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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 (µBGA), 

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 (µBGA), 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. As a 

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 5V 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 lA 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. 
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[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 embodiments 

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 element's 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 11 is 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 

-33-

Samsung Electronics Co., Ltd.
Ex. 1006, p. 34



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 claim 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 
052708 
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i  600 

Communicate data words between volatile 
memory and host system in first mode 

y

Transfer data words from volatile memory 
system to non-volatile memory system 

622 

624 

626 

,__ 

Store first slice of data word in 
buffer 

V 

Store second slice of data word in 
buffer 

V 

Write entire data word from buffer 
to non-volatile memory 

Samsung Electronics Co., Ltd.
Ex. 1006, p. 55



PTO/SB/06 (12-04) 

Filing Date: 06/02/08 Approved for use through 7/31/2006. OMB 0651-0032 
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. 

PATENT APPLICATION FEE DETERMINATION RECORD 
Substitute for Form PTO-875 

Application or Docket Number 

12/131,873 

APPLICATION AS FILED - PART I 
(Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA 
BASIC FEE 
(37 CFR 1.16(a), (b), or (c)) 

N/A N/A 

SEARCH FEE 
(37 CFR 1.16(k), (i), or (m)) 

N/A N/A 

EXAMINATION FEE 
(37 CFR 1.16(o), (p), or (q)) 

N/A N/A 

TOTAL CLAIMS 
(37 CFR 1.16(i)) 54 34 
INDEPENDENT CLAIMS 
(37 CFR 1.16(h)) 7 4 

APPLICATION SIZE 
FEE 
(37 CFR 1.16(s)) 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

If the difference in column 1 is less than zero, enter "0" in column 2. 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

A
M

E
N

D
M

E
N

T
 A

 

CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

HIGHEST - 
NUMBER 

PREVIOUSLY 
PAID FOR 

PRESENT 
EXTRA 

Total 
(37 CFR 1.16(i)) 
Independent 
(37 CFR 1.16(h)) 
Application Size Fee (37 CFR 1.16(s)) 

Minus 

Minus .** 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

(Column 1) 

OTHER THAN 
SMALL ENTITY OR SMALL ENTITY 

RATE ($) 

OR 

RATE ($) 

N/A N/A 310 

N/A N/A 510 

N/A N/A 210 

X$ 25 X$50 1700 

X$105 X$210 840 

185 370 

TOTAL 0 TOTAL 3570 

SMALL ENTITY 

RATE ($) 
ADDI-

TIONAL 
FEE ($) 

X = 

X = 

N/A 

TOTAL 
ADD'T FEE 

OR 

OR 

OR 

OR 

OTHER THAN 
SMALL ENTITY 

RATE ($) 
ADDI-

TIONAL 
FEE ($) 

X 

X 

N/A 

OR 
TOTAL 
ADD'T FEE 

(Column 2) (Column 3) OR 

CLAIMS 
REMAINING 

co 

2 

2 

AFTER 
AMENDMENT 

PREVIOUSLY 
PAID FOR 

Total 
(37 CFR 1.16(i)) Minus It. 

Independent 
(37 CFR 1.16(h)) 

Minus 

HIGHEST 
NUMBER PRESENT 

EXTRA 

Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

RATE ($) 
ADDI-

TIONAL 
FEE ($) 

X

X = 

N/A 

TOTAL 
ADD'T FEE 

OR 

OR 

OR 

RATE ($) 
ADDI-

TIONAL 
FEE ($) 

X 

X 

N/A 

OR 
TOTAL 
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. 

Samsung Electronics Co., Ltd.
Ex. 1006, p. 56



UNITED STATES PATENT AND TRADEMARK OFFICE 

01,

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

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
ww-gnapto.gov 

AP 
NUMBER 
PLICATION I 

371(c) 
FILIN 

DATE 
G or I G 

UNIT
 I 

IT FIL FEE REC'D I 

12/131,873 
ATTY.DOCKET.NO ITOT CLAIMS I IND CLAIMS 

06/02/2008 2189 

20995 
KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

0.00 NETL.040A 54 7 
CONFIRMATION NO. 6645 

FILING RECEIPT 

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 appin 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 

Samsung Electronics Co., Ltd.
Ex. 1006, p. 57



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. 

