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MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS 

IN DATA BUFFERS 

CLAIM OF PRIORITY 
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issued as U.S. Pat. No. 9,824,035, which is a continuation of U.S. Pat. App. No. 14/846,993, 
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[0002] The present application is related to commonly-owned U.S. Pat. App. No. 

14/715,486, filed on May 18, 2015; U.S. Pat. App. No. 13/970,606, filed on August 20, 

2013; U.S. Pat. App. No. 12/504,131, filed on July 16, 2009, now U.S. Pat. No. 8,417,870; 

U.S. Pat. App. No. 12/761,179, filed on April 15, 2010, now U.S. Pat. No. 8,516,185; U.S. 
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FIELD 

[0003] The disclosure herein is related generally to memory modules, and more 

particularly to multi-rank memory modules and methods of operation. 

BACKGROUND 

[0004] With recent advancement of information technology and widespread use of the 
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Internet to store and process information, more and more demands are placed on the 

acquisition, processing, storage and dissemination of vocal, pictorial, textual and numerical 

information by microelectronics-based combination of computing and communication 

means. In a typical computer or server system, memory modules are used to store data or 

information. A memory module usually includes multiple memory devices, such as 

dynamic random access memory devices (DRAM) or synchronous dynamic random access 

memory devices (SDRAM), packaged individually or in groups, and/or mounted on a 

printed circuit board (PCB). A processor or a memory controller accesses the memory 

module via a memory bus, which, for a single-in-line memory module (SIMM), can have a 

32-bit wide data path, or for a dual-in-line memory module (DIMM), can have a 64-bit 

wide data path. 

[0005] The memory devices of a memory module are generally organized in ranks, with 

each rank of memory devices generally having a bit width. For example, a memory module 

in which each rank of the memory module is 64 bits wide is described as having an "x64" 

or "by 64" organization. Similarly, a memory module having 72-bit-wide ranks is described 

as having an "x72" or "by 72" organization. 

[0006] The memory capacity or memory density of a memory module increases with the 

number of memory devices on the memory module. The number of memory devices of a 

memory module can be increased by increasing the number of memory devices per rank or 

by increasing the number of ranks. 

[0007] In certain conventional memory modules, the ranks are selected or activated by 

control signals from a processor or memory controller during operation. Examples of such 

control signals include, but are not limited to, rank-select signals, also called chip-select 

signals. Most computer and server systems support a limited number of ranks per memory 

module, which limits the memory density of the memory modules that can be used in these 

computer and server systems. 

[0008] For memory devices in such as a memory module to be properly accessed, 
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distribution of control signals and a control clock signal in the memory module is subject to 

strict constraints. In some conventional memory modules, control wires are routed so there 

is an equal length to each memory component, in order to eliminate variation of the timing 

of the control signals and the control clock signal between different memory devices in the 

memory modules. The balancing of the length of the wires to each memory devices 

compromises system performance, limits the number of memory devices, and complicates 

their connections. 

[0009] In some conventional memory systems, the memory controllers include leveling 

mechanisms for write and/or read operations to compensate for unbalanced wire lengths 

and memory device loading on the memory module. As memory operating speed and 

memory density continue to increase, however, such leveling mechanisms are also 

insufficient to insure proper timing of the control and/or data signals received and/or 

transmitted by the memory modules. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a diagram illustrating a memory system including at least one memory 

module according to one embodiment. 

[0011] FIGS. 2A-2D are each a diagrams illustrating interactions among components in a 

a memory module according to certain embodiments. 

[0012] FIG. 3 is a diagram illustrating one of a plurality of data buffers in a memory 

module according to one embodiment. 

[0013] FIGS. 4A-4B are each a diagram illustrating data and data strobe signal lines 

coupled to memory devices in a memory module according to certain embodiments. 

[0014] FIGS. 5A-5B are diagrams illustrating different numbers of memory devices that 

can be coupled to each data buffer in a memory module according to certain embodiments. 

[0015] FIG. 6 is a diagram illustrating a control circuit in a data buffer according to 
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certain embodiments. 

[0016] FIG. 7 is a diagram illustrating control signals from a module control device to a 

plurality of data buffers in a memory module according to certain embodiments. 

[0017] FIG. 8 is a timing diagram illustrating alignment of module control signals with 

respect to module clock signals. 

[0018] FIG. 9 is a diagram illustrating a metastability detection circuit and signal 

adjustment circuit in a data buffer according to certain embodiments. 

[0019] FIGS. 10A-10C are diagrams illustrating a metastability detection circuit 

according to certain embodiments. 

[0020] FIGS. 10D is a diagram illustrating a signal adjustment circuit according to certain 

embodiments. 

[0021] FIGS. 11A-11B are diagrams illustrating a metastability detection circuit and 

signal adjustment circuit, respectively, according to certain embodiments. 

[0022] FIGS. 12A-12B are a timing diagrams illustrating a write operation and a read 

operation, respectively, performed by a memory module according to one embodiment. 

[0023] FIG. 13 is a diagram illustrating a delay control circuit in a data buffer according 

to certain embodiments. 

[0024] FIG. 14 is a diagram illustrating a DQ or DQS routing circuit in a data buffer 

according to an embodiment. 

[0025] FIG. 15 a diagram illustrating a DQS routing circuit having a delay circuit in a 

data buffer according to an embodiment. 

[0026] FIG. 16 a diagram illustrating a DQ routing circuit having a delay circuit in a data 

buffer according to an embodiment. 
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certain embodiments. 

[0016] FIG. 7 is a diagram illustrating control signals from a module control device to a 

plurality of data buffers in a memory module according to certain embodiments. 

[0017] FIG. 8 is a timing diagram illustrating alignment of module control signals with 

respect to module clock signals. 

[0018] FIG. 9 is a diagram illustrating a metastability detection circuit and signal 

adjustment circuit in a data buffer according to certain embodiments. 

[0019] FIGS. 10A-10C are diagrams illustrating a metastability detection circuit 

according to certain embodiments. 

[0020] FIGS. 10D is a diagram illustrating a signal adjustment circuit according to certain 

embodiments. 

[0021] FIGS. 11A-11B are diagrams illustrating a metastability detection circuit and 

signal adjustment circuit, respectively, according to certain embodiments. 

[0022] FIGS. 12A-12B are a timing diagrams illustrating a write operation and a read 

operation, respectively, performed by a memory module according to one embodiment. 

[0023] FIG. 13 is a diagram illustrating a delay control circuit in a data buffer according 

to certain embodiments. 

[0024] FIG. 14 is a diagram illustrating a DQ or DQS routing circuit in a data buffer 

according to an embodiment. 

[0025] FIG. 15 a diagram illustrating a DQS routing circuit having a delay circuit in a 

data buffer according to an embodiment. 

[0026] FIG. 16 a diagram illustrating a DQ routing circuit having a delay circuit in a data 

buffer according to an embodiment. 
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[0027] FIG. 17 is a diagram illustrating a delay circuit in a DQ or DQS routing circuit 

according to an embodiment. 

[0028] FIG. 18 is a flowchart illustrating a method for data edge alignment according to 

embodiments. 

[0029] FIG. 19 is a diagram illustrating a control circuit in a data buffer according to 

certain embodiments. 

DESCRIPTION OF EMBODIMENTS 

[0030] A memory module according to one embodiment includes memory devices 

organized in groups, a module control device, and data buffers (DB). The data buffers are 

sometimes referred to herein as buffer circuits, isolation devices (I.D.) or load reduction 

devices. The memory module is operable to perform memory operations in response to 

memory commands (e.g., read, write, refresh, precharge, etc.), each of which is represented 

by a set of control/address (C/A) signals transmitted by the memory controller to the 

memory module. The C/A signals may include, for example, a row address strobe signal 

(/RAS), a column address strobe signal (/CAS), a write enable signal (/WE), an output 

enable signal (/OE), one or more chip select signals, row/column address signals, and bank 

address signals. The memory controller may also transmit a system clock signal to the 

memory module. In one embodiment, the C/A signals and the system clock signal are 

received by the module control device, which generates a set of module command signals 

and a set of module control signals in response to each memory command from the 

memory controller. The module command signals are transmitted by the module control 

device to the memory devices via module C/A signal lines, and the module control signals 

(referred sometimes herein as module control signals) are transmitted by the module 

control device to the buffer circuits via module control signal lines. 

[0031] The buffer circuits are associated with respective groups of memory devices and 

are distributed across the memory module at positions corresponding to the respective 
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[0027] FIG. 17 is a diagram illustrating a delay circuit in a DQ or DQS routing circuit 

according to an embodiment. 

[0028] FIG. 18 is a flowchart illustrating a method for data edge alignment according to 

embodiments. 

[0029] FIG. 19 is a diagram illustrating a control circuit in a data buffer according to 

certain embodiments. 

DESCRIPTION OF EMBODIMENTS 

[0030] A memory module according to one embodiment includes memory devices 

organized in groups, a module control device, and data buffers (DB). The data buffers are 

sometimes referred to herein as buffer circuits, isolation devices (I.D.) or load reduction 

devices. The memory module is operable to perform memory operations in response to 

memory commands (e.g., read, write, refresh, precharge, etc.), each of which is represented 

by a set of control/address (C/A) signals transmitted by the memory controller to the 

memory module. The C/A signals may include, for example, a row address strobe signal 

(/RAS), a column address strobe signal (/CAS), a write enable signal (/WE), an output 

enable signal (/OE), one or more chip select signals, row/column address signals, and bank 

address signals. The memory controller may also transmit a system clock signal to the 

memory module. In one embodiment, the C/A signals and the system clock signal are 

received by the module control device, which generates a set of module command signals 

and a set of module control signals in response to each memory command from the 

memory controller. The module command signals are transmitted by the module control 

device to the memory devices via module C/A signal lines, and the module control signals 

(referred sometimes herein as module control signals) are transmitted by the module 

control device to the buffer circuits via module control signal lines. 

[0031] The buffer circuits are associated with respective groups of memory devices and 

are distributed across the memory module at positions corresponding to the respective 
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groups of memory devices. Thus, during certain high speed operations, each module 

control signal may arrive at different buffer circuits at different points of time across more 

than one clock cycle of the system clock. Also, each buffer circuit associated with a 

respective group of memory devices is in the data paths between the respective group of 

memory devices and the memory controller. Thus, the memory controller does not have 

direct control of the memory devices. In one embodiment, each group of memory devices 

include at least two subgroups, each subgroup including at least one memory device. Each 

buffer circuit is configured to select a subgroup in the respective group of memory devices 

to communicate data with the memory controller in response to the module control signals. 

Thus, the memory module can have more ranks of memory devices than what is supported 

by the memory controller. 

[0032] In one embodiment, each buffer circuit includes metastability detection circuits to 

detect metastability condition in the module control signals and signal adjustment circuits 

to adjust the module control signals and/or a module clock signal to mitigate any 

metastability condition in the module control signals. 

[0033] Further, in one embodiment, each buffer circuit includes signal alignment circuits 

that determine, during a write operation, a time interval between a time when one or more 

module control signals are received from the module control circuit and a time when a 

strobe or data signal is received from the memory controller. This time interval is used 

during a subsequent read operation to time transmission of read data to the memory 

controller, such that the read data arrives at the memory controller within a time limit in 

accordance with a read latency parameter associated with the memory system. 

[0034] FIG. 1 shows a system 100 including a memory controller (MCH) 101 and one or 

more memory modules 110 coupled to the MCH by a memory bus 105, according to one 

embodiment. As shown, the memory bus includes C/A signal lines 120 and groups of 

system data/strobe signal lines 130. Also as shown, each memory module 110 has a 

plurality of memory devices 112 organized in a plurality of ranks 114. Each memory 

module 110 further includes a module control circuit (module controller or module control 
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groups of memory devices. Thus, during certain high speed operations, each module 

control signal may arrive at different buffer circuits at different points of time across more 

than one clock cycle of the system clock. Also, each buffer circuit associated with a 

respective group of memory devices is in the data paths between the respective group of 

memory devices and the memory controller. Thus, the memory controller does not have 

direct control of the memory devices. In one embodiment, each group of memory devices 

include at least two subgroups, each subgroup including at least one memory device. Each 

buffer circuit is configured to select a subgroup in the respective group of memory devices 

to communicate data with the memory controller in response to the module control signals. 

Thus, the memory module can have more ranks of memory devices than what is supported 

by the memory controller. 

[0032] In one embodiment, each buffer circuit includes metastability detection circuits to 

detect metastability condition in the module control signals and signal adjustment circuits 

to adjust the module control signals and/or a module clock signal to mitigate any 

metastability condition in the module control signals.

[0033] Further, in one embodiment, each buffer circuit includes signal alignment circuits 

that determine, during a write operation, a time interval between a time when one or more 

module control signals are received from the module control circuit and a time when a 

strobe or data signal is received from the memory controller. This time interval is used 

during a subsequent read operation to time transmission of read data to the memory 

controller, such that the read data arrives at the memory controller within a time limit in 

accordance with a read latency parameter associated with the memory system. 

[0034] FIG. 1 shows a system 100 including a memory controller (MCH) 101 and one or 

more memory modules 110 coupled to the MCH by a memory bus 105, according to one 

embodiment. As shown, the memory bus includes C/A signal lines 120 and groups of 

system data/strobe signal lines 130. Also as shown, each memory module 110 has a 

plurality of memory devices 112 organized in a plurality of ranks 114. Each memory 

module 110 further includes a module control circuit (module controller or module control 
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device) 116 coupled to the MCH 101 via the C/A signal lines 120, and a plurality of buffer 

circuits or isolation devices 118 coupled to the MCH 101 via respective groups of system 

data/strobe signal lines 130. In one embodiment, the memory devices 112, the module 

control circuit 116 and the isolation devices 118 can be mounted on a same side or different 

sides of a printed circuit board (module board) 119. 

[0035] In the context of the present description, a rank refers to a set of memory devices 

that are selectable by a same chip select signal from the memory controller. The number of 

ranks of memory devices in a memory module 110 may vary. For example, as shown, each 

memory module 110 may include four ranks of memory devices 112. In another 

embodiment, the memory module 110 may include 2 ranks of memory devices. In yet 

another embodiment, the memory module may include six or more ranks of memory 

devices 112. 

[0036] In the context of the present description, a memory controller refers to any device 

capable of sending instructions or commands, or otherwise controlling the memory devices 

112. Additionally, in the context of the present description, a memory bus refers to any 

component, connection, or groups of components and/or connections, used to provide 

electrical communication between a memory module and a memory controller. For 

example, in various embodiments, the memory bus 105 may include printed circuit board 

(PCB) transmission lines, module connectors, component packages, sockets, and/or any 

other components or connections that provide connections for signal transmission. 

[0037] Furthermore, the memory devices 112 may include any type of memory devices. 

For example, in one embodiment, the memory devices 112 may include dynamic random 

access memory (DRAM) devices. Additionally, in one embodiment, each memory module 

110 may include a dual in-line memory module (DIMM). 

[0038] Referring to FIG. 2A, which illustrates one memory module 110 according to an 

embodiment, the module control device 116 receives system memory commands 

represented by a set of system control/address (C/A) signals from the MCH 101 via signal 
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device) 116 coupled to the MCH 101 via the C/A signal lines 120, and a plurality of buffer 

circuits or isolation devices 118 coupled to the MCH 101 via respective groups of system 

data/strobe signal lines 130. In one embodiment, the memory devices 112, the module 

control circuit 116 and the isolation devices 118 can be mounted on a same side or different 

sides of a printed circuit board (module board) 119. 

[0035] In the context of the present description, a rank refers to a set of memory devices 

that are selectable by a same chip select signal from the memory controller. The number of 

ranks of memory devices in a memory module 110 may vary. For example, as shown, each 

memory module 110 may include four ranks of memory devices 112. In another 

embodiment, the memory module 110 may include 2 ranks of memory devices. In yet 

another embodiment, the memory module may include six or more ranks of memory 

devices 112. 

[0036] In the context of the present description, a memory controller refers to any device 

capable of sending instructions or commands, or otherwise controlling the memory devices 

112. Additionally, in the context of the present description, a memory bus refers to any 

component, connection, or groups of components and/or connections, used to provide 

electrical communication between a memory module and a memory controller. For 

example, in various embodiments, the memory bus 105 may include printed circuit board 

(PCB) transmission lines, module connectors, component packages, sockets, and/or any 

other components or connections that provide connections for signal transmission. 

[0037] Furthermore, the memory devices 112 may include any type of memory devices. 

For example, in one embodiment, the memory devices 112 may include dynamic random 

access memory (DRAM) devices. Additionally, in one embodiment, each memory module 

110 may include a dual in-line memory module (DTMM) 

[0038] Referring to FIG. 2A, which illustrates one memory module 110 according to an 

embodiment, the module control device 116 receives system memory commands 

represented by a set of system control/address (C/A) signals from the MCH 101 via signal 
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lines 120 and generates module command signals and module control signals based on 

memory commands from the system. The module control device 116 also received a 

system clock MCK and generates a module clock signal CK in response to the system 

clock signal MCK. The MCK signal may include a pair of complementary clock signals, 

MCK and MCK, and the module clock signal may include a pair of complementary clock 

signals CK and CK . 

[0039] Examples of the system C/A signals include, but are not limited to, Chip Select (or 

/CS) signal, which is used to select a rank of memory devices to be accessed during a 

memory (read or write) operation; Row Address Strobe (or /RAS) signal, which is used 

mostly to latch a row address and to initiate a memory cycle; Column Address Strove (or 

/CAS) signal, which is used mostly to latch a column address and to initiate a read or write 

operation; address signals, including bank address signals and row/column address signals, 

which are used to select a memory location on a memory device or chip; Write Enable (or 

/WE) signal, which is used to specify a read operation or a write operation, Output Enable 

(or /OE) signal, which is used to prevent data from appearing at the output until needed 

during a read operation, and the system clock signal MCK. 

[0040] Examples of module command signals include, but are not limited to module /CS 

signals, which can be derived from the system /CS signals and one or more other system 

C/A signals, such as one or more bank address signals and/or one or more row/column 

address signals; a module /RAS signal, which can be, for example, a registered version of 

the system /RAS signal; a module /CAS signal, which can be, for example, a registered 

version of the system /CAS signal; module address signals, which can be, for example, 

registered versions of some or all of the address signals; a module /WE signal, which can 

be, for example, a registered version of the system /WE signal; a module /OE signal, which 

can be, for example a registered version of the system /OE signal. In certain embodiments, 

the module command signals may also include the module clock signal CK. 

[0041] Examples of module control signals include, but are not limited to a mode signal 
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lines 120 and generates module command signals and module control signals based on 

memory commands from the system. The module control device 116 also received a 

system clock MCK and generates a module clock signal CK in response to the system 

clock signal MCK. The MCK signal may include a pair of complementary clock signals, 

MCK and MCK, and the module clock signal may include a pair of complementary clock 

signals CK and CK 

[0039] Examples of the system C/A signals include, but are not limited to, Chip Select (or 

/CS) signal, which is used to select a rank of memory devices to be accessed during a 

memory (read or write) operation; Row Address Strobe (or /RAS) signal, which is used 

mostly to latch a row address and to initiate a memory cycle; Column Address Strove (or 

/CAS) signal, which is used mostly to latch a column address and to initiate a read or write 

operation; address signals, including bank address signals and row/column address signals, 

which are used to select a memory location on a memory device or chip; Write Enable (or 

/WE) signal, which is used to specify a read operation or a write operation, Output Enable 

(or /OE) signal, which is used to prevent data from appearing at the output until needed 

during a read operation, and the system clock signal MCK. 

[0040] Examples of module command signals include, but are not limited to module /CS 

signals, which can be derived from the system /CS signals and one or more other system 

C/A signals, such as one or more bank address signals and/or one or more row/column 

address signals; a module /RAS signal, which can be, for example, a registered version of 

the system /RAS signal; a module /CAS signal, which can be, for example, a registered 

version of the system /CAS signal; module address signals, which can be, for example, 

registered versions of some or all of the address signals; a module /WE signal, which can 

be, for example, a registered version of the system /WE signal; a module /OE signal, which 

can be, for example a registered version of the system /OE signal. In certain embodiments, 

the module command signals may also include the module clock signal CK. 

[0041] Examples of module control signals include, but are not limited to a mode signal 
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(MODE), which specifies a mode of operation (e.g., test mode or operating mode) for the 

isolation devices 118; one or more enable signals, which are used by an isolation device to 

select one or more subgroups of memory devices to communicate data with the memory 

controller; and one or more ODT signals, which are used by the isolation devices to set up 

on-die termination for the data/strobe signals. In one embodiment, the module control 

signals are transmitted to the isolation devices 118 via respective module control signal 

lines 230. Alternatively, the module control signals can be packetized before being 

transmitted to the isolation devices 118 via the module control signal lines and 

decoded/processed at the isolation devices. 

[0042] Module control device 116 transmits the module command signals to the memory 

devices 112 via module C/A signal lines 220. The memory devices 112 operate in response 

to the module command signals to receive write data or output read data as if the module 

command signals were from a memory controller. The module control device transmits the 

module control signals together with the module clock signal CK to the isolation devices 

118 via module control signal lines 230. As shown in FIG. 2, at least some of the memory 

devices in a same rank share a same set of module C/A signal lines 220, and at least some 

of the isolation devices 118 share a same set of module control signal lines 230. 

[0043] As shown n FIGS. 2A and 2B, each rank 114 includes N memory devices, where N 

is an integer larger than one. For example, a first rank includes memory devices Mu, . .., 

Mil, Mi+1,1, .. ., MN, a second rank includes memory devices Mn, Mi2, Mi+1,2, • • • MN,2, 

and so on. In one embodiment, the memory devices 112 are also organized in groups or sets, 

with each group corresponding to a respective group of system data/strobe signal lines 130 

and including at least one memory device from each rank. For example, memory devices 

Mu, Mi2, Mi3, and M14 form a first group of memory devices, memory devices Mil, Mi2, 

Mi3, and Mi4 form an ith group of memory devices, and so on. 

[0044] As shown, the isolation devices 118 are associated with respective groups of 

memory devices and are coupled between respective groups of system data/strobe signal 

lines 130 and the respective groups of memory devices. For example, isolation device ID-1 
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(MODE), which specifies a mode of operation (e.g., test mode or operating mode) for the 

isolation devices 118; one or more enable signals, which are used by an isolation device to 

select one or more subgroups of memory devices to communicate data with the memory 

controller; and one or more ODT signals, which are used by the isolation devices to set up 

on-die termination for the data/strobe signals. In one embodiment, the module control 

signals are transmitted to the isolation devices 118 via respective module control signal 

lines 230. Alternatively, the module control signals can be packetized before being 

transmitted to the isolation devices 118 via the module control signal lines and 

decoded/processed at the isolation devices. 

[0042] Module control device 116 transmits the module command signals to the memory 

devices 112 via module C/A signal lines 220. The memory devices 112 operate in response 

to the module command signals to receive write data or output read data as if the module 

command signals were from a memory controller. The module control device transmits the 

module control signals together with the module clock signal CK to the isolation devices 

118 via module control signal lines 230. As shown in FIG. 2, at least some of the memory 

devices in a same rank share a same set of module C/A signal lines 220, and at least some 

of the isolation devices 118 share a same set of module control signal lines 230. 

[0043] As shown n FIGS. 2A and 2B, each rank 114 includes N memory devices, where N 

is an integer larger than one. For example, a first rank includes memory devices Mu, . . ., 

Mil, M1+1,1, . . ., MN, a second rank includes memory devices M12 . . ., Mi2, Mi+1,2, MN,2, 

and so on. In one embodiment, the memory devices 112 are also organized in groups or sets, 

with each group corresponding to a respective group of system data/strobe signal lines 130 

and including at least one memory device from each rank. For example, memory devices 

Mu Mil Mi3, and Mi4 form a first group of memory devices, memory devices Ma, n2, 
n3, and n4 form an itl group of memory devices, and so on. 

[0044] As shown, the isolation devices 118 are associated with respective groups of 

memory devices and are coupled between respective groups of system data/strobe signal 

lines 130 and the respective groups of memory devices. For example, isolation device ID-1 
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among the isolation devices 118 is associated with the first group of memory devices Mil, 

M12, M13, and Mi.4 and is coupled between the group of system data/strobe signal lines 

130-1 and the first group of memory devices, isolation devices ID-i among the isolation 

devices 118 is associated with the i th group of memory devices Ma, Mi2, M13, and Mi4 and is 

coupled between the group of system data/strobe signal lines 130-i and the ith group of 

memory devices, and so on. 

[0045] In one embodiment, each group or sets of memory devices are coupled to the 

associated isolation device 118 via a set of module data/strobe lines 210. Each group or set 

of memory devices is organized in subgroups or subsets, with each subgroup or subset 

including at least one memory device. The subgroups in a group of memory devices may be 

coupled to the associated isolation device 118 via a same set of module data/strobe lines 

210 (as shown in FIG. 2A) or via respective subsets of module data/strobe lines 210 (as 

shown in FIG. 2B). For example, as shown in FIG. 2B, in the first group of memory 

devices, memory devices Mu and/or MB form a first subgroup, and memory devices Mi2 

and/or M14 form a second subgroup; in the ith group of memory devices, memory devices 

Mil and/or M13 form a first subgroup, and memory devices Ma and/or M14 form a second 

subgroup; and so on. The first subgroup of at least one memory device in each group of 

memory devices is coupled to the associated isolation device 118 via an associated first 

subset of module data/strobe lines YA, and the second subgroup of at least one memory 

device in each group of memory devices is coupled to the associated isolation device via an 

associated second subset of module data/strobe lines YB, as shown. For example, memory 

devices Mu and/or MB form the first subgroup are/is coupled to the isolation device ID-1 

via the corresponding first subset of module data/strobe lines YA-1, and memory devices 

1%412 and/or M14 form the second subgroup are/is coupled to the isolation device ID-1 via 

the corresponding second subset of module data/strobe lines YA-2. 

[0046] In one embodiment, the isolation devices 118 are in the data paths between the 

MCH 101 and the memory module 110 and include data buffers between the MCH 101 and 

the respective groups of memory devices. In one embodiment, each isolation device 118 is 

configured to select a subgroup in the respective group of memory devices to communicate 

10 

Samsung Electronics Co., Ltd. 

Ex. 1002, p. 51 

among the isolation devices 118 is associated with the first group of memory devices Mil, 

M12, M13, and M14 and is coupled between the group of system data/strobe signal lines 

130-1 and the first group of memory devices, isolation devices among the isolation 

devices 118 is associated with the ith group of memory devices Mil, Mil, n3, and Mi4 and is 

coupled between the group of system data/strobe signal lines 130-i and the ith group of 

memory devices, and so on. 

[0045] In one embodiment, each group or sets of memory devices are coupled to the 

associated isolation device 118 via a set of module data/strobe lines 210. Each group or set 

of memory devices is organized in subgroups or subsets, with each subgroup or subset 

including at least one memory device. The subgroups in a group of memory devices may be 

coupled to the associated isolation device 118 via a same set of module data/strobe lines 

210 (as shown in FIG. 2A) or via respective subsets of module data/strobe lines 210 (as 

shown in FIG. 2B). For example, as shown in FIG. 2B, in the first group of memory 

devices, memory devices Mii and/or Mi3 form a first subgroup, and memory devices Mu 

and/or M14 form a second subgroup; in the i1h group of memory devices, memory devices 

Mil and/or n3 form a first subgroup, and memory devices Mi2 and/or Mi4 form a second 

subgroup; and so on. The first subgroup of at least one memory device in each group of 

memory devices is coupled to the associated isolation device 118 via an associated first 

subset of module data/strobe lines YA, and the second subgroup of at least one memory 

device in each group of memory devices is coupled to the associated isolation device via an 

associated second subset of module data/strobe lines YB, as shown. For example, memory 

devices Mu and/or Mi3 form the first subgroup are/is coupled to the isolation device ID-1 

via the corresponding first subset of module data/strobe lines YA-1, and memory devices 

Mu and/or Mi4 form the second subgroup are/is coupled to the isolation device ID-1 via 

the corresponding second subset of module data/strobe lines YA-2. 

[0046] In one embodiment, the isolation devices 118 are in the data paths between the 

MCH 101 and the memory module 110 and include data buffers between the MCH 101 and 

the respective groups of memory devices. In one embodiment, each isolation device 118 is 

configured to select a subgroup in the respective group of memory devices to communicate 
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data with the MCH 101 in response to the module control signals, such that the memory 

module can include more ranks than what is supported by the MCH 101. Further, each 

isolation devices 118 is configured to isolate unselected subgroup(s) of memory devices 

from the MCH 101 during write operations, so that the MCH sees a load on each data line 

that is less than a load associated with the respective group of memory devices. In one 

embodiment, the MCH sees only a load associated with one memory device on each 

data/strobe signal line during write operations. 

[0047] In one embodiment, the isolation devices 118 are distributed across the memory 

module 110 or the module board 119 in positions corresponding to the respective groups of 

memory devices. For example, isolation device ID-1 is disposed in a first position 

corresponding to the first group of memory devices Mu, Mu, Mi3, and M14, and isolation 

device ID-i is disposed in an i th position separate from the first position and corresponding 

to the ith group of memory devices Mn, n2, n3, and Mn. In one embodiment, the first 

position is between the first group of memory devices and an edge 201 of the module board 

119 where connections (not shown) to the data/strobe signal lines 130 are placed, and ith

position is between the ith group of memory devices and the edge 201 of the module board 

119. In one embodiment, the isolation devices 118 are distributed along the edge 201 of the 

memory module 110. In one embodiment, each isolation device 118 is a separate integrated 

circuit device packaged either by itself or together with at least some of the respective 

group of memory devices. In one embodiment, the module data/strobe signal lines 210, the 

module C/A signal lines 220, and the module control signal lines 230 include signal traces 

formed on and/or in the module board 119. 

[0048] As an option, memory module 110 may further include a serial-presence detect 

(SPD) device 240, which may include electrically erasable programmable read-only 

memory (EEPROM) for storing data that characterize various attributes of the memory 

module 110. Examples of such data include a number of row addresses, a number of 

column addresses, a data width of the memory devices, a number of ranks on the memory 

module 110, a memory density per rank, a number of memory device on the memory 

module 110, and a memory density per memory device, etc. A basic input/output system 
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data with the MCH 101 in response to the module control signals, such that the memory 

module can include more ranks than what is supported by the MCH 101. Further, each 

isolation devices 118 is configured to isolate unselected subgroup(s) of memory devices 

from the MCH 101 during write operations, so that the MCH sees a load on each data line 

that is less than a load associated with the respective group of memory devices. In one 

embodiment, the MCH sees only a load associated with one memory device on each 

data/strobe signal line during write operations. 

[0047] In one embodiment, the isolation devices 118 are distributed across the memory 

module 110 or the module board 119 in positions corresponding to the respective groups of 

memory devices. For example, isolation device ID-1 is disposed in a first position 

corresponding to the first group of memory devices M11, M12, M13, and M14, and isolation 

device ID-i is disposed in an i th position separate from the first position and corresponding 

to the i th group of memory devices Mil, Mi2, MB, and n4. In one embodiment, the first 

position is between the first group of memory devices and an edge 201 of the module board 

119 where connections (not shown) to the data/strobe signal lines 130 are placed, and ith

position is between the i th group of memory devices and the edge 201 of the module board 

119. In one embodiment, the isolation devices 118 are distributed along the edge 201 of the 

memory module 110. In one embodiment, each isolation device 118 is a separate integrated 

circuit device packaged either by itself or together with at least some of the respective 

group of memory devices. In one embodiment, the module data/strobe signal lines 210, the 

module C/A signal lines 220, and the module control signal lines 230 include signal traces 

formed on and/or in the module board 119. 

[0048] As an option, memory module 110 may further include a serial-presence detect 

(SPD) device 240, which may include electrically erasable programmable read-only 

memory (EEPROM) for storing data that characterize various attributes of the memory 

module 110. Examples of such data include a number of row addresses, a number of 

column addresses, a data width of the memory devices, a number of ranks on the memory 

module 110, a memory density per rank, a number of memory device on the memory 

module 110, and a memory density per memory device, etc. A basic input/output system 
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(BIOS) of system 100 can be informed of these attributes of the memory module 110 by 

reading from the SPD 240 and can use such data to configure the MCH 101 properly for 

maximum reliability and performance. 

[0049] In certain embodiments, the SPD 240 and/or the control circuit 116 store module 

configuration information, such as: memory space translation code, memory address 

mapping function code, input and output signals timing control information for the control 

circuit 116, input and output signals electrical and logical level control information for the 

control circuit 116, etc. In certain embodiments, the SPD 240 contains a system view of the 

module 110 which can be different from an actual physical construction of the module 110. 

For example, the SPD 240 stores at least one memory operation parameter that is different 

from a correspondng memory operation parameter in a system memory controller setting. 

The SPD 240 may also store at least on data buffer operation parameter that is different 

from a corresponding parameter in the system memory controller setting. 

[0050] Thus, in certain embodiment, in the memory module 110, C/A signals representing 

a memory command are received and buffered by the module control circuit 116, so that 

the MCH sees only the module control circuit 116 as far as the C/A signals are concerned. 

Write data and strobe signals from the controller are received and buffered by the isolation 

devices 118 before being transmitted to the memory devices 112 by the isolation devices 

118. On the other hand, read data and strobe signals from the memory devices are received 

and buffered by the isolation devices before being transmitted to the MCH via the system 

data/strobe signal lines 130. Thus, MCH 101 does not directly operate or control the 

memory devices 112. As far as data/strobe signals are concerned, the MCH 101 mainly sees 

the isolation devices 118, and the system 100 depends on the isolation devices 118 to 

properly time the transmission of the read data and strobe signals to the MCH 101. 

[0051] In certain embodiments, the memory module 110 is a dual in-line memory module 

(DIMM) and the memory devices are double data rate (DDR) dynamic random access 

memory devices (DRAM). In certain embodiments, the control circuit 116 includes a DDR 

register, and logic for memory space translation between a system memory domain and a 
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memory devices 112. As far as data/strobe signals are concerned, the MCH 101 mainly sees 

the isolation devices 118, and the system 100 depends on the isolation devices 118 to 

properly time the transmission of the read data and strobe signals to the MCH 101. 

[0051] In certain embodiments, the memory module 110 is a dual in-line memory module 

(DIMM) and the memory devices are double data rate (DDR) dynamic random access 
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module level physical memory domain. Such translation may produce address mapping, 

proper interface timing for the control signals to the module level physical memory domain, 

and a proper interface electrical and logical level for the control signals to the module level 

physical memory domain. 

[0052] As shown in FIG. 2C, in certain embodiments, the control circuit 116 transmits 

registered C/A and clock signals to the memory devices 112, and transmits module control 

signals and a registered clock signal (or module clock signal) to the isolation devices 118, 

in a fly-by configuration. As the speed of memory operations increase, issues can arise with 

respect to signal alignment for input, output delay variation due process, voltage and 

temperature (PVT) variations, synchronization with system memory controller interface, 

and phase drift accumulation during operation, etc. Electrical interface calibration drift 

during operation due to charge build up and timing interface calibration drift during 

operation due to environment change can also create issues. 

[0053] For example, load reduction mechanism in the isolation devices 118 would 

provide a single data bus interface to the respective set of memory devices, which is hidden 

from the system memory controller 101. Thus, a long sequence of interface timing training 

may be required due to limited controllability of the system memory controller 101 over 

the interface between the memory devices 112 and the associated isolation devices 118. 

Furthermore, interface signal alignment-drift after the initial training would not be easily 

detected by the system memory controller 101, which may cause silent system failure. 

[0054] Moreover, clock skew amongst the memory devices 112 and the associated 

isolation devices 118 due to the distributed architecture of the memory module 110 can 

cause synchronization issues. As the speed of memory operation increase, data period can 

become very close to the signal propagation delay time. Thus, such issues cannot simply be 

addressed by pipelining the data paths, as variation of the signal propagation time through 

I/Os becomes a very significant portion of a data period. 

[0055] To address at least some of the above issues, in certain embodiments, as shown in 

Samsung Electronics Co., Ltd. 

