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MEMORY MODULE WITH PACKAGES OF STACKED MEMORY CHIPS 

RELATED APPLICATION 

[0001] This application is a continuation application of U.S. Pat. App. No. 14/337,168, 

filed July 21, 2014, to be issued as U.S. Pat. No. 9,318,160 on April 19, 2016, which is a 

continuation of U.S. Pat. App. No. 13/288,850, filed November 3, 2011, now U.S. Pat. 

No. 8,787,060, which claims the benefit of priority under 35 U.S.C. § 119(e) of U.S. 

Provisional Patent Application No. 61/409,893, filed November 03, 2010, and entitled 

"ARCHITECTURE FOR MEMORY MODULE WITH PACKAGES OF THREE-

DIMENSIONAL STACKED (3DS) MEMORY CHIPS." The disclosure of each of the 

above applications is hereby incorporated by reference in its entirety. 

BACKGROUND 

Technical Field 

[0002] The present disclosure relates to memory devices and memory modules. More 

specifically, the present disclosure relates to systems and methods for reducing the load 

of drivers of memory packages included on the memory modules. 

Description of the Related Art 

[0003] Memory modules may include a number of memory packages. Each memory 

package may itself include a number of array dies that are packaged together. Each array 

die may include an individual semiconductor chip that includes a number of memory 

cells. The memory cell may serve as the basic building block of computer storage 

representing a single bit of data. 

[0004] FIGS. 1A and 1B schematically illustrate examples of existing memory package 

designs currently used or proposed to be used to provide the dynamic random-access 

memory of memory modules. FIG. 1A schematically illustrates a memory package 100 

with three array dies 110 and a control die 130. The control die 130 is configured to 

respond to signals received by the memory package 100 by sending appropriate control 
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signals to the array dies 110 and includes a driver 134 for driving data signals to each of 

the array dies 110 via a corresponding die interconnect 120. Further, the control die 130 

includes a driver 140 for driving command and/or address signals to each of the array 

dies 110 via another corresponding die interconnect 142. For simplicity, FIG. 1A shows 

only a single driver 134, die interconnect 120, driver 140, and die interconnect 142. 

However, additional drivers and die interconnects may be included for each bit the 

memory package 100 is designed to support. Thus, a 16-bit memory may include 16 pairs 

of drivers and die interconnects for the data signals and other similar drivers and die 

interconnects for the command and/or address signals. Each array die 110 also includes a 

chip select port 144, with the chip select ports 144 of the array dies 110 configured to 

receive corresponding chip select signals to enable or select the array dies for data 

transfer. The array dies 110 are configured to transfer data (e.g. read or write) to or from 

the selected memory cells identified by the command, address, and chip select signals via 

the die interconnects. 

[0005] In some cases, the control die 130 may include memory cells and therefore, also 

serve as an array die. Thus, as can be seen from FIG. 1A, the control die 130 may also 

include a chip select port 144. Alternatively, the control die 130 and the array dies 110 

may be distinct elements and the control die 130 may not include any memory cells. 

[0006] FIG. 1B schematically illustrates an example of a memory package 150 that 

includes four array dies 160 and a control die 170 that does not include memory cells. As 

can be seen in FIG. 1B, each array die 160 includes a chip select port 174. However, 

because the control die 170 does not also serve as an array die, the control die 170 does 

not include a chip select port. As with memory package 100, memory package 150 

includes a driver 184 that drives data signals to each of the array dies 160 along a 

corresponding die interconnect 182. Further, the memory package 150 includes a driver 

186 for driving command and/or address signals to each of the array dies 160 via another 

die interconnect 188. 

[0007] Generally, a load exists on each of the drivers 134, 140, 184, and 186 by virtue of 

the drivers being in electrical communication with the corresponding die interconnects 
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and the corresponding circuitry of the array dies. Thus, to drive a signal along a die 

interconnect, a driver typically must be large enough to overcome the load on the driver. 

However, generally a larger driver not only consumes more space on the control die, but 

also consumes more power. 

SUMMARY 

[0008] In certain embodiments, an apparatus is provided that comprises a plurality of 

array dies having data ports. The apparatus further comprises at least a first die 

interconnect and a second die interconnect. The first die interconnect is in electrical 

communication with at least one data port of a first array die of the plurality of array dies 

and at least one data port of a second array die of the plurality of array dies and not in 

electrical communication with the data ports of at least a third array die of the plurality of 

array dies. The second die interconnect is in electrical communication with at least one 

data port of the third array die and not in electrical communication with the data ports of 

the first array die and the data ports of the second array die. In addition, the apparatus 

comprises a control die. The control die comprises at least a first data conduit configured 

to transmit a data signal to the first die interconnect and to not transmit the data signal to 

the second die interconnect, and at least a second data conduit configured to transmit the 

data signal to the second die interconnect and to not transmit the data signal to the first 

die interconnect. 

[0009] In certain embodiments, an apparatus is provided that comprises a plurality of 

array dies having ports. The apparatus further comprises at least a first die interconnect 

and a second die interconnect. The first die interconnect is in electrical communication 

with at least one port of a first array die of the plurality of array dies and at least one port 

of a second array die of the plurality of array dies and not in electrical communication 

with the ports of at least a third array die of the plurality of array dies. The second die 

interconnect is in electrical communication with at least one port of the third array die 

and not in electrical communication with the ports of the first array die and the ports of 

the second array die. In addition, the apparatus comprises a control die. The control die 

comprises at least a first conduit configured to transmit a signal to the first die 
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interconnect and to not transmit the signal to the second die interconnect, and at least a 

second conduit configured to transmit the signal to the second die interconnect and to not 

transmit the signal to the first die interconnect. Moreover, a first load on the first conduit 

comprises a load of the first die interconnect, a load of the first array die, and a load of 

the second array die. In addition, a second load on the second conduit comprises a load of 

the second die interconnect and a load of the third array die. 

[0010] In certain embodiments, a method is provided for optimizing load in a memory 

package. The memory package comprises a plurality of array dies, at least a first die 

interconnect and a second die interconnect, and a control die. The control die comprises 

at least a first driver and a second driver, the first driver configured to drive a signal along 

the first die interconnect, and the second driver configured to drive the signal along the 

second die interconnect. The method comprises selecting a first subset of array dies of the 

plurality of array dies and a second subset of array dies of the plurality of array dies. The 

first subset of array dies and the second subset of array dies are exclusive of one another 

and are selected to balance a load on the first driver and on the second driver based at 

least in part on array die loads of array dies of the plurality of array dies and at least in 

part on die interconnect segment loads of segments of at least the first die interconnect 

and the second die interconnect. The method further comprises forming electrical 

connections between the first die interconnect and the first subset of array dies. In 

addition, the method comprises forming electrical connections between the second die 

interconnect and the second subset of array dies. 

[0011] In certain embodiments, an apparatus is provided that comprises a register device 

configured to receive command/address signals from a memory control hub and to 

generate data path control signals. The apparatus further comprises a plurality of DRAM 

packages. Each of the DRAM packages comprises a control die. The control die 

comprises a plurality of command/address buffers and a data path control circuit 

configured to control command/address time slots and data bus time slots. The control die 

is configured to receive data signals from the memory control hub, the data path control 

signals from the register device, and command/address signals from the register device. 

Further, each of the DRAM packages comprises a plurality of DDR DRAM dies 
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operatively coupled to the control die to receive the data signals from the control die. 

Moreover, the memory module is selectively configurable into at least two operational 

modes. The two operational modes comprise a first operational mode and a second 

operational mode. In the first operational mode the register device generates the data path 

control signals, and the control die uses the data path control signals to operate the data 

path control circuit. In the second operational mode, the control die operates the data path 

control circuit to provide the command/address signals to the plurality of DDR DRAM 

dies without decoding the command/address signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Throughout the drawings, reference numbers are re-used to indicate 

correspondence between referenced elements. The drawings are provided to illustrate 

certain example embodiments of the inventive subject matter described herein and not to 

limit the scope thereof 

[0013] FIGS. 1A and 1B schematically illustrate examples of existing memory package 

designs. 

[0014] FIG. 2 schematically illustrates an example embodiment of a memory package in 

accordance with the present disclosure. 

[0015] FIG. 3 schematically illustrates another example embodiment of a memory 

package in accordance with the present disclosure. 

[0016] FIG. 4 schematically illustrates an example embodiment of a driver structure of a 

control die in accordance with the present disclosure. 

[0017] FIG. 5 presents a flowchart for an example embodiment of a load optimization 

process. 

[0018] FIGS. 6A and 6B schematically illustrate an example of a Load Reduction Dual 

In-line Memory Module (LRDIMM) and a HyperCloudTM Dual In-line Memory Module 

(HCDIMM) architecture respectively. 
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[0019] FIG. 7 schematically illustrates an example of a Three-Dimensional Structure 

Dual In-line Memory Module (3DS-DIMM) architecture. 

[0020] FIG. 8 schematically illustrates an example embodiment of a memory module 

architecture in accordance with the present disclosure. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0021] In addition to the below, the following U.S. patents are incorporated in their 

entirety by reference herein: U.S. Patent Nos. 7,289,386, 7,286,436, 7,442,050, 

7,375,970, 7,254,036, 7,532,537, 7,636,274, 7,630,202, 7,619,893, 7,619,912, 7,811,097. 

Further, the following U.S. patent applications are incorporated in their entirety by 

reference herein: U.S. Patent Application Nos. 12/422,912, 12/422,853, 12/577,682, 

12/629,827, 12/606,136, 12/874,900, 12/422,925, 12/504,131, 12/761,179, and 

12/815,339. 

[0022] Certain embodiments of the present disclosure reduce the size of drivers that are 

configured to drive a signal, such as a data signal, along a die interconnect to one or more 

array dies. Further, certain embodiments of the present disclosure reduce the power 

consumption of the drivers. 

[0023] In certain embodiments, reducing one or both of driver size and driver power 

consumption may be accomplished by increasing the number of die interconnects and 

reducing the number of array dies that are in electrical communication with each die 

interconnect. For example, instead of one die interconnect in electrical communication 

with four array dies, there may be two die interconnects, each in electrical 

communication with a different pair of the four array dies. 

[0024] In certain embodiments, determining the number of die interconnects and the 

number of array dies in electrical communication with each die interconnect is based, at 

least in part, on a load of each array die and a load of the die interconnect that is in 

electrical communication with one or more of the array dies. 

[0025] In some embodiments, the load contribution from a die interconnect may be 
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negligible compared to the load contribution from the array dies. In such embodiments, 

determining the number of die interconnects and the number of array dies in electrical 

communication with each die interconnect may be based, at least in part, on a load of 

each array die without considering the load of the die interconnect. However, as the 

physical size of a memory package shrinks, the load of a die interconnect becomes a non-

negligible value relative to the load of the array dies. Thus, as memory packages become 

physically smaller, it becomes more important to consider the load of the die interconnect 

in determining the number of die interconnects and the number of array dies in electrical 

communication with each die interconnect. Advantageously, certain embodiments of the 

present disclosure account for both the loads of the array dies and the loads of the die 

interconnects on a conduit (e.g., driver) in determining the number of die interconnects to 

be used and the number of array dies in electrical communication with each die 

interconnect. 

[0026] FIG. 2 schematically illustrates an example embodiment of a memory package 

200 in accordance with the present disclosure. One example of a memory package that 

includes array dies and a control die is the Hybrid Memory Cube (HMC). Examples of an 

HMC compatible with certain embodiments described herein are described by the 

IDF2011 Intel Developer Forum web site, http ://www. intel .com/idf/index.htm, which 

includes presentations and papers from the IDF2011 Intel Developer Forum including the 

keynote address given by Justin Rattner on September 15, 2011. Additional examples of 

an HMC compatible with certain embodiments described herein are described by the 

Hybrid Memory Cube Consortium web site, http ://www. hyb ri dm em ory cub e. org. The 

memory package 200 can include any type of memory package. For example, the 

memory package 200 may be a DRAM package, a SDRAM package, a flash memory 

package, or a DDR SDRAM package (e.g., DDR3, DDR4), to name a few. A memory 

module (not shown) may include one or more memory packages in accordance with the 

memory package 200. Further, the memory package 200 may include input/output 

terminals (not shown) that are configured to be placed in electrical communication with 

circuitry of the memory module to transmit signals between the memory package 200 and 

a Memory Control Hub (MCH) (not shown). 
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[0027] The memory package 200 may include a plurality of array dies 210 (e.g., array 

dies 210a-210d). The plurality of array dies 210 may be sealed within the memory 

package 200. Further, circuitry of the array dies 210 may be in electrical communication 

with the input/output terminals of the memory package 200. Although generally referred 

to as array dies herein, the array dies 210 may also be called slave dies or slave chips. 

Each of the array dies 210a-210d may include circuitry (e.g., memory cells) (not shown) 

for storing data. Examples of array dies compatible with certain embodiments described 

herein are described by the existing literature regarding the Hybrid Memory Cube (e.g., 

as cited above). As illustrated in FIG. 2, the plurality of array dies 210 may be arranged 

in a stack configuration known as a three-dimensional structure (30S). Examples of 30S 

compatible with certain embodiments described herein are described by the existing 

literature regarding the Hybrid Memory Cube (e.g., as cited above). However, the 

structure or layout of the plurality of array dies 210 is not limited as such, and other 

structures are possible in accordance with the present disclosure. For example, the 

plurality of array dies 210 may be arranged in a planar structure, or in a structure that 

combines 30S with a planar structure. Moreover, while the memory package 200 is 

illustrated as including four array dies, the memory package 200 is not limited as such 

and may include any number of array dies. For example, as illustrated in FIG. 3, the 

memory package 200 may include eight array dies. As further examples, the memory 

package 200 may include three or sixteen array dies. 

[0028] Each of the array dies 210 may include one or more data ports (not shown). The 

data ports enable electrical communication and data transfer between the corresponding 

memory circuitry of the array dies 210 and a communication pathway (e.g., a die 

interconnect). 

[0029] In the example schematically illustrated in FIG. 2, the memory package 200 

includes a plurality of die interconnects 220 (e.g., die interconnects 220a, 220b). For 

example, certain versions of HMC have been reported to have 512 data ports per die, 

with the corresponding bits of each die all connected to a single die interconnect (e.g., 

TSV). Examples of die interconnects include, but are not limited to, through-silicon vias 

(TSV), conducting rods, wire bonds, and pins. (See e.g., U.S. Patent Nos. 7,633,165 and 
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7,683,459.) Each of these die interconnects 220 may be coupled to, or in electrical 

communication with at least one data port of at least one of the array dies 210. In certain 

embodiments, at least one of the die interconnects 220 is in electrical communication 

with at least one data port from each of at least two array dies 210 without being in 

electrical communication with a data port from at least one array die 210, which may be 

in electrical communication with a different die interconnect 220. 

[0030] For example, die interconnect 220a may be in electrical communication with a 

data port from array die 210a and a data port from array die 210b (as illustrated by the 

darkened circles in FIG. 2) and not in electrical communication with any data ports from 

array die 210c or any data ports from array die 210d. The data ports of array dies 210a 

and 210b in electrical communication with the die interconnect 220a can be 

corresponding to the same data bit (e.g., 00). Other die interconnects (not shown) can be 

in electrical communication with other data ports corresponding to other data bits (e.g., 

01, 02, ... ) of array dies 210a and 210b. These other die interconnects can be electrically 

isolated from the corresponding data ports of array dies 210c and 210d. 

