONY WHEREOF, | hereunto set my h and seal this 22»!:/ day of

Octeber 2008,
G bl
. Jeﬁreyéwo nﬂ e

STATE OF ﬁe‘ﬂfdﬂ"v' ]
b ss.
COUNTY OF Cruvge— J

C@MM, befor@u‘wf d. &/M/’{d/ , hotary public,
personally appeared Jefirey C. Solomon who proved to me on the basis of satisfactory
evidence to be the person¢sj whose namegs) is/are” subscribed to the within instrument, and
acknowledged to me that he executed the same in his authorized capacity(jes); and that by his
signaturesy on the instrument the person(s); or the entity upon behalf of which the person(sy
acted, executed the instrument.

| certify under PENALTY OF PERJURY under the laws of the State of California that
the foregoing paragraph is true and correct.

WITNESS my hand and official seal.

[SEAL]

DENNIS B. GINTHER
Commission # 1648822
Notary Public - California 2
! Orange County [

My Comm. Explres Mar 30, 20108

Notary Signature ™~
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PATENT
Application No.: 12/131,873 Client Code: NETL.040A
Filing Date: June 2, 2008 Page 4

IN TESTIMONY WHEREOF, | hereunto set my hand and seal this 24 day of

October 2008, |
A»zﬂt )Z/ Ml

Scott Milton

STATE OF ( Bloriwemimr 1}
88.

COUNTY OF C2ampec— |
(IS befor@&ux.é- Frrrtia” , notary public,

personally appeared Scott Milton who proved to me on the basis of satisfactory evidence to be
the person(sf whose name(s) is/gr€ subscribed to the within instrument, and acknowledged to
me that he executed the same in his authorized capacity(jes), and that by his signature(s} on
the instrument the person(s)’ or the entity upon behalf of which the persogsyacted, executed
the instrument.

| certify under PENALTY OF PERJURY under the laws of the State of California that
the foregoing paragraph is true and correct.

WITNESS my hand and official seal.

.

nnnnnnnnn Notary Signature—" N

DENNIS B, GINTHER
» Commission # 1648822 é
3] Notary Public - Calitorniy 5
Orange County ;
My Comm, Expires Mar 30, 2010

R
Wy
L

Ny
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PATENT

Application No.; 12/131,873 Client Code: NETL.040A
Filing Date: June 2, 2008 Page 5

IN TESTIMONY WHEREOF, | hereunto set my hand and seal this _22 day of
pcbey , 2008.

STATE orﬂlﬂ'm@'«—' )

SS.
COUNTY ORE Daste— |

@fawqﬂ. Loo& befor@awr'é’ . ﬁ?/w%ﬁ/ , notary public,

personally appeared Jayesh Bhakta who proved to me on the basis of satisfactory evidence to
be the persone¥ whose name(gy'is/are”subscribed to the within instrument, and acknowledged
to me that he executed the same in his authorized capacity(jss); and that by his signature(sy
on the instrument the person(s) or the entity upon behalf of which the person(e) acted,
executed the instrument.

| certify under PENALTY OF PERJURY under the laws of the State of California that
the foregoing paragraph is true and correct.

WITNESS my hand and official seal.

[SEAL] = —
‘ Notary Sigrfature \
¢ DENNIS B, GINTHER
¢ "y Commission # 1648822
F4Y iz} Notary Public - Califosnia
Orange County r
: My Comm, Explies Mar 30, 2010
5619488
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Electronic Acknowledgement Receipt

EFS ID: 4192851
Application Number: 12131873
International Application Number:
Confirmation Number: 6645

Title of Invention:

NON-VOLATILE MEMORY MODULE

First Named Inventor/Applicant Name:

Chi-She Chen

Customer Number:

20995

Filer:

Bruce S. Itchkawitz/Quyen Nguyen

Filer Authorized By:

Bruce S. ltchkawitz

Attorney Docket Number: NETL.040A
Receipt Date: 28-0CT-2008
Filing Date: 02-JUN-2008
Time Stamp: 19:15:49

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
D t D t File N A . .
Number ocument Description rle Name Message Digest | Part/.zip| (ifappl.)
Assi howi f hi 37 42749
ssignee showing of ownership per
1 CFR3.73(b). Statement37.pdf no 1
96d55263057fe72dc8c581d248d9001771b)
19f3a
Warnings:
Information:
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48001