Ex. 1002, p. 54 

module level physical memory domain. Such translation may produce address mapping, 

proper interface timing for the control signals to the module level physical memory domain, 

and a proper interface electrical and logical level for the control signals to the module level 

physical memory domain. 

[0052] As shown in FIG. 2C, in certain embodiments, the control circuit 116 transmits 

registered C/A and clock signals to the memory devices 112, and transmits module control 

signals and a registered clock signal (or module clock signal) to the isolation devices 118, 

in a fly-by configuration. As the speed of memory operations increase, issues can arise with 

respect to signal alignment for input, output delay variation due process, voltage and 

temperature (PVT) variations, synchronization with system memory controller interface, 

and phase drift accumulation during operation, etc. Electrical interface calibration drift 

during operation due to charge build up and timing interface calibration drift during 

operation due to environment change can also create issues. 

[0053] For example, load reduction mechanism in the isolation devices 118 would 

provide a single data bus interface to the respective set of memory devices, which is hidden 

from the system memory controller 101. Thus, a long sequence of interface timing training 

may be required due to limited controllability of the system memory controller 101 over 

the interface between the memory devices 112 and the associated isolation devices 118. 

Furthermore, interface signal alignment-drift after the initial training would not be easily 

detected by the system memory controller 101, which may cause silent system failure. 

[0054] Moreover, clock skew amongst the memory devices 112 and the associated 

isolation devices 118 due to the distributed architecture of the memory module 110 can 

cause synchronization issues. As the speed of memory operation increase, data period can 

become very close to the signal propagation delay time. Thus, such issues cannot simply be 

addressed by pipelining the data paths, as variation of the signal propagation time through 

I/Os becomes a very significant portion of a data period. 

[0055] To address at least some of the above issues, in certain embodiments, as shown in 
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FIG. 2D, the control circuit 116 transmits registered C/A signals to the memory devices 112, 

and transmits the module control signals and the module clock signal to the data buffers 

118, in a fly-by arrangement. The memory devices 112 do not receive the module clock 

signal from the control circuit 116. Instead, each data buffer 118 regenerates the clock that 

is used by the respective set of memory devices 112. Each Data buffer 118 is thus 

responsible for providing a correct data timing interface between the respective set of 

memory devices 112 and the system memory controller 101. Each data buffer 118 is also 

responsible for providing the correct control signal timing between the control circuit 116 

and the respective set of memory devices 112. 

[0056] Thus, the memory module 110 in FIG. 2D allows a locally synchronized operation 

for each respective set of memory devices 112, which can correspond to a nibble or a byte 

of a DDR data bus between the memory module 110 and the system memory controller 101. 

Also, signal interface between each data buffer 118 and the respective set of memory 

devices 112 can be synchronized. In one embodiment, each data buffer 118 has a set of 

configurable operations, including, for example: programmable phase relationship between 

the clock it receives and the clock it regenerates, programmable phase adjustment for the 

data and data-strobe signals coupled to the memory devices 112, programmable phase 

adjustment for the data and data-strobe signals coupled to the system memory controller 

101, programmable phase adjustment related to at least one control signal that is coupled to 

the control circuit 116. The locally synchronized operation also makes it easier for each 

data buffer 118 to perform self-testing of the associated set of memory devices 112, 

independent of the self-testing of other sets of memory devices performed by the other data 

buffers, as disclosed in commonly-owned U.S. Patent 8,001,434, entitled "Memory Board 

with Self-Testing Capability," which is incorporated herein by reference in its entirety. 

[0057] In certain embodiments, operations of the isolation devices 118 are controlled by 

the module control signals from the module control circuit 116, which generates the 

module control signals according to the C/A signals received from the MCH. Thus, the 

module control signals need to be properly received by the isolation devices 118 to insure 

their proper operation. In one embodiment, the module control signals are transmitted 
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FIG. 2D, the control circuit 116 transmits registered C/A signals to the memory devices 112, 

and transmits the module control signals and the module clock signal to the data buffers 

118, in a fly-by arrangement. The memory devices 112 do not receive the module clock 

signal from the control circuit 116. Instead, each data buffer 118 regenerates the clock that 

is used by the respective set of memory devices 112. Each Data buffer 118 is thus 

responsible for providing a correct data timing interface between the respective set of 

memory devices 112 and the system memory controller 101. Each data buffer 118 is also 

responsible for providing the correct control signal timing between the control circuit 116 

and the respective set of memory devices 112. 

[0056] Thus, the memory module 110 in FIG. 2D allows a locally synchronized operation 

for each respective set of memory devices 112, which can correspond to a nibble or a byte 

of a DDR data bus between the memory module 110 and the system memory controller 101. 

Also, signal interface between each data buffer 118 and the respective set of memory 

devices 112 can be synchronized. In one embodiment, each data buffer 118 has a set of 

configurable operations, including, for example: programmable phase relationship between 

the clock it receives and the clock it regenerates, programmable phase adjustment for the 

data and data-strobe signals coupled to the memory devices 112, programmable phase 

adjustment for the data and data-strobe signals coupled to the system memory controller 

101, programmable phase adjustment related to at least one control signal that is coupled to 

the control circuit 116. The locally synchronized operation also makes it easier for each 

data buffer 118 to perform self-testing of the associated set of memory devices 112, 

independent of the self-testing of other sets of memory devices performed by the other data 

buffers, as disclosed in commonly-owned U.S. Patent 8,001,434, entitled "Memory Board 

with Self-Testing Capability," which is incorporated herein by reference in its entirety. 

[0057] In certain embodiments, operations of the isolation devices 118 are controlled by 

the module control signals from the module control circuit 116, which generates the 

module control signals according to the C/A signals received from the MCH. Thus, the 

module control signals need to be properly received by the isolation devices 118 to insure 

their proper operation. In one embodiment, the module control signals are transmitted 
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together with the module clock signal CK, which is also generated by the module control 

circuit 116 based on the system clock signal MCK. The isolation circuits 118 buffers the 

module clock signal, which is used to time the sampling of the module control signals. 

Since the isolation devices 118 are distributed across the memory module, the module 

control signal lines 230 can stretch across the memory module 110, over a distance of 

several centimeters. As the module control signals travel over such a distance, they can 

become misaligned with the module clock signal, resulting in metastability in the received 

module control signals. Therefore, in one embodiment, the isolation circuits 118 includes 

metastability detection circuits to detect metastability condition in the module control 

signals and signal adjustment circuits to adjust the module control signals and/or the 

module clock signal to mitigate any metastability condition in the module control signals, 

as explained in further detail below. 

[0058] Because the isolation devices 118 are distributed across the memory module 110, 

during high speed operations, it may take more than one clock cycle time of the system 

clock MCK for the module control signals to travel along the module control signals lines 

230 from the module control device 116 to the farthest positioned isolation devices 118, 

such as isolation device ID-1 and isolation device ID-(n-1) in the exemplary configuration 

shown in FIG. 2. In other words, a same set of module control signals may reach different 

isolation devices 118 at different times across more than one clock cycle of the system 

clock. For example, when the clock frequency of the system clock is higher than 800 MHz, 

the clock cycle time is less than about 1.2 ns. With a signal travel speed of about 70ps per 

centimeter of signal line, a module control signal would travel about 15 cm during one 

clock cycle. When the clock frequency increases to 1600 MHz, a module control signal 

would travel less than 8 cm during one clock cycle. Thus, a module control signal line can 

have multiple module control signals on the line at the same time, i.e., before one module 

control signal reaches an end of the signal line, another module control signal appear on the 

signal line. 

[0059] With the isolation devices 118 receiving module control signals at different times 

across more than one clock cycle, the module control signals alone are not sufficient to 
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together with the module clock signal CK, which is also generated by the module control 

circuit 116 based on the system clock signal MCK. The isolation circuits 118 buffers the 

module clock signal, which is used to time the sampling of the module control signals. 

Since the isolation devices 118 are distributed across the memory module, the module 

control signal lines 230 can stretch across the memory module 110, over a distance of 

several centimeters. As the module control signals travel over such a distance, they can 

become misaligned with the module clock signal, resulting in metastability in the received 

module control signals. Therefore, in one embodiment, the isolation circuits 118 includes 

metastability detection circuits to detect metastability condition in the module control 

signals and signal adjustment circuits to adjust the module control signals and/or the 

module clock signal to mitigate any metastability condition in the module control signals, 

as explained in further detail below. 

[0058] Because the isolation devices 118 are distributed across the memory module 110, 

during high speed operations, it may take more than one clock cycle time of the system 

clock MCK for the module control signals to travel along the module control signals lines 

230 from the module control device 116 to the farthest positioned isolation devices 118, 

such as isolation device ID-1 and isolation device ID-(n-1) in the exemplary configuration 

shown in FIG. 2. In other words, a same set of module control signals may reach different 

isolation devices 118 at different times across more than one clock cycle of the system 

clock. For example, when the clock frequency of the system clock is higher than 800 MHz, 

the clock cycle time is less than about 1.2 ns. With a signal travel speed of about 70ps per 

centimeter of signal line, a module control signal would travel about 15 cm during one 

clock cycle. When the clock frequency increases to 1600 MHz, a module control signal 

would travel less than 8 cm during one clock cycle. Thus, a module control signal line can 

have multiple module control signals on the line at the same time, i.e., before one module 

control signal reaches an end of the signal line, another module control signal appear on the 

signal line. 

[0059] With the isolation devices 118 receiving module control signals at different times 

across more than one clock cycle, the module control signals alone are not sufficient to 
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time the transmission of read data signals to the MCH 101 from the isolation devices 118. 

In one embodiment, each isolation devices includes signal alignment circuits that determine, 

during a write operation, a time interval between a time when one or more module control 

signals are received from the module control circuit 116 and a time when a write strobe or 

write data signal is received from the MCH 101. This time interval is used during a 

subsequent read operation to time the transmission of read data to the MCH 101, such that 

the read data follows a read command by a read latency value associated with the system 

100, as explained in more detail below. 

[0060] More illustrative information will now be set forth regarding various optional 

configurations, architectures, and features with which the foregoing framework may or may 

not be implemented, per the desires of the user. It should be strongly noted that the 

following information is set forth for illustrative purposes and should not be construed as 

limiting in any manner. Any of the following features may be optionally incorporated with 

or without the exclusion of other features described. 

[0061] In one embodiment, as shown in FIG. 3, each group of signal lines 130 include a 

set of n data (DQ) signal lines 322 each for transmitting one of a set of data signals DQo, 

DQ1, DQn4, and at least one strobe (DQS) signal line 324 for transmitting at least one 

strobe signal DQS. Each set of module data/strobe lines Y include a set of n module data 

signal lines Yo, Y1, Yn-1 and at least one module strobe signal line YDQS. When the 

subsets of memory devices are coupled to the associated isolation device 118 via respective 

subsets of memory devices, each set of module data/strobe lines Y may include multiple 

subsets of module data/strobe lines, such as the subsets of module data/strobe lines YA and 

YB shown in FIG. 2B. Each subset of module data/strobe lines YA include a set of n first 

module data lines YAo, YAi, YA, and at least one first module strobe signal line YADQs; 

and each subset of module data/strobe lines YB include a set of n second module data lines 

YBo, YBn and at least one second module strobe signal line YBDos. 

[0062] Each isolation device 118 includes a set of DQ routing circuits 320 coupled on one 

side to respective ones of the set of n DQ signal lines 322, and on another side to respective 
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time the transmission of read data signals to the MCH 101 from the isolation devices 118. 

In one embodiment, each isolation devices includes signal alignment circuits that determine, 

during a write operation, a time interval between a time when one or more module control 

signals are received from the module control circuit 116 and a time when a write strobe or 

write data signal is received from the MCH 101. This time interval is used during a 

subsequent read operation to time the transmission of read data to the MCH 101, such that 

the read data follows a read command by a read latency value associated with the system 

100, as explained in more detail below. 

[0060] More illustrative information will now be set forth regarding various optional 

configurations, architectures, and features with which the foregoing framework may or may 

not be implemented, per the desires of the user. It should be strongly noted that the 

following information is set forth for illustrative purposes and should not be construed as 

limiting in any manner. Any of the following features may be optionally incorporated with 

or without the exclusion of other features described. 

[0061] In one embodiment, as shown in FIG. 3, each group of signal lines 130 include a 

set of n data (DQ) signal lines 322 each for transmitting one of a set of data signals DQ0, 

DQi, DQ.-1, and at least one strobe (DQS) signal line 324 for transmitting at least one 

strobe signal DQS. Each set of module data/strobe lines Y include a set of n module data 

signal lines Yo, _1, Yn4 and at least one module strobe signal line YDQS. When the 

subsets of memory devices are coupled to the associated isolation device 118 via respective 

subsets of memory devices, each set of module data/strobe lines Y may include multiple 

subsets of module data/strobe lines, such as the subsets of module data/strobe lines YA and 

YB shown in FIG. 2B. Each subset of module data/strobe lines YA include a set of 7/ first 

module data lines YA0, YAn and at least one first module strobe signal line YADQs; 

and each subset of module data/strobe lines YB include a set of n second module data lines 

YBo, YB1, YBn and at least one second module strobe signal line YBDQs. 

[0062] Each isolation device 118 includes a set of DQ routing circuits 320 coupled on one 

side to respective ones of the set of n DQ signal lines 322, and on another side to respective 
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ones of the respective set of n module data lines, or respective ones of the respective 

subsets of module data lines, such as the first module data lines YAo, YA1, YAn and the 

second module data lines YBo, YB1, . . ., YBn. Each isolation device 118 further includes an 

ID control circuit 310 coupled on one side to the at least one DQS signal line 324, on 

another side to the one or more module strobe signal lines YDQS, or the first module strobe 

signal line YADQs and second module strobe signal line YBDQs. The ID control circuit 310 

also receives the module clock signal CK and the module control signals via the module 

control signal lines 230, and outputs ID control signals 330 to the DQ routing circuits 320, 

including, for example, one or more enable signals ENA and/or ENB, and some or all of 

the other received, decoded, and/or otherwise processed module control signals, a delay 

signal DS, a read DQS signal RDQS, a write DQS signal WDQS, and a buffer clock signal 

CKO. Each DQ routing circuit 320 is configured to enable data communication between the 

respective DQ signal line 322 with a selected subgroup of one or more memory devices in 

response to the module control signals, as explained in more detail below. 

[0063] In certain embodiments, the ID control circuit 310 also provides a delay signal DS, 

which is used by the DQ routing circuits 320 to align read data output by the isolation 

device 118 with read data output by the other isolation devices 118, as explained in further 

detail below. In certain embodiments, the ID control circuit 310 regenerates a clock signal 

from the module clock signal CK, which can have a programmable delay from the module 

clock signal. The regenerated clock signal is used as the clock signal CKO and a clock 

signal CKM that is provided to the corresponding set of memory devices, as explained in 

more detail below. 

[0064] The memory devices 112 are coupled to the isolation devices 118 via a same set of 

module data/strobe signal lines or different subsets of module data/strobe signal lines. For 

example, as shown in FIG. 4A, memory devices Mu, Mu, M13, and M14 in the first group 

of memory devices can be coupled to the isolation device ID-1 via a same set of module 

data lines Y-10, Y-11, . . ., Y-1,4 and module strobe line Y-1DQs. In such embodiment, a 

subgroup in the group of memory devices can be selected by the isolation devices to 

communicated data with the MCH based on the phases of the data/strobe signals, which 
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ones of the respective set of n module data lines, or respective ones of the respective 

subsets of module data lines, such as the first module data lines YA0, )(A L YAn and the 

second module data lines YBo, YBi, YBo. Each isolation device 118 further includes an 

ID control circuit 310 coupled on one side to the at least one DQS signal line 324, on 

another side to the one or more module strobe signal lines YDQS, or the first module strobe 

signal line YADQs and second module strobe signal line YBDQs. The ID control circuit 310 

also receives the module clock signal CK and the module control signals via the module 

control signal lines 230, and outputs ID control signals 330 to the DQ routing circuits 320, 

including, for example, one or more enable signals ENA and/or ENB, and some or all of 

the other received, decoded, and/or otherwise processed module control signals, a delay 

signal DS, a read DQS signal RDQS, a write DQS signal WDQS, and a buffer clock signal 

CKO. Each DQ routing circuit 320 is configured to enable data communication between the 

respective DQ signal line 322 with a selected subgroup of one or more memory devices in 

response to the module control signals, as explained in more detail below. 

[0063] In certain embodiments, the ID control circuit 310 also provides a delay signal DS, 

which is used by the DQ routing circuits 320 to align read data output by the isolation 

device 118 with read data output by the other isolation devices 118, as explained in further 

detail below. In certain embodiments, the ID control circuit 310 regenerates a clock signal 

from the module clock signal CK, which can have a programmable delay from the module 

clock signal. The regenerated clock signal is used as the clock signal CKO and a clock 

signal CKM that is provided to the corresponding set of memory devices, as explained in 

more detail below. 

[0064] The memory devices 112 are coupled to the isolation devices 118 via a same set of 

module data/strobe signal lines or different subsets of module data/strobe signal lines. For 

example, as shown in FIG. 4A, memory devices Mit, M12, M13, and M14 in the first group 

of memory devices can be coupled to the isolation device ID-1 via a same set of module 

data lines Y-10, Y-11, . . ., Y-1.4 and module strobe line Y-1DQs. In such embodiment, a 

subgroup in the group of memory devices can be selected by the isolation devices to 

communicated data with the MCH based on the phases of the data/strobe signals, which 
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can be different with respect to different subgroups of memory devices. 

[0065] Alternatively, as shown in FIG. 4B, memory devices Mu and Mu, which form a 

subgroup in the first group of memory devices, are coupled to the isolation device ID-1 via 

the module data lines YA-10, YA-11, YA-1, and module strobe line YA-1DQS and 

memory devices M12 and M14, which form another subgroup in the first group of memory 

devices, are coupled to the isolation device ID-1 via the module data lines YB- lo, 

YB- 11, YB-1,, and module strobe line YB-1DQs. Memory devices coupled to the same 

isolation devices can be disposed on a same side or different sides of the memory board 

119. Memory devices coupled to the same isolation devices may be placed side by side, on 

opposite sides of the module boards 119, or stacked over each other, and/or over the 

associated isolation device. 

[0066] Multiple memory devices having a data width that is less than a data width of the 

isolation devices 118 may be used in place of one of the memory devices 112, which has 

the same data width as that of the isolation devices. For example, as shown in FIG. 5A, two 

memory devices Mil_i and M11-2 may be used in place of the memory device Mil. Each of 

the two memory devices M11-1 and M11-2 has a data width of 4, and together they act like a 

memory device Mu of a data width of 8. Thus, memory device Mu-i is coupled to the 

isolation device ID-1 via module data lines YA-10, YA-13 and module strobe line 

YA-1DQs-1 while memory circuit Mii-2 is coupled to the isolation device ID-1 via module 

data lines YA-14, YA-17 and module strobe line YA-1DQs_2. 

[0067] In another embodiment, as shown in FIG. 5B, four memory devices Mn-i. to M11-4 

may be used as the memory device Mii. Each of the four memory devices M11.-1 to M11.4 

has a data width of 4, and together they act like a memory device Mil of a data width of 16. 

Thus, memory device Mii-1 is coupled to the isolation device ID-1 via module data lines 

YA-10, YA-13 and module strobe line YA-1DQs_i while memory device M11-2 is coupled 

to the isolation device ID-1 via module data lines YA-14, YA-17 and module strobe line 

YA-1DQs-2, and so on. 
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can be different with respect to different subgroups of memory devices. 

[0065] Alternatively, as shown in FIG. 4B, memory devices M11 and M13, which form a 

subgroup in the first group of memory devices, are coupled to the isolation device ID-1 via 

the module data lines YA-10, YA-11, YA-1ll and module strobe line YA-1DQs and 
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devices, are coupled to the isolation device ID-1 via the module data lines YB-10, 

YB-11, YB-1n and module strobe line YB-1DQs. Memory devices coupled to the same 

isolation devices can be disposed on a same side or different sides of the memory board 

119. Memory devices coupled to the same isolation devices may be placed side by side, on 

opposite sides of the module boards 119, or stacked over each other, and/or over the 

associated isolation device. 

[0066] Multiple memory devices having a data width that is less than a data width of the 

isolation devices 118 may be used in place of one of the memory devices 112, which has 

the same data width as that of the isolation devices. For example, as shown in FIG. 5A, two 

memory devices M11.1 and M11.2 may be used in place of the memory device M11. Each of 

the two memory devices Mii_i and has a data width of 4, and together they act like a 

memory device M11 of a data width of 8. Thus, memory device M11-1 is coupled to the 

isolation device ID-1 via module data lines YA-10, YA-13 and module strobe line 

YA-1DQs_i while memory circuit M11-2 is coupled to the isolation device ID-1 via module 

data lines YA-14, YA-17 and module strobe line YA-1DQS-2. 

[0067] In another embodiment, as shown in FIG. 5B, four memory devices to M11-4 

may be used as the memory device Mu" Each of the four memory devices M11-1 to M11-4 

has a data width of 4, and together they act like a memory device Mil of a data width of 16. 

Thus, memory device Mii_i is coupled to the isolation device ID-1 via module data lines 

YA-10, YA-13 and module strobe line YA-1DQs-1 while memory device M11_2 is coupled 

to the isolation device ID-1 via module data lines YA-14, YA-17 and module strobe line 

YA-1DQs-2, and so on. 
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[0068] FIG. 6 illustrates the ID control circuit 310 in an isolation device 118. As shown, 

the ID control circuit 310 includes a clock buffer 610 to receive the module clock signal 

CK from the module control device 116, and to output a module clock signal CKO. The ID 

control circuit 310 further includes a strobe routing circuit 620 that are coupled on one side 

to the corresponding system DQS signal line 324 and on another side to the corresponding 

module DQS signal lines YADQs and YBDQs. The ID control circuit 310 further includes a 

receiver circuit 630 with respect to each of at least some of the module control signals 

(MCS) to receive a respective one of the module control signals. The ID control circuit 310 

further includes a command processing circuit 640 that provides the received, decoded, 

and/or otherwise processed module control signals 330 to the DQ routing circuits 320 and 

the strobe routing circuit 620 either directly or after further processing, if needed. The 

received/decoded/processed module control signals may include, for example, one or more 

enable signals ENA and/or ENB that are used by the DQ routing circuits 320 and the strobe 

routing circuit 620 to selectively enabling data communication between the MCH 101 and 

one of the subgroups in the respective group of memory devices, with which the isolation 

device is associated. 

[0069] The strobe routing circuit 620 also buffers strobe signals received from either the 

MCH 101 or the memory devices 112, and output either a write strobe WDQS or read 

strobe RDQS to the DQ routing circuits 320. In one embodiment, the ID control circuit 310 

further includes a delay control circuit 650 that receives one of the module control signals 

and either a data signal or a strobe signal and determines a delay amount to be used by the 

DQ routing circuit 320 and the strobe routing circuit 620. The delay amount is provided to 

the DQ routing circuit 320 and the strobe routing circuit in a delay signal DS. 

[0070] In a receiver circuit 630, the respective MCS is received in accordance with the 

module clock signal CKO. In one embodiment, receiver circuit 630 samples the respective 

MCS using rising (or falling) edges of the module clock CKO. Since the isolation devices 

118 are distributed across the memory module 110 at positions corresponding to the 

respective groups of memory devices, the module control signal lines 230 that carry the 

MCS to the isolation devices can stretch over a distance of more than 10 centimeters, as 
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shown in FIG. 7. As the MCS and CKO travel along their respective module control signal 

lines 710 and 720, they can become misaligned with each other when they reach the input 

pins 730 of an isolation device 118. 

[0071] For example, a module control signal, like the MCS 810 shown in FIG. 8, can be 

perfectly aligned with the module clock signal CK, with a rising edge 801 of the module 

clock signal CK being at a center of a data eye 802, when the MCS signal and the clock 

signal leave the module control circuit 116. When the module control signal and the 

module clock signal reach an isolation device, however, their alignment can become shifted 

like the MCS 820 with respect to the CK signal, i.e., the rising edge 801 of the clock signal 

is near a left edge of a data eye of the MCS 820, barely providing enough set up time for 

proper sampling of the module control signal. Or, the module control signal, like the MCS 

830, can be shifted with respect to the module clock signal such that a rising edge 801 of 

the clock signal is near a right edge of a data eye of the MCS, barely providing enough hold 

time for proper sampling of the module control signal. Or, ever worse, the module control 

signal, like the MCS 840, can be so shifted with respect to the module clock signal such 

that a rising edge 801 of the clock signal falls in the glitches 803 at the edge of a data eye 

of the MCS, meaning that the sampled results could be metastable. 

[0072] In one embodiment, as shown in FIG. 9, a receiver circuit 630 includes a 

metastability detection circuit (MDC) 910 to determine a metastability condition in a 

corresponding module control signal MCSO. In one embodiment, the MDC 910 generates 

at least one delayed version of the module clock signal CK and at least one delayed version 

of the corresponding MCSO. The MDC 910 also generates one or more metastability 

indicators and outputs the one or more metastability indicators via lines 912 and/or 914. 

[0073] The receiver circuit 630 further includes a signal selection circuit 920 that receives 

the module clock CK and the at least one delayed version of the module clock via signal 

lines 916. The signal selection circuit 920 also receives the corresponding MCS and the at 

least one delayed version of the corresponding MCS via signal lines 918. The signal 

selection circuit 920 selects a clock signal CK, from among the module clock CK and the at 
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least one delayed version of the module clock based on one or more of the metastability 

indicators. The signal selection circuit 920 may also select an MCS signal MCSi from 

among the corresponding MCS and the at least one delayed version of the corresponding 

MCS based on at least one other metastability indicator. 

[0074] The receiver circuit 630 further includes a sampler or register circuit 930 that 

samples the selected module control signal MCSi according to the selected clock signal CKi 

and outputs the sampled signal as the received module control signal, which is provided to 

the command processing circuit 640 for further processing (if needed) before being 

provided to the DQ routing circuits 320 and DQS routing circuit 620. 

[0075] FIG. 10A illustrates an MDC 910 according to one embodiment. As shown, the 

MDC 910 includes a delay circuit 1012 that generates a delayed version MCS1 of the 

corresponding MCSO by adding a predetermined amount of delay (e.g., lops) to MCSO. 

MDC 910 also includes a delay circuit 1016 that generates a delayed version CK1 of the 

clock signal CKO by adding a predetermined amount of delay to CKO. In one embodiment, 

CK1 is delayed from CKO by about 1/10th of a clock cycle, e.g., 50-70 ps for an operating 

frequency of about 1600 MHz. The MDC 910 further includes a sampler circuit 1042 that 

samples MCS1 according to CKO and outputs a sampled result A, a sampler circuit 1044 

that samples MCSO according to CKO and outputs a sampled result B, and a sampler circuit 

1046 that samples MCSO according to CK1 and outputs a sampled result C. The MDC 910 

further includes a logic circuit (e.g., a majority decision circuit) that generates metastability 

indicators Z1 and Z2 based on the sampled results A, B, and C. 

[0076] In one embodiment, Z1 is the result of a logic operation (e.g., an XNOR operation) 

on the sampled result, e.g., Z1 = AEBB, and Z2 is the result of another logic operation on 

the sampled results, e.g., Z2 = BOG'. Thus, as shown in FIG. 10B and Table 1 below, when 

a metastability condition of insufficient hold time occurs, i.e., a rising clock edge 1061 of 

CKO is close to the right side of a data eye where gliches at the edges of the data eyes can 

make C unpredicatable, A and B can be in agreement (i.e., Z1 is true) while B and C are 

likely not in agreement (i.e., Z2 is false). FIG. 10 C illustrates a metastability condition 
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when there is insufficient set-up time. As shown in FIG. 10C and Table 1 below, a rising 

clock edge 1061 of CKO is close to the left side of a data eye where gliches at the edges of 

the data eyes can make A unpredicatable. Thus, A and B can be in disagreement so Z1 is 

false while B and C can be in agreement so Z2 is true. Not shown in the figures is the 

situation that all A, B, and C are in agreement, meaning that both the rising clock edge 

1061 of CKO and the rising clock edge 1062 of CK1 are near the middle of an MCSO data 

eye so there is no metastability issues and both Z1 and Z2 are true, as shown in Table 1. 

[0077] FIG. 10D illustrates a signal selection circuit 920 according to an embodiment. As 

shown, in one embodiment, the signal selection circuit 920 includes a first multiplexor 

1071 that selects between CKO and CK1 based on the metastability indicator Z1, and a 

second multiplexor 1072 that selects between MCSO and MCS1 based on the metastability 

indicator Z2. Thus, as shown in Table 1, where a metastability condition of insufficient 

hold time occurs, Z1=1 and Z2=0, and MCS1 is output from multiplexor 1071 while CKO 

is output from multiplexor 1072. Sampler 930 thus samples MCS1 according to the rising 

edges of CKO. Thus, more hold time is provided to mitigate the metastability condition 

since MCS1 is shifted from MCSO toward the right. 

[0078] On the other hand, where a metastability condition of insufficient set-up time 

occurs, Z1=0 and Z2=1, and CK1 is output from multiplexor 1071 while MCSO is output 

from multiplexor 1072. Sampler 930 thus samples MCSO according to the rising edges of 

CK1. Since CK1 is shifted from CKO toward the right, more set-up time is provided to 

mitigate the metastability condition. 

Table 1 Metastability Detection and Signal Selection 

Sampler Output MS Indicators 
MS Condition 

Signal Selection 

A B C Z1 Z2 CK MC S 

DI DI D2 1 0 insufficient hold time CKO MC  Si 

D1 D2 D2 0 1 insufficient set-up time CK1 MCSO 

D1 D1 D1 1 1 no metastability CKO MC SO 
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when there is insufficient set-up time. As shown in FIG. 10C and Table 1 below, a rising 

clock edge 1061 of CKO is close to the left side of a data eye where gliches at the edges of 

the data eyes can make A unpredicatable. Thus, A and B can be in disagreement so Z1 is 

false while B and C can be in agreement so Z2 is true. Not shown in the figures is the 

situation that all A, B, and C are in agreement, meaning that both the rising clock edge 

1061 of CKO and the rising clock edge 1062 of CK1 are near the middle of an MCSO data 

eye so there is no metastability issues and both Z1 and Z2 are true, as shown in Table 1. 

[0077] FIG. 10D illustrates a signal selection circuit 920 according to an embodiment. As 

shown, in one embodiment, the signal selection circuit 920 includes a first multiplexor 

1071 that selects between CKO and CK1 based on the metastability indicator Z1, and a 

second multiplexor 1072 that selects between MCSO and MCS1 based on the metastability 

indicator Z2. Thus, as shown in Table 1, where a metastability condition of insufficient 

hold time occurs, Z1=1 and Z2=0, and MCS1 is output from multiplexor 1071 while CKO 

is output from multiplexor 1072. Sampler 930 thus samples MCS1 according to the rising 

edges of CKO. Thus, more hold time is provided to mitigate the metastability condition 

since MCS1 is shifted from MCSO toward the right. 

[0078] On the other hand, where a metastability condition of insufficient set-up time 

occurs, Z1=0 and Z2=1, and CK1 is output from multiplexor 1071 while MCSO is output 

from multiplexor 1072. Sampler 930 thus samples MCSO according to the rising edges of 

CK1. Since CK1 is shifted from CKO toward the right, more set-up time is provided to 

mitigate the metastability condition. 

Table 1 Metastability Detection and Signal Selection 

Sampler Output MS Indicators 
MS Condition 

Signal Selection 

A B C Z1 Z2 CK MC S 

D1 D1 D2 1 0 insufficient hold time CKO MC S1 

Dl D2 D2 0 1 insufficient set-up time CK1 MCSO 

D1 D1 D1 1 1 no metastability CKO MC SO 

22 

Micron Technology Inc. et al. 
Ex. 1002, p. 63



[0079] In the case when no metastability is detected, Z1=1 and Z2=1, and CKO is output 

from multiplexor 1071 while MCSO is output from multiplexor 1072. So, the unshifted 

module control signal is sampled according to the unshifted module clock signal. 

[0080] FIGS. 10A-10D illustrate a relatively simple implementation of the metastability 

detection circuit (MDC) 910 where only three different sample points are provided to 

detect metastability condition in the module control signal. In general, the MDC 910 may 

generate more delayed versions of the module clock signal CKO and/or the corresponding 

module control signal MCSO, and may include more sampler circuits to sample any 

additional delayed versions of the module control signal according to either the module 

clock signal or one of the delayed versions of the module clock signal. For example, as 

shown in FIG. 11A, the MDC 910 can include a plurality of delay circuits 1102 that 

generate m delayed versions of MCSO, e.g., MCS1, MCS2, MCSm, and m delayed 

versions of CKO, e.g., CK1, CK2, CKm. The MDC 910 can include sampler circuits 

1104 that sample MCSO according to CKO, CK1, CKm, respectively, and sampler 

circuits 1104 that sample MCSO, MCS1, MCS2, MCSm according to CKO, respectively. 

The outputs of the samplers 1104 are provided to a logic circuit 1120, which determines a 

metastability condition in MCKO based on the sampler outputs using, for example, a 

majority decision logic. The logic circuit 1120 outputs a first metastability indicator on 

line(s) 912 and a second metastability indicator on line(s) 914. 

[0081] FIG. 11B illustrates a signal selection circuit 920 according to an embodiment. As 

shown, in one embodiment, the signal selection circuit 920 includes a first multiplexor 

1171 that selects between CKO, CK1, CKm based on the metastability indicator 

provided on line(s) 912, and a second multiplexor 1172 that selects between MCSO, 

MCS1, MCSm based on the metastability indicator provided on line(s) 914, such that 

the rising edges of the selected clock signal, e.g., Cki, are close to the middle of the 

respective data eyes in the selected module control signal, e.g., MCSi. The selected signals 

MCSi and Cki are provided to the sampler 930, which samples MCSi according to the 

rising edges of CKi. 
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line(s) 912 and a second metastability indicator on line(s) 914. 
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the rising edges of the selected clock signal, e.g., Cki, are close to the middle of the 
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[0082] As stated above, in certain embodiments, since the isolation devices 118 are in the 

data paths between the MCH 101 and the respective groups of memory devices 112, the 

MCH 101 does not have direct control of the memory devices 112. Thus, conventional 

read/write leveling techniques are not sufficient for managing read/write data timing. In 

one embodiment, the isolation devices 118 includes signal alignment mechanism to time 

the transmission of read data signals based on timing information derived from a prior 

write operation, as discussed further below. 

[0083] FIG. 12A is a timing diagram for a write operation according to one embodiment. 

As shown, after a write command W/C associated with the write operation is received by 

the module control circuit 116 at time tl, the module control circuit 116 outputs one or 

more enable signals EN at time t2 in response to the write commands. The one or more 

enable signals are received by an isolation device 118 at time t3, which afterwards receives 

one or more strobe signal DQS from the MCH 101 at time t4. Note that the same enable 

signal may be received by another isolation device 118 at time t3', which can be in a 

different cycle of the system clock MCK from the cycle which t3 is in. The time interval 

between t4 and tl is consistent with a write latency W.L. associated with the system 100, 

and is controllable by the MCH 101 and knowable to the isolation device 118. The time 

interval between t4 and t3, referred to hereafter as an enable-to-write data delay EWD, can 

be determined by the isolation device 118 since both these signals are received by the 

isolation device. Based on such determination, the isolation device 118 can have 

knowledge of the time interval between t3 and tl, referred to hereafter as a 

command-to-enable delay CED, which can be used by the isolation device 118 to properly 

time transmission of read data to the MCH, as explained further below. 

[0084] FIG. 12B is a timing diagram for a read operation according to one embodiment. 

As shown, after a read command R/C associated with the read operation is received by the 

module control circuit 116 at time t5, the module control circuit 116 outputs one or more 

enable signals EN at time t6 in response to the read commands. The one or more enable 

signals are received by an isolation device 118 at time t7, which afterwards receives at time 

t8 read data signals (not shown) and one or more strobe signal DQS from the respective 
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group of memory devices. Note that the same enable signal may be received by another 

isolation device 118 at time t3', which can be in a different cycle of the system clock MCK 

from the cycle which t3 is in. Thus, the enable signals alone cannot be used to time the 

transmission of the read signals by the isolation devices 118. 