[0031] However, continuing this example, the die interconnect 220b may be in electrical 

communication with a data port from array die 210c and a data port from array die 210d 

(as illustrated by the darkened circles in FIG. 2) (e.g., corresponding to the same data bit, 

e.g., 00) without being in electrical communication with any data ports from array die 

210a and array die 210b. Other die interconnects (not shown) can be in electrical 

communication with other data ports corresponding to other data bits (e.g., 01, 02, ...) of 

array dies 210c and 210d. Despite not being in electrical communication with any data 

ports from array die 210a and 210b, in some implementations, the die interconnect 220b 

may pass through the array dies 210a and 210b (as illustrated by the unfilled circles) e.g., 

through through-holes or vias of array dies 210a and 210b. For some implementations, 

each of the array dies 210 may be in electrical communication with corresponding die 

interconnects 220, without any of the die interconnects 220 being in electrical 

communication with all of the array dies 210. Where existing systems may utilize a 

single die interconnect to be in electrical communication with the corresponding data 

ports of each array die (e.g., the data ports corresponding to the same bit), certain 
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embodiments described herein utilize multiple die interconnects to provide electrical 

communication to the corresponding data ports of the array dies (e.g., the data ports 

corresponding to the same data bit) with none of the multiple die interconnects in 

electrical communication with data ports of all the array dies. 

[0032] In addition to the plurality of array dies 210, the memory package 200 includes a 

control die 230, which may also be called a master die. Examples of master dies 

compatible with certain embodiments described herein are described by the existing 

literature regarding the Hybrid Memory Cube (e.g., as cited above). In some 

embodiments, the control die 230 may be one of the array dies 210. Alternatively, the 

control die 230 may be a modified version of one of the array dies 210. Thus, in some 

implementations, memory package 200 may include four dies or chips instead of the five 

illustrated in FIG. 2. Further, in some embodiments, the control die 230 may comprise a 

logic layer (e.g., the logic layer of an HMC). 

[0033] The control die 230 may include a number of data conduits 232, which includes 

data conduits 232a and 232b. Each of these data conduits 232 may be configured to 

transmit a data signal to a single die interconnect 220. For example, the data conduit 232a 

may be configured to transmit a data signal to the die interconnect 220a without 

transmitting the data signal to the die interconnect 220b. Conversely, the data conduit 

232b may be configured to transmit the data signal to the die interconnect 220b without 

transmitting the data signal to the die interconnect 220a (e.g., data conduit 232b is 

electrically isolated from die interconnect 220a and data conduit 232a is electrically 

isolated from die interconnect 220b). 

[0034] In some embodiments, the data conduits 232 may also include one or more drivers 

234 as schematically illustrated by FIG. 2. The drivers 234 may be configured to drive 

the data signals along the corresponding die interconnects 220. In some embodiments, a 

single data conduit 232 or driver 234 may be in electrical communication with multiple 

die interconnects 220, each of which may be in electrical communication with different 

array dies 210. 

[0035] Each of the data conduits 232 may be configured to receive the data signal from a 
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common source. For instance, the data conduit 232a and the data conduit 232b may each 

receive a substantially similar, if not identical, data signal from the same signal source 

(e.g. the data signal corresponding to the same data bit). The source of the data signal 

may include a data path, a driver, a latch, a pin, or any other construct that may provide a 

data signal to a data conduit. 

[0036] The data conduits 232 may each be subject to a load. Although not limited as 

such, this load may be measured as a capacitive load, such as a parasitic capacitance. The 

load on each of the data conduits 232 may include at least a load of the die interconnect 

220 to which the data conduit 232 is coupled or connected as well as a load of each array 

die 210 with which the die interconnect 220 is in electrical communication via a data port 

of the die interconnect 220. Thus, for example, the load of the data conduit 232a may 

include loads of the die interconnect 220a, the array die 210a, and the array die 210b. 

Similarly, the load of the data conduit 232b may include loads of the die interconnect 

220b, the array die 210c, and the array die 210d. 

[0037] Generally, a load that would be on a data conduit that was in electrical 

communication with a die interconnect that was in electrical communication with at least 

one data port of each of the array dies 210 can be considered the maximum load for a 

data conduit. This maximum load is the load of a data conduit of a memory package that 

does not implement the teachings of this disclosure, but is in accordance with 

conventional configurations. 

[0038] In some implementations, the difference between the load of the data conduit 232a 

and the load of the data conduit 232b is less than the maximum load for a data conduit as 

described above. Thus, in some cases, there may exist a degree of balance or equalization 

between the loads of the data conduits 232a, 232b. In some implementations, the 

difference between the load of the data conduit 232a and the load of the data conduit 

232b is zero or substantially zero. In some embodiments, the length of each die 

interconnect 220, and the number of array dies 210 in electrical communication with each 

die interconnect 220 may be selected to maintain the difference between the load of the 

data conduit 232a and the load of the data conduit 232b to be at or below a threshold load 
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difference. For example, suppose that the load of each array die 210 is 1, the load of each 

segment of the die interconnects 220 is 0.25, and that the threshold load difference is 0.5. 

Using the configuration schematically illustrated in FIG. 2, the load on the data conduit 

232a in this example is 2.5 and the load on the data conduit 232b in this example is 3. 

Thus, in this example, the difference between the load of the data conduit 232a and the 

load of the data conduit 232b is at the threshold load difference value of 0.5. However, an 

alternative configuration that places the die interconnect 220a in electrical 

communication with only the array die 210a, and the die interconnect 220b in electrical 

communication with the array dies 210b-210d would not satisfy the threshold load 

difference value of 0.5 of the above example. In the alternative configuration, the load on 

the data conduit 232a would be 1.25 and the load on the data conduit 232b would be 4. 

Thus, in the alternative configuration, the difference between the load of the data conduit 

232a and the load of the data conduit 232b is 2.75, which is above the threshold load 

difference value of 0.5. 

[0039] For certain embodiments, the load of each data conduit is less than the maximum 

load as described above. Thus, in some cases, the load of the data conduit 232a is less 

than the maximum load and the load of the data conduit 232b is less than the maximum 

load. Further, in many implementations, the combined load of the data conduit 232a and 

the data conduit 232b is less than the maximum load of a single data conduit. In other 

words, it is possible to design the data conduit 232a and the data conduit 232b to reduce 

the overall load compared to a single data conduit that is in electrical communication 

with a die interconnect that is in electrical communication with at least one data port of 

each of the array dies 210. By reducing the overall load compared to the single data 

conduit, it is possible in many cases to reduce power consumption. Further, it is possible 

in many cases to maintain signal quality (e.g. maintain signal amplitude, maintain low 

signal distortion, etc.) while reducing power consumption. Advantageously, in a number 

of embodiments, by using multiple data conduits instead of a single data conduit, the 

speed of the memory package 200 can be increased. In some cases, this speed increase 

can include a reduced latency in accessing array dies 210 and/or operating the memory 

package 200 at a higher clock frequency. 
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[0040] Each of the die interconnects 220 may include any type of conducting material. 

For example, the die interconnects 220 may include copper, gold, or a conductive alloy, 

such as a copper/silver alloy. Further, the die interconnects 220 may include any type of 

structure for enabling electrical communication between the data conduits 232 and the 

data ports of the array dies 210. For example, the die interconnects 220 may include a 

wire, a conducting rod, or a conducting trace, to name a few. Moreover, the die 

interconnects 220 may use vias, or through-silicon vias (TSVs) to couple with or to 

electrically communicate with an array die. For instance, die interconnect 220a may be 

connected with data ports of the array dies 210a and 210b using vias (illustrated by the 

filled or darkened circles). Examples of TSVs which may be used with the present 

disclosure are described further in U.S. Patent Nos. 7,633,165 and 7,683,459. 

[0041] In addition, the die interconnects 220 may use via holes to pass through an array 

die that is not configured to be in electrical communication with the die interconnect. For 

instance, die interconnect 220b may pass through array dies 210a and 210b using TSVs 

that do not electrical communication between the die interconnect 220b and data ports of 

the array dies 210a and 210b (illustrated by the unfilled circles). In this way, the array 

dies 210a, 210b are not responsive to the data signals being transmitted by the die 

interconnect 220b. However, the die interconnect 220b may be connected with at least 

one data port of each of the array dies 210c and 210d using a via (illustrated by the filled 

or darkened circles). In cases where the die interconnect passes through an array die that 

is not configured to be in electrical communication with the die interconnect, the TSV 

may include an insulator or an air gap between the die interconnect and the array die 

circuitry that is large enough to prevent electrical communication between the die 

interconnect and the array die circuitry. In certain embodiments, the TSV for array dies 

that are configured to be in electrical communication with the die interconnect and for 

array dies that are not configured to be in electrical communication with the die 

interconnect may be configured the same. However, in such cases, electrical connections 

leading from the TSV of the array dies that are not configured to be in electrical 

communication with the die interconnect may not exist or may be stubs. These stubs are 

not configured to provide electrical communication with the memory cells of the array 

die. 
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[0042] Although FIG. 2 illustrates a single pair of data conduits 232 corresponding to a 

single pair of die interconnects 220, this is only to simplify the drawing figure. The 

memory package 200 may generally include as many additional data conduits and 

corresponding die interconnects as the number of bits the memory package 200 is 

designed or configured to support per memory address. Thus, if, for example, the 

memory package 200 is configured to be a 16-bit memory, the memory package 200 may 

include 16 pairs of data conduits 232 and 16 pairs of corresponding die interconnects 

220. Similarly, if the memory package 200 is configured as a 32-or 64-bit memory, the 

memory package 200 may include 32 or 64 pairs of data conduits 232 and 32 or 64 pairs 

of corresponding die interconnects 220. Generally, the data conduits and die 

interconnects for each bit are configured identically. Thus, for the memory package 200, 

each data conduit is configured to be in electrical communication with a die interconnect 

that is configured to be in electrical communication with a pair of the array dies 210. 

However, it is possible that, in some embodiments, the data conduits and die 

interconnects of different bits may be configured differently. 

[0043] In certain embodiments, the same die interconnects and the same corresponding 

data conduits may be used to transfer data both to and from the array dies 210. In such 

embodiments, the die interconnects may be bi-directional. In alternative embodiments, 

separate die interconnects and corresponding data conduits may be used to transfer data 

to the array dies 210 and data from the array dies 210 to the control die 230. Thus, such 

embodiments may include double the number of die interconnects and data conduits as 

embodiments that use the same die interconnect to transfer data to and from an array die. 

[0044] In some embodiments, the control die 230 may include additional 

command/address conduits 240 and die interconnects 242, which may be in electrical 

communication with at least one port of each of the array dies 210. For simplicity, FIG. 2 

shows only a single such conduit 240 and die interconnect 242. The command/address 

conduits 240 are configured to provide corresponding signals to the die interconnects 

242. These signals may be command signals, address signals, or may serve as both 

command and address signals (e.g., may include a memory cell address and a write 

command or a read command) either simultaneously or based on a determining criterion, 
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such as the edge of a clock signal. The command die 230 may include a 

command/address conduit 240 and corresponding die interconnect 242 for each bit of the 

command/address signals that the memory package 200 is configured to support. The 

number of bits of the command/address signals may be the same or may be different from 

the number of data bits of the memory package 200. 

[0045] In addition, in certain embodiments, the control die 230 may include a plurality of 

chip select conduits 250 (e.g., chip select conduits 250a-250d as shown in FIG. 2). 

Further, the control die 230 may include corresponding die interconnects 252 (e.g., die 

interconnects 252a-252d) with one die interconnect 252 in electrical communication with 

one chip select conduit 250 and one array die 210. Each of the die interconnects 252 may 

be in electrical communication with a different array die 210. For example, the die 

interconnect 252a may be in electrical communication with the array die 210a and the die 

interconnect 252b may be in electrical communication with the array die 210b. Each of 

the chip select conduits 250 may be configured to provide a chip select signal to a 

corresponding array die 210 via a corresponding die interconnect 252. 

[0046] In some embodiments, the control die 230 may include additional drivers that are 

configured to drive the chip select signals along the die interconnects 252. Alternatively, 

the chip select signals may be driven by drivers that are external to the control die 230. 

For example, a register (not shown) that is part of a memory module that includes the 

memory package 200 may determine the chip select signals and drive the chip select 

signals to the array dies 210. As a second example, the chip select signals may be 

provided by an MCH. In some embodiments, the control die 230 may determine the array 

die 210 to select based on, for example, an address signal. In such embodiments, the 

control die may generate the chip select signals. 

[0047] FIG. 3 schematically illustrates another example embodiment of a memory 

package 300 in accordance with the present disclosure. In certain embodiments, some or 

all of the embodiments described above with respect to the memory package 200 may be 

applicable to the memory package 300. However, for ease of illustration and to simplify 

discussion, certain elements are omitted in FIG. 3, such as the chip select conduits. 
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Nevertheless, it should be understood that the memory package 300 can include the same 

or similar elements as described above with respect to the memory package 200, 

including, for example, the chip select conduits. 

[0048] The memory package 300 may include a plurality of array dies 310 (e.g., array 

dies 310a-310h). In the implementation illustrated in FIG. 3, the memory package 

includes eight array dies. However, as stated earlier, the memory package 300 may 

include more or fewer array dies. Each of the array dies 310 may include one or more 

ports (not shown) that enable electrical communication between the circuitry of the array 

dies 310 and one or more die interconnects 320. Each of these die interconnects 320 may 

be coupled to, or in electrical communication with at least one port of at least one of the 

array dies 310. As with the memory package 200, in certain embodiments, at least one of 

the die interconnects 320 is in electrical communication with at least one port from each 

of at least two array dies 310 without being in electrical communication with a port from 

at least one array die 310, which may be in electrical communication with a different die 

interconnect 320. 

[0049] In addition to the plurality of array dies 310, the memory package 300 includes a 

control die 330. In some embodiments, the control die 330 may include a number of 

conduits 332 (e.g., conduits 332a-332f). Each of these conduits 332 may be configured to 

transmit a signal to a single die interconnect 320. 

[0050] Further, implementations of the conduits 332 may include one or more drivers 334 

(e.g., drivers 334a-334f). Each of the drivers 334 may be configured to drive a signal 

along a corresponding die interconnect 320. For instance, the driver 334a of the conduit 

332a may be configured to drive a signal along the die interconnect 320a to one or more 

of the array dies 310a and 310b. As a second example, the driver 334b of the conduit 

332b may be configured to drive a signal along the die interconnect 320b to one or more 

of the array dies 310c and 310d. Although the die interconnect 320b may pass through 

the array dies 310a and 310b, because the die interconnect 320b, in the example 

illustrated in FIG. 3, is not configured to be in electrical communication with the array 

dies 310a and 310b, the driver 334b does not drive the signal to the array dies 310a and 
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310b. 

[0051] In some embodiments, the signal can be a data signal, a command or address 

signal, a chip select signal, a supply voltage signal, or a ground voltage signal, to name a 

few. Further, as the signal is not limited to a data signal, in some embodiments, the 

conduits 332 may include conduits configured to provide signals other than data signals 

to the die interconnects 320. For example, the conduits may include conduits configured 

to provide a command or address signal, a chip select signal, a supply voltage signal, or a 

ground voltage signal to one or more die interconnects. Consequently, in some 

embodiments, the drivers 334 may be configured to drive signals other than data signals. 