2 Power of Attorney POA_NETL.pdf no 1
ce2334a8d558e7ea3aecdaaadce68h12214)
Warnings:
Information:
Assi howi ¢ hi 37 276431
ssignee showing of ownership per .
3 CFR3.73(b). Assignment.pdf no 5
bfa3be860ca99c9de6ab2d76a9234359dc6)
dc008
Warnings:
Information:
Total Files Size (in bytes):i 367181

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Docket No.: NETL.040A Customer No. 20,995

STATEMENT UNDER 37 CFR § 3.73(b)
and
CHANGE OF CORRESPONDENCE ADDRESS

Applicant . Chi-She Chen et al.

App. No. ¢ 12/131,873

Filed : June 2, 2008

For : NON-VOLATILE MEMORY MODULE .
Examiner :  Unknown

Group Art Unit  : 2189

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Dear Sir:

This document is being filed with a copy of a Revocation and General Power of Attorney, which
is signed by the Assignee, Netlist, Inc.

Netlist, Inc. is the Assignee of the entire right, title, and interest of the above-referenced
application by virtue of the attached copy of an Assignment that is being forwarded to the Recordation
Branch concurrently under separate cover.

The undersigned is an agent of Customer Number 20,995 and is authorized to act on behalf of the
Assignee as provided in the attached copy of the Revocation and General Power of Attorney. Please
recognize or change the correspondence address for the above-identified application to Customer No.

20,995. All correspondence is to be directed to Customer No. 20,995.

Respectfully submitted,
KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: IO/Z?:/D d By: %vv/

Bruce S. Itchkawitz
Registration No. 47,677
Attorney of Record
Customer No. 20,995
(949) 760-0404
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Doc Code: PGEA

Document Description: Request for Exp Aband for refund or to avoid pub

PTO/SB/24A (10408)

Approved for use through 10/31/2008. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
PETITION FOR EXPRESS Application Number  {12/131,873

ABANDONMENT TO AVOID Filing Date June 2, 2008

PUBLICATION UNDER 37 CFR 1.138(c) —<hech |

First Named Inventor Chi-She Chen et al.

File the petition electronically using EFS-Web

Or Mail the petition to: Art Unit 2189
Mail Stop Express Abandonment . Unknown
Commissioner for Patents Examiner Name

\P,O. Box 1450, Alexandria, VA 22313-1450 Attorney Docket Number NETL.040A ‘ /

Petition for Express Abandonment to Avoid Publication under 37 CFR 1.138(c)
| hereby petition to expressly abandon the above-identified application to avoid publication.

Petition Fee — must be filed with petition to avoid delays in recognizing the petition.

a. The Director is hereby authorized to charge the petition fee under 37 CFR 1.17(h) to
Deposit Account No. 11-1410

b. D Check in the amount of $ is enclosed.

¢. [ ] Payment by credit card (Form PTO-2038 is enclosed).

and acts on the paper. See the Manual of Patent Examining Procedure (MPEP), section 711.01. In addition, the paper will not stop publication
of the application unless a petition under 37 CFR 1.138(c) is recognized and acted on by the Pre-Grant Publication Division in sufficient time to

NOTE: A paper requesting express abandonment of an application is not effective unless and until an appropriate USPTO official recog’}izes
avoid publication (e.g., more than four (4) weeks prior to the projected publication date).

TO REQUEST A REFUND OF SEARCH FEE AND EXCESS CLAIMS FEE
(IF ELIGIBLE), PLEASE ALSO INCLUDE FORM PTO/SB/24B WITH THIS FORM.

| am the: [ ] applicant.

[ ] assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96)

attorney or agent of record. Attorney or agent registration number is 47,677

I:] attorney or agent acting under 37 CFR 1.34, who is authorized under 37 CFR 1.138(b)
because the application is expressly abandoned in favor of a continuing application.

Attorney or agent registration number is
/A / W October 30, 2008

Signatu(e Date
Bruce S. Itchkawitz )

949-760-0404
Telephone Number

Typed or printed hame

Note: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple fq
if more than one signature is required, see below.

Total of 1 forms are submitted.

