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Abstract of the Disclosure 

Some embodiments include a memory device and methods of forming the 

memory device. One such memory device includes a first group of memory cells, 

each of the memory cells of the first group being formed in a cavity of a first control 

gate located in one device level of the memory device. The memory device also 

includes a second group of memory cells, each of the memory cells of the second 

group being formed in a cavity of a second control gate located in another device 

level of the memory device. Additional apparatus and methods are described. 
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What is claimed is: 

1. An apparatus comprising: 

first memory cells located in a first device level of a memory device; 

second memory cells located in a second device level of the memory device; 

a first control gate formed in the first device level, the first control gate to 

control access to the first memory cells, wherein each of the first memory cells 

includes a memory element formed in a cavity of the first control gate; and 

a second control gate formed in the second device level, the second control 

gate to control access to the second memory cells, wherein each of the second 

memory cells includes a memory element formed in a cavity of the second control 

gate. 

2. The apparatus of claim 1, wherein each of the first and second memory cells 

include multiple memory cells arranged in a first direction and multiple memory 

cells arranged in a second direction, further comprising: 

a common source; and 

data lines configured to be selectively coupled to the common source and the 

memory cells through a conductive material, the conductive material extending 

through the first and second memory cells in a third direction, the third direction 

being substantially perpendicular to the first and second directions. 

3. The apparatus of claim 2, wherein the common source is formed over a 

substrate of the memory device, such that the common source is between the first 

and second memory cells and the substrate to allow electrons from the memory 

element of at least one of the first and second memory cells to move to the common 

source during an erase operation. 

Attorney Docket 303.B12US6 22 Client Ref. No. 2009-0119.05/US 
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4. The apparatus of claim 2, wherein the common source is formed over a 

substrate of the memory device, such that the first and second memory cells are 

between the common source and the substrate. 

5. The apparatus of claim 1, wherein the first memory cells are substantially 

vertically aligned with the second memory cells. 

6. The apparatus of claim 1, wherein the memory element of each of the first 

memory cells is substantially vertically aligned with the memory element of one of 

the second memory cells. 

7. The apparatus of claim 1, further comprising transistors to selectively couple 

the first and second memory cells to data lines associated with the first and second 

memory cells during a memory operation of the memory device, wherein at least 

one of the transistors comprises a double-gate. 

8. The apparatus of claim 1, further comprising transistors to selectively couple 

the first and second memory cells to data lines associated with the first and second 

memory cells during a memory operation of the memory device, wherein at least 

one of the transistors comprises a surrounded gate. 

9. An apparatus comprising: 

a first non-volatile memory cell including a first memory element, the first 

memory element having a ring shape; 

a second non-volatile memory cell including a second memory element, the 

second memory element having a ring shape; and 

a conductive material extending through the first and second memory 

elements. 
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10. The apparatus of claim 9, further comprising: 

a first additional conductive material configured to operate as a control gate 

to access the first memory cell, wherein the first memory element and the first 

additional conductive material are located in a first device level of a memory device 

in which the first and second memory cells are located; and 

a second additional conductive material configured to operate as a control 

gate to access the second memory cell, wherein the second memory element and the 

second additional conductive material are located in a second device level of the 

memory device. 

11. The apparatus of claim 10, wherein each of the memory cells further 

includes a first dielectric between the respective memory element and the 

conductive material. 

12. The apparatus of claim 11, wherein each of the memory cells further 

includes a second dielectric between the respective memory element and the 

respective additional conductive material. 

13. The apparatus of claim 9, further comprising a data line over a substrate to 

carry signals representing values of information stored in the first and second 

memory cells, wherein the data line is located between the substrate and the first 

memory cell. 

14. The apparatus of claim 9, further comprising a data line over a substrate to 

carry signals representing values of information stored in the first and second 

memory cells, wherein the first and second memory cells are located between the 

substrate and the data line. 
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15. An apparatus comprising: 

a first conductive material located in a first device level of a memory device, 

the first conductive material including a first cavity, the first cavity having a first 

sidewall; 

a second conductive material located in a second device level of the memory 

device, the second conductive material including a second cavity, the second cavity 

having a second sidewall; 

a first dielectric formed on the first sidewall and the second sidewall; 

a first memory element located in the first cavity and electrically isolated 

from the first conductive material by a first portion of the first dielectric; 

a second memory element located in the second cavity and electrically 

isolated from the second conductive material by a second portion of the first 

dielectric; 

a second dielectric formed on a side of the first memory element and on a 

side of the second memory element; and 

a conductive channel extending from the first device level to the second 

device level and facing the first and second memory elements, such that the 

conductive channel is electrically isolated from the first and second memory 

elements by at least a respective portion of the second dielectric. 

16. The apparatus of claim 15, wherein the first and second memory elements 

comprise polysilicon. 

17. The apparatus of claim 15, wherein the first and second memory elements 

comprise a dielectric material. 

18. The apparatus of claim 15, further comprising dielectric material between 

the first and second conductive materials. 
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19. The apparatus of claim 15, further comprising: 

a substrate; and 

a data line configured to be selectively coupled to the conductive channel, 

wherein the data line is located between the second conductive material and the 

substrate. 

20. The apparatus of claim 15, further comprising: 

a substrate; and 

a data line configured to be selectively coupled to the conductive channel, 

wherein the first and second memory elements are located between the data line and 

the substrate. 
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THREE DIMENSIONAL ME:MORY AND METHODS OF 
FORlVIING THE SAME 

Priority Application 

[0001] This application is a continuation of U.S. Application Serial No. 

16/125,242, filed September 7, 2018, which is a continuation of U.S. Application 

Serial No. 15/722,580, filed October 2, 2017, now issued as U.S. Patent No. 

10,090,324, which is a continuation of U.S. Application Serial No. 15/188,273, filed 

June 21, 2016, now issued as U.S. Patent No. 9,780,115, which is a continuation of 

U.S. Application Serial No. 14/041,928, filed September 30, 2013, now issued as 

U.S. Patent No. 9,379,005, which is a divisional of U.S. Application Serial No. 

12/825,211, filed June 28, 2010, now issued as U.S. Patent No. 8,803,214, all of 

which are incorporated herein by reference in their entireties. 

Background 

[0002] Non-volatile memory devices such as flash memory devices are used in 

many computers and electronic devices to store information. A flash memory 

device usually has a write operation to store information (e.g., data and instruction 

codes), a read operation to retrieve the stored information, and an erase operation to 

clear information from the memory. As demand for higher density memory device 

increases, three-dimensional (3D) memory devices have been proposed. An 

example of a conventional 3D memory device is described by Ji young Kim et al. in 

an article titled "Novel 3-D Structure for Ultra High Density Flash Memory with 

Vertical-Array-Transistor (VRAT) and Planarized Integration on the same Plane 

(PIPE)", published in the 2008 Symposium on VLSI Technology Digest of 

Technical Papers, pages 22-23. Since 3D memory devices are relatively new, 

manufacturing these devices can pose fabrication process challenges. 

Brief Description of the Drawings 

[0003] FIG. 1 shows a block diagram of a memory device having a memory 

array with memory cells, according to an embodiment of the invention. 
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[0004] FIG. 2 shows a schematic diagram of a portion of a memory device 

having data lines located below memory cells, according to an embodiment of the 

invention. 

[0005] FIG. 3 shows a three-dimensional view of a portion of the memory 

device of FIG. 2, according to an embodiment of the invention. 

[0006] FIG. 4 shows a portion of a control gate and a memory cell of the 

memory device of FIG. 3, according to an embodiment of the invention. 

[0007] FIG. 5 through FIG. 29 show various processes of forming a memory 

device having data lines located below memory cells, according to an embodiment 

of the invention. 

[0008] FIG. 30 shows a schematic diagram of a portion of a memory device 

having data lines located above memory cells, according to an embodiment of the 

invention. 

[0009] FIG. 31 shows a three-dimensional view of a portion of the memory 

device of FIG. 30, according to an embodiment of the invention. 

[0010] FIG. 32 through FIG. 38 show various processes of forming a 

memory device with data lines located above memory cells, according to an 

embodiment of the invention. 

Detailed Description 

[0011] FIG. 1 shows a block diagram of a memory device 100 having a 

memory array 102 with memory cells 110 according to an embodiment of the 

invention. Memory cells 110 can be arranged in rows and columns along with 

access lines 123 (e.g., wordlines having signals WLO through WLM) and lines 124 

(e.g., bit lines having signals BLO through BLN). Memory device 100 uses lines 

124 and 128 to transfer information within memory cells 110. Memory cells 110 

can be physically located in multiple device levels such that one group of memory 

cells 110 can be stacked on one or more groups of other memory cells 110. Row 

decoder 132 and column decoder 134 decode address signals AO through AX on 

lines 125 (e.g., address lines) to determine which memory cells 110 are to be 
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accessed. Row and column level decoders 136 and 138 of row and column 

decoders 132 and 134, respectively, determine which of the multiple device levels 

of memory device 100 that the memory cells 110 to be accessed are located. 

[0012] A sense amplifier circuit 140 operates to determine the value of 

information read from memory cells 110 and provide the information in the form of 

signals to lines 124 and 128. Sense amplifier circuit 140 can also use the signals on 

lines 124 and 128 to determine the value of information to be written to memory 

cells 110. Memory device 100 can include circuitry 150 to transfer information 

between memory array 102 and lines (e.g., data lines) 126. Signals DQ0 through 

DQN on lines 126 can represent information read from or written into memory cells 

110. Lines 126 can include nodes within memory device 100 or nodes (e.g., pins or 

solder balls) on a package where memory device 100 resides. Other devices 

external to memory device 100 (e.g., a memory controller or a processor) may 

communicate with memory device 100 through lines 125, 126, and 127. 

[0013] Memory device 100 performs memory operations such as a read 

operation to read information from memory cells 110 and a write operation 

(sometime referred to as a programming operation) to store information into 

memory cells 110. A memory control unit 118 controls the memory operations 

based on control signals on lines 127. Examples of the control signals on lines 127 

include one or more clock signals and other signals to indicate which operation, 

( e.g., a write or read operation) that memory device 100 performs. Other devices 

external to memory device 100 (e.g., a processor or a memory controller) may 

control the values of the control signals on lines 127. Specific values of a 

combination of the signals on these lines can produce a command (e.g., a write or 

read command) that causes memory device 100 to perform a corresponding memory 

operation ( e.g., a write or read operation). 

[0014] Each of memory cells 110 can store information representing a value 

of a single bit or a value of multiple bits such as two, three, four, or other numbers 

of bits. For example, each of memory cells 110 can store information representing a 

binary value "O" or "l" of a single bit. In another example, each of memory cells 
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110 can store information representing a value of multiple bits, such as one of four 

possible values 11 00 11
, 

11 01 11
, 

11 1011
, and 11 11" of two bits, one of eight possible values 

1100011
, "001 ", 11 010 11

, 
11 011 11

, 
11 10011

, 
11 101 11

, "11011 and" 111, or one of other values of 

other number of multiple bits. 

[0015] Memory device 100 can receive a supply voltage, including supply 

voltage signals Vee and Vss, on lines 141 and 142, respectively. Supply voltage 

signal Vss may operate at a ground potential (e.g., having a value of approximately 

zero volts). Supply voltage signal Vee may include an external voltage supplied to 

memory device 100 from an external power source such as a battery or an 

alternating-current to direct-current (AC-DC) converter circuitry. 

[0016] Circuitry 150 of memory device 100 can include a select circuit 152 

and an input/output (I/0) circuit 116. Select circuit 152 responds to signals SEL0 

through SELn to select the signals on lines 124 and 128 that can represent the 

information read from or written into memory cells 110. Column decoder 134 

selectively activates the SEL0 through SELn signals based on address signals AO 

through AX. Select circuit 152 selects the signals on lines 124 and 128 to provide 

communication between memory array 102 and I/0 circuit 116 during read and 

write operations. 

[0017] Memory device 100 can be a non-volatile memory device and 

memory cells 110 can be non-volatile memory cells such that memory cells 110 can 

retain inform a ti on stored thereon when power (e.g., V cc or V ss, or both) is 

disconnected from memory device 100. For example, memory device 100 can be a 

flash memory device such as a NAND flash or a NOR flash memory device, or 

other kinds of memory devices, such as a variable resistance memory device ( e.g., 

phase change random-access-memory (PCRAM), resistive RAM (RRAM), etc.). 

[0018] One skilled in the art may recognize that memory device 100 may 

include other features that are not shown in FIG. 1, to help focus on the 

embodiments described herein. 

[0019] Memory device 100 may include at least one of the memory devices 

and memory cells described below with reference to FIG. 2 through FIG. 38. 
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[0020] FIG. 2 shows a schematic diagram of a portion of a memory device 

200 having data lines 251,252, and 253 located below memory cells 210,211, and 

212, according to an embodiment of the invention. Memory cells 210, 211, and 212 

can be grouped into groups, such as a group of memory cells 210, a group of 

memory cells 211, and a group of memory cells 212. As shown in FIG. 2, the 

memory cells in each group share the same control gate, such as control gate 221, 

222, or 223 (with associated signals WLO, WLl, and WL2). The memory cells are 

coupled in series as strings, such as strings 215 and 216. Each string can include 

one of the memory cells from different groups and is coupled between one of 

transistors 231 and one of transistors 232. 

[0021] As shown in FIG. 2, transistors 231 have gates coupled to select lines 

241, 242, and 243 (with associated signals SGDO, SGDl, and SGD2). Transistors 

231 have nodes (e.g., sources) coupled to data lines 251, 252, and 253 (with 

associated signals BLO, BLl, and BL2). Data lines 251, 252, and 253 sometimes 

correspond to bit lines or sense lines of a non-volatile memory device. 

[0022] Transistors 232 have gates coupled to select lines 261, 262, and 263 

(with associated signals SGSO, SGSl, and SGS2). Transistors 232 have nodes (e.g., 

drains) coupled to a common source 270 of memory cell strings in a non-volatile 

memory device. 

[0023] FIG. 2 shows three groups of memory cells with associated 

components coupled to them, as an example. The number of groups of memory 

cells and their associated components (e.g., control gates and data lines) can vary. 

[0024] Memory device 200 uses control gates 221, 221, and 223 to control 

access to memory cells 210, 211, and 212 during a read operation to sense (e.g., 

read) information stored in memory cells 210, 211, and 212, and during a write 

operation to store information into memory cells 210, 211, and 212. Memory 

device 200 uses data lines 251, 252, and 253 to transfer the information read from 

these memory cells during a read operation. 

[0025] Transistors 231 and 232 are responsive to signals SGDO, SGDl, and 

SGD2, and signals SGSO, GS 1, and SGS2, respectively, to selectively couple the 
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memory cells to data lines 251,252, and 253 and common source 270 during a read 

or write operation. 

[0026] To help focus on the description herein, the description herein omits 

detailed description of operations of memory device, such as write, read, and erase 

operation. One skill in the art would recognize these operations. For example, in an 

erase operation of memory device 200, a voltage of approximately 20 volts can be 

applied to data lines 251, 252, and 253 while control gates 221, 221, and 223, select 

lines 241, 242, and 243, and select lines 261, 262, and 263 can be "floated" (e.g., 

leave unconnected to a voltage). In this erase operation, electrons from memory 

elements of memory cells 210, 211, and 212 may move to data lines 251, 253, and 

253. 

[0027] FIG. 3 shows a 3D view of a portion of memory device 200, 

according to an embodiment of the invention. FIG. 3 also shows X, Y, and Z 

directions, and device levels 301, 302, and 303 arranged in the Z-direction. 

Memory cells 210 of the same group can be arranged in rows and columns in the X­

direction and Y-direction. Each group of memory cells is located in different device 

levels 301, 302, or 303. For example, the group having memory cells 210 is located 

in device level 301. The group having memory cells 211 is located in device level 

302. The group having memory cells 212 is located in device level 303. 

[0028] As shown in FIG. 3, memory cells 210, 211, and 212 in each string 

( e.g., memory cells between transistors 231 and 232) are substantially vertically 

aligned in the Z-direction with respect to a substrate underneath data lines 251, 252, 

and 253. The substrate is not shown in FIG. 3, but can be similar to substrate 503 of 

FIG. 5 and FIG. 6. FIG. 3 also shows a channel 241 and a conductive material 

portion 242 extending vertically in the Z-direction and through memory element 

430 of memory cells 210,211, and 212 in the same string between transistors 231 

and 232, which corresponds to transistors 231 and 232 of FIG. 2. As shown in FIG. 

3, transistor 231 can include a double-gate coupled to a body 391 (e.g., transistor 

channel) to control (tum on or off) the transistor. The structure of the double-gate 
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can include two segments of the same select line 241 (as shown in FIG. 3), such that 

the two segments are located on only two respective sides of body 391. 

[0029] Memory device 200 in FIG. 3 also can include contacts 329, 349, and 

359. Contacts 329 provide electrical connections to control gates 221, 222, and 223. 

Contacts 349 provide electrical connections to select lines 241,242, 243, and 244. 

Contacts 359 provide electrical connections to and from data lines 251,252, and 

253. Select line 244 and the memory cell associated with it in the Z-direction are 

not shown in FIG. 2. 

[0030] FIG. 4 shows a portion of control gate 221 and a memory cell 210 of 

memory device 200 of FIG. 3. Control gates 222 and 223 and memory cells 211 

and 212 of FIG. 2 have structures similar to control gate 221 and memory cell 210, 

respectively. As shown in FIG. 4, control gate 221 can include a homogenous 

material with cavities 420, each cavity being filed with various components, 

including materials different from the homogenous material. The various 

components include: a memory element 430; a channel 441, a conductive material 

portion 442, and dielectrics 421 and 427. Dielectric 421 can include multiple 

materials 422, 423, and 424 arranged as different layers. As shown in FIG. 4, 

memory element 430 of each memory cell 210 has a ring shape (e.g., donut shape) 

with an inner side 451 and an outer side 452. Each of the other memory cells 211 

and 212 shown in FIG. 3 also has a ring shape. As shown in FIG. 3, within memory 

cells 210, 211, and 212 in the same string (e.g., between transistors 231 and 232), 

the entire ring-shape memory element 430 of each memory cell is substantially 

vertically aligned (in the Z-direction) with the entire ring-shape memory element of 

each of the other memory cells in the same string. 

[0031] Each memory element 430 can store information, such as based on 

the amount of charge (e.g., number of electrons) therein. In each such memory 

element 430, the amount of charge corresponds to the value of information store that 

memory element. The amount of charge can be controlled in a write operation or in 

erase operation. For example, electrons from channel 441 or conductive material 

portion 442, or both, can move to memory element 430 during a write operation due 
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to a tunneling effect known to those skilled in the art. In an erase operation, 

electrons from memory element 430 can move back to channel 441 or conductive 

material portion 442, or both, to data lines 251, 253, and 253 (FIG. 2 and FIG. 3). 

Alternative embodiments might use a memory element 430 that can store 

information, such as based on the resistance of the element 430, for example. 

[0032] Memory device 200 of FIG. 3 can be formed using processes similar 

to or identical to those described below with reference to FIG. 5 through FIG. 29. 

[0033] FIG. 5 through FIG. 29 show various processes of forming a memory 

device 500 having data lines located below memory cells, according to an 

embodiment of the invention. Memory device 500 (shown in more details in FIG. 

29) can correspond to memory device 300 of FIG. 3. 

[0034] FIG. 5 shows memory device 500 having a substrate 503, which can 

include materials 501 and 502 arranged as layers. Material 501 can include bulk 

silicon or could be another semiconductor material. Material 502 can be a dielectric 

material, for example, silicon oxide. FIG. 5 also shows materials 504 and 505 

formed over substrate 503. Forming materials 504 and 505 can include depositing a 

conductive material over substrate 503 and then depositing another conductive 

material over material 504. Material 504 can include a metal or other conductive 

materials. Material 505 can include undoped polysilicon or doped polysilicon, such 

asp-type silicon or another conductive materials. 

[0035] FIG. 5 also shows an X-direction, a Y-direction perpendicular to the 

X-direction, and a Z-direction perpendicular to both the X-direction and the Y­

direction. As shown in FIG. 5, materials 504 and 505 can be formed as different 

layers, one layer over (e.g., on) one or more other layers in the Z-direction. 

[0036] As used herein, the term "on" used with respect to two or more 

materials, one "on" the other, means at least some contact between the materials, 

while "over" or "overlaying" could refer to either a material being "on" another 

material or where there is one or more additional intervening materials between the 

materials (e.g., contact is not necessarily required). The term "on", "over", or 
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"overlying" does not imply any directionality as used herein unless otherwise 

explicitly stated as such. 