[0052] Generally, the signal that each of the drivers 334 drive to the corresponding die 

interconnects 320 is from a common source. Thus, each of the drivers 334, in certain 

embodiments, is driving the same signal to each corresponding die interconnect 320. 

[0053] The size of the drivers 334 is generally related to the load on the driver 334. In 

certain embodiments, the load on each driver 334 corresponds to the load of the 

respective conduit 332. Although not limited as such, the load may be measured as a 

capacitive load, such as a parasitic capacitance. 

[0054] The load on each of the conduits 332 may include at least the loads of the die 

interconnect 320 with which the conduit 332 is coupled or connected as well as the loads 

of each array die 310 with which the die interconnect 320 is in electrical communication 

via a port of the die interconnect 320. Thus, for example, the loads of the conduit 332a 

may include the loads of the die interconnect 320a, the array die 310a, and the array die 

310b. Similarly, the loads of the conduit 332b may include the loads of the die 

interconnect 320b, the array die 310c, and the array die 310d. The loads of both conduits 

332a and 332b include a load of two array dies 310 because the corresponding die 

interconnects 320 are each configured to be in electrical communication with two array 

dies 310. On the other hand, the load of the conduit 332c, which may include the loads of 

the die interconnect 320c and the array die 310e, includes a load of one array die 310e 

because the corresponding die interconnect 320c is configured to be in electrical 

communication with only one array die 310. 
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[0055] As previously described with respect to FIG. 2, a load that would be on a conduit 

that was in electrical communication with a die interconnect that was in electrical 

communication with at least one port of each of the array dies 310 can be considered the 

maximum load for a conduit. This maximum load is the load of a conduit of a memory 

package that does not implement the teachings of this disclosure, but is used in 

accordance with conventional configurations. 

[0056] In some implementations, the difference between the loads of any pair of the 

conduits 332 is less than the maximum load for a conduit as described above. For 

instance, the difference between the load of the conduit 332a and the load of the conduit 

332b is less than the maximum load. As a second example, the difference between the 

load of the conduit 334f and anyone of the conduits 334a334e is less than the maximum 

load. Thus, in some cases, the load on each of the conduits 332 may be, at least partially 

balanced or equalized to reduce or minimize the difference between the load of any pair 

of the conduits 332. In some implementations, the difference between the load of a pair 

of the conduits 332 is zero or substantially zero. In some embodiments, the length of each 

die interconnect 320, and the number of array dies 310 in electrical communication with 

each die interconnect 320 may be selected to maintain the difference between the load of 

any pair of the conduits 332 to be at or below a threshold load difference. 

[0057] For certain embodiments, the load of each conduit is less than the maximum load 

as described above. Thus, for example, the load of the conduit 332a, the load of the 

conduit 332b, and the load of the conduit 332c are each less than the maximum load 

defined above. 

[0058] In certain embodiments, the load associated with each of the array dies 310 may 

be substantially equivalent. For example, the load of the array die 310a may be 

substantially equal to the load of the array die 310h. Thus, the load contribution from the 

array dies 310 for a specific conduit 332 may be measured as a multiple of the array dies 

that are in electrical communication with a die interconnect 320 corresponding to a 

specific conduit 332. For example, assuming that the load of each of the array dies 310 is 

'L', then the contribution of the load from the array dies 310 to the conduit 332a would be 
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2L because the die interconnect 320a corresponding to the conduit 332a is in electrical 

communication with two array dies 310, array dies 310a and 310b. In alternative 

embodiments, the load of each of the array dies 310a may differ. For example, the load of 

array die 310a may be L and the load of the array die 310b may be 1.25L. 

[0059] Similar to the array dies 310, in some embodiments, a die interconnect 320 can be 

considered to comprise a plurality of segments, with each segment of a die interconnect 

320 contributing a substantially equivalent load to the load of the die interconnect 320. In 

this case, the segment of the die interconnect 320 may refer to the portion of the die 

interconnect between two successive or adjacent dies (array die-to-array die, master die-

to-array die, or both) along the die interconnect 320. Further, the segment may be defined 

as a portion of the die interconnect 320 between the dies exclusive of a portion of the 

dies. For example, one segment of the die interconnect 320a may extend from the top of 

the array die 310a to the bottom of the array die 310b. Alternatively, the segment may be 

defined to include at least a portion of at least one of the array dies 310. For example, one 

segment of the die interconnect 320a may extend from the center of array die 310a to the 

center of array die 310b. As a second example, one segment of the die interconnect 320a 

may extend from the top of the control die 330 to the top of the array die 310a, and 

therefore may include a portion of the die interconnect 320a extending from the bottom 

of the array die 310a to the top of the array die 310a. In some implementations, the 

segments are substantially equal in length to each other. Moreover, the load contribution 

of each segment may be substantially equal to each other. Alternatively, the segments 

may be unequal in length and/or may each contribute a different load to the total load of a 

die interconnect 320. Further, in some cases, the load contribution of a segment of the die 

interconnect 320 that is in electrical communication with a port of an array die 310 may 

differ from the load contribution of a segment of the die interconnect 320 that is not in 

electrical communication with a port of an array die 310. 

[0060] In some cases, the load contribution of each segment of the die interconnect 320 

may be measured as a fraction of the load contribution from an array die 310. For 

example, the load of one segment of the die interconnect 320a may be equivalent to one 

quarter of the load of an array die 310. Thus, for example, the load of the conduit 332a 
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may be 2.5L assuming a load contribution of L per array die 310 (two in this case) in 

electrical communication with the die interconnect 320a and a load contribution of 0.25L 

per segment (two in this case) of the die interconnect 320a. As a second example, the 

load of the conduit 332f may be 3L assuming the same load values as the previous 

example and a load contribution from one array die 310h and eight die interconnect 320f 

segments. Table 1 specifies the capacitive load values for each conduit 332 assuming, as 

with the previous two examples, that the load of each of the array dies 310 is L, and that 

the load of each segment of the die interconnects 320 is 0.25L. Table 1 also specifies the 

deviation in load from the conduits having the highest load value, which in this example 

are conduits 332b and 332f 

TABLE 1 

Conduit Number of 
Array Dies 

Number of Die 
interconnect Segments 

Capacitive 
€oad

Deviation from 
Maximum Load 

3'32a 2 2 0,5 
3$2b 2 4 0 
332. 2,26E I 0.75. 
332d 6 2.5L  O.5 
332e 2.7 Si. 

3 L 

[0061] As can be seen from Table 1, the maximum load of any conduit 332, using the 

example values previously described, is 3L, or rather three times the load of a single 

array die 310. Assuming the same example values, the load of a conduit in electrical 

communication with a die interconnect that itself is in electrical communication with 

each array die 310 would be 10L. Thus, certain embodiments of the present disclosure 

enable a reduction in the load of the conduits 332. Consequently, in some embodiments, 

the drivers 334 may each be smaller than a single driver that is configured to drive a 

signal from a conduit along a single die interconnect that is in electrical communication 

with a port from each of the array dies 310. Moreover, the drivers 334 may include 

smaller transistor sizes than a single driver that is configured to drive a signal to each of 

the array dies 110. 

[0062] As can be seen from Table 1, conduits 332b and 332f have the largest capacitive 

load of the group of conduits, which is 3L. Conduit 332 has the smallest capacitive load 
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of the group of conduits, which is 2.25L and which is a deviation of only 0.75 from the 

maximum load. Thus, in some embodiments, each of the drivers 334 may be substantially 

similar in size. In certain implementations, the drivers 334 may vary in size based on the 

total capacitive load on each conduit 332. Thus, the driver 334f may be larger than the 

driver 334e. Alternatively, each driver 334 may be substantially equal and may be 

configured based on the drivers 334 with the largest load, which are drivers 334b and 

334f in the example illustrated in FIG. 3 and Table 1. 

[0063] In some embodiments, the capacitive load of each conduit 332 or driver 334 can 

be calculated using formula (1). 

CL = AD +Sim

[0064] In formula (1), CL represents the capacitive load of a conduit 332 or driver 334, 

AD represents the number of array dies 310 in electrical communication with a die 

interconnect 320 that is in electrical communication with the conduit 332 and/or driver 

334, S represents the number of die interconnect segments of the die interconnect 320, 

and M represents the ratio of the load of an array die 310 to the load of a segment of a die 

interconnect 320. Thus, using formula (1) and the example values described above, the 

load of the driver 332a, for example, can be calculated with the following values: AD=2, 

for two array dies 310; S=2, for the two segments of the die interconnect 320a; and M=4, 

for the ratio of the load of an array die 310, L, to the load of a segment of the die 

interconnect 320a, 0.25L. Therefore, as can be seen from Table 1, the capacitive load of 

the driver 332a is 2.5L where L is the load of a single array die. 

[0065] In some cases, the load on each conduit 332 and/or driver 334 may be evenly 

balanced. In other words, the load on each conduit 332 and/or driver 334 may be 

substantially the same. To achieve a balanced load, each of the conduits 332 may be in 

electrical communication with a combination of array dies 310 and die interconnect 320 

segments that results in a load that is substantially equivalent to the loads of the other 

conduits 332. In certain embodiments, the load of the conduits 332 is balanced despite 

each conduit 332 being in electrical communication with a different subset of the array 

dies 310. However, in alternative embodiments, the load of each conduit 332 and/or 
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driver 334 may differ. This difference in the load of the conduits 332 and/or drivers 334 

may be a design decision (e.g. to maintain a specific number of drivers). Alternatively, or 

in addition, the load difference between conduits 332 and/or drivers 334 may occur 

because the loads of the array dies 310 and the die interconnect segments 320 do not 

allow for perfect or substantially even load balancing. 

[0066] As previously stated, in some embodiments the loads of the conduits 332 and/or 

drivers 334 may be balanced to minimize the difference between any pair of conduits 332 

and/or drivers 334. For example, as illustrated in FIG. 3, a driver in electrical 

communication with a longer die interconnect, which may consequently include more die 

interconnect segments, is likely to obtain a larger load contribution from the die 

interconnect than a driver in electrical communication with a shorter die interconnect 

(e.g., compare driver 334f to 334a). Thus, the driver in electrical communication with the 

longer die interconnect may be in electrical communication with fewer array dies than the 

driver in electrical communication with the shorter die interconnect (e.g. compare driver 

334f to 334a). The selection of die interconnect length and the selection of array dies to 

place in electrical communication with the die interconnects may therefore be dependent 

on the load of each segment of the die interconnects 320 and the loads of the array dies 

310. 

[0067] Alternatively, or in addition, the loads of the conduits 332 and/or drivers 334 may 

be balanced to reduce the maximum load of each conduit 332 and/or driver 334. Further, 

in some embodiments, the maximum load of each conduit 332 and/or driver 334 may be 

reduced to maintain the load of each conduit 332 and/or driver 334 to be at or below a 

threshold load difference. 

[0068] Although not illustrated in FIG. 3, each of the conduits 332 may include one or 

more additional drivers configured to drive a signal received from an array die via a 

corresponding die interconnect 320. The additional drivers may drive the signal to a 

processor, a register, a latch, or any other component or device that mayor may not be 

part of a memory module that includes the memory package 300. In some 

implementations, one or more of the die interconnects 320 are configured to be bi-
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directional, thereby enabling a signal to be driven to the array dies 310 via the die 

interconnect 320, and to enable a signal received from the array dies 310 along the same 

die interconnect 320 to be transmitted to a corresponding conduit 332 of the control die 

330. Alternatively, the memory package 300 comprises one or more die interconnects 

320 that are configured to enable a signal to be driven to the array dies 310 without 

enabling a signal to be received from the array dies 310 (e.g., the die interconnects 320 

may not be bidirectional). In certain embodiments where one or more of the die 

interconnects 320 are not bi-directional, the memory package 300 may include additional 

die interconnects (not shown) that are in electrical communication with the one or more 

additional conduits or drivers and that are configured to enable a signal from the array 

dies 310 to be transmitted to the one or more additional conduits or drivers. 

[0069] In addition to the drivers 334 of the control die 330, the memory package 300 may 

include one or more pre-drivers 340. A pre-driver 340, shown schematically in FIG. 3, 

may be large enough to drive a signal (e.g., a data signal) to any of the drivers 332 and 

subsequently, to any of the array dies 310. Thus, using the same example values as 

described above in relation to Table 1, a load of the pre-driver 340 may be at least 101, 

which is the load of a conduit in electrical communication with a die interconnect that is 

in electrical communication with a port from each of the array dies 310. In some 

embodiments, the memory package 300 may include any number of additional drivers 

and/or latches for buffering and/or driving the signal to any of the array dies 310. 

[0070] Just as the memory package 300 may include a pre-driver 340 for providing a 

signal to the conduits 332, the memory package 300 may include a post-driver (not 

shown) for driving an output signal from the control die 330. This post-driver may drive 

the output signal to additional latches and/or drivers. In some embodiments, the post-

driver may drive the signal from the memory package 300 to a bus or other electrical path 

that is in electrical communication with the memory package 300. 

[0071] FIG. 4 illustrates an example embodiment of a driver structure 400 of a control die 

(e.g. control die 230) in accordance with the present disclosure. The driver structure 400 

is configured for a single data bit. Thus, a control die for a 32-bit memory package will 
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generally include at least 32 instances of the driver structure 400, one per bit. In some 

embodiments, the control die 230 may include the driver structure 400 in place of the 

combination of drivers 232a and 232b. Similarly, in certain embodiments, the control die 

330 may include a structure similar to the driver structure 400 in place of the drivers 334. 

In such embodiments, the driver structure 400 would be modified to enable a signal (e.g., 

data signal) to be driven to the six conduits 332. 

[0072] The driver structure 400 can include an input/output port 402 configured to 

receive or send a signal, such as a data signal. Signals received at the input/output port 

402 can be provided to the drivers 404a and 404b. In turn, these drivers 404a and 404b 

can drive the signal to conduits 406a and 406b respectively, which are in electrical 

communication with corresponding die interconnects. Each of the die interconnects may 

be in electrical communication with different array dies in accordance with certain 

embodiments described herein. 

[0073] In some embodiments, the driver structure 400 is bi-directional. In such 

embodiments, operation of the drivers 404a and 404b, and 408a and 408b may be 

controlled or enabled by a control signal (e.g., a directional control signal). This control 

signal, in some cases, may correspond to one or more of a command/address signal (e.g., 

read/write) and a chip select signal. In some implementations, the drivers 404a and 404b 

may drive a signal to the array die corresponding to the chip select signal, and not to 

array dies that do not correspond to a chip select signal. For example, suppose the conduit 

406a is in electrical communication with array dies one and two (not shown), and that the 

conduit 406b is in electrical communication with array dies three and four (not shown). If 

a chip select signal is received corresponding to array die two, then in some 

implementations, driver 404a may be configured to drive a signal along a die interconnect 

in electrical communication with the conduit 406a to array die one and two. In this 

example, the driver 404b would not drive the signal because the chip select signal does 

not correspond to either array die three or array die four. 

[0074] In some embodiments, the drivers 404a and 404b may drive a signal to all of the 

array dies. For example, assume the memory package that includes the driver structure 
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400 also includes four array dies. If the die interconnect in electrical communication with 

the conduit 406a is in electrical communication with two of the array dies, and if the die 

interconnect in electrical communication with the conduit 406b is in electrical 

communication with the other two array dies, then the drivers 404a and 404b may drive a 

signal to all four of the array dies of this example. 