page 2 of 3 

Samsung Electronics Co., Ltd.
Ex. 1006, p. 58



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 

Samsung Electronics Co., Ltd.
Ex. 1006, p. 59



UNITED STATES PATENT AND TRADEMARK OFFICE 

01,

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

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
wveveuspto.gov 

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

12/131,873 06/02/2008 

20995 
KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

NETL.040A 
CONFIRMATION NO. 6645 

FORMALITIES LETTER 

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: 
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Docket No.: NETL.040A September 16, 2008 
Page 1 of 1 

Please Direct All Correspondence to Customer Number 20995 

RESPONSE TO FORMALITIES NOTICE 

Applicant : Jeffrey C. Solomon et al. CERTIFICATE OF EFS WEB 
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Filed : June 2, 2008 automated Acknowledgement Receipt, is 
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For NON-VOLATILE MEMORY MODULE Time zone to the Commissioner for 
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Art Unit 2189 September 16, 2008 
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Conf. No. : 6645 
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P.O. Box 1450 
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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/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. 
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DECLARATION FOR UTILITY OR DESIGN APPLICATION 
UNDER 37 CFR 1.63 

Docket No.: NETL.040A 

Title: NON-VOLATILE MEMORY MODULE 

Inventors: Chi-She Chen, Jeffiey C. Solomon; Scott Milton; Jayesh Bhakta 

Please Direct All Correspondence to Customer Number 20995 

Page 1 of 2 

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: 

I 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; 

I 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 knowledge 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:   Date:  o7- o a 

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 

Title: NON-VOLATILE MEMORY MODULE 

Inventors: Chi-She Chen, Jeffrey C. Solomon; Scott Milton; Jayesh Bhakta 

Please Direct All Correspondence to Customer Number 20995 

Page 2 of 2 

Full name of second inventor: Jeffery C. Solomon 

United States 

6 Silver Fir, Irvine, CA 92604 

Same as above 

Signature: 

Citizenship: 

Mailing Address: 
Residence Address: 
(if different than above) 

Full name of third inventor: Scott Milton 

Signature: Gy 7VArn.

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: 

Citizenship: ntted States 

Mailing Address: 12220 Rose Street, Cerritos, CA 90703 

Residence Address: Same as above 
(if different than above) 

e,14 elkootem, 

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

5618847 

Date: or — /5-- Or 

Date:  69 5/zoo g 

Date: 
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NETL.040A PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant Jeffrey C. Solomon et al. 

App. No 12/131,873 

Filed June 2, 2008 

For NON-VOLATILE MEMORY 
MODULE 

Examiner Unknown 

Art Unit 2189 

Conf # 6645 

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

CERTIFICATE OF EFS WEB 
TRANSMISSION 

I hereby certify that this correspondence, and 
any other attachment noted on the automated 
Acknowledgement Receipt, is being transmitted 
from within the Pacific Time zone to the 
Commissioner for Patents via the EFS Web 
server on: 

PRELIMINARY AMENDMENT 

Se tember 16, 2008 
(Da ) 

Bruce S. Itehkawitz, Reg. o. 47,67 

Dear Sir: 

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., deletion 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. 

5. (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 power supply 

comprises a battery and is configured to power the volatile memory subsystem for less than thirty 

minutes. 

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

capacitors comprises one or more double layered capacitors. 

-2-
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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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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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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: 
Bruce S. Itchkawitz 
Registration No. 47,677 
Attorney of Record 
Customer No. 20,995 
(949) 760-0404 

5933718 
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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, Irivne, CA; 
Jayesh Bhakta, Cerritos, CA; 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This appin 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 
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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 
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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). 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

PO. Box 1450 
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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. 

page 1 of 2 

Samsung Electronics Co., Ltd.
Ex. 1006, p. 79



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 
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Docket No.: NETL.000GEN Customer No. 20,995 

REVOCATION 
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(7/c. 7 

Name: Christdj ier Lopes Title: Vice President 

Assignee: NETLIST, INC. 
475 Goddard , Suite 100 

Address: Irvine, CA 92618 

3429813/ap 
021507 
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ASSIGNMENT 

PATENT 
Client Code: NETL.040A 

Page 1 

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 i:, CA,907-03-have-inventedertain.new-and .-useful=improvements.in,a-NON-V-0LATILE 
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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IN TESTIMONY WHEREOF, I hereunto set my hand and seal this ...lcitt/i day of 
tt  , 2008. 