[0037] FIG. 6 shows memory device 500 after data lines 651, 652, and 653 

and device structures 605 have been formed. A process such as etching (e.g., dry 

etching) can be used to remove portions of materials 504 and 505 (FIG. 5) to form 

trenches 511 and 512, which have trench bottoms at material 502. Each of data 

lines 651, 652, and 653 and each of device structures 605 has a greater dimension 

( e.g., length) extending in the X-direction. A mask (not shown in FIG. 6) having 

separate openings extending in the X-direction can be used to form trenches 511 and 

512. As shown in FIG. 6, trenches 511 and 512 divide material 504 (FIG. 5) into 

separate data lines 651, 652, and 653, which can correspond to data lines 251, 252, 

and 253 of FIG. 2. 

[0038] FIG. 7 shows memory device 500 after pillars 705 have been formed 

in area 701 of memory device 500. Pillars 705 are not formed in area 702 of 

memory device 500. For simplicity, FIG. 7 through FIG. 29 do not show substrate 

503 of FIG. 6. In FIG. 7, a process such as etching (e.g., dry etch) can be used to 

remove portions of device structures 605 to form trenches 711, 712, and 713 in the 

Y-direction, perpendicular to trenches 511 and 512, such that pillars 705 can be 

formed as shown in FIG. 7. A mask (not shown in FIG. 7) having separate openings 

extending in the Y-direction can be used to form trenches 711, 712, and 713. Each 

pillar 705 can include a height in the Z-direction of approximately 20 to 50 

nanometers. As shown in FIG. 7, pillars 705 are arranged in rows and columns 

(e.g., in a matrix) in the X-direction and Y-direction. For simplicity, FIG. 7 does 

not show a dielectric material filled in trenches 511 and 512. However, forming 

memory device 500 in FIG. 7 also can include forming a dielectric material (e.g., 

silicon oxide) to fill trenches 511 and 512 up to a top surface 715 of device structure 

605. 

[0039] FIG. 8 shows memory device 500 after dielectric 831 and select lines 

841, 842, 843, and 844 have been formed. Select lines 841, 842, 843, and 844 can 

correspond to select lines 241, 242, 243, and 244, respectively, of FIG. 3. In FIG. 8, 
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dielectrics 831 are formed to electrically isolate select lines 841, 842, 843, and 844 

from pillars 705. Dielectrics 831 can be formed by, for example, depositing a 

dielectric material ( e.g., silicon oxide) on at least two sides of each pillar 705 or by 

oxidizing pillars 705. After dielectrics 831 are formed, select lines 841,842, 843, 

and 844 can be formed by, for example, depositing a conductive material over 

pillars 705 and trenches 711, 712, and 713 (FIG. 7) and then removing (e.g., 

etching) a portion of the conductive material to form select lines 841, 842, 843, and 

844 having the structure shown in FIG. 8. Examples of the conductive materials for 

select lines 841, 842, 843, and 844 include polysilicon, metal, or other conductive 

materials, such as TiN and TaN. 

[0040] FIG. 8 also shows doped regions 833, which can be formed by 

inserting ( e.g., implanting) n-type impurities into selective portions of device 

structure 605. Examples of n-type impurities include elements such as phosphorus 

(P) or arsenic (As). The remaining portion of device structures 605 that has not 

been inserted with n-type impurities may maintain its original material, such as p­

type silicon, as described above with reference to FIG. 5. 

[0041] FIG. 9 shows memory device 500 with select lines 941, 942, 943, 

and 944, which are alternative structures for select lines 841, 842, 843, and 844 of 

FIG. 8. In FIG. 8, opposite sides of each pillar 705 are associated with two different 

segments of the same select line 841,842,843, or 844. In FIG. 9, except for the top 

surfaces of pillars 705, each pillar 705 can be completely surrounded by the material 

of one of the select line 941, 942, 943, or 944 (e.g., four sides of each pillar 705 are 

associated with four different segments of the same select line). Higher efficient 

memory device may be achieved with select lines 941, 942, 943, and 944 in 

comparison to select lines 841, 842, 843, and 844. Select lines 941, 942, 943, and 

944 can also be alternative structures for select lines 241, 242, 243, and 244, 

respectively, of FIG. 3. Thus, each transistor 231 of FIG. 2 and FIG. 3 can include a 

surrounded gate with a structure shown in FIG. 9. Thus, instead of a double-gate 

shown in FIG. 3, each transistor 231 of FIG. 3 can alternatively include a 
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surrounded gate having four different segments of the same select line (such as 

select line 941) surrounding body 391 (FIG. 3). 

[0042] FIG. 10 shows memory device 500 after materials 1001 through 

1007 are formed over pillars 705 and select lines 841, 842, 843, and 844. Materials 

1001 through 1007 can be formed in both areas 701 and 702 of memory device 500. 

However, to focus on the description herein, FIG. 10 does not show some portions 

of materials 1001 through 1007 in area 702. The description below with reference 

to FIG. 28 and FIG. 29 describes forming additional components ( e.g., components 

similar to contacts 329 of FIG. 3) in area 702 of memory device 500. 

[0043] In FIG. 10 through FIG. 29, for simplicity, some number 

designations associated with some components of memory device 500 may not be 

repeated from one figure to another figure. In FIG. 10, before forming materials 

1001 through 1007, a dielectric material (not shown in FIG. 10), such as silicon 

oxide, can be formed to fill gaps 1041, 1042, and 1043. Forming materials 1001 

through 1007 can include alternately depositing dielectric material and conductive 

material in an interleave fashion, such that these materials are alternately stacked 

over each other in the Z-direction, as shown in FIG. 10. Materials 1001, 1003, 

1005, and 1007 can include dielectric materials, such as silicon oxide. Materials 

1002, 1004, and 1006 can include conductive materials, such as metal or polysilicon 

(e.g., n-type silicon for p-type silicon). As shown in FIG. 10, materials 1001 

through 1007 are formed such that materials 1002, 1004, and 1006 are electrically 

isolated from each other by materials 1001, 1003, 1005, and 1007. 

[0044] FIG. 11 shows memory device 500 after openings (e.g., holes) 1101 

have been formed in material 1002 through 1107. Holes 1101 are formed such that 

each hole 1101 can be aligned substantially directly over a corresponding pillar 705, 

as illustrated in FIG. 11. Forming holes 1101 can include removing (e.g., etching) a 

portion of each of materials 1002 through 1007, stopping at material 1001, such that 

at least a portion of material 1001 or the entire material 1001 remains to separate 

holes 1101 from pillars 705. Forming holes 1101 results in forming cavities 1110 in 

each of materials 1003, 1005, and 1007, and cavities 1120 in each of materials 1002, 
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1004, and 1006. As shown in FIG. 12, cavities 1110 in the materials 1003, 1005, 

and 1007 are substantially aligned directly over cavities 1120 in the other materials 

1002, 1004, and 1006. Each cavity 1110 and each cavity 1120 may have 

substantially the same diameter, D 1. Diameter D 1 can also be considered the 

diameter of each hole 1101 at the 1 ocati on of each cavity 1110 and each cavity 1120. 

[0045] FIG. 12 shows memory device 500 after cavities 1220 have been 

formed in materials 1002, 1004, and 1006 (used to form control gates 1221, 1222, 

and 1223). Forming cavities 1220 can include enlarging the size of cavities 1120 

(FIG. 11) while keeping the size of cavities 1110 substantially unchanged ( e.g., 

remaining substantially at diameter D 1 ). For example, enlarging the size of cavities 

1120 (FIG. 11) can include selectively removing ( e.g., selective wet or dry etching) 

a portion of each of materials 1002, 1004, and 1006 at each cavity 1120 (FIG. 11) 

such that the diameter of each cavity 1220 increases to substantially diameter D2, 

while the diameter DI at each cavity 1110 remains substantially unchanged. 

Diameter D2 is greater than diameter DI. Forming cavities 1120 in materials 1002, 

1004, and 1006 also form control gates 1221, 1222, and 1223, which can correspond 

to control gates control gates 221, 222, and 223 of FIG. 2. 

[0046] FIG. 13 shows more details of control gate 1221 of FIG. 12. Control 

gates 1222 and 1223 of FIG. 12 have a similar structure as control gate 1221. As 

shown in FIG. 13, control gate 1221 can include a homogenous material with 

cavities 1220 of FIG. 11 being arranged in rows and columns in the X-direction and 

Y-direction. Each cavity 1220 can include a sidewall 1225. 

[0047] FIG. 14 and FIG. 15 shows memory device 500 after dielectrics 1421 

and memory elements 1430 have been formed in cavities 1220. For simplicity, FIG. 

15 does not show dielectrics 1421 and memory elements 1430 in all cavities 1220. 

Each dielectric 1421 can be formed on sidewall 1225, such that each dielectric 1421 

and can be located between the material of control gate 1221 and memory element 

1430, and such that memory element 1430 can be electrically isolated from the 

material of control gate 1221 by at least a portion of dielectric 1421. Forming 

dielectric 1421 can include forming multiple materials 1422, 1423, and 1424 (FIG. 
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15) at different times, one material after another. Forming material 1422 can 

include oxidizing a portion (e.g., a surface) of sidewall 1225 to form dielectric 

material (e.g., silicon oxide) on sidewall 1225. Alternatively, forming material 1422 

can include depositing dielectric material (e.g., silicon oxide) on sidewall 1225. 

Forming material 1423 can include depositing dielectric material (e.g., silicon 

nitride) on material 1422, wherein a portion of that dielectric material may also form 

on sidewall 1425 of each cavity 1110. Forming material 1424 can include 

depositing dielectric material (e.g., silicon oxide) on material 1423. 

[0048] Memory elements 1430 can be formed after dielectrics 1421 are 

formed. As shown in FIG. 15, each memory element 1430 has a ring shape (e.g., a 

donut shape) with an inner side 1451 and an outer side 1452 of FIG. 14. Forming 

memory elements 1430 can include depositing a material in holes 1101. Since 

cavities 1220 of FIG. 14 are substantially aligned with cavities 1110, the material 

(that forms memory element 1430) may fill both cavities 1110 and 1120. Then, a 

portion (e.g., center portion in each hole) of the material that forms memory 

elements 1430 can be removed (e.g., by etching in the same, single, etching step) 

such that the material in cavities 1110 can be removed (e.g., completely removed) 

and the material in cavities 1220 is not completely removed but partially removed. 

As shown in FIG. 14, after the material that forms memory elements 1430 is 

removed from cavities 1110, a portion of dielectric material 1423 (e.g., silicon 

nitride, that was formed on material 1422) may be exposed. As shown in FIG. 14, 

after the material that forms memory elements 1430 is partially removed from 

cavities 1220, memory element 1430 (formed by the remaining material in a cavity 

1220) associated with the same hole 1101 may have its inner side 1451 substantially 

aligned with sidewall 1425 (or sidewall 1425 with portions of materials 1422 and 

1423 of cavities 1110) of cavities 1110. 

[0049] The material of memory elements 1430 can include, for example, 

semiconductor material ( e.g., polysilicon), dielectric charge trapping material, such 

as silicon nitride or other dielectric charge trapping materials, or a variable 

resistance material, such as a phase change material ( e.g., GST). During removing 
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(e.g., etching) a portion of the material that forms memory elements 1430, portions 

1401 of material 1001 located over pillars 705 can also be removed to reduce the 

thickness of portions 1401. 

[0050] FIG. 16 and FIG. 17 show memory device 500 after dielectric 1627 

has been formed on inner side 1451 of memory element 1430 and in cavities 1110. 

Forming dielectric 1627 can include depositing dielectric material (e.g., silicon 

oxide) on inner side 1451. Alternatively, forming dielectric 1627 can include 

oxidizing a portion (e.g., inner side 1451) of memory element 1430. Forming 

dielectric 1627 (e.g., by oxidation) may also consume material 1423 (FIG. 14) 

formed on material 1422, which formed on sidewall 1425 of cavities 1110. Thus, 

dielectric 1627 may also form in cavities over material 1422. 

[0051] FIG. 18 and FIG. 19 show memory device 500 after channels 1841 

have been formed on dielectrics 1627 in both cavities 1110 and 1220. Forming 

channels 1841 can include depositing a conductive material on dielectrics 1627. An 

etching process can be used to reduce the thickness of the conductive material after 

it is deposited. The conductive material of channels 1841 can include doped 

polysilicon, which can have the same material type (e.g., p-type) as pillars 705. 

FIG. 18 also shows a formation of openings 1801, which can be formed by 

removing (e.g., by etching) portions 1401 (FIG. 14) located over pillars 705. As 

shown in FIG. 19, channel 1841 is facing memory elements 1430 and is electrically 

isolated from memory element 1430 by at least a portion of dielectric 1627. 

[0052] FIG. 20 shows memory device 500 after a conductive material 2001 

has been formed by, for example, depositing undoped or lightly doped polysilicon to 

place channels 1841 in electrical communication with pillars 705. As shown in 

FIG. 20, conductive material 2001 forms a continuous conductive path between 

channels 1841 and data lines 651,652, and 653 through pillars 705. 

[0053] FIG. 21 shows memory device 500 after dielectric material 2101 

(e.g., silicon oxide) has been formed over conductive material 2001. 

[0054] FIG. 22 shows memory device 500 after a formation of openings 

(e.g., holes 2201), a conductive material portion 2260, and conductive material 
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portions 2241. Holes 2201 are formed such that each hole 2201 can be aligned 

substantially directly over channels 1841, as illustrated in FIG. 22. Forming holes 

2201 can include removing (e.g., etching) a portion of dielectric material 2101 and a 

portion of conductive material 2001 (FIG. 21), stopping at a location in material 

1007. Holes 2201 can be formed such that after a portion of conductive material 

2001 is removed during the formation of holes 2201, conductive material 2001 is 

separated into conductive material portion 2260 and conductive material portions 

2241, as illustrated in FIG. 22. 

[0055] FIG. 23 shows memory device 500 after doped regions 2301 have 

been formed. Forming doped regions 2301 can include inserting (e.g., implanting) 

n-type impurities into top parts of conductive material portions 2241. Doped 

regions 2301 can provide a relatively low resistance connection between channels 

1841 and other components of memory device 500. 

[0056] FIG. 24 shows memory device 500 after dielectrics 2401 and 

channels 2402 have been formed. Dielectrics 2401 (e.g., silicon oxide) is formed on 

sidewalls of conductive material portion 2260 at the location of holes 2201. 

Channels 2402 are formed on sidewalls of dielectric material 2101 and on 

dielectrics 2401. 

[0057] FIG. 25 shows memory device 500 after conductive material 2501 

has been formed in each of holes 2201, such that channel 2402 can be electrically 

coupled to channel 1841 through conductive material 2501, doped region 2301, and 

conductive material portion 2241. Forming conductive material 2501 in each of 

holes 2201 can include depositing a conductive material (e.g., polysilicon) over 

material, such that the conductive material fills holes 2201. Then, a top portion of 

the conductive material can be removed by, for example, etching back the 

conductive material or by chemical mechanical planarization (CMP). 

[0058] FIG. 26 shows memory device 500 after doped regions 2601 and 

select lines 2661, 2662, and 2663 have been formed. Forming doped regions 2601 

can include inserting ( e.g., implanting) n-type impurities into top portions of 

conductive material 2501. Forming select lines 2661, 2662, and 2663 can include 
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removing parts of dielectric material 2101 and conductive material portion 2260 to 

form trenches 2602, which have trench bottoms partially extending into material 

1007. As shown in FIG. 26, trenches 2602 separate conductive material portion 

2260 into select lines 2661, 2662, and 2663, which can correspond to select lines 

261, 262, and 263 of FIG. 2. 

[0059] FIG. 27 shows memory device 500 after material 2701 and a 

common source 2770 have been formed. Forming material 2701 can include 

depositing a dielectric material (e.g., silicon dioxide) over material 2101, such that 

the dielectric material fills trenches 2602. Then, a top portion of the dielectric 

material can be removed by, for example, etching back the dielectric material or by 

CMP. Forming common source 2770 can include depositing a conductive material 

(e.g., metal) over materials 2701 and 2101. 

[0060] FIG. 28 shows memory device 500 after materials 1001 through 

1007 in area 702 (FIG. 10) are processed (e.g., by patterning) to form a stair like 

pattern with material between the stairs are not shown in FIG. 28. As mentioned 

above in the description of FIG. 10, some portions of materials 1001 through 1007 

are omitted from area 702 of FIG. 10 through FIG. 27 for clarity. FIG. 28 shows 

material 1001 through 1007 in area 702 after they have been processed to form the 

stair like pattern. As shown in FIG. 28, control gates 1221, 1222, and 1223 are 

formed from materials 1002, 1004, and 1006, respectively, which are formed in the 

stair like pattern. 

[0061] FIG. 29 shows memory device 500 after contacts 2929, 2949, and 

2959 have been formed. Contacts 2929 provide electrical connections to control 

gates 1221, 1222, and 1223. Contacts 2949 provide electrical connections to select 

lines 841, 842, 843, and 844. Contacts 2959 provide electrical connections to and 

from data lines 651, 652, and 653. 

[0062] As shown in FIG. 29, memory device 500 can include components 

and memory cells 2910, 2911, and 2912 similar to or identical to components and 

memory cells 210, 211, and 212 of memory device 300 described above with 

reference to FIG. 2 and FIG. 3. 
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[0063] One skilled in the art may readily recognize that additional processes 

may be performed to form additional features of a memory device, such as memory 

device 500 described above. Thus, to help focus on the embodiments described 

herein, FIG. 5 through FIG. 29 described above and FIG. 30 through FIG. 38 

described below show only some of the features of a memory device, such as 

memory device 500. 

[0064] FIG. 30 shows a schematic diagram of a portion of a memory device 

300 having data lines 251,252, and 253 located above memory cells 210,211, and 

212, according to an embodiment of the invention. Nlemory device 300 can include 

components similar to those of memory device 200 of FIG. 3. Thus, for simplicity, 

similar or same components between memory device 200 and memory device 3000 

are given the same number designations. The detailed description of these similar 

components is not repeated in FIG. 30. Main differences between memory device 

3000 and memory device 200 include the locations of data lines 251, 252, and 253 

and common source 3070 of memory device 3000 to enable global erase operation. 

As shown in FIG. 30, data lines 251, 252, and 253 are located above memory cells 

210, 211, and 212. Common source 3070 is located below memory cells 210, 211, 

and 212 and can couple directly to at least a portion of a substrate of memory device 

3000 (e.g., substrate 3101 in FIG. 31). This main difference may allow voltages to 

be applied to various components of memory device 3000 in a different way during 

an erase operation and memory device 3000 function differently ( e.g., during the 

global erase operation) in comparison with the erase operation (e.g., local erase 

operation) of memory device 200. For example, in an erase operation of memory 

device 3000, a voltage of approximately 20 volts can be applied to common source 

3070, while control gates 221, 221, and 223, data lines 251, 252, and 253, select 

lines 241, 242, and 243, and select lines 261, 262, and 26 can be "floated". In this 

erase operation, electrons from memory elements of memory cells 210, 211, and 

212 may move (e.g., by tunneling) to common source 3070 (e.g., global erase). In 

memory 200, as described above with reference to FIG. 2, FIG. 3, and FIG. 4, 
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during an erase operation, electrons from memory elements of memory cells 210, 

211, and 212 may move to data lines 251,253, and 253 (e.g., local erase) 

[0065] FIG. 31 shows a 3D view of a portion of the memory device 3000 of 

FIG. 30, according to an embodiment of the invention. As shown in FIG. 31, data 

lines 251,252, and 253 are located above memory cells 210,211, and 212, common 

source 3070 is located below memory cells 210,211, and 212 and is coupled to a 

substrate 3101. Substrate 3101 can include semiconductor material, such asp-type 

silicon. 

[0066] As shown in FIG. 31, memory cells 210, 211, and 212 in each string 

( e.g., memory cells between transistors 231 and 232) are substantially vertically 

aligned in the Z-direction with respect to substrate 3101. Transistor 232 can include 

a double-gate or surrounded gate similar to the double-gate (FIG. 3) or surrounded 

gate (FIG. 9) of transistor 231 of FIG. 3. FIG. 31 also shows a channel 441 and a 

conductive material portion 442 extending vertically in the Z-direction and through 

memory element 430 of memory cells 210,211, and 212 in the same string between 

transistors 231 and 232, which corresponds to transistors 231 and 232 of FIG. 30. 

[0067] Memory element 430 in each of memory cells 210,211, and 212 has 

a ring shape. As shown in FIG. 31, within memory cells 210, 211, and 212 in the 

same string, the entire ring-shape memory element 430 of each memory cell is 

substantially vertically aligned (in the Z-direction) with the entire ring-shape 

memory element of each of the other memory cells in the same string. 