[0075] Similar to the input/output port 402, the conduits 406a and 406b can be 

configured to receive a signal from the die interconnects that are in electrical 

communication with the conduits 406a and 406b. In turn, the signal received at one of the 

conduits 406a and 406b can be provided to drivers 408a and 408b respectively. The 

drivers 408a and 408b can each be configured to drive a signal received from a respective 

data conduit 406a and 406b to the input/output port 402 and to another component that 

may be in electrical communication with the input/output port 402, such as a MCH. 

[0076] In some embodiments, one or more chip selects, as illustrated in FIG. 2, may be 

used to select, determine, or enable the array die that communicates the signal to or from 

one or more of the conduits 406a and 406b and the drivers 408a and 408b. Similarly, in 

some embodiments, the chip select may select, determine, or enable the array die to 

receive and/or respond to the signal driven by the drivers 404a and 404b to the array dies. 

[0077] It should be noted that the driver structure 400 is a non-limiting example for 

arranging drivers in a control die. Other driver structures are possible. For example, 

instead of the drivers 404a and 408a being in electrical communication with the same 

conduit 406a, each of the drivers 404a and 408a can be in electrical communication with 

a separate conduit and consequently a separate die interconnect. In such an example, the 

drivers 404a and 408a may still be in electrical communication with the same 

input/output port 402, or each driver may be in electrical communication with a separate 

port, the driver 404a in electrical communication with an input port, and the driver 408a 

in communication with an output port. 

[0078] FIG. 5 presents a flowchart for an example embodiment of a load optimization 

process 500. In certain embodiments, the load optimization process 500 may be 

performed, at least in part, by one or more computing systems. Further, the process 500, 
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in some embodiments, may be used to optimize one or more loads in a memory package 

(e.g. memory package 200 or memory package 300). Optimizing the loads in the memory 

package can include optimizing the load on one or more conduits and/or drivers. As 

previously described with respect to FIGS. 2 and 3, the memory package can include a 

plurality of array dies, a plurality of die interconnects, and a control die. Furthermore, the 

control die can include a plurality of drivers, each of which may be configured to drive a 

signal along a die interconnect. 

[0079] In some implementations, the process 500 can comprise selecting a first subset of 

array dies and a second subset of array dies from a plurality of array dies (e.g., array dies 

310), as shown in operational block 502. Generally, the first subset of array dies and the 

second subset of array dies may be exclusive of one another. Thus, the first subset of 

array dies does not include any array dies from the second subset of array dies and vice 

versa. However, in some cases there may be some overlap between the first subset of 

array dies and the second subset of array dies. Further, in some cases, at least one of the 

subsets of array dies includes more than one array die. For instance, the first subset of 

array dies may include two array dies, and the second subset of array dies may include 

one array die, which, depending on the embodiment, mayor may not be included in the 

first subset of array dies. 

[0080] Further, the first subset of array dies and the second subset of array dies may be 

selected to balance a load on a first driver and a load on a second driver based, at least in 

part, on the loads of the array dies 310 and on the loads of the die interconnect segments 

from a first and a second die interconnect. The first die interconnect may be in electrical 

communication with the first driver and the second die interconnect may be in electrical 

communication with the second driver. In some embodiments, the first subset of array 

dies and the second subset of array dies are selected to balance a load on a first conduit 

and a load on a second conduit. The load on each driver and/or conduit may be calculated 

using formula (1) as previously described above. In some embodiments, the first subset 

of array dies and the second subset of array dies may be selected to balance a load on a 

first driver and a load on a second driver based, at least in part, on the loads of the array 

dies 310 without considering the loads of the die interconnect segments from the first die 
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interconnect and the second die interconnect. 

[0081] The process 500 further comprises forming electrical connections between the 

first die interconnect and the first subset of array dies in an operational block 504. The 

process 500 further comprises forming electrical connections between the second die 

interconnect and the second subset of array dies in an operational block 506. Forming the 

electrical connections places the die interconnects in electrical communication with the 

respective subsets of array dies. In some embodiments, forming the electrical connections 

can comprise forming electrical connections between the die interconnects and at least 

one port from each array die of the respective subsets of array dies. 

[0082] The process 500 further comprises selecting a driver size for a first driver at block 

508 and selecting a driver size for a second driver at block 510. Selecting the driver size 

can be based, at least in part, on the calculated load on the driver. Generally, the greater 

the load on the driver, the larger the driver is selected to drive a signal along, for 

example, a die interconnect. The size of the driver may be adjusted by the selection of the 

transistor size and/or number of transistors included in the driver. A larger driver often 

consumes more power than a smaller driver. Thus, in certain embodiments, balancing the 

loads on the drivers to reduce the load on each driver can reduce the power consumption 

of a memory package. 

[0083] In some embodiments, the size of the first driver and the size of the second driver 

are both less than the size sufficient for a driver to drive a signal along a die interconnect 

to each of the array dies 310 (e.g., with less than a predetermined or threshold signal 

degradation). The threshold signal degradation can be based on anyone or more 

characteristics of a signal. For example, the threshold signal degradation can be based on 

the amplitude of the signal, the frequency of the signal, the noise distortion included in or 

introduced into the signal, or the shape of the signal, to name a few. 

[0084] The process 500 further comprises forming electrical connections between the 

first die interconnect and the first driver in an operational block 512. Similarly, the 

process 500 further comprises forming electrical connections between the second die 

interconnect and the second driver in an operational block 514. Forming the electrical 
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connections places the die interconnects in electrical communication with the respective 

drivers. In some embodiments, forming the electrical connections can comprise forming 

electrical connections between the die interconnects and a data conduit that includes the 

respective driver. 

[0085] Advantageously, certain embodiments of the present disclosure reduce the load on 

each conduit and on each corresponding driver. In certain embodiments, reducing the 

load on a driver may increase the speed of data transfer between the array dies and other 

components in a computer system (e.g. a MCH or a processor). Further, reducing the load 

on a driver may result in reduced power consumption by the driver and consequently, by 

the memory package. In addition, certain embodiments of the present disclosure may 

minimize current switching noise. 

Operational Modes 

[0086] A proposed three-dimensional stacking (3DS) standard for dual in-line memory 

modules (DIMNIs) being considered by the Joint Electron Devices Engineering Council 

(JEDEC) addresses three major shortcomings in the current JEDEC registered DIMM 

(RDIMM) and JEDEC load reduced DIMM (LRDIMM) standards (an example 

LRDIMM structure 600 is schematically illustrated in FIG. 6A). These shortcomings 

include: a) The DIMM density limitation due to the fixed number of chip-select signals 

received by the DIMM from the system memory controller. b) The performance loss due 

to the increased load on the data bus as the DIMM density (e.g., the number of DRAM 

devices and number of ranks) increases. c) The upper bound of the DIMM density due to 

the physical DIMM form factor. 

[0087] Further, the LRDIMM structure 600 may have timing issues due to signals 

passing through a single memory buffer 601. In addition, the increased size of the data 

path of the LRDIMM architecture 600, compared to the HCDIMM architecture 602, an 

example of which is schematically illustrated in FIG. 68, may result in more latency and 

signal integrity issues. 

[0088] FIG. 7 schematically illustrates an example memory module 700 that has 
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previously been proposed for the 3DS-DIMM standard. The proposed 3DS Dual In-line 

Memory Module (3DS-DIMM) schematically illustrated in FIG. 7 attempts to address the 

above shortcomings using two components, a 3DS register 712 and a controller die 722. 

In some implementations, the 3DS-DIMNI 700 includes the 3DS register 712 (also 

known as an enhanced DDR3 register). The 3DS register 712 may include a DDR3 

JEDEC standard register with a "rank multiplication" circuit, which increases the number 

of the output chip-select signals for selecting an array die 710 by decoding one or more 

higher-order row or column address bits with the incoming chip-select signals from the 

system controller. The 3DS Register 712 can also include a command/address buffer, a 

register operational code buffer (RC word buffer), and rank multiplication logic (e.g., 

supporting rank multiplication of 1-to-2, 1-to-4, and/or 1-to-8). The 3DS register 

addresses shortcoming (a) of the JEDEC RDIMM and LRDIMM listed above. 

[0089] Another component of the proposed 3DS-DIMM is a 3DS dynamic random-

access memory (DRAM) package 720. The 3DS DRAM package 720 includes a plurality 

of stacked DDR DRAM chips 724 or array dies. The 3DS DRAM package 720 has a data 

I/O load that is equivalent to the data I/O load of a single-die DRAM package, regardless 

of the actual number of DRAM dies in the 3DS DRAM package 720. The 3DS DRAM 

package 720 may comprise a plurality of array dies (e.g., 2, 4 or 8 DDR DRAM dies) and 

a controller die 722. The controller die 722 may include data buffers, a data path timing 

controller, a secondary command/address buffer, a programmable secondary 1-to-2 rank 

decoder, and a data path signal (e.g., DDT, DDT, RTT) controller. Examples of such 

memory packages include HMC. The 3DS DRAM package 720 addresses the 

shortcomings (b) and (c) of the JEDEC RDIMM and LRDIMM listed above. However, 

there are deficiencies in the proposed 3DS-DIMM standard as described below. 

[0090] The JEDEC DDR3 RDIMM standard contains two major components: a DDR3 

register and a plurality of DRAM packages each comprising one or more DRAM chips or 

dies. The DDR3 register serves as a command/address signal buffer and as a 

command/control decoder. This DDR3 register holds a set of register control (RC) words, 

which a computer system configures to ensure the proper operation of the RDIMM. The 

DDR3 register contains a phase-lock-loop (PLL), which functions as a clock 
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synchronizer for each RDIMM. The DDR3 register outputs a set of buffered 

command/address signals to all the DRAM packages on the RDIMM, but the data signals 

are directly fed to the DRAM packages from the system memory controller. 

[0091] In contrast to the JEDEC DDR3 RDIMM standard, the 3DS-DIMM proposal 

requires the DRAM package 720 to include the controller die 722 that controls all data 

paths timing and operations. This arrangement of the DRAM package reduces the load on 

the data bus, however, it presents three significant shortcomings: 1) The 

command/address buffer in the 3DS DRAM package introduces clock cycle latency since 

it needs to provide clock synchronous operation to the DRAM dies in the package. 2) The 

data path control circuit (e.g., DDT, read/write data direction) in the control die becomes 

very complicated to support semi-synchronous (flyby) data path control among all 3DS 

DRAM packages that are on a DIMM. 3) The variations in the DRAM die timing 

characteristics within each 3DS DRAM package would be likely to require 

resynchronization of the data signals during the read/write operations, which increases 

the read/write latency and the read-to-write and write-to-read turn around time. 

[0092] The 3DS-DIMM proposal can also be compared to the HyperCloudTM (HC) 

DIMM architecture of Netlist, Inc. An example of the HCDIMM architecture 602 is 

illustrated in FIG. 68. Further details and embodiments of the HCDIMM architecture is 

disclosed in U.S. Pat. Nos. 7,289,386, 7,532,537, 7,619,912, and 7,636,274, each of 

which is incorporated in its entirety by reference herein. One of the main topological 

differences between the 3DS-DIMM and HCDIMM architectures is that while the 3DS-

DIMM architecture uses a control die 722 to buffer the data signals and to decode 

command/address signals from the 3DS register, certain configurations of the HCDIMM 

architecture include a plurality of isolation devices (ID), each of which includes data 

buffers, but no decoding capability. Unlike the HCDIMM architecture, since the 

command/address signal needs to pass through the control die 722 in the 3DS DRAM 

package 720, the 3DSDIMNI proposal presents the same shortcoming (b) of the controller 

die described above. The data path control signals are generated by the register device 

(RD) 612 in the HCDIMM architecture 602, while the data path control signals are 

generated by the control die 722 in the 3DS DRAM. This aspect of the 3DS-DIMM 
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architecture creates timing critical control paths in 3DS-DIMM architecture. 

[0093] In certain embodiments described herein, a memory module architecture is 

proposed that includes a set of device components that support JEDEC 3DS operation 

with the benefit of RDIMM and HCDIMM architectures (see, e.g., FIG. 8). This set of 

device components may comprise two components: a register device 812 (RD), which in 

some embodiments may be the same or similar RD component as used in HCDIMM 

architectures, and a plurality of array dies 824, such as a DDR DRAM Stack Package 

(DDSP). The DDSP may comprise a DRAM control die that can include 

command/address buffers and a data path control circuit. Certain embodiments of the 

architecture described herein differs from the 3DS-DIMM architecture in that instead of 

the controller die of the 3DS-DIMM (which provides a secondary address buffer, and a 

second rank multiplication decoder), certain embodiments described herein use an "ID+" 

die as a control die 822, which can provide both selective isolation and address pass-

through. Selective isolation refers generally to a driver corresponding to an array die 

driving a signal to the array die in response to a corresponding chip select signal while 

additional drivers corresponding to additional array dies maintain a previous state (e.g. do 

not drive the signal). For example, assuming that the memory package 300 implements 

selective isolation, if a chip select signal is received that corresponds to a selection of 

array die 310b, then the driver 334a will drive a signal along the die interconnect 320a to 

the array die 310b, and the remaining drivers (e.g., drivers 334b-334f) will maintain their 

state (e.g., not drive the signal). Address pass-through is described in further detail below. 

[0094] The data path control circuit of certain embodiments may have at least two 

operational modes: mode-C (HCDIMM/RDIMM Compatible mode) and mode-3DS 

(3DS DIMM compatible mode). In mode-C, the array dies 824 (e.g. a DDSP) receive the 

data path control signals from the register device 812, which can be configured to control 

a command/address time slot and a data bus time slot. In mode-3DS, the control die 822 

internally generates the data path control signals to ensure the proper operation of the 

data path. 

[0095] The control die 822 of certain embodiments enables the memory module 800 to 
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work as either a 3DS-DIMM, a RDIMM, or a HCDIMM. However, the memory module 

800 may comprise a set of optional control input pins (in addition to the package pins that 

are included in 3DS-DRAM packages) which in mode-C receive the data path control 

signals from the register device 812. 

[0096] As previously mentioned, FIG. 8 schematically illustrates an example 

embodiment of a memory module architecture 800 in accordance with the present 

disclosure. Advantageously, certain embodiments of the memory module architecture 

800 address the shortcomings described above without adding complexity or latency, and 

without causing performance loss. The memory module architecture 800 includes a 

memory control hub 802 (also known as a memory controller hub, a memory control 

handler, or a northbridge) and a memory module 810. As schematically illustrated in FIG. 

8, the memory control hub 802 may communicate directly with one or more components 

of the memory module 810. Alternatively, the memory control hub 802 may 

communicate with one or more intermediary system components (not shown), which in 

turn communicate with one or more components of the memory module 810. In some 

embodiments, the memory control hub 802 may be integrated with another component of 

the computer system, such as a Central Processing Unit (CPU). 