Chi-She Chen 

STATE OF riel g locale-4A/ 1 
ss. 

COUNTY OF ac.--k-c-
oraa‘tev, 2-4 Lo cr. before  , notary public, 

personally appeared Chi-She Chen who proved to me on the basis of satisfactory evidence to 
be the person  whose namekef is/,arg-subscribed to the within instrument, and acknowledged 
to me that he executed the same in his authorized capacity061, and that by his signaturekery 
on the instrument the person !or the entity upon behalf of which the person*. acted, 
executed the instrument. 

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

[SEAL] 

WITNESS my hand and official seal. 

DENNIS a. GINTHER Notary Signa • r 
44' 

Commission # 1648822 
Notary Public - California 

Orange County 
My Comm, Expires Mar 30, 2010 
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,IN TESTIMONY WHEREOF, I hereunto set my h and seal this Z2nct day of 
 , 2008. 

STATE OF 4 110°4,'""i 1 

COUNTY OF ' 4 1̀-4"-- J 
ss. 

• 
cGratztv,,i,/, zoo P., before me,  ZAt'.e.r.   , notary public, 

personally appeared Jeffrey C. Solomon who proved to me on the basis of satisfactory 
evidence to be the persons whose name4€'1 is/arcr subscribed to the within instrument, and 
acknowledged to me that he executed the same in his authorized capacity(iesy, and that by his 
signaturekTY on the instrument the person(.  or the entity upon behalf of which the persons)
acted, executed the instrument. 

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

[SEAL] 

WITNESS my hand and official seal. 

vr

• 
kez= 

DENNIS B. GINTHER 
Commission # 1648822 

Notary Public - California 
Orange County 

My Comm. Expires Mar 3Q. 2014 

Notary Signature 
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IN TESTIMONY WHEREOF, I hereunto set my hand and seal this  day of 
c+,,t,  , 2008. 

Scott Milton 

STATE OF ss. 
COUNTY OF (C--•4*-1,-c--- 1 

N. vd. 

 , befor(  „2.Cdtmss art , c 11-4?..  , notary public, 
personally appeared Scott Milton who proved to me on the basis of satisfactory evidence to be 
the person(61 whose nameke) is/ subscribed to the within instrument, and acknowledged to 
me that he executed the same in his authorized capacityW, and that by his signaturehs) on 
the instrument the persons )-; or the entity upon behalf of which the persop(eracted, executed 
the instrument. 

0„.• 

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

[SEAL] 

WITNESS my hand and official seal. 

z 

DENNIS B. GINTHER 
Commission # 1648822 

Notary Public - California 
Orange County 

My Comm. Expires Mar 30, 2010 

Notary Signaturt 
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IN TESTIMONY WHEREOF, I hereunto set my hand and seal this  ,ta, day of 
pc7f,e9v  , 2008. 

akta 

STATE OFO;((t°244---- * 1 
ss. 

COUNTY OR .-ham J 

dear At., 1.0c, c5t beforaieO ie, ‘",r J/ACriec/  , notary public, 
personally appeared Jayesh Bhakta who proved to me on the basis of satisfactory evidence to 
be the personK whose nameKis/afersubscribed to the within instrument, and acknowledged 
to me that he executed the same in his authorized capacity( sar and that by his signature }-
on the instrument the persoryK or the entity upon behalf of which the person,karacted, 
executed the instrument. 

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

[SEAL] 

5619488 

WITNESS my hand and official seal. 

DENNIS B. OINTHER 
Commission # 1648822 

Notary Public - California t 
Orange County 

My Comm. Expires Mar 30, 2010 
•for- 7mo -

Notary ig ure 
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CFR 3.73(b). 
Statement37.pdf 

42749 

no 1 
96d55263057fe72dc8c581d248d9001771b 

19B8 

Warnings: 

Information: 
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2 Power of Attorney POA_NETL.pdf 

48001 

no 1 
ce233488d558878838ecciaaadce6f8612214 

7048 

Warnings: 

Information: 

3 
Assignee showing of ownership per 37 

CFR 3.73(b). 
Assignment.pdf 

276431 

no 5 
bf8368860c899c9de6862d7689234359dc6 

dc008 

Warnings: 

Information: 

Total Files Size (in bytes): 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: By: 
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 (10-108) 
Approved for use through 10/31/2008. OMB 0651-0 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMEF 
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 num 

31 
CE 

 ber. 