[0068] FIG. 32 through FIG. 38 show various processes of forming a 

memory device 3200 having data lines located above memory cells, according to an 

embodiment of the invention. Memory device 3200 (shown in more details in FIG. 

38) can correspond to memory device 3000 of FIG. 31. 

[0069] FIG. 32 shows memory device 3200 having a substrate 3201 and 

trenches 3211, 3212, and 3213, and substrate portions 3270 and 3271 formed on a 

top portion of substrate 3201. Substrate 3201 can include semiconductor material, 

such as bulk silicon. Top substrate portions 3270 and 3271 can be formed by 

inserting ( e.g., implanting) p-type impurities into a top portion of substrate 3201. 
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Thus, substrate portions 3270 and 3271 can include p-type silicon. Forming 

trenches 3211, 3212, and 3213 and substrate portion 3270 can include removing 

( e.g., etching) a portion of substrate portion 3271. During a write or read operation 

of memory device 3200, substrate portion 3270 can be coupled to a potential, such 

as to ground. During an erase operation of memory device 3200, substrate portion 

3270 can be coupled to a voltage, for example, approximately 20 volts. 

[0070] FIG. 33 shows memory device 3200 after material 3301 has been 

formed in trenches 3211, 3212, and 3213 (FIG. 32). Forming material 3301 can 

include depositing dielectric material (e.g., silicon oxide) over substrate 3201 to fill 

trenches 3211, 3212, and 3213. Then, a top portion of the dielectric material can be 

removed by, for example, CMP. 

[0071] FIG. 34 shows memory device 3200 after material 3401 and trenches 

3411, 3412, and 3413, and device structures 3460 have been formed. Forming 

material 3401 can include depositing dielectric material (e.g., silicon oxide, or 

silicon nitride) over substrate 3201 and material 3301. Forming trenches 3411, 

3412, and 3413 can include removing (e.g., etching) portions of substrate 3201, 

material 3301, and material 3401. Device structures 3460 are formed as a result of 

the formation of trenches 3411, 3412, and 3413. 

[0072] FIG. 35 shows memory device 3200 after a formation of doped 

regions 3501, material 3502, and select lines 3561, 3562, and 3563. Forming 

doped regions 3501 can include inserting (e.g., implanting) n-type impurities into 

selective portions of substrate portion 3271. Material 3502 (e.g., silicon oxide) can 

be formed on both sides of each device structure 3460 to electrically isolate select 

lines 3561, 3562, and 3563 from device structures 3460. Materials of select lines 

3561, 3562, and 3563 can include one or more conductive materials, such as one or 

more metals, alloys, other conductive materials, or a combination thereof. Select 

lines 3561, 3562, and 3563 can correspond to select lines 261, 262, and 263 of 

memory device 3000 of FIG. 30. 

[0073] FIG. 36 shows memory device 3200 after material 3601 have been 

formed in trenches 3411, 3412, and 3413. Forming material 3601 can include 
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depositing dielectric material (e.g., silicon dioxide) to fill trenches 3411, 3412, and 

3413. Then, a top portion of the dielectric material can be removed by, for example, 

etching back the conductive material or by CMP, stopping at substrate portion 3270. 

[0074] FIG. 37 shows memory device 3200 after grooves 3701 have been 

formed by removing (e.g., by wet etching) a top portion of the material used to form 

select lines 3561, 3562, and 3563. Alternatively, forming grooves 3701 can be 

omitted. 

[0075] FIG. 38 shows memory device 3200 after other components have 

been formed. The processes for forming the components of memory device 3200 in 

FIG. 38 can include similar or identical processes for forming the component of 

memory device 500 described above with reference to FIG. 10 through FIG. 29. 

For example, control gates 3821, 3822, and 3823 of FIG. 38 can be formed using 

processes similar to or identical to those of forming control gates 1221, 1222, and 

1223 of memory device 500 described above with described above with reference to 

FIG. 5 through FIG. 29. Data lines 3851, 3852, and 3853 of FIG. 38, can 

correspond to data lines 251, 252, and 253 of FIG. 30 and FIG. 31. As shown in 

FIG. 38, memory device 3200 can include memory cells 3810, 3811, and 3812, 

which can be formed using processes similar to or identical to those of forming 

memory cells 2910, 2911, and 2912 of memory device 500 described above with 

reference to FIG. 5 through FIG. 29. 

[0076] One or more embodiments described herein include a memory device 

and methods of forming the memory device. One such memory device can include 

a first group of memory cells, each cell of the first group being formed in a 

respective cavity of a first control gate located in one device level of the memory 

device. The memory device also can include a second group of memory cells, each 

cell of the second group being formed in a cavity of in a second control gate located 

in another device level of the memory device. Additional apparatus and methods 

are described. Other embodiments including additional apparatus and methods are 

described above with reference to FIG. 1 through FIG. 38. 
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[0077] The illustrations of apparatus such as memory devices 100, 200, 500, 

3000, and 3200, and memory cells 210,211,212, 2910, 2911, 2912, 3010, 3811, 

and 3812 are intended to provide a general understanding of the structure of various 

embodiments and not a complete description of all the elements and features of the 

apparatus that might make use of the structures described herein. 

[0078] The apparatus of various embodiments may include or be included in 

electronic circuitry used in high-speed computers, communication and signal 

processing circuitry, memory modules, portable memory storage devices ( e.g., 

thumb drives), single or multi-processor modules, single or multiple embedded 

processors, multi-core processors, data switches, and application-specific modules 

including multilayer, multi-chip modules. Such apparatus may further be included 

as sub-components within a variety of electronic systems, such as televisions, 

cellular telephones, personal computers (e.g., laptop computers, desktop computers, 

handheld computers, tablet computers, etc.), workstations, radios, video players, 

audio players (e.g., MP3 (Motion Picture Experts Group, Audio Layer 3) players), 

vehicles, medical devices (e.g., heart monitor, blood pressure monitor, etc.), set top 

boxes, and others. 

[0079] The above description and the drawings illustrate some embodiments 

of the invention to enable those skilled in the art to practice the embodiments of the 

invention. Other embodiments may incorporate structural, logical, electrical, 

process, and other changes. Examples merely typify possible variations. Portions 

and features of some embodiments may be included in, or substituted for, those of 

others. Many other embodiments will be apparent to those of skill in the art upon 

studying and understanding the above description. 

[0080] The Abstract is provided to comply with 37 C.F.R. §1.72(b) 

requiring an abstract that will allow the reader to quickly ascertain the nature and 

gist of the technical disclosure. The Abstract of the Disclosure is submitted with the 

understanding that it will not be used to interpret or limit the scope or meaning of 

the claims. 
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Total Number of Drawing Sheets (if any) 38 ~uggested Figure for Publication (if any) I 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. lll(c) and 37 CFR 1.57{a). Do not 
complete this section if application papers including a specification and any drawings are being filed. Any domestic benefit or foreign 
priority information must be provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and 
"Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by 
this reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application number of the previously Filing date {YYYY-MM-DD) Intellectual Property Authority or 
filed application Country Publication 

Publication Information: 

D Request Early Publication {Fee required at time of Request 37 CFR 1.219} 

D Request Not to Publish. I hereby request that the attached application not be published under 35 U.S. 
C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of an 
application filed in another country, or under a multilateral international agreement, that requires publication at eighteen 
months after filing. 
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Modified PTO/AIN14 (12-13) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995 no persons are required lo respond lo a collection of information unless ii contains a valid 0MB control number 

Application Data Sheet 37 CFR Attorney Docket Number 303.B12US6 

1.76 Application Number Unknown 

Title of Invention THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 

The application data sheet is part of the provisional or non provisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 

this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32}. 

Entereither Customer Number or complete the Representative Name section below. If bothsections are completed the 

Customer Number will be used for the Representative Information during processing. 

Please Select One: 181 Customer □ US Patent Practitioner □ Limited Recognition {37 CFR 11.9) 

Customer Number 73115 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate 

National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the 

specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78(a)(2} or CFR 1.78(a}(4}, and need not otherwise be 

made part of the specification. 

Prior Application Status Pending 

Application Number Continuity Type Prior Application Number 
Filing or 371{c) Date 

(YYYY-MM-DD) 
The current application is a continuation of 16/125,242 2018-09-07 

Prior Application Status Patented 

Application Number Continuity Type Prior Application Number 
Filing or 371{c) Date 

(YYYY-MM-DD) 
16/125,242 is a continuation of 15/722,580 2017-10-02 

Prior Application Status Patented 

Application Number Continuity Type Prior Application Number 
Filing or 371{c) Date 

(YYYY-MM-DD) 
15/722,580 is a continuation of 15/188,273 2016-06-21 

Prior Application Status Patented 

Application Number Continuity Type Prior Application Number 
Filing or 371{c) Date 

(YYYY-MM-DD) 

15/188,273 is a continuation of 14/041,928 2013-09-30 

Prior Application Status Patented 

Application Number Continuity Type Prior Application Number 
Filing or 371{c) Date 

(YYYY-MM-DD) 
14/041,928 is a division of 12/825,211 2010-06-28 
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Modified PTO/AIN14 (12-13) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995 no persons are required lo respond lo a collection of information unless ii contains a valid 0MB control number 

Application Data Sheet 37 CFR Attorney Docket Number 303.B12US6 

1.76 Application Number Unknown 

Title of Invention THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 

The application data sheet is part of the provisional or non provisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Foreign Priority Information: 
This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data 

sheet constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.SS(d). When priority is claimed to a foreign 

application that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the 

Office to automatically attempt retrieval pursuant to 37 CFR 1.SS(h)(l) and (2). Under the POX program, applicant bears the 

ultimate responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign 

intellectual property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 

1.SS(g)(l). 

Application Number Country Parent Filing Date {YYVY-MM-DD) Access Code {if applicable) 
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Modified PTO/AIN14 (12-13) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995 no persons are required lo respond lo a collection of information unless ii contains a valid 0MB control number 

Application Data Sheet 37 CFR Attorney Docket Number 303.B12US6 

1.76 Application Number Unknown 

Title of Invention THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 

The application data sheet is part of the provisional or non provisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Authorization or Opt-Out of Authorization to Permit Access: 
When this Application Data Sheet is properly signed and filed with the application, applicant has provided written authority to 
permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see paragraph A in 
subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant application (see 
paragraph B in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an application. After 
the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind authorization for access by a 
foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange {PDX} - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned herebv grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1). 

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 

D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

D B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 

application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 
application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995 no persons are required lo respond lo a collection of information unless ii contains a valid 0MB control number 

Application Data Sheet 37 CFR Attorney Docket Number 303.B12US6 

1.76 Application Number Unknown 

Title of Invention THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 

The application data sheet is part of the provisional or non provisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 
of CFR to have an assignment recorded by the Office. 

Applicant: Micron Technology, Inc. 

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45}, this section should not be 
completed. The information to be provided in this section is the name and address of the legal representative who is the 
applicant under 37 CFR 1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to 
assign the invention, or person who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 
CFR 1.46. If the applicant is an applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or 
person who otherwise shows sufficient proprietary interest) together with one or more joint inventors, then the joint inventor 
or inventors who are also the applicant should be identified in this section. 

181 Assignee D Legal Representative under 35 U.S.C. 117 I D Joint Inventor 

□ Person to whom the inventor is obligated to assign I D Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

D Deceased I D Legally incapacitated 

Name of the Deceased or Legally Incapacitated Inventor : 

If the Applicant is an Organization check here: 181 

Organization Name: Micron Technology, Inc. 

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information: 

Address 1 8000 So. Federal Way 

Address 2 

City Boise State/Province ID 

Country United States of America Postal Code 83716-9632 

Phone Number 

Email Address 
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Modified PTO/AIN14 (12-13) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995 no persons are required lo respond lo a collection of information unless ii contains a valid 0MB control number 

Application Data Sheet 37 CFR Attorney Docket Number 303.B12US6 

1.76 Application Number Unknown 

Title of Invention THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 

The application data sheet is part of the provisional or non provisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Assignee Information including Non-Applicant Assignee Information: 
Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 
of CFR to have an assignment recorded by the Office. 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the 
patent application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the 
patent application publication as an applicant. For an assignee-applicant, complete this section only if identification as an 
assignee is also desired on the patent application publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City State/Province 

Country Postal Code 

Phone Number Fax Number 

Email Address 

Signature: 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application Data Sheet is 
submitted with the INITIAL filing of the application and either box A or Bis not checked in subsection 2 of the "Authorization or 
Opt-Out of Authorization to Permit Access" section, then this form must also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e.g., 
corporation or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner, ~joint 
inventors who are the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.g., see USPTO 
Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature /1'iet 7~ / Date {YYYV-
2019-12-16 

MM-DD) 

First Name Viet 
I Last Na me I Tong 

Registration 
45,416 

Number 

This collection of information is required by 37 CFR 1.76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data sheet 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 22313-14 
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Attorney Docket No. 303.B12US6 
Amended PTO/AIA/96 (08-12) 

Approved for use through 01/31/2013. 0MB 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 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

Applicant/Patent Owner: _,_M-'-"-'ic'-'-r=o-'--'n_T.,_e=-c=-h""n""o=-l=o"'q...,y_,_,__,_ln""c=--. ______________________________ _ 

Application No./Patent No.: ""'U=-a.a.n=kn""o=-w'-'-'-'n ___________ _ Filed/Issue Date: _,_H....,_e"'"r'""e'""w""'i=th-'--------------

Titled: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 

'""M=ic=r""'o°"n-'---'-T-=e-=c"'h"'n=o""lo=--g"'-y...,.""l""n=c"-. ________ a Corporation 
(Name of Assignee) (Type of Assignee. e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose~ of options 1, 2, 3 or 4 below): 

1. 1:8] The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

D The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the 
owners holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3 D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose~ of options A or B below): 

A. 1:8] An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel 025076, Frame 0771-0775, or for which a copy thereof is 
attached. 

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: 

2. From: 

To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel------~ Frame ______ , or for which a copy thereof is attached. 

To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel------~ Frame-----~ or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 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 US PTO. 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 .0. 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. 
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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 infonnation unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73lc) 

3. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame _____ _, or for which a copy thereof is attached. 

4. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame-----~ or for which a copy thereof is attached. 

5. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame-----~ or for which a copy thereof is attached. 

6. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame-----~ or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

D As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

December 16, 2019 
Signature Date 

Viet V. Tong USPTO Reg. No. 45,416 
Printed or Typed Name Title or Registration Number 

[Page 2 of 2] 
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PTO/AIA/80 (07-12} 
Approved for use through 11130/2014. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE 
Under lhe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless It displays a valid 0MB control number. 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

I hereby revoke all previous powers of attorney given in the application identified in the attached statement 
under 37 CFR 3.73(c}. 
I hereby appoint: 

~ Practitioners associated wlth Customer Number: 

173115 I OR 

□ Practitioner(s) named below {if more than ten patent practitioners are to be named, then a customer number must be used): 

Name Registration Name Registration 
Number Number 

As attorney(s) or agent{s) to represent the undersigned before the United States Patent and Trademark Office (USPTO} in connection with 
any and all patent applications assigned~ to the undersigned according to the USPTO assignment records or assignments documents 
attached to this form in accordance with 37 CFR 3.73{c). 

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(c) to: 

~ The address associated with Customer Number: 173115 I OR 

I firm or 
Individual Name 

Address 

City jstate jzip 

Country 

Telephone I Emair 

Assignee Name and Address; Micron Technology, Inc 
8000 So. Federal Way 
Boise ID 83716-9632 
United Stales of America 

A copy of this form, together with a statement under 37 CFR 3. 73(c) (Form PTO/AIA/96 or equivalent) Is required to be 
Filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of 
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed. 

SIGNATURE of Assignee of Record 
The in~al whose signature and title is supplied below is authorized to act on behalf of the assignee 

Signature ~:;;;;?~- -- Date 7/1/1+ ;, 

Name l'6el L. Pop~ Telephone 

Title VP of legal Affairs, General Counsel and Corporate Secretary for Micron Technology, Inc. 
This collect1on of information 1s reqmred by 37 CFR 1.31 , 1.32 and 1.33. The information 1s required to obtain or rela1n a benefit by the pubhc wtuch 1s to file {and 
by the USPTO to process) an application. Confiden!iallty is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This coijection rs 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 indivldual (:ase. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing !his burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Sox 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADO RESS. SEND TO: Commissioner for Patents, P .0. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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Substitute for form 1449A/PTO 
Compiete if Known 

Application Number 16/716, 177 
INFORMATION DISCLOSURE Filing Date December 16, 20! 9 
STATEMENT BY APPLICANT First Named Inventor SanhD. Tang 

(Use as many sheeis as necessary) Group Art Unit Unknown 
Examiner Name Unkno\vn 

:Sheet 1 of 6 Attorney Docket No: 303.B12US6 

US PATENT DOCUMENTS 
Examiner USP Document Number Publication Date Name of Patentee or Applicant of cited Document 

Initial* 

US-5,473,179 12i5/1995 Hong, Gary 
US-7,705,388 4/27i2010 Iwata, Yostiit1isa 
US-7,878,507 2/1/2011 Dimond, John Joseph 
US-7,906,818 3/15/2011 Pekny, Theodore T. 
US-8,237,213 8/7i2012 Lin, Zengtao 
US-8,508,997 8/13/2013 !Tang, Sanh D, et aL 
US-8,546,864 10/1/2013 !Tang, Sanh D, et al. 
US-8,759,895 6/24i2014 !Tang, Sanh D, et al. 
US-8,803,214 8/12/2014 !Tang, Sanh D, et aL 
US-9,093,370 7/28i2015 !Hwang, Youngnam 
US-9,231, 117 1/5/2016 !Tang, Sanh D, et al. 
US-9,379,005 6/28/2016 !Tang, Sani1 D, et al. 
US-9,754,953 9/5/2017 !Tang, Santi D, et al. 
US-9,780, 115 10/3/2017 !Tang, Sanh D 
US-10,090,324 1 0i2/2018 !Tang, Sani1 D, et al. 
US-10,510,769 12/17/2019 !Tang, Santi D, et al. 
US-20020195668A 1 12/26/2002 Endoh, Tetsuo, et al. 
US-20060277355A 1 12/7/2006 Ellsberry, M., et al. 
US-2007005731 0A 1 3/15i2007 Matsui, Michiharu, et al. 
US-20070136537 A 1 6/17/2007 Doblar, Drew G, et al. 
US-20070272973A 1 11/29/2007 Park, Yoon-dong, et al. 
US-2008004823 7 A 1 2/28/2008 !Yoshihisa, Iwata 
US-20080153226A 1 6/26/2008 !Mokt1lesi, Nima 
US-20080179659A 1 7/31i2008 !Enda, Toshiyuki, et al. 
US-20080277720A 1 11/13/2008 !Youn, Sun-Pil, et al. 
US-20090014858A 1 1/15/2009 Boon, Suan Jeung, et al. 
US-20090097321 A 1 4/16i2009 Kim, Suk-pil, et aL 
US-20090230454A 1 9/17/2009 Pekny, Theodore T 
US-20090230458A 1 9/17/2009 lshiduki, Megumi, et al. 
US-20090267139A 1 10/29/2009 Maejima, Hiroshi 
US-20090283819A 1 11/19/2009 Ishikawa, Masao, et al. 
US-20090294828A 1 12/3/2009 !Osawa, Yoshio, et al. 
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S/N 16/716.177 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

lnventor(s): Sanh D. Tang et al. 

Serial No.: 

Filed: 

l 6/716, 177 

December 16, 20! 9 

Examiner: Unknown 

Group Art Unit: Unknmvn 

Docket: 303.Bl2US6 

Customer No.: 73115 Confirmation No.: 3036 

PATENT 

Title: THREE DHvIENSIONAL MEM()RY AND rl/IETHODS OF FORMING THE 

SAME 

INFORMATION DISCLOSURE STA TEJ'HENT 

MS Amendment 
Cormnissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

In compliance with the duty imposed by 37 C.F.R § l 56, and in accordance with 37 

C.F.R. §§ 1.97 et. seq., the enclosed materials are brought to the attention of the Examiner for 

consideration in connection with the above-identified patent application. Applicant respectfully 

requests that this Information Disclosure Statement be entered and the documents listed on the 

attached PTO 1449 Form be considered by the Examiner and made of record. Pursuant to the 

provisions of MPEP 609, Applicant requests that a copy of the PTO 1449 Form, initialed as 

being considered by the Examiner, be returned to the Applicant with the next official 

communication. 