[0085] With knowledge of the time interval between t7 and t5, which should be about the 

same as the time interval between t3 and tl, i.e., the command-to-enable delay CED, in 

certain embodiments, the isolation device can add a proper amount of delay to the read data 

signals and the one or more DQS signal such that the read data signals and the one or more 

DQS signal are transmitted at time t9 by the isolation device to the MCH 101 via the 

respective group of data/strobe signal lines 130, with the time interval between t9 and t5 

being consistent with a read latency R.L. associated with the system 100. 

[0086] The time interval between t4 and t3, i.e., the enable to write data delay EWD, is 

determined by the delay control circuit 650 in the ID control circuit 310, as shown in FIG. 

6. According to one embodiment, as shown in FIG. 13, the delay control circuit 650 

includes a peramble detector 1310 to detect a write preamble in the DQS, a flip-flop circuit 

1320 having an enable input EN receiving one of the module control signals and a clock 

input CK receiving the buffered module clock signal CKO, and a counter circuit 1330 

having a Start input receiving the one of the module control signals, a Stop input receiving 

an output of the flip-flop circuit 1320. Thus, the output of the counter circuit, i.e., the delay 

signal DS, would indicate a time interval from when the write preamble is detected and 

when the one of the module control signal is received. 

[0087] FIG. 14 illustrates a DQ or DQS routing circuit 320 or 620 according to an 

embodiment. As shown, the DQ/DQS routing circuit 320/620 includes a DQ/DQS pin 1401 

that is coupled to the corresponding DQ/DQS signal line 322/324, a set of one or more 

DQS pins 1402 that is coupled to a corresponding module DQ/DQS line(s) Y/YDQs, or 

YA/YADQs and YB/YBDQs. The DQ/DQS routing circuit 320/620 further includes a write 

strobe buffer 1410 that buffers write data/strobe, and a write data/strobe receiver 1420 that 

samples the write data/strobe. The DQ/DQS routing circuit 320/620 further includes a 
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group of memory devices. Note that the same enable signal may be received by another 

isolation device 118 at time t3', which can be in a different cycle of the system clock MCK 

from the cycle which t3 is in. Thus, the enable signals alone cannot be used to time the 

transmission of the read signals by the isolation devices 118. 

[0085] With knowledge of the time interval between t7 and t5, which should be about the 

same as the time interval between t3 and tl, i.e., the command-to-enable delay CED, in 

certain embodiments, the isolation device can add a proper amount of delay to the read data 

signals and the one or more DQS signal such that the read data signals and the one or more 

DQS signal are transmitted at time t9 by the isolation device to the MCH 101 via the 

respective group of data/strobe signal lines 130, with the time interval between t9 and t5 

being consistent with a read latency R.L. associated with the system 100. 

[0086] The time interval between t4 and t3, i.e., the enable to write data delay EWD, is 

determined by the delay control circuit 650 in the ID control circuit 310, as shown in FIG. 

6. According to one embodiment, as shown in FIG. 13, the delay control circuit 650 

includes a peramble detector 1310 to detect a write preamble in the DQS, a flip-flop circuit 

1320 having an enable input EN receiving one of the module control signals and a clock 

input CK receiving the buffered module clock signal CKO, and a counter circuit 1330 

having a Start input receiving the one of the module control signals, a Stop input receiving 

an output of the flip-flop circuit 1320. Thus, the output of the counter circuit, i.e., the delay 

signal DS, would indicate a time interval from when the write preamble is detected and 

when the one of the module control signal is received. 

[0087] FIG. 14 illustrates a DQ or DQS routing circuit 320 or 620 according to an 

embodiment. As shown, the DQ/DQS routing circuit 320/620 includes a DQ/DQS pin 1401 

that is coupled to the corresponding DQ/DQS signal line 322/324, a set of one or more 

DQS pins 1402 that is coupled to a corresponding module DQ/DQS line(s) Y/YDQs, or 

YA/YADQs and YB/YBDQs. The DQ/DQS routing circuit 320/620 further includes a write 

strobe buffer 1410 that buffers write data/strobe, and a write data/strobe receiver 1420 that 

samples the write data/strobe. The DQ/DQS routing circuit 320/620 further includes a 
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plurality of write paths 1430 that are selectable or can be selectively enabled by one or 

more of the module control signals, such as the enable signals ENA and ENB. 

[0088] The DQS routing circuit further includes a plurality of read paths 1450 that are 

selectable by the one or more of the module control signals. Output from the seleted read 

path is delayed in a delay circuit 1460 by an amount controlled by the delay signal DS, and 

sampled by a sampler circuit 1470. The sampled read data/strobe is transmitted by 

transmitter 1480 onto the corresponding data/strobe signal line 322/324 via the DQ/DQS 

pin 1401. 

[0089] FIG. 15 illustrates a DQS routing circuit 620 according to an embodiment. As 

shown, the DQS routing circuit 620 includes a first DQS pin 1501 that is coupled to a 

corresponding DQS signal line 324, a second DQS pin 1502A that is coupled to a 

corresponding module DQS line YADQs, a third DQS pin 1502B that is coupled to a 

corresponding module DQS line YBDQs. The DQS routing circuit 620 further includes a 

first write strobe path coupled between the first DQS pin 1501 and the second DQS pin 

1502A and a second write strobe path coupled between the first DQS pin 1501 and the third 

DQS pin 1502B. The first write strobe path includes a write strobe buffer 1510 that buffers 

a write strobe, a write strobe receiver 1520 that samples the write strobe according to the 

buffered module signal CKO. The sampled write strobe is provided to the DQ routing 

circuits 320 as the write strobe WDQS. The first write strobe path further includes a first 

write strobe transmitter 1530A that transmits the write strobe to one or more memory 

devices 112 coupled to the module strobe line YADQs. The second write strobe path 

includes the write strobe buffer 1510, the write strobe receiver 1520, and a second write 

strobe transmitter 1530B that transmits the write strobe to one or more memory devices 112 

coupled to the module strobe line YBDQs. The first and second write strobe transmitters, 

1530A and 1530B, are controlled by two enable signals, ENA and ENB, respectively, such 

that the first write strobe path and the second write strobe path can be selectively 

enabled/disabled by the enable signals, ENA and ENB. 

[0090] The DQS routing circuit further includes a read strobe path coupled between the 
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plurality of write paths 1430 that are selectable or can be selectively enabled by one or 

more of the module control signals, such as the enable signals ENA and ENB. 

[0088] The DQS routing circuit further includes a plurality of read paths 1450 that are 

selectable by the one or more of the module control signals. Output from the seleted read 

path is delayed in a delay circuit 1460 by an amount controlled by the delay signal DS, and 

sampled by a sampler circuit 1470. The sampled read data/strobe is transmitted by 

transmitter 1480 onto the corresponding data/strobe signal line 322/324 via the DQ/DQS 

pin 1401. 

[0089] FIG. 15 illustrates a DQS routing circuit 620 according to an embodiment. As 

shown, the DQS routing circuit 620 includes a first DQS pin 1501 that is coupled to a 

corresponding DQS signal line 324, a second DQS pin 1502A that is coupled to a 

corresponding module DQS line YADQs, a third DQS pin 1502B that is coupled to a 

corresponding module DQS line YBDQs. The DQS routing circuit 620 further includes a 

first write strobe path coupled between the first DQS pin 1501 and the second DQS pin 

1502A and a second write strobe path coupled between the first DQS pin 1501 and the third 

DQS pin 1502B. The first write strobe path includes a write strobe buffer 1510 that buffers 

a write strobe, a write strobe receiver 1520 that samples the write strobe according to the 

buffered module signal CKO. The sampled write strobe is provided to the DQ routing 

circuits 320 as the write strobe WDQS. The first write strobe path further includes a first 

write strobe transmitter 1530A that transmits the write strobe to one or more memory 

devices 112 coupled to the module strobe line YADQs. The second write strobe path 

includes the write strobe buffer 1510, the write strobe receiver 1520, and a second write 

strobe transmitter 1530B that transmits the write strobe to one or more memory devices 112 

coupled to the module strobe line YBDQs. The first and second write strobe transmitters, 

1530A and 1530B, are controlled by two enable signals, ENA and ENB, respectively, such 

that the first write strobe path and the second write strobe path can be selectively 

enabled/disabled by the enable signals, ENA and ENB. 

[0090] The DQS routing circuit further includes a read strobe path coupled between the 
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first DQS pin 1501 and a selected one of the second and third DQS pins 1502A and 1502B. 

In the read strobe path, a select circuit 1550 (e.g., a multiplexor) selects either a read strobe 

signal received via DQS pin 1502A or a read strobe signal received via DQS pin 1502B 

based on one or both of the enable signals ENA or ENB. The selected read strobe signal is 

delayed in a delay circuit 1560 by an amount controlled by the delay signal DS, and 

sampled by a sampler circuit 1570 according to the buffered module clock signal CKO. The 

sampled read strobe is provided to the DQ routing circuits 320 as the read strobe RDQS 

and is transmitted by transmitter 1580 onto the corresponding strobe signal line 324 via the 

first DQS pin 1501. 

[0091] FIG. 16 illustrates a DQ routing circuit 320 according to an embodiment. As 

shown, the DQ routing circuit 320 includes a first DQ pin 1601 that is coupled to a 

corresponding DQ signal line 130, a second DQ pin 1602A that is coupled to a 

corresponding module DQ line YADQ, a third DQ pin 1602B that is coupled to a 

corresponding module DQ line YBDQ. The DQ routing circuit 320 further includes a first 

write data path coupled between the first DQ pin 1601 and the second DQ pin 1602A and a 

second write data path coupled between the first DQ pin 1601 and the third DQ pin 1602B. 

The first write data path includes a write data buffer 1610, a write data receiver 1620 that 

samples write data according to the write strobe WDQS from the DQS routing circuit 620, 

and a first write data transmitter 1630A that transmits the write data to one or more 

memory devices 112 coupled to the module data line YADQ. The second write data path 

includes the write data buffer 1610, the write data receiver 1620, and a second write data 

transmitter 1630B that transmits the write data to one or more memory devices 112 coupled 

to the module data line YBDQ. The first and second write data transmitters, 1530A and 

1530B, are controlled by two enable signals, ENA and ENB, respectively. Thus, the first 

write data path and the second write data path can be selectively enabled/disabled by the 

enable signals, ENA and ENB. 

[0092] The DQ routing circuit further includes a read data path coupled between the first 

DQ pin 1601 and a selected one of the second and third DQ pins 1602A and 1602B. In the 

read data path, a select circuit 1650 (e.g., a multiplexor) selects either a read data signal 
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first DQS pin 1501 and a selected one of the second and third DQS pins 1502A and 1502B. 

In the read strobe path, a select circuit 1550 (e.g., a multiplexor) selects either a read strobe 

signal received via DQS pin 1502A or a read strobe signal received via DQS pin 1502B 

based on one or both of the enable signals ENA or ENB. The selected read strobe signal is 

delayed in a delay circuit 1560 by an amount controlled by the delay signal DS, and 

sampled by a sampler circuit 1570 according to the buffered module clock signal CKO. The 

sampled read strobe is provided to the DQ routing circuits 320 as the read strobe RDQS 

and is transmitted by transmitter 1580 onto the corresponding strobe signal line 324 via the 

first DQS pin 1501. 

[0091] FIG. 16 illustrates a DQ routing circuit 320 according to an embodiment. As 

shown, the DQ routing circuit 320 includes a first DQ pin 1601 that is coupled to a 

corresponding DQ signal line 130, a second DQ pin 1602A that is coupled to a 

corresponding module DQ line YADQ, a third DQ pin 1602B that is coupled to a 

corresponding module DQ line YBDQ. The DQ routing circuit 320 further includes a first 

write data path coupled between the first DQ pin 1601 and the second DQ pin 1602A and a 

second write data path coupled between the first DQ pin 1601 and the third DQ pin 1602B. 

The first write data path includes a write data buffer 1610, a write data receiver 1620 that 

samples write data according to the write strobe WDQS from the DQS routing circuit 620, 

and a first write data transmitter 1630A that transmits the write data to one or more 

memory devices 112 coupled to the module data line YADQ. The second write data path 

includes the write data buffer 1610, the write data receiver 1620, and a second write data 

transmitter 1630B that transmits the write data to one or more memory devices 112 coupled 

to the module data line YBDQ. The first and second write data transmitters, 1530A and 

1530B, are controlled by two enable signals, ENA and ENB, respectively. Thus, the first 

write data path and the second write data path can be selectively enabled/disabled by the 

enable signals, ENA and ENB. 

[0092] The DQ routing circuit further includes a read data path coupled between the first 

DQ pin 1601 and a selected one of the second and third DQ pins 1602A and 1602B. In the 

read data path, a select circuit 1650 (e g , a multiplexor) selects either a read data signal 
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received via DQ pin 1602A or a read data signal received via DQ pin 1602B based on one 

or both of the enable signals ENA or ENB. The selected read data signal is delayed in a 

delay circuit 1660 by an amount controlled by the delay signal DS. The delayed read data 

signal is then sampled by a receiver circuit 1670 according to the read strobe RDQS from 

the DQS routing circuit 620, and transmitted by transmitter 1680 onto the corresponding 

data signal line 130 via the first DQ pin 1601. 

[0093] FIG. 17 illustrate a delay circuit 1560 or 1660 according to an embodiment. As 

shown, the delay circuit 1560 or 1660 includes a plurality of delay stages, such as delay 

stages 1710, 1720, and 1730, each delaying a read data or read strobe signal from the select 

circuit 1550/1650 by a predetermined amount. The delay circuit 1560 or 1660 further 

includes a select circuit 1740 (e.g., a multiplexor) that selects from among the read data or 

read strobe signal and the outputs from the delay stages according to the delay signal DS. 

The output of the select circuit 1740, is provided to the sampler circuit 1570 or 1670, either 

directly or after being buffered by a buffer circuit 1750. 

[0094] Thus, as shown in FIG. 18, in one embodiment, a memory module 110 operates in 

the memory system 100 according to a method 1800. In the method, during a write 

operation, one or more module control signals are received by an isolation device 118 from 

a module control circuit or module controller 116 (1810). The module controller 116 

generates the one or more module control signals in response to C/A signals representing a 

write command from the MCH 101. The one or more module control signals are used to 

control the isolation device 118. For example, the one or more module control signals may 

include one or more first enable signals to enable a write path to allow write data be 

communicated to a selected subgroup of memory devices among the group of memory 

devices coupled to the isolation device 118. After a time interval from receiving the one or 

more first enable signals, write data DQ and write strobe DQS are received by the isolation 

device 118 from the MCH 101 (1820). In one embodiment, upon receiving the one or more 

first enable signal, a counter is started, which is stopped when the write data DQ or write 

strobe DQS is received. Thus, a time interval EWD between receiving the one or more first 

enable signals and receiving the write strobe signal DQS is recorded. 
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received via DQ pin 1602A or a read data signal received via DQ pin 1602B based on one 

or both of the enable signals ENA or ENB. The selected read data signal is delayed in a 

delay circuit 1660 by an amount controlled by the delay signal DS. The delayed read data 

signal is then sampled by a receiver circuit 1670 according to the read strobe RDQS from 

the DQS routing circuit 620, and transmitted by transmitter 1680 onto the corresponding 

data signal line 130 via the first DQ pin 1601. 

[0093] FIG. 17 illustrate a delay circuit 1560 or 1660 according to an embodiment. As 

shown, the delay circuit 1560 or 1660 includes a plurality of delay stages, such as delay 

stages 1710, 1720, and 1730, each delaying a read data or read strobe signal from the select 

circuit 1550/1650 by a predetermined amount. The delay circuit 1560 or 1660 further 

includes a select circuit 1740 (e.g., a multiplexor) that selects from among the read data or 

read strobe signal and the outputs from the delay stages according to the delay signal DS. 

The output of the select circuit 1740, is provided to the sampler circuit 1570 or 1670, either 

directly or after being buffered by a buffer circuit 1750. 

[0094] Thus, as shown in FIG. 18, in one embodiment, a memory module 110 operates in 

the memory system 100 according to a method 1800. In the method, during a write 

operation, one or more module control signals are received by an isolation device 118 from 

a module control circuit or module controller 116 (1810). The module controller 116 

generates the one or more module control signals in response to C/A signals representing a 

write command from the MCH 101. The one or more module control signals are used to 

control the isolation device 118. For example, the one or more module control signals may 

include one or more first enable signals to enable a write path to allow write data be 

communicated to a selected subgroup of memory devices among the group of memory 

devices coupled to the isolation device 118. After a time interval from receiving the one or 

more first enable signals, write data DQ and write strobe DQS are received by the isolation 

device 118 from the MCH 101 (1820). In one embodiment, upon receiving the one or more 

first enable signal, a counter is started, which is stopped when the write data DQ or write 

strobe DQS is received. Thus, a time interval EWD between receiving the one or more first 

enable signals and receiving the write strobe signal DQS is recorded. 
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[0095] Since the time interval between the arrival of the command signals from the MCH 

101 and the arrival of the write data/strobe signal DQ/DQS from the MCH 101 is a set 

according to a write latency parameter associated with the system 100, the time interval 

EWD can be used to ascertain a time interval CED between the time when a command 

signal is received by the memory module 110 and the time when the one or more enable 

signals are received by the isolation device 118. The time interval CED can be used by the 

isolation device 118 to properly time the transmission of read data to the MCH 101, as 

described above and explained further below. 

[0096] As shown in FIG. 18, a delay signal DS is generated according to the time 

interval EWD (1830). Concurrent to receiving the write strobe signal DQS, the isolation 

device 118 also receives a set of write data signals DQ (1840). The received write data 

signals are transmitted to the subgroup of memory devices (1850), which are selected from 

the group of memory devices coupled to the isolation device 118 by the one or more first 

enable signals. 

[0097] During a read operation, another set of module control signals including, for 

example, one or more second enable signals, are received by the isolation device 118 from 

the module controller 116 (1860). The one or more second enable signals are generated by 

the module controller 116 in response to read command signals received from the MCH 

101, and are used by the isolation device 118 to select a subgroup of memory devices from 

which to receive read data. Afterwards, a read strobe signal DQS and a set of read data 

signal DQ are received from the selected subgroup of memory devices (1870). To properly 

time the transmission of the DQS and DQ signals to the MCH 101, the DQS and DQ 

signals are adjusted (e.g., delayed) according to the delay signal DS, such that the DQS and 

DQ signals follow a read command by a time interval consistent with a read latency 

parameter associated with the system 100. 

[0098] In certain embodiments, especially the embodiments shown in FIG. 2D, the delay 

circuits 1560 and 1660 shown in FIGS. 15 and 16 are not needed to provide alignment of 

the read data. As shown in FIG. 19, the ID control circuit 310 includes a clock regeneration 
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[0095] Since the time interval between the arrival of the command signals from the MCH 

101 and the arrival of the write data/strobe signal DQ/DQS from the MCH 101 is a set 

according to a write latency parameter associated with the system 100, the time interval 

EWD can be used to ascertain a time interval CED between the time when a command 

signal is received by the memory module 110 and the time when the one or more enable 

signals are received by the isolation device 118. The time interval CED can be used by the 

isolation device 118 to properly time the transmission of read data to the MCH 101, as 

described above and explained further below. 

[0096] As shown in FIG. 18, a delay signal DS is generated according to the time 

interval EWD (1830). Concurrent to receiving the write strobe signal DQS, the isolation 

device 118 also receives a set of write data signals DQ (1840). The received write data 

signals are transmitted to the subgroup of memory devices (1850), which are selected from 

the group of memory devices coupled to the isolation device 118 by the one or more first 

enable signals. 

[0097] During a read operation, another set of module control signals including, for 

example, one or more second enable signals, are received by the isolation device 118 from 

the module controller 116 (1860). The one or more second enable signals are generated by 

the module controller 116 in response to read command signals received from the MCH 

101, and are used by the isolation device 118 to select a subgroup of memory devices from 

which to receive read data. Afterwards, a read strobe signal DQS and a set of read data 

signal DQ are received from the selected subgroup of memory devices (1870). To properly 

time the transmission of the DQS and DQ signals to the MCH 101, the DQS and DQ 

signals are adjusted (e.g., delayed) according to the delay signal DS, such that the DQS and 

DQ signals follow a read command by a time interval consistent with a read latency 

parameter associated with the system 100. 

[0098] In certain embodiments, especially the embodiments shown in FIG. 2D, the delay 

circuits 1560 and 1660 shown in FIGS. 15 and 16 are not needed to provide alignment of 

the read data. As shown in FIG. 19, the ID control circuit 310 includes a clock regeneration 
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circuit 1920 that regenerates the clock signal CK received from the control circuit 116, 

according to the delay signal DS. The regenerated clock signals CK0 and CKM each 

includes a proper amount of delay as compared to the clock signal CK. The clock CK0 is 

provided to the strobe routing circuit 620 so that the strobe signals are properly timed to 

result in proper data alignment. The regenerated clock signal CKM is provided to the 

respective set of memory devices so that the respective data buffer 118 and the respective 

set of memory devices are locally synchronized. 
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circuit 1920 that regenerates the clock signal CK received from the control circuit 116, 

according to the delay signal DS. The regenerated clock signals CKO and CKM each 

includes a proper amount of delay as compared to the clock signal CK. The clock CKO is 

provided to the strobe routing circuit 620 so that the strobe signals are properly timed to 

result in proper data alignment. The regenerated clock signal CKM is provided to the 

respective set of memory devices so that the respective data buffer 118 and the respective 

set of memory devices are locally synchronized. 

30 

Micron Technology Inc. et al. 
Ex. 1002, p. 71



WE CLAIM: 

1. A memory module operable to communicate with a memory controller via a memory 

bus, the memory bus including signal lines, the signal lines including a set of control/address 

signal lines and a plurality of sets of data/strobe signal lines, the memory module 

comprising: 

a module board having edge connections for coupling to respective signal lines in the 

memory bus; 

a module control device mounted on the module board and configured to receive 

command signals for a first operation via the set of control/address signal lines and to output 

module command signals and module control signals in response to the command signals, the 

module control device being further configured to receive a system dock signal and output a 

module clock signal; and 

memory devices mounted on the module board and configured to receive the module 

command signals and the module clock, and to perform the first operation in response to the 

module command signals, the memory devices including a plurality of sets of memory 

devices corresponding to respective sets of the plurality of sets of data/strobe signal lines; and 

a plurality of buffer circuits corresponding to respective sets of the plurality of sets of 

datalstrobe signal lines, wherein each respective buffer circuit of the plurality of buffer 

circuits is mounted on the module board, coupled -between. a respective set of data/strobe 

signal lines and a respective set of memory devices, and configured to receive the module 

control signals and the module clock, the each respective buffer circuit including a data path 

corresponding to each data signal line in the respective set of data/strobe signal lines, and a 

command processing circuit configured to decode the module control signals and to control 

the data path in accordance with the module control signals and the module clock, Wherein 

the data path corresponding to the each data signal line includes a tristate buffer controlled by 

the command processing circuit and a delay circuit configured to delay a signal through the 

data path by an amount determined by the command processing circuit in response to at least 

one of the module control signals. 
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WE CLAIM: 

1. A memory module operable to communicate with a memory controller via a memory 

bus, the memory bus including signal lines, the signal lines including a set of control/address 

signal lines and a plurality of sets of data/strobe signal lines, the memory module 
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a module board having edge connections for coupling to respective signal lines in the 

memory bus; 

a module control device mounted on the module board and configured to receive 

command signals for a first operation via the set of control/address signal lines and to output 
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command signals and the module clock, and to perform the first operation in response to the 
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circuits is mounted on the module board; coupled between a respective set of data/strobe 

signal lines and a respective set of memory devices, and configured to receive the module 

control signals and the module clock, the each respective buffer circuit including a data path 

corresponding to each data signal line in the respective set of data/strobe signal lines, and a 

command processing circuit configured to decode the module control signals and to control 

the data path in accordance with the module control signals and the module clock., Wherein 

the data path corresponding to the each data signal line includes a tristate buffer controlled by 

the command processing circuit and a delay circuit configured to delay a signal through the 

data path by an amount determined by the command processing circuit in response to at least 

one of the module control s nals. 
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MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS 

IN A PLURALITY OF DATA BUFFERS 

ABSTRACT OF THE DISCLOSURE 

A memory module is operable in a memory system with a memory controller. The 

memory module comprises memory devices, a module control circuit, and a plurality of 

buffer circuits coupled between respective sets of data/strobe signal lines in a data bus and 

respective sets of the memory devices. Each respective buffer circuit includes a data path 

corresponding to each data signal line in the corresponding set of data/strobe signal lines, 

and a command processing circuit configured to decode module control signals from the 

module control circuit and to control the data path in accordance with the module control 

signals. The data path corresponding to the each data signal line includes at least one 

tristate buffer controlled by the command processing circuit and a delay circuit configured 

to delay a signal through the data path by an amount determined by the command 

processing circuit in response to at least one of the module control signals. 
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MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS 

IN A PLURALITY OF DATA BUFFERS 

ABSTRACT OF THE DISCLOSURE 
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buffer circuits coupled between respective sets of data/strobe signal lines in a data bus and 

respective sets of the memory devices. Each respective buffer circuit includes a data path 

corresponding to each data signal line in the corresponding set of data/strobe signal lines, 

and a command processing circuit configured to decode module control signals from the 

module control circuit and to control the data path in accordance with the module control 

signals. The data path corresponding to the each data signal line includes at least one 

tristate buffer controlled by the command processing circuit and a delay circuit configured 

to delay a signal through -the data path by an amount determined by the command 

processing circuit in response to at least one of the module control signals. 
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Attorney Docket No.: NT003US 

COMBINED DECLARATION AND ASSIGNMENT 
FOR UTILITY OR DESIGN APPLICATION 

Title of 
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OPERATION 

DECLARATION 
As a below named inventor, I hereby declare that: 

This declaration 
is directed to: 

The attached application, or 

United States application or PCT international application 
number 13/952,599 filed on July 27, 2013 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

Note to Inventor: 37 C.F.R. § 1.63(c) states: "A person may not execute an oath or declaration for an application 
unless that person has reviewed and understands the contents of the application, including the claims, and is aware 
of the duty to disclose to the Office all information known to the person to be material to patentability as defined in 
§ 1.56." 

ASSIGNMENT 

In consideration of the sum of One Dollar ($1.00) and other good and valuable consideration paid, I hereby sell and 
assign to 

Netlst, Inc. 
(Name of Assignee) 

of 51 Discovery, Suite #150, Irvine, CA 92618 
(Address of Assignee) 

(hereinafter designated as the Assignee) my entire right, title and interest for the United States as defined in 35 USC 
100, for any invention set forth in the above-identified application. 

I agree to execute all papers necessary in connection with this application for patent in the USPTO for the invention, 
and any continuation, divisional or reissue applications thereof and also to execute separate assignments in connection 
with such applications as the Assignee may deem necessary or expedient. 

I agree to execute all papers necessary in connection with any post-grant proceeding which may occur in connection 
with this application or continuation, divisional or reissue thereof and to cooperate with the Assignee in every way 
possible in obtaining evidence and going forward with such post-grant proceeding. 
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I agree to execute all papers and documents and perform any act which may be necessary in connection with claims or 
provisions of the International Convention for Protection of Industrial Property or similar agreements. 

I agree to perform all affirmative acts which may be necessary to obtain a grant of a valid United States patent to the 
Assignee. 
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First Inventor (Legal Name): Hypri Lee 
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If Required, Foreign Filing License Granted: 12/20/2017 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 15/820,076 

Projected Publication Date: 04/05/2018 

Non-Publication Request: No 

Early Publication Request: No 
Title 

MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA 
BUFFERS 

Preliminary Class 

711 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

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 (1-866-999-4258). 

page 2 of 3 

Samsung Electronics Co., Ltd. 
Ex. 1002, p. 79 

If Required, Foreign Filing License Granted: 12/20/2017 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 15/820,076 

Projected Publication Date: 04/05/2018 

Non-Publication Request: No 

Early Publication Request: No 
Title 

MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA 
BUFFERS 

Preliminary Class 

711 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

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 (1-866-999-4258). 

page 2 of 3 

Micron Technology Inc. et al. 
Ex. 1002, p. 79



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. 

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). 

SelectUSA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
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Application/Control Number: 15/820,076 Page 2 

Art Unit: 2184 

The present application is being examined under the pre-AIA first to invent provisions. 

DETAILED ACTION 

Status of the Application 

This Office Action is in response to Applicant's Continuation filed on 11/21/2017. 

Claim 1 is pending for this examination. 

Obvious-Type Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created doctrine 

grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 

improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 

harassment by multiple assignees. A nonstatutory double patenting rejection is appropriate where 

the conflicting claims are not identical, but at least one examined application claim is not 

patentably distinct from the reference claim(s) because the examined application claim is either 

anticipated by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 

140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 

2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van 

Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may 

be used to overcome an actual or provisional rejection based on nonstatutory double patenting 

provided the reference application or patent either is shown to be commonly owned with the 

examined application, or claims an invention made as a result of activities undertaken within the 
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Application/Control Number: 15/820,076 Page 3 

Art Unit: 2184 

scope of a joint research agreement. See MPEP § 717.02 for applications subject to examination 

under the first inventor to file provisions of the AIA as explained in MPEP § 2159. See MPEP 

§§ 706.02(1)(1) - 706.02(1)(3) for applications not subject to examination under the first inventor 

to file provisions of the AIA. A terminal disclaimer must be signed in compliance with 37 CFR 

1.321(b). 

The USPTO Internet website contains terminal disclaimer forms which may be used. 

Please visit www.uspto.gov/patent/patents-forms. The filing date of the application in which the 

form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or 

PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out completely 

online using web-screens. An eTerminal Disclaimer that meets all requirements is auto-

processed and approved immediately upon submission. For more information about eTerminal 

Disclaimers, refer to www.uspto.gov/patents/process/file/efs/guidance/eTD-info-I.jsp. 

Claim 1 is rejected on the ground of nonstatutory obviousness-type double patenting as 

being unpatentable over claims 1-22 of copending Application No. 15/426,064, now US Patent 

No. 9,824,035; claims 1-20 of copending Application No. 14/846,993, now US Patent No. 

9,563,587; and claims 1-20 of copending Application No. 13/952,599, now US Patent No. 

9,128,632. Although the conflicting claims are not identical, they are not patentably distinct 

from each other because claim 1 of instant Application, respectively contains every element of 

claims 1-22 of copending Application No. 15/426,064, now US Patent No. 9,824,035; claims 1-

20 of copending Application No. 14/846,993, now US Patent No. 9,563,587; and claims 1-20 of 
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Application/Control Number: 15/820,076 

Art Unit: 2184 

copending Application No. 13/952,599, now US Patent No. 9,128,632, as listed below, and as 

such anticipate the claims of the copending application: 

Page 4 

Claims Instant Application Claims copending Application No. 
13/952,599, now US Patent 

No. 9,128,632 
Independent 
claim 1 

A memory module operable to 
communicate with a memory 
controller via a memory bus, 
the memory bus including 
signal lines, the signal lines 
including a set of 
control/address signal lines and 
a plurality of sets of data/strobe 
signal lines, the memory 
module comprising: 

a module board having edge 
connections for coupling to 

Independent 
claim 1 

A memory module to operate in 
a memory system with a 
memory controller, the memory 
system operating according to a 
system clock, the memory 
system including a memory bus 
coupling the memory module to 
the memory controller, the 
memory bus including a set of 
control/address signal lines and 
a plurality of sets of data/strobe 
signal lines, the memory 
module comprising: 

respective signal lines in the 
memory bus; 

a module control device 
mounted on the module board 
and configured to receive 
command signals for a first 
operation via the set of 
control/address signal lines and 
to output module command 
signals and module control 
signals in response to the 
command signals, the module 
control device being further 
configured to receive a system 
clock signal and output 
a module clock signal; and 

memory devices mounted on 
the module board and 
configured to receive the 
module command signals and 
the module clock, and to 
perform the first operation in 

a module control device to 
receive memory command 
signals from the memory 
controller and to output module 
command signals and module 
control signals in response to 
each of the memory command 
signals; 

memory devices organized in 
groups, each group including at 
least one memory device, the 
memory devices receiving the 
module command signals from 
the module control device 
and performing one or more 
memory operations in 
accordance with the module 
command signals; and 

a plurality of buffer circuits to 
receive the module control 
signals, each respective buffer 
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response to the module 
command signals, the memory' 
devices including a plurality of 
sets of memory devices 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines; and 

a plurality of buffer circuits 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines, 
wherein each respective buffer 
circuit of the plurality of 
buffer circuits is mounted on 
the module board, coupled 
between a respective set of 
data/strobe signal lines and. a 
respective set of memory 
devices, and configured to 
receive the module control 
signals and the module clock, 
the each respective buffer 
circuit including a data 
path corresponding to each data 
signal line in the respective set 
of data/strobe signal lines, and 
a command processing circuit 
configured to decode the 
module control signals and to 
control the data path in 
accordance with the module 
control signals and the module 
clock, wherein the data path 
corresponding to the each data 
signal line includes a tristate 
buffer controlled by the 
command processing circuit 
and a delay circuit configured 
to delay a signal through 
the data path by an amount 
determined by the command 
processing circuit in response 
to at least one of the module 

circuit corresponding to a 
respective group of memory 
devices and coupled between 
the respective group of memory 
devices and a respective set of 
the plurality of sets of 
data/strobe signal lines, the 
respective buffer circuit 
including data paths for 
communicating data 
between the memory controller 
and the respective group of 
memory devices, the data paths 
being controlled by at least one 
of the module control signals; 
and 

wherein the plurality of buffer 
circuits are distributed across a 
surface of the memory module 
in positions corresponding to 
respective sets of the plurality 
of sets of data/strobe 
signal lines such that each 
module control signal arrives at 
the plurality of buffer circuits at 
different points in time, and 

wherein the each respective 
buffer circuit is configured to 
determine a respective time 
interval based on signals 
received by the each respective 
buffer circuit during a memory 
write operation and is further 
configured to time transmission 
of a respective set of read data 
signals received from the 
respective group of memory 
devices in accordance with the 
time interval and a read latency 
parameter of the memory 
system during a memory read 
operation. 
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response to the module 
command signals, the memory' 
devices including a plurality of 
sets of memory devices 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines; and 

a plurality of buffer circuits 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines, 
wherein each respective buffer 
circuit of the plurality of 
buffer circuits is mounted on 
the module board, coupled 
between a respective set of 
data/strobe signal lines and. a 
respective set of memory 
devices, and configured to 
receive the module control 
signals and the module clock, 
the each respective buffer 
circuit including a data 
path corresponding to each data 
signal line in the respective set 
of data/strobe signal lines, and 
a command processing circuit 
configured to decode the 
module control signals and to 
control the data path in 
accordance with the module 
control signals and the module 
clock, wherein the data path 
corresponding to the each data 
signal line includes a tristate 
buffer controlled by the 
command processing circuit 
and a delay circuit configured 
to delay a signal through 
the data path by an amount 
determined by the command 
processing circuit in response 
to at least one of the module 

circuit corresponding to a 
respective group of memory 
devices and coupled between 
the respective group of memory 
devices and a respective set of 
the plurality of sets of 
data/strobe signal lines, the 
respective buffer circuit 
including data paths for 
communicating data 
between the memory controller 
and the respective group of 
memory devices, the data paths 
being controlled by at least one 
of the module control signals; 
and 

wherein the plurality of buffer 
circuits are distributed across a 
surface of the memory module 
in positions corresponding to 
respective sets of the plurality 
of sets of data/strobe 
signal lines such that each 
module control signal arrives at 
the plurality of buffer circuits at 
different points in time, and 

wherein the each respective 
buffer circuit is configured to 
determine a respective time 
interval based on signals 
received by the each respective 
buffer circuit during a memory 
write operation and is further 
configured to time transmission 
of a respective set of read data 
signals received from the 
respective group of memory 
devices in accordance with the 
time interval and a read latency 
parameter of the memory 
system during a memory read 
operation. 
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control signals. 