PETITION FOR EXPRESS 
ABANDONMENT TO AVOID 

PUBLICATION UNDER 37 CFR 1.138(c) 

File the petition electronically using EFS-Web 
Or Mail the petition to: 
Mail Stop Express Abandonment 
Commissioner for Patents 
P.O. Box 1450, Alexandria, VA 22313-1450 

Application Number 12/131,873 

Filing Date June 2, 2008 

First Named Inventor Chi-She Chen et al. 

Art Unit 2189 

Examiner Name Unknown 

Attorney Docket Number N ETL.040A 

Petition for Express Abandonment to Avoid Publication under 37 CFR 1.138(c) 
I 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. X The Director is hereby authorized to charge the petition fee under 37 CFR 1.17(h) to 
Deposit Account No. 11-1410 

b. Check in the amount of $  is enclosed. 

c. Payment by credit card (Form PTO-2038 is enclosed). 

rriNOTE: A paper requesting express abandonment of an application is not effective unless and until an appropriate USPT0 official recognizes 
and acts on the paper. See the Manual of Patent Examining Procedure (MPEP), section 711.01. In addition, the paper will not stop public tion 
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 ti e to 
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. 

I am the: 

X 

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

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  

Bruce S. Itchkawitz 

October 30, 2008 

Signature Date 

949-760-0404 

Typed or printed name Telephone Number 

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

XI Total of forms are submitted. 

l his collection of information is required by 37 CTMTITTSTcY7The information is required to obtain or retain a benefit by the public which is to file (and by the U 0 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, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments bn 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. Patent 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: Mail Stop Express Abandonment, 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. 

Samsung Electronics Co., Ltd.
Ex. 1006, p. 90



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. Itchkawitz/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 III) 1464 1 130 130 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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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. ItchkawitzNalerie 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) 
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File Listing: 

Document 
Number 

Document Description File Name 
File Size(Bytes)/ 
Message Digest 

Multi 
Part /.zip 

Pages 
(if appl.) 

1 
Petition for review by the Office of 

Petitions. NETL040APETITION.pdf 
65504 

no 1 
11a171eb1f23c65f067e28c18f033d5d05ff6 

6e8 

Warnings: 

Information: 

2 Fee Worksheet (PTO-06) fee-info.pdf 
30378 

no 2 
dObbfdcaffe41d14c1dfa9de156110ed7f18 

3010 

Warnings: 

Information: 

Total Files Size (in bytes): 95882 

This Acknowledgement Receipt evidences receipt 
characterized by the applicant, and including page 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 

on the noted date by the USPTO 
counts, where applicable. 

includes the necessary components 
1.54) will be issued in due 
date of the application. 

35 U.S.C. 371 

of the indicated documents, 
It serves as evidence of receipt similar to a 

for a filing date (see 37 CFR 
course and the date shown on this 

is compliant with the conditions of 35 
acceptance of the application as a 

Filing Receipt, in due course. 

includes the necessary components for 
of the International Application Number 

subject to prescriptions concerning 
establish the international filing date of 

If a new application is being filed and the application 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 
Acknowledgement Receipt will establish the filing 

National Stage of an International Application under 
If a timely submission to enter the national stage of an international application 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating 
national stage submission under 35 U.S.C. 371 will be issued in addition to the 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification 
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, 
national security, and the date shown on this Acknowledgement Receipt will 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

m. 

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

PO. 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 

20995 
KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

Chi-She Chen NETL.000GEN 
CONFIRMATION NO. 6645 

POA ACCEPTANCE LETTER 

O00000003292 032 

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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UNITED STATES PATENT AND TRADEMARK OFFICE 

m. 