Pursuant to 3 7 C.F.R § 1. 97(b ), it is believed that no fee or statement is required with the 

Information Disclosure Statement. However, if an Office Action on the merits has been mailed 

after filing of the application or after the filing of the most recent RCE, the Commissioner is 

hereby authorized to charge the required fees to Deposit Account No. 19-0743 in order to have 

this Information Disclosure Statement considered. 

Pursuant to 37 C.F.R § 1.98(d), copies of the listed documents are not provided as these 

references were previously cited by or submitted to the U S. Patent Office in connection with 

Applicant's prior US. application, Serial No. 16/125,242, filed on September 7, 2018, which is 

relied upon for an earlier filing date under 35 U. S.C. § 120. 

Applicant brings to the attention of the Examiner the fo!lmving Ofike Actions and 

responses associated with one or more of the inventors of the instant application and/or the 

assignee of the instant application. This material is available and accessible at the United States 
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Application Serial No. 14/310,790, Non Final Office Action mailed 10-30-14, 8 pgs 
Application Serial No. 14/310,790, Response filed 01-16-15 to Non Final Office Action mailed 10-30-14, 
7 pgs. 
Application Serial No. 14/310,790, Notice of Allowance mailed 04-29-15, 7 pgs 
Application Serial No. 14/310,790, Notice of Allowance mailed 09-01-15, 7 pgs 

CHARGE STORAGE APPARATUS AND METHODS 
Application Serial No. 14/987,370, Non Final Office Action mailed 07-15-16, 10 pgs 
Application Serial No. 14/987,370, Response filed 11-15-16 to Non Final Office Action mailed 07-15-16, 
8 pgs 
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pgs 
Application Serial No. 15/691,442, Final Office Action mailed 08-15-19, 4 pgs 
Application Serial No. 15/691,442, Response filed 10-15-19 to Final Office Action mailed 8-15-19, 5 pgs 
Application Serial No. 15/691,442, Notice of Allowance mailed 10-29-19, 5 pgs 

THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 
Application Serial No. 15/722,580, Preliminary Amendment filed 10-31-17, 7 pgs 
Application Serial No. 15/722,580, Non Final Office Action mailed 03-07-18, 14 pgs 
Application Serial No. 15/722,580, Response filed 6-7-18 to Non-Final Office Action mailed 3-7-18, 7 pgs 
Application Serial No. 15/722,580, Notice of Allowance mailed 07-27-18, 11 pgs 

THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 
Application Serial No. 16/125,242, Non Final Office Action mailed 06-25-19, 12 pgs 
Application Serial No. 16/125,242 Response filed 07-18-19 to Non Final Office Action mailed 05-25-19, 8 
pgs. 
Application Serial No. 16/125,242, Notice of Allowance mailed 08-09-19, 8 pgs 

Pursuant to 37 C.F.R. § l.98(a)(2), copies of cited U S. Patents and Published 

Applications, and Non-Published Applications identifiable by USPTO Serial Number, are no 

longer required to be provided to the Office. Applicant acknowledges the requirement to submit 

copies of foreign patent documents and non-patent literature in accordance 'vvith 37 C.F.R § 

L98(a)(2). 
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Serial Number: 16/716,177 
Filing Date. December 16. 2019 
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Dkt 303.Bl2US6 

Title: THREE DlMENSlONAL MEMORY AND Iv!ETHODS OF FORMING THE SAME 

The Examiner is invited to contact the undersigned at the telephone number indicated if 

there are any questions regarding this communication. 

Date 12-13'-19 

Respectfolly submitted, 

SCHWEGMAN LUNDBERG & WOESSNER, P.A. 
P.O. Box 2938 
Minneapolis, :MN 55402 
(612) 373-6969 

/1/iet 7~ / 
--------------

By 

VVT:mlsl 
Viet V. Tong 
Reg. No. 45,416 
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S/N 16/716.177 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor( s): 

Serial No.· 

Filed: 

Sanh D. Tang et al. 

16/716,177 

December 16, 2019 

Exarniner: Unknown 

Group Art Unit: Unknown 

Docket: 303.Bl2US6 

Customer No.: 73115 Confirmation No.: 3036 

Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE 

SAME 

COlVUVIUNICATION CONCERNING PRIOR OR COPENDlNG APPLICATION(S) 

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

Pursuant to the guidance of:MPEP §§ 2001.06(b) and 2004(9), Applicant 'vvould like to 
bring the following additional application(s) to the Examiner's attention. The identification of 
these applications is not intended to suggest that the subject matter claimed in any listed 
application is, or has been, substantially similar to any claim or claims in the present application. 

Serial No./ 
Patent No. 
12/825,211 
8,803,214 

14/041,928 
9,379,005 

15/188,273 
9,780,115 

15/722,580 
10,090,324 

16/125,242 
10,510,769 

13/035,700 
8,759,895 

Filing Date Attorney Docket Title 

June 28, 2010 

September 30, 
2013 

June 21, 2016 

303.Bl2US1 

303.B12US2 

303.Bl2US3 

October 2, 2017 3 03 .B 12US4 

September 7, 303.Bl2US5 
2018 

February 25, 303.B44US1 
2011 

THREE DIMENSIONAL MEMORY 
AND rvIETHODS OF FORMING THE 
SAME 

THREE DIMENSIONAL MEMORY 
AND METHODS OF FORMING THE 
SALvIE 

THREE DIMENSIONAL MEMORY 
AND METHODS OF FORMING THE 
SAME 

THREE DIMENSIONAL MErvIORY 
AND METHODS OF FORMING THE 
SA1\,1E 

THREE DIMENSIONAL MEMORY 
AND rvIETHODS OF FORMING THE 
SAME 

SEMICONDUCTOR CHAR.GE 
STORAGE APPARATUS AND 
METHODS 
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COMMUNICATION CONCERNING PRIOR OR COP ENDING APPLICATIONS 
Serial Number: J 6/716, 177 

Page2 
Dkt: 303 .Bl2US6 

Filing Date: December 16, 2019 
Title: THREE DIMENSION A_L MEiv!ORY AND METHODS OF FORMING THE SAME 

14/987,370 
9,754,953 

14/310, 790 
9,231,117 

15/691,442 

January 4, 2016 303.B44tJS3 

.lune 20, 2014 303.B44US2 

August 30, 2017 303.B44US4 

CHARGE STORAGE APPARATUS 
AND METHODS 

CHARGE STORAGE APPARATUS 
AL'JTI :METHODS 

CHARGE STORAGE APPARATUS 
Ai~v rvIETHODS 

Respectfully submitted, 

SCHWEGMAN LUNDBERG & \:\,TOESSNER P.A. 
P.O. Box 2938 
Minneapolis, MN 55402 
(612) 373-6969 

Viet V. Tong 
Reg. No. 45,416 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor(s): Sanh D. Tang et al. 
Title: THREE DilV[ENSIONAL MEMORY AND Jv[ETHODS OF FORMING THE SAME 

Docket No.: 
Filed: 
Examiner: 
Customer No.· 

303.Bl2US6 
December 16, 2019 
Unknown 
73115 

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

Serial No.· 
Due Date: 
Group A.rt Unit: 
Confirmation No.: 

We are transmitting herewith the following attached items (as indicated with an ''X"): 

X Communication Concerning Prior and Copending Applications (2 pgs.) 

16/716, 177 
NIA 
Unknown 
3036 

X Information Disclosure Statement (4 pgs.), Form 1449 (6 pgs.) Documents NOT enclosed, cited in parent 
application 

If not provided for in a separate paper filed herewith, please consider this a PETITION FOR EXTENSION OF TThlE for 
sufficient number of months to enter these papers and please charge any additional fees or credit overpayment to Deposit 
Account No. 19-0743. If applicable, any papers or fees supplied herewith are considered to be timely filed pursuant to 37 
C.F.R. § l.7(a), the response period falling on a Federal Holiday, Saturday or Sunday being extended to the next succeeding 
business day. 

SCT-IWEGMAN LUNDBERG & WOESSNER, P.A. 
Customer No .. 73115 

By: 
------------------

Viet V. Tong 
Reg. No. 45,416 
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Electronic Acknowledgement Receipt 

EFSID: 38075367 

Application Number: 16716177 

International Application Number: 

Confirmation Number: 3036 

Title of Invention: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 

First Named Inventor/Applicant Name: Sanh D. Tang 

Customer Number: 73115 

Filer: Ognyan I. Beremski/Marcie Svitoris 

Filer Authorized By: Ognyan I. Beremski 

Attorney Docket Number: 303.B12US6 

Receipt Date: 18-DEC-2019 

Filing Date: 

Time Stamp: 16:20:04 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

243080 

1 16716177 _IDS_ 12-18-19.pdf yes 13 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Information Disclosure Statement (IDS) Form (SB08) 8 13 

Transmittal Letter 4 7 

Miscellaneous Incoming Letter 2 3 

Miscellaneous Incoming Letter 1 1 

Warnings: 

Information: 

Total Files Size (in bytes) 243080 

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 Agglications 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 Agglication 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 Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Substitute for Form PTO-875 16/716,177 
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(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 
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minus 20= OR X 100 = 0.00 
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FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" 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 found in the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

16/716,177 12/16/2019 2827 1720 303.B12US6 20 3 

73115 
CONFIRMATION NO. 3036 

FILING RECEIPT 
SCHWEGMAN LUNDBERG & WOESSNER/MICRON 
P.O. BOX 2938 1111111111111111111111 m~mll!~~ 111H, 111111111111111 IIII IIII 

MINNEAPOLIS, MN 55402 

Date Mailed: 01/10/2020 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 
Sanh D. Tang, Boise, ID; 
John K. Zahurak, Eagle, ID; 

Applicant( s) 
Micron Technology, Inc., Boise, ID; 

Power of Attorney: The patent practitioners associated with Customer Number 73115 

Domestic Priority data as claimed by applicant 
This application is a CON of 16/125,242 09/07/2018 PAT 10510769 
which is a CON of 15/722,580 10/02/2017 PAT 10090324 
which is a CON of 15/188,273 06/21/2016 PAT 9780115 
which is a CON of 14/041,928 09/30/2013 PAT 9379005 
which is a DIV of 12/825,211 06/28/2010 PAT 8803214 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 01/08/2020 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/716,177 

Projected Publication Date: 04/16/2020 

Non-Publication Request: No 

Early Publication Request: No 
Title 

THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 

Preliminary Class 

365 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

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

Select USA 

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 U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
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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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Modified form PTO/SB/08A(04-07) 0MB 651-0031 
US Patent & Trademark Office: U.S. DEPARTMENT OF COMMERCE 

Under the Paoerwork Reduction Act of 1995 no oersons are reauired to resoond to a collection of information unless it contains a valid 0MB control number 

Substitute for form 1449A/PTO 
Complete if Known 

Application Number 16/716,177 
INFORMATION DISCLOSURE Filing Date December 16, 2019 
STATEMENT BY APPLICANT First Named Inventor Sanh D. Tang 

(Use as many sheets as necessary) Group Art Unit 2827 
Examiner Name Unknown 

Sheet 1 of 1 Attorney Docket No: 303.B12US6 

Examiner I 
Initial* 

Examiner 
Initial* 

Examiner 
Initial* 

US PATENT DOCUMENTS 
USP Document Number I Publication Date I Name of Patentee or Applicant of cited Document 

FOREIGN PATENT DOCUMENTS 
Foreign Document Number Publication Date Name of Patentee or Applicant of cited Document 

KR-102005475B1 7/24/2019 Tang, Sanh D., et al. 
SG-10201907425TA 9/27/2019 Tang, Sanh, et al. 

OTHER DOCUMENTS - NON PATENT LITERATURE DOCUMENTS 
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. 

"European Application Serial No. 11807258.6, Communication Pursuant to Article 94(3) 
EPC mailed 10-07-19", 4 oas 
"Korean Application Serial No. 10-2019-7021776, Notice of Preliminary Rejection mailed 

11-22-19", w/ English Translation, 5 pgs 
"Korean Application Serial No. 10-2019-7021776, Response filed 01-22-20 to Notice of 

Preliminary Rejection mailed 11-22-19", w/ English Claims, 16 pgs 

EXAMINER DATE CONSIDERED 

T1 

T1 

* 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. 1 Applicant is to place a check mark here if English language Translation is attached 
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lnventor(s): TANG SANH D [US]; ZAHURAK JOHN K [US].!. (TANG SANH D,; 
ZAHURAKJOHN K,; §, B 0 , Cl.,; :;q~~. -e, 7'il0I.) 

Applicant(s): MICRON TECHNOLOGY INC [US].!. (MICRON TECHNOLOGY, 
INC,; □ ~013~ Eil3~£AI, 83.) 

Classification: - international :H01 L21/8247; H01 L27 /115 
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number: 
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number(s): 
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Abstract not available for KR20130131285 {A} 
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Some embodiments include a memory device and methods of forming the memory 
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memory cells of the first group being formed in a cavity of a first control gate located in 
one device level of the memory device. The memory device also includes a second 
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Additional apparatus and methods are described. 
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§ ~ '=; ()1 10-2005475 

AJ:;] -,ii l c.j!j}O ::':: icll1{1]_"1l S§ 7c!Sl 7-il 1 '-']c>j 711°1 E(control g2te)s.J1, 'd-/1 :;Jl 1 -'11°·1 71]o]E~_c AJ;l :;J] 1 

a]]!2.i:.'-l -';l_)§cil i:J-lfl C?ljl.-J]'--~(access)~ ?cJl 0 ] -'i']~l :;-) 0 ]Gl, AcJ- 7] 7-Jl 1 uJl.:,1._i:q f]~9i :z.}4~-:- .J?)-7] :7-Jl 1 "<i]oj 

11] 0 ] ~,9.j -5'%( cavity )"11 cg~ ¥l. cj] _s:i_ 2~ ~ z};:; ..'I. ,:,}c} ~--=, -"J / oz~l 1 "11 °i 111 °1 ~ : 

A,}7] :1.11 2 L]c!} 0] -'- r.l]BJ) 01l q;j-",:j-'f '11 2 ?cfloj J1] 0]_t= _ _sc_k], "2}71 ?cl] 2 "11°1 ;]lol]c=-~ AJ7l ?c'l 2 u1]5'.i".] 1')_~ 0:l 

i:.H ~l <211 l.-J] ,,__ -~ 7]1 oj 6~ 7] -¥1 ~l 3i c:,J l'9 . AJ 7] ;,Jl 2 '"17.12. ;::q ill ~ 9.] z.J-4 2. "2}7] ?c]] 2 7-1] oj 71] 0 l _§_ 9j t?--'-;;'oJ] ~~ ·'8 'fl 
1'1]5'.,~] ~,;}-~- ±Wz.}=-, -"J-7] "1] 2 ;\J]oj 11]0]1=; ~ 

"']7] ?cJ] l ':\.! "1] 2 u1] .5:'_ ?-1 'm_ ~ '°11 7c] ~,)-'fl 7~ __:;l_.9] it~ -i- i.+ Ef L1-] ~::- AJJt ~ -i- ~ .::d_-o]· 71 -$-] ~. 7 ] B -$19] tel]•)] E] 

-2..: ';l 

{.J-7] ◊-~ ~,:"_-:-c ,'c)-7] 7],f- 'f'Hl ;1Hl~]oj, 'c)-7] 71] ~ ~ <1] 2 •~J.2..2,] -';ll_-~ 01 ,'c)-7] ii'~ ~c:".:.2} AJ7] 7]B .q 
(,] oJl './JS'.~" f5}t:- . .7J.'7cl. 

-'0'-7] TTJ].5:'..i"-] L]c!}o],:'-9] Li].51.i0.] -5'-~ -'2,'-S',}, -'J-7] icJ]o]E7 rj-yJoj] -"J-71 -;J] 1 ~ ?cl] 2 i"]].:i'..i"-] ,jj)_-~~: ,;-i~-3;.Q..s.. 

:;"!_~·;o,]7J -'f-11:~ Eil]_;o:J_~T1(transistor)S..·"'1. ?:)-7] E'-l]_:,;j,'_-:E-j~ ~c ~0-js=. Zt'-+~ 0 1~0 -7-]]c,]E(double-gate)~ 
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~ ~ '=; ol 10-2005475 

/\J7l t:jl.2_-c-] 9ti}0 1AQJ uJl.2_-c-] %~ %~, /\J7l -Cil 0 1Ei 2:\-'i'loJl /\J7l "11 1 ~ ."11 2 oJl.2_-c-] {I)_~,'; ~Jell3::j_Q__sc_ 

~'i'J-<'>}71 $l~ E,ili7-l:::'::E7_sc_Ai. 'i:)-71 E,ili7-lAE7~ ¾ -3joj5=. <'>}Li-'.= %ri1\}'i'_l 7ll 0 1E(surrounded gate)~ ±W 

<'>}'.=' /\J7l E ,ili.7-l AE7 ~ ,'; Ci ±W"6"}';:' 7-J5<l. 

."11 1 oJl5:1..'i'.l ±7:}~ ±~3}'.= ."11 1 til-~1~~ uJJ.2_2.] {IJ__sc_Ai. ,,_J7l 711 1 D1l5:1..2.l ±7:}'.= ~(ring) "'§,,_J,'; 

AJ7l ill 1 til-~ ~JS uJl5'..2.] {I)_; 

711 2 uJl5'..-c-1 ±7-}~ ±.W"6"}-:= All 2 pl-~~J,-.j uj]5'..2.] Ai1l_i:;:'J-.i, AJ7l 711 2 uJl.2_2] ±7:}-:= ~ ''iVJ,'; :Q1=-, AJ7l 

."11 2 til-¥1~~ uJl.2_2] "i; 

/\J7l 711 1 ~ 711 2 uJ]5'..t'-.] ,_l%oJl 7-PJ2El. 7:j!;l_91 ~,t~ ,'; Lj-E}i..J-11=- {I.ft_~,'; ~'g3}7] $1{}, 71~ $191 cll 0 ]E7 

-c-1-'i'l ~ ± W"6"}uj, 

1Fr..,.J- 10 

AJ7l 711 1 uJ] .2_2.J J_,ll_ oJl ~ -'11 A 3}71 $1 {} ."1l6i 711 °1 E s'--'-i %Zj-ti} 5=.~ -'?-Ad 2B. "11 1 -'f-7}3::j 'i'l 5=.:;l ;;\]K£.l-.7 ' /\J 

71 71] 1 uJl5'..r.l ±7-} ~ /\J7l 711 1 -'f-7}3::j';'} 5=.:;j ;;\HK'.= /\J-71 711 1 ~ 711 2 uJ].2_1'-j "i~ 0 l $1;5115'1-:= uJ].2_1'-j -c-j 

ti} 0 l.,-91 7111 91=1} 0 1A iQl'llJ.oJl -'fl5<ls=1'.=, AJ-71 A!l 1 -'f-7}3::j'i'l 5=.:;l ;;;]li; ~ 

'1}71 "11 2 u1].2_i:'-] "ioJl ~"'1P-3}7l $1~ 71167 71] 0 1Es'_J-.7 %Zj-ti}5=.~ -'i7-J-.iJ2El_ All 2 -'f-7}3::j'i'_l 5=.:;ci A]K£.l-.7, JJ 
71 71] 2 Dll5'..2-] ±7-} ~ /\J7l ill 2 -'f-7}3::j'i'_l 5=.:;l ;;;]li-:= --"J7l oJ]92-] 91=1} 0 1AQJ "11 2 91=1}ojA cll'1ll.oJ] $l~ls=1 

-:=, '1}7] 7112 -'f-7}3::j'i'l 5=.:;l A]li~ Ci ±W"6"}-:=, 7-J~l. 

AJ7l uJ].51..2-] {ll_~Qj 44,c,_ ~7] 4491 u]].51..1'-j ±7-} ~ '1}71 5=.:;l ;,;]ii. ,'-} 0 ]611 ."11 1 %:;ci"1l(dielectric)~ c--] 

±-W"6"} '.= , 7-J 5<l . 

AJ7l DJ].2_2.j {1)_%2-] 442 AJ7l 442-1 oJl5'..T'-] ±7:} ~ AJ7l 442-1 -'f-7}~'i'l 5=.:;l :O\]K ),} 0 ]611 ill 2 %:::i7.Jl~ 

C7 ± ~3}~, ~5<]. 