This colleclion of imformation 1S requited by 37 CT'R 1.138(c). The information 1s required 10 oblain of retain a benen y the public which is 1o file (and by the to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, ingluding
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments pn the
amount of lime you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patit and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TQ THIS
ADDRESS. SEND TO: Mail Stop Express Abandonment, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. ‘

rms

If you need assistance in completing the form, call 1-800-PTO 9199 and select option 2.
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Electronic Patent Application Fee Transmittal

Application Number:

12131873

Filing Date:

02-Jun-2008

Title of Invention:

NON-VOLATILE MEMORY MODULE

First Named Inventor/Applicant Name:

Chi-She Chen

Filer:

Bruce S. ltchkawitz/Vicki Morrison

Attorney Docket Number: NETL.040A
Filed as Large Entity
Utility under 35 USC 111(a) Filing Fees
Description Fee Code Quantity Amount Sub-Total in
UsD($)
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Petition fee- 37 CFR 1.17(h) (Group Ill) 1464 1 130 130

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Ex. 1006, p. 91




Description Fee Code Quantity

Amount

Sub-Total in
UsD($)

Miscellaneous:

Total in USD ($)

130
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Electronic Acknowledgement Receipt

EFS ID: 4207846
Application Number: 12131873
International Application Number:
Confirmation Number: 6645

Title of Invention:

NON-VOLATILE MEMORY MODULE

First Named Inventor/Applicant Name:

Chi-She Chen

Customer Number:

20995

Filer:

Bruce S. Itchkawitz/Valerie Jones

Filer Authorized By:

Bruce S. ltchkawitz

Attorney Docket Number: NETL.040A
Receipt Date: 30-OCT-2008
Filing Date: 02-JUN-2008
Time Stamp: 20:00:59

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $130

RAM confirmation Number 15068
Deposit Account 111410

Authorized User

KNOBBE MARTENS OLSON AND BEAR

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)

Samsung Electronics Co., Ltd.

Ex. 1006, p. 93




File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
- . ) 65504
1 Petition for review by the Office of NETLO40APETITION.pdf o 1
Petitions.
11a171eb1f23c65067e28¢18f033d5d05ff6)
6e8
Warnings:
Information:
30378
2 Fee Worksheet (PTO-06) fee-info.pdf no 2
dobbfdcaffe41d14c1dfa9de15b110ed7{18|
3010
Warnings:
Information:
Total Files Size (in bytes)1 95882

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov’

| APPLICATION NUMBER |

FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKETNO/TITLE |
12/131,873 06/02/2008 Chi-She Chen NETL.000GEN
CONFIRMATION NO. 6645
20995 POA ACCEPTANCE LETTER
KNOBBE MARTENS OLSON & BEAR LLP

2040 MAIN STREET

A
FOURTEENTH FLOOR

IRVINE, CA 92614

Date Mailed: 11/12/2008

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 10/28/2008.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/atesfai/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov’

| APPLICATION NUMBER |

FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKETNO/TITLE |
12/131,873 06/02/2008 Chi-She Chen NETL.000GEN
CONFIRMATION NO. 6645
20995 ABANDONMENT/TERMINATION
KNOBBE MARTENS OLSON & BEAR LLP LETTER
2040 MAIN STREET

FOURTEENTH FLOOR

FOURTEENTHFL A

Date Mailed: 11/17/2008

NOTICE OF ABANDONMENT

Express Abandonment
The letter of Express Abandonment filed on 10/30/2008 is acknowledged.

A copy of this notice MUST be returned with the reply.

/kebuchanan/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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. RECEIVED
0CT-15-2812 12:35 From:658-328-7737 CENTRAL FAX CENTER Pase:2/5

OCT 15 2012

PTO/SRIA1 (01-09)

Approved for use through 11/30/201, OMB 0551.0036

U.8. Patant end Traderrark Ofice; U.S. DEPARTMENT OF COMMERCE

Under the Pgpenverk Reduction Act of 1995, no pereons sre regulnd bo rospond to 9 caleclion of infermation untess it aisplayy a vai! OMB cofliol numer

(" POWER OF ATTORNEY Applicallon Numbsr | 121131873 ™
OR Flilng Date gsw_og
Firat Named Inventor -She Chen
REV\JggA; L?&f:éﬁgfg?:ég?&?ﬁfv Titty Non-Volatile Memory Module
Art Unit
AND
Examines Name
GHANGE OF CORRESPONDENCE ADDRESS Attorey Dacket Number | 062453002can 7

| hereby revoke all previous pewers of altomey given in the above-ldentified application.