[0097] Further, in some embodiments, the memory control hub 802 may communicate 

with one or more memory modules. Each of the memory modules may be similar or 

substantially similar to the memory module 810. Alternatively, some of the memory 

modules may differ from memory module 810 in configuration, type, or both. For 

example, some of the memory modules may be capable of operating at different 

frequencies, may include a different amount of storage capability, or may be configured 

for different purposes (e.g. graphics versus nongraphics memory). Although in some 

cases a system may include memory modules capable of operating at different 

frequencies, each memory module may be configured to operate at the same frequency 

when used in a specific device. In certain implementations, the memory control hub 802 

may set the operating frequency for the one or more memory modules. 

[0098] The memory module 810 may include a register device 812, which is configured 
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to receive command, address, or command and address signals from the memory control 

hub 802. For the purpose of simplifying discussion, and not to limit these signals, the 

signals will be referred to herein as command/address signals. 

[0099] In some embodiments, the register device 812 receives the command/address 

signals via a command/address bus 814. The command/address bus 814, although 

illustrated as a single line, may include as many lines or signal conduits as the number of 

bits of the command/address signal. 

[0100] Further, the register device 812 may generate data path control signals, which can 

be provided to a control die 822, or isolation device, of a memory package 820 via one or 

more data path control lines 816. In certain embodiments, the control dies 822 can 

include some or all of the embodiments described above with respect to the control dies 

230 and 330. Moreover, in certain embodiments, the memory packages 820 can include 

some or all of the embodiments described above with respect to the memory package 200 

and 300. In general, the memory module 812 may include one or more memory packages 

820. 

[0101] In certain embodiments, each control die 822, or isolation device, may be capable 

of address pass-through. Address pass-through, in some cases, enables the control die 822 

to provide an address signal to one or more array dies 824 without decoding the address 

signal. This is possible, in some implementations, because the address signal received by 

the control die 822 is not encoded. 

[0102] Some implementations of the control dies 822 include a plurality of 

command/address buffers (not shown). These buffers may comprise latches. In certain 

embodiments, the buffers are configured to hold command/address signals to control the 

timing of command/address signals. In some cases, controlling the timing of the 

command/address signals may reduce or slow signal degradation. In some 

implementations, the control dies 822 include a plurality of data buffers, which may 

control the timing of data signals to reduce or slow signal degradation. Further, the 

control dies 822 may include a data path control circuit (not shown) that is configured to 

control command/address time slots and data bus time slots. Controlling the 
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command/address time slots and the data bus time slots enables the control dies 822 to 

reduce or prevent signal collisions caused by multiple memory packages 820 sharing the 

data path control lines 816 and the data bus 818. In some implementations, the data path 

control circuit may be separate from the control die 822. 

[0103] Each of the control dies 822 may be configured to receive data signals from the 

memory control hub 802 via the data bus 818. Further, the control dies 822 may provide 

data signals to the memory control hub 802 via the data bus 818. The control dies 822 

may also receive data path control signals and/or command/address signals from the 

register device 812 via the data path control lines 816. 

[0104] As illustrated in FIG. 8, each memory package 820 may include one or more array 

dies 824 operatively coupled to the control die 822. The array dies 824 may be 

configured to receive data signals from the control die 822. As with the array dies 210 

and 310, the array dies 824 may include any type of Random Access Memory (RAM) 

die. For example, the array dies 824 may include DDR DRAM, SDRAM, flash memory, 

or SRAM, to name a few. Further, if the memory module 810 is utilized for graphics, the 

array dies 824 may include GDDR SDRAM or any other type of graphics memory. In 

addition, the array dies 824 may be configured in a stack arrangement as illustrated in 

FIG. 8. Alternatively, the array dies 824 may be arranged in a planar configuration or a 

hybrid configuration utilizing both a planar and a stack arrangement. 

[0105] In some embodiments, the memory module 810 is selectively configurable into 

two operational modes. In the first operational mode, the register device 812 generates 

data path control signals provided to the control dies 822 via the data path control lines 

816. The control dies 822 may decode command/address signals included with the data 

path control signals generated by the register device 812. In some implementations, the 

control dies 822 use the data path control signals to operate the data path control circuits 

of the control dies 822. 

[0106] In the second operational mode, the control dies 822 may operate the data path 

control circuits to provide command/address signals to the array dies 824 without 

decoding the command/address signals. In this mode, the control dies 822 may use 
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address pass-through to provide received address signals to the array dies 824. 

[0107] Other operational modes may also be possible. In some embodiments, the data 

path control signals generated by the register device 812 may include decoded 

command/address signals that are decoded from command/address signals received from 

the memory control hub 802 via the command/address bus 814. 

[0108] In some embodiments, the register device 812 may be configured to perform rank 

multiplication. In addition, or alternatively, the control dies 822 may be configured to 

perform rank multiplication. Embodiments of rank multiplication are described in greater 

detail in U.S. Patent Nos. 7,289,386 and 7,532,537, each of which are incorporated in 

their entirety by reference herein. In such embodiments, the register device 812 can 

generate additional chip select signals that are provided to the array dies 824. For 

instance, if the memory control hub 802 is configured to recognize a single array die 824 

per memory package 820, but there exists four array dies 824 per memory package 820, 

the memory control hub 802 may not provide the correct number of chip select signals to 

access a specific memory location of the plurality of array dies 824 is memory package 

820. Thus, to access the specific memory location, the register device 812 can determine 

the array die that includes the specific memory location to be accessed based on the 

command/address signals received from the memory control hub 802 and can generate 

the correct chip select signal to access the array die that includes the specific memory 

location. In certain embodiments, when the memory module 810 is operating in the 

second operation module as described above, the memory module 810 does not perform 

rank multiplication. 

Terminology 

[0109] Unless the context clearly requires otherwise, throughout the description and the 

claims, the words "comprise," "comprising," and the like are to be construed in an 

inclusive sense, as opposed to an exclusive or exhaustive sense; that is to say, in the sense 

of "including, but not limited to." The term "coupled" is used to refer to the connection 

between two elements, the term refers to two or more elements that may be either directly 

connected, or connected by way of one or more intermediate elements. Additionally, the 
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words "herein," "above," "below," and words of similar import, when used in this 

application, shall refer to this application as a whole and not to any particular portions of 

this application. Where the context permits, words in the above Detailed Description 

using the singular or plural number may also include the plural or singular number 

respectively. The word "or" in reference to a list of two or more items covers all of the 

following interpretations of the word: any of the items in the list, all of the items in the 

list, and any combination of the items in the list. 

[0110] The above detailed description of embodiments of the invention is not intended to 

be exhaustive or to limit the invention to the precise form disclosed above. While specific 

embodiments of, and examples for, the invention are described above for illustrative 

purposes, various equivalent modifications are possible within the scope of the invention, 

as those skilled in the relevant art will recognize. For example, while processes or blocks 

are presented in a given order, alternative embodiments may perform routines having 

steps, or employ systems having blocks, in a different order, and some processes or 

blocks may be deleted, moved, added, subdivided, combined, and/or modified. Each of 

these processes or blocks may be implemented in a variety of different ways. Also, while 

processes or blocks are at times shown as being performed in series, these processes or 

blocks may instead be performed in parallel, or may be performed at different times. 

[0111] The teachings of the invention provided herein can be applied to other systems, 

not necessarily the system described above. The elements and acts of the various 

embodiments described above can be combined to provide further embodiments. 

[0112] Conditional language used herein, such as, among others, "can," "might," "may," 

"e.g.," and the like, unless specifically stated otherwise, or otherwise understood within 

the context as used, is generally intended to convey that certain embodiments include, 

while other embodiments do not include, certain features, elements and/or states. Thus, 

such conditional language is not generally intended to imply that features, elements 

and/or states are in any way required for one or more embodiments or that one or more 

embodiments necessarily include logic for deciding, with or without author input or 

prompting, whether these features, elements and/or states are included or are to be 
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performed in any particular embodiment. 

[0113] While certain embodiments of the inventions have been described, these 

embodiments have been presented by way of example only, and are not intended to limit 

the scope of the disclosure. Indeed, the novel methods and systems described herein may 

be embodied in a variety of other forms; furthermore, various omissions, substitutions 

and changes in the form of the methods and systems described herein may be made 

without departing from the spirit of the disclosure. The accompanying claims and their 

equivalents are intended to cover such forms or modifications as would fall within the 

scope and spirit of the disclosure. 
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WHAT IS CLAIMED IS: 

1. A memory module operable in a computer system with a system memory 

controller, comprising: 

a register device to receive first input command/address signals from the system 

memory controller and to output first control signals in response to the first input 

command/address signals; and 

a plurality of DRAM packages, each DRAM package comprising: 

data terminals via which the DRAM package communicate data signals with the 

system memory controller, and control terminals via which the DRAM package receive 

the control signals from the register device; 

stacked array dies including a first group of array dies and a second group of at 

least one array die; 

die interconnects including first die interconnects and second die interconnects, 

the first die interconnects in electrical communication with the first group of array dies 

and not in electrical communication with the second group of at least one array die, the 

second die interconnects in electrical communication with the second group of at least 

one array die and not in electrical communication with the first group of array dies; and 

a control die including first data conduits between the first die interconnects and 

the data terminals, and second data conduits between the second die interconnects and the 

data terminals, the first data conduits including first drivers, the second data conduits 

including second drivers, the first drivers and the second drivers being controller by the 

first control signals such that when the first drivers are driving first data signals received 

from the system memory controller to the first group of array dies, the second drivers do 

not drive the first write data signals to the second group of at least one array die. 

2. The memory module of claim 1, wherein the first drivers have a first driver size, 

and wherein the second drivers have a second driver size different from the first driver 

size. 

3. The memory module of claim 1, wherein the register device further receives 

second input command/address signals from the system memory controller and outputs 

38 

Petitioners 
Ex. 1007, p. 45



second control signals in response to the second input command/address signals, and 

wherein the first drivers and the second drivers are controlled by the second control 

signals such that when the second drivers are driving second data signals received from 

the system memory controller to the second group of at least one array die, the first 

drivers do not drive the second write data signals to the first group of array dies. 

4. The memory module of claim 1, wherein the each DRAM package further 

comprises command/address conduits and corresponding die interconnects for 

transmitting at least some of the first control signals to the array dies in the each DRAM 

package. 

5. The memory module of claim 4, wherein the each DRAM package further 

comprises at least one first command/address conduit and at least one first corresponding 

die interconnect for transmitting at least a first one of the first control signals to the first 

group of array dies in the each DRAM package; and wherein the each DRAM package 

further comprises at least one second command/address conduit and at least one second 

corresponding die interconnect for transmitting at least a second one of the first control 

signals to the second group of at least one array dies in the each DRAM package. 
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MEMORY MODULE WITH PACKAGES OF STACKED MEMORY CHIPS 

ABSTRACT OF THE DISCLOSURE 

An apparatus is provided that includes a plurality of array dies and at least two die 

interconnects. The first die interconnect is in electrical communication with a data port of 

a first array die and a data port of a second array die and not in electrical communication 

with data ports of a third array die. The second die interconnect is in electrical 

communication with a data port of the third array die and not in electrical communication 

with data ports of the first array die and the second array die. The apparatus includes a 

control die that includes a first data conduit configured to transmit a data signal to the 

first die interconnect and not to the second die interconnect, and at least a second data 

conduit configured to transmit the data signal to the second die interconnect and not to 

the first die interconnect. 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+1-202-482-6800. 
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Art Unit: 2827 

The present application is being examined under the pre-AIA first to invent 

provisions. 

DETAILED ACTION 

Claim Objections 

1. Claims 1-5 are objected to because of the following informalities: 

The verb "communicate" (claim 1, line 7) should be "communicates" since the 

subject "the DRAM package" in in singular form and the verb "receive" in claim 1, line 8 

should be "receives". 

The term "controller" in claim 1, line 20 should be "controlled". 

Appropriate correction is required. 

Claim Rejections - 35 USC § 112 

2. The following is a quotation of 35 U.S.C. 112(b): 
(b) CONCLUSION.—The specification shall conclude with one or more claims particularly 
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor 
regards as the invention. 

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph: 
The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

3. Claims 1-5 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), 

second paragraph, as being indefinite for failing to particularly point out and distinctly 

claim the subject matter which the inventor or a joint inventor, or for pre-AIA the 

applicant regards as the invention. 
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Claim 1 recites the limitation "the first write data signals" in line 23. There is 

insufficient antecedent basis for this limitation in the claim. 

Claim 3 recites the limitation "the write data signals" in line 7. There is 

insufficient antecedent basis for this limitation in the claim. 

Double Patenting 

4. 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 claims at issue 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); and 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 a nonstatutory 

double patenting ground provided the reference application or patent either is shown to 

be commonly owned with this application, or claims an invention made as a result of 

activities undertaken within the scope of a joint research agreement. See MPEP § 
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Art Unit: 2827 

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/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 

http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-I.jsp. 

5. Claims 1-5 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 10-12 and 16 of U.S. Patent No. 9,318,160 Although the 

claims at issue are not identical, they are not patentably distinct from each other 

because it would have been obvious to one of ordinary skill in the art to recognize that 

the memory module of claims 1-5 and the memory module of claims 10-12 and 16 are 

identical in structure; therefore, the only differences are functional limitations. 

Regarding claim 1: Claim 10 of the patent recites a memory module operable in a 

computer system with a system memory controller, comprising: 
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a register device to receive first input command/address signals from the system 

memory controller and to output first control signals in response to the first input 

command/address signals; and 

a plurality of DRAM packages, each DRAM package comprising: 

data terminals via which the DRAM package communicate data signals with the 

system memory controller, and control terminals via which the DRAM package receive 

the control signals from the register device; 

stacked array dies including a first group of array dies and a second group of at 

least one array die; 

die interconnects including first die interconnects and second die interconnects, 

the first die interconnects in electrical communication with the first group of array dies 

and not in electrical communication with the second group of at least one array die, the 

second die interconnects in electrical communication with the second group of at least 

one array die and not in electrical communication with the first group of array dies; and 

a control die including first data conduits between the first die interconnects and 

the data terminals, and second data conduits between the second die interconnects and 

the data terminals, the first data conduits including first drivers, the second data 

conduits including second drivers, the first drivers and the second drivers being 

controller by the first control signals such that when the first drivers are driving first data 

signals received from the system memory controller to the first group of array dies, the 

second drivers do not drive the first write data signals to the second group of at least 
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one array die (claim 10 does not recite that the second drivers drive the first write data 

signals to the second group of at least one array die). 

Regarding claim 2. Claim 10 of the patent recites the memory module of claim 

1, wherein the first drivers have a first driver size, and wherein the second drivers have 

a second driver size different from the first driver size. 

Regarding claim 3: Claim 11 of the patent recites the memory module of claim 1, 

wherein the register device further receives second input command/address signals 

from the system memory controller and outputs second control signals in response to 

the second input command/address signals, and wherein the first drivers and the 

second drivers are controlled by the second control signals such that when the second 

drivers are driving second data signals received from the system memory controller to 

the second group of at least one array die, the first drivers do not drive the second write 

data signals to the first group of array dies. 

Regarding claim 4: Claim 12 of the patent recites the memory module of claim 1, 

wherein the each DRAM package further comprises command/address conduits and 

corresponding die interconnects for transmitting at least some of the first control signals 

to the array dies in the each DRAM package. 