Analysis Examiner points out that the instant claim language is similar to the claim 
language of copending Application No. 13/952,599, now US Patent No. 
9,128,632, and as such would be rendered obvious over the already allowed 
claim language of copending Application No. 13/952,599, now US Patent No. 
9,128,632. 

Likewise, the dependent claims of the above cited independent claims carry similar 

limitations to each other respectively. 

Claims Instant Application Claims copending Application No. 
15/426,064, now US Patent 

No. 9,824,035 
Independent 
claim 1 

A memory module operable to 
communicate with a memory 
controller via a memory bus, 
the memory bus including 
signal lines, the signal lines 
including a set of 
control/address signal lines and 
a plurality of sets of data/strobe 
signal lines, the memory 
module comprising: 

Independent 
claim 1 

A memory module operable to 
communicate with a memory 
controller via a memory bus, 
the memory bus including 
signal lines, the signal lines 
including a set of 
control/address signal lines and 
a plurality of sets of data/strobe 
signal lines, the memory 
module comprising: 

a module board having edge 
connections for coupling to 
respective signal lines in the 
memory bus; 

a module control device 
mounted on the module board 
and configured to receive 
command signals for a first 
operation via the set of 
control/address signal lines and 
to output module command 
signals and module control 
signals in response to the 
command signals, the module 

a module board having edge 
connections for coupling to 
respective data/strobe signal 
lines in the memory bus; 

a module control device 
mounted on the module board 
and configured to receive 
memory command signals from 
the memory controller via the 
set of control/address 
signal lines and to produce 
module command signals and 
module control signals in 
response to the memory 
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control signals. 

Analysis Examiner points out that the instant claim language is similar to the claim 
language of copending Application No. 13/952,599, now US Patent No. 
9,128,632, and as such would be rendered obvious over the already allowed 
claim language of copending Application No. 13/952,599, now US Patent No. 
9,128,632. 

Likewise, the dependent claims of the above cited independent claims carry similar 

limitations to each other respectively. 

Claims Instant Application Claims copending Application No. 
15/426,064, now US Patent 

No. 9,824,035 
Independent 
claim 1 

A memory module operable to 
communicate with a memory 
controller via a memory bus, 
the memory bus including 
signal lines, the signal lines 
including a set of 
control/address signal lines and 
a plurality of sets of data/strobe 
signal lines, the memory 
module comprising: 

Independent 
claim 1 

A memory module operable to 
communicate with a memory 
controller via a memory bus, 
the memory bus including 
signal lines, the signal lines 
including a set of 
control/address signal lines and 
a plurality of sets of data/strobe 
signal lines, the memory 
module comprising: 

a module board having edge 
connections for coupling to 
respective signal lines in the 
memory bus; 

a module control device 
mounted on the module board 
and configured to receive 
command signals for a first 
operation via the set of 
control/address signal lines and 
to output module command 
signals and module control 
signals in response to the 
command signals, the module 

a module board having edge 
connections for coupling to 
respective data/strobe signal 
lines in the memory bus; 

a module control device 
mounted on the module board 
and configured to receive 
memory command signals from 
the memory controller via the 
set of control/address 
signal lines and to produce 
module command signals and 
module control signals in 
response to the memory 
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control device being further 
configured to receive a system 
clock signal and output 
a module clock signal; and 

memory devices mounted on 
the module board and 
configured to receive the 
module command signals and 
the module clock, and to 
perform the first operation in 
response to the module 
command signals, the memory' 
devices including a plurality of 
sets of memory devices 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines; and 

a plurality of buffer circuits 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines, 
wherein each respective buffer 
circuit of the plurality of 
buffer circuits is mounted on 
the module board, coupled 
between a respective set of 
data/strobe signal lines and. a 
respective set of memory 
devices, and configured to 
receive the module control 
signals and the module clock, 
the each respective buffer 
circuit including a data 
path corresponding to each data 
signal line in the respective set 
of data/strobe signal lines, and 
a command processing circuit 
configured to decode the 
module control signals and to 
control the data path in 
accordance with the module 
control signals and the module 

command signals; and 

memory devices mounted on 
the module board to perform a 
first memory operation in 
response to the module 
command signals, the memory 
devices including a plurality of 
sets of memory devices, each 
respective set of memory 
devices corresponding to a 
respective set of the data/strobe 
signal lines; and 

a plurality of buffer circuits 
mounted on the module board 
in positions corresponding to 
respective sets of the plurality 
of sets of data/strobe signal 
lines, each respective 
buffer circuit providing data 
paths between a respective set 
of the data/strobe signal lines 
and a respective set of the 
plurality of sets of memory' 
devices, the each respective 
buffer circuit including logic 
that responds to the module 
control signals by enabling a 
subset of the data paths for 
transmitting data and strobe 
signals corresponding to the 
first memory operation between 
the respective set of the 
data/strobe signal lines and the 
corresponding set of 
the plurality of sets of memory 
devices, wherein the logic is 
further configured to obtain 
timing information based on 
signals received by the each 
respective buffer circuit during 
a second memory operation 
prior to the first memory 
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control device being further 
configured to receive a system 
clock signal and output 
a module clock signal; and 

memory devices mounted on 
the module board and 
configured to receive the 
module command signals and 
the module clock, and to 
perform the first operation in 
response to the module 
command signals, the memory' 
devices including a plurality of 
sets of memory devices 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines; and 

a plurality of buffer circuits 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines, 
wherein each respective buffer 
circuit of the plurality of 
buffer circuits is mounted on 
the module board, coupled 
between a respective set of 
data/strobe signal lines and. a 
respective set of memory 
devices, and configured to 
receive the module control 
signals and the module clock, 
the each respective buffer 
circuit including a data 
path corresponding to each data 
signal line in the respective set 
of data/strobe signal lines, and 
a command processing circuit 
configured to decode the 
module control signals and to 
control the data path in 
accordance with the module 
control signals and the module 

command signals; and 

memory devices mounted on 
the module board to perform a 
first memory operation in 
response to the module 
command signals, the memory 
devices including a plurality of 
sets of memory devices, each 
respective set of memory 
devices corresponding to a 
respective set of the data/strobe 
signal lines; and 

a plurality of buffer circuits 
mounted on the module board 
in positions corresponding to 
respective sets of the plurality 
of sets of data/strobe signal 
lines, each respective 
buffer circuit providing data 
paths between a respective set 
of the data/strobe signal lines 
and a respective set of the 
plurality of sets of memory' 
devices, the each respective 
buffer circuit including logic 
that responds to the module 
control signals by enabling a 
subset of the data paths for 
transmitting data and strobe 
signals corresponding to the 
first memory operation between 
the respective set of the 
data/strobe signal lines and the 
corresponding set of 
the plurality of sets of memory 
devices, wherein the logic is 
further configured to obtain 
timing information based on 
signals received by the each 
respective buffer circuit during 
a second memory operation 
prior to the first memory 
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clock, wherein the data path operation and to control timing 
corresponding to the each data of the data and strobe signals on 
signal line includes a tristate the subset of the data paths in 
buffer controlled by the accordance with the timing 
command processing circuit 
and a delay circuit configured 
to delay a signal through 
the data path by an amount 
determined by the command 
processing circuit in response 
to at least one of the module 
control signals. 

information. 

Analysis Examiner points out that the instant claim language is similar to the claim 
language of copending Application No. 15/426,064, now US Patent No. 
9,824,035, and as such would be rendered obvious over the already allowed 
claim language of copending Application No. 15/426,064, now US Patent No. 
9,824,035. 

Likewise, the dependent claims of the above cited independent claims carry similar 

limitations to each other respectively. 

Claims Instant Application Claims copending Application No. 
14/846,993, now US Patent 

No. 9,563,587 
Independent 
claim 1 

A memory module operable to 
communicate with a memory 
controller via a memory bus, 
the memory bus including 
signal lines, the signal lines 
including a set of 
control/address signal lines and 
a plurality of sets of data/strobe 
signal lines, the memory 
module comprising: 

Independent 
claim 1 

A memory module operable to 
communicate with a memory 
controller via a memory bus, 
the memory bus including 
signal lines, the signal lines 
including a set 
of control/address signal lines 
and a plurality of sets of 
data/strobe signal lines, the 
memory module comprising: 

a module board having edge 
connections for coupling to 
respective signal lines in the 
memory bus; 

a module board including edge 
connections for connecting to 
respective ones of the signal 
lines in the memory bus; 
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clock, wherein the data path operation and to control timing 
corresponding to the each data of the data and strobe signals on 
signal line includes a tristate the subset of the data paths in 
buffer controlled by the accordance with the timing 
command processing circuit 
and a delay circuit configured 
to delay a signal through 
the data path by an amount 
determined by the command 
processing circuit in response 
to at least one of the module 
control signals. 

information. 

Analysis Examiner points out that the instant claim language is similar to the claim 
language of copending Application No. 15/426,064, now US Patent No. 
9,824,035, and as such would be rendered obvious over the already allowed 
claim language of copending Application No. 15/426,064, now US Patent No. 
9,824,035. 

Likewise, the dependent claims of the above cited independent claims carry similar 

limitations to each other respectively. 

Claims Instant Application Claims copending Application No. 
14/846,993, now US Patent 

No. 9,563,587 
Independent 
claim 1 

A memory module operable to 
communicate with a memory 
controller via a memory bus, 
the memory bus including 
signal lines, the signal lines 
including a set of 
control/address signal lines and 
a plurality of sets of data/strobe 
signal lines, the memory 
module comprising: 

Independent 
claim 1 

A memory module operable to 
communicate with a memory 
controller via a memory bus, 
the memory bus including 
signal lines, the signal lines 
including a set 
of control/address signal lines 
and a plurality of sets of 
data/strobe signal lines, the 
memory module comprising: 

a module board having edge 
connections for coupling to 
respective signal lines in the 
memory bus; 

a module board including edge 
connections for connecting to 
respective ones of the signal 
lines in the memory bus; 
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a module control device 
mounted on the module board 
and configured to receive 
command signals for a first 
operation via the set of 
control/address signal lines and 
to output module command 
signals and module control 
signals in response to the 
command signals, the module 
control device being further 
configured to receive a system 
clock signal and output 
a module clock signal; and 

memory devices mounted on 
the module board and 
configured to receive the 
module command signals and 
the module clock, and to 
perform the first operation in 
response to the module 
command signals, the memory' 
devices including a plurality of 
sets of memory devices 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines; and 

a plurality of buffer circuits 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines, 
wherein each respective buffer 
circuit of the plurality of 
buffer circuits is mounted on 
the module board, coupled 
between a respective set of 
data/strobe signal lines and. a 
respective set of memory 
devices, and configured to 
receive the module control 
signals and the module clock, 

memory devices mounted on 
the module board, including a 
plurality of sets of memory 
devices, each respective set of 
memory devices corresponding 
to a respective set of the 
data/strobe signal lines; 

buffer circuits mounted on the 
module board in positions 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines, each 
respective buffer circuit being 
coupled between a respective 
set of the data/strobe signal 
lines and a corresponding set of 
memory devices; and 

a module control device 
mounted on the module board 
and configured to receive 
memory command signals from 
the memory controller via the 
set of control/address 
signal lines and to control the 
memory devices and the buffer 
circuits in response to the 
memory command signals; 

wherein the each respective 
buffer circuit is configured to 
respond to one or more first 
control signals from the module 
control device by receiving 
write data/strobe signals from 
the respective set of data/strobe 
signal lines and transmitting the 
write data/strobe signals to the 
corresponding set of memory 
devices during a memory write 
operation; 
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a module control device 
mounted on the module board 
and configured to receive 
command signals for a first 
operation via the set of 
control/address signal lines and 
to output module command 
signals and module control 
signals in response to the 
command signals, the module 
control device being further 
configured to receive a system 
clock signal and output 
a module clock signal; and 

memory devices mounted on 
the module board and 
configured to receive the 
module command signals and 
the module clock, and to 
perform the first operation in 
response to the module 
command signals, the memory' 
devices including a plurality of 
sets of memory devices 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines; and 

a plurality of buffer circuits 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines, 
wherein each respective buffer 
circuit of the plurality of 
buffer circuits is mounted on 
the module board, coupled 
between a respective set of 
data/strobe signal lines and. a 
respective set of memory 
devices, and configured to 
receive the module control 
signals and the module clock, 

memory devices mounted on 
the module board, including a 
plurality of sets of memory 
devices, each respective set of 
memory devices corresponding 
to a respective set of the 
data/strobe signal lines; 

buffer circuits mounted on the 
module board in positions 
corresponding to respective sets 
of the plurality of sets of 
data/strobe signal lines, each 
respective buffer circuit being 
coupled between a respective 
set of the data/strobe signal 
lines and a corresponding set of 
memory devices; and 

a module control device 
mounted on the module board 
and configured to receive 
memory command signals from 
the memory controller via the 
set of control/address 
signal lines and to control the 
memory devices and the buffer 
circuits in response to the 
memory command signals; 

wherein the each respective 
buffer circuit is configured to 
respond to one or more first 
control signals from the module 
control device by receiving 
write data/strobe signals from 
the respective set of data/strobe 
signal lines and transmitting the 
write data/strobe signals to the 
corresponding set of memory 
devices during a memory write 
operation; 
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the each respective buffer wherein the each respective 
circuit including a data buffer circuit is further 
path corresponding to each data configured to respond to one or 
signal line in the respective set more second control signals 
of data/strobe signal lines, and from the module control device 
a command processing circuit by receiving read 
configured to decode the data/strobe signals from the 
module control signals and to corresponding set of memory 
control the data path in devices and transmitting the 
accordance with the module read data/strobe signals to the 
control signals and the module memory controller via the 
clock, wherein the data path respective set of data/strobe 
corresponding to the each data signal lines during a memory 
signal line includes a tristate read operation subsequent to the 
buffer controlled by the 
command processing circuit 

memory write operation; and 

and a delay circuit configured wherein the each respective 
to delay a signal through buffer circuit is further 
the data path by an amount configured to time the 
determined by the command transmission of the read 
processing circuit in response data/strobe signals during the 
to at least one of the module read operation based on timing 
control signals. information derived from 

receiving the one or more first 
control signals and the write 
data/strobe signals during the 
write operation. 

Analysis Examiner points out that the instant claim language is similar to the claim 
language of copending Application No. 14/846,993, now US Patent No. 
9,563,587, and as such would be rendered obvious over the already allowed 
claim language of copending Application No. 14/846,993, now US Patent No. 
9,563,587. 

Likewise, the dependent claims of the above cited independent claims carry similar 

limitations to each other respectively. 

Allowable Subject Matter 

Claim 1 is allowed. 
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the each respective buffer wherein the each respective 
circuit including a data buffer circuit is further 
path corresponding to each data configured to respond to one or 
signal line in the respective set more second control signals 
of data/strobe signal lines, and from the module control device 
a command processing circuit by receiving read 
configured to decode the data/strobe signals from the 
module control signals and to corresponding set of memory 
control the data path in devices and transmitting the 
accordance with the module read data/strobe signals to the 
control signals and the module memory controller via the 
clock, wherein the data path respective set of data/strobe 
corresponding to the each data signal lines during a memory 
signal line includes a tristate read operation subsequent to the 
buffer controlled by the 
command processing circuit 

memory write operation; and 

and a delay circuit configured wherein the each respective 
to delay a signal through buffer circuit is further 
the data path by an amount configured to time the 
determined by the command transmission of the read 
processing circuit in response data/strobe signals during the 
to at least one of the module read operation based on timing 
control signals. information derived from 

receiving the one or more first 
control signals and the write 
data/strobe signals during the 
write operation. 

Analysis Examiner points out that the instant claim language is similar to the claim 
language of copending Application No. 14/846,993, now US Patent No. 
9,563,587, and as such would be rendered obvious over the already allowed 
claim language of copending Application No. 14/846,993, now US Patent No. 
9,563,587. 

Likewise, the dependent claims of the above cited independent claims carry similar 

limitations to each other respectively. 

Allowable Subject Matter 

Claim 1 is allowed. 
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The following is an examiner's statement of reasons for allowance: 

Prior art teaches memory module systems arranged into respective groups of memory 

devices, memory module systems with buffered memory modules, and memory module systems 

that implement delays for transmitting signals to the memory devices of each module, however, 

the prior art does not fairly teach or suggest, individually or in combination, a memory module 

system with a plurality of buffers mounted in positions corresponding to the respective sets of 

data / strobe signal lines, each buffer providing data paths between the data / strobe signal lines 

and a set of memory devices and including logic that responds to control signals by enabling the 

data paths corresponding to memory operations between the data / strobe signal lines and the 

memory devices, wherein the logic is configured to obtain timing information based on signals 

received by the buffers during a second memory operation prior to the first memory operation 

and to control timing of the data and strobe signals on the data paths in accordance with the 

obtained timing information as claimed. These limitations find support in Applicant's 

Specification on Pages 5-30. The prior art of record neither anticipates nor renders obvious the 

above recited combination. 

As allowable subject matter has been indicated, applicant's reply must either comply with 

all formal requirements or specifically traverse each requirement not complied with. See 37 

CFR 1.111(b) and MPEP § 707.07(a). 
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Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to MICHAEL SUN whose telephone number is (571)270-1724. 

The examiner can normally be reached on Monday-Thursday 6:45am-4:45pm. 

Examiner interviews are available via telephone, in-person, and video conferencing using 

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Henry Tsai can be reached on 571-272-4176. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be 

obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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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 

15/820,076 

79141 
Jamie J. Zheng, Ph.D Esq. 
MASCHOFF BRENNAN 
1389 Center Drive 
Suite 300 
Park City, UT 84098 

11/21/2017 Hyun Lee N3044.10009US05 
CONFIRMATION NO. 8866 

PUBLICATION NOTICE 

Title:MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS 

Publication No.US-2018-0095908-Al 
Publication Date:04/05/2018 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 
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the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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Doc Code: DIST.E.FILE 
Document Description: Electronic Terminal Disclaimer - Filed 

PTO/SB/26 
U.S. Patent and Trademark Office 

Department of Commerce 

Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A 
"PRIOR" PATENT 

Application Number 15820076 

Filing Date 21-Nov-2017 

First Named Inventor Hyun Lee 

Attorney Docket Number 129980-5049US 

Title of Invention 

MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA 
BUFFERS 

Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding 

is not being used for a Joint Research Agreement. 

VI Office Action 

This electronic Terminal Disclaimer 

Owner Percent Interest 

NETLIST, INC. 100% 

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the 
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration 
date of the full statutory term of prior patent number(s) 

9128632 

9563587 

9824035 

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so 
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly 
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors 
or assigns. 

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant 
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent 
is presently shortened by any terminal disclaimer," in the event that said prior patent later: 
- expires for failure to pay a maintenance fee; 
- is held unenforceable; 
- is found invalid by a court of competent jurisdiction; 
- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321; 
- has all claims canceled by a reexamination certificate; 
- is reissued; or 
- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 
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® Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request. 

0 
I certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d) 
required for this terminal disclaimer has already been paid in the above-identified application. 

Applicant claims the following fee status: 

O Small Entity 

0 Micro Entity 

C) Regular Undiscounted 

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. 

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am: 

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in 
this application 

Registration Number 51167 

O A sole inventor 

0 
A joint inventor; I certify that I am authorized to sign this submission on behalf of all of the inventors as evidenced by the 
power of attorney in the application 

0 A joint inventor; all of whom are signing this request 

Signature 
/ Jamie J. Zheng / 

Name Jamie J. Zheng 

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner). 
Form PTO/SB/96 may be used for making this certification. See MPEP § 324. 
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Electronic Patent Application Fee Transmittal 

Application Number: 15820076 

Filing Date: 21-Nov-2017 

Title of Invention : 
MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED 
DATA BUFFERS 

First Named Inventor/Applicant Name: Hyun Lee 

Filer: Jamie Jie Zheng 

Attorney Docket Number: 129980-5049US 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111(a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Basic Filing: 

STATUTORY OR TERMINAL DISCLAIMER 1814 1 160 160 

Pages: 

Claims: 
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Petition: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Extension-of-Time: 
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Total in USD ($) 160 
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Doc Code: DISQ.E.FILE 
Document Description: Electronic Terminal Disclaimer - Approved 

Application No.: 15820076 

Filing Date: 21-Nov-2017 

Applicant/Patent under Reexamination: Lee 

Electronic Terminal Disclaimer filed on May 24, 2018 

El APPROVED 

This patent is subject to a terminal disclaimer 

DISAPPROVED Ei 

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web 

U.S. Patent and Trademark Office 
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DATA BUFFERS 
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Filer: Jamie Jie Zheng 

Filer Authorized By: 

Attorney Docket Number: 129980-5049US 

Receipt Date: 24-MAY-2018 

Filing Date: 21-NOV-2017 

Time Stamp: 16:49:23 

Application Type: Utility under 35 USC 111(a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $160 

RAM confirmation Number 052518INTEFSW00006558500310 

Deposit Account 

Authorized User 

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

Document 
Number 

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

Multi 
Part /.zip 

Pages 
(if appl.) 

1 Terminal Disclaimer-Filed (Electronic) eTerminal-Disclaimer.pdf 

33939 

no 2 
d767031760564606b6D3dfeclabb09tcd671 

23036 

Warnings: 

Information: 

30555 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
31e09c79bc9115c45ed945f21d613a0bd42 

60599 

Warnings: 

Information: 

Total Files Size (in bytes): 64494 

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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Electronically filed May 24, 2018 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: Hyun Lee et al. Confirmation No.: 8866 

Serial No.: 15/820,076 Art Unit: 2184 

Filed: November 21, 2017 Examiner: Sun, Michael 

For: MEMORY MODULE WITH Attorney Docket No.: 129980-5049-US 
TIMING-CONTROLLED DATA 
PATHS IN DISTRIBUTED Date: May 24, 2018 
DATA BUFFERS 

RESPONSE TO OFFICE ACTION & INTERVIEW SUMMARY 

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

The enclosed Amendment is in response to the Office Action dated January 25, 2018 for 

the above identified patent application. 

Petition for Extension of Time under 37 CFR 1.136. It is respectfully requested that the 

time for responding to the Office Action dated January 25, 2018 be extended for a period of one 

month from April 25, 2018 to May 25, 2018. 

The Commissioner is hereby authorized to charge any required fee(s) to Morgan, Lewis 

& Bockius LLP Deposit Account No. 50-0310 (order no. 129980-5049-US). 

McKesson Statement starts on page 2 of this paper. 

Amendment to the Claims starts on Page 3 of this paper. 

Remarks start on Page 6 of this paper. 

129980-5049-US 1 Response to Office Action 
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McKesson Statement 

In view of McKesson Information Solutions v. Bridge Medical (Fed. Cir. 2007), 

Applicant wishes to inform the Examiner that the prosecution history of the following US Patent 

Application(s) may contain information relevant to the pending application: 

(1) U.S. Application Serial No. 13/970,606, filed August 20, 2013. This application 

issued as U.S. Patent No. 9,606,907. 

(2) U.S. Application Serial No. 15,470,856, filed March 27, 2017. 

The Examiner is encouraged to review the art made of record, office actions and the 

notice(s) of allowance, if any, in the above-mentioned applications, all of which are available on 

PAIR. 
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REMARKS 

This amendment responds to the office action mailed January 25, 2018. In the office 

action, the Examiner: 

A. rejected claim 1 on the ground of nonstatutory obviousness-type double patenting. 

REMARKS CONCERNING CLAIMS 

Claim 1 has been amended for minor issues. 

Claims 2-12 have been added. 

No new matter has been added. 

With respect to all amendments, Applicant has not dedicated or abandoned any 

unclaimed subject matter. Moreover, Applicant has not acquiesced to any characterizations of 

the invention, nor any rejections or objections of the claims, made by the Examiner. Moreover, 

the Applicant hereby rescinds any prior disclaimer of claim scope, to the extent they exist, made 

during the prosecution of this application or made during the prosecution of any patent or other 

related patents/applications, and advises the Examiner that any such previous disclaimers and the 

cited references that they were made to avoid may need to be revisited. 

After entry of this amendment, the pending claims are: claims 1-12. 

REMARKS CONCERNING DOUBLE PATENTING REJECTIONS 

A. Rejection of claim 1 on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claims 1-22 of copending Application No. 

15/426,064, now US Patent No. 9,824,035; claims 1-20 of copending Application No. 

14/846,993, now US Patent No. 9,563,587; and claims 1-20 of copending Application 

No. 13/952,599, now US Patent No. 9,128,632 

Applicant submits herewith a terminal disclaimer in compliance with 37 CFR 1.321(c) or 

1.321(d), which should overcome the nonstatutory obviousness-type double patenting rejction 

over claims 1-22 of US Patent No. 9,824,035; claims 1-20 of US Patent No. 9,563,587; and 

claims 1-20 of US Patent No. 9,128,632. 
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CONCLUDING REMARKS 

By responding in the foregoing remarks only to particular positions asserted by the 

Examiner, Applicant does not necessarily acquiesce in other positions that have not been 

explicitly addressed. In particular, Applicant's filing of the terminal disclaimer is for the sole 

purpose of expediting prosecution. It should not be understood as implying that Applicant agrees 

with the rejection of claim 1 on the ground of nonstatutory obviousness-type double patenting as 

being unpatentable over claims 1-22 of copending Application No. 15/426,064, now US Patent 

No. 9,824,035; claims 1-20 of copending Application No. 14/846,993, now US Patent No. 

9,563,587; and claims 1-20 of copending Application No. 13/952,599, now US Patent No. 

9,128,632. 

In light of the above amendments and remarks, the Applicant respectfully requests that 

the Examiner reconsider this application with a view towards allowance. The Examiner is 

invited to call the undersigned attorney at (650) 843-7249, if a telephone call could help resolve 

any remaining items. 

Respectfully submitted, 

Date:  May 24, 2018 

DB2/ 33351823.1 

/Jamie J. Zheng/ 

Jamie J. Zheng 
MORGAN, LEWIS & BOCKIUS LLP 

1400 Page Mill Road 
Palo Alto, CA 94304 
Phone: (650) 843-7249 

51167 
(Reg. No.) 
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Amendments to the Claims 

The following listing of claims will replace all prior versions, and listings, of claims in the 
application: 

Listing of Claims: 

1. (Currently Amended) A memory module operable to communicate with a memory 

controller via a memory bus, the memory bus including signal lines, the signal lines including a 

set of control/address signal lines and a plurality of sets of data/strobe signal lines, the memory 

module comprising: 

a module board having edge connections for coupling to respective signal lines in the 

memory bus; 

a module control device mounted on the module board and configured to receive 

command signals for memory operations  a first operation via the set of control/address signal 

lines and to output module command signals and module control signals in response to the 

command signals, the module control device being further configured to receive a system clock 

signal and output a module clock signal; and 

memory devices mounted on the module board and configured to receive the module 

command signals and the module clock, and to perform the memory operations  first operation in 

response to the module command signals, the memory devices including a plurality of sets of 

memory devices corresponding to respective sets of the plurality of sets of data/strobe signal 

lines; and 

a plurality of buffer circuits corresponding to respective sets of the plurality of sets of 

data/strobe signal lines, wherein each respective buffer circuit of the plurality of buffer circuits is 

mounted on the module board, coupled between a respective set of data/strobe signal lines and a 

respective set of memory devices, and configured to receive the module control signals and the 

module clock, the each respective buffer circuit including a data path corresponding to each data 

signal line in the respective set of data/strobe signal lines, and a command processing circuit 

configured to decode the module control signals and to control the data path in accordance with 

the module control signals and the module clock, wherein the data path corresponding to the 

each data signal line includes at least one a-tristate buffer controlled by the command processing 

circuit and a delay circuit configured to delay a signal through the data path by an amount 
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determined by the command processing circuit in response to at least one of the module control 

signals. 

2. (New) The memory module of claim 1, wherein the memory operations include a first 

memory operation and a second memory operation subsequent to the first memory operation, 

wherein the command signals include a first set of command signals for the first memory 

operation and a second set of command signals for the second memory operation, wherein the 

module control signals include a first set of module control signals output by the module control 

device in response to the first set of command signals and a second set of module control signals 

output by the module control device in response to the second set of command signals, wherein 

the at least one of the module control signals include at least one of the first set of module 

control signals, and wherein the signal through the data path is a signal associated with the 

second memory operation. 

3. (New) The memory module of claim 2, wherein the memory devices are arranged in a 

plurality of ranks and the respective set of memory devices include at least one memory device 

from each of the plurality of ranks, wherein the module command signals include a first set of 

module command signals output by the module control device in response to the first set of 

command signals and a second set of module command signals output by the module control 

device in response to the second set of command signals, and wherein the second set of module 

command signals include chip select signals that select the at least one memory device in the 

respective set of memory devices from one of the plurality of ranks to perform the second 

memory operation. 

4. (New) The memory module of claim 1, wherein each of the plurality of buffer circuits 

has a data width of 1 byte, and wherein each of the memory devices has a data width of 1 byte. 

5. (New) The memory module of claim 1, wherein each of the plurality of buffer circuits 

has a data width of 1 byte, and wherein each of the memory devices has a data width of 4 bits. 

6. (New) The memory module of claim 1, wherein the each respective buffer circuit further 

includes a receiver circuit for each of the module control signals, the receiver circuit including a 
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metastability detection circuit configured to determine a metastability condition in the each of 

the module control signals with respect to the module clock signal. 

7. (New) The memory module of claim 6, wherein each of the plurality of buffer circuits 

has a data width of 1 byte, and wherein each of the memory devices has a data width of 1 byte. 

8. (New) The memory module of claim 6, wherein each of the plurality of buffer circuits 

has a data width of 1 byte, and wherein each of the memory devices has a data width of 4 bits. 

9. (New) The memory module of claim 1, wherein the each respective buffer circuit further 

includes a clock regeneration circuit configured to generate a local clock signal having a 

programmable phase relationship with the module clock signal, wherein the each respective 

buffer circuit is further configured to output the local clock signal to the respective set of 

memory devices. 

10. (New) The memory module of claim 9, wherein the data paths include a first data path 

for transmitting a strobe signal associated with the second memory operation and a second data 

path for transmitting a first data signal associated with the second memory operation, the first 

data path including a sampler that samples the strobe signal in accordance with the local clock 

signal, and the second data path including a sampler that samples the first data signal in 

accordance with the sampled strobe signal. 

11. (New) The memory module of claim 10, wherein each of the plurality of buffer circuits 

has a data width of 1 byte, and wherein each of the memory devices has a data width of 1 byte. 

12. (New) The memory module of claim 10, wherein each of the plurality of buffer circuits 

has a data width of 1 byte, and wherein each of the memory devices has a data width of 4 bits. 
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❑ Application Size Fee (37 CFR 1.16(s)) 

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

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

TOTAL ADD'L FEE 0 
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M
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CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAID FOR 

PRESENT EXTRA 

the appropriate 

RATE ($) ADDITIONAL FEE ($) 

Total (37 CFR 
1.16(i)) Minus X $ 

Independent 
(37 CFR 1.16(h)) Minus X $ 

❑ Application Size Fee (37 CFR 1.16(s)) 

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

* 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 

TOTAL ADD'L FEE 

LI E 
VIOLA ROGERS 

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. 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: 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. 1002, p. 121 

PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 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 

15/820,076 
Filing Date 

11/21/2017 ❑ To be Mailed 

APPLICATION AS FILED - PART 

(Column 1) (Column 2) 

❑ SMALL ❑ MICRO ENTITY: @ LARGE 

I 

FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) 

. BASIC FEE 
(37 CFR 1.16(a), (b), or (c)) 

N/A N/A N/A 

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

N/A N/A N/A 

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

N/A N/A N/A 

TOTAL CLAIMS 
(37 CFR 1.16(i)) minus 20 = X $ 

INDEPENDENT CLAIMS 
(37 CFR 1.16(h)) minus 3 = * X $ 

APPLICATION SIZE FEE 
(37 CFR 1.16(s)) 

If the specification and drawings exceed 100 sheets 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 
fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 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. TOTAL 

APPLICATION AS AMENDED - PART II 

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

A
M

E
N

D
M

E
N

T
 05/24/2018 

CLAIMS 
REMAINING 
AFTER 
AMENDMENT 

HIGHEST 
NUMBER 
PREVIOUSLY 
PAID FOR 

PRESENT EXTRA RATE ($) ADDITIONAL FEE ($) 

Total (37 CFR 
1.16(i)) * 12 Minus "" 20 = 0 x $100 = 0 
Independent 
(37 CFR 1.16(h)) * 1 Minus ***3 = 0 x $460 = 0 

❑ Application Size Fee (37 CFR 1.16(s)) 

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

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

TOTAL ADD'L FEE 0 
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E
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N
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CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAID FOR 

PRESENT EXTRA 

the appropriate 

RATE ($) ADDITIONAL FEE ($) 

Total (37 CFR 
1.16(i)) 

* Minus ** = X $ 

Independent 
(37 CFR 1.16(h)) Minus X $ 

❑ Application Size Fee (37 CFR 1.16(s)) 

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

* 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 

TOTAL ADD'L FEE 

LI E 
VIOLA ROGERS 

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. 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: 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 

Micron Technology Inc. et al. 
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iD 

UNITED STA I ES PA I ENT AND TRADEMARK OFFICE 

OF 

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

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

NOTICE OF ALLOWANCE AND FEE(S) DUE 

79141 7590 07/03/2018 

Morgan Lewis Bockius LLP / Jamie Zheng Ph.D. 
1400 Page Mill Road 
Palo Alto, CA 94304 

EXAMINER 

SUN, MICHAEL 

ART UNIT PAPER NUMBER 

2184 

DATE MAILED: 07/03/2018 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/820,076 11/21/2017 Hyun Lee 129980-5049US 

TITLE OF INVENTION: MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS 

8866 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0 $0 $1000 10/03/2018 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. It is 
patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www.uspto.gov/PatentMaintenanceFees. 
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iD 

UNITED STA I ES PA I ENT AND TRADEMARK OFFICE 

OF 

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

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

NOTICE OF ALLOWANCE AND FEE(S) DUE 

79141 7590 07/03/2018 

Morgan Lewis Bockius LLP / Jamie Zheng Ph.D. 
1400 Page Mill Road 
Palo Alto, CA 94304 

EXAMINER 

SUN, MICHAEL 

ART UNIT PAPER NUMBER 

2184 

DATE MAILED: 07/03/2018 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/820,076 11/21/2017 Hyun Lee 129980-5049US 

TITLE OF INVENTION: MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS 

8866 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0 $0 $1000 10/03/2018 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. It is 
patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www.uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

or Fax (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

79141 7590 07/03/2018 

Morgan Lewis Bockius LLP / Jamie Zheng Ph.D. 
1400 Page Mill Road 
Palo Alto, CA 94304 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/820,076 11/21/2017 Hyun Lee 129980-5049US 

TITLE OF INVENTION: MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS 

8866 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0 

EXAMINER ART UNIT CLASS-SUBCLASS 

SUN, MICHAEL 2184 710-310000 

$0 $1000 10/03/2018 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

❑ Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

❑ "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

2. For printing on the patent front page, list 

(1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

1 

2 

3 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : ❑ Individual ❑ Corporation or other private group entity ❑ Government 

4a. The following fee(s) are submitted: 

❑ Issue Fee 

❑ Publication Fee (No small entity discount permitted) 

❑ Advance Order - # of Copies 

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above) 

❑ A check is enclosed. 

❑ Payment by credit card. Form PTO-2038 is attached. 

Ul The director is hereby authorized to charge the required fee(s), any deficiency, or credits any 
overpayment, to Deposit Account Number (enclose an extra copy of this form). 

5. Change in Entity Status (from status indicated above) 

❑ Applicant certifying micro entity status. See 37 CFR 1.29 

❑ Applicant asserting small entity status. See 37 CFR 1.27 

❑ Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature 

Typed or printed name 

Date 

Registration No. 