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

PO. 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 

20995 
KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

Chi-She Chen NETL.000GEN 
CONFIRMATION NO. 6645 

ABANDONMENT/TERMINATION 
LETTER 

O000000033 23628 

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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OCT-15-2012 12:35 From:650-320-7737 
RECEIVED 

CENTRAL FAX CENTER Page:2,5 

OCT 1°5 2012 

PTCVSSfat (01.05) 
Approved keine through 11/33/2011. 0141B 05514335 

U.S. Patsnt end Tilden:ark Office; U.S. OEPARTIaNT OF COMMSRCE 
Under rho Peporwors Reduction Act ci 1995. no persons ere requked to respond toe colodion of information tretess it titplayti a valid OMB control our«. r 

POWER OF ATTORNEY 
OR 

REVOCATION OF POWER OF ATTORNEY 
WITH A NEW POWER OF ATTORNEY 

AND 
CHANCE OF CORRESPONDENCE ADDRESS 

Application Number 

Filing Date 

First Named inventor 

17/131.873 

2005.00-02 
CM-She Chen 

Non-Volatile Memory Module Title 

Aft Unit 

Examiner Name 

Attorney Docirot Number 052453-002cont 7 

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

O A Power cd Attorney is submitted herelAh. 
OR 

0  I hereby appoint Preclittener(a) ?sandalled with the following Customer 
Number as my/our aliontey(e) or agent(s) 10 prosecute the application 

business In the United States Palen! 

46188 

identified above, and to transact ao 
and Trademark Office conneded therewith: 

OR 

• , hereDy appoint Pracillioner(s) named below as myroor aliomey(s) or agents) to prosecute tits application identuSed above, and 
to transact all nosiness in the United Stales Palen! and Trademark Omce connected therewith; 

pra tioner(s) Name Registration Number 

Please recognize or change the correspondence address for the above-identified application to: 

0  The address associated with the above-menlionad Customer Number. 

OR 

The address associated with Customer Number. 

OR 

f Firm or 
Inen4nuel Name 

Address 
\ 

City Slate 121p 

Country 

Telephone j Email 

I am Mc: 

0  Applicant/Inventor. 
OR 

Q Assignee Of record of the entire interest See 37 CFR 3.71. 
Statement under 37 CFR 3 73(0) (Form PT O/Sa90 whinnied lietewith or Fed on 

SIGNATURE of Applicant or Assigneo of Record 
Signature ‘‘i_t,/.____—_------ Date / (1/ /I // 2
Name Chi-She Cher) Telephone er8 7— cv-ie, 
Tilts and Company ,-

S.FYWre atc,,,A.„ eel.s.%44e., . 
001E, Sig tI.Jfe: Cr 0 M. IMMAtte. or FISegfINI4. of record ca 111. 1..o tritmeli or their ,epres.cnt3tive(s) ere raqu3ed. Subrna MuOfple fauns if mom Man one 
signature l: required,. below'. 

.Total or 4 forms are submitted. 

This eDtieetion of Information is requitte, Dy 37 CFR 1.31. 1.32 and 1.33. The Iniormatton Is mmdreo to °Stain or relDh1 a besets Of the public wrdas Is to rde Oka Dy ens 
USPTO to process) an applIcattoo. Confidnuaidy is governed by 35 U.B.C. 122 anti 37 CFR 1.11 and 1.14.11113 collectIonts estimated to lake 3 minutes to oompecle 
inducting gehering. preparing, end seDrOltru3 the tr./geed g9lication corm to the usFro. Thee will vary depondeig vex', lee Individual ea.. My ecntrnents On 
ho :mount of time you requiro to comseote this form goat. =gassy.pe for md.c.h2 ihts burden, shook( be .see, W me Ce'd ble"..*ee ° Mee'• 11$. Pelee' era 
Trad.112A Olke, U.S Department et Convir,eis, P.O, emu 1450, Aboendrik VA 22313.1150. 00 NOY SE11O 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, Cell 1-800-PTO.9199 and select Option Z 

PAGE 215 RCYD AT 1011512012 3:36:22 PM [Eastern Daylight Timer SVIURTOFAX•002141' DNIS:2138300 tCSID:650 320 77371 DURATION (mmis):01.50 
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OCT-15-2012 12:35 From:650-320-7737 Page:3 , 5 

CENTRAL FAX CENTER 

OCT 15 2012 

PrOISEtta,  to beg) 
Appmect for use 119TUUgh 11/30/2011 0M8 0851.0035 

Va. Pesch: ond Trattornant Ocks; U.S. DEPARTMENT' OF RCt
Under the Papers-3A Reduction Act of 19133, no prisons are reqekeete respond to a colfecnort al takerneflan unless It displays a valid ChM control mouser 

POWER OF ATTORNEY 
OR 

REVOCATION OF POWER OF ATTORNEY 
WITH A NEW POWER OF ATTORNEY 

AND 
CHANGE OF CORRESPONDENCE ADDRESS 

Application Number I 12/131,873 

Filing Date 

First Named inventor 
2008-06.02 
Chi•She Chen 

Non-Volatile Memory MocUg—Title 

Art Unit 

Examiner Name 

Attorney Docket Number  067.45,3-00Zcunt 

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

A Power of Attorney is submitted herewith. 