(] A Power ol Aliomey Is submitisd herawith.

or
1 hereby appalnt Pracliliener(s) assodated with the following Cuslomer 46188
Number a3 my/our allomey(s) or ageni{s) to prosecute the appiicallon
identified above, and to transact ad business In th2 United States Palent
and Trademasrk Office cannectad hesewilh:

OR
D 1 heteby 2ppaint Praclllioner(s) named betow 3s my/our sioimey{s) or agent(s) lo prosecute tha application tdantified above, and

to trans 32t 31l bustness in Ihe Uniled States Palent 3nd Trademark OMice connediad therewith;
Registraiton Number

Pradiilioner(s} Name

Please recognize or change the correspondence address for the above-identified application to:
The address associated with the sbova-mentionad Customer Number,
OoRr
D The address assodiated with Guslamer Number:
OR

Firm or
Indindcugl Name

Address

City [ Stale | ] 2]
[Ceuniry .
Telophene [ Eman |
tam the:

Applicaniinventor.
OR
Asslgnee of recora of the entire interest. See 37 GER 3.71.
Statement unger 37 CGFR 3 73[b) {Form PTQVSE/35) submitted heréwih or flzd on

SIGNATURE of Applican! ¢r Assignee of Record

Signalure o or Lo Date 7z

Name Chi-She Chen Telephone Zp9. 5908821
Tilta and Company Seapr &il‘;/¥ Enorntés . , il
NOIE: Signstures of 8D the invenlors of agelg of recard 0! hdEmire interest oF thelr sepresentativa(s) are requited. Submat mubiple forms U moro tan one

signsture 12 requirod, zoe below’.

*Tola! of 4 forms are submittad.

This esltection of Information iz requises by 37 CFR 1.34, 1.32 end 1.33. Tha Informatien Is required [0 0btaln or ralain 3 benef by the pUBEC whitn 15 to flo (and by the

USPTO {o praress) an appik £ 2y is gt by 35 U.8.C, 122 3nd 37 CFR 1.1) and 1.14. This collectian s estimated to lake 3 minules to complele,
gathering, preparing, and flitng the pisted form to Mo USPTO, Time will vary depending vpon hg Inglvidusi cass, Any ¢omments on

tha amotnt of ime you 1equio ta complots tNis form Bnaior suggestons for reduchy this burden, should ba 520l (o thg Chie! formation Qificer, 1).5. Palent and

T Otice, .S O g of Commeren, P.O, Box 145D, Alexandris, VA 22313.1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Cominisslener for Patents, P.O, Box 1450, Alexandria, VA 22313-1450,
1f you need assistance in compleling the forrm, celf 1-600-PT0-9133 sad selscl oplion 2.
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0CT-15-2812 12:35 From:658-328-7737 3/
. rom RECE'VED Paoe:3/5
CENTRAL FAX CENTER

OCT 15 2012

PTCISE/SY (01-09)

Approved tor use fRrough 113072011 OMB 0651-0038

U.8. Piont and Trademark Oftce; U.6. DEPARTMENT OF COMMERCE

Under the Papervrk Roduclion At of 1985, no persons &6 requited 1o respord 10 8 coliachion of tnformation unless N displays a vaEd OMB coatyol Aumber

4 POWER OF ATTORNEY Applicstion Numbor 12131873 )
OR Flling Dats 2008-05-02
Firet Namsd Inventor Chi-She Chen
REV\;,/S-E,A‘:.Ir?gwo;opﬁgngo:#TJ&RéfY Title Non-Volatile Memory Module
AND Art Unit
Examinar Name
KCHANGE OF CORRESPONDENCE ADDRESS Aitorney Dachel Fomber | 05353 003ert

| heraby revoke all previous powers of attomey given in the above-identified appfication

[T1  APowerof Altomey is submitled herewith.