Regarding claim 5: claim 16 of the patent recites the memory module of claim 4, 

wherein the each DRAM package further comprises at least one first command/address 

conduit and at least one first corresponding die interconnect for transmitting at least a 

first one of the first control signals to the first group of array dies in the each DRAM 

package; and wherein the each DRAM package further comprises at least one second 
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command/address conduit and at least one second corresponding die interconnect for 

transmitting at least a second one of the first control signals to the second group of at 

least one array dies in the each DRAM package. 

6. Claims 1-5 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 29-34 of U.S. Patent No. 8,787,060. Although the claims at 

issue are not identical, they are not patentably distinct from each other because it would 

have been obvious to one of ordinary skill in the art to recognize that the memory 

module of claims 1-5 and the memory module of claims 29-34 are identical in structure; 

therefore, the only differences are functional limitations. 

Conclusion 

7. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to HUAN HOANG whose telephone number is (571)272-

1779. The examiner can normally be reached on Tues-Fri 8:30AM-7:OOPM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Amir Zarabian can be reached on (571) 272-1852. 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 
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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. 

/HUAN HOANG/ 
Primary Examiner, Art Unit 2827 
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IN THE SPECIFICATION: 

Please replace Paragraph [0001] with the following: 

[0001] This application is a continuation application of U.S. Pat. App. No. 14/337,168, 

filed July 21, 2014,  to be issued as  now U.S. Pat. No. 9,318,160 on April 19, 2016, 

which is a continuation of U.S. Pat. App. No. 13/288,850, filed November 3, 2011, now 

U.S. Pat. No. 8,787,060, which claims the benefit of priority under 35 U.S.C. § 119(e) of 

U.S. Provisional Patent Application No. 61/409,893, filed November 03, 2010, and 

entitled "ARCHITECTURE FOR MEMORY MODULE WITH PACKAGES OF 

THREE-DIMENSIONAL STACKED (3DS) MEMORY CHIPS." The disclosure of each 

of the above applications is hereby incorporated by reference in its entirety. 

Please replace Paragraph [0092] with the following: 

[0092] The 3DS-DIMM proposal can also be compared to the HyperCloudTM (HC) 

DIMM architecture of Netlist, Inc. An example of the HCDIMM architecture 602 is 

illustrated in FIG. 6B-64. Further details and embodiments of the HCDIMM architecture 

is disclosed in U.S. Pat. Nos. 7,289,386, 7,532,537, 7,619,912, and 7,636,274, each of 

which is incorporated in its entirety by reference herein. One of the main topological 

differences between the 3DS-DIMM and HCDIMM architectures is that while the 3DS-

DIMM architecture uses a control die 722 to buffer the data signals and to decode 

command/address signals from the 3DS register, certain configurations of the HCDIMM 

architecture include a plurality of isolation devices (ID), each of which includes data 

buffers, but no decoding capability. Unlike the HCDIMM architecture, since the 

command/address signal needs to pass through the control die 722 in the 3DS DRAM 

package 720, the 3DSDIMM proposal presents the same shortcoming (b) of the controller 

die described above. The data path control signals are generated by the register device 

(RD) 612 in the HCDIMM architecture 602, while the data path control signals are 

generated by the control die 722 in the 3DS DRAM. This aspect of the 3DS-DIMM 

architecture creates timing critical control paths in 3DS-DIMM architecture. 
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IN THE CLAIMS: 

1. (Currently Amended) A memory module operable in a computer system with a 

system memory controller, comprising: 

a register device to receive first input command/address signals from the system 

memory controller and to output first control signals in response to the first input 

command/address signals; and 

a plurality of DRAM packages, each DRAM package comprising: 

data terminals via which the each DRAM package communicates communicate 

data signals with the system memory controller, and control terminals via which the each 

DRAM package receives receive the first  control signals from the register device; 

stacked array dies including a first group of array dies and a second group of at 

least one array die; 

die interconnects including first die interconnects and second die interconnects, 

the first die interconnects in electrical communication with the first group of array dies 

and not in electrical communication with the second group of at least one array die, the 

second die interconnects in electrical communication with the second group of at least 

one array die and not in electrical communication with the first group of array dies; and 

a control die including first data conduits between the first die interconnects and 

the data terminals, and second data conduits between the second die interconnects and the 

data terminals, the first data conduits including first drivers, the second data conduits 

including second drivers, the first drivers and the second drivers being controlled in 

accordance with controller by the first control signals such that when the first drivers arc 

driving  drive first data signals  corresponding to the first input command/address signals 

e,a f  the stow, me tr l e,- t the first g f a, dies  and the 

second drivers do not drive the first write data signals  to the second group of at least one 

array die.

2. (Currently Amended) The memory module of claim 1, wherein the first drivers 

have-each has  a first driver size, and wherein the second drivers have-each has  a second 

driver size different from the first driver size. 
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3. (Currently Amended) The memory module of claim 1, wherein the register device 

further receives second input command/address signals from the system memory 

controller and outputs second control signals in response to the second input 

command/address signals, and wherein the first drivers and the second drivers are 

controlled  in accordance with  by the second control signals such that when the second 

drivers drive  are driving  second data signals  corresponding to the second input 

command/address signals received from the system memory controller to the second 

group of at least one array die, and the first drivers do not drive the second write data 

signals  to the first group of array dies. 

4. (Currently Amended) The memory module of claim 1, wherein the each DRAM 

package further comprises command/address conduits and corresponding die 

interconnects for transmitting at least some of  command/address signals in the first 

control signals to the array dies in the each DRAM package. 

5. (Currently Amended) The memory module of claim 4, wherein the each DRAM 

package further comprises at least one a first command/address conduit and a at least one 

first corresponding die interconnect for transmitting at least a first one of  a first chip 

select signal in the first control signals to a first array die in the first group of array dies in 

the each DRAM package; and wherein the each DRAM package further comprises a -at 

least one second command/address conduit and a at least one second corresponding die 

interconnect for transmitting at least a second one of  a second chip select signal in the 

first control signals to the a second array die in the first group of at least one array dies in 

the each DRAM package. 

6. (New) The memory module of claim 1, wherein the plurality of DRAM packages 

are coupled to the register device via control lines and to the system memory controller 

via a data bus, wherein the first control signals are transmitted from the register device to 

the DRAM packages via the control lines, and wherein the first control signals include 

data path control signals for controlling data bus time slots. 

7. (New) The memory module of claim 1, wherein the plurality of DRAM packages 

are coupled to the register device via control lines and to the system memory controller 
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via a data bus, and wherein the control die generates data path control signals for 

controlling data bus time slots according to the first control signals. 

8. (New) The memory module of claim 1, wherein the plurality of DRAM packages 

are coupled to the register device via control lines and to the system memory controller 

via a data bus, and wherein the control die includes a data path control circuit configured 

to control data bus time slots in accordance with the first control signals. 

9. (New) The memory module of claim 1, wherein the plurality of DRAM packages 

are coupled to the register device via control lines and to the system memory controller 

via a data bus, and wherein the DRAM package further comprises a data path control 

circuit configured to control data bus time slots in accordance with the first control 

signals. 

10. (New) The memory module of claim 1, wherein the first control signals include 

command/address signals, wherein the control die includes command/address buffers to 

control the timing of the command/address signals in the first control signals. 

11. (New) The memory module of claim 10, wherein the command/address buffers 

comprise latches. 

12. (New) The memory module of claim 1, wherein the control die includes a 

plurality of data buffers to control the timing of the first data signals. 

13. (New) The memory module of claim 1, wherein the array dies include DDR 

DRAM, SDRAM, flash memory, or SRAM. 

14. (New) The memory module of claim 1, wherein the control dies is configured to 

decode the first control signals to obtain command/address signals for providing to the 

array dies. 

15. (New) The memory module of claim 1, wherein the first control signals include 

decoded command/address signals, and wherein the control die is configured to pass the 

command/address signals through to the array dies. 
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16. (New) A method of operating a memory module coupled to a system memory 

controller in a computer system, comprising: 

receiving first input command/address signals from the system memory 

controller' 

generating first control signals in response to the first input command/address 

signals; and 

receiving the first control signals at each of a plurality of DRAM packages, the 

each DRAM package comprising data terminals via which the DRAM package 

communicates data signals with the system memory controller and control terminals via 

which the each DRAM package receives the first control signals from the register device, 

the each dram package further comprising stacked array dies including a first group of 

array dies and a second group of at least one array die, the each dram package further 

comprising die interconnects including first die interconnects and second die 

interconnects, the first die interconnects in electrical communication with the first group 

of array dies and not in electrical communication with the second group of at least one 

array die, the second die interconnects in electrical communication with the second group 

of at least one array die and not in electrical communication with the first group of array 

dies, the each DRAM package further comprising first data conduits between the first die 

interconnects and the data terminals, and second data conduits between the second die 

interconnects and the data terminals, the first data conduits including first drivers, the 

second data conduits including second drivers; and 

controlling the first drivers and the second drivers according to the first control 

signals such that the first drivers drive first data signals corresponding to the first input 

command/address signals and the second drivers do not drive the first data signals. 

17. (New) The method of claim 16, wherein the first drivers each has a first driver 

size, and wherein the second drivers each has a second driver size different from the first 

driver size. 

18. (New) The method of claim 16, further comprising: 

receiving second input command/address signals from the system memory 

controller; 
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generating second control signals in response to the second input 

command/address signals; and 

controlling the first drivers and the second drivers according to the second control 

signals such that the second drivers drive second data signals corresponding to the second 

input command/address signals and the first drivers do not drive the second data signals. 

19. (New) The method of claim 16, further comprising transmitting command/address 

signals in the first control signals to the array dies in the each DRAM package. 

20. (New) The method of claim 20, wherein transmitting command/address signals in 

the first control signals to the array dies in the each DRAM package comprises 

transmitting a first chip-select signal to a first one of the first group of array dies and a 

second chip-select signal to a second one of the first group of array dies. 

21. (New) The method of claim 16, wherein the plurality of DRAM packages are 

coupled to the register device via control lines and to the system memory controller via a 

data bus, the method further comprising generating data path control signals for 

controlling data bus time slots. 
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REMARKS 

This amendment responds to the Non-Final Office Action dated May 11, 2016. In 

the Office Action, the Examiner: 

• objected to claims 1-5 for informalities; 

• rejected claims 1-5 under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA) 

second paragraph for insufficient antecedent basis issues; 

• rejected claims 1-5 on the ground of nonstatutory double patenting as 

being unpatentable over claims 10-12 and 16 of U.S. Patent No. 

9,318,160; and 

• rejected claims 1-5 on the ground of nonstatutory double patenting as 

being unpatentable over claims 29-34 of U.S. Patent No. 8,787,060. 

I. CLAIM AMENDMENT 

Claims 1-5 are amended and new claims 6-21 are presented. No new matter is 

added. 

II. OBJECTION OF CLAIMS 1-5 FOR INFORMALITIES AND REJECTION OF CLAIMS 1-

5 UNDER 35 U.S.C. 112(B) OR 35 U.S.C. 112 PRE-ALA) SECOND PARAGRAPH 

The amendments to claims 1-5 address the informalities and the insufficient 

antecedent basis issues raised by the Examiner. Therefore, the related objections and 

rejections should be withdrawn. 

III. REJECTION OF CLAIMS 1-5 ON THE GROUND OF NONSTATUTORY DOUBLE 

PATENTING 

Applicant files herewith a terminal disclaimer in compliance with 37 CFR 

1.321(c) or 1.321(d) to overcome the nonstatutory double patenting rejection of claims 1-

5 and any nonstatutory double patenting rejection the Examiner may raise with regard to 

the new claims 6-21. 
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Applicant submits that claims 1-21 are in condition for allowance, and Applicant 

respectfully requests such action. The Examiner is invited to call the undersigned at (650) 

521-4828 if such phone call would help resolve any remaining issues. 

Respectfully submitted, 

Date: September 12, 2016 /Jamie J. Zheng/ 

Jamie J. Zheng 
Customer No. 79141 

51167 
(Reg. No.) 
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Docket No.: NT006US Customer No. 79141 

INFORMATION DISCLOSURE STATEMENT 

Applicant : NETLIST, INC. 

App. No. : 15/095,288 

Filed : April 11, 2016 

For : MEMORY MODULE WITH PACKAGES 
OF STACKED MEMORY CHIPS 

Examiner : UNKNOWN 

Art Unit : 2811 

Conf No. : 4085 

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

Dear Sir: 

Enclosed for filing in the above-identified application is a Form PTO/SB/08a/b 

Equivalent listing 126 references, which were submitted in the information disclosure 

statement filed on July 22, 2015 in related U.S. Pat. Appl. No. 14/337,168, filed July 21, 

2014, now U.S. Pat. No. 9,318,160. Copies of foreign documents and/or their translation 

and non-patent literature have been submitted in the related U.S. Pat. Appl. No. 14/337,168 

on July 22, 2015, which is accessible via PAIR. 

The applicants would appreciate the Examiner initialing and returning the Form 

PTO/SB/08a/b Equivalent indicating that the information has been considered and made 

of record herein. 

The information contained in this Information Disclosure Statement is not to be 

construed as a representation that: (i) a complete search has been made; (ii) additional 

information material to this application does not exist; (iii) the information, protocols, 

results and the like reported by third parties are accurate or enabling; or (iv) the above 

information constitutes prior art to the subject invention. 
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Application No.: 15/095,288 
Filing Date: April 11, 2016 

The Commissioner is authorized to charge the fee set forth in 37 C.F.R. § 1.17(p) to 

Deposit Account No. 50-5963. 

Respectfully submitted, 

Dated: September 12, 2016 
/Jamie J. Zheng/ 

51167 
Jamie J. Zheng 
Customer No. 79141 
(650) 521-4828 

(Reg. No.) 

2 
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PTO/AIA/26 (04-14) 
Approved for use through 07/31/2016. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING 
REJECTION OVER A "PRIOR" PATENT 

Docket Number (Optional) 

NETL.071C2 

In re Application of: Netlist, Inc. 

Application No.: 15095288 

Filed: April 11, 2016 

For: MEMORY MODULE WITH PACKAGES OF STACKED MEMORY CHIPS 

The applicant,  Netlist, Inc.  , owner of  1OO  percent interest 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 No.  8,767,060; 9,318,160  as the term of said prior patent is presently 
shortened by any terminal disclaimer. The applicant 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 applicant 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. 

Check either box 1 or 2 below, if appropriate. 

1. [1  The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee. 

I hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more 
than five (5) years, or both. 

2. 7 The undersigned is an attorney or agent of record. Reg. No.  51167 

/Jamie J. Zheng/  September 12, 2016 
Signature Date 

Jamie J. Zheng 
Typed or printed name 

Title 

Terminal disclaimer fee under 37 CFR 1.20(d) included. 

WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PTO-2038. 

650-521-4828 
Telephone Number 

This collection of information is required by 37 CFR 1.321. 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 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 
on the amount of time you require to complete th is 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. 
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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 potential 
violation of law or regulation. 
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Doc Code: PA.. 

Document Description: Power of Attorney 
PTO/AIA/82A (07-12) 

Approved for use through 11/30/2014. OMB 0651-0035 
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. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B or equivalent) to identify the 
Power of Attorney is directed, in accordance with 37 CFR 1.5. If the Power of Attorney by Applicant form 

this transmittal form or an equivalent, the Power of Attorney will not be recognized in the application. 
application to which the 
is not accompanied by 

Application Number 15/095,288 
Filing Date 04/11/2016 
First Named Inventor HYUN LEE 
Title MEMORY MODULE WITH PACKAGES OF STACKED MEMORY CHIPS 

Art Unit 2827 
Examiner Name HOANG 3 HUAN 
Attorney Docket Number NETL.071C2 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Jamie J. Zheng/ Date September 12, 2016 

Name Jamie J. Zheng Telephone 650-521-4828 

Registration Number 51,167 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 

"Total of forms are submitted. 