X 

OR 
I hereby appoint Practidoner(s) associated wt.11 the following CuSterner 
Number as myiour attorneyis) or agent(s) to prosecute the application 
identified to transact business in Ihs United Slates Patent 

46188 

above, and all 
and Trademark Office connected therewith: 

OR 

❑ i hereby appoint Precodonerro nettled below as my/our attorneys) or agent{s) to prosecute the eppkation ittentltied above, and 

to transact all business in the United States Patent and Trademark Office connected therewith: 

Praclitioner(s) Name Registration Number 

Please 

x 

recognize or change the correspondence address for the above•identified application to: 

The address associated with the ebovegnenlioned Customer Number.

OR 

The addresS osSOCiale0 with Customer Number: 
DR 

m 
Poi

Firm or 
Individual Name 

Address 

City State I Zip 

Country 

Telephone Email 

I am 

N 

O Assignee 

the: 

Applicant/invent . 

OR 
of record of the entire interest See 37 CPR 3,71. 

Statement under 37 CF ) (Form PTO/51195) submitted herewith or Bled on 

IG URE of Applicant or Assignee of Record 

Signature s.._ Data a'  a, ,plifr/ .2. 

Name Jeffre of on netepttane ?Of —,S,7 , -.0„,W7 

Title and Company izt 4'7l4 
NM: 
signature 

5ignetures of cell Ow Inventors or 8SSIgnScs of cord of the ire Direct cr tit • reprecentotkets) E. rewired Saroll mullT.Stt tarots x mere than one 
to moulted, see beer.% 

X *Total of 4 forms are submitted. 

This edger-gen d inierm,tion a recuked by 57 CM 1 31,1.33 end 1,33. This infant-Olen 4 required to obtain or retain 3 bensf0 by the pato% lee turd by Ma 
USPTO to process) an appiicsadn.Cardidensaiiiy i9 govemoi by 35 U S.0 122 end 37 CFR 1.11 and 1.14, This cane:Aim Is oanoted to take 3 //,o-,a1 to completo, 
inertial l§ gathering, preparing. end submilTeg the completed appiiceson form to the uSPr0, Tim will vary depending upon vie intasduar case Any commits-co an 
the amount of lime you read,* to eernpfste this lora, sad/or suggestions for reducing this burden, should be Sent to the Chf infennsaon Ourccr, u.S. Patent and 
Trauma* 016eo. U.S. Department or Coatroom*. P O. Box 14SO, Aknondlia. VA 22243.1450. 00 NoT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND 1O: Convnissioner for Patents, P.O. Box 1450, Alexandrta, VA 22313-1450. 

it you need assistance in completing the tort*, cell 1-800-PTO-9199 and soled option 2 

PAGE 315 RCVD AT 1011512012 3:36:22 PM (Eastern Daylight Timel t SVRAV.PTOFAX-002141 DNIS:2138300 t CSID:650 320 1737 t DURATION (mm•ss):01.50 
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.DC7-15-2012 12:36 From:650-32077737 RECEIVED 
CENTRAL FAX CENTER 

OCT 15 202 

Page:4, 5 

pTCVSEIrei (Dt,09) 
Approved for use lintrugh 11130(2011. OMB 05.51-0034 

U.8. Patent end Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Popenoorl Reduction Act of 1995. no persons ere recuRed to respond Co a colledion of inrotrnation odes. It displays a velk OMB =NO number. 

POWER OF ATTORNEY 
OR 

REVOCATION OF POWER OF ATTORNEY 
WITH A NEW POWER OF ATTORNEY 

AND 
CHANGE OF CORRESPONDENCE ADDRESS 

Application Number 

Filing Oat° 

First Named Inventor 

12/431.873 

2008.06.02 
Chi-She Chen 

Non-Volatile Memory Module Title 

Art Unit 
Examinor (IMO 

Attorney Docket Number 082453-002ccnt 

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

A Power of Attorney Is submitted herewith. . 