5!Fr"8'J- 14 

~-=r~ 15 

tifl5'..i:'-] 9t3}0 1A91 ."11 1 =]ti} 0 1A r:1l'lll.oJl $15<]% 711 1 5=.:;ci :o:]ii.£Al, AJ7] 711 1 5=.:;l :c<]ii.~ ."11 1 -H-%~ ±W 

ti}uj, AJ7l ;tJl 1 -'8-%,':', iil 1 ~lfl(sidewall)~ :Q~. AJ7l ill 1 5=.:;ci :c<]K; 
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-c;j-

tr'. :[tLf'i =:..-!*rd~-- 3[Y lcnlln r,-ITt~-[F! z. [l,:' ~-!*{~.rt ~{'t'.y lcnlln z. [!:',:'. =:...rz 3fyi?c, rk 

:[tLf'i ~-!*?Yi?:, 3[Y lcnlln ?Y-ITtlt-lFl 1 lfl'. ~1*i~rt ~{,:y lcnltn 1 lfl'. =:...rz 3fyi?c, rk 

£Z f.g~~ 

[l,:'1.'"? 

zz f.g~~ 

·l,:i~ ·~[5[,:[6 lb[o{Y -E',[L [Li0Y -{7'To{? t3loll'l lLi0Y ;;3{'t'.y l2nlln Z. [fl'. [5 1 [fl'. 

' tY to '(6 lbS1 {i,. c1:c fz: 

1Z f.g~~ 

ll>-: 1.'"? 

oz fg~~ 

• [l?K '=:..{*i~rt f.:i ~2~>'. R% [lo[o-{Y 32~>'. R:'i Z [l,:' [5 1 [l,:' [Li0Y 

' k f.o (6 [loSI {J;>.c1:c I¾ 

61 {i,.~~ 

"ll?i~ '=:..{*i~rt 3(appnu UO:l!l!S)%~[2: ~[icp :::';2~>'. R% [LtoY 

, tY to [6 [lol,1 {J;>. .z1:c [i::: 

81 {i,.~~ 

• [,:i~ '=:..{*i~rt ~2~" R% ;; 3-jzy l2nllu Z [l,:' tr'. 1 [l,:' [L-i.0Y 

' tY to [6 [lo S 1 {J;>. c1:, fz: 

l1 f.g~~ 

·[l?i~ ':::';-j'?i~rt 3(UO:l![!SAJOd)~[2p[cE ;;3{2".y [2?:i[fn 6 [l,:' Lb 1 [l,:' [Li0Y 

' tY to [6 [loS1 {i,. c1:c fz: 

91 fg.z1:.~ 

• t;;K '=:..{,H~ rt 3' 

To{c t3 lo lf:i [Lfy '=:.. [5 [;; t6 [io [o{Y Br [L [Lfy -lo 

2~" R:'i Z [fl'. [Lfy ;;To{? t3[o[f:1 [Lfy 'k20Io{2 t3[o[[g. fcHrt::- ~=i[5{$~ 2o[Ltt§.lY [fo1'\[Y R:'i [L1°Y 

[5 :{J'r[L 

:1'\~" R:'i [Lfy '=:..-1* ~:'itsrc1'r 2ofLlLR t3.1f23{'t'.y 

[2c:'1[[n Z [k Lb 1 [k [Lfy ~,;,[a lio-','l:-,1, lo1'-z1'-z :'ito~ lo[l"R"% Z [k l£i0Y ;;1'\[" R:'i l£i0Y 'k21'\[" R:'i =:.. 

1*'l~ 3 3{zy l2nlln G [fl'. [h 1 [fl'. [Li0Y tD.1*KtD 21lkll2 -.,...[o{Flb G [fl'. [Li</,, t3.1:r2las[t2 -.,...[o-\R.ri 1 [fl'. lLi0Y 

: lb:R% Z. [fl'. [5 ?Y~ Uo-fy {tl';;::. lo{:c:y [cctllu Z. [fl'. [L1v t,'i [to-FY ~';;::. lo{zy [2c:'1lln 1 [fl'. [L1°Y 

:-[zy rcnlln z [fl'. l5 
rc1'r 2o~[LR t3.1:r22~Z: R:'i G [l,: .Lfy [!<?lo lb1'r.1:r Z [l,: [o[[;:'.R"% 1 [l,:: [Lfy 'tnls[;;b!, lto%¾ Z [l,: [Lfy 

:-[:z:y re ct lln 1 [l>': B, 

rc1'r 2o[L[L'.R t3.1:r22~1' R:'i 1 [t'C .Lfy [!<?lo lb-=.'l:.1:r 1 [fl'. lolr"R"* 1 [t'C [L-fy 'tnlsl>cro lb%¾ 1 [fl'. [L'.i0Y 

9Lv900C:-OL ~ ~ ~ g 

: ll" R % 1 [fl'. l5 rd~2 h 0Y l:Ft ';;::. z [fl'. [L -fy Lb t:Ft ';;::. 1 ll>- l,:: fy 

'.2~>'. R:'i Z [l'C [Lfy '=:...rz 3Wt';;::. Z [f,'. ;;%~ 6 [l'C [L'.i0Y 'tu1*i~E 
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~ ~ '=; ol 10-2005475 

"'J-7] ;ii] 1 ~ ;ii] 2 DJlYic] s=_7.}%g ;;z]"i__f '?:P<J-3}~ s=.~ ;,:]ii_~ -cgAcJt,};:: 1.3_-;,j] - "'J-71 ;ii] 1 l=l]-:'f:P~/8 DJ]Y2] 

1l_ g_ '2J "'a 3} ~ 1ct-1ll ~ "'11 1 s=.Zl_ ;sB li oJl ;ii] 1 _:g--j,,'- g_ "2l "'at,}~ TI7'll ~ ±. W5} _:il, "'J-7] ;,J] 1 till Yic] s=_;;z};:: "'J-7] 

;iil 1 ..:g--1','-oJl '§"'a5'Jui, AJ-71 ;.s11 2 l=lJ-:\21~"8 till£21 11.,c;_ "i§J;:jt,}~ 1.ct-::'ll~ ;.s11 2 s=.';<:! ;,:Bii_oJl ;.s11 2 ..:g--j,,'-,c;_ -cg,,;:J 

5}~ 1.ct-111~ ±Wt,}_:il, AJ-71 ;iil 2 till£icl s=.;;z}~ AJ-71 ~1 2 -=g-%oJl '2l"'a5'Jui, AJ-71 ;.s11 1 ;;t ;.s11 2 l=lJ-:\>1~"'a till 

Y21 /l~ -2. 7]J2- -'i'loJl '§AJ ~ -; ~ 

~ ±.Wt,}_:il, AJ-7] -c7]0]E7 2}'i'__l-2. AJ-7] 7]12- 5;/ AJ-7] ;ii] 1 ;;[ ;ii] 2 ti]-~~~ c7]Y2,] ;:;ll_~ ,qo]oJ] -'f15>:l5'J~, lclJ 
tll 
cl· 

7]1tr -'i'loJl -r1] 0]E7 2}'i'__lg ~~3}~ 1.ct-lll~ ±.W3}_:il, AJ-7] -r1] 0]E7 2}'i'__l..g. "'J-7] 7]1tr ;;[ AJ-7] ;ii] 1 ;;[ ;ii] 2 tj]Y 

21 ;:I~ ;,}01011 1Pl5'J~, lclJ~. 

s=.Zl_ ABli ~~ 01 %Zl. ABli ~~oJl 91<>B Ais=_s=_-'f-E7 Zl_7l~--2._sc_ ~ic]£1s=.~, AJ-7] s=.~ ABli ~~ '3\.1 AJ-7] * 
~ ;s]ii_ ~~ ,°;_ 7]1tr -'f1'°1] '2JAd3}~ 1.3_-;;,j]; 
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'671 .5_=_~ ;,fl~- c,;--§;<~ ztzJ-oJl ·'.071 i'?'c;'~~ 1l-";:J8"}7l -'i'~f5B ?J7l 3":71 -n%'§-_Q1 

O} -:= . 1=1J 1?=~ . 

§ ~ '=; ()1 10-2005475 

[0003] ~-i:li "'l L4l -5:._i:'j 1-:::113} 0 1 ,:7_:(f I ash mmory clevi ce) ~ sf :Q- ,':', Bl-~ *"il di] Y2j ,--] c::':: ~ -2. ~ .9_~ 7<-j-7.J-rr} 71 -'fi f5B 

Uf,'°. 7t':]-ff-Eg\ ~ ~A ci,ti}ojc::_~oJJ;;i \]--§-'iii:-+. -I-i'.BJ.l DJl_1il_i'-l c1ti} 0 ]:'_:',=:.' R..~ ~li3._(oj]~i:.J1. i:1l 0 ]E7(da1a) 

•~ i=-;:J,g _:i!.'=:'_(instruction code)~)~ 7-j~I,}71 -?-1'2- 7 1'.'°. ';;':.ci-_ 7'7~"f-l :jli3..~ r,J>,~f,}7] -'?1~ ,Vl~ %<',}. '~1 
uJI _lil_r~ s'_-'f- 1'7 7:j li3.. ~ :,:J]71 o]-/] -'i'1 ~ ~- 71 -'§--:7:j- ;'_;_ :;Hl c}. :L1- '~-:r;=_ uj] _2_ 21 c] ti} 0 l c':: ~ oJ] i:]j ~ _8__7"-:;1- ~ :;}io]-r.1 A7 . 

3-):}"'?_~(3D: three-dimensional) 0 115'..21 t:]13}•~1 J._¾ 0 1 -"ll';'l-5~ 0 1 %t:} "t,B91 3D u-]]y_c:q c,13},::,l_.,_-"'1 ~ ec]~_: 

.Lyoung Kim -~ '~ 0 11 '21BH Technical Papers'21 VLSI Technology DigestoJl qj~} 2008 -;,J_¥_;,.HJoJ]Ai i,.,_7]'1i. 

"Novel 3-D Structure for Ultra High Density Flash Memory with Vertical-Array--Tr.:.msistor(VRAT) and 

P:anarized Integration on the same Plane(PIFE)""' '"c!'"c!'ii /]J.}, 22--23~"11 ~'"c!'iic}. 3D nl]Y 0
~ c1tJ} 0 L·'_:~ 

(,] cl] 5iL<'i 1,] 1;-7] Ii~ -;i'- 0 1] . 01 % r:j B}0]:'_:;:; -~ "113"::t.}1=:- 31,C,, "ll ~~ ~T £-"7i ce'_: ! process) :il]-;;-1]¥-~ .,Jl 7] ~ 5'1 c}. 

[0004J £ 1-g_ -1"_- W9:l 9.J 1'l -~ -"l c:t]l 0 1' rr.J--~-. till .51_ ic'~ ~;ri-~- ~- ~-~ D1l _5:1_ ,'1 oJ i\]] 0 ] ( memory array)~ +8 °fi _5:'_ic'~ c1 tJ} 0 ] __,_ 

.9] ~~£~ £Al 1Jc.j-. 
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~ '=; '=; ()1 10-2005475 

SC.. 2-1=:- ~ ~1tlS>i ~ ~AloJ1°1' W,-~. t-~]Y-2-] 0
;]_~ (,}i'~oJl -'?Pl'tl r1J 01E1 2}<;d(da:a line)~-i- 7}-;'! rc1]Ycl t-=j1lj-

oj /- 9] 'i'J-1j'-9J 7H ,;e--f _lr_ ~ _lr_A] ~i::} . 

.':,c::_ -'kc -~ •JJ:'tl-°i 'icl ·('JJ,]oj]r-'1] rrJ-e-, L,~ :-3"'l L~]__lL'2] r:j1-1j-o]~-':"'l :sl]oj :,j]o] E(control gate) ½iJ nl]__lL'2] -<;1]_91 '}I 
2f--~ r,-=A]8-i::}. 

SC.. .30-S'c- i2~ wuJ"'1 ~ ~J-]ojloJl rr:}~. uJl.5:'..i"1 -'\!i_~ -'i'loJl -'i'lz]-¥1 Ell 0 1<'1 ic'-}'i'_]-~-~ 7},ci t:ij]S..21 c-11,}o]AC~ 

9-] 7Hq£~- -5::.A]~!-i::}, 

[0005] £ 1~ -lsl_- W'1:l9l ~ ~"'l61loJl W,-e- DJ].2..2] -'ll!~-(110)~ <Q--;:: uj].2..2] O-jcl]c,1(102)~ 7}~1 DJl-5:'.,~ c]B} 0l-"-(10 

0)9] ~~t;=~ yA]-;;,:Jc]-_ r:j]5'i~ -'"1~(110)~ c;,lJ-'·11-'-- '2tc.'l(access j ine)%(J23)( 0l]3,'1_1:Jl, --;-~Q.%(WLO LM7,] WL 

Ml-~- 7}~ 'i'-iE~'2}'?_l(wordline)-~-) 31 2tc.'l-~(124)(oj]zli:H, J;-l-0'~(ELO 1--l-f'-l BL\/)~ 7};'! c!'F 2tc.'l(bit line) 

%J<-'1] u:}2} C-?-(row)~ ~ zj_tj(column)~s__ uB<;ct-~ "r 5'),i::-}, nl]Y-2-] c-jt,}o],':::(lOOJ-i-:- ul]D.-2-] "jll~(llO) cflloi] 
7~J:il..,~ ~~t,]-71 -?P·H 2-J-<{!~('l24, 128)& ;,}-§-~1::-}_ D1l5'.2i "tl~(110)~ c}"'f-9-l c]t1} 0]:':: cl]'fil~''ll ~2F~_Q_s__ 

-¥] ':;.j ~ T S(,l 0 1 . ;::,4] D, cl -'! :=; ( 110 J Q] o)-L-J--"'i =i. ;'; 0 1 r+::: Lil 9 2i 411 ~ ( 110) Q] ,::.] ";'} 91 .:::)_ ;'; ~ "J-oJl "'1 %-~. 

4- 5:l, i::}. 5'.-9- i:::j_'i-7. ci( row decoder )( 132) ~ ~ 9J i:::] .'il cj (column decoder) (134) ::-: 0 -1 ~ n] s_ i'~ 1[ ~ ( 110) 0 l Q!j 

,1-j)A,;::j';::7,l~ ~";Jo}7] -'?-1ol1 ::'f'i'.l-§(125)( 0 l]Zii::Jl, ojcr-1)?-- 2.}C,,](address line)-§) ,,,.,J 0 1lA7 c-jc:i:1]_,,-- ,:-}_ft.-f;-(AO 

c-!l"·l AXJ~ cJsI1a11-i:+. £--9- ~ ~-iB i:::J_TLc--1~(132, 134J :z.:i-:z.:i-21 -~-'i2- ~ ~-'tl r-Jl 8Jl. i:::J_?c1~<136. 13s1c Q!j 

.\-:I],,_~ rifl.? 2~ 411-~ ( 110) 0 l DJ] S' 2~ i:::] u},~] ~- (100) 9-] i::}';0 9] c-j t'} 0 ] /-- ?1] ";Jl_ -~ -'i~ r.,j 1-- 3'1 oJ] -'f1 ;,;] .£1 t::-7.] ~ ~ ~ -q}­

c:-

[0006] ::f;:,.] ~"~71 §js__("AOH:::- tiJ]S_-;:.q '\:1~(ll0 1s."tEl ~~-B -xcJJ:il..9---J -a"'at}uj, 1i~,~ l;-1~~"'---l 1JFJj__s3__ 2+'{1 

;;r124, 128)61] _7-]]~~i::-} r,c~- -{:}7.] ~-¥,-7] _i;\']s=(140J-:= □i]S:1_21 7;1)_';;(110)oJ] 7]~-%1_ 7,g_l;l___Qj -ii].-;';_ ~::'i:)o]-7] -¥1 

(oil-";ji::Jl, i:-J]c"]E7 2-};')~-)(126) J.} 0 1°11,,_i 73:_l;l~ ~-J~o}7] -'{lo~ _i;\'P(l50)~ .¥-.;;}"R ~- )'_~i::-}. 2-}C,,]%(126) "Jail 

J,-jQ) -J;-l<Z~;(DQO 1-}7'.] DQNH{- uJl-5:'.2~ ~-~(110lc;'c_!f-E7 'tl-~sJ7-)Lj- ~E';:: uj].5:'.21 -\ll_½oJl 7]~cr:l 1.:cu~ L-J-F}\IJ_ T 

S:l c:1- _ 2};'1-2-C J'.26) ,':, DJ]Y -?~ i::-1 t1},,] _,, __ ( 100 l 1--J1 s'] -"=---'=-( node l E-- _n.: t::-- cifl -2 q i:::--] 11} 0 ] /--( 100 J 7} ~ :,] oH:= Y~ 7'] 7.] 

( paclrngc) "J-9-] c=E_-~( 61] zl cH, B (pin)½ £E-i=- ~r:-1 -]il: ( so ldcr ba 11 ) ~ ){;; ¥_ 'tJ-%'· -'r 5:J cf-. r_ij] .5'..2i r::j llj-c,] -': 

(lOQ)(ojjzi_c~, ,011_2_q fi1J°17l ':'Ee TE~;,-j)Ai) sq-¥,_c:q i::}~ i:::]ti}ck_,:;:;,':: 2-}c,,l:;:;(125, 126, '~ 127)--;½ ~-a-11 '-'i]Y 

2] r::]1ij-o],'::(100)9l- ~-8%!- 7=- ~2::+. 

[OU07] u]]5'..2-] i:::]11} 0 ]/-(100)c D]l_2_,-'J '\:1~(110)5'~~-G-- 7cJ_l_;1_~ -'tl-~;',}7] 9-1~ Y:l:~ -'c,'--3.j- '3J 732.~ i::jjy_2j '\:1~(110) 

0 11 7-7'?,}i',}7] -'?~i;>l 7]::; ~?'}(rrflnjj;;:: rr;;::_:::ii'];~ '.;°"'}(programming operation)Q_;;::;,-j -]:.l_-~-'f-';::):-ic} ~&. tj]S:1_21 

-W--3.J-½;': °r"il1]-i:J-. uJl.5'..2i 7.1)'"'7 f;-1;:!(118)..g. 2-}'?1½(127) ~ 0 llA-j 71167 ,:-}_~-~-oJl 7!:f'::3'} 0 ~ DJl-5:'.2~ -'o'--3.J---t:;'; ="il 

c>-] -;rte]- - 2-}'?l %( 127) ~611 "'1 .£1 :;,J] oi ,:-li;r ~-91 c:<-JJ ¥- ~ I!Jl _SJ_ 2~ i:::--] 1:l} 0 l /- ( 100 )7} 1' TTJj fi}c -'6--3.J-( ,oj]{]_ i:H' 7] ~- ::,c ::::c­

'E-~- -'cf-?-})-~__- 1-.-}E+1.1-l7l 9-]-t-]l 3}1 f O]c'c)-21 i2:~- -1;s}~(clock signal)-~ ~ r:}::=:: -1;]£~-i- ±_';,'n]r:-}_ Dll.5:'.2-] ::.:]11} 

-'8~~Q:J Y,~& ;,J]oJ~- T 9.)c}_ oj~ 2-J-<,'_l½ ,,,,J-<-'J]1cj9) J;-l~½Q] ~~"'i ~?3 it(½;:'_ □l]-51_2] r::!Bj-o],~(100)71-

r)]~t,}c wil-51-~ ¥,--;cj-(oJlZ:i.!:Jl, 7 ]~ £E~~ "i'l~ %"'l-J;';. °r"Jlol-711 "'}"c 91qJ 0 1(commandJ(ol]Z:ii::Jl, 7]~ £E:-::: ¥1-~ 
T§ 2il ,..,_1 J ~ 7-,IJ ,,_Ht T ~ t::}. 