OR
| hereby appceinl Practidoner(s) lated wih tha following Customer 46188
Number as myfour atlomey(s} or sgeni(s) o prosacuta the appilcallon
identified above, and fo rarsact all busihess in the Uniled Siates Patent
and Tradsmark Office connected therewith:

OR
| heteby appo'nt Practiioner(s) named below as my/our atlomey(s) or 2gent(s) to prosecuse Lha appication identifed above, snd

D  transact alt business In the Untied Stales Palant ond Trsdemark Office connected therewith:

Pradiitioner(s) Nama Registration Number

Please recognize or change the correspondence address for the above-identified application to:
The address assotialed wilh the ebove-mentioned Customer Number.
OR

D The sddress pssotialed wilh Cuslomer Number:
OR

D Firm or
Indiidual Name

Address

City [State | I ET)
Counlry
Telgphone { Email [
I am the:

Applicantinventor.
OR
Assignee of record of the gnlire inferest See 37 CFRA.71.
Statement undar 37 C.W) (Form PTQ/SE/96) submilled herewith or Plad on

_~4IGNATURE of Applicant or Aszignes of Record

Signature B3 et /7, 2072
Nama TYelephone | PHF - L F7F-OfE 7

e s Congary _|_Jepib_[esypne Eagracer ACTl2 7
NOQTE: Signstures of 3 the Invenicss or 8ssignsea of facord of the eit¥e tnterest cr W repraseniativale) sro required Submit Ulipla larms ¥ more (han onz

sgnature I> required, see below’,

*Total o} 4 forms are submilled.
This calk of inermalion b required by 37 CFR 1 31, 1.32 gnd 1.33. Tha informaticn {5 required (o obtaln or rataln a benefit by the punlis which & [o kg (ad by tha
USPTO 1o ) an 8p 1.C i8Q by 35U S.C 122 end 37 CFR 1.1% and 1,14, This colection Is cstimated 1o taks 3 minutcs ts compisto,
ineiuding gsthering, propenng, and subnitling the complated application foim (o the USPTO, Timg will vary depending uptn the iNEMIUI €358 ANy COMUTIONS of
the amount of lime your requize 1o eantpiate (s lorm sndfor suggestions for redutng 1his burden, should Do sent to ie Chied Infarmallon Offices, U.S, Patenl gnd
Trademark Olfice, U.S Depadment of Commerze, P O. Box $450, Aloxandna, VA 22313.1450. DO NOT SEND FEES Ot COMPLETED FORMS TO THIS
ADDRESS, SEND YO: Commissioner for Patents, P.O. Box 1450, Atexandria, VA 223131450,

it you naed assistance in complating the form, cell 1-800-FT0O-9189 ond scledt oplion 2
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0CT-15-2812 12:36

RECEIV
CENTRAL FAX (E3IIEJN'F'R

OCT 15 2012

From:658-320-7737

PTOI3E/BS (0109)

Appreved for uso threugh 13072011, OMB 0551-0035

U.6. Potent snd Tredamark Olfice; U,S. DEPARTMENT OF COMMERCE

Undar the Peponaarx Reduction Act of 1995, no pessons 6re raguired 10 respond te a calladion of hiormation unless @ displays 3 valld OMB contra) rumber.

( POWER OF ATTORNEY Application Number 12/131.873 ™
OR Fillng Date 2008-06-02
First Named fnventor €hi-Sha Chen

REVOCATION OF POWER OF ATTORNEY T

WITH A NEW POWER OF ATTORNEY Non-Vofatils Memory Module

AND Arl Unit
Examinor Nams
GHANGE OF CORRESPONDENCE ADDRESS torney Dotket Numbar | 082955007eem ~

| hereby revoke all previous powers of attorney given in the above-identified application.

D A Power af Atterney is submitted herewith,
OR
| hereby appeint Praclitione:(s) assodsied with ths {ehow!ng Customer
Number a5 my/our attorney(s) of ageniis) {o pr 58 the icalion
tdenlified adove, and lo transael gl business in ths Uniled Slalss Palent
and Tradsmark Offlce connected therewlih:

OR
D 1 hereby appoint Practilionsr{s) nsmed below as my/four atiorney(s) of agenys) to prosacute the application ldeniifiad abova, and

10 ransact all business in the United Stales Patent and Trademark Ofice connecled therewith;

46188

Piaclitioner(s) ‘Nome Registraticn Number

Please recognize or change the comrespondence address for the shove-identified application to:
The address associatad with the above-mentioned Customer Number.