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 

Page 2 of 3 Samsung Electronics Co., Ltd. 
OMB 0651-0033 U.S. Patent and Trademark OfficET)0.12002W112a COMMERCE 

PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

or Fax (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

79141 7590 07/03/2018 

Morgan Lewis Bockius LLP / Jamie Zheng Ph.D. 
1400 Page Mill Road 
Palo Alto, CA 94304 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/820,076 11/21/2017 Hyun Lee 129980-5049US 

TITLE OF INVENTION: MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS 

8866 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0 

EXAMINER ART UNIT CLASS-SUBCLASS 

SUN, MICHAEL 2184 710-310000 

$0 $1000 10/03/2018 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

❑ Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

❑ "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

2. For printing on the patent front page, list 

(1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

1 

2 

3 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : ❑ Individual ❑ Corporation or other private group entity ❑ Government 

4a. The following fee(s) are submitted: 

❑ Issue Fee 

❑ Publication Fee (No small entity discount permitted) 

❑ Advance Order - # of Copies 

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above) 

❑ A check is enclosed. 

❑ Payment by credit card. Form PTO-2038 is attached. 

❑ The director is hereby authorized to charge the required fee(s), any deficiency, or credits any 
overpayment, to Deposit Account Number (enclose an extra copy of this form). 

5. Change in Entity Status (from status indicated above) 

❑ Applicant certifying micro entity status. See 37 CFR 1.29 

❑ Applicant asserting small entity status. See 37 CFR 1.27 

❑ Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature 

Typed or printed name 

Date 

Registration No. 

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 
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iD 

UNITED STA IES PA PENT AND TRADEMARK OEEICE 

OF 

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

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

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/820,076 11/21/2017 

79141 7590 07/03/2018 

Morgan Lewis Bockius LLP / Jamie Zheng Ph.D. 
1400 Page Mill Road 
Palo Alto, CA 94304 

Hyun Lee 129980-5049US 8866 

EXAMINER 

SUN, MICHAEL 

ART UNIT PAPER NUMBER 

2184 

DATE MAILED: 07/03/2018 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the 
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See 
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer 
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to 
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant 
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the 
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term 
adjustment) should follow the process outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200. 
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UNITED STA IES PA PENT AND TRADEMARK OEEICE 

OF 

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

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

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/820,076 11/21/2017 

79141 7590 07/03/2018 

Morgan Lewis Bockius LLP / Jamie Zheng Ph.D. 
1400 Page Mill Road 
Palo Alto, CA 94304 

Hyun Lee 129980-5049US 8866 

EXAMINER 

SUN, MICHAEL 

ART UNIT PAPER NUMBER 

2184 

DATE MAILED: 07/03/2018 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the 
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See 
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer 
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to 
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant 
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the 
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term 
adjustment) should follow the process outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200. 
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and 
Budget approval before requesting most types of information from the public. When OMB approves an agency 
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration 
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the 
agency to inform the public about the OMB Control Number's legal significance in accordance with 5 CFR 
1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. 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. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 
1450, Alexandria, Virginia 22313-1450. 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. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the 
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which 
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination of 
proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is required 
by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to 
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes 
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 
218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under authority 
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations 
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. 
Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication 
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a 
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the 
record was filed in an application which became abandoned or in which the proceedings were terminated 
and which application is referenced by either a published application, an application open to public 
inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or p tential violation of law.or re_2ulation. 
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Application No. Applicant(s) 
15/820,076 LEE ET AL. 

Notice of Allowability Examiner 
MICHAEL SUN 

Art Unit 
2184 

AIA (First Inventor to File) 
Status 

No 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. El This communication is responsive to Applicant's Amendment filed 5/24/2018. 

❑ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on 

2. O An election was made by the applicant in response to a restriction requirement set forth during the interview on • the restriction 
requirement and election have been incorporated into this action. 

3. Z The allowed claim(s) is/are 1-12. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4. O Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) El All b) El Some *c) El None of the: 

1. O Certified copies of the priority documents have been received. 

2. O Certified copies of the priority documents have been received in Application No. . 

3. El Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received:  

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. O CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

O including changes required by the attached Examiner's Amendment / Comment or in the Office action of 
Paper No./Mail Date . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6. El DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. Z Notice of References Cited (PTO-892) 

2. O Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 

3. El Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. El Interview Summary (PTO-413), 
Paper No./Mail Date . 

5. O Examiner's Amendment/Comment 

6. Z Examiner's Statement of Reasons for Allowance 

7. O Other . 

/MICHAEL SUN/ 
Primary Examiner, Art Unit 2184 

U.S. Patent and Trademark Office 
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20180623 
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Application/Control Number: 15/820,076 Page 2 

Art Unit: 2184 

The present application is being examined under the pre-AIA first to invent provisions. 

DETAILED ACTION 

Status of the Application 

This Office Action is in response to Applicant's Amendment filed 5/24/2018. 

Claims 1-12 are pending for this examination. 

Claim 1 was amended. 

Claims 2-12 were added. 

Terminal Disclaimer 

The terminal disclaimer filed on 5/24/2018 disclaiming the terminal portion of any patent 

granted on this application which would extend beyond the expiration date of US Patent No. 

9,128,632; US Patent No. 9,563,587; and US Patent No. 9,824,035 has been reviewed and is 

accepted. The terminal disclaimer has been recorded. 

Allowable Subject Matter 

Claims 1-12 are allowed. 

The following is an examiner's statement of reasons for allowance: 

Prior art teaches memory module systems arranged into respective groups of memory 

devices, memory module systems with buffered memory modules, and memory module systems 

that implement delays for transmitting signals to the memory devices of each module, however, 

the prior art does not fairly teach or suggest, individually or in combination, a memory module 
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Application/Control Number: 15/820,076 Page 3 

Art Unit: 2184 

system with a plurality of buffers mounted in positions corresponding to the respective sets of 

data / strobe signal lines, each buffer providing data paths between the data / strobe signal lines 

and a set of memory devices and including logic that responds to control signals by enabling the 

data paths corresponding to memory operations between the data / strobe signal lines and the 

memory devices, wherein the logic is configured to obtain timing information based on signals 

received by the buffers during a second memory operation prior to the first memory operation 

and to control timing of the data and strobe signals on the data paths in accordance with the 

obtained timing information as claimed. These limitations find support in Applicant's 

Specification on Pages 5-30. The prior art of record neither anticipates nor renders obvious the 

above recited combination. 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 

Contact Information 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to MICHAEL SUN whose telephone number is (571)270-1724. 

The examiner can normally be reached on Monday-Thursday 6:45am-4:45pm. 

Examiner interviews are available via telephone, in-person, and video conferencing using 

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 
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Application/Control Number: 15/820,076 Page 4 

Art Unit: 2184 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Henry Tsai can be reached on 571-272-4176. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be 

obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/MICHAEL SUN/ 

Primary Examiner, Art Unit 2184 
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I BM_TDB 

S299 14 98 and first signal and second US-PGPUB; ADJ OFF 2018/06/23 
signal USPAT; 06:37 

USOCR; EPO; 
DERWENT; 
I BM_TDB 

EAST Search History (Interference) 

Ref 
# 

Hits Search Query DBs Default 
Operator 

Plurals Time 
Stamp 

S300 4730 ((710/5 OR 710/6 OR 710/7 OR 711/1 OR US- ADJ ON 2018/06/23 
1711/2 OR 711/3 OR 711/4 OR 711/154 OR PGPUB; 13:54 
711/155).CCLS. OR (G06F1/12 OR USPAT 
G06F13/ 1689 OR G06F12/0246 OR 

IG06F13/1694).CPC. ) and (memory).clm. and 
(buffer).clm. 

S301 417 S300 and (delay or time interval).clm. US- ADJ ON 2018/06/23 
PGPUB; 13:54 

 USPAT  

S302 275 S301 and (read or write).clm. US- ADJ ON 2018/06/23 
PGPUB; 13:54 

 USPAT  

S303 3 1S302 and (time transmitting or time US- ADJ ON 2018/06/23 
transmission).clm. PGPUB; 13:54 
 USPAT 
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EAST Search History 

BM_TDB 

94 440 memory module and buffer and US-PGPUB; ADJ OFF 2018/06/23 
(control signal and address signal 
and data signal and strobe signal) 

USPAT; 
USOCR; EPO; 

06:37 

DERWENT; 
 IBM TDB 

S295 323 94 and delay US-PGPUB; ADJ OFF 2018/06/23 
USPAT; 06:37 
USOCR; EPO; 
DERWENT; 

 I BM_TDB 

S296 160 95 and time interval US-PGPUB; ADJ OFF 2018/06/23 
USPAT; 06:37 
USOCR; EPO; 
DERWENT; 
I BM TDB -„„„„„„„„„„ 

97 141 96 and memory controller US-PGPUB; ADJ OFF 2018/06/23 
USPAT; 06:37 
USOCR; EPO; 
DERWENT; 

 IBM TDB 

98 51 97 and tim$3 transmission US-PGPUB; ADJ OFF 2018/06/23 
USPAT; 06:37 
USOCR; EPO; 
DERWENT; 
I BM_TDB 

S299 14 98 and first signal and second US-PGPUB; ADJ OFF 2018/06/23 
signal USPAT; 06:37 

USOCR; EPO; 
DERWENT; 
I BM_TDB 

EAST Search History (Interference) 

Ref 
# 

Hits Search Query DBs Default 
Operator 

Plurals Time 
Stamp 

S300 4730 ((710/5 OR 710/6 OR 710/7 OR 711/1 OR US- ADJ ON 2018/06/23 
1711/2 OR 711/3 OR 711/4 OR 711/154 OR PGPUB; 13:54 
711/155).CCLS. OR (G06F1/12 OR USPAT 
G06F13/ 1689 OR G06F12/0246 OR 

IG06F13/1694).CPC. ) and (memory).clm. and 
(buffer).clm. 

S301 417 S300 and (delay or time interval).clm. US- ADJ ON 2018/06/23 
PGPUB; 13:54 

 USPAT  

S302 275 S301 and (read or write).clm. US- ADJ ON 2018/06/23 
PGPUB; 13:54 

 USPAT  

S303 3 1S302 and (time transmitting or time US- ADJ ON 2018/06/23 
transmission).clm. PGPUB; 13:54 
 USPAT 

6/ 23/ 2018 2:02:47 PM 
C:\ Users\ msun\ Documents\ EAST\ Workspaces\ 15820076.wsp 

file:///C/Users/msun/Documents/e-Red%20Folder/15820076/EASTSearchHistory.15820076_AccessibleVersion.htm[6/23/2018 2:02:51 PM] 
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Search Notes 
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Application/Control No. 

15820076 

Applicant(s)/Patent Under 
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LEE ET AL. 

Examiner 

MICHAEL SUN 

Art Unit 

2184 

CPC- SEARCHED 

Symbol Date Examiner 
limited search of G06F 1/12 6/23/2018 MS 
limited search of G06F 13/1689 6/23/2018 MS 
limited search of G06F 12/0246 6/23/2018 MS 
limited search of G06F 13/1694 6/23/2018 MS 
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Symbol Date Examiner 
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4,1 
° UNIIED STATES PATENT AND TRADEMARK OFFICE 

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

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

BIB DATA SHEET 
CONFIRMATION NO. 8866 

SERIAL NUMBER 

15/820,076 

FILING or 371(c) 
DATE 

11/21/2017 

RULE 

CLASS 

710 

GROUP ART UNIT 

2184 

ATTORNEY DOCKET 
NO. 

129980-5049US 

APPLICANTS 
Netlist, Inc., Irvine, CA; 

INVENTORS 
Hyun Lee, Ladera Ranch, CA; 
Jayesh R. Bhakta, Cerritos, CA; 

** CONTINUING DATA ************************* 
This application is a CON of 15/426,064 02/07/2017 PAT 9824035 

which is a CON of 14/846,993 09/07/2015 PAT 9563587 
which is a CON of 13/952,599 07/27/2013 PAT 9128632 
which claims benefit of 61/676,883 07/27/2012 

** FOREIGN APPLICATIONS ************************* 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** 
12/20/2017 

Foreign Priority claimed U Yes V No 

35 USC 119(a-d) conditions met 0 Yes V No 

Verified and /MICHAEL SUN/ 

1] Y?c= ce 

STATE OR 
COUNTRY 

CA 

SHEETS 
DRAWINGS 

26 

TOTAL 
CLAIMS 

-1- I12 i 

INDEPENDENT 
CLAIMS 

1 Acknowledged Examiner's Signature Initials 

ADDRESS 

Morgan Lewis Bockius LLP / Jamie Zheng Ph.D. 
1400 Page Mill Road 
Palo Alto, CA 94304 
UNITED STATES 

TITLE 

MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS 

FILING FEE 
RECEIVED 

1600 

FEES: Authority has been given in Paper 

No. to charge/credit DEPOSIT ACCOUNT 

0 All Fees 

0 1.16 Fees (Filing) 

0 1.17 Fees (Processing Ext. of time)

0 1.18 Fees (Issue) No. for following: 

0 Other 

0 Credit 

BIB (Rev. 05/07). 

Samsung Electronics Co., Ltd. 
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This application is a CON of 15/426,064 02/07/2017 PAT 9824035 

which is a CON of 14/846,993 09/07/2015 PAT 9563587 
which is a CON of 13/952,599 07/27/2013 PAT 9128632 
which claims benefit of 61/676,883 07/27/2012 

** FOREIGN APPLICATIONS ************************* 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** 
12/20/2017 

Foreign Priority claimed U Yes V No 

35 USC 119(a-d) conditions met U Yes V No 

Verified and /MICHAEL SUN/ 

1] Y?c= ce 

STATE OR 
COUNTRY 

CA 

SHEETS 
DRAWINGS 

26 

TOTAL 
CLAIMS 

-1- I12 i 

INDEPENDENT 
CLAIMS 

1 Acknowledged Examiner's Signature Initials 

ADDRESS 

Morgan Lewis Bockius LLP / Jamie Zheng Ph.D. 
1400 Page Mill Road 
Palo Alto, CA 94304 
UNITED STATES 

TITLE 

MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS 

FILING FEE 
RECEIVED 

1600 

FEES: Authority has been given in Paper 

No. to charge/credit DEPOSIT ACCOUNT 

0 All Fees 

0 1.16 Fees (Filing) 

0 1.17 Fees (Processing Ext. of time)

0 1.18 Fees (Issue) No. for following: 

0 Other 

0 Credit 
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REQUEST FOR 
CONTINUED EXAMINATION (RCE) 

TRANSMITTAL 
Address to: 
Mail Stop RCE 
Commissioner of Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Electronically filed October 3, 2018 

Application Number 15/820,076 

Filing Date November 21, 2017 

First Named Inventor Hyun Lee 

Art Unit 2184 

Examiner Name Sun, Michael 

Attorney Docket No. 129980-5049-US 

This is a Request for Continued Examination (RCE) under 37 C.F.R. § 1.114 of the above-identified application. Request for Continued 
Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 1995, or to any design application. 

1. Submission required under 37 C.F.R. § 1.114 

NOTE: If the RCE is proper, any previously filed unentered amendments and amendments enclosed 
with the RCE will be entered in the order in which they were filed unless applicant instructs 
otherwise. If applicant does not wish to have any previously filed unentered amendment(s) entered, 
applicant must request non-entry of such amendment(s). 

a. • 

i. 

Previously 
as 

Ill 

submitted. If a final Office Action is outstanding, any amendments filed after the final Office Action may be considered 
a submission. 

Request for non-entry of amendment: Please do not entered the amendment submitted on 

ii. • Consider the arguments in the Appeal Brief or Reply Brief previously filed 

iii. III Other 

b. 4 

i. 

ii. 

iii. 

iv. 

Enclosed 

• 

• 

, 

• 

Amendment/Reply 

Affidavit(s)/Declaration(s) 

Information Disclosure Statement (IDS) 

Other 

2. Miscellaneous 

Suspension of action on the above-identified application is requested under 37 C.F.R. § 1.103(c) for a period of months. 
a . 

b. 

• 

II 
(Period 

Other 

of suspension shall not exceed 3 months; Fee under 37 C.F.R. § 1.17(i) required) 

3. Fees The RCE fee under 37 C.F.R. § 1.17(e) is required by 37 C.F.R. § 1.114 when the RCE is filed. 

a . A 

i. 

ii. 

iii. 

iv. 

The 
Lewis 

11 

• 

• 

• 

Director is hereby authorized to charge the following fees, any underpayment of fees, or credit any overpayments, to Morgan, 
& Bockius LLP Deposit Account No. 50-0310 (order no. 129980-5049-US). 

(1st request) RCE fee required under 37 C.F.R. § 1.17(e)(1), estimated to be $1300 (large entity) or $650 (small entity) 

(2nd or subsequent request) RCE fee required under 37 C.F.R. § 1.17(e)(2), estimated to be $1900 (large entity) or $950 (small 
entity) 
Extension of time fee required under 37 C.F.R. §§ 1.136 and 1.17, estimated to be $ for a month(s) extension, 
the request for which is being made herewith 

Other  

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

Name (Print/Type) 
' 

Jamie J. Zheng - Registration No. (Attorney/Agent) 51,167 

Signature ... 
< 

Date October 3, 2018 
\ 

CERTIFICATE OF MAILING OR TRANSMISSION 

I hereby certify that this correspondence is being deposited with the United States Postal Service as first class mail in an envelope addressed to: Mail Stop RCE, 
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, or by facsimile transmitted to fax no. 1-703- to the U.S. Patent and Trademark Office on 
the date indicated below. 

Name (Print/Type) Registration No. (Attorney/Agent) 

Signature Date 
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REQUEST FOR 
CONTINUED EXAMINATION (RCE) 

TRANSMITTAL 
Address to: 
Mail Stop RCE 
Commissioner of Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Electronically filed October 3, 2018 

Application Number 15/820,076 

Filing Date November 21, 2017 

First Named Inventor Hyun Lee 

Art Unit 2184 

Examiner Name Sun, Michael 

Attorney Docket No. 129980-5049-US 

This is a Request for Continued Examination (RCE) under 37 C.F.R. § 1.114 of the above-identified application. Request for Continued 
Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 1995, or to any design application. 

1. Submission required under 37 C.F.R. § 1.114 

NOTE: If the RCE is proper, any previously filed unentered amendments and amendments enclosed 
with the RCE will be entered in the order in which they were filed unless applicant instructs 
otherwise. If applicant does not wish to have any previously filed unentered amendment(s) entered, 
applicant must request non-entry of such amendment(s). 

a. • 

i. 

Previously 
as 

Ill 

submitted. If a final Office Action is outstanding, any amendments filed after the final Office Action may be considered 
a submission. 

Request for non-entry of amendment: Please do not entered the amendment submitted on 

ii. • Consider the arguments in the Appeal Brief or Reply Brief previously filed 

iii. III Other 

b. 4 

i. 

ii. 

iii. 

iv. 

Enclosed 

• 

• 

, 

• 

Amendment/Reply 

Affidavit(s)/Declaration(s) 

Information Disclosure Statement (IDS) 

Other 

2. Miscellaneous 

Suspension of action on the above-identified application is requested under 37 C.F.R. § 1.103(c) for a period of months. 
a . 

b. 

• 

II 
(Period 

Other 

of suspension shall not exceed 3 months; Fee under 37 C.F.R. § 1.17(i) required) 

3. Fees The RCE fee under 37 C.F.R. § 1.17(e) is required by 37 C.F.R. § 1.114 when the RCE is filed. 

a . A 

i. 

ii. 

iii. 

iv. 

The 
Lewis 

11 

• 

• 

• 

Director is hereby authorized to charge the following fees, any underpayment of fees, or credit any overpayments, to Morgan, 
& Bockius LLP Deposit Account No. 50-0310 (order no. 129980-5049-US). 

(1st request) RCE fee required under 37 C.F.R. § 1.17(e)(1), estimated to be $1300 (large entity) or $650 (small entity) 

(2nd or subsequent request) RCE fee required under 37 C.F.R. § 1.17(e)(2), estimated to be $1900 (large entity) or $950 (small 
entity) 
Extension of time fee required under 37 C.F.R. §§ 1.136 and 1.17, estimated to be $ for a month(s) extension, 
the request for which is being made herewith 

Other  

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

Name (Print/Type) 
' 

Jamie J. Zheng - Registration No. (Attorney/Agent) 51,167 

Signature ... 
< 

Date October 3, 2018 
\ 

CERTIFICATE OF MAILING OR TRANSMISSION 

I hereby certify that this correspondence is being deposited with the United States Postal Service as first class mail in an envelope addressed to: Mail Stop RCE, 
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, or by facsimile transmitted to fax no. 1-703- to the U.S. Patent and Trademark Office on 
the date indicated below. 

Name (Print/Type) Registration No. (Attorney/Agent) 

Signature Date 
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Electronically filed October 3, 2018 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: Lee et al. Confirmation No.: 8866 

Serial No.: 15/820,076 Art Unit: 2184 

Filed: November 21, 2017 Examiner: Sun, Michael 

For: MEMORY MODULE WITH Attorney Docket No.: 129980-5049-US 
TIMING-CONTROLLED DATA 
PATHS IN DISTRIBUTED DATA 
BUFFERS 

INFORMATION DISCLOSURE STATEMENT 

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

Sir: 

In accordance with the duty of disclosure provisions of 37 C.F.R. §1.56, there is hereby provided 
certain information which the Examiner may consider material to the examination of the subject U.S. 
patent application. It is requested that the Examiner make this information of record if it is deemed 
material to the examination of the application. 

1. Enclosures accompanying this Information Disclosure Statement are: 

1 a. [Z] A list of all patents, publications, applications, or other information submitted for 
consideration by the office. 

lb. A legible copy of: 

Each foreign patent; 

Each publication or that portion which caused it to be listed on the PTO-1449; 

L For each cited pending U.S. application, the application specification including the 
claims, and any drawing of the application, or portion of the application which caused it 
to be listed on the PTO-1449 including any claims directed to that portion; 

all other information or portion which caused it to be listed on the PTO-1449. 

1 c. An English language copy of search report(s) from a counterpart foreign application 
or PCT International Search Report. 

1 d. Explanations of relevancy (ATTACHMENT 1(d), hereto) or English language 
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Electronically filed October 3, 2018 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: Lee et al. Confirmation No.: 8866 

Serial No.: 15/820,076 Art Unit: 2184 

Filed: November 21, 2017 Examiner: Sun, Michael 

For: MEMORY MODULE WITH Attorney Docket No.: 129980-5049-US 
TIMING-CONTROLLED DATA 
PATHS IN DISTRIBUTED DATA 
BUFFERS 

INFORMATION DISCLOSURE STATEMENT 

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

Sir: 

In accordance with the duty of disclosure provisions of 37 C.F.R. §1.56, there is hereby provided 
certain information which the Examiner may consider material to the examination of the subject U.S. 
patent application. It is requested that the Examiner make this information of record if it is deemed 
material to the examination of the application. 

1. Enclosures accompanying this Information Disclosure Statement are: 

1 a. [Z] A list of all patents, publications, applications, or other information submitted for 
consideration by the office. 

lb. A legible copy of: 

[1 Each foreign patent; 

P Each publication or that portion which caused it to be listed on the PTO-1449; 

L For each cited pending U.S. application, the application specification including the 
claims, and any drawing of the application, or portion of the application which caused it 
to be listed on the PTO-1449 including any claims directed to that portion; 

I I all other information or portion which caused it to be listed on the PTO-1449. 

1 c. An English language copy of search report(s) from a counterpart foreign application 
or PCT International Search Report. 

ld. Explanations of relevancy (ATTACHMENT 1(d), hereto) or English language 
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abstracts of the non-English language publications. 

2. This Information Disclosure Statement is filed under 37 C.F.R. §1.97(b): 

Within three months of the filing date of a national application other than a continued 
prosecution application under §1.53(d); 

n Within three months of the date of entry of the national stage as set forth in §1.491 in 
an international application; 

Before the mailing of the first Office action on the merits; 

Lj Before the mailing of a first Office action after the filing of a request for continued 
examination under §1.114. 

3. This Information Disclosure Statement is filed under 37 C.F.R. §1.97(c) after the period 
specified in 37 C.F.R. §1.97(b), but before the mailing date of any of a final action under 
37 C.F.R. §1.113, a notice of allowance under 37 C.F.R. §1.311 or an action that 
otherwise closes prosecution in the application. 

(Check either Item 3a, 3b, 3c or 3d) 

3a. pi The Certification Statement in Item 5 below is applicable. Accordingly, no fee is 
required. 

3b. The $240 (large entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit Account 
No. 50-0310 (order no. ). 

3c. The $120 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit Account 
No. 50-0310 (order no. ). 

3d. 0 The $60 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit Account 
No. 50-0310 (order no. ). 

(Items 3b or 3c to be checked if any reference known for more than 3 months) 

4. This Information Disclosure Statement is filed under 37 C.F.R. §1.97(d) after the period 
specified in 37 C.F.R. §1.97(c), but on or before the date of payment of the issue fee. 

(Check Item 4a, and 4b, 4c or 4d) 

4a. The Certification Statement in Item 5 below is applicable. 

4b. The $240 (large entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit Account 
No. 50-0310 (order no. ). 

4c. The $120 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit Account 
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abstracts of the non-English language publications. 

2. 

3. 

This Information Disclosure Statement is filed under 37 C.F.R. §1.97(b): 

rl Within three months of the filing date of a national application other than a continued 
prosecution application under §1.53(d); 

n Within three months of the date of entry of the national stage as set forth in §1.491 in 
an international application; 

n Before the mailing of the first Office action on the merits; 

• Before the mailing of a first Office action after the filing of a request for continued 
examination under §1.114. 

This Information Disclosure Statement is filed under 37 C.F.R. §1.97(c) after the period 
specified in 37 C.F.R. §1.97(b), but before the mailing date of any of a final action under 
37 C.F.R. §1.113, a notice of allowance under 37 C.F.R. §1.311 or an action that 
otherwise closes prosecution in the application. 

(Check either Item 3a, 3b, 3c or 3d) 

3a. 1-1 The Certification Statement in Item 5 below is applicable. Accordingly, no fee is 
required. 

3b. ri The $240 (large entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit Account 
No. 50-0310 (order no. ). 

3c. The $120 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit Account 
No. 50-0310 (order no. ). 

3d. ❑ The $60 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit Account 
No. 50-0310 (order no. ). 

(Items 3b or 3c to be checked if any reference known for more than 3 months) 

4. This Information Disclosure Statement is filed under 37 C.F.R. §1.97(d) after the period 
specified in 37 C.F.R. §1.97(c), but on or before the date of payment of the issue fee. 

(Check Item 4a, and 4b, 4c or 4d) 

4a. r The Certification Statement in Item 5 below is applicable. 

4b. n The $240 (large entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit Account 
No. 50-0310 (order no. ). 

4c. ❑ The $120 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit Account 
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No. 50-0310 (order no. ). 

4d. Li The $60 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit Account 
No. 50-0310 (order no. ). 

5. 

6. 

Certification Statement (applicable if Item 3a or Item 4a is checked) 

(Check either Item 5a, 5b, 5c or 5d) 

5a. In accordance with 37 C.F.R. §1.97(e)(1), it is certified that each item of information 
contained in this information disclosure statement was first cited in a communication 
from a foreign patent office in a counterpart foreign application not more than three 
months prior to the filing of this Infolination Disclosure Statement. 

5b. ❑ In accordance with 37 C.F.R. §1.97(e)(2), it is certified that no item of information 
contained in the information disclosure statement was cited in a communication from 
a foreign patent office in a counterpart foreign application, and, to the knowledge of 
the person signing the certification after making reasonable inquiry, no item of 
infoiniation contained in the information disclosure statement was known to any 
individual designated in 37 C.F.R. §1.56(c) more than three months prior to the filing 
of this infoiination disclosure statement. 

5c. Each item of infoiination contained in this information disclosure statement was cited 
in a communication from a foreign patent office in a counterpart application, and the 
communication was not received by any individual designated in 37 C.F.R. §1.56(c) 
more than thirty days prior to the filing of this information disclosure statement. 

5d. Pursuant to 37 C.F.R. §1.704(d), each item of infoiination contained in this 
information disclosure statement was cited in a communication from a foreign patent 
office in a counterpart application, and the communication was not received by any 
individual designated in 37 C.F.R. §1.56(c) more than thirty days prior to the filing of 
this information disclosure statement. 

Copies of each cited U.S. patent and each U.S. patent application publication are not 
enclosed pursuant to the USPTO OG Notice dated 05 August 2003 waiving the 
requirement under 37 C.F.R. 1.98(a)(2)(i) for U.S. patent applications filed after June 30, 
2003. 

7. This application is a continuation application under 37 C.F.R. §1.53(b) or (d). 

(Check appropriate Items 7a, 7b and/or 7c) 

7a. ❑ A Petition to Withdraw from issue under 37 C.F.R. §1.313(b)(5) is concurrently filed 
herewith. 

7b. Copies of publications listed on Form PTO-1449 from prior application Serial Nos. 
15/426,064, filed on February 7, 2017; 14/846,993, filed on September 7, 2015 and 
13/952,599, filed on July 27, 2013, of which this application claims priority under 35 
U.S.C. §120, are not being submitted pursuant to 37 C.F.R. §1.98(d). 
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No. 50-0310 (order no. ). 

4d. Li The $60 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit Account 
No. 50-0310 (order no. ). 

5. 

6. 

Certification Statement (applicable if Item 3a or Item 4a is checked) 

(Check either Item 5a, 5b, 5c or 5d) 

5a. In accordance with 37 C.F.R. §1.97(e)(1), it is certified that each item of information 
contained in this information disclosure statement was first cited in a communication 
from a foreign patent office in a counterpart foreign application not more than three 
months prior to the filing of this Infolination Disclosure Statement. 

5b. ❑ In accordance with 37 C.F.R. §1.97(e)(2), it is certified that no item of information 
contained in the information disclosure statement was cited in a communication from 
a foreign patent office in a counterpart foreign application, and, to the knowledge of 
the person signing the certification after making reasonable inquiry, no item of 
infoiniation contained in the information disclosure statement was known to any 
individual designated in 37 C.F.R. §1.56(c) more than three months prior to the filing 
of this infoiination disclosure statement. 

5c. 

5d. 

Each item of infoiination contained in this information disclosure statement was cited 
in a communication from a foreign patent office in a counterpart application, and the 
communication was not received by any individual designated in 37 C.F.R. §1.56(c) 
more than thirty days prior to the filing of this information disclosure statement. 

Pursuant to 37 C.F.R. §1.704(d), each item of infoiination contained in this 
information disclosure statement was cited in a communication from a foreign patent 
office in a counterpart application, and the communication was not received by any 
individual designated in 37 C.F.R. §1.56(c) more than thirty days prior to the filing of 
this information disclosure statement. 

Copies of each cited U.S. patent and each U.S. patent application publication are not 
enclosed pursuant to the USPTO OG Notice dated 05 August 2003 waiving the 
requirement under 37 C.F.R. 1.98(a)(2)(i) for U.S. patent applications filed after June 30, 
2003. 

7. This application is a continuation application under 37 C.F.R. §1.53(b) or (d). 

(Check appropriate Items 7a, 7b and/or 7c) 

7a. ❑ A Petition to Withdraw from issue under 37 C.F.R. §1.313(b)(5) is concurrently filed 
herewith. 

7b. Copies of publications listed on Form PTO-1449 from prior application Serial Nos. 
15/426,064, filed on February 7, 2017; 14/846,993, filed on September 7, 2015 and 
13/952,599, filed on July 27, 2013, of which this application claims priority under 35 
U.S.C. §120, are not being submitted pursuant to 37 C.F.R. §1.98(d). 
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7c.   Copies of the publications listed on the attached Form PTO-1449 that were not 
previously cited in prior application Serial No. , filed on , are provided 
herewith. 

8. This is a Supplemental Information Disclosure Statement. (Check Item 8a) 

9. 

8a. This Supplemental Information Disclosure Statement under 37 C.F.R. §1.97(0 
supplements the Information Disclosure Statement filed on . A bona fide 
attempt was made to comply with 37 C.F.R. §1.98, but inadvertent omissions were 
made. These omissions have been corrected herein. Accordingly, additional time is 
requested so that this Supplemental Information Disclosure Statement can be 
considered as if properly filed on 

In accordance with 37 C.F.R. §1.98, a concise explanation of what is presently 
understood to be the relevance of each non-English language publication is: 

( Check Item 9a, 9b, or 9c) 

9a. n satisfied because all non-English language publications were cited on the enclosed 
English language copy of the PCT International Search Report or the search report 
from a counterpart foreign application indicating the degree of relevance found by 
the foreign office. 

9b. set forth in the application. 

9c. enclosed as an attachment hereto. 

10. El The Commissioner is authorized to charge any additional fee required or credit any 
overpayment for this Information Disclosure Statement and/or Petition to Morgan, Lewis 
& Bockius LLP Deposit Account No. 50-0310 (order no. 129980-5049-US). 

11. E No admission is made that the information cited in this Statement is, or is considered to 
be, material to patentability nor a representation that a search has been made (other than a 
search report of a foreign counterpart application or PCT International Search Report if 
submitted herewith). 37 C.F.R. §§1.97(g) and (h). 

Date: October 3, 2018 
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7c.   Copies of the publications listed on the attached Form PTO-1449 that were not 
previously cited in prior application Serial No. , filed on , are provided 
herewith. 

8. This is a Supplemental Information Disclosure Statement. (Check Item 8a) 

8a. —1 This Supplemental Information Disclosure Statement under 37 C.F.R. §1.97(0 
supplements the Information Disclosure Statement filed on . A bona fide 
attempt was made to comply with 37 C.F.R. §1.98, but inadvertent omissions were 
made. These omissions have been corrected herein. Accordingly, additional time is 
requested so that this Supplemental Information Disclosure Statement can be 
considered as if properly filed on 

9. 

10. 

11. 

In accordance with 37 C.F.R. §1.98, a concise explanation of what is presently 
understood to be the relevance of each non-English language publication is: 

( Check Item 9a, 9b, or 9c) 

9a. Fl satisfied because all non-English language publications were cited on the enclosed 
English language copy of the PCT International Search Report or the search report 
from a counterpart foreign application indicating the degree of relevance found by 
the foreign office. 

9b. 

9c. 

Li set forth in the application. 

P  enclosed as an attachment hereto. 

The Commissioner is authorized to charge any additional fee required or credit any 
overpayment for this Information Disclosure Statement and/or Petition to Morgan, Lewis 
& Bockius LLP Deposit Account No. 50-0310 (order no. 129980-5049-US). 

No admission is made that the information cited in this Statement is, or is considered to 
be, material to patentability nor a representation that a search has been made (other than a 
search report of a foreign counterpart application or PCT International Search Report if 
submitted herewith). 37 C.F.R. §§1.97(g) and (h). 