[0008] Z:-:z.J-91 nJl _[_2__ ,~1 -"Jl -~( 110 J-g- B~ 111-~ 9] iR £E := 2' 3' 4, _LI:.:::: q~ r::}4-.21 tl] _Ee_ -;':[-:i>} ~.g_' t:-H?- ti]_£=_ ~91 iR 
-~: L-J-E-\-LIH:c- 7<J1,l% 7~~~ "'f' ;,J-q oJ]~- -~'i'1_, :z.J-Z1-91 c~_S:'_;:q "Jl-~(1JO).::'. i,;:1-';J_ uji=_:_2] o]::;<) :,:;);(binary 

value)("O" £Ee "1"){;: 1+E}1-Hc ?J_t_;I_~ .-.zpJ-%)- T 5'),cj-_ 1 ;:-}~ nlloJ]kl, ZJ-Zj-9] n]]-'2..2] -';ll_-~-(110).g_ 2 ;-l]E 

%9] 47~91 7]-'c;-~ ;ii.%("00", ''(W, "10'. ~ "11") %- 3f1--J-, 8 7 ]"'1 7)-';;~ :,:;);~('000", 'DOJ", "010", 
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[0009J rill£c1 c]u}ojJ-(JOO)~ z]·zJ· i:'f'?.1~(141, 142) "cJ-011,,_l .:~~ ;;,l<;'J ~l~§(Vcc. Vss)~_ .'l.~}8}~. ~.s"-;:; .=;-l'i'J~ 

"r,:-1~ "r ~;:t_ .:g-"' :-::HJ- ,;,-i_~_(Vssl~ "'j::z] ~i'i'~1°11'fl1:H, rH~ 7 lli;'. ~-§c_~21 ;;;Jg ?,!~) 0 1P·1 %3r%r "r 
5:Jcf_ -H-'8- ;;-.l'i.J ·;-li7:.(Vcc)':= lll]E7,~ .:E::::C- .ii'.-9- c]1 :z,J-ff-(AC-DC: all,,rmiling·-curn,nl lo di,c:cl--currr-,nL) 's'i~.J.-
7] g:l,,'S>} ~.::'.. s>]-','- ~-'f.{_c:>__'i'_-'j'-E7 17ll£i:.] r1ti}<,]c:':c.(100)<1l] ;'~'8. s>]-','- C;J"J--£- ::2'.~%( "r· ;Ji:~. 

[0010] 1'1]Y2.l r~ci]-<',jc:':::(]O()i9] .§j_s=_(l50FE:- 11_~ _tl::;:'.(l:i2) ':'~ 0J~/~~(I/Q: i 01put/output) ~]_s=_(l16)~ ±'(}%)- 'r 
5:lc::J- . .JJ1e!1 .se'].:s:'.(1fi2)'.:.~ '-1115:'-~ ~~(110)2Sr'.f7 "fl~sp]G- sr:_~_: '-il.S'_c~ '131.s<>I] 7]~:'fl ;~_Ii_~ L1-chl! 'T Scl~ 
i'>:;>1~(124. 128) AJ-,::ii],,_7 -8-~-~;"._ ;-.i'°..!Jo}7] 1Pll ;J_f>_~(SELO qpq SELnJ<>il rHt'{}r}. :ct't~ rJ,_.=,1r:i(l34)~-~ 0] 

-1=.cfl-'- ~-1~.~(AO 1-J17.] AXJ<>i' 7l~t,}o~ ~-l~-~-(SELO ,.J.1::z] SELnl~ 1ilell3j_<>3_ -~"Il~H,}c}. "dlell §J5'.(1fi2l~ 'ill 

~ ~ 7]~ %4-i- %'?.} ril]Y,!] o-Ji'J]o](l02J ':# I/0 .§ji;c_(l16) ,<.}o] 0 ll %,;l;':_ :<1]-t"o}7] .<i'1Bl] 2}•?.1%(124, l2SJ 

,:,;-(>11 -~ l .,,~l ft%~- -:-i 1ell vl- c:.f-

[00111 n]] .2.. cl cl 1°)- 0 kc:( 100) ::::C- cll-:~-P1"8 nl] .2.. cl cj ll} 0 l cc'.-: 'H "r c;:J _<,_ 9 . '-11] .2.. 2-] ~ S ( 110) [' ~ ~ ( oj] z1 rH, Vee _± t::­

Vss, .9:::-c.'.:- ~ -"='-'f-)O] u]]S_2] ,-]1-1]-o]c:':::(1(J())i¢-'j'-E-] '?:l_~BH:iJ]-;'l_ rrH rifl_l,l_i:.] ~~(11())0] n]JY2]~~ AJ<>ll Ai1h'l 
7/l_!i_~ -R-::z1%)- 'T' 'US:~ o]-f/'IW.J.a nl]-1i:'_2~ W~'H 'T' ;:Jc}_ oj]~ ~\':!. nl]-1i:'_2~ c::]11}c•]~s(:OO)~~ NAND ½c'.11'-l 

-':E:~ NOR ~,'BA] c7J_':,:'_2] r-],(-o]A9.j- Q-,'2 __ ~2B,,l '='11 ,-]H}O]/-. -':E~_: 7}1{'1 A]"'J n1L:i_2] r-]H}o]A(oj]rjr]L 'fl 

AJ 's'iffi.- \'B~j-Q)J,q]__,__-clL5'_2](PCRAM: phase change randoni-access-rnemory), Al<'f} RI\I.HRRAM: resistive RAM) 

~~ )9.j- -g,g. L}-~- ~-¥\-%9] cj]Yi:.] c]H}o].,_~:';'J ~ S:).r+. 

[0012] 

[0013] 

[0014] SC. 2';: ~- 1~H:l 0
~ ';;J ~J-loJloJl rr_:.~, ril].:i'.2] ';'1!%(210, 211, '3} 212) o}?~ofl -'?Pl~l cJ] 0 11'7 4<?1§(251, 252. 

~ 253)~: tj]9 c'~ C~B} 0 1__,__(200J9] ';')!j'--.9.] 7]~S:~- S:'-l~c]-. DJ]Y,~ ·\ll-~(210, 211, i;I 212)~ D]]Yi:q 

'¥l_%(21(JJC~ _-::]_~-, L9]5'.ic'] -¥"_%(211)'~] =1{5-, 7_; Lcj]-5:'_i"] ~~-(212JC~ _-:::7_-ii§-"} ~::'_ . .:=l't;-~~ .:=l-i3:i:i:}~ 5'.)r:f. 5=. 

2°1] _5=.A]'Fl 11}9.j- ~('I. Z;-:Z.j-.9.] =r-i3-0 !J,,_72] r~]Y~ '¥l.¥~ AToj 7l]o]1=(221, 2;22. _±~ 223)(';'1:'f}~. ·8it¥(WLO, 

WLl, c~ WL2)-~ 7}{1!'~} ~::'_, ;';-'-g~ 7-1]er] :;ii] 0 P=~ ~-P,-~rl. r~]_li:1_-;::q ~~ 2- c:'.:EL"j(string)~(215. 216)4 

~- 0 1, ~--=-E~l~~Al z~l~~ ~-1f¥19-. ?}?-f9-l :~E~1-"2_- -1;J- 0 l<5J .=J_-@-~£l=f-S-l 1.=-'1l£2~ ;fil~ Ti ti-}1-+~ ±9l~ Y 

[0015J 5=. 2°11 _t;=_A]'fl 0 ]-si]- ~ 0 1. _§_ccR-"'l'-E1-i-c231i,g- .3.f-'i'J-i:-(241. 242. c;J 2113)('?::l~\l±'fl /~l~½(SGDO. SGDl. ~ 

SGD2)~: 7t?.'l)-~: ,:?,1Jlf>}71 -'fl-sll ~w~ o<l]c,l_§_§i-~- 7};_:;lI::.]-, !==.ic1l7,j.,_q-~(231)~ L'Jjc,jq qc;'l§i(251. 252. ~ 

253)(";=1'\'1-'El ,:,)-S-½(BLO. EL, c;J BL2)~- +~lJ<>IJ ~~'El .'i:.E.~-( 0 l]zicA. :-;::c:':c_(source)%){;~ ,}.:;-le]-. ci] 0 1Ei ~} 

';'}'=;U51. 1~52, 'Jl 2!:i3)~ n:l]rr~_'i'_ 11]-:,;t!W.,_j u~]-5:'.2.j c],i}<>lc'-:9j 1=']E io.}';'}'=; .:E~ ;;.}7:j i:c}';'};:=ol] c]1-§--~r+. 

[0016] E'(:l::z],,:Ef'=;(232J-.,<'~ ~-1,~ 2}';'}§(261. 262, ~I 263)(';13?1¥1 ,:-li7:.§(SGSO. SGS1. -~ SGS2)~ 7t?.'1J<>il ;#tl-¥1 
:;ii] o] _§_ ';;:; g_ ,H-l c]-. !==. c::Y /..] ,.,_ Ej ~ (232 )-.'°'_- B]-iJ ~,'i:l oj]_lil_ i'~ 9 c}o] AoJ] z1 oJl .51.i'~ '¥l_ __,__ 5, ~6 ';;:; 91 -R-"8-- ~:A ( 27 

0) 0 fl ~ -'/:}¥1_ _>_,c-1=.~ ( uJl z1 c:11. -'=- ic]] '?l (drain J ~ ) ;'; 7}';'-1 c}. 

[0017] 

[0018] n]] !2_ i:.'.j d, 1l~ 0] ,:':-.( 200 i ~:~ u]] .:C,7 i:'-: ~.J] ~ (210. 211. ~ 212) 61I ::<j 1]-¥1_ 7/:i _Ii_~ 7=}::z] ( ojl '2_ r,lj, :-:-,±~) ."i]-7] ¥] i;,l j/.±~ % 

S:- %0J. ~,J ;i:J_ci_;;; u]].5:'_Ej 'i11_~(210. 211, :Q 212)oJ] .x]?CJo}7] -'?1~ 7]~ %-"'l %'21-, oJ:5:'_E] "i~(210. 211. 

~ 212 )011 r-1g,1 '9 k]]-'-- ~ Aj]oj o]-7 ¥1 "6H •"11°1 7]J 0 ] 5_ ~(22:, 221. r;J 223);; Zl-%fl r--J-. oJ] 5'.L'~ 'C] ti]- 0 J '-§(20 

OJ~- ~.q-~ %;,:} %'?}. 0rn~ D]]-5:'..i'~ 7,ll_-i-sc.4'-E7 ~t1-~~-l_ ?lJL~ ';-l_~·o}7] f~tR 1;lj<>iE1 e-}c,,]§(251. 252, :Q 253) 

-i':- ),~%1}9. 

[0019] E 't'i.cq,,cE-j§(231, 232) ~ ~~· .'.L~ 7] :'; ::S3./- §'?J, C7Jojf7 21'?.) %(251, 252, ~ 253) c;J ~Jg- ±:!.c(270)<~] 

l'1]S_2.] '¥l_%~ ~~"'➔ -?.-~ ~~~ol-71 -'f-]1'ill, z.;-;,q-, ·'8 o ~(SGDO, SGDl. ·}\ SGD2) 3.l -'8.i7:.~(SGSO. GS1. :/J SGS 
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[Hn.291 ~ ½-~<>ll 7#_~ 0 11 -*-1J ~ ~~-~-~ %71 ir13B. ~ ½-~°llJ.l_Ql 1J.c31~-- -¥1~. 71~. 3:J ~-7i 6·0cJ-::rl- ~-3-. n11-2_2-l 
9u}ol-'-Sj %-?:}-§--£1 ,,__J;,il~l- ~-"2 ~ ,1,)l~~}r:-}_ o] 7]~1:f-o]: 0c'.j -s:,--~;;z};::: ol% :;'-?:}-~-~- '?.l~~ ;)o]tj-_ oj]~ -§(­

V:i . nll 

24:1), ~ -;itjj 2-i-'i'}§-(2fi1. 2fi2. ~ 26'.-3) 6 1 "~_c;'_EJ(rlDa!ing)"~ 'l" <;;J_s=:-( 0 j:J.'l~. ';-1_ 0.JoJl ":'!~.£1;;<,] ?Jc-::'. ;;]le;'_ 

9lcJ -%'-\'.t. cA"r 20 -~E-~-_QI :.;-1r~- 0 1 ri] 0 ]E1 i'j'i'}-~(2[-_il, 252, ~ 25~-lJ<~l '{}7]-~ 'r 9.Jr]-, 0 1r11:~ .:-:::_71 -1§'-Z-j-<~1 

J-.l, t-1].£.i:'] ~~(210. 211. ~ 21~')9] r-'J].5'..i:'] .:-;::_;;z]~s..';'E]S'j ~;;z]~,c, r1]c>IE-] 2]'{]_~(2'.jl, }~5:'l. ~ 25::S)5'. o] 

f(l02lJ .:,::_ 3.g. ~ ~'fl.oi iJ {!_1-.]oiHl -er];=:, uJj-1:i_2] r]l-l} 0 ]--'--(200J9i 1'!~-9~ 3D ¥1--~ x.'-1<2-r+. £E<2- . .:,::_ 3-2:- X. Y. ·~l 

z 11:1<5J-~-. ~ z-1=1J-rJ _co __ ~, t1A ~- -'{l r:1 u]0 1--'- ell c:jll_ :~iH ciOl. :102, ~ JO::l l ~ ,=._:_ '-l 1Jc-} ',; ~ 1l- .::i~Sj o!l-'i'_ 2~ ~- §­

< 210 J~ X-JcJJ·cSJ ':# Y-r,J-~OJ]k] _i;,_-9--~- '~ ~'fl%.ci'.. H~\':l-~ -4'- 9.Jr:j-. /}/}sq n{_!i-_2-] 'J!%-9i .:::i;;_g_- 1}0]~! ,Tjl-l} 

o]J-- r.ol]'i:11_¥-(:101. :-302, SE.c :-lOclJOl] -'J'1?:]'l1r:J-. 61]~ -¥-V:i. dll.£.i:~ ~%(210)¾ 7}::;<l _::i~-2_ r:fu]- 0]-'-- i'-1]"Jl.(::lO 

l)o,l 'f1-"'l'l1r::}. t-il].!-i..2] '111%(211)~ 7}::;<l .:::I.f~-::', 1~jH}-O].::'~ i'j]'{'J_(;302J<-'ll ¥j;,:J'8_r+. uj]Y2] -\]_~(21'.0* 7}~ .-i 

-~ ~- c:] 111-l,1 .c= r.-11 'l1l. c::im l oJl -"'l ;a;l 'i:l r:J- -

[{lfi22l 

5'c 'T~-()--~' 73~-'f-]q. 71-\'1-,,"~ .':c. 3oJl £1-.]:~~:oq i'J7.]';'1, ,=.=_ 5 ':;J .5=. GS) 7]'\'±(503):C} -B--+~-- 'T JJr:}. S'::t} .. ':c. 

3.g. Z- Jc'IJr!JcoJl A7 'T 7 -] _()___~, ~ 2-,c. 2.0~ !~ i/117.]-'- E.7 -~-( 231. 232) of cj-J i ;'of:::: , :C=_ {I] ;,;l A E7 %( 231. 232) A] 0 l9] %'g 
72- _.)...:§.~OJ] '--7 -9.] 0 11 .£.i:'~ ill_~-( 210. 211. ':;J 212) Q.j nl] 5'.. ~ ::',:-_z}( 430 )~ 7.J Lj- Z1 '?Jf:i}--;= £~-! "B -~- ~ -1:r':-( 242) ':;J 

:o:j \el ( ;~41) -~- .':r:. AJ '{}-r::}. ..'i:. 36l] ..'r.-'·l '{]_ llj-9} Q-o]. '== i@ 7] c"::: E7 ( ~;3] ) s=:- '== ,8 7] c"::: E7 ~ sl] °1 ti} 7] -¥1 "1I ( 1li .g.(t urn 

on) su=- .2.. :,:-,: ) ~-'\JI ( 391) ( a:n z1 Lll, E ;;Jl 7] :'_: El :o:li ½l_) oJI ~ ~'ti_ ,_)] ¾- 711 (; l '= C~- _:,;,::_ ~ ~ 'T'· ;;:tel. 0 1 ¾-Al() I E ?-j 

7'-±'E ~iJ~ ~Ell 2J-'d(241)(.'r_ 3611 .:Cc.Al'i:l ll}9} -Q-oJJ9) 'f- 7]J.9~ Xl]-=U:8.'==(segment)~~- .:Y::.'H'~- ,-;-- :?Jo], 'r 

fU023J _g=_~}. .£ 3oJ],',,79-] n]]'i'_i:~ r:]·ci}o]--'--(200)~~ 1i~'f-~~(329. 349. ~ 359);=;_ ±.~J,;,:)- -'r ;Jr:}. ~~:'=,'--~(329)-P- ;;tj] 

°1 71] 0]~~:(221, 222. 51 223).sc_ -;cl_7]~ ~~%,';, <ll-t?-"?}rJ,-. ';'J~'J'-~(3"19)-& -ticJ; 4'-?.1%(211. 2,t2. 2°1.3, 31 
244)_'i'._ ';'J. 7]~ •;'J~t:i-~: ;;tj]-1?-t}r:}. '(~~-'f--lli-(359)+':- L]]o]L] 2-)-'?J~-(251, 252, ':;J 2::i3J'i'.. ~ --,c;'_-'f-E.] :;'1_7J~ ~t[ 

~~-~ "'11-1?-"?~r=]-. /Jlsli 4'i'1(211) 31 Z-'ti•llf,)]]1-.] 0 '1 ~~ rl":14 '?~¥!-~ n]].5'..21 ~:ll:: £ 2c'J] S:.."'].'r]7l \:J'-::::-i::J-. 

[(>iJ24l .r,:. 1'E' s~_ ~~ 0 -1 cl]j.5'_'2] 91j} 0 1~(200J°-1 r:ii].5'_'2] ~(21DJ 131 -7iil 0 1 71] 0 1E(221)"'1 <glf~ _r;=J]'{[-c.j-. !i'_ 2'-!1 <ll 0 -l 
11] 0 ] E ~ ( 222. 223) '}l u]] 5'_ 2, ~ ~ ( 211. 212 )-,9- zj-?-}. ;,z]] 0 ] 711 °] E ( 221) '~; '=''l S'_ic] -';t ( 210 Pl -Pr-'+~:!- -'f-3':: ~ ;';_ 
7'-,;<lc.}. _i;:_ ,1°1] _i;:_1,.j~ ti}9--J- :Q-0 1, 7cl] 0 ] 1!] 0 ]~,(221)~ -l'-%(cavity)~(/120J,';_ 7}<1 ',;1'1_ "~.E.~ ±<?HJ- T )({ 

_.9_~31, z}z}.9i -6'~:_g_ %,:~- /\B~-9} ,'"2} 0 1~!- ::-:Hs..~-g_ !E-?J"o}~--=. qc~l=~J- --T-~1~S:L~2.1ig ~.iI 54~~1(filing)f{ 

L>icJc~l- -=f1-.a2L~,-~-&: DJl.£.i?] c:_~.<}(,130): ~R½l_(channel )(Hl), £{-! ,A_s_ ¥-¥(1 112). ~ %-<l~ll(clielectric)-§i­

( 421. 427)-i ±. <µ-~l-q. %-:;:-l'\J1(421 l 1:::- 'c!-()1'{,l- 1Hi- <2J7 Bl]~ 'r~ r:f '"J'·-"1 A~ ¥~§(422. 423. 11 424 )-;:} _:,;,:_ Ww- '1°· 

. S:. 1<-'11 r;:-1-.J~ 0 }<2} :Q- 0]. z:J-zt,,] c~j_;=-__21 -jl)_(2l())l'1 ''1].2..2i .:-;::..<KBOJ-c.- 1-lj-'j'- 2;'i1C!J51) '3~ "1-¥-- 2;'t1. 