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. 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 1.11 and 1.14. This collection is estimated to take 3 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. 
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Doc Code: PA.. 

Document Description: Power of Attorney 
PTO/AIA/82B(07-12) 

Approved for use through 11/30/2014. OMB 0651-0035 
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. 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in the attached transmittal letter. 

I hereby appoint Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and to 
transact all business in the United States Patent and Trademark Office connected therewith for the application referenced 
in the attached transmittal letter (form PTO/AIA/82A or equivalent): 

OR 

I hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s), and to transact all business in the 
United States Patent and Trademark Office connected therewith for the application referenced in the attached 
transmittal letter (form PTO/AIA/82A or equivalent): 

Name 
Registration 
Number 

Name Registration 
Number 

Please recognize or change the correspondence address for the application identified in the attached 
transmittal letter to: 

The address associated with the above-mentioned Customer Number. 

OR 
The address associated with Customer Number: 

OR 

❑ Firm or 
Individual Name 

Address 

City State Zip 

Country 

Telephone Email 

I am the Applicant: 

Inventor or Joint Inventor 

Legal Representative of a Deceased or Legally Incapacitated Inventor 

Assignee or Person to Whom the Inventor is Under an Obligation to Assign 
Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was 
granted in the application or is concurrently being filed with this document) 

SIGNATURE of Applicant for Patent 

Signature Date 

Name Telephone 

Title and Company 
NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and 
certifications. Submit multiple forms for more than one signature, see below ". 

"Total of forms are submitted. 

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. 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 1.11 and 1.14. This collection is estimated to take 3 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. 
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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 potential 
violation of law or regulation. 
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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 

15/095,288 
Filing Date 

04/11/2016 ❑ 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
 09/12/2016 

CLAIMS 
REMAINING 
AFTER 
AMENDMENT 

HIGHEST 
NUMBER 
PREVIOUSLY 
PAID FOR 

PRESENT EXTRA RATE ($) ADDITIONAL FEE ($) 

Total (37 CFR 
1.16(i)) * 21 Minus "" 20 = 1 x $80 = 80 
Independent 
(37 CFR 1.16(h)) * 2 Minus ***3 = 0 x $420 = 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 80 

A
M

E
N

D
M

E
N

T
 

 

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 

LIE 
DIANE FLOYD 

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 
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O." 

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 

15/095,288 

79141 
Jamie J. Zheng, Ph.D Esq. 
P.O. Box 60573 
Palo Alto, CA 94306 

04/11/2016 Hyun Lee NETL.071C2 
CONFIRMATION NO. 4085 

POA ACCEPTANCE LETTER 

~II~I~I~ ~II~ ~~~~ IIIII II IbII IIIII VIII VIII IIIII ~I~I~ VIII ~~~~~ ~liii ~~~~~ VIII ~I~I~ IIO ~II~ 
O000000085873 85 

Date Mailed: 09/19/2016 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 09/12/2016. 

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

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

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

/sleutchit/ 

page 1 of 1 

Petitioners 
Ex. 1007, p. 123



Application Number Application/Control No. 

III III III I I I I III I I II 15/095,288 

Applicant(s)/Patent under 
Reexamination 

LEE, HYUN 

Document Code - DISQ Internal Document - DO NOT MAIL 

TERMINAL 
DISCLAIMER APPROVED 1 DISAPPROVED 

Date Filed : 9/12/16 
This patent is subject 

to a Terminal 
Disclaimer 

Approved/Disapproved by: 

ANDRE ROBINSON 

[ X ] The serial number of the patent (8,767,060) which forms the basis for the double 
patenting is incorrect in the TD. (See FP 14.32) 

U.S. Patent and Trademark Office 
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Application Number Application/Control No. 

III III III I I I I III I I II 15/095,288 

Applicant(s)/Patent under 
Reexamination 

LEE, HYUN 

Document Code - DISQ Internal Document - DO NOT MAIL 

TERMINAL 
DISCLAIMER APPROVED 1 DISAPPROVED 

Date Filed : 9/12/16 
This patent is subject 

to a Terminal 
Disclaimer 

Approved/Disapproved by: 

andre robinson 

[ X ] The serial number of the patent (8,767,060) which forms the basis for the double 
patenting is incorrect in the TD. (See FP 14.32) 

U.S. Patent and Trademark Office 
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UNITED STA 1ES PA PENT 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 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/095,288 04/11/2016 

79141 7590 

Jamie J. Zheng, Ph.D Esq. 
P.O. Box 60573 
Palo Alto, CA 94306 

10/06/2016 

Hyun Lee NETL.071C2 4085 

EXAMINER 

HOANG, HUAN 

ART UNIT PAPER NUMBER 

2827 

NOTIFICATION DATE DELIVERY MODE 

10/06/2016 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

jz@jzpatent.com 
eofficeaction@appcoll.com 
infohubj @gmail.com 

PTOL-90A (Rev. 04/07) 
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Application No. Applicant(s) 
15/095,288 LEE, HYUN 

Office Action Summary Examiner Art Unit AIA (First Inventor to File) 

HUAN HOANG 2827 Status 

No 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF 
THIS COMMUNICATION. 
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3.O Copies of the certified copies of the priority documents have been received in this National Stage 
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Application/Control Number: 15/095,288 Page 2 

Art Unit: 2827 

The present application is being examined under the pre-AIA first to invent 

provisions. 

DETAILED ACTION 

Double Patenting 

1. 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 
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Application/Control Number: 15/095,288 Page 3 

Art Unit: 2827 

result of activities undertaken within the 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 MP EP § 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. 

2. Claims 1-15 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 10-20 of U.S. Patent No. 9,318,160 Although the claims at 

issue are not identical, they are not patentably distinct from each other because it would 

have been obvious to one of ordinary skill in the art to recognize that the memory 

module of claims 1-15 and the memory module of claims 10-20 are identical in 

structure; therefore, the only differences are functional limitations. 

3. Claims 16-21 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 10-20 of U.S. Patent No. 9,318,160. Although the 
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Art Unit: 2827 

claims at issue are not identical, they are not patentably distinct from each other 

because it would have been obvious to one of ordinary skill in the art to recognize that 

the invention of claims 10-20 of the patent and the invention of claims 16-21 are related 

as product and process of use; therefore; the process for using the product as claimed 

cannot be practiced with another materially different product. 

4. Claims 1-15 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 29-34 of U.S. Patent No. 8,787,060. Although the claims at 

issue are not identical, they are not patentably distinct from each other because it would 

have been obvious to one of ordinary skill in the art to recognize that the memory 

module of claims 1-15 and the memory module of claims 29-34 are identical in 

structure; therefore, the only differences are functional limitations. 

5. Claims 16-21 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 29-34 of U.S. Patent No. 8,787,060. Although the 

claims at issue are not identical, they are not patentably distinct from each other 

because it would have been obvious to one of ordinary skill in the art to recognize that 

the invention of claims 29-34 of the patent and the invention of claims 16-21 are related 

as product and process of use; therefore; the process for using the product as claimed 

cannot be practiced with another materially different product. 

Response to Arguments 

6. Applicant's arguments filed 09/12/16 have been fully considered but they are not 

persuasive. 
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Application/Control Number: 15/095,288 Page 5 

Art Unit: 2827 

Applicant stated: 

"Applicant files herewith a terminal disclaimer in compliance with 37 CFR 1 

321(c) or 1 321(d) to overcome the nonstatutory double patenting rejection of claims 1-

5 and any nonstatutory double patenting rejection the Examiner may raise with regard 

to the new claims 6-21." 

In response to Applicant's arguments, the nonstatutory double patenting rejection 

of claims 1-21 is maintained because the terminal disclaimer has not been approved for 

the following reason: 

The patent number 8,767,060 is incorrect. The correct patent number is 

8,787,060. 

Conclusion 

7. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 
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Art Unit: 2827 

8. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to HUAN HOANG whose telephone number is (571)272-

1779. The examiner can normally be reached on Tues-Fri 8:30AM-7:OOPM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Amir Zarabian can be reached on (571) 272-1852. 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. 

/HUAN HOANG/ 

Primary Examiner, Art Unit 2827 
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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 15095288 

Filing Date 11-Apr-2016 

First Named Inventor Hyun Lee 

Attorney Docket Number NETL.071C2 

Title of Invention 

MEMORY MODULE WITH PACKAGES OF STACKED MEMORY CHIPS 

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) 

9318160 

8787060 

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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0 Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request. 

® 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. 

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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Doc Code: DISQ.E.FILE 
Document Description: Electronic Terminal Disclaimer - Approved 

Application No.: 15095288 

Filing Date: 11-Apr-2016 

Applicant/Patent under Reexamination: Lee et al. 

Electronic Terminal Disclaimer filed on October 6, 2016 

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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EFS ID: 27136175 

Application Number: 15095288 

International Application Number: 

Confirmation Number: 4085 

Title of Invention: MEMORY MODULE WITH PACKAGES OF STACKED MEMORY CHIPS 

First Named Inventor/Applicant Name: Hyun Lee 

Customer Number: 79141 

Filer: Jamie Jie Zheng 

Filer Authorized By: 

Attorney Docket Number: NETL.071C2 

Receipt Date: 06-OCT-2016 

Filing Date: 11-APR-2016 

Time Stamp: 01:33:44 

Application Type: Utility under 35 USC 111(a) 

Payment information: 
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File Listing: 
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Number 

Document Description File Name 
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Information: 

Total Files Size (in bytes): 32220 

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 
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PATENT Customer No. 79141 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant : Hyun Lee 

App. No. : 15/095,288 

Filed : April 11, 2016 

For : Memory Module with Packages 
of Stacked Memory Chips 

Examiner 

Art Unit 

Conf. No. 

Docket No. 

HOANG, HUAM 

2827 

4085 

NETL.071C2 

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

Sir: 

CERTIFICATE OF EFS WEB 

TRANSMISSION 

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

January 6, 2017 

(Date) 

/Jamie J. Zheng/ 

AMENDMENT 

Jamie J. Zheng, Reg. No. 51167 

This submission is in response to the Final Office Action dated October 6, 2016 for the 

above-identified patent application. 

The Commissioner is hereby authorized to charge any required fee(s) to Deposit Account 

No. 50-5963. 

AMENDMENTS to the CLAIMS begin on Page 2 of this paper. 

REMARKS begin on Page 7 of this paper. 
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IN THE CLAIMS: 

1. (Previously Presented) A memory module operable in a computer system with a 

system memory controller, comprising: 

a register device to receive first input command/address signals from the system 

memory controller and to output first control signals in response to the first input 

command/address signals; and 

a plurality of DRAM packages, each DRAM package comprising: 

data terminals via which the each DRAM package communicates data signals 

with the system memory controller, and control terminals via which the each DRAM 

package receives the first control signals from the register device; 

stacked array dies including a first group of array dies and a second group of at 

least one array die; 

die interconnects including first die interconnects and second die interconnects, 

the first die interconnects in electrical communication with the first group of array dies 

and not in electrical communication with the second group of at least one array die, the 

second die interconnects in electrical communication with the second group of at least 

one array die and not in electrical communication with the first group of array dies; and 

a control die including first data conduits between the first die interconnects and 

the data terminals, and second data conduits between the second die interconnects and the 

data terminals, the first data conduits including first drivers, the second data conduits 

including second drivers, the first drivers and the second drivers being controlled in 

accordance with the first control signals such that the first drivers drive first data signals 

corresponding to the first input command/address signals and the second drivers do not 

drive the first data signals. 

2. (Previously Presented) The memory module of claim 1, wherein the first drivers 

each has a first driver size, and wherein the second drivers each has a second driver size 

different from the first driver size. 

3. (Previously Presented) The memory module of claim 1, wherein the register 

device further receives second input command/address signals from the system memory 

controller and outputs second control signals in response to the second input 

Attorney Docket Number NETL.071C2 2 Amendment 
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command/address signals, and wherein the first drivers and the second drivers are 

controlled in accordance with the second control signals such that the second drivers 

drive second data signals corresponding to the second input command/address signals 

and the first drivers do not drive the second data signals. 

4. (Previously Presented) The memory module of claim 1, wherein the each DRAM 

package further comprises command/address conduits and corresponding die 

interconnects for transmitting command/address signals in the first control signals to the 

array dies in the each DRAM package. 

5. (Previously Presented) The memory module of claim 4, wherein the each DRAM 

package further comprises a first command/address conduit and a first corresponding die 

interconnect for transmitting a first chip select signal in the first control signals to a first 

array die in the first group of array dies in the each DRAM package; and wherein the 

each DRAM package further comprises a second command/address conduit and a second 

corresponding die interconnect for transmitting a second chip select signal in the first 

control signals to a second array die in the first group of array dies in the each DRAM 

package. 

6. (Previously Presented) The memory module of claim 1, wherein the plurality of 

DRAM packages are coupled to the register device via control lines and to the system 

memory controller via a data bus, wherein the first control signals are transmitted from 

the register device to the DRAM packages via the control lines, and wherein the first 

control signals include data path control signals for controlling data bus time slots. 

7. (Previously Presented) The memory module of claim 1, wherein the plurality of 

DRAM packages are coupled to the register device via control lines and to the system 

memory controller via a data bus, and wherein the control die generates data path control 

signals for controlling data bus time slots according to the first control signals. 

8. (Previously Presented) The memory module of claim 1, wherein the plurality of 

DRAM packages are coupled to the register device via control lines and to the system 

memory controller via a data bus, and wherein the control die includes a data path control 

Attorney Docket Number NETL.071C2 3 Amendment 

Petitioners 
Ex. 1007, p. 144



circuit configured to control data bus time slots in accordance with the first control 

signals. 

9. (Previously Presented) The memory module of claim 1, wherein the plurality of 

DRAM packages are coupled to the register device via control lines and to the system 

memory controller via a data bus, and wherein the DRAM package further comprises a 

data path control circuit configured to control data bus time slots in accordance with the 

first control signals. 

10. (Previously Presented) The memory module of claim 1, wherein the first control 

signals include command/address signals, wherein the control die includes 

command/address buffers to control the timing of the command/address signals in the 

first control signals. 

11. (Previously Presented) The memory module of claim 10, wherein the 

command/address buffers comprise latches. 

12. (Currently Amended) The memory module of claim 64, wherein the control die 

includes a plurality of data buffers to control the timing of the first data signals. 

13. (Previously Presented) The memory module of claim 1, wherein the array dies 

include DDR DRAM, SDRAM, flash memory, or SRAM. 

14. (Previously Presented) The memory module of claim 1, wherein the control dies 

is configured to decode the first control signals to obtain command/address signals for 

providing to the array dies. 

15. (Previously Presented) The memory module of claim 1, wherein the first control 

signals include decoded command/address signals, and wherein the control die is 

configured to pass the command/address signals through to the array dies. 