Date: October 3, 2018 

Respectfully submitt 

-51,167 
Jamie J. Zh'eng 
MORGAN, LEWIS & BOCKIUS LLP 

1400 Page Mill Road 
Palo Alto, CA 94304 
(650) 843-4000 
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1. 4218740 08-19-1980 MOTOROLA INC 
2. 4249253 02-03-1981 Gentili et al. 
3. 4368515 01-11-1983 Nielsen 
4. 4392212 07-05-1983 Miyasaka et al. 
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25. 5483497 01-09-1996 Mochizuki et al. 
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27. 5495435 02-27-1996 Sugahara 
28. 5513135 04-30-1996 Dell et al. 
29. 5532954 07-02-1996 Bechtolsheim et al. 
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32. 5581498 12-03-1996 Ludwig et al. 
33. 5590071 12-31-1996 Kolor et al. 
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1. 4218740 08-19-1980 MOTOROLA INC 
2. 4249253 02-03-1981 Gentili et al. 
3. 4368515 01-11-1983 Nielsen 
4. 4392212 07-05-1983 Miyasaka et al. 
5. 4571676 02-18-1986 Mantellina et al. 
6. 4592011 05-27-1986 Mantellina et al. 
7. 4633429 12-30-1986 Lewandowski et al. 
8. 4670748 06-02-1987 Williams 

9. 4706214 11-10-1987 Mitsubishi Denki
Kahtishiki Ka isha 

10. 4866603 09-02-1989 Chiba 
11. 4958322 09-18-1990 Kosugi et al. 
12. 4961172 10-02-1990 Shubat et al. 
13. 4961204 10-02-1990 Hitachi Ltd 
14. 4980850 12-25-1990 Morgan 
15. 5060188 10-22-1991 Zulian et al. 
16. 5247643 09-21-1993 Shottan 
17. 5272664 12-21-1993 Silicon Graphics 
18. 5345412 09-06-1994 Shiratsuchi 

19. 5357478 10-18-1994 Mitsubishi Electric
Corn 

20. 5388072 02-07-1995 IBM 
21. 5388240 02-01-1995 IBM Corporation 
22. 5392252 02-21-1995 Visi Technology 
23. 5426753 06-20-1995 Moon 
24. 5463590 10-31-1995 Watanabe 
25. 5483497 01-09-1996 Mochizuki et al. 
26. 5485589 01-16-1996 Dell Usa Lp 
27. 5495435 02-27-1996 Sugahara 
28. 5513135 04-30-1996 Dell et al. 
29. 5532954 07-02-1996 Bechtolsheim et al. 
30. 5541448 07-30-1996 Carpenter 
31. 5572691 11-05-1996 Koudmani 
32. 5581498 12-03-1996 Ludwig et al. 
33. 5590071 12-31-1996 Kolor et al. 
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35. 5638534 06-10-1997 Samsung
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37. 5699542 12-16-1997 Mehta et al. 
38. 5702984 12-30-1997 Bertin et al. 
39. 5703826 12-30-1997 Hush et al. 
40. 5745914 04-28-1998 Connolly et al. 

41. 5764590 06-09-1998 Mitsubishi Electric
r_nrri 

42. 5784705 07-21-1998 Leung, Winoyu 
43. 5784705 07-21-1998 Jr Albert Pesak 
44. 5802395 09-01-1998 Connolly et al. 
45. 5805520 09-08-1998 Anglada et al. 
46. 5822251 10-13-1998 Bruce et al. 
47. 5909388 06-01-1999 Siemens Aq 
48. 5926827 07-20-1999 Dell et al. 
49. 5926839 07-20-1999 IBM 
50. 5953215 09-14-1999 Karabatsos, Chris 
51. 5953280 09-14-1999 Matsui 
52. 5958025 09-01-1999 Nippon Electric Co 
53. 5959930 09-28-1999 Sakurai 
54. 5963464 10-05-1999 Dell et al. 
55. 5966736 10-12-1999 Gittinger et al. 

56. 5974493 10-26-1999 Mitsubishi Electric
r_nrri 

57. 6011710 01-04-2000 VViciciers 
58. 6018787 01-25-2000 1p 
59. 6044032 03-28-2000 Li 
60. 6070217 05-30-2000 Connolly et al. 
61. 6070227 05-30-2000 Rokicki 
62. 6097652 08-01-2000 Roh 
63. 6108745 08-22-2000 Gupta et al. 
64. 6115278 09-05-2000 Deneroff et al. 
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55. 5966736 10-12-1999 Gittinger et al. 

56. 5974493 10-26-1999 Mitsubishi Electric
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61. 6070227 05-30-2000 Rokicki 
62. 6097652 08-01-2000 Roh 
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1023, 'Decision Denying Institution of Inter Partes Review of U.S. Patent No. 
8,516,185, Smart Modular Techs. Inc. v. Netlist, Inc., IPR2014-01369, Paper No. 12 
Mar. 9, 2015,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1024, 'Excerpts from the Hearing in Certain Memory Modules and Components 
Thereof, and Products Containing Same, Inv. No. 337-TA-1023 May 8, 2017,' filed 
December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1025, 'Complainant Netlist, Inc.'s Initial Post-Hearing Brief, Certain Memory 
Modules and Components Thereof, and Products Containing Same, Inv. No. 337-TA-
1023 May 30, 2017 excerpts relevant to '185 patent,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1026, 'Respondents' Post-Hearing Brief, Certain Memory Modules and Components 
Thereof, and Products Containing Same, Inv. No. 337-TA-1023 May 30, 2017 
excerpts relevant to '185 patent,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1027, 'High-quality versions of demonstrative graphics included in Respondents' 
Post-Hearing Brief (Ex.1026),' filed December, 22, 2017 
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Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent 
Owner's Preliminary Response, filed April, 9, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1003, 'Declaration of Dr. Harold Stone,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1009, 'JEDEC Standard Double Data Rate DDR SDRAM Specification, JESD79 
June 2000,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1010, 'JEDEC Standard 21-C, DDR SDRAM Registered DIMM Design 
Specification January 2002,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1011, 'JEDEC Standard DDR2 SDRAM Specification, JESD79-2B January 2005,' 
filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1012, 'Declaration of John J. Kelly Regarding Records of Joint Electron Device 
Engineering Council JEDEC,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1022, 'Decision Denying Institution of Inter Partes Review of U.S. Patent No. 
8,516,185, SanDisk Corp. v. Netlist, Inc., IPR2014-01029, Paper No. 11 Dec. 16, 
2014,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1023, 'Decision Denying Institution of Inter Partes Review of U.S. Patent No. 
8,516,185, Smart Modular Techs. Inc. v. Netlist, Inc., IPR2014-01369, Paper No. 12 
Mar. 9, 2015,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1024, 'Excerpts from the Hearing in Certain Memory Modules and Components 
Thereof, and Products Containing Same, Inv. No. 337-TA-1023 May 8, 2017,' filed 
December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1025, 'Complainant Netlist, Inc.'s Initial Post-Hearing Brief, Certain Memory 
Modules and Components Thereof, and Products Containing Same, Inv. No. 337-TA-
1023 May 30, 2017 excerpts relevant to '185 patent,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1026, 'Respondents' Post-Hearing Brief, Certain Memory Modules and Components 
Thereof, and Products Containing Same, Inv. No. 337-TA-1023 May 30, 2017 
excerpts relevant to '185 patent,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1027, 'High-quality versions of demonstrative graphics included in Respondents' 
Post-Hearing Brief (Ex.1026),' filed December, 22, 2017 
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Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1028, 'Complainant Netlist Inc.'s Reply Post-Hearing Brief, Certain Memory 
Modules and Components Thereof, and Products Containing Same, Inv. No. 337-TA-
1023 (June 9, 2017) (excerpts relevant to '185 patent),' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1029, 'Respondents' Reply Post-Hearing Brief, Certain Memory Modules and 
Components Thereof, and Products Containing Same, Inv. No. 337-TA-1023 (June 9, 
2017) (excerpts relevant to '185 patent),' filed December, 22, 2017 

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1030, 'High-quality versions of demonstrative graphics included in Respondents' 
Reply Post-Hearing Brief (Ex.1029),' filed December, 22, 2017 

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1031, 'Institution of Inter Partes Review of U.S. Patent No. 8,516,185, SK hynix Inc. 
et al. v. Netlist, Inc., IPR2017-00577, Paper No. 8 (July 7, 2017),' filed December, 
22, 2017. 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1032, 'Final Written Decision, Diablo Techs., Inc. v. Netlist, Inc., IPR2014-00882, 
Paper No. 33 (Dec. 14, 2015),' filed December, 22, 2017. 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1033, 'Netlist, Inc. v. Diablo Techs., Inc., No. 2016-1742 (Fed. Cir. July 25, 2017),' 
filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1034, 'Netlist's Infringement Claim Chart for U.S. Patent No. 9,606,907 June 14, 
2017,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1035, 'Stone, H.S. Microcomputer Interfacing, Reading, MA: Addison Wesley, 
1982,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1039, 'Intel E7525 Memory Controller Hub (MCH) Chipset Datasheet (June 2004),' 
filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1040, 'Initial Determination, Certain Memory Modules and Components Thereof, and 
Products Containing Same, Inv. No. 337-TA-1023 (Nov. 14, 2017) (redacted 
excerpts),' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1041, 'Bruce Jacob et al., Memory System: Cache, DRAM, Disk (2008) (excerpts),' 
filed December, 22, 2017 
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Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1028, 'Complainant Netlist Inc.'s Reply Post-Hearing Brief, Certain Memory 
Modules and Components Thereof, and Products Containing Same, Inv. No. 337-TA-
1023 (June 9, 2017) (excerpts relevant to '185 patent),' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1029, 'Respondents' Reply Post-Hearing Brief, Certain Memory Modules and 
Components Thereof, and Products Containing Same, Inv. No. 337-TA-1023 (June 9, 
2017) (excerpts relevant to '185 patent),' filed December, 22, 2017 

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1030, 'High-quality versions of demonstrative graphics included in Respondents' 
Reply Post-Hearing Brief (Ex.1029),' filed December, 22, 2017 

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1031, 'Institution of Inter Partes Review of U.S. Patent No. 8,516,185, SK hynix Inc. 
et al. v. Netlist, Inc., IPR2017-00577, Paper No. 8 (July 7, 2017),' filed December, 
22, 2017. 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1032, 'Final Written Decision, Diablo Techs., Inc. v. Netlist, Inc., IPR2014-00882, 
Paper No. 33 (Dec. 14, 2015),' filed December, 22, 2017. 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1033, 'Netlist, Inc. v. Diablo Techs., Inc., No. 2016-1742 (Fed. Cir. July 25, 2017),' 
filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1034, 'Netlist's Infringement Claim Chart for U.S. Patent No. 9,606,907 June 14, 
2017,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1035, 'Stone, H.S. Microcomputer Interfacing, Reading, MA: Addison Wesley, 
1982,' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1039, 'Intel E7525 Memory Controller Hub (MCH) Chipset Datasheet (June 2004),' 
filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1040, 'Initial Determination, Certain Memory Modules and Components Thereof, and 
Products Containing Same, Inv. No. 337-TA-1023 (Nov. 14, 2017) (redacted 
excerpts),' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1041, 'Bruce Jacob et al., Memory System: Cache, DRAM, Disk (2008) (excerpts),' 
filed December, 22, 2017 
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Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1042, 'Direct RDRAM datasheet (2000),' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Petition for 
Review of U.S. Patent No. 9,606,907, filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, 
Preliminary Response, filed April 10, 2018 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, Petition for 
Inter Partes Review of U.S. Patent No. 9,606,907, filed December, 27, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00365, Petition for 
Inter Partes Review of U.S. Patent No. 9,606,907, filed December, 27, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petition for 
Inter Partes Review, filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent 
Owner's Preliminary Response, filed April, 9, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent 
Owner's Response, filed September, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioners' 
Objections to Evidence, filed September, 22, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioners 
Motion to Exclude Certain Inadmissible Testimony of Patent Owners Expert Carl 
Sechen, filed January, 9, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioners 
Request for Oral Hearing, filed January, 9, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, PO 
Request for Oral Argument, filed January, 9, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, PO Motion 
for Observations, filed January, 9, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioners' 
Response to Patent Owner's Motion for Observations, filed January, 23, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, PO's 
Opposition to Petitioner's Motion to Exclude, filed January, 23, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioners' 
Reply In Support Of Motion to Exclude Certain Inadmissible Testimony Of Patent 
Owner's Expert Carl Sechen, filed January, 30, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioners' 
Updated Exhibit List, filed February, 9, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent 
Owner's Updated Exhibit List, filed February, 9, 2018 
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Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS 
1042, 'Direct RDRAM datasheet (2000),' filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Petition for 
Review of U.S. Patent No. 9,606,907, filed December, 22, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, 
Preliminary Response, filed April 10, 2018 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, Petition for 
Inter Partes Review of U.S. Patent No. 9,606,907, filed December, 27, 2017 
Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00365, Petition for 
Inter Partes Review of U.S. Patent No. 9,606,907, filed December, 27, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petition for 
Inter Partes Review, filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent 
Owner's Preliminary Response, filed April, 9, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent 
Owner's Response, filed September, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioners' 
Objections to Evidence, filed September, 22, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioners 
Motion to Exclude Certain Inadmissible Testimony of Patent Owners Expert Carl 
Sechen, filed January, 9, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioners 
Request for Oral Hearing, filed January, 9, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, PO 
Request for Oral Argument, filed January, 9, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, PO Motion 
for Observations, filed January, 9, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioners' 
Response to Patent Owner's Motion for Observations, filed January, 23, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, PO's 
Opposition to Petitioner's Motion to Exclude, filed January, 23, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioners' 
Reply In Support Of Motion to Exclude Certain Inadmissible Testimony Of Patent 
Owner's Expert Carl Sechen, filed January, 30, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioners' 
Updated Exhibit List, filed February, 9, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent 
Owner's Updated Exhibit List, filed February, 9, 2018 

Examiner's Date 
Signature Considered 

DB2/ 35059646.1 

Micron Technology Inc. et al. 
Ex. 1002, p. 169



INFORMATION DISCLOSURE 
CITATION 

Substitute for Form 1449-PTO 

Electronically filed October 3, 2018 
Application Number 15/820,076 
Filing Date November 21, 2017 
First Named Inventor Hyun Lee 
Art Unit 2184 
Examiner Name SUN, Michael 

Sheet 5 of 29 Attorney Docket Number 129980-5049-US 

Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Trial 
Instituted Document, filed May, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, ORDER 
Trial Hearing, filed January, 25, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Hearing 
Transcript, filed March, 22, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Final 
Written Decision, filed May 3, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1002, 'Excerpts of FH for U.S. Patent 8,756,364,' filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1003, 'Declaration of Harold Stone,' filed December, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1007, 'JEDEC JESD79 publication (June 2000),' filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1008, 'JEDEC Declaration for DDR Specification,' filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1015, 'Texas Instruments 74LS245 datasheet (2002),' filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1017, '2000-03 Samsung CMOS SDRM data sheet,' filed September, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1019, 'Final Decision [IPR2014-01011],' filed September, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1020, 'Final Decision [IPR2014-00883],' filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1023, 'Gordon Moore 1965 article,' filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1024, 'Deposition Transcript of Carl Sechen (Dec. 8, 2017),' filed December, 15, 
2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1025, 'Supplemental Declaration of Harold S. Stone (Dec. 15, 2017),' filed 
December, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1026, 'Xilinx CoolRunner XPLA3 CPLD product specification (2000),' filed 
December, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1027, 'Xilinx Programmable Logic Design Quick Start Handbook (2004),' filed 
January, 9, 2018 

Examiner's Date 
Signature Considered 

DB2/ 35059646.1 

Samsung Electronics Co., Ltd. 

Ex. 1002, p. 170 

INFORMATION DISCLOSURE 
CITATION 

Substitute for Form 1449-PTO 

Electronically filed October 3, 2018 
Application Number 15/820,076 
Filing Date November 21, 2017 
First Named Inventor Hyun Lee 
Art Unit 2184 
Examiner Name SUN, Michael 

Sheet 5 of 29 Attorney Docket Number 129980-5049-US 

Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Trial 
Instituted Document, filed May, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, ORDER 
Trial Hearing, filed January, 25, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Hearing 
Transcript, filed March, 22, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Final 
Written Decision, filed May 3, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1002, 'Excerpts of FH for U.S. Patent 8,756,364,' filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1003, 'Declaration of Harold Stone,' filed December, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1007, 'JEDEC JESD79 publication (June 2000),' filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1008, 'JEDEC Declaration for DDR Specification,' filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1015, 'Texas Instruments 74LS245 datasheet (2002),' filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1017, '2000-03 Samsung CMOS SDRM data sheet,' filed September, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1019, 'Final Decision [IPR2014-01011],' filed September, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1020, 'Final Decision [IPR2014-00883],' filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1023, 'Gordon Moore 1965 article,' filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1024, 'Deposition Transcript of Carl Sechen (Dec. 8, 2017),' filed December, 15, 
2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1025, 'Supplemental Declaration of Harold S. Stone (Dec. 15, 2017),' filed 
December, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1026, 'Xilinx CoolRunner XPLA3 CPLD product specification (2000),' filed 
December, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1027, 'Xilinx Programmable Logic Design Quick Start Handbook (2004),' filed 
January, 9, 2018 

Examiner's Date 
Signature Considered 

DB2/ 35059646.1 

Micron Technology Inc. et al. 
Ex. 1002, p. 170



INFORMATION DISCLOSURE 
CITATION 

Substitute for Form 1449-PTO 

Electronically filed October 3, 2018 
Application Number 15/820,076 
Filing Date November 21, 2017 
First Named Inventor Hyun Lee 
Art Unit 2184 
Examiner Name SUN, Michael 

Sheet 6 of 29 Attorney Docket Number 129980-5049-US 

Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1028, 'Xilinx TQFP package datasheet (2000),' filed January, 9, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1029, 'Xilinx VQFP package datasheet (2002),' filed February, 9, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1030, 'Xilinx CS280 package datasheet (1999),' filed December, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
1031, 'Petitioners Demonstratives,' filed April, 9, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
2001, 'Exhibit 2001,' filed December, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
2002, 'Exhibit 2002,' filed December, 15, 2017 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
2003, 'Exhibit 2003,' filed February, 9, 2018 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
2004, 'Exhibit 2004,' filed December, 30, 2016 
Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBITS 
2005, 'Exhibit 2005,' filed September, 15, 2017 
Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Patent 
Owner's Preliminary Response, filed April, 10, 2017 
Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Petitioners' 
Updated Exhibit List, filed June, 21, 2017 
Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Patent 
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Petition for Inter Partes Review, "Declaration of Dr. Nader Bagherzadeh under 
37 C.F.R. § 1.68," filed on September 22, 2014. 
Inter Partes Review Case No. IPR2014-01369, Exhibit 1013 to Corrected 
Petition for Inter Partes Review, "Webster's II New College Dictionary," filed on 
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Inter Partes Review Case No. IPR2014-00882, Corrected Petition for Inter Partes 
Review of U.S. Patent No. 7,881,150, filed on July 8, 2014. 
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Inter Partes Review, "Declaration of Dr. Srinivasan Jagannathan," filed on 
June 22, 2014. 

Inter Partes Review Case No. IPR2014-00883, Corrected Petition for Inter Partes 
Review of U.S. Patent No. 8,081,536, filed on July 8, 2014. 

Inter Partes Review Case No. IPR2014-00883, Exhibit 1011 to Petition for 
Inter Partes Review, "Declaration of Dr. Srinivasan Jagannathan," filed on 
June 21, 2014. 

Inter Partes Review Case No. IPR2014-01011, Corrected Petition for Inter Partes 
Review of U.S. Patent No. 7,881,150, filed on July 8, 2014. 

Inter Partes Review Case No. IPR2014-01011, Exhibit 1007 to Petition 
for Inter Partes Review, "Declaration of Dr. Srinivasan J 
Jagannathan." filed on June 22, 2014. 

Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-00882, 
Patent Owner's Preliminary Response Pursuant to 37 C.F.R. § 42.107, filed 
October 7, 2014 

Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-
00882, Decision - Institution of Inter Partes Review 37 C.F.R. § 42.108, 
issued December 16, 2014 

Inter Partes Review of U.S. Patent No. 8,081,536, IPR Case No. IPR2014-00883, 
Patent Owner's Preliminary Response Pursuant to 37 C.F.R. § 42.107, filed 
October 7, 2014 

Inter Partes Review of U.S. Patent No. 8,081,536, IPR Case No. IPR2014-
00883, Decision - Institution of Inter Partes Review 37 C.F.R. § 42.108, 
issued December 16, 2014 
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Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-01011, 
Patent Owner's Preliminary Response Pursuant to 37 C.F.R. § 42.107, filed 
October 7, 2014 

Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-
01011, Decision - Institution of Inter Partes Review 37 C.F.R. § 42.108, 
issued December 16, 2014 

Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-01011, 
Exhibit 3001 to Decision - Institution of Inter Partes Review, Excerpts from 
IEEE Dictionary, issued December 16,2014 

Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-
01011, Exhibit 3002 to Decision - Institution of Inter Partes Review, Excerpts 
from IEEE Dictionary, issued December 16,2014 

Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-
01011, Exhibit 3003 to Decision - Institution of Inter Partes Review, Excerpts 
from Oxford English Dictionary, issued December 16, 2014 

Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-01011, 
Exhibit 3004 to Decision - Institution of Inter Partes Review, Excerpts from 
Oxford English Dictionary, issued December 16, 2014 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Petitionerls Reply, filed May 19, 2016 
Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Petitioner Request for Oral Argument, filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
PATENT OWNER MOTION FOR OBSERVATIONS, filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
PATENT OWNER REQUEST FOR ORAL ARGUMENT, filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
ORDER Trial Hearing, filed June 8, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Patent Ownerls SUBMISSION ON PROPRIETY OF PETITIONER 
REPLY, filed June 9, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Petitionerls Response to Motion for Observations, filed June 10, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
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Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-01011, 
Patent Owner's Preliminary Response Pursuant to 37 C.F.R. § 42.107, filed 
October 7, 2014 

Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-
01011, Decision - Institution of Inter Partes Review 37 C.F.R. § 42.108, 
issued December 16, 2014 

Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-01011, 
Exhibit 3001 to Decision - Institution of Inter Partes Review, Excerpts from 
IEEE Dictionary, issued December 16,2014 

Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-
01011, Exhibit 3002 to Decision - Institution of Inter Partes Review, Excerpts 
from IEEE Dictionary, issued December 16,2014 

Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-
01011, Exhibit 3003 to Decision - Institution of Inter Partes Review, Excerpts 
from Oxford English Dictionary, issued December 16, 2014 

Inter Partes Review of U.S. Patent No. 7,881,150, IPR Case No. IPR2014-01011, 
Exhibit 3004 to Decision - Institution of Inter Partes Review, Excerpts from 
Oxford English Dictionary, issued December 16, 2014 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Petitionerls Reply, filed May 19, 2016 
Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Petitioner Request for Oral Argument, filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
PATENT OWNER MOTION FOR OBSERVATIONS, filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
PATENT OWNER REQUEST FOR ORAL ARGUMENT, filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
ORDER Trial Hearing, filed June 8, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Patent Ownerls SUBMISSION ON PROPRIETY OF PETITIONER 
REPLY, filed June 9, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Petitionerls Response to Motion for Observations, filed June 10, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Petitionerls Response to Netlistl s Submission, filed June 13, 2016 
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Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Patent Ownerls Objections to Petitionerls Demonstrative Exhibits, filed June 
23, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Patent Ownerls Demonstrative Exhibits, filed June 24, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Petitionerls Updated Exhibit List, filed June 24, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Supplemental Declaration of Dr. Jagannathan, filed May 19, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
May 10, 2016 Deposition of Carl Sechen, filed May 19, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Petitionerls Demonstrative Exhibits, filed June 24, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Exhibit 2007, "Deposition of Dr. Srinivasan Jagannathan on May 25, 2016," 
filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Petitionerls Reply, filed May 19, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Petitioner Request for Oral Argument, filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
PATENT OWNER MOTION FOR OBSERVATIONS, filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
PATENT OWNER REQUEST FOR ORAL ARGUMENT, filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Patent Ownerl s SUBMISSION ON PROPRIETY OF PETITIONER 
REPLY, filed June 9, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Petitionerls Response to Motion for Observations, filed June 10, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Petitionerls Response to Patent Ownerls Submission, filed June 13, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Patent Ownerls Objections to Petitionerls Demonstrative Exhibits, filed June 
23, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Patent Ownerls Demonstrative Exhibits, filed June 24, 2016 
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Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Patent Ownerls Objections to Petitionerls Demonstrative Exhibits, filed June 
23, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Patent Ownerls Demonstrative Exhibits, filed June 24, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Petitionerls Updated Exhibit List, filed June 24, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Supplemental Declaration of Dr. Jagannathan, filed May 19, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
May 10, 2016 Deposition of Carl Sechen, filed May 19, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Petitionerls Demonstrative Exhibits, filed June 24, 2016 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, 
Exhibit 2007, "Deposition of Dr. Srinivasan Jagannathan on May 25, 2016," 
filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Petitionerls Reply, filed May 19, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Petitioner Request for Oral Argument, filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
PATENT OWNER MOTION FOR OBSERVATIONS, filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
PATENT OWNER REQUEST FOR ORAL ARGUMENT, filed June 2, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Patent Ownerl s SUBMISSION ON PROPRIETY OF PETITIONER 
REPLY, filed June 9, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Petitionerls Response to Motion for Observations, filed June 10, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Petitionerls Response to Patent Ownerls Submission, filed June 13, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Patent Ownerls Objections to Petitionerls Demonstrative Exhibits, filed June 
23, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Patent Ownerls Demonstrative Exhibits, filed June 24, 2016 
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Inter Partes Review ofU.S. Patent No. 8081536, Case No. IPR2015-01021, 
Petitionerls Updated Exhibit List, filed June 24, 2016 

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, 
Supplemental Declaration of Dr. Jagannathan, filed May 19, 2016 

Inter Partes Review of U.S. Patent No. 8756364, Case No. IPR2017-
00549, Petition for Inter Partes Review, filed December 30, 2016 

Inter Partes Review of U.S. Patent No. 8756364, Case No. IPR2017-
00549, Exhibit 1003, "Declaration of Harold S. Stone," filed December 30, 
2016 

Inter Partes Review of U.S. Patent No. 8516185, Case No. IPR2017-
00577, Petition for Inter Partes Review, filed January 5, 2017 

Inter Partes Review of U.S. Patent No. 8516185, Case No. IPR2017-
00577, Exhibit 1003, "Declaration of Harold S. Stone," filed January 5, 
2017 

Inter Partes Review of U.S. Patent No. 8516185, Case No. IPR2017-00577, 
Exhibit 1010, Declaration of John J. Kelly Regarding Records of Joint 
Electron Device Engineering Council (JEDEC), filed January 5, 2017 
Horowitz, "The Art of Electronics," Cambridge Univ. Press, 1989, selected 
pages 
Huang et al, "An Efficient Parallel Transparent BIST Method for Multiple 
Embedded Memory Buffers," VLSI Design 2011, p. 379 
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June 9, 2010, 33 pages. 

Non-Final Action mailed September 27, 2011, for Control No. 95/001,337, 
filed April 19, 2010, 19 pages. 

Non-Final Action mailed October 4, 2011, for Control No. 95/001,339, filed 
April 20, 2010, 77 pages. (merged with 95/000,578 and 95/000,579) 

Non-Final Action mailed October 14, 2011, for Control No. 95/001,339, filed 
April 30, 2010, 99 pages. (merged with 95/000,578 and 95/000,579) 

Non-Final Office Action mailed November 16, 2011, for Application 
No. 95/001,758 filed September 14, 2011, 25 pages. 

Order Granting Request for Inter Partes Reexamination mailed November 16, 
2011, for Application No. 95/001,758, filed September 14, 2011, 13 pages. 

Order Granting Request for Inter Partes Reexamination mailed August 9, 2010, 
for Control No. 95/000,546, filed May 11, 2010, 22 pages. 

Order Granting Request for Inter Partes Reexamination mailed August 27, 
2010, for Control No. 95/001,337, filed April 19, 2010, 21 pages. 

Order Granting Request for Inter Partes Reexamination mailed September 1, 
2010, for Control No. 95/001,339, filed April 20, 2010, 14 pages. 

Order Granting Request for Inter Partes Reexamination mailed September 8, 
2010, for Control No. 95/000,381, filed June 9, 2010, 21 pages. 

Order Granting Request for Inter Partes Reexamination mailed January 14, 
2011, for Control No. 95/000,579, filed Oct. 21, 2010, 12 pages. 

Order Granting Request for Inter Partes Reexamination mailed January 18, 
2011, for Control No. 95/000,577, filed Oct. 20, 2010, 17 pages. 

Right of appeal Notice mailed Feb. 7, 2012, for Control No. 95/001,381, 33 
pages. 

Right of Appeal Notice mailed June 22, 2012, for Control No. 95/001,337, 
filed June 4 2010, 34 pages. 

PC133 SDRAM Registered DIMM Design Specification, Revision 1.1, Aug. 
1999, 62 pages. 
Texas Instruments, "TM2SR72EPN 2097152 by 72-Bit, TM4SRT2EPN 
4194304 by 72-Bit, Synchronous Dynamic RAM Modules," 1997, 15 
pages. 

U.S. District Court Central District of California, Case No. CV09 06900, Netlist, 
Inc. vs. Inphi Corporation, Complaint For Patent Infringement, filed Sept. 22, 
2009 in 10 pages. 
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Non-Final Action mailed June 15, 2011, for Control No. 95/001,381, filed 
June 9, 2010, 33 pages. 

Non-Final Action mailed September 27, 2011, for Control No. 95/001,337, 
filed April 19, 2010, 19 pages. 

Non-Final Action mailed October 4, 2011, for Control No. 95/001,339, filed 
April 20, 2010, 77 pages. (merged with 95/000,578 and 95/000,579) 

Non-Final Action mailed October 14, 2011, for Control No. 95/001,339, filed 
April 30, 2010, 99 pages. (merged with 95/000,578 and 95/000,579) 

Non-Final Office Action mailed November 16, 2011, for Application 
No. 95/001,758 filed September 14, 2011, 25 pages. 

Order Granting Request for Inter Partes Reexamination mailed November 16, 
2011, for Application No. 95/001,758, filed September 14, 2011, 13 pages. 

Order Granting Request for Inter Partes Reexamination mailed August 9, 2010, 
for Control No. 95/000,546, filed May 11, 2010, 22 pages. 

Order Granting Request for Inter Partes Reexamination mailed August 27, 
2010, for Control No. 95/001,337, filed April 19, 2010, 21 pages. 

Order Granting Request for Inter Partes Reexamination mailed September 1, 
2010, for Control No. 95/001,339, filed April 20, 2010, 14 pages. 

Order Granting Request for Inter Partes Reexamination mailed September 8, 
2010, for Control No. 95/000,381, filed June 9, 2010, 21 pages. 

Order Granting Request for Inter Partes Reexamination mailed January 14, 
2011, for Control No. 95/000,579, filed Oct. 21, 2010, 12 pages. 

Order Granting Request for Inter Partes Reexamination mailed January 18, 
2011, for Control No. 95/000,577, filed Oct. 20, 2010, 17 pages. 

Right of appeal Notice mailed Feb. 7, 2012, for Control No. 95/001,381, 33 
pages. 

Right of Appeal Notice mailed June 22, 2012, for Control No. 95/001,337, 
filed June 4 2010, 34 pages. 

PC133 SDRAM Registered DIMM Design Specification, Revision 1.1, Aug. 
1999, 62 pages. 
Texas Instruments, "TM2SR72EPN 2097152 by 72-Bit, TM4SRT2EPN 
4194304 by 72-Bit, Synchronous Dynamic RAM Modules," 1997, 15 
pages. 

U.S. District Court Central District of California, Case No. CV09 06900, Netlist, 
Inc. vs. Inphi Corporation, Complaint For Patent Infringement, filed Sept. 22, 
2009 in 10 pages. 
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U.S. District Court Central District of California, Case No. CV09 06900, 
Netlist, Inc. vs. INPHI Corporation, Defendant lnphi Corporation's Answer to 
Plaintiffs Complaint for Patent Infringement, filed Nov. 12, 2009 in 6 pages. 
U.S. District Court Central District of California, Case No. CV09 06900, 
Netlist, Inc. vs. INPHI Corporation, Defendant lnphi Corporation's Answer to 
Plaintiffs First Amended Complaint for Patent Infringement, filed Feb. 11, 
2010 in 9 pages. 
U.S. District Court Central District of California, Case No. CV09 06900, Netlist, 
Inc. vs. INPHI Corporation, Defendant lnphi Corporation's Notice of Motion and 
Motion for Stay Pending Reexaminations and Interference Proceeding Regarding 
the Patents-In-Suit; Memorandum of Points and Authorities in Support Thereof, 
filed Apr. 21, 2010 in 28 pages. 
U.S. District Court Central District of California, Case No. CV09 06900, Netlist, 
Inc. vs. INPHI Corporation, Plaintiff Netlist Inc's Opposition to Defendant Inphi 
Corporation's Motion for Stay Pending Reexaminations and Interference 
Proceedings Regarding the Patents-In-Suit, filed May 3, 2010 in 23 pages. 

U.S. District Court Central District of California, Case No. CV09 06900, 
Netlist, Inc. vs. Inphi Corporation, Plaintiff Netlist, Inc's First Amended 
Complaint For Patent Infringement, filed Dec. 23, 2009 in 8 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Defendant Netlist, lnc.'s Claim Construction 
Reply Brief, filed Sept. 22, 2009 in 19 pages. 

U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Defendant Netlist, lnc.'s Opening Claim 
Construction Brief, filed July 28, 2009 in 21 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Defendant Netlist, lnc.'s Opposition to Google 
Inc's Motion for Summary Judgment of Invalidity, filed July 6, 2010 in 13 
pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Exhibit A To Joint Claim Construction And 
Prehearing Statement, filed June 12, 2009 in 2 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Exhibit B to Joint Claim Construction and 
Prehearing Statement, filed June 12, 2009 in 36 pages. 

U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Joint Claim Construction and Prehearing 
Statement, filed June 12, 2009 in 5 pages. 
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U.S. District Court Central District of California, Case No. CV09 06900, 
Netlist, Inc. vs. INPHI Corporation, Defendant lnphi Corporation's Answer to 
Plaintiffs Complaint for Patent Infringement, filed Nov. 12, 2009 in 6 pages. 
U.S. District Court Central District of California, Case No. CV09 06900, 
Netlist, Inc. vs. INPHI Corporation, Defendant lnphi Corporation's Answer to 
Plaintiffs First Amended Complaint for Patent Infringement, filed Feb. 11, 
2010 in 9 pages. 
U.S. District Court Central District of California, Case No. CV09 06900, Netlist, 
Inc. vs. INPHI Corporation, Defendant lnphi Corporation's Notice of Motion and 
Motion for Stay Pending Reexaminations and Interference Proceeding Regarding 
the Patents-In-Suit; Memorandum of Points and Authorities in Support Thereof, 
filed Apr. 21, 2010 in 28 pages. 
U.S. District Court Central District of California, Case No. CV09 06900, Netlist, 
Inc. vs. INPHI Corporation, Plaintiff Netlist Inc's Opposition to Defendant Inphi 
Corporation's Motion for Stay Pending Reexaminations and Interference 
Proceedings Regarding the Patents-In-Suit, filed May 3, 2010 in 23 pages. 

U.S. District Court Central District of California, Case No. CV09 06900, 
Netlist, Inc. vs. Inphi Corporation, Plaintiff Netlist, Inc's First Amended 
Complaint For Patent Infringement, filed Dec. 23, 2009 in 8 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Defendant Netlist, lnc.'s Claim Construction 
Reply Brief, filed Sept. 22, 2009 in 19 pages. 

U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Defendant Netlist, lnc.'s Opening Claim 
Construction Brief, filed July 28, 2009 in 21 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Defendant Netlist, lnc.'s Opposition to Google 
Inc's Motion for Summary Judgment of Invalidity, filed July 6, 2010 in 13 
pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Exhibit A To Joint Claim Construction And 
Prehearing Statement, filed June 12, 2009 in 2 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Exhibit B to Joint Claim Construction and 
Prehearing Statement, filed June 12, 2009 in 36 pages. 

U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Joint Claim Construction and Prehearing 
Statement, filed June 12, 2009 in 5 pages. 
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U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Netlist, lnc.'s Answer to Complaint and 
Counterclaims, filed Nov. 18, 2008 in 9 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Order Re Claim Construction, filed Nov. 16, 2009 
in 1 page. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Plaintiff Google's Reply to Counterclaims, filed 
Dec. 8, 2008 in 4 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Stipulation Re: Additional Agreed-Upon Claim 
Constructions, filed Oct. 28, 2009 in 3 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
GOOGLE INC. vs. NETLIST, INC., [Redacted] Google lnc.'s Responsive 
Claim Construction Brief, filed Aug. 25, 2009 in 30 pages. 

U.S. District Court Northern District of California, Case No. CV08 04144, 
GOOGLE INC. vs. NETLIST, INC., Amended Exhibit A To Joint Claim 
Construction And Prehearing Statement, filed Oct. 28, 2009 in 1 page. 