OR 

0 1 hereby appoint Practitioners) associated with the following c.w.o. 
Number as my/our attorney(s) or agent(s) to prosecute the application 
Identified to transact a+) business in the United Slates Patent 

46188 

above, and 
and Trademark Office connected therewith: 

OR 

❑ i hereby appoint Practiliener(s) named below as my/our attorney(s) or agent(s) to prosecute the application Identified above. and 
to transact all bustnes5 in the United Stales Patent and Trademark Office connected therewith; 

PractItioner(s) Name Registration Number 

Please recognize or change the correspondence address for the above-identified application to: 
al The address associated with the above-mentioned CUStorner Number. 

OR 

O The addreSS associated with Customer Number: 

OR 

is Firm or 
im Individual Name 
Address 

City State i izil
Country 

Telephone I Email I 

I am the: 

cj Applicant/Inventor. 
OR 

h. Assignee of record of the entire Interest. See 37 CFR 3.71. 
IM Statement under 37 CPR 3 73(b) (Form PrO/SEigG) submitted fteretvIth at Nod on 

SIGNATURE of Applicant or Assignee or Record 

Signature 7/ 4 PtilAr'n., Dale 10/8 itt 
Name colt Milton Telphone 119-131-`f5 .17. 
Title end company  V i (4 Pecsiticert, S .b+C.101 5:49,Lea•iia
MI5: Mandates of all tne inventor* ca asaignees or record of the entire Infers or eialr repreadUellvels) are reqL4rea. SUDM5 Intapte terms fl mate Wan one 

signature la toques& see below. 

El 'Total O1 4 forms are submitted. 

This colledion of Weft:Won le recurred by 37 CFR 1.31. 1 32 and 1.33. The informeeen le required to obtain or relater a boners by the public which It to 1110 (and by the 
USPTO to protest) an application. Confide/11May la governed by 35 U,S.C. 122 aid 37 CFR 1.19 and 1.t 4, This ontlechon is estimated to take 3 minutes to complete. 
Wictudiqg psinefing. preparing, and ougregn9 th0 campteled appdcaapn form to tiro USPTO. limo wEil vary depending upon the inatatitat cam. Any conune..te cn 
ate amount of time you require to compete es, form ondiot suggestions rot reducing this burden, shoal be sent to the Chat information 06cer, U.S. Patent end 
Tradernork OtSee, U.S Department et Commence, P.O. en. 1450. ruexonoda: VA 27313-14.50, DO NOT SEM3 FEES OR COMPLETED FORMS TO THIS 
AccRESS. S514( TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 7.2313.1450. 

1/you need asststpnce in completing (he form cell 1-m4.7O.9190 and select option 2 

PAGE 415' RCVD AT 1011512012 3:35:22 PM [Eastern Daylight Time!' SVR:PTOFAX-002141' DNIS:2738300 CSID:650 320 7737 DURATION (mmis):01 -50 
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FCT115-2012 12:36 From:650-320-7737 
RECEIVED 

CENTRAL FAX CENTER Paee:5,5 

OCT 15 2012 

P1O/55,51 (01-09) 
Approved tar use through 11/3W2011. OMB 05510035 

pat..rx and Tracemut Deice: U.S. DEPARTMENT OF COMMERCE 
Under the Papenvork RC6cgten Aei 011003, no ecruew ere required to massed to a coracuon of Wenn:won amass 0 dismays a vase OMs control manta, 

POWER OF ATTORNEY 
OR 

REVOCATION OF POWER OF ATTORNEY 
WITH A NEW POWER OF ATTORNEY 

AND 
CHANGE OF CORRESPONDENCE ADDRESS 

Application NUmitey 

Filfno Date 

121131,03 

2008-08472 
Chl-Sita Chen 

Non-Volatile Memory godule 
First Named Inventor 

Title 

Art Unft 

Examiner Name 

Attorney Docket Number 062453.-002cont  I 

I hereby revoke all previous powers of attorney given in the above-Identified application. 

NI A Power of Attorney is submitted herewith.