(452)-i- 7Hl 2d(ring) ~-;,}("'11:?hl-J. £ 15!(donut) ~-'-JJ¾ 7]-::;;li::-}. £ 3°11 £"'1'f1 z}z]--9-1 c.j-;:'." Li].5'..i:'l ~§­

(211, 212).r,~ ~ "fl_,.,J--i- 7\-,dc+. _r;~ 3<'11 _r;:1-.l:d_ cl}"'} ~ol, E'-'-ihl~ c":::E~(c-iJ]'t)rl-J. Ei@7]~.::t"f~(23l. 232) A] 
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Z-".9] t'-%( 1220 l -91 .z,J 7c-l 0 1 {) =~ -3:l .9_5'_ .z,J 7c-l (D2 L0 _.sc_ ~ 71-0} s::_ ~. zJ-zJ-<2-l t'-%( 1120 H s_:_ lll oJl ,,,-, !~ zJ-Zl- "'1 :;;Jl '5'_ 

-~- ( 1002 , 100,L ~ 1006 ) ) 91 'g -'f· ~ 7,-i ~ -3:l '' ~ ""Pi 5}-:= 3l ( ,c,i] Z! rH , -'d ~ -3:j -\'~] ~ (wet ) 1:E-:= -'=- 2_]- 0 l 01]::,JJ ~ _¥_ 

'IL'-~ "r' 5:J.1= '{>l }!1 , z]-z]- ~l N--"s ( 1110 JoJ]J-'J 2] '3J ~ (Dl J 2 ~ ~ -3:j __<;>_~c ¥1_ 3}A] ?J 2 i.~ s_ S:11:-j- _ '3J 1 (D2 J -2_ '3J ::;:i 

(01)_1,1_ cl c7 3- ci- _ x y}, :,As__ -]fr( 1002, 1004, ~ 1006) oJ] --t'-%-~-( 1120 J -~- Zic] /j 3~::::C- 3} -2_ 7-1] 01 :ill 0 1 E ~( 1221. 
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[Oi)4t1l .'c 13-t- .5':. l::'9] 71] 0 1 711°]5',(1221)9] _l;l_L} AJ-,tll~ 5:';:~~ _i_;:._A]~r:+. _i_;:._ 129] z11°1 7ll 0 l.E=.~_c;c1222, 1223)-;°'_:- "'ll 

oJ 711°1 _E=_( 1221 )';,.} -fl-A~}- ·'?-3'::: 7}';'-}q .s=. Bo1] S:.A]-'i-1_ u}2.J- ~ 01, '<lloJ 7{ C•l-1=:.( 1221) ~ X-BJ~ 0;[ Y-BJ3cJco!l 

"-1 'i'..-i'-~ 3! ~'fl~-~" ll]l't]_.s:.] ·;:: 5=. 119] -§-%-~( 122D) ~ 7}';'-} %~- ;;zP,_s_~ T't]-%)- ~- 't. r.:}. z.j-z.j-9] -t,1-%( 122 

Ol,'°, ~~~(sid,"wc111)(122fi)~ 'i"~~ "r' 5:Jr:}. 

fl.l04.ll 5=. 14 3l 5=. 1 fit=- 7q. ~ "11 ~ ( 1421) ~ t.~].5:1.. ?.l :±_7} ~ ( 14~-lO) l)I -'8-15-~ ( 1220 )oJl '§ --"cl 'ti 4-9.] ,1]1.£ ~ r:j 1iJ- 0 l ,':(:50 

O)ffi' _Lc'Jl~r:}. '21-'c~-~ -$j"ol', _Le=_ fa-cc' _1,1_~- -t?-~-~(1220)''1I -Pr-i!"11~(1421) ·:::~ c,JJ_l,1_'2] ~::.7-}~(1430);§: _Lc'J]o} 

:o:I \:'§~~q. ?_1Z]9~ -)HJ'\1](1421)-:.-~ :c';tc,j(122:'i) AJo]] '¥)'::]~ y 5:L2_c]. r:y-i'}A] ?]ZJ9.] --R-~"11(1421):-~ 7.l] 6 i 711 

0 1.c=.(1221)91 "fl.s, ':\J n]l_1:.1_2] ~tJ}(1430) 1.}ojo:] -'i'j:ocl~. T ;Jg_uj, rr}t'l- 1--1 nll :{-_7.}(l43CJJ~ i°1 ~:,Jl(l421) 

91 -'3j oJ s=. ~J-i'·o1l 91 "'A All oJ 711 °]..§_ ( 1221 ) Qj zAlis°-'i'-Ei ~l 7l 3i .23, ~;:q ~ y SU. c}. -fi----;'1 "11 ( 1421 J ;::;_ '8 .J~ o} ~ 

3:l g. ~} 0 11:'7: "-l :;'}-~oil .1-.1 o}L-J-"'1 ;,A ic~ -9~ ± c}~ 7.A~_i;c_ i::.j-ys:q :,:Jh_~ ~(1422, 142:3, ~ 1424 )( 2'=. 15) ~ 'B .1-.j o} 

t=- 31-~~ 'l~~ 'r 0Jr.:]-. ;,Ji_K(l422)~ <'g?-;:jf:.}t=- 3),<:_ ~~"1(122:=i) .l-J-oJl *~ A1L~-( 0 llJ.'lL!l, ~r~f --'J-:§:}-~-)~ '¥) 

~ oPl 'f1 i>H 4· 1': ( LQ5 J 91 '¼J-'f-( oj] :d rH, .±f 1i'!) ~- --'d-§'.}AP,l t=- ;;;) -~- 'f. 't!''f! ''r' V r:}. rH Q.s:.., "h~( 142'.n-~ 

'¥)_;,;:Jo}t=- 3!:~ ~t•1(122:'il .,,_,J◊1l -Pr-~ 7-flR(oJltlc:11, ;;!2.lf 2-1:?:l-¥-l~ -~3J.1-.l7lt=- 3)-¥- .'..£W~ .c;=-- ;;:Jr:}. Alii.. 

<1423)~- ~"cli'S'H=:- 3:!-& :o:].E.(1422J _,,Joi! "11.E.(ojJzl.rH, ~2.lf --'d-:i:tJ-;;:,J-~ "u'~l-"-P-li':- 3'1-;S: c'LW~ "'r 
uj. ,::ij7]J..l -H-:ctl ;;]iRQj '~-t(-:-:- -°~ -'t'%(1110)-°~ :S,-ttj(],12~,) .J.Jo1] ~-';HJ y-5::. '.?,lq. ;,flR(1424);;;' '§.J;_ji'i} 

[W42l ciJ].!i'.21 ~-7-}-~-(1430)g. fi--~cl::z1l%~(1421) 0 ] 'f:!.78-'fl -'f- 'C§,,8~ y 5;},r:}. 2'=. 156ll 2'=."'l-'f1 li}9.j- ,Q- 0 1, /j-;,'j-.9~ tiJl.!i'.,c] 

c:±:_.7-}(1430)-)=:- .5::. 14.9.l LM-'f- ~1i'!(l451) ~ 91-'f- ~"'i':H1452)~ 7}7,-.l ~ '<'§..,_J-(oj]z:l.L!l, .£ 1:,! <'g.J.JHi,: 7}:c;,lr.:]-. n]l.2.. 

2.] c:±:..:z.~~(1430J-~ ~~-0jo}'c ;;;)~ ¾~(1101Pll 7'HE~- %-:7-~AP'lt=- 7~-is: _:,,,._~~- 'T'- 9Jt:.}, ..'I.. 142] -t?--%'-~-(122 

0 l ," ·~ ~ "'i _Q_ c;c -'8--%'- ~ ( 1 EO P} 1:l ~ s=] 7] ujJ ]y-<.>il, "ii R( ell.£?.] :±_71-( 1430) ffi' '§ .J;_j oH=- )c;= -'8-~-~ ( 1110, 1120) 

_;.,;_ '¥-~ 5']] '.;;_ T :11 r+. -~- +, nT .s:' '21 c:±:. 7.]-~ (l,;30 )-;i- "§ .J,j o}~:- :o:1j.E'..9~ ~-¥-( oj] :d rt!, -£-611.1-.-19] ~- ~ 

-i'- 5:'- J 7} ,1]71 '%1 y 5:J.. _c-,_ cl( ec] zl i::]1, % ~ ~. i:,:-1 •~ 9.] 01] ~ i:,:-1 ll] 0 11"-i 9~ 0 1] ~ 0 1] 91 ic]i ) , u:} 2P·l -'t' % ~ ( 1110 ) Oll "-i 9~ 

:,]].£.',:-:= :,11;~1~ T s:J,_1l(61]tirJl. -'i'}~'o'J .,1]7]5-]:,l) -'t'0 ~(1220)6J].l-.-19i AA,B_:-:- -'i'}~'ol e<]p]:i;.pq fi':cz]i:,i}· i','t-"1-0-

~- '<1171~ y ;Jc}. s=_ 14°11 s=_.1-.]~1 B}-'4 ~ 01, u1]_s:i_2] :{:;,;}-~-(1430) ~ 1·H:j'o'}~- ;,]_s_7} ';l;"-%'iH1110ls'!f-E.l All 

;,p8_ -'?-, %~-l ;,]i_t;_(l423J(aJ1-tirB, ~2]~ ~:,;,:}~(silicon nitride), ;,B-~~-(1422) 2:)- 0 11 1§1-'El)91 '~-'=r'-7} ..'I..~'~ 

"r~ 9)..c}. .5::. 14,c,e] .5::_J..]B B]Q} ~ 6 ]. 0]1.5:1..i:'~ :-;::_:"}~-(1430)-i- -q:J~oH=- ;,B~-7]- ~o'-Fi'-~(1220)~-lj'-£] 1;'~~_Q_~ 

<1];,J'E! ~. -'&-il1!- %(1101):,'"- 'i'ltl'il n]]S..2.] ±7}(1430)(-'8--%'-(1220)<-'1].-'-j.9] L]r.:;J::zl :,:]iii_oJ] .9]i>R tg;<.j¥1_)s:::- -t"§ 

%( 1110 )9j ~let] 1142::i)(S':.t:- -'§'--Fi'-~ ( 1110)"'1 :,]ii_~ ( 1422, 1423)9~ -¥-~%-~ 7j-~ ~-tJ_j( 142j) ):q ~ ~.7~ _Q_~ 

Acl~'<l =1<:;:J9] 1}1-¥- ~\1l1451)-~ 7]-1=[ ~=- ~J.t:}. 

[{Jii43l u]].2..<'] !,::-_7.}~(1130) 0 .] :,:]li~ 61]~ ~ct, ,~J-s=-~n 7:l1~(semiconductor materia1H61ltc1l1, -¥-'2]--~'2]~), ,~2)~ 

~_.§'}% EE:-: i::l-,~- %~1 ~Iol- ~r,J-1~ "Aii.~:il} ~,°.,- %<'1 C;--j-{,} ..§_iA~ 7 B~-(dielectric charge trapping 

material), .'E'= 'i'l·"cl- ls'!.§'} 7.A~<01lzl_r.Jl, GST)Q.j- ~-g_ 7}1t'l --'-7'1} :,:A_s_(variable resistance material)~ _:,;r_,;,} 

~ "'r' u]] S.. ;:q :-;_--_ .:<.} ~- ( 1430 l -i- '<'§ ';j o} t:- AtB_ .9.] ~-¥-~ "11 7-] ( aJl z! i::]i , oJl ~ l "oh'=- -'g- '?J . ~ 2. l -~ ( 70G ) -'i'i 011 
-'fl"<]-'{! :,:RR(10Cll)'li -¥-~~(1101)::'. -¥-~~(1101)'?] 2¥-1,'1]-~- 4±"'Pl71 'f1 3R ~H~ "T"..'r:. S'J..=1-. 

{(lll441 s=_ 16 1:'l s=_ 172. -M--clxil(1627)7]- r1l]S'_'2] ,;--7]-(H30) 01 1~1-¥- "~'B.(11!',1) .J.j-<>Jl 51 -'8--%'-~(lllCJioJl ~Aj'd ~'~l 
t.-iJI 5'_ '21 91l} 6 ] c'-.:( 500) ~ s=_ A] ~r+. -R-~ 5<l] ( 1627 J ~ "El .J;_j 'D}c 3-) -2- LH-'r'- :°; er, (1451) ~ 0 11 fr::-j_ :,:1: R( ojl :fl Lil, ·~ 
'21-;c~ ~1.§'}%)~ ';::,:zt"-] 7]~ ~~ .¥.. ~- ;V.c}. r~j'd-3.'c)_s:_, f\-{i:,J](l627)~ -,,tH:J'o'}~ :;l-f.:- D]]S..2] .:}:z]­

(1430)9.] ~lj'-(aj]z'lc:11, 1~~-'r'- ~-'{1(1451))~ (-H-P,Pl~~ ~ ~ _:,;r_,;qw, y 5'J.r:1-. ~,,j](lG27)~ 1H3fi}~ ~,";-(oj] 

Zi'-11. .l;};t}oJl "'-],,]) A~.'~(1122) -',}0 11 '<'§Jfl.:tl :,:A_s..(1123)(5=. H)~ ::}:Ul~ y..'r:. ';?]..Q.Dj, 0 ur-~ .:-g-%~(1110) 0~ 

~" tll c 1425 J ~ 0 11 "rhl 'r~ r.:1-. u.}0l-'-i, %~-I fa.Jl r 1627 J 1= ;,R_s_( 1422 J -?1 ::>] g-')i;-~- 0 11 -f§ .,~ ~ "'r' .£ ·:;:J c.J-. 

i_no:.isi ..1r:. 18 ~ .5::. 19t=- 5'.ll¥J;:;(l841J<0 l li'~%0110, 1220J .£-'¥-0 11"-1"'1 -?,:;:i5'J1'.:;C1627l ~ 0 11 '¥l-'fl'fl. +"'1 uJ]92-1 r:~ 

ifco]~UiOO)~ _:c;:: 7,]~c.J-. z]~~(l841)~ ~,'c);'>}t:- 3:)2_ 7't-~o\J1~(1627) ,~oJ] _t,-=_~ ~HR~- ",?31-f..P'J-c'.' _¥_ 

VJ-~ y S:J,c}. 0 11~ ""s"Jlk.:~:~ .:r_:;:i "~R7} z.'3i'-¥l 4- :;=_;j_ ;;]Ji'!...?~ -¥-7Jl]~ 7rJ-:±..1-.P,l7] -?ht] J,H~--'jil y '.V. 

<o!lzhJL p-~Jg ;,}~ T s:.li::t. Ei=.~-i.. £ is--€'.:- 7Ji-'?~crno1Jsq "Ei"i'l~ s=J]fi}uc, 0 13-~.g. 'i,;lc:~rnc7o5J 1-1°11 ?-1 

"<l-'El lj'-~-~-(14Cl)(t;= 14)~ ,Jl1-]'?}_Q_s_Mj( 0 l]'t[r.Jl, 0 l]'1) 0 ll 9ii>A) 1:J.lc'J~- 4-' S:.lr:J,-, ..'r:. 19°11 ..'r:. 1·l'l'l ti}2.J- ~ 0 ], 

lj ¥1 ( 1841) 2. nll.5:1.. ,.q c±-_.:z.}% ( 1430 )-~- -q}zj-.:i::i. -~J_Q_nj, W>l r:= %:;-1 ,fl (1627 l 52] ~ 4'- 0 1] 9.] <>11 n]] 1? i'-] !,::-_;;z}( 1430) "'-
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[0046] .1c 20-;:,: .5=.{i 7.1].B'_(2001J7} ,,i]5,':!i::f. ~,'j"._~(70.5J:il}f'1 :~7J/2j ~-{_[,·,11 ;j;l1'-il_~;;_(rn41J;';_ -'f15<]-'-]7'l71 -'f1-o~ .1c'.§s:];,q 

?i 7'] Lj- :E ~ =~1 'o s=. 5=_ I§ 'rr -;;; '2] {I "1-~ ~ z 31 A]{; _()__5'_ ""l "is '\:1 'rr ~-91 o!L2_ '2'i c] u} 0 l /· ( :=i00) ~ £ 7HI-r::}. .£ 20 

[ 004 7] s=. 2 LL>_ ft-:::'.[ 7:fJ s'.. ( 21 01 ) ( o;] ~l_i:~l. ·:;,l 2-1 ~ ~ :§") % ) 7} s=. -"J :,JJ R ( ~~001 ) 'i'l oJl '§ ,,_d '{:[ + Q~ '-'i] .5:'.. 2-] r.:! lJ ]· 0 l,::': C:100 ) ~ 

~0:_Aj~t:}. 

[0048] .:,:'_ 22-:_-:: 7H 7 ~ ( oj] ti rH, -£ :=-;_ ( 2201)). :'r.~ 7.l] h -'j'-{i'_-( 2260), •~ _1,C_{i 7.}] .£, -1¥- ~ ~ ( 2241) -°1 "§ .Jj 4'91 n]] Y.2] 

r:1 u} 0 l :"::.( :=i00) ~ £-'-] ~]-r::}. s=. 22°1] s=."] 'fl u\Q.j- ~ 0 1, ~~ (2201) -& Z1 Z1.9.l -~( 2201 ) 0 ] ,;P, \:l. -~-(1841 ) 9,1611 ~ 

1-J.7,j.2.._'s"_ :;<.l1J :Xd"';'l~. 7" •j..'r..~. '8.Ju'flL}. -'£~(2201);'. ~1o}-:= ;;1-i".- *~1 7.]i\~(2101)-°1 '-~-','- ~ ..'r..';c\ A~2i:~ 

(2001)(.5:. '.;1)91 iPi'-~- '4]71( 0 1]-TII:Ji. oJ]~)<:>}tc 31. :,]1_'§_(1007)01]1']2] -'fl?-loJ]""l 7cJ::z]i:>tc ?~% '?:'@-~ '7'' 

9Jr::+ . .1r.. :;,:~ 0 11 ..'r.."]'rr lij9} ,Q-o]. *~(2201).;:'. ,.:~-i 7.Hh(2001).9~ <?-Jl\'-7]- ~-~·(2201)-°1 ~,,i.l {:;c;'} :.(j]7j'El. -9:., 

s=.~ ;,]1R(2001J7] s=..::;i ::sf]R 1\'-1:E-C~~2fl0) ~ s=.::zJ A]R 1\'-1:E-~(2241l.5'.. -3'.-2-].£].5:.~-- Z§.,.il~ 7" 3)1::}. 

[0050] s=. 21 ~ -fr-{-1 "fl-~ ( ~:-101) 151. zH 1.'1 ¥cz,102) 0 1 91'10 -'2 -'l'-''-1 rifl .2.. ,.q i:::] □] 01 ,:'_, l 500) ~- 5=.A] ?:}cJ·. fr :;j '11 ¥( 2,101) ( oJl 
t1LJL ~21~ ;-}-jj-%J." ¾¥(220llc:=>1 -'i'-!:-;]r~] s=.~ 7.llK 1\'-f.'.-(2260).9~ ~~1¥ "'-doJl '%J,;:J~cJ-. i]\:J.~(2402l." 

-Pi-~ ::s}jR(2101) 0..) 0~ 1c!;~ .1JoJ] 31 7y{:)"1]~(2•101) AJofl Z§,,_cJ'tl. 

[005 l] 

(2402Ji'.:- _t;=_';'J 7.]ii.(2501). s=.~l'f~ c.,J~(2301J r;J :c;=_:;-J 7]s 1\'-~C2241J~ ~f:;] zll\:l_(184U 0ll ~.;7]~_23~ ~.'f'l­

~ T ;a,c}. ZfZ{ 0..) ~~(2201JOJl s=.';'l :zlls.(2501)~ 1H:J;',}-:= ~-8.- :zlls . .<;>-]of s=.~j 7.]£(<>l]Z:l_,..]i, ¾i:]/~i']~J 

~- ~·4Al71"C- ?~-g~ ~-~w 9- ~),Q..r~. rr:H=Q-,;,7 S:.~_ A~liC ~{i(2201)-j=- ~H-H-r+. --7 -r-. 5:_~ A]i~L9-l 2~--"J-¥ 

4g.;':'. oJH[- ¥½1. s=.:;j 7.l]_s_~ oJl1] "'~(etching back)'[- 0 £'"7 :Etc!:?:}~}~ 7]1fl~ Eji,1:~hrn!P: chemical 

mechanical plar:arizationH] S'Ji;ll Al7J%] T' 9JcJ-. 

[0052] s=. 26-2.· s:.sn-'fl 0,:i<;>:j~(2CCH) r;1 -;-11iCJi ;:q.';'}~(2661. 2662. T~ 2G63)C•l 1H:J¥1 ~.9-1 a]l.51_2] cj1i} 0 lc:7~(500)~ .'r 

7,] ~cj. .'r.~] ¥1 ":3 9~ ~ (2601) ~ <'§ ;8 o}~-:: 3-H~- n- ~ -li!.--~% ~ ~ 5=.{i :z]l iU 2501) 9.j :'?'~ ">J-.'?- -¥--5"- ~ -~- -;;]-'fl ( o3] 5,':l_ 

r.]J. "f-";.1JtJ}~.:: c;.~~ ±-Y-l~ -4'- 5'Jt::l-. }11i1J 2.}';'1~(2661. 2662. r:~ 2663)~ ,'ti.,iltJ}~~ ~.g- .1=:.<f.77-l-¥;(2602J;'; -c:!'l 

.1;r~}.1 l 'f-1 "'H -R-~~-l All s..( 21Cl) 91 !cf-~-~ ~ s=.~~-l :xll _s'_ -¥-~( 2250 J ;;;_ ,il 71 o}-:= 7,;J g .'t: '/Ht "r- ~_c;,_ uj , 0 13-H'', 7.B 

j~U1007l~- 1,'--l,'-~.2..5". ';0l 7Jf;}~ _l=,_if1]7,j Bi-F,"l~-~ 7Hlt::). s=. 26°11 £-'-]ere B]-Q} ~ 0 L _§_,('15:]~(2602).':'. s=.~J 

:,f]E 1,'-~(2260)-i J,<l_rjj ?..j-·~1¥(2661. 2662. ~ 2663)-5'.. 1:E-i"~i:>}L-9, 0 13!.<'. s=. 291 1iell ?..J-'i'.l~-(261, 262, ~ 

263) 0 11 c]l-~~- s:;=c 9.J.r+. 