U.S. District Court Northern District of California, Case No. CV08 04144, 
GOOGLE INC. vs. NETLIST, INC., Appendix 1 To Google's Responsive Claim 
Construction Brief, filed Nov. 12, 2009 in 4 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
GOOGLE INC. vs. NETLIST, INC., Attachment 1 to Exhibit B To Joint 
Claim Construction And Prehearing Statement, filed June 12, 2009 in 7 
pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
GOOGLE INC. vs. NETLIST, INC., Attachment 2 To Exhibit B To Joint 
Claim Construction And Prehearing Statement, filed June 12, 2009 in 12 
pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
GOOGLE INC. vs. NETLIST, INC., Complaint for Declaratory Relief, 
filed Aug. 29, 2008 in 49 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Complaint For Patent Infringement, filed Dec. 4, 
2009 in 47 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
NETLIST, INC. vs. GOOGLE, INC., Defendant Google Inc's Responsive Claim 
Construction Brief, filed Aug. 4, 2010 in 108 pages. 

Examiner Date 
Signature Considered 

DB2/ 35059684.1 

Samsung Electronics Co., Ltd. 
Ex. 1002, p. 188 

INFORMATION DISCLOSURE 
CITATION 

Substitute for Form 1449-PTO 

Electronically filed October 3, 2018 
Application Number 15/820,076 
Filing Date November 21, 2017 
First Named Inventor Hyun Lee 
Art Unit 2184 
Examiner Name SUN, Michael 

Sheet 23 of 29 Attorney Docket Number 129980-5049-US 

U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Netlist, lnc.'s Answer to Complaint and 
Counterclaims, filed Nov. 18, 2008 in 9 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Order Re Claim Construction, filed Nov. 16, 2009 
in 1 page. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Plaintiff Google's Reply to Counterclaims, filed 
Dec. 8, 2008 in 4 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
Google Inc. v. Netlist, Inc., Stipulation Re: Additional Agreed-Upon Claim 
Constructions, filed Oct. 28, 2009 in 3 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
GOOGLE INC. vs. NETLIST, INC., [Redacted] Google lnc.'s Responsive 
Claim Construction Brief, filed Aug. 25, 2009 in 30 pages. 

U.S. District Court Northern District of California, Case No. CV08 04144, 
GOOGLE INC. vs. NETLIST, INC., Amended Exhibit A To Joint Claim 
Construction And Prehearing Statement, filed Oct. 28, 2009 in 1 page. 

U.S. District Court Northern District of California, Case No. CV08 04144, 
GOOGLE INC. vs. NETLIST, INC., Appendix 1 To Google's Responsive Claim 
Construction Brief, filed Nov. 12, 2009 in 4 pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
GOOGLE INC. vs. NETLIST, INC., Attachment 1 to Exhibit B To Joint 
Claim Construction And Prehearing Statement, filed June 12, 2009 in 7 
pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
GOOGLE INC. vs. NETLIST, INC., Attachment 2 To Exhibit B To Joint 
Claim Construction And Prehearing Statement, filed June 12, 2009 in 12 
pages. 
U.S. District Court Northern District of California, Case No. CV08 04144, 
GOOGLE INC. vs. NETLIST, INC., Complaint for Declaratory Relief, 
filed Aug. 29, 2008 in 49 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Complaint For Patent Infringement, filed Dec. 4, 
2009 in 47 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
NETLIST, INC. vs. GOOGLE, INC., Defendant Google Inc's Responsive Claim 
Construction Brief, filed Aug. 4, 2010 in 108 pages. 
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U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Exhibit A to Joint Claim Construction and 
Prehearing Statement under Patent L. R. 4-3, filed June 25, 2010 in 2 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Exhibit B to Joint Claim Construction and 
Prehearing Statement under Patent L. R. 4-3, filed Jun. 25, 2010 in 23 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Google's Answer to Plaintiffs Complaint for Patent 
Infringement; and Assertion of Counterclaims, filed Feb. 12, 2010 in 13 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Joint Claim Construction And Prehearing 
Statement Under Patent Local Rule 4-3, filed June 25, 2010 in 5 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Plaintiff Netlist, lnc.'s Reply Claim Construction 
Brief, filed Aug. 16, 2010 in 17 pages. 

U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Plaintiff Netlist, lnc.'s Reply to Defendant 
Google lnc.'s Counterclaim, filed March 8, 2010 in 11 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Plaintiff Netlist, Inc's Opening Claim Construction 
Brief, filed Jul. 16, 2010 in 162 pages. 
US District Court Civil Docket; Google Inc. v. Netlist Inc.; 4:08cv04144; filed 
Aug. 29, 2008. 
US District Court Civil Docket; Netlist Inc. v. Google Inc.; 4:09cv5718, filed 
Dec. 4, 2009 in 10 pages. 
US District Court Civil Docket; Netlist Inc. v. lnphi Corporation; 2:09cv6900; 
Date filed Sep. 22, 2009. 
Vogt, Pete, "Fully Buffered DIMM (FB-DIMM) Server Memory 
Architecture: Capacity, Performance, Reliability, and Longevity," Intel, Feb. 
18, 2004, 33 pages. 
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U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Exhibit A to Joint Claim Construction and 
Prehearing Statement under Patent L. R. 4-3, filed June 25, 2010 in 2 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Exhibit B to Joint Claim Construction and 
Prehearing Statement under Patent L. R. 4-3, filed Jun. 25, 2010 in 23 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Google's Answer to Plaintiffs Complaint for Patent 
Infringement; and Assertion of Counterclaims, filed Feb. 12, 2010 in 13 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Joint Claim Construction And Prehearing 
Statement Under Patent Local Rule 4-3, filed June 25, 2010 in 5 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Plaintiff Netlist, lnc.'s Reply Claim Construction 
Brief, filed Aug. 16, 2010 in 17 pages. 

U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Plaintiff Netlist, lnc.'s Reply to Defendant 
Google lnc.'s Counterclaim, filed March 8, 2010 in 11 pages. 
U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Plaintiff Netlist, Inc's Opening Claim Construction 
Brief, filed Jul. 16, 2010 in 162 pages. 
US District Court Civil Docket; Google Inc. v. Netlist Inc.; 4:08cv04144; filed 
Aug. 29, 2008. 
US District Court Civil Docket; Netlist Inc. v. Google Inc.; 4:09cv5718, filed 
Dec. 4, 2009 in 10 pages. 
US District Court Civil Docket; Netlist Inc. v. lnphi Corporation; 2:09cv6900; 
Date filed Sep. 22, 2009. 
Vogt, Pete, "Fully Buffered DIMM (FB-DIMM) Server Memory 
Architecture: Capacity, Performance, Reliability, and Longevity," Intel, Feb. 
18, 2004, 33 pages. 
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Reexam Appl. No. 
95/000,546 for U.S. Pat. 
No. 7,289,386 

05/11/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/000,577 for U.S. Pat. 
No. 7,289,386 

10/20/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/000,578 for U.S. Pat. 
No. 7,619,912 

10/20/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/000,579 for U.S. Pat. 
No. 7,619,912 

10/21/2010 Netlist, Inc. Entire File History 

Reexam App. No. 
95/001,337 for U.S. Pat. 
No. 7,636,274 

06/04/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/001,381 for U.S. Pat. 
No. 7,532,537 

06/09/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/001,338; for U.S. Pat. 
No. 7,532,537 

04/19/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/001,758 for U.S. Pat. 
No. 
7,864,627 

09/15/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/001,339 for U.S. Pat. 
No. 
7,619,912 

06/08/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/002,399 for U.S. Pat. 
No. 
8,250,295 

09/15/2010 Netlist, Inc. Entire File History 

11/075,395 03/07/2005 Netlist, Inc. Entire Prosecution 
History 

11/173,175 07/01/2005 Netlist, Inc. Entire Prosecution 
History 

11/862,931 09/27/2007 Netlist, Inc. Entire Prosecution 
History 
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Reexam Appl. No. 
95/000,546 for U.S. Pat. 
No. 7,289,386 

05/11/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/000,577 for U.S. Pat. 
No. 7,289,386 

10/20/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/000,578 for U.S. Pat. 
No. 7,619,912 

10/20/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/000,579 for U.S. Pat. 
No. 7,619,912 

10/21/2010 Netlist, Inc. Entire File History 

Reexam App. No. 
95/001,337 for U.S. Pat. 
No. 7,636,274 

06/04/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/001,381 for U.S. Pat. 
No. 7,532,537 

06/09/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/001,338; for U.S. Pat. 
No. 7,532,537 

04/19/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/001,758 for U.S. Pat. 
No. 
7,864,627 

09/15/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/001,339 for U.S. Pat. 
No. 
7,619,912 

06/08/2010 Netlist, Inc. Entire File History 

Reexam Appl. No. 
95/002,399 for U.S. Pat. 
No. 
8,250,295 

09/15/2010 Netlist, Inc. Entire File History 

11/075,395 03/07/2005 Netlist, Inc. Entire Prosecution 
History 

11/173,175 07/01/2005 Netlist, Inc. Entire Prosecution 
History 

11/862,931 09/27/2007 Netlist, Inc. Entire Prosecution 
History 
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IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www.uspto.gov/PatentMaintenanceFees. 
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NOTICE OF ALLOWANCE AND FEE(S) DUE 

79141 7590 11/19/2018 

Morgan Lewis Bockius LLP (PA)-J. Zheng 
1400 Page Mill Road 
Palo Alto, CA 94304 

EXAMINER 

SUN, MICHAEL 

ART UNIT PAPER NUMBER 

2184 

DATE MAILED: 11/19/2018 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/820,076 11/21/2017 Hyun Lee 129980-5049US 

TITLE OF INVENTION: MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS 

8866 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 02/19/2019 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS  FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED.  THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www.uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

79141 7590 11/19/2018 

Morgan Lewis Bockius LLP (PA)-J. Zheng 
1400 Page Mill Road 
Palo Alto, CA 94304 

(Typed or printed name) 

(Signature) 

(Date) 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/820,076 11/21/2017 Hyun Lee 129980-5049US 

TITLE OF INVENTION: MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS 

8866 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0.00 

EXAMINER ART UNIT CLASS-SUBCLASS 

SUN, MICHAEL 2184 710-005000 

$0.00 $1000 02/19/2019 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

❑ Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

❑ "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

2. For printing on the patent front page, list 
(1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

1 

2 

3 

Please check the appropriate assignee category or categories (will not be printed on the patent) : ❑ Individual ❑ Corporation or other private group entity ❑ Government 

4a. Fees submitted: JIssue Fee UPublication Fee (if required) JAdvance Order - # of Copies 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

❑ Electronic Payment via EFS-Web ❑ Enclosed check ❑ Non-electronic payment by credit card (Attach form PTO-2038) 

❑ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 

5. Change in Entity Status (from status indicated above) 

❑ Applicant certifying micro entity status. See 37 CFR 1.29 

❑ Applicant asserting small entity status. See 37 CFR 1.27 

❑ Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature 

Typed or printed name 

Date 

Registration No. 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of 3 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

79141 7590 11/19/2018 

Morgan Lewis Bockius LLP (PA)-J. Zheng 
1400 Page Mill Road 
Palo Alto, CA 94304 

(Typed or printed name) 

(Signature) 

(Date) 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/820,076 11/21/2017 Hyun Lee 129980-5049US 

TITLE OF INVENTION: MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS 

8866 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0.00 

EXAMINER ART UNIT CLASS-SUBCLASS 

SUN, MICHAEL 2184 710-005000 

$0.00 $1000 02/19/2019 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

❑ Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

❑ "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

2. For printing on the patent front page, list 
(1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

1 

2 

3 

Please check the appropriate assignee category or categories (will not be printed on the patent) : ❑ Individual ❑ Corporation or other private group entity ❑ Government 

4a. Fees submitted: ❑Issue Fee ❑Publication Fee (if required) ❑Advance Order - # of Copies 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

❑ Electronic Payment via EFS-Web ❑ Enclosed check ❑ Non-electronic payment by credit card (Attach form PTO-2038) 

❑ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 

5. Change in Entity Status (from status indicated above) 

❑ Applicant certifying micro entity status. See 37 CFR 1.29 

❑ Applicant asserting small entity status. See 37 CFR 1.27 

❑ Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature 

Typed or printed name 

Date 

Registration No. 
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APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/820,076 11/21/2017 

79141 7590 11/19/2018 

Morgan Lewis Bockius LLP (PA)-J. Zheng 
1400 Page Mill Road 
Palo Alto, CA 94304 

Hyun Lee 129980-5049US 8866 

EXAMINER 

SUN, MICHAEL 

ART UNIT PAPER NUMBER 

2184 

DATE MAILED: 11/19/2018 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200. 
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1400 Page Mill Road 
Palo Alto, CA 94304 

Hyun Lee 129980-5049US 8866 

EXAMINER 

SUN, MICHAEL 

ART UNIT PAPER NUMBER 

2184 

DATE MAILED: 11/19/2018 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200. 

Page 3 of 3 

PTOL-85 (Rev. 02/11) 

Micron Technology Inc. et al. 
Ex. 1002, p. 202



OMB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When OMB approves an agency request to 
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the OMB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. 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 30 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. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. 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. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to Aublic inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routinP00 qbi raglgIr §)ckUiP,P9ctilLitA 
enforcement agency, if the USPTO becomes aware of a violation or potential violation Efx1a1/00kplAt2133 

OMB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When OMB approves an agency request to 
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the OMB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. 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 30 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. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. 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. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.0 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
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Status of the Application 

This Office Action is in response to Applicant's Request for Continued Examination filed 

10/03/2018. 
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Information Disclosure Statement 
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Examiner notes that in both IDSs filed 10/03/2018, there were many Non-Patent 

Literature Documents and Foreign Patent Documents that were listed throughout without any 

corresponding copy of these documents attached to review. As such, these listings were not 

considered as Examiner had no copy of these documents to review. 

Allowable Subject Matter 

Claims 1-12 are allowed. 

The following is an examiner's statement of reasons for allowance: 

Prior art teaches memory module systems arranged into respective groups of memory 

devices, memory module systems with buffered memory modules, and memory module 
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systems that implement delays for transmitting signals to the memory devices of each module, 

however, the prior art does not fairly teach or suggest, individually or in combination, a memory 

module system with a plurality of buffers mounted in positions corresponding to the respective 

sets of data / strobe signal lines, each buffer providing data paths between the data / strobe signal 

lines and a set of memory devices and including logic that responds to control signals by 

enabling the data paths corresponding to memory operations between the data / strobe signal 

lines and the memory devices, wherein the logic is configured to obtain timing information based 

on signals received by the buffers during a second memory operation prior to the first memory 

operation and to control timing of the data and strobe signals on the data paths in accordance 

with the obtained timing information as claimed. These limitations find support in 

Applicant's Specification on Pages 5-30. The prior art of record neither anticipates nor renders 

obvious the above recited combination 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 

Contact Information 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to MICHAEL SUN whose telephone number is (571)270-1724. 

The examiner can normally be reached on Monday-Thursday 6:45am-4:45pm. 
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Application/Control Number: 15/820,076 Page 4 
Art Unit: 2184 

Examiner interviews are available via telephone, in-person, and video conferencing using 

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Henry Tsai can be reached on 571-272-4176. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be 

obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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Owner's Preliminary Response, filed April, 10, 2017 
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Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Patent 
Owner's Reply to Petitioner's Opposition to Motion to Exclude, filed March, 21, 2018 
Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Notice of 
Accord Filing Date, filed January, 10, 2017 
Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Trial 
Instituted Document, tiled July, 7, 2017 
Inter Partes Review of T TS Patent No 8516185 Case No TPR2017-00577 Order -
Request for Oral Argument - 37 CFR 42.70, filed April, 2, 2018 
Inter Partes Review of US Patent No.8516185 Case No. TPR2017-Q0577_ EXHIBITS 
1003, 'Declaration of Harold S. Stone,' filed January, 5, 2017 
Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, EXHIBITS 
1007, 'JEDEC JESD79 publication (June 2000),' filed January, 5, 2017 
Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, EXHIBITS 
1009, 'TI 74LS245 datasheet (2002),' filed April, 10, 2017 
Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, EXHIBITS 
1010, 'JEDEC Declaration,' filed January, 5, 2017 
Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, EXHIBITS 
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1026, 'Netlist's post-hearing brief,' filed June, 21, 2017 
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U.S. District Court Northern District of California, Case No. CV08 04144, 
C Inc. Nctlist, Inc., Defendant Netlist, lne.'s Opposition Google °ogle v. to 
Inc's Motion for Summary Judgment of Invalidity, filed July 6, 2010 in 13 
pages. 
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U.S. District Court Northern District of California, Case No. CV09 05718, 

Prehearing Statement under Patent L. R. 4-3, filed June 25, 2010 in 2 pages. 
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Netlist, Inc. vs. Google, Inc., Exhibit B to Joint Claim Construction and 
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U.S. District Court Northern District of California, Case No. CV09 05718, 
Netlist, Inc. vs. Google, Inc., Joint Claim Construction And Prehearing 
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/m . s/ 13/287,081 11/01/2011 Netlist, Inc. Entire Prosecution 
History 

i . si 13/971,231 08/20/2013 Netlist, Inc. Entire Prosecution 
History 
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04 5199 memory module and timing signal US-PGPUB; ADJ ON 2018/10/14 
USPAT; 14:28 
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USOCR; EPO; 
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14:28 

S305 2176 S304 and memory controller US-PGPUB; ADJ ON 2018/10/14 
USPAT; 14:28 
USOCR; EPO; 
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I BM_TDB 
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USPAT; 14:28 
USOCR; EPO; 
DERWENT; 
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S307 79 S306 AND (( (G06F1/12 OR US-PGPUB; ADJ ON 2018/10/14 
G06F13/1689 OR G06F12/0246 OR USPAT; 14:28 
G06F13/1694).CPC. ) OR (710/5 OR USOCR; EPO; 
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14 114 (bhakta, jayesh).in. US-PGPUB; ADJ ON 2018/10/14 
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USOCR; EPO; 
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  I BM TDB 
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USOCR; EPO; 
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USOCR; EPO; 
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IBM TDB 

20 1 S319 and memory controller and US-PGPUB; ADJ ON 2018/10/14 
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USOCR; EPO; 
DERWENT; 
I BM TDB =„„„„„„„„___ 

21 6524 memory module and buffer and US-PGPUB; ADJ ON 2018/10/14 
memory device and memory 
controller and control signal and 
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USPAT; 
USOCR; EPO; 
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14:33 

IBM TDB 

22 998 S321 and system clock US-PGPUB; ADJ ON 2018/10/14 
USPAT; 14:33 
USOCR; EPO; 
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USOCR; EPO; 
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with (delay or latency) USPAT; 14:33 
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14 114 (bhakta, jayesh).in. US-PGPUB; ADJ ON 2018/10/14 
USPAT; 14:28 
USOCR; EPO; 
DERWENT; 

  IBM_TDB 

15 617831 buffer and memory and (data or US-PGPUB; ADJ ON 2018/10/14 
strobe) and (read or write) USPAT; 14:30 

USOCR; EPO; 
DERWENT; 
IBM TDB 

16 61717 S315 and ((determin$5 or calculat$3) US-PGPUB; ADJ ON 2018/10/14 
with (time interval or delay)) USPAT; 14:30 

USOCR; EPO; 
DERWENT; 
IBM_TDB 

S317 

S318 
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with (time interval or delay) with 
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S317 and (transmi$5 with (time 
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US-PGPUB; 
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 IBM TDB 

ADJ ON 
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USOCR; EPO; 
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USOCR; EPO; 
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S323 43 S322 and (write with (different near4 US-PGPUB; ADJ ON 2018/10/14 
time)) USPAT; 14:33 

USOCR; EPO; 
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26 2205 S325 and read and write and strobe US-PGPUB; ADJ ON I 2018/10/14 
and memory module and controller USPAT; 14:33 

USOCR; EPO; 
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USPAT; 14:33 
USOCR; EPO; 
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28 1778 S327 and ((data or strobe) near4 US-PGPUB; ADJ ON 2018/10/14 
signal) USPAT; 14:33 

USOCR; EPO; 
DERWENT; 
I BM TDB =„„„„„„„„___ 

29 360 S328 and (timing with transmission) US-PGPUB; ADJ ON 2018/10/14 
USPAT; 14:33 
USOCR; EPO; 
DERWENT; 
IBM TDB 

S330 74 S329 and (timing with transmission US-PGPUB; ADJ ON 2018/10/14 
with read) with write USPAT; 14:33 

USOCR; EPO; 
DERWENT; 
IBM TDB 

S331 8541 I memory module and buffer and US-PGPUB; ADJ OFF 2018/10/14 
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signal) USOCR; EPO; 

14:34 

DERWENT; 
I BM TDB „„„„„„„„„„„„___ 

32 1759 S331 and time interval US-PGPUB; ADJ ON 2018/10/14 
USPAT; 14:34 
USOCR; EPO; 
DERWENT; 
IBM TDB 

S333 1313 S332 and delay US-PGPUB; ADJ ON 2018/10/14 
USPAT; 14:34 
USOCR; EPO; 
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?A Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner1s 

objections to Evidence, rued rebruary zu, zulo 

1.7 
Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner1s 
Reply, tiled May 19, 2U16 
Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner 20.
Request for Oral Argument, filed June 2, 2016 

29. 
Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, PATENT 
OWNER MOTION FOR OBSERVATIONS, filed June 2, 2016 

30. 
Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, PATENT 
OWNER REQUEST FOR ORAL ARGUMENT, filed June 2, 2018 

21 Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, ORDER Trial 
Hearing, rues June t S, ZU1 b 

32 Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Patent Owner1s 
SUBMISSION ON PROPRIETY OF PETITIONER REPLY, filed June 9, 2016 

33 Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner1s 
 Response to Motion rbr Observations, flied June 10, zb I6 

24 
Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner1s 
Response ro Nerrisris u1)ffilssIon, 'flied June i 3, z016 

35. 
Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Patent Owner1s 
Objections to R.:titier iv ls Dee errstratve Cithitrit., filed Jam 23, 2010 

 3g. Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Patent Owner1s 
Demonstrative Exhibits, tiled June 24, 2016 

17 Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner1s 
 Updated Exhibit List, flied June 24, 2016 

38 Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Supplemental 
 Declaration or Ur. Jagannathan, tiled May 19, 2016 

39. Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, May 10, 2016 
Depu itiun of Call Seulien, filed May 19, 2016 

1Q. Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner1s 
Demonstrative Exhibits, tiled June 24, 2016 

4.1 
Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Exhibit 2001, 
"Declaration or Hroressor uarr ecrien,- Tired February ZZ, ZUlb 
Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit 2002, 

 "Videotaped  42. Deposition of 3riitivasan Jagannathan, Ph.Den February 12, 201'0," filed 
February 22, 2016 
Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit 2003, 
"Videotaped 43. Deposition of Grirkasan Jagannathan, Fh.Don April 20, 201,S," filed February 
22, 2016 
Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit 2007, 44. "Deposition of Dr. Srinivasan Jagannathan on May 25, 2016," filed June 2, 2016 
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~51Pvi~i9=R REQUEST FOR OPAL AP 7 filed June 2, 

21 Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, ORDER Trial 
Hearing, rues June 6, ZU1 b 

32 Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Patent Owner1s , SUBMISSION ON PROPRIETY OF PETITIONER REPLY, filed June 9, 2016 
11 Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner1s 

Response to Ititotion rbr Observations, filed June 10, 1U I6 

RZI. Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner1s 
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Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-010207 Patent Owner1s . .  . 
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Demonstrative Exhibits, tiled June 24, 2U16 
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Updated Exhibit List, flied June 24, 20 16 

38 Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Supplemental 
 Declaration ot Ur. Jagannathan, tiled May 19, 2016 

39 Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, May 10, 2016 
Depositiuii of cll CU ICII, fipeel May I9, 

/1.0 Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner1s 
Demonstrative Exhibits, tiled June 24, 2016 
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 42. 

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit 2003, 
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45. Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent Owner 
Repuli eLd PeLiLidii, filed Febiudiy 22, 2016 

AG Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner1s 
objections to Evidence, tiled i-ebruary 29, 2016 

'17. 
Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner1s 
Reply, filed May 19, 2016 

48. 
Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner 
Requet rut Oldi Aiguinetil, filed Julie 2, 2016 

49 Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, PATENT 
UVAiNtK MU I ION 1-UK UlibtKVA I IUNb, rued June 2, 20 in 

so Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, PATENT 
OWNER RE' UESTI-OR ORAL ARGU lEN i , filed June 2, 2016 

5.1 Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent Owner1s 
SUBMISSION ON PROPRIE I Y O1- PE I I I IONER REPLY, tiled June 9, 2016 
Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner1s 

52 
Response to Motion for Observations, filed June 10, 2016 

53 Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner1s 
Response to Pa ent Ownerls Submission, filed June 13, 2016 

54 
Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent Owner1s 
Objections to Petitioner is Vemonsuartve Exhrbfis, tired June 23, zril6 

55. Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent Owner1s 
Demonstrative Exhibits, tiled June 24, 2016 

SA Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner1s 
updated Exnibit List, urea June 24, 2U1 b 

57 Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Supplemental 
Declaration of Dr. Jagannaman, filed May ra, 2016 

58. Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Exhibit 2001, 
"Declaration of Protessor Carl Sechen," tiled February 22, 2016 
International Search Report and Written Opinion International Application No 

59. 
PCT/US14/48517, filed July 28, 2014, dated October 27, 2014 

60 Inter Partes Review Case No. IPR2014-01029, Petitioner's Request for Rehearing pursuant 
to 3/ C.F.R. § 42./1, tiled on January 15, 2015. 

61 Inter Partes Review Case No. IPR2014-01029, Decision Denying Request for Rehearing, 
' Issued on March 3, 2015. 

62. 
Inter Partes Review Case No. IPR2014-01369, Decision Denying Institution oflnter Partes 
Review 37 C.F.R. § 42.108, issued March 9, 2014. 

63. Examination Roport, Europoon Patont Applioation No. 10730021.2, datod April 11, 2011. 
Response to Examination Report, European Patent Application No. 10730021.2, dated June 

G4 
4, 2014. 

GS. Examination Rcport, European Patent Application No. 1€3730021.2, dated April 29, 2015. 

GC. Response to Examination Report, European Patent Application No. 10730021.2, dated April 
29, 2015, filed November 4, 2015. 

C7 
English Translation of the Notice of Grounds for Rejection, Korean Patent Application No. 
2012-7004038, dated May 11, 2016 
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AG Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner1s 
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Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner 

eque t tut Otdi Atyuttlettt, tiled Jutte 2018
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UVAiNtK MU I ION 1-UK UlibtKVA I IUNb, mea June z, zu in 

so Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, PATENT 
OWNER RE' UESTI-OR ORAL ARGU lEN i , filed June 2, 2016 
Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent Owner1s 
SUBMISSION ON PROPRIE I Y O1- PE I I I IONER REPLY, tiled June 9, 2016 
Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner1s 

52 
Response to Motion for Observations, filed June 10, 2016 

53, 
Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner1s 
Response to Pa ent Ownerls Submission, filed June 13, 2016 

54 
Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent Owner1s 
Objections tu Petitioner 1s Vernon uatve Exhrbhs, fired June 23, z016 

55. Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent Owner1s 
Demonstrative Exhibits, tiled June 24, 2016 

SA Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner1s 
updated Exhibit List, urea June 24, 2U lb 

57 Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Supplemental 
Declaration of Dr. Jagannaman, filed May ra, 20]6 

5g Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Exhibit 2001, e 
"Declaration of Protessor Carl Sechen," tiled February 22, 2016 
International Search Report and Written Opinion International Application No 

59. 
PCT/US14/48517, filed July 28, 2014, dated October 27, 2014 

60 Inter Partes Review Case No. IPR2014-01029, Petitioner's Request for Rehearing pursuant 
to 3/ C.F.R. § 42./1, tiled on January 15, 2015. 

61. Inter Partes Review Case No. IPR2014-01029, Decision Denying Request for Rehearing, 
Issued on March 3, 2015. 

52 Inter Partes Review Case No. IPR2014-01369, Decision Denying Institution oflnter Partes 
Review 37 C.F.R. § 42.108, issued March 9, 2014. 

63. Examination Roport, Europoon Patont Application No. 10730021.2, datod April 11, 2011. 
Response to Examination Report, European Patent Application No. 10730021.2, dated June G4 
47 2014. 

. . 
. Report,G5. Cs srni~ntian  an . 1€3730024.2, 7 2015. 

GC. 
Response to Examination Report, European Patent Application No. 10730021.2, dated April 
29, 2015, filed November 4, 2015. 
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/M. s/ 68 Notice of Allowance, U.S. Pat. Appl. No. 13/970,606, filed August 20, 2013, dated June 27, 
2016 

/M s/ 69 Non-Final Office Action, U.S. Patent Application No. 13/970,606, filed August 20, 2013, 
dated November 23, 2015 

14, / si 70. 
Response to Non-Final Office Action, U.S. Patent Application No. 13/970,606, filed August 
20, 2013, dated March 23, 2016 

71 Intor Pagoc Roviow Caco No. 2011 00882, Patont Owner Rocponco, fi!od May 8, 2015 
72 Inter Partes Review Case No. 2014-00882, Petitioner Diablo Technologies, Inc.'s Reply to 

Patent Owner Netlist, Inc.'s Response, tiled June 19, 2U15 
Inter Partes Review Case No. 2014-00882, Petitioner's Request for Oral Argument, filed July 
1, 2015 

 73. 

Inter Partes Review Case No. 2014-00882. Patent Owner's Request for Oral Argument filed  74. 
July 3,2015 

75. Inter Partes Review Case No. 2014-00882, Order - Request for Oral Argument - 37 C.F.R. 
42.70, filed July 10, 2015 

76 Inter Partes Review Case No. 2014-00882, Record of Oral Hearing, filed November 16, 
2015 
Inter Partes Review Case No. 2014-00882, Final Written Decision 35 USC 318 and 37 CFR 

77. 42.73, 
filed December 14, 2015 

7g. 
Inter Partes Review Case No. 2014-00882, Netlist Inc.'s Notice of Appeal, filed February 10, 
2016 
Inter Partes Review Case No. 2014-00882, Exhibit 1022, 'Professor Carl Sechen Deposition 
Transcript,' filed June,19,2015 

 79. 

2.0 Inter Partes Review Case No. 2014-00882, Exhibit 1023, 'Dr. Srinivasan Jagannathan 
Supplemental Declaration,' tiled June 19,2015 
Inter Partes Review Case No. 2014-00882, Exhibit 2002, 'Declaration of Professor Carl 

ec en, i e ay 

R? 
Inter Partes Review Case No. 2014-00882, Exhibit 2003, 'Transcript of Videotaped 
ueposition or 5nnivasan Jagannatnan, rn. u,' rilea may o,2ul 5 

 R2 Microsoft Computer Dirtionory, Fifth Edition, Microsoft Press, p 334,2.002 
81 Jacob, Bruce, et al. "Memory Systems - Cache, DRAM, Disk," Elsevier Inc. 2008, Chapters 

/ and 10 
U.S. District Court Northern District of California, Case No. 4.13-cn-05889-YGR, Netlist Inc. 

85. v. anal I. 31.uicyc 33( i.ciu , luta., mid Diablu Tcuilliuluyic , iiiu., Juiiii. Claim CLI IJI.I ULAIUI I mid 
Prehearing Statement Pursuant to Patent L. T. 4-3, filed August 27, 2014, in 28 pages 

gi. Excerpts from the Authoritative Dictionary of IEEE Standard Terms, Seventh Edition, 
Standards Information Network, IEEE Press (2000), pp. 349-411 

R7 Excerpts from the Authoritative Dictionary of IEEE Standard Terms, Seventh Edition, 
btandarcis information Network, ittt tress (2U0U), pp. 133-255 

RR Selected Entries in Oxford English Dictionary, Oxford University Press 
2U14,nttpwwww.oea.comiviewitntryn /5039?reairecteai-rom=Seiectively#eia 
Web search results from the Oxford English Dictionary, Oxford University Press 2014, 

89. 
http://www.oed.com/search?searchType=dictionary&q=select& searchBin=Search 
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Inter Partes Review Case No. 2014-00883, Petitioner Diablo Technologies, Inc.'s Reply to 
91. Patent Owner Netlist, Inc.'s Response, filed June 19, 2015 

Inter Partes Review Case No. 2014-00883, Petitioner's Request for Oral Argument, filed July 
92 1, 2015 
93. Inter Partes Review Case No. 2014-00883, Patent Owner's Request for Oral Hearing, filed 

July 3, 2015 
Inter Partes Review Case No. 2014-00883, Order - Request for Oral Argument - 37 C.F.R. 94.
42.70, filed July 10, 2015 
Inter Partes Review Case No. 2014-00883, Record of Oral Hearing, filed November 16, 

55. 
2015 

gA Inter Partes Review Case No. 2014-00883, Final Written Decision - 35 USC 318 and 37 CFR 
42./6, mea uecemoer 14, LW 0 
Inter Partes Review Case No. 2014-00883. Netlist Inc.'s Notice of Appeal, filed February 10, 

97. 
2016 

98. Inter Partes Review Case No. 2014-00883, Exhibit 1025, 'Professor Carl Sechen Deposition 
Transcript,' filed June 19,2015 

qq Inter Partes Review Case No. 2014-00883, Exhibit 1026, 'Dr. Srinivasan Jagannathan 
supplemental  ueciaration, mea June iv,zu io 

inQ Inter Partes R9Vi9W C3S9 No. 2014 01011, Patent Owner Response, filed May 8, 2015 

101 
Inter Partes Review Case No. 2014-01011, Petitioner Diablo Technologies, Inc.'s Reply to 
Patent Owner Netlist, Inc.'s Response, filed June 19, 2015 
Inter Partes Review Case No. 2014-01011, Petitioner's Request for Oral Argument, filed July 

102 1, 2015 

103 
Inter Partes Review Case No. 2014-01011, Patent Owner's Request for Oral Hearing, filed 
July 3, 2015 

101. Inter Partes Review Case No. 2014-01011, Order - Request for Oral Argument - 37 C.F.R. 
42.70, filed July 10, 2015 

105. Inter Partes Review Case No. 2014-01011, Record of Oral Hearing, filed November 16, 
2015 
Inter Partes Review Case No. 2014-01011, Final Written Decision - 35 USC 318 and 37 CFR 

106. 
42.73, filed December 14, 2015 

1 07 Inter Partes Review Case No. 2014-01011, Netlist Inc.'s Notice of Appeal, filed February 10, 
2016 
Inter Partes Review Case No. 2014-01011, Exhibit 1027, 'Professor Carl Sechen Deposition 

108. 
Transcript,' filed June 19,2015 
Inter Partes Review Case No. 2014-01011, Exhibit 1028, 'Dr. Srinivasan Jaaannathan 

109. Supplemental Declaration,' filed June 19,2015 
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1. (Currently Amended) A memory module operable to communicate with a memory 

controller via a memory bus, the memory bus including signal lines, the signal lines including a 

set of control/address signal lines and a plurality of sets of data/strobe signal lines, the memory 

module comprising: 

a module board having edge connections for coupling to respective signal lines in the 

memory bus; 

a module control device mounted on the module board and configured to receive system 

command signals for memory operations via the set of control/address signal lines and to output 

module command signals and module control signals in response to the system  command 

signals, the module control device being further configured to receive a system clock signal and 

output a module clock signal; and 

memory devices mounted on the module board and configured to receive the module 

command signals and the module clock signal, and to perform the memory operations in 

response to the module command signals, the memory devices including a plurality of sets of 

memory devices corresponding to respective sets of the plurality of sets of data/strobe signal 

lines; and 

a plurality of buffer circuits corresponding to respective sets of the plurality of sets of 

data/strobe signal lines, wherein each respective buffer circuit of the plurality of buffer circuits is 

mounted on the module board, coupled between a respective set of data/strobe signal lines and a 

respective set of memory devices, and configured to receive the module control signals and the 

module clock signal, the each respective buffer circuit including a data path corresponding to 

each data signal line in the respective set of data/strobe signal lines, and a command processing 

circuit configured to decode the module control signals and to control the data path in 

accordance with the module control signals and the module clock signal, wherein the data path 

corresponding to the each data signal line includes at least one tristate buffer controlled by the 

command processing circuit and a delay circuit configured to delay a signal through the data path 

by an amount determined by the command processing circuit in response to at least one of the 

module control signals. 
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2. (Previously Presented) The memory module of claim 1, wherein the memory operations 

include a first memory operation and a second memory operation subsequent to the first memory 

operation, wherein the command signals include a first set of command signals for the first 

memory operation and a second set of command signals for the second memory operation, 

wherein the module control signals include a first set of module control signals output by the 

module control device in response to the first set of command signals and a second set of module 

control signals output by the module control device in response to the second set of command 

signals, wherein the at least one of the module control signals include at least one of the first set 

of module control signals, and wherein the signal through the data path is a signal associated 

with the second memory operation. 