OR 
hereby appoint Praciltioner(s) associated with the tollowbv Customer Lam' Number as my/our altorney(s) or agent(s) to prosecute the appecallon 

Identified and to transact sit business In It* United States Patent 

46188 

above, 
and Trademark Office connected thereWen: 

OR 

D I hereby appoint practitioner(s) named below as My/01/1 anomey(s) or agent(s) 10 prosecute the application identified above. and 
to transact all business In the United States Patent and Trademark Office connected therewith; 

PractIlloner(5) Nome Registration Number 

Please 

12 

recognize or change the correspondence address for the above-identified application to: 
• 

The address essodated with the above-mentioned Customer Number. 

I. 

OR 

The address associated With Customer Number: 

OR 

O Firm orIndividual Name 

Address 

City I State I I Zip I 
county 
Telephone I Email r 

I em the: 

0 ApplicartUMV8hter. 
OR 

O Assignee of record of the entire Interest. See 37 CFR 3.71. 
Statement under 37 CFR 3.73(b) (Fotrn PrcvSar96) submitted herewith or fried on 

SIGN TURE of Applicant or Assignee of Record 

Signature bta Date elo ///1,4 417./ 
Name Ja h - Telephone =4 ...r , 
Tete and Company  _,-",„r  k,,, e I va, . N e,.//i1 I- .7* 4 , 
Nom, SIgnsfures of od the Went or assignees ar record of ate entire totems% or thsV reprwriteem(s) ere recer,ed- Submit mciliP14 (sons Ei more Man.. 
signet o Is rectAreri. see W.'. 

X 'Tall of 4 forms are submitted. 

This colter:Um or iriormetten Is required by 37 CFR 131. 132 end 1.33. The intoonation Is required to mobittri or retain a benefit by the polo wino, OM Dy lit 
USPTO to process) en et/Ocelots. ConedeellaPty Is governed by 3$ c. 122 end 37 CFR 1.11 end 1.14. Tete citeclIon Is estimated to take 3 minutes to complete 
Including gathering. preparing. and submittInp the completed cogitation form to the USPTO. Time will very depending upon the individuat case. Any comments on 
the amount of terns you require to complete 1151 rams analor sugoesdons t0. reducing Ws burden, should be sent to 2w chief intxmotton Oirc.er, U.S. Palo'S end 
TraCemieth Office, U.S. Depearnase d Commerce. P.O. Sex 1450, Alexandria, VA 27112-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRES5. SEND TO: Commissioner for Patents, P.O. Box 145D, Alexandria, VA 22313-1450. 

N you,toed assistance in completing the form, call 1.B0OPTO-9199 and select option 2. 
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RECEIVED 
OCT-15-2012 12:35 Fr om: 650-320-7737 CENTRAL FAX CENTER Page:1, 5 

OCT 15 2012 

PTO/SS/97 (07-09) 
Approved for use through 07/31/2012 OMB 0851-0031 

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

Undo the Paperwork Reduction Act of 1995, no persona are required to respond to a collection of info nation unless it contains a vaPst OMB control 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 
on 

Date 

akb0 (//(zsLr2i
Signature 

Pamela Wilson 

Typed or printed name of person signing Certificate 

rVa 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 (0-81) - 4 pages (12/131,873) 

Thls collection of Information is required by 37 CFR 1.8. The Information is required to obtain of retain a benefit by the public which is to Els (and by the USPTO to 
process) en application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1.8 minutes to complete. 
inokicrgeg gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the arnourd of tine you require to complete this form anctro, suggestions for reducing this burden. should be sent to the Chief Information Officer. U.S. Patent and 
Trademark Of  U.S. Department of Commerce. P.O. Box 1450, Alexi:ire:Iris. 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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Doc Code: N572 

NITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COKMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-145O 
www.uspto.gov 

APPLICATION NUMBER FILING DATE FIRST NAMED APPLICANT ATTY. DOCKET NO/TITLE 

12/131,873 06/02/2008 

20995 
KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

Cc: NIXON PEABODY LLP 
P.O. BOX 60610 
PALO ALTO, CA 94306 

Chi-She Chen NETL.000GEN 

CONFIRMATION NO. 6645 

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. 

U 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. 

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

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

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

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

U 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).. 

❑ 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. 

Office of Data Manage ent, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

m. 

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

PO. 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 

20995 
KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

Chi-She Chen NETL.000GEN 
CONFIRMATION NO. 6645 

MISCELLANEOUS NOTICE 

Inn 1111111 
O00000005733 085 

Date Mailed: 11/01/2012 

A communication which cannot be delivered in electronic form has been mailed to the applicant. 
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