OR
D The oddress associated wilh Cusiomer Number:

orR
Firm or

Indivigual Namel

Address

Cily j SISL]
Country
Telephene
I am the:
. Apchenuln.renlur

%]

[ Emai ]

D Asslgnee of record of the entire inlerest, See 37 CFR3.71.
Statement Under 37 CFR 3 73(b) (Form PTQ/SBAE) submitted hesewith or litat on

SIGNATURE of Applicant er Asslgnee of Reeord

A 1
[Sarihre 7t T leres.” Bete__ [10/1/1Z
Name cott Milton Telephone [T1v-13)1~“S42

Tillz and Company Vice President. Susdem 2ing
RQTE: Siynatures of all the tventars or gsuighess ol racand of thg entve Inlme‘s{ or talr repreasnistivels) re required. SUBMB mulipls lorms T more hian ang

sighature iy required, see below®

‘Totat of 4 forms are submilted.
Thts collecton ot n Is reg y37cm13| 132 803 1.33. The Informaton /s requized to oblaln or relatn 3 banofl by tha public which I3 io flo (and by tha
USPTO o ) an by 35 U,5.C. 122 and 37 CFR 1.1 and 1.14, This clischon is astimaled to Lake D minutes to complate,

intuding gsnenng preparing, and submiling Ihe :m.p!zlcd appication fomm ta the USPTO. Thme wil vary depending upon Lhe IdIvRta) €350, ARy commentscn
the emaun! of tims you requive to compiats {hts form andior suggestians for reducing this terden, should ba ssnt t (he Chiz! Intormation Oficer, U.S. Patent and
Tradgmork Oliice, U.S Depantment cf Commerce, P.O. Box 1450, Aloxdnando, VA £2313 1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADCRESS SEND TO: C i for P , P.O. Box 1450, Alexandrla, VA 22313-1450.

#f you nesd assistance in completing the farm, cell 1-800-PT0-9199 and select aplion 2

Page:4/5
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L RECEIVED
DET*15-2812 12:36 From: 650-328-7737 CENTRAL FAX CENTER Pase:5/5

OCT 15 2012

PT0/53181 (01-08)
Approved of usa Ovough 113072011, OMB 0581.0035
B, Patzn! ond Tradsmerk Ofica; U.S. DEPARTMENT OF COMNMERCE

Under Iha Paparwork Reducien Act of 1993, no persans ¢ré required o respond o 8 eofaetian of infe/malicn uniass h disptays 8 vBld OMS conrp) number.

( POWER OF ATTORNEY Application Number 12/131,873 N\
. OR Filing Date 2008-05-02
First Namad Inventor ChkSha Chen
B O O A ™ [T Novvoits e Ve
AND Art Unit
Examinsr Name
\CHANGE OF CORRESPONDENCE ADDRESS Aoy Docket omer | 06245300200t

) hereby revoke sl previous powers of altomey given in the above-identified application.

D A Power of Attorney ks submitied herawith.

OR
@ | hereby sppoint Pracillloner(s) sssociated With the following Customer 46188
Number as my/our altarngy(s) or ageni(s) to prosecule tha appSeallon
identified sbove, and 10 transact sll business in the Unted Statss Palent
and Trademark Office connected therewith:

OR
1 heraby appeint Praclitioner(s) named bslow as myfous atomey(s) or agent(s) to proseaute the applicalion identified abova, and

D to transact all business In the Unilad States Patent and Tredemark Office connected therewtth:
Reglsiration Number

Pracliioner(s) Name

Please recognize or change the correspondence address for the above-identified application to:
The address essodated with the sbove-mentioned Customer Number.
OR
E] The sddiess associated with Customer Number:
OR

Flrm or
Individuat Name

Address

Clty l Site | [ 2ip |
Country
Telephons l Emal l
1 am the:
Applicantinventor.

OR

D Assignee of record of the entlre Interest. See 37 CFR 3.71.
Statemant undor 37 CFR 3.73(b) (Form PTW/SB/96) submitted herewith or filed on

SIGNATURE of Applicant or Assignae of Record

2/ N
Stanature Dale 2017 folof2 |
Nams —i3ya%h Bhakia i Telephons | F¢rF - 4/ 5 S~ ordBS
Titte ond Compeny ks /. M«I e dveln. Alefl3F Ic.