3. (Previously Presented) The memory module of claim 2, wherein the memory devices are 

arranged in a plurality of ranks and the respective set of memory devices include at least one 

memory device from each of the plurality of ranks, wherein the module command signals 

include a first set of module command signals output by the module control device in response to 

the first set of command signals and a second set of module command signals output by the 

module control device in response to the second set of command signals, and wherein the second 

set of module command signals include chip select signals that select the at least one memory 

device in the respective set of memory devices from one of the plurality of ranks to perform the 

second memory operation. 

4. (Previously Presented) The memory module of claim 1, wherein each of the plurality of 

buffer circuits has a data width of 1 byte, and wherein each of the memory devices has a data 

width of 1 byte. 

5. (Previously Presented) The memory module of claim 1, wherein each of the plurality of 

buffer circuits has a data width of 1 byte, and wherein each of the memory devices has a data 

width of 4 bits. 

6. (Previously Presented) The memory module of claim 1, wherein the each respective 

buffer circuit further includes a receiver circuit for each of the module control signals, the 

receiver circuit including a metastability detection circuit configured to determine a metastability 

condition in the each of the module control signals with respect to the module clock signal. 
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7. (Previously Presented) The memory module of claim 6, wherein each of the plurality of 

buffer circuits has a data width of 1 byte, and wherein each of the memory devices has a data 

width of 1 byte. 

8. (Previously Presented) The memory module of claim 6, wherein each of the plurality of 

buffer circuits has a data width of 1 byte, and wherein each of the memory devices has a data 

width of 4 bits. 

9. (Previously Presented) The memory module of claim 1, wherein the each respective 

buffer circuit further includes a clock regeneration circuit configured to generate a local clock 

signal having a programmable phase relationship with the module clock signal, wherein the each 

respective buffer circuit is further configured to output the local clock signal to the respective set 

of memory devices. 

10. (Currently Amended) The memory module of claim 9, wherein the each respective buffer 

circuit includes data paths include a first data path for transmitting a strobe signal associated with 

the second memory operation and a second data path for transmitting a first data signal 

associated with the second memory operation, the first data path including a sampler that 

samples the strobe signal in accordance with the local clock signal, and the second data path 

including a sampler that samples the first data signal in accordance with the sampled strobe 

signal. 

11. (Previously Presented) The memory module of claim 10, wherein each of the plurality of 

buffer circuits has a data width of 1 byte, and wherein each of the memory devices has a data 

width of 1 byte. 

12. (Previously Presented) The memory module of claim 10, wherein each of the plurality of 

buffer circuits has a data width of 1 byte, and wherein each of the memory devices has a data 

width of 4 bits. 
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REMARKS 

Claims 1 and 10 have been amended to address antecedent basis issues. Entry of the 

amendments is respectfully requested under 37 C.F.R. § 1.312. No new matter has been added. 

The Commissioner is hereby authorized to charge any additional fees associated with this 

paper communication or credit any overpayment to Morgan, Lewis & Bockius LLP Deposit 

Account No. 50-0310 (order no. 129980-5049-US). 

Respectfully submitted, 

Date: February 19, 2019  /Jamie J. Zheng/ 51,167 
Jamie J. Zheng (Reg. No.) 
MORGAN, LEWIS & BOCKIUS LLP 
1400 Page Mill Road 
Palo Alto, CA 94304 
(650) 843-4000 
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MICRON TECHNOLOGY TEXAS LLC, 
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NETLIST, INC., 
Patent Owner. 

IPR2022-00237 
Patent 10,268,608 B2 
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I. INTRODUCTION 

A. Background and Summary 

Micron Technology, Inc., Micron Semiconductor Products, Inc., and 

Micron Technology Texas LLC filed a Petition (Paper 2, "Pet.") requesting 

an inter partes review of claims 1-5 ("the challenged claims") of U.S. Patent 

No. 10,268,608 B2 ("the '608 patent," Ex. 1001). The Petition challenges 

the patentability of claims 1-5 of the '608 patent. Netlist, Inc. ("Patent 

Owner") timely filed a Preliminary Response (Paper 12, "Prelim. Resp."). 

An inter partes review may not be instituted "unless . . . the 

information presented in the petition . . . shows that there is a reasonable 

likelihood that the petitioner would prevail with respect to at least 1 of the 

claims challenged in the petition." 35 U.S.C. § 314(a) (2018). Having 

considered the arguments and evidence presented by Petitioner and Patent 

Owner, we determine that Petitioner has not demonstrated a reasonable 

likelihood of prevailing on any of the challenged claims of the '608 patent. 

Accordingly, we do not institute an inter partes review as to the challenged 

claims of the '608 patent. 

B. Related Proceedings 

The parties identify the following matter as related to this case: 

Netlist, Inc. v. Micron Technology, Inc., et al., Case No. 6:21-cv-00431-

ADA (W.D. Tex.). Pet. 70; Paper 6, 1. Patent Owner states that matter was 

subsequently "transferred from the U.S. District Court for the Western 

District of Texas, Waco Division to the U.S. District Court for the Western 

District of Texas, Austin Division and docketed as" Netlist, Inc. v. Micron 

Technology, Inc., et al., 1:22-cv-00136-LY (W.D. Tex.). Paper 6, 1. 
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Petitioner also identifies IPR2022-00236 as involving the parent of 

the '608 patent. Pet. 70. Petitioner further identifies IPR2017-00730 as 

involving a patent related to the '608 patent. Id. 

C. The '608 Patent (Ex. 1001) 

The '608 patent, titled "Memory Module with Timing-Controlled 

Data Paths in Distributed Data Buffers," relates to a memory system which 

controls timing of memory signals based on timing information. Ex. 1001, 

codes (54), (57). Figure 2A, reproduced below, illustrates a memory 

module. Id. at 2:43-45, 4:65-66. 
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FIG. 2A 
As shown in Figure 2A, memory module 110 includes module control 

device 116 and plurality of memory devices 112. Ex. 1001, 4:65-66, 6:4-5. 

Memory module 110 further includes control/address signal lines 120 and 

data/strobe signal lines 130, which are coupled to a memory controller 
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(MCH) (not shown). Id. at 4:20-23, 4:67-5:4. Respective groups of 

data/strobe signal lines 130 are also coupled to respective isolation devices, 

or buffers, 118, e.g., group of data/strobe signal lines 130-1 is coupled to 

isolation device ID-1. Id. at 4:23-25; see id. at 6:20-25. Furthermore, each 

isolation device 118 is associated with, and coupled to, a respective group of 

memory devices via module data/strobe lines 210. Id. at 6:17-20, 6:30-32. 

For example, as shown along the top of memory module 110, isolation 

device ID-1 "is associated with [a] first group of memory devices M11, M12, 

M13, and M14, and is coupled between the group of system data/strobe signal 

lines 130-1 and the first group of memory devices" via module data/strobe 

lines 210. Id. at 6:20-25. 

In operation, memory module 110 "perform[s] memory operations in 

response to memory commands (e.g., read, write, refresh, precharge, etc.)." 

Ex. 1001, 3:29-32. Those commands are transmitted over control/address 

signal lines 120 and data/strobe signal lines 130 from the memory controller. 

Id. at 3:32-34, 4:66-5:3. For example, "[w]rite data and strobe signals from 

the controller are received and buffered by the isolation devices 118 before 

being transmitted to the memory devices 112 by the isolation devices 118." 

Id. at 7:63-65. And, "read data and strobe signals from the memory devices 

are received and buffered by the isolation devices before being transmitted 

to the MCH via the system data/strobe signal lines 130." Id. at 7:66—8:3. 

As can be seen in Figure 2A, and as the '608 patent explains, there are 

"unbalanced" lengths of control wires to respective memory devices which 

causes a "variation of the timing" of signals due to the variation in wire 

length. See Ex. 1001, 2:20-31; see also id. at 8:22-55. To account for 

timing issues, each isolation device, or data buffer, 118 is "responsible for 

providing a correct data timing" and "providing the correct control signal 
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timing." Id. at 8:56-9:3. In particular, "isolation devices 118 includes 

signal alignment mechanism to time the transmission of read data signals 

based on timing information derived from a prior write operation." Id. at 

15:23-26. For example, because write signals are received by isolation 

device 118, isolation device 118 uses that knowledge and determines timing 

information which is used to "properly time transmission" of a later read 

operation. Id. at 15:45-50. 

D. Illustrative Claims 

Claim 1, the sole independent claim of the '608 patent, is reproduced 

below with limitation identifiers in brackets corresponding to corresponding 

claim analysis headings in the Petition. See Pet. 20-41. 

1. [a] A memory module operable to communicate with a 
memory controller via a memory bus, the memory bus including 
signal lines, the signal lines including a set of control/address 
signal lines and a plurality of sets of data/strobe signal lines, the 
memory module comprising: 

[b] a module board having edge connections for coupling to 
respective signal lines in the memory bus; 

[c] a module control device mounted on the module board and 
configured to receive system command signals for memory 
operations via the set of control/address signal lines and to output 
module command signals and module control signals in response 
to the system command signals, the module control device being 
further configured to receive a system clock signal and output a 
module clock signal; and 

[d] memory devices mounted on the module board and 
configured to receive the module command signals and the 
module clock signal, and to perform the memory operations in 
response to the module command signals, [e] the memory 
devices including a plurality of sets of memory devices 
corresponding to respective sets of the plurality of sets of 
data/strobe signal lines; and 
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[f] a plurality of buffer circuits corresponding to respective sets 
of the plurality of sets of data/strobe signal lines, wherein each 
respective buffer circuit of the plurality of buffer circuits is 
mounted on the module board, [g] coupled between a respective 
set of data/strobe signal lines and a respective set of memory 
devices, and configured to receive the module control signals and 
the module clock signal, [h] the each respective buffer circuit 
including a data path corresponding to each data signal line in 
the respective set of data/strobe signal lines, and [i] a command 
processing circuit configured to decode the module control 
signals and to control the data path in accordance with the 
module control signals and the module clock signal, wherein the 
data path corresponding to the each data signal line includes at 
least one tristate buffer controlled by the command processing 
circuit and [j] a delay circuit configured to delay a signal through 
the data path by an amount determined by the command 
processing circuit in response to at least one of the module 
control signals. 

Ex. 1001, 19:14-55. 

E. Evidence 

The Petition relies on the following references: 

Reference Exhibit No. 

US 201010312925A1; filed June 3, 2010; published Dec. 9, 
2010 ("Osanai"). 

1005 

US 8,020,022B2; filed Sept. 12, 2008; issued Sept. 13, 2011 
("Tokuhiro"). 

1006 

US 8,713,379B2; filed Nov. 22, 2011; issued Apr. 29, 2014 
("Takefman") 

1007 

Petitioner also relies on the Declaration of Donald Alpert, Ph.D. (Ex. 

1003) in support of its arguments. The parties rely on other exhibits as 

discussed below. 
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F. Asserted Grounds of Unpatentability 

Petitioner asserts that claims 1-5 would have been unpatentable on the 

following grounds: 

Ground 
Claim(s) 

Challenged 
35 U.S.C. 

§ 
Reference(s)/Basis 

1 1, 4 102' Osanai 
2 1-5 103(a) Osanai, Tokuhiro 
3 

1-5 103(a) 
Osanai, Tokuhiro, 
Takefman 

II. ANALYSIS 

A. Principles of Law 

"In an [inter partes review], the petitioner has the burden from the 

onset to show with particularity why the patent it challenges is 

unpatentable." Harmonic Inc. v. Avid Tech., Inc., 815 F.3d 1356, 1363 

(Fed. Cir. 2016) (citing 35 U.S.C. § 312(a)(3) (requiring inter partes review 

petitions to identify "with particularity . . . the evidence that supports the 

grounds for the challenge to each claim")); see also 37 C.F.R. § 42.104(b) 

(requiring a petition for inter partes review to identify how the challenged 

claim is to be construed and where each element of the claim is found in the 

prior art patents or printed publications relied upon). 

A claim is anticipated only if each and every element as set forth in 

the claim is found, either expressly or inherently described, in a single prior 

art reference." Verdegaal Bros. Inc., v. Union Oil Co., 814 F.2d 628, 631 

(Fed. Cir. 1987); see also Finisar Corp. v. DirecTV Group, Inc., 523 F.3d 

The Leahy-Smith America Invents Act ("AIA"), Pub. L. No. 112-29, 125 
Stat. 284, 287-88 (2011), amended 35 U.S.C. § 103 and became effective 
March 16, 2013. Because the '608 patent claims priority before this date, 
the pre-AIA version of §§ 102 and 103 applies. 
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1323, 1334 (Fed. Cir. 2008) (to anticipate a patent claim under 35 U.S.C. 

§ 102, "a single prior art reference must expressly or inherently disclose 

each claim limitation"). Moreover, "[b]ecause the hallmark of anticipation 

is prior invention, the prior art reference—in order to anticipate under 35 

U.S.C. § 102—must not only disclose all elements of the claim within the 

four corners of the document, but must also disclose those elements 

`arranged as in the claim.'" Net MoneylN, Inc. v. VeriSign, Inc., 545 F.3d 

1359, 1369 (Fed. Cir. 2008) (quoting Connell v. Sears, Roebuck & Co., 722 

F.2d 1542, 1548 (Fed. Cir. 1983)). Whether a reference anticipates is 

assessed from the perspective of one of ordinary skill in the art. See Dayco 

Prods., Inc. v. Total Containment, Inc., 329 F.3d 1358, 1368-69 (Fed. Cir. 

2003) ("[T]he dispositive question regarding anticipation [i]s whether one 

skilled in the art would reasonably understand or infer from the [prior art 

reference's] teaching' that every claim element was disclosed in that single 

reference." (second and third alterations in original) (quoting In re Baxter 

Travenol Labs., 952 F.2d 388, 390 (Fed. Cir. 1991))). 

A patent claim is unpatentable under 35 U.S.C. § 103(a) if the 

differences between the claimed subject matter and the prior art are such that 

the subject matter, as a whole, would have been obvious at the time the 

invention was made to a person having ordinary skill in the art to which said 

subject matter pertains. KSR Intl Co. v. Teleflex Inc., 550 .U.S. 398, 406 

(2007). The question of obviousness is resolved on the basis of underlying 

factual determinations including: (1) the scope and content of the prior art; 

(2) any differences between the claimed subject matter and the prior art; 

(3) the level of skill in the art; and (4) any objective evidence of obviousness 

or non-obviousness. Graham v. John Deere Co., 383 U.S. 1, 17-18 (1966). 
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B. Level of Ordinary Skill in the Art 

In determining the level of ordinary skill in the art, various factors 

may be considered, including the "type of problems encountered in the art; 

prior art solutions to those problems; rapidity with which innovations are 

made; sophistication of the technology; and educational level of active 

workers in the field." In re GPAC Inc., 57 F.3d 1573, 1579 (Fed. Cir. 1995) 

(internal quotation marks and citation omitted). 

Petitioner's declarant, Dr. Alpert, opines that: 

a person of ordinary skill in the art in the field of the Challenged 
Patent would have been a person with an advanced degree in 
electrical or computer engineering and at least two years working 
in the field, or a bachelor's degree in such engineering disciplines 
and at least three years working in the field. Such a person would 
have been knowledgeable about the design and operation of 
computer memories, including DRAM and SDRAM devices that 
were compliant with various standards, and how they interact 
with other components of a computer system, such as memory 
controllers. . . an individual with additional education or 
additional industrial experience could still be of ordinary skill in 
the art if that additional aspect compensates for a deficit in one 
of the other aspects of the requirements stated above. 

Ex. 1003 ¶ 42; see Pet. 5. 

Patent Owner states that it "disputes Petitioners' definition of the level 

of a person of ordinary skill in the art," but does not present arguments in 

support of its assertion at this stage in the proceeding. Prelim. Resp. 11. 

For purposes of this Decision, we adopt Petitioner's proposed level of 

ordinary skill, except that we find that the phrase "at least" in Petitioner's 

proposed definition creates a vague, open-ended upper bound for the level of 

ordinary skill, and we therefore do not adopt that aspect of the proposal. 

Thus, we determine at this stage of the proceeding, that a person of ordinary 

skill in the art would have been a person with an advanced degree in 
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electrical or computer engineering and two years working in the field, or a 

bachelor's degree in such engineering disciplines and three years working in 

the field. 

C. Claim Construction 

We apply the same claim construction standard used in district court 

actions under 35 U.S.C. § 282(b), namely that articulated in Phillips v. AWH 

Corp., 415 F.3d 1303 (Fed. Cir. 2005) (en bane). See 37 C.F.R. § 42.100(b) 

(2020). 

In applying that standard, claim terms generally are given their 

ordinary and customary meaning as would have been understood by a person 

of ordinary skill in the art at the time of the invention and in the context of 

the entire patent disclosure. Phillips, 415 F.3d at 1312-13. "In determining 

the meaning of the disputed claim limitation, we look principally to the 

intrinsic evidence of record, examining the claim language itself, the written 

description, and the prosecution history, if in evidence. " DePuy Spine, Inc. 

v. Medtronic Sofamor Danek, Inc., 469 F.3d 1005, 1014 (Fed. Cir. 2006) 

(citing Phillips, 415 F.3d at 1312-17). 

Petitioner proposes we "use Patent Owner's proposed constructions" 

from the related proceedings. Pet. 12; see Ex. 1019. 

Patent Owner states that it "does not propose that the Board construe 

any claims." Prelim. Resp. 12. 

We determine no terms need to be construed to resolve the disputes 

between the parties at this stage of the proceeding. 

D. Anticipation by Osanai (Ground 1) 

Petitioner argues claims 1 and 4 of the '608 patent are anticipated by 

Osanai. Pet. 20-45. Below we provide a brief overview of the prior art 
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references and then analyze Petitioner's contentions in light of Patent 

Owner's arguments. 

1. Osanai (Ex. 1005) 

Osanai relates to a memory module having memory chips and data 

register buffers arranged in a manner which shortens data line lengths. 

Ex. 1005, code (57). Figure 1, reproduced below, is a schematic diagram of 

a configuration of a memory module." Id. ¶ 20. 

100 

R1 200-0 110 200-32 

200-2 

200-3 
LI — 
LO 

  200-1 400 
402 1  L5 

403 401 

200-33 

j II MIMI    Mil IL I 
 —  41  

'L2 
120 6300-0 300-1 300-2 110a R2 L4 j L3 c 120 110b 200-34 200-35

110c 300-8 

r -R1 

FIG.1 

As shown in Figure 1, memory module 100 includes a plurality of 

memory chips 200 mounted on module substrate 110. Id. ¶ 51. Further, 

memory module 100 includes nine data register buffers 300-0 to 300-8 and 

address/control register buffer 400. Id. ¶ 52. Still further, memory module 

100 includes "data connectors 120 [which] are connectors for exchanging 

write data to be written in the memory chip 200 and read data read from the 

memory chip 200 between the memory module 100 and [a] memory 

controller" ellectrically connected to the connectors. Id. ¶¶ 53-54 (memory 

controller not shown). As can be seen in Figure 1, and as further detailed in 

Figure 7, "data register buffer 300 intervenes between the data connectors 

11 

Samsung Electronics Co., Ltd. 
Ex. 1002, p. 296 

Micron Technology Inc. et al. 
Ex. 1002, p. 296



IPR2022-00237 
Patent 10,268,608 B2 

120 and the memory chips 200." Id. ¶ 109. Figure 7, reproduced below, is a 

connection diagram of memory module 100. Id. ¶ 26. 
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C > --LO 

FIG.7 
As shown in Figure 7, "data connectors 120 and the data register 

buffer 300 are connected to each other with the data line LO, and the data 

register buffer 300 and the memory chips 200 are connected to each other 

with the data line L 1 or L2." Ex. 1005 ¶ 109. "[A] data strobe signal 

transferred through the data line LO is represented by a data strobe signal 

DQS-Pre, and a data strobe signal transferred through the data line Ll or L2 

is represented by a data strobe signal DQS-Post." Id. 

Further, "[a]lthough the data DQ-Pre and the data DQ-Post have the 

same content, because the data DQ is buffered by the data register buffer 

300, the timing is off between the data DQ-Pre and the data DQ-Post." Ex. 

1005 ¶ 110. As such, "it is required to perform a timing adjustment between 

the memory chips 200 and the data register buffer 300 and a timing 

adjustment between the data register buffer 300 and the memory controller." 

Id. Osanai "adjust[s] a write timing or a read timing in consideration of a 

propagation time of a signal" via leveling operations. Id. ¶ 146. The write 

leveling and read leveling operations are provided via write leveling and 

12 

Samsung Electronics Co., Ltd. 
Ex. 1002, p. 297 

Micron Technology Inc. et al. 
Ex. 1002, p. 297



IPR2022-00237 
Patent 10,268,608 B2 

read leveling circuits in the data register buffer, as shown in Figure 5, which 

is a block diagram of the configuration of the data register buffer 300 and is 

reproduced below. Id. ¶ 89. 
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FIG.5 
As shown in Figure 5, data register buffer 300 includes write leveling 

circuit 322 and read leveling circuit 323. Ex. 1005 ¶¶ 151, 153. The write 

leveling and read leveling operations "adjust a write timing or a read timing 

in consideration of a propagation time of a signal." Id. For example, in a 

write operation, "[b]ecause it takes a certain amount of propagation time 

until the data strobe signal DQS reaches the memory chip 200, input timings 

of the clock signal CK and the data strobe signal DQS are not always the 

same on the memory chip 200 side." Id. ¶ 149. To compensate for that, 

"write leveling circuit 322 of the data register buffer 300 changes an output 

timing of the data strobe signal DQS." Id. ¶ 151. 
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An exemplary read leveling operation also adjusts signal timing for a 

read operation. See Ex. 1005 ¶¶ 153-157. For example, 

read data DQ output from the memory chip 200 reaches the data 
register buffer 300, by which the data register buffer 300 can find 
a time A from an input timing of the read command Read that is 
input as a part of the control signal DRC until the read data DQ 
is input. The time is measured for each of the memory chips 200, 
stored in the data register control circuit 320 in the data register 
buffer 300, and used in an adjustment of an activation timing of 
the input buffer circuit INB and the like. 

Id. ¶ 157. 

2. Analysis of Claim 1 

a) Preamble and Undisputed Limitations 1[4-1 [i] 

Petitioner provides detailed analysis demonstrating that Osanai 

discloses the preamble and limitations l[b]-1[i]. Pet. 20-33. Petitioner 

supports its arguments with citations to Osanai and to the testimony of 

Dr. Alpert. Id. Patent Owner does not separately dispute Petitioner's 

contentions regarding the preamble and these limitations. At this stage of 

the proceeding, we are persuaded that Petitioner has demonstrated a 

reasonable likelihood that Osanai teaches the preamble and limitations l[b]-

1[i] for the reasons provided by Petitioner. 

For example, for the preamble, Petitioner identifies Osanai's memory 

module 100 as the recited "memory module" and the memory control hub 12 

as the recited "memory controller." Pet. 20 (citing Ex. 1005 ¶¶ 69-71). 

Petitioner argues that memory module 100 and control hub 12 communicate 

using line 23, which the Petitioner identifies as the recited "memory bus." 

Id. at 21-23 (citing Ex. 1005 ¶¶ 54-55, 75, Figs. 1, 3; Ex. 1003 ¶¶ 76-78). 

Petitioner argues that line 23 connects signal lines LO and L3, which are the 
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recited "data/strobe signal lines" and "control/address signal lines," 

respectively. Id. at 24 (citing Ex. 1005 ¶¶ 54-55, 75; Ex. 1003 ¶ 80). 

For limitation 1[b], Petitioner argues that Osanai's memory module 

100 includes data connectors 120 and 130 which, together, disclose the 

recited "module board having edge connections." Pet. 24-25 (citing 

Ex. 1005 ¶ 54, Fig. 1; Ex. 1003 ¶ 83). 

For limitation 1 [c], Petitioner identifies command/address/control 

register buffer 400 as the recited "module control device mounted on the 

module board." Pet. 25-26 (citing Ex. 1005 ¶¶ 66, 101-103). Petitioner 

argues that Osanai's memory controller 12 sends command/address/control 

signals (the recited "system command signals") to register buffer 400 and in 

response the register buffer 400 outputs "module command signals" and 

"module control signals," such as ADD, CMD, CTRL, and CK signals as 

well as control signal DRC. Id. at 26 (citing Ex. 1005 ¶¶ 53, 102; Ex. 1003 

¶ 87). Petitioner further argues Osanai's register buffer 400 receives Clock-

Pre Signal and outputs Clock-Post signal, which Petitioner argues are the 

recited "system clock signal" and "module clock signal" respectively. Id. at 

28 (citing Ex. 1005 ¶ 114, Fig. 6-7; Ex. 1003 ¶¶ 89-90). 

For limitation l[d] Petitioner identifies Osanai's memory chips 200 as 

the recited "memory devices" and argues that they perform memory 

operations, such as read and write operations, as instructed by receiving 

CNTRL-Post signals and Clock-post signals, which Petitioner identifies as 

the recited "module command signals" and "clock signals" respectively. 

Pet. 29-30 (Ex. 1005 ¶¶ 60, 101-114, Figs. 6, 7; Ex. 1003 ¶ 93). 

For limitation l[e] Petitioner argues Osanai's memory chips 200 are 

grouped into sets making "a plurality of sets of memory devices," and each 
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group has its own respective set of data/strobe signal lines. Pet. 30-31 

(citing Ex. 1003 ¶¶ 96-97; Ex. 1005 ¶¶ 58, 109, Figs. 5, 7). 

For limitation l[f] Petitioner identifies Osanai's data register buffers 

300 mounted on memory module 100 as the recited "plurality of buffer 

circuits" and argues that the register buffers 300 are each paired with a set of 

the memory chips and LO data lines. Pet. 31-33 (citing Ex. 1003'¶¶ 100-

101; Ex. 1005 ¶¶ 52, 61-62, 109, Figs. 1, 7). 

For limitation 1[g] Petitioner argues that each data register buffer 

("buffer circuit") is mounted on the module between LO data lines 

("data/strobe signal lines") and its respective memory chip group ("set of 

memory devices"). Pet. 33-34 (citing Ex. 1005 ¶ 109, Figs. 1, 7). Petitioner 

further argues that Osanai's command/address/control register buffer 400 

("module control device") outputs Clock-Post signal ("module clock 

signal") and DRC ("module control signals") to the buffer circuits 300. Id. 

at 34-35 (citing Ex. 1005 ¶¶ 93, 104, 112-114, 154, 157, 164, Figs. 6-7; 

Ex. 1003 ¶ 107). 

For limitation l[h] Petitioner argues that each data register buffer 300 

has data paths that correspond to each data signal line Ll and L2, connected 

to each memory chip group. Pet. 36 (citing Ex. 1005 ¶ 109, Fig. 7). 

Petitioner argues that these data paths include circuitry components in the 

data register buffer 300 that connect each LO data lines ("respective set of 

data/strobe signal lines"). Id. at 36-38 (citing Ex. 1003 ¶¶ 110-112; Ex. 

1005 ¶ 109, Figs. 1, 5, 7). 

For limitation 1 [i] Petitioner identifies the data register control circuit 

320 and DLL circuit 310 in the data register buffer 300 as the recited 

"command processing circuit" and argues that this circuitry uses the 

received DRC signals and clock signals to select the appropriate data path 
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("to control the data path in accordance with the module control signals and 

the module clock signal"). Pet. 38-40 (citing Ex. 1005, ¶¶ 94, 96, 97, 105, 

132, 158, 163, Figs. 2, 5; Ex. 1003 ¶ 115). Petitioner further argues that any 

data path selected by Osanai's data register control circuit 320 includes a 

"tristate buffer" such as Osanai's OUTB buffers. Id. at 40-41 (citing 

Ex. 1005 ¶¶ 90-94, 97-98, 105-106, 129-136, Figs. 5, 11; Ex. 1003 ¶ 116). 

b) Disputed limitation 1 ill 

Petitioner argues that Osanai's control circuit 320 includes read 

leveling and write leveling circuits 322 and 323 and Dr. Alpert testifies that 

these circuits compensate for propagation delays caused by some memory 

chips being placed farther away from their respective data register buffers. 

Pet. 41-42 (citing Ex. 1005 ¶ 146, Fig. 5; Ex. 1003 ¶¶ 120-121). Petitioner 

argues that the write leveling circuitry 322 delays the output timing of the 

DQS sent from the data register buffer 300, thus creating DQS-Post and that 

the read leveling circuitry similarly delays signals. Pet. 43 (citing Ex. 1005 

¶¶ 151-157; Ex. 1003 ¶ 123). Petitioner argues that these delays were "in 

response to at least one of the module control signals" because the delays 

depend on whether the DRC mode represents a read operation or write 

operation and alternatively because read and write leveling circuitry uses the 

module clock signal. Id. at 44 (citing Ex. 1005 ¶¶ 94, 132, 154-157, 164, 

Fig. 7; Ex. 1003 ¶ 124). 

Patent Owner argues that Petitioner fails to clearly identify any 

claimed delay circuit configured to delay a signal, arguing that although 

Petitioner makes remarks regarding Osanai's write leveling circuit and read 

leveling circuit, Petitioner never expressly identifies either as the recited 

"delay circuit." Prelim. Resp. 15. Patent Owner further argues that 

Petitioner fails to identify any data path that includes Osanai's write leveling 
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circuitry 322. Id. at 16. Patent Owner further argues that Petitioner does not 

identify a signal that is delayed through the recited data path. Id. at 17-19. 

Specifically, Patent Owner argues that Osanai's write leveling circuit 322 

performs any delay before the DQS signals, which Petitioner relies on as the 

recited delayed signal, are even generated. Id. at 19. Patent Owner argues 

that "a signal cannot be `delay[edf as claimed unless it exists." Id. 

(alteration in original). 

We do not agree with Petitioner's contentions. Specifically, we agree 

with Patent Owner that Petitioner has not identified a data path that includes 

Osanai's write leveling circuit 322. Claim 1 recites "wherein the data path 

. . . includes at least one tristate buffer . . . and a delay circuit configured to 

delay a signal through the data path." Thus, claim 1 requires that the data 

path include two elements: (1) at least one tristate buffer and (2) a delay 

circuit. We first examine Petitioner's contentions with respect to the "data 

path" limitation and then analyze whether Petitioner has sufficiently 

identified a delay circuit that is included in the aforementioned data path. 

With respect to the "data path," Petitioner argues that "each data 

register buffer 300 has `data paths' that correspond to each data signal line, 

L1 and L2 data lines, connected to each memory chip group." Pet. 36 (citing 

Ex. 1005 ¶ 109, Fig. 7). Petitioner argues that "these data paths include 

circuitry components in the data register buffer 300 that connect each LO 

data lines (`respective set of data/strobe signal lines') at terminals 340 and 

350." Pet. 36-38 (citing Ex. 1003 ¶¶ 110-112; Ex. 1005 11109, Figs. 1, 5, 

7). Initially, we note, that while Petitioner states that data register buffer 300 

has data paths, Petitioner does not, even by way of example, identify any 

single one of those data paths as disclosing the recited "data path." 

Moreover, Petitioner does not specifically identify which circuitry 
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components of data register buffer 300 are included in any one of the data 

paths cited by Petitioner. 

With respect to the "delay circuit" Petitioner identifies Osanai's write 

level circuitry 322 and read leveling circuitry 3232 and argues that the write 

level circuitry 322 delays the output timing of the DQS sent from the data 

register buffer 300, thus creating DQS-Post and that the read leveling 

circuitry similarly delays signals. Pet. 43 (citing Ex. 1005 ¶¶ 151-157; 

Ex. 1003 ¶ 123). Petitioner does not, however, state, or otherwise make a 

showing, that the write and read leveling circuitry are included in any one of 

the data paths that are relied upon by Petitioner. Nor does Petitioner show 

how these circuits would be included in the recited data path. 

In contrast, with respect to the "tristate buffer," Petitioner explicitly 

states that "[a]ny data path selected by Osanai's data register control circuit 

320 includes a `tristate buffer" and identifies Osanai's OUTB buffers as 

disclosing these tristate buffers. Pet. 40 (citing Ex. 1005 ¶ 94, Fig. 5; 1003 

¶ 116). Petitioner, however, does not make a similar statement regarding the 

delay circuit being included in the data path. Instead Petitioner contends that 

the "buffer circuits 300 include `a delay circuit . . . Id. at 41. The claim, 

however, requires more than just the buffer circuit include the delay circuit. 

The claim requires the data path include the delay circuit. Based on our 

2 Patent Owner argues that Petitioner does not clearly and expressly identify 
any claimed delay circuit configured to delay a signal. Prelim. Resp. 15. 
We determine, however, that Petitioner relies on Osanai's write leveling 
circuitry 322 and read leveling circuitry 323 as disclosing the recited "delay 
circuit." See Pet. 43 (stating that the write and read leveling circuitry as the 
components that "delay a signal through the data path by an amount 
determined by the command processing circuit.") 
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review of Petitioner's contentions it appears Petitioner does not demonstrate 

this to be the case. 

3. Conclusion — Anticipation by Osanai (Ground 1) 

Accordingly, having considered the arguments and evidence, we are 

not persuaded that Petitioner has demonstrated a reasonable likelihood, that 

Osanai anticipates claim 1, or claim 4, which depends from claim 1. 

E. Obviousness over Osanai and Tokuhiro (Ground 2) and Obviousness 
over Osanai, Tokuhiro, and Takefman (Ground 3) 

Petitioner argues claims 1-5 of the '608 patent would have been 

obvious over Osanai and Tokuhiro (Pet. 45-61) and over Osanai, Tokuhiro, 

and Takefman (Pet. 62-65). Petitioner relies on Tokuhiro for independent 

claim 1 as disclosing "delay[ing] a signal through the data path by an 

amount determined . . . in response to . . . control signals." Id. at 45-52. 

Petitioner relies on Takefman as disclosing the recited "tristate buffer." Id. 

at 62-65. Petitioner's contentions regarding Tokuhiro or Takefman do not 

address or remedy the deficiencies discussed above with respect to Ground 

1.3 Specifically, Petitioner does not rely on Tokuhiro or Takefman as 

disclosing that the delay circuit is included in the recited data path, as 

required by claim 1. 

Claims 2-5 depend from claim 1. Accordingly, having considered the 

arguments and evidence, we are not persuaded that Petitioner has 

3 As with Ground 1, Petitioner recognizes in Ground 3 that claim 1 requires 
the recited "tristate buffer" to be included in the recited "data path" and, 
accordingly, provides reasoning why Takefman's tristate buffer would have 
been incorporated into Osanai's data paths. See Pet. 62-63. Petitioner does 
not recognize, or at least does not address, that claim 1 also requires the 
same of the recited "delay circuit" and thus does not address whether the 
relied upon references teach a delay circuit that is included in the recited 
data path. 
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demonstrated a reasonable likelihood that claims 1-5 would have been 

obvious over Osanai and Tokuhiro or would have been obvious over Osanai, 

Tokuhiro, and Takefman. 

III. CONCLUSION 

Petitioner has not demonstrated a reasonable likelihood of prevailing 

in showing the unpatentability of the challenged claims of the '608 patent. 

IV. ORDER 

For the foregoing reasons, it is 

ORDERED that the Petition is denied, and no trial is instituted. 
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WINSTON & STRAWN LLP 
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Rex Hwang 
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