16. (Currently Amended) A method of operating a memory module coupled to a 

system memory controller in a computer system, comprising: 

receiving first input command/address signals from the system memory 

controller [[']] 
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generating first control signals in response to the first input command/address 

signals; and 

receiving the first control signals at each of a plurality of DRAM packages, the 

each DRAM package comprising data terminals via which the DRAM package 

communicates data signals with the system memory controller and control terminals via 

which the each DRAM package receives the first control signals from the register device, 

the each  DRAM dram package further comprising stacked array dies including a first 

group of array dies and a second group of at least one array die, the each dram package 

further comprising die interconnects including first die interconnects and second die 

interconnects, the first die interconnects in electrical communication with the first group 

of array dies and not in electrical communication with the second group of at least one 

array die, the second die interconnects in electrical communication with the second group 

of at least one array die and not in electrical communication with the first group of array 

dies, the each DRAM package further comprising first data conduits between the first die 

interconnects and the data terminals, and second data conduits between the second die 

interconnects and the data terminals, the first data conduits including first drivers, the 

second data conduits including second drivers; and 

controlling the first drivers and the second drivers according to the first control 

signals such that the first drivers drive first data signals corresponding to the first input 

command/address signals and the second drivers do not drive the first data signals. 

17. (Previously Presented) The method of claim 16, wherein the first drivers each has 

a first driver size, and wherein the second drivers each has a second driver size different 

from the first driver size. 

18. (Previously Presented) The method of claim 16, further comprising: 

receiving second input command/address signals from the system memory 

controller; 

generating second control signals in response to the second input 

command/address signals; and 

controlling the first drivers and the second drivers according to the second control 

signals such that the second drivers drive second data signals corresponding to the second 

input command/address signals and the first drivers do not drive the second data signals. 
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19. (Previously Presented) The method of claim 16, further comprising transmitting 

command/address signals in the first control signals to the array dies in the each DRAM 

package. 

20. (Previously Presented) The method of claim 20, wherein transmitting 

command/address signals in the first control signals to the array dies in the each DRAM 

package comprises transmitting a first chip-select signal to a first one of the first group of 

array dies and a second chip-select signal to a second one of the first group of array dies. 

21. (Currently Amended) The method of claim 16, wherein the plurality of DRAM 

packages are coupled to the register device via control lines and to the system memory 

controller via a data bus, the method further comprising generating data path control 

signals for controlling data bus time slots  in accordance with the first control signals. 
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REMARKS 

This amendment responds to the Non-Final Office Action dated May 11, 2016. In 

the Office Action, the Examiner: 

• rejected claims 1-15 on the ground of nonstatutory double patenting as 

being unpatentable over claims 10-20 of U.S. Patent No. 9,318,160; 

• rejected claims 16-21 on the ground of nonstatutory double patenting as 

being unpatentable over claims 10-20 of U.S. Patent No. 9,318,160; 

• rejected claims 1-15 on the ground of nonstatutory double patenting as 

being unpatentable over claims 29-34 of U.S. Patent No. 8,787,060; and 

• rejected claims 16-21 on the ground of nonstatutory double patenting as 

being unpatentable over claims 29-34 of U.S. Patent No. 8,787,060. 

I. CLAIM AMENDMENT 

Claims 12, 16 and 21 are amended for clarity and to correct minor issues. No new 

matter is added. 

II. REJECTION OF CLAIMS 1-21 ON THE GROUND OF NONSTATUTORY DOUBLE 

PATENTING 

Applicant filed on October 6, 2016 an Electronic Terminal Disclaimer in 

compliance with 37 CFR 1.321(c) or 1.321(d) to overcome the nonstatutory double 

patenting rejection of claims 1-5 in the Non-Final Office Action dated May 11, 2016 in 

the instant application, and any nonstatutory double patenting rejection with regard to the 

new claims 6-21. The Electronic Terminal Disclaimer was approved on October 6, 2016. 

Applicant submits that claims 1-21 are in condition for allowance, and Applicant 

respectfully requests such action. The Examiner is invited to call the undersigned at (650) 

521-4828 if such phone call would help resolve any remaining issues. 

Respectfully submitted, 

Date: January 6, 2017 /Jamie J. Zheng/ 

Jamie J. Zheng 
Customer No. 79141 

51167 
(Reg. No.) 
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eofficeaction@appcoll.com 
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Examiner 
HUAN HOANG 

Applicant(s) 
LEE, HYUN 
Art Unit 
2827 

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. Z This communication is responsive to the Amendment filed on 01/06/17. 

❑ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on 

2. 0 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 1-21. 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. 0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) 0 All b) 0 Some *c) 0 None of the: 

1. 0 Certified copies of the priority documents have been received. 

2. 0 Certified copies of the priority documents have been received in Application No. 

3. 0 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. 0 CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

0 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. 0 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. 0 Notice of References Cited (PTO-892) 

2. 0 Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 

3. 0 Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. 0 Interview Summary (PTO-413), 
Paper No./Mail Date . 

5. Z Examiner's Amendment/Comment 

6. 0 Examiner's Statement of Reasons for Allowance 

7. 0 Other 

/HUAN HOANG/ 
Primary Examiner, Art Unit 2827 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) 
20170208 

Notice of Allowability Part of Paper No./Mail Date 
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Application/Control Number: 15/095,288 Page 2 

Art Unit: 2827 

The present application is being examined under the pre-AIA first to invent 

provisions. 

EXAMINER'S AMENDMENT 

1. An examiner's amendment to the record appears below. Should the changes 

and/or additions be unacceptable to applicant, an amendment may be filed as provided 

by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 

submitted no later than the payment of the issue fee. 

The application has been amended as follows: 

In the claims: 

Claim 20, line 1, replace "The method of claim 20" with -The method of claim 19-. 

2. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to HUAN HOANG whose telephone number is (571)272-

1779. The examiner can normally be reached on Tues-Fri 8:30AM-7:OOPM. 

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, Amir Zarabian can be reached on (571) 272-1852. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 
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Application/Control Number: 15/095,288 Page 3 

Art Unit: 2827 

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. 

/HUAN HOANG/ 
Primary Examiner, Art Unit 2827 
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Docket No.: N3044.10015USO4 Customer No. 79141 

INFORMATION DISCLOSURE STATEMENT 

Applicant : Netlist, Inc. 

App. No. : 15/095,288 

Filed : April 11, 2016 

For : MEMORY MODULE WITH PACKAGES 
OF STACKED MEMORY CHIPS 

Examiner : HOANG, HUAN 

Art Unit : 2827 

Conf No. : 4085 

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

Dear Sir: 

Enclosed for filing in the above-identified application is a Form PTO/SB/08a/b 

Equivalent listing 28 references. Copies of foreign documents and/or their translation and 

non-patent literature are submitted herewith. 

The applicants would appreciate the Examiner initialing and returning the Form 

PTO/SB/08a/b Equivalent indicating that the information has been considered and made 

of record herein. 

The information contained in this Information Disclosure Statement is not to be 

construed as a representation that: (i) a complete search has been made; (ii) additional 

information material to this application does not exist; (iii) the information, protocols, 

results and the like reported by third parties are accurate or enabling; or (iv) the above 

information constitutes prior art to the subject invention. 

No item of information contained in this 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 
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Application No.: 15/095,288 
Filing Date: April 11, 2016 

information contained in the information disclosure statement was known to any individual 

designated in § 1.56(6 more than three months prior to the filing of the information disclosure 

statement. 

The Commissioner is authorized to charge the fee set forth in 37 C.F.R. § 1.17(p) to 

Deposit Account No. 50-5394. 

Respectfully submitted, 

Dated: March 27, 2017 
/Jamie J. Zheng/ 

51167 
Jamie J. Zheng (Reg. No.) 
Customer No. 79141 

2 
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Acknowledgement Receipt will establish the filing date of the application. 
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Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Patent 
Owner's Demonstrative Exhibits, filed June 24, 2016 

EXAMINER /HUAN HOANG/ DATE CONSIDERED 01/19/2017 

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. 
Include copy of this form with next communication to applicant.' Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patents Documents at 
www.usplo.ccv or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST. 3). 4 For Japanese patent documents, the indication of 
the year of the reign of the Emperor must precede the serial number of the patent document. 6 Kind of document by the appropriate symbols as indicated on the document and 
WIPO Standard ST. 16 if possible. 6 Applicant is to place a check mark here if English language Translation is attached. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.H/ 

Petitioners 
Ex. 1007, p. 205



Receipt date: 09/12/2016 15095288 - GAU: 2827 

C 

PTO/SB/08a/b(07-09) 
Approved for use through 7/31/2012. OMB 0651-0031 

US Patent & 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 contains a valid OMB control number.

Substitute for form 1449/PTO 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

(Use as many sheets as necessary) 

Complete if Known

Application Number 14/337,168 
Filing Date July 21, 2014 
First Named Inventor Hyun Lee 
Art Unit 2827 
Examiner Name Unknown 

Sheet 1 of 6 Attorney Docket Number NETL.071C1 

to
F

2/ 

US PATENT DOCUMENTS 

Examiner 
Initials " 

Cite 
No. ' 

Document Number Publication Date 
(MM-DD-YYYY) 

Name of Patentee or 
Applicant of cited Document 

Pages, Columns, Lines, Where 
Relevant Passages or RelevantFigures Appear 2 (''known) Number-Kind Code 

1. 5345412 09-06-1994 Shiratsuchi 

2. 5537584 07-16-1996 Miyai et al. 

3. 5617559 04-01-1997 Le et al. 

4. 5649159 07-15-1997 Le et al. 

5. 5655113 08-05-1997 Leung 

6. 5717851 02-10-1998 Yishay et al. 

7. 5724604 03-03-1998 Moyer 

8. 5729716 O5 95-17-1998 Lee et al. 

9. 5784705 07-21-1998 Leung, Wingyu 

10. 5802541 09-01-1998 Reed 

11. 5973392 10-26-1999 Senba et al. 
12. 6011710 01-04-2000 Wiggers 

( ..% 
-langc\s) 

131, i 6173357 0 1-0 9 - 2,,iier 2OO1 Ju 
applicd 

'14. 6260127 07-10-2001 Olarig et al. 
document,15 . 6446158 09-03-2002 Karabatsos 

'11/ 16. 6553449 04-22-2003 Dodd et al. 

'1 7/201 7 17. 6618791 09-09-2003 Dodd et al. 

18. 6717855 04-06-2004 Underwood 

19. 6747887 06-08-2004 Halbert et al. 

20. 6788592 09-07-2004 Nakata et al. 

21. 6832303 12-14-2004 Tanaka 

22. 6948084 09-20-2005 Manapat et al 

23. 7093066 08-15-2006 Klein 

24. 7130308 10-31-2006 Haddock et al. 

25. 7133960 11-07-2006 Thompson et al. 

26. 7379361 05-27-2008 Co et al. 

27. 7464225 12-09-2008 Tsern 

28. 7865674 01-04-2011 Gower et al. 

29. 8089795 01-03-2012 Rajan 

30. 8189328 05-29-2012 Kanapathippillai 
31. 8233303 07-31-2012 Best 

32. 8516185 08-20-2013 Lee et al. 

33. 8782350 07-15-2014 Lee et al. 

34. 8689064 04-01-2014 Lee et al. 

35. 2001/0008006 07-12-2001 Klein 

EXAMINER DATE CONSIDERED 

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. 
Include copy of this form with next communication to applicant.' Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patents Documents at 
www.usplo.ccv or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST. 3). 4 For Japanese patent documents, the indication of 
the year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document and 
WIPO Standard ST. 16 if possible. 6 Applicant is to place a check mark here if English language Translation is attached. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.H/ 

Petitioners 
Ex. 1007, p. 206



Receipt date: 03/27/2017 15095288 ® GAU: 2827 

C 
to 

/J 
4/ 

PTO/SB/08a/b(07-09) 
Approved for use through 7/31/2012. OMB 0651-0031 

US Patent & 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 contains a valid OMB control number. 

Substitute for form 1449/PTO 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

(Use as many sheets as necessary) 

Complete if Known
Application Number 15/095,288 
Filing Date April 11, 2016 
First Named Inventor Hyun Lee 
Art Unit 2827 
Examiner Name HOANG, HUAN 

Sheet 1 of 2 Attorney Docket Number N3044.10015US04 

US PATENT DOCUMENTS 

Examiner 
Initials * 

Cite 
No. ' 

Document Number 
Publication Date 
(MM-DD-YYYY) 

Name of Patentee or 
Applicant of cited Document 

Pages, Columns, Lines, Where 
Relevant Passages or Relevant 

Figures Appear Number-Kind Code 2 Of knmn)

1. 4,739,473 1988-04-19 Ng 
2. 5,313,624 1994-05-17 Harriman 
3. 5,630,096 1997-05-13 Zuravleff 
4. 5,905,401 1999-05-18 Sher 
5. 6,061,754 2000-05-09 Cepulis 

lange(s) appliefS. 6,141,245 2000-10-31 Bertin 
document, 7. 0,223,050 625565O 2001-05-15 Johnson 
.1 l/ 
, 2O1g{

8. 6,262,938 2001-07-17 Lee 
9. 6,546,476 2003-04-08 Gillingham 

10. 6,636,446 2003-10-21 Lee 
11. 6,704,910 2004-03-09 Hong 
12. 7,191,302 2007-03-13 Usami 
13. 7,225,303 2007-05-29 Choi 
14. 7,730,254 2010-06-01 Risse 
15. 7,990,746 2011-08-02 Rajan 
16. 8,244,971 2012-08-24 Rajan 
17. 8,335,894 2012-12-18 Rajan 
18. 8,856,464 2014-10-07 Karamcheti 

NON PATENT LITERATURE DOCUMENTS 
Examiner 
Initials* 

Cite 
No.' 

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine, 
journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where 

published. 
T2

19. 
Inter Partes Review of U.S. Patent No. 8756364, Case No. IPR2017-00549, 
Petition for Inter Partes Review, filed December 30, 2016 

20. 
Inter Partes Review of U.S. Patent No. 8756364, Case No. IPR2017-00549, 
Exhibit 1003, "Declaration of Harold S. Stone," filed December 30, 2016 

21. 
Inter Partes Review of U.S. Patent No. 8516185, Case No. IPR2017-00577, 
Petition for Inter Partes Review, filed January 5, 2017 

22. 
Inter Partes Review of U.S. Patent No. 8516185, Case No. IPR2017-00577, 
Exhibit 1003, "Declaration of Harold S. Stone," filed January 5, 2017 

EXAMINER DATE CONSIDERED 

" EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. 
Include copy of this form with next communication to applicant.' Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patents Documents at 
lqWV,, ..ASOIC.QC,Ii or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST. 3). For Japanese patent documents, the indication of 
the year of the reign of the Emperor must precede the serial number of the patent document. 'Kind of document by the appropriate symbols as indicated on the document and 
WIPO Standard ST. 16 if possible. 6 Applicant is to place a check mark here if English language Translation is attached. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.H/ 

Petitioners 
Ex. 1007, p. 207



UNITED STA 1ES PA1ENT AND TRADEMARK OFFICE 

ro 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
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P.O. Box 1450 
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APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO. 

15/095,288 

79141 7590 

Jamie J. Zheng, Ph.D Esq. 
P.O. Box 60573 
Palo Alto, CA 94306 

05/23/2017 

05/03/2017 

9659601 N3044.10015US 04 4085 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

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 Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Hyun Lee, Ladera Ranch, CA; 
Netlist, Inc., Irvine, CA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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