NOTE" Signatures ¢f all tha hwmrﬂ or psslgness of recatd of Me entlre ntcyast of thok representalive(s) are required. SubmA Mulizly tame B more than ot
signatwa Iy requied, 2ee Balow”,

“Toistof ___ 4 forms are submilted.
This calicction of irformstcn is required by 37 CFR 1.31, 1,32 gnd 1.33. Tre infarmstion s required to adlsin o7 ralain @ bensts by tho public which & to {13 {(ano by the
USPTO 0 p ) a0 Gpp C. falty b5 g ¢ by 35 U.8,6. 122 8nd 37 CFR 4,11 ant 1.14. This colizctian Ls estimated to take 3 minules to complole,
Inchuding gaihering, preparing, and submilling the compteted nppicalion form 10 the USPTO. Time Wil vary dopendiag upon the hdividual cage. Any comments on
Ina amsunt of 1tmb yau require to complete this famm ancior suggeslions for ratueing this burden, should be sent ta the Chlef Intsmstion Officer, U).S. Palent end
Tracemark Office, U.S. Depsimesd of Commarce, P.O. Qox 14£0, Alexandfia, VA 22343-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
AODRESS. SENDTQ: C Issl for Pat: P.0. Box 1450, Alexandfs, VA 22313-1460.

¥ you iged gesistance in compleling the farm, call 1-800-PTO-2199 and select oplion 2.
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. RE
OCT-15-2812 12:35  From:658-320-7737 CENTRALC ls\')\(/ EIEDNT'EH Pase:1/5

OCT 15 2012

PTO/S8/27 (07-09)

Approved for use through 07/31/2042. OMB 0851-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respand to a collection of inf tan unlass it ins 8 vafid OMB contro! number

Certificate of Transmission under 37 CFR 1.8

I hereby certify that this correspondence is being facsimile transmitted to the United
States Patent and Trademark Office

October 15, 2012

Date

(sl y/t2r

Signature

Pamela Wilson

Typed or printed name of person signing Certificate

na 650-320-7700

Registration Number, if applicable Telephone Number

Note: Each paper must have its own certificate of transmission, or this certificate
must identify each submitted paper.

Power of Attorney (sb-81) - 4 pages (12/131,873)

This cotlection of information Is required by 37 CFR 1.8. The Infarmation is required to obiain or retain a benefil by the public which is to fils (and by the USPTO to
process) an application. Confidentiality is go d by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14, This coligction iz estimated to 1zke 1.8 minutes 18 eamplate,
incheding gathering, prepaning, and submitting the completed application form to the USPTO. Tima will vary depending upon the individua) case. Any comments an
the amour of ime you raquire to compilete this form and/ar suggestions for reducing this burden, shou!d bg sent to the Chief information Officer, U.S. Patent and
Tradgmark Offico, U.S. Oepanment of Commerce, P.Q. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Bax 1450, Alexandria, VA 22313-1450.

if you need assistance in complating the form. call 1-800-PTO-2199 and select optfon 2.
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Doc Code: N572

UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: ggNB{:’;:]lSSIONER FOR PATENTS

450
Alexandnia, Virginia 22313-1450

www.uspto.gov
| APPLICATION NUMBER | FILING DATE [ FRSTNAMED APPLICANT | ATTY.DOCKET NO/TITLE |
12/131,873 06/02/2008 Chi-She Chen NETL.000GEN

CONFIRMATION NO. 6645

20995 (RO R A

KNOBBE MARTENS OLSON & BEAR LLP *0C000000057331085*
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Date Mailed: 10/31/12

DENIAL OF REQUEST FOR POWER OF ATTORNEY

The request for Power of Attorney filed __10/15/12_ is acknowledged. However, the request cannot be
granted at this time for the reason stated below.

O The Power of Attorney you provided did not comply with the new Power of Attorney rules that became
effective on June 25, 2004. See 37 CFR 1.32.

Q& The revocation is not signed by the applicant, the assignee of the entire interest, or one particular
principal attorney having the authority to revoke.

L The Power of Attorney is from an assignee and the Certificate required by 37 CFR 3.73(b) has not been
received.

O The person signing for the assignee has omitted their empowerment to sign on behalf of the assignee.

Eﬂ/The inventor(s) is without authority to appoint attorneys since the assignee has intervened as provided
by 37 CFR 3.71.

O The signature(s) of , a co-inventor in this application, has been omitted.
The Power of Attorney will be entered upon receipt of confirmation signed by said co-inventor(s)..

O The person(s) appointed in the Power of Attorney is not registered to practice before the U.S. Patent and
Trademark Office.

Questions relating to this Notice should be directed to the Application Assistance Unit.

O\

Office of Data Managetfient, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

Samsung Electronics Co., Ltd.
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A communication which cannot be delivered in electronic form has been mailed to the applicant.
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