[0053] _i:;=_ 27,'.': :,]R(2701) ~ -H-%- c±:c:7~(2770)7) -q'.j.J.,3-'fl +!~ uj]-1.:;'_i:'] c]u} 0 ]ce-':c(5C0)~ S:A]~Lr. 7.]]R(2701);'.; ·'%•j?.j;',} 

~--= 3:1 ·l: :xJl f;a_(2101 J 'i'l oJI 7.1] f;a_( oJl 5.':! i::r,, ~ <'1-,'.1 °1 ~}t}%( s iii con dioxide J ) ~ ~ z.J--'-P'l ~--= ;'.;J g ±. -;>} ~ 7" 
'i~,2.Dj, rr.}c'} 7,7 -R-:;--1 ::sB,.'iC:.--: _'c=:_i(i[.:;,.]~(2602)~. zB,9t::.}. :i +. %1-1 :z]i..'§_9.] ~AJ!f- 3¥'-1:E--g. "'ll~ ~'?1. "H 
-E- ~ oJHl "Jl ~:]- c, ~ .;.9 :E-:= CMP 0 ll 91 tsA c4P'1 '¥ T ~;} c}. ~g~~ !.:·/- ( 2770) ~ ~ J;:j o} '.= 3:1 g. 7.l£'.. -~ ( 2701, 2101) 

-'fl•:;Jj .5:.~i :,H_'§_(ol]Z:l_LP,, ;;c:';'J~ %31-AP'l~ 3--:!-i .','.~W- ~c '1'.t:t, 

[00541 .5:. 28.:':'. C-?J"i(702)(.5:. lOHl""lS'J 7.]is'..~(1001 L'17.l 1007) 0 1 .5:. 28oJl S:.Al~.7-] 0Jc-2. 7~]1;1~ -'-}<>]011 ::sHR-~ 7]~ 

4lv"§ vlj ~ % "§ 'H 3} 7] -'i'-l EH 7:7 ?J, ( oj] Z:i r]l, 4!E7 'cl ( patterning )oJl .9) "'ll) 'fl +2j uJ1_5:1_ 2-] c:j 1,11- 01 ~( 500) ~- !,~_l,] ?:1-
i::.'. . .1r 1091 '¥l.";'1<>1]..,_.1 ';"i-8'-'El. B}s..:- ;~oL ::sHR§(l00l 1.:}]7-] 1007).9-1 'jla,J -¥-,l=.1_-§,c;:,- ~Ry;: -'fl-o] s=_ 10 ~ll7.] 

.£ 27.9,1 °J~~(702).9.5'.-'f-E7 J;lj~'El.l:}. _i:;=_ 28-E.- 7 ;:;J~o] 4]~!-~ \iJl~jg "§Jjo}7] -'i'1EH :>c]2~¥1_ + 0j'!j(702)61]A1 

9] 7.~R(lO0l 1..J-1::-q 1007)~ 5=."']1lt::} .. s=. 2801] S:.A].'j'c] ll]Q} ~ 0]. 7]1°1 7l1°l.1=:.~(l22L 1222. lJ 1223h.~ z}z} 

:,] £ ¥ ( 1002 . 1004 . ~ 1006 ) £ 1H:l ',~ w, ' 0 Li~~ 111 TI ij:j 3i]j 1Ei o;l "§ AJ -'fl 1-+. 

[0055] s=. 29t::- 1:l~l\'-¥(2929. 2949, ~ 2959J 0 1 ~.,,;:l'El. 31=-S'] 111].5:'..,'j c:jti]- 0 1~"-(S0CJ-~- -'=-"'l?:h=l-. 1:l~l\'-%(292SJJ-i".- ::-\1] 

◊j 7']JojE~(]221. 1222. ':lJ 1223)£ -';,]7]3:j ';1::~~;o, 7,Jj-:g-~~t::+. -{:j~l\'-~(2949).;:'_ ~le.~ i'J?]~(841, 842. 

843, ~ 844)-5'.. 7J7]~ CZ:1~~%- ~e]]-:g-~;;+. 1:l~-':' ~(2959),~ i;.]],)]El 2.}';'}~(1351, 652, ~ 653)£ ~ :=i-5'..1\'-E] 
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252, ~ 253H°:- ::i,]Y2] '111_~(210. 211, 'Jc! 212J ¥]011 -'f]e<J-'f)_r.j-_ '6--~- _5:-_A.(3070):;::: D]j_1:s:1_;::q 12~(210, 211. 'c/,)_ 

212) o}iQ1oJl -?1-"<l,;:]uj, el]_'i'_2➔ c]B}+-'-(3000)9.] 7]~(61]t1r-Jl. 1r.. 3101]AjQj 7 ].'\'l(310l))Qj ~ 0 ]£ <g!f-oJl 31~ 

il_1/-~ T •;?Jr-}. oj2-l7}- T2- ;:,:]-ol;:: ::;cl_CQ--~-o] :±.7j %4 %'?2- _,Jo]'{]- '1V]_c,__;,c_ ej]Y2] L]H}o]-"-(3000)9] r:f-'i'} 

72- :?-.J.,.j _\:L't-_ ~-c,J] ';~ 7]-5'1 .5::. ~ 5'' % ~ 'y'- 5'J _(>_ r~ . e]] Y ~ c~ B'c 0 ] ,,__ ( 3000) 1= nl] £ i:'.1 q B} 0 ] A ( 200) -9] :±. 7-] -'g-'31 ( oll 

ti Itt, -~-:±_ ;si :±. 7-] -'E'-4 P} ti]_;_,, o'-0:j 1}0 Io} 71] 71 ;':," 11-r.J-( of ti :H, ~l '"1 °4 :±. 71 {','- 4 -%'-'?I-) . erl] ~ ~ 1i'!, n]] _!ii_ 2] 

l-::1H}0ko(3000)9~ .±7-] %-3101]"-1. cB~ 20 l':[-E~_c,➔ ::;-± '6---'Js- ±::':(3070)611 '{17)--%1 y ~~- <;}~, ;ii] 0 ] :>J]o] 

1=~(221, 221, ':;'( 22:3). r]l 0]Fi 2}({[~(251, 2(52. ijl 2::i:3), jF~l 2+'?1%(241, 2t.t2, ':J.l 243), 'jJ 7;cl_Elj 2}'i'l% 

(2Gl. 262. 0 \1 2GH", "~s.'i:JUloating)"-%' "r 3Jr+_ 0 12.li2- :±.7-] %=?]oJl.,_L u]Js:_2J -';0_~(210. 211. 'lJ. 212P~ 

DJl_1:.'_2] _±:z}~s'.-'f-E1-°l ~:z}~-3: -~-~ _5:-_J---(3070Ji:;c_(erfl{ir1l, ~ 0P1 sc:'j) OJ%~ --;- %,rl(oJ]:{:!r~. E7~_'t) 

( t unne Ii ng) 011 9➔ f5~). £ 2. _:s:=_ 3. 0,4 _i;:._ 4 ~ tl3'~f5} 0 j .$J ◊i·, Ai il ~ -'fl Bj-.'4 ~ 0] . n]]_'i'_ ?i ( 200 )oj] '--i, ~' ?-} 

%'?}. DJ] y ,'] ":12 ~-( 210, 211, '~ 212) 9~ DJl Yi'] :±_;,-}~- i:,c_1f-E7 9) =;,l_ :z}~-_g_ t:i] o] E7 2)-"cl-~-( 25l, 253, ~ 253 )( erl] 

z1. c:B . ~ :±. "'1 ct: r1 l'i'.. 01 -'t'-w 01"- ·=:J. r::J- . 

!0<.'l59l ..s=. :31." -§.-- ~Ua-91 iJ ~Aloil011 cj-~. _r;=_ :~osJ u]].£~ r]B] 6]c::'~i3000).S] ~-'f-"'➔ 3D -'fl-~ ..'r_A]-{1-i::}_ ..s=. 31611 ..s=. 
"l'fl 1J}9-} ;;;J- 0 1, rj]o]t'7 i'}'i'!.%(21il, 2[i2, ';',l 2li3);:: 'il]-1i'_2] 1'1_~(210, 211, '31 212) -'i'-]Oi] -'i'-Pl-"'1.:i 1-, ~-'i5- :±.":: 

( 3070 J ~~ 0 11 -'='- 21 ~ ~ c 210. 211. 1cJI 212 J O H~◊il 'i'l"<l .s:i UJ ,] :-H( 3101 H ~ tJ-'f.l r-,t_ 7] 31'1-( 310U-P, p-~ ·~ 2J-2 

[{}06(;) .5::. 31011 -1:c"]-'il tJ}'4 ~ 0 1, Zf2{ 0
~ -"-_'==_i'/-JoJ]',i 0~ nJj.51_,'] ~_-§(210, 211, 51 212)( 0 llf:!r-Jl, -~yi1c'-]-'--F7%(231, 

232J -',}<0 1-91 r,i]_12_c•~ ~%!::'. 7]'fl(310U 0 11 cH'ol-cii z--~HJc_c>_s_ ~-:~,J_.'3:j_c>__'s"_ y3' 7~~;cJi::f ~<1+1°'-l--'---E-7(232J-c:- 0 1 

%--;L]]o]E(5=_ 3) 5'::.'c s=:_ 3cq Ei,]7-],"::t'1(23l)'~l ~-rcj-'A}'i'l_ 7]]o]E(5=_ 9)'~} if--'-H)- oj?i~--;L]jo]E S'::.= ~=-i:'~-\<Hl 

?1] 10]E-~; :'LW~ y s:J.r+. S'::.~, .5::. 31,':'_ Z-"".,}~_()_£ "r<'-1_()_£ ·JJ 1.;:: :309i E','1]7-]ce':::E7%(231, 2:32) 0 11 c.fl-§-f>lc 

E<tB.7-l,'ot'7~(231, 232) A}o]'~] %"tJ<;} ,"::E-.cJ 0lJA1 n]].S,_2] -';1]_~(210, 211, 51 212)c~ n]]5'2] :±_-.i:}(130)~ 7:]1+ 

'i1 :j-fs}= ..'r zl ;;sB li -"l ff-:-( 442) '+l -"ll ¥l ( 441) ~ -1:c ,,,! ~kl. 

{0061} Z:-q,;,.j P]j'i:'_c~ ~-'§;-(210, 211. n; 212) 0]]J,79➔ e,j]_'i'_i:'] .5:-Jl-(430):-.:: ~ ~HJ-~ 7)-;;clc]- _ _5=_ 31°1 _1r_l,]¥~ B},4 

~ 0 l . % "tJ ~l- A ~ ic;sc,J] "1 S!j r:c7 _i:;;_ r~ '~-§ ( 210 . 211. 31 212 ) 1-J.1 oil Ai , :q-:q- "'1 DJl _i:;;_ c"i '1'l_ "'-] ~ - C§ ":_..} nil _i:;;_ ic'i c5'>-<} 
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[0072] q 0J~ ~?-]oJ]~-91 ?}.~]'.:: Jl~ {l¥,E7~. 18-<:l ~ AJ~ 719 ftls... PJ].2.t.-] £½(memory module)~. -tf-cH% Pl] 

S'..-2.] 7'7?} c]c1}o]A~(oJ]z!cB. ·'\'l .==..2} 0 ].Jcl..(lhumh drive)~). 1d-~ ::E'.:: i:::}%-Tis...\1l-"'1 S'..½~. 1d-~ ::E'.:: c.}-'j=­

.9.] 0dBJlc].:c:=_ rrs_,1,11-"'i(c:mbcddcd processor·)~. c.}%-:;=i°l ITs_J.il'-i(r;rn]Li-corc processor)~. c'J] 0 ]Ei .::'.:::...'fl:s.l 
( daca swi l ch)~. ~ c.}~ (mull i layer) g ¥. 'l'}~ 0 H ~ t.-] 711°11!-:; "'a £ ½( appl i cal ion-spec iI ic mo<lul e) ~ . i::.} 

%-t;l £'@-(multi-chip module)~Oi] -"'}%Y]',:: ::;c!7-} ftj.5'.~ ¥.1}ii}7-]·q ::E'.:: ..:::1~611 ¥.'l'}~ -'j=- ~c}. ::E~. 0 127 
~ ~-~]'.:: "Jl.i'.-Jl!cl]::;c!(television)~. ',ll_~i:'7 ::;ci§j-7l(cellular telephone)~. 1H'i'1% {l¥,E7~(oj1zl.cfl. 2,1l"8' {l#­

FHlaptop computer)~. r,]:"::3.18' {l¥,E1(desktop computer)~. q]l_c~c {l#-EHhandheld computer)~. sfl~ 

~ {l#-Ei (lab! el com1mLcr) ~ ~). ~~3_,,,~ E]] 0 ] 11 ( worksl al ion)~. 2-}c] .2..( radio)~. ti] c] .2.. -~Hll 0 ] °7 ( vi dco 

p];iycr)~ . .2._c]◊ ~rl] 0 l°7(,rnlio player)~(oj]zl.cH. MP3(%"i'l{} ::;c!~7} .:::1;; . .2._::::].2.. 711~- :HMotion Picture 

Experts Group. Audio Layer 3)) ~i'lJol°l~). ::Z}2J~ . .9.]li r]t1} 0 ].:'.:::.~(ojlzl.c]L {l;c-:J £1..]Fl. ~~ S'..e-]E7 

~). 
1§1 "J JirA(set top box)~ ~:v} ~.:".. r.} 0J~ ::;c!7-} ?-]:":: 1@~ Lf161]-"'79J -"'7.Jcl..--=jl.l;:j.£..~~-'i'.Al ¥.*~ T S'.l 

r.}. 

[0073] 'J-71 /j_J:)g ~ .£1s'i~.:". 0 1 7]~~0 1=.91 ~~;z}~ 0 1 ~ ~1:)s.9] {J_?-]oJ]~g ~-"'l~ T S'.JJll ii}7l ..'f1-8H ~ ~1:)s-91 

~~ ~-"'loJ]~g .5:/•]~c.}. c.},c: ~-'-Hl~.:". -=j"-3':Z;j, ~-?.JZ;j, Zi.71:?;j. ITs_,1-J]:":: ~ r.},c: 1tl,:§"}~g 18-~~ T 5'.l 

r:}. ~l~~ 1;:1--:~1 7}~it ~~~g_ L,Rlf..~t:}. ~~ -~Aloll~9-l -¥-~~ ~ ~1:1~t t:}~ ~~Ql ¥~~ ~ ~1:1 
~611 ¥.W.5c]7-J1-+ Ef.c ,:]_3!~.£ t:H:'\ll'i'l. T 5'.lr.}. AJ7l ~1:)gg 'B.T "l.l 0 ]-81W u:ii. fl-2 r.}E ~-'-loJl~.:". 0 1 7] 
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(30) Priority Data: 
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(71) Applicant(s):MICRON TECHNOLOGY, INC. 

(72) Inventor(s):TANG, SANH,D.; ZAHURAK, 
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(74) Agent(s):DREW & NAPIER LLC 

(54)Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 

(57)Abstract: 

Some embodiments include a memory device and methods of fom1ing the memory device. 
One such memory device includes a first group of memory cells, each of the memory cells of 
the first group being fonnod in a cavity of a first control gate located in one de,.·ice level of 
the memory device. The memory device also includes a second group of memory cells, each 
of the memory cells of the second group being formed in a cavity of a second control gate 
located in another device level of the memory device. Additional apparatus and methods are 
described. 

FIG.3 
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being considered by the Examiner, be returned to the Applicant with the next official 
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hereby authorized to charge the required fees to Deposit Account No. 19-0743 in order to have 
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longer required to be provided to the Office. Applicant acknowledges the requirement to submit 

copies of foreign patent documents and non-patent literature in accordance with 37 C.F.R § 

l.98(a)(2). 
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indicated if there are any questions regarding this communication. 

Respectfully submitted, 
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303.B12US6 
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EXAMINER 
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ART UNIT PAPER NUMBER 
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NOTIFICATION DATE DELIVERY MODE 
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following e-mail address(es): 

SLW@blackhillsip.com 
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Application No. 
16/716,177 

Examiner 

WILNER JEAN BAPTISTE 

Applicant(s) 
Tang et al. 

Art Unit 

2899 

AIA (FITF) Status 

No 

-- The MAILING DA TE 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. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing 
date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term 
adjustment. See 37 CFR 1.704(b). 

Status 

1)0 Responsive to communication(s) filed on 12/16/2019. 
□ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)D This action is FINAL. 2b) 0 This action is non-final. 
3)□ 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. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5) 0 Claim(s) 1-20 is/are pending in the application. 

5a) Of the above claim(s) is/are withdrawn from consideration. 

6) D Claim(s) is/are allowed. 

7) 0 Claim(s) 1-20 is/are rejected. 

8) □ Claim(s) __ is/are objected to. 

9) D Claim(s) __ are subject to restriction and/or election requirement 
* If any claims have been determined allowable, 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. 

Application Papers 
10)□ The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on 12/16/2019 is/are: a)0 accepted or b)□ objected to by the Examiner. 
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)□ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a)□ All b)D Some** c)D None of the: 

1.□ Certified copies of the priority documents have been received. 

2.□ Certified copies of the priority documents have been received in Application No. __ . 

3.□ 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)). 

** See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date 02/14/20,12/18/19(3),. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 11-13) Office Action Summary 

3) D Interview Summary (PTO-413) 

Paper No(s)/Mail Date __ . 

4) D Other: __ . 

Part of Paper No./Mail Date 20200228 
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Application/Control Number: 16/716,177 
Art Unit: 2899 

DETAILED ACTION 

Notice of Pre-A/A or AJA Status 

1. The present application is being examined under the pre-AIA first to invent provisions. 

CROSS-REFERENCE TO RELATED APPLICATIONS 

Page 2 

2. This application is a continuation of U.S. Application Serial No. 16/125,242, filed September 7, 2018, 

which is a continuation of U.S. Application Serial No. 15/722,580, filed October 2, 2017, now issued as 

U.S. Patent No. 10,090,324, which is a continuation of U.S. Application Serial No. 15/188,273, filed June 

21, 2016, now issued as U.S. Patent No. 9,780,115, which is a continuation of U.S. Application Serial No. 

14/041,928, filed September 30, 2013, now issued as U.S. Patent No. 9,379,005, which is a divisional of 

U.S. Application Serial No.12/825,211, filed June 28, 2010, now issued as U.S. Patent No. 8,803,214, all 

of which are incorporated herein by reference in their entireties. 

Double Patenting 

3. The non-statutory 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 time wise 

extension of the "right to exclude" granted by a patent and to prevent possible harassment by multiple 

assignees. A non-statutory obviousness-type double patenting rejection is appropriate where the 

conflicting claims are not identical, but at least one examined application claim is not patent-ably 

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 Langi, 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). 
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Page 3 

A timely filed terminal disclaimer in compliance with 37 CFR l.321(c) or l.321(d) may be used to 

overcome an actual or provisional rejection based on a non-statutory double patenting ground provided 

the conflicting 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. 

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal 

disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR 3.73(b). 

4. Claims 1-8 is/are rejected on the ground of non-statutory obviousness-type double patenting as 

being un-patentable over claims 1-8 of U.S. Patent No. 9,780,115 (here and after '115). Although the 

conflicting claims are not identical, they are not patent-ably distinct from each other because the 

following rationale. 

Although the conflicting claims are not identical, the scope of the claimed limitations of the instant 

application as claimed in claim 1 is similar to that of the claimed limitations of U.S. Patent No. 9,780,115 

(here and after '115), as claimed in claim 1. The only difference is that in the parent case, it was 

"wherein a material of the memory element of the memory cell of the first memory cells is 

discontinuous from a material of the memory element of the memory cell of the second memory cells", 

while the present application does not claim. Therefore, the claims are not patent-ably distinct from 

each other. 

5. The following table shows the corresponding conflicting claims between the instant application and 

U.S. Patent No. 9,780,115 (here and after '115). 

Application# 16/716177 U.S. Patent No. 9,780,115 
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1. An apparatus comprising: first memory cells 

located in a first device level of a memory device; 

second memory cells located in a second device 

level of the memory device; a first control gate 

formed in the first device level, the first control 

gate to control access to the first memory cells, 

wherein each of the first memory cells includes a 

memory element formed in a cavity of the first 

control gate; and a second control gate formed in 

the second device level, the second control gate 

to control access to the second memory cells, 

wherein each of the second memory cells 

includes a memory element formed in a cavity of 

the second control gate. 

2. The apparatus of claim 1, wherein each of the 

first and second memory cells include multiple 

Page 4 

1. An apparatus comprising: first memory cells 

located in a first device level of a memory device; 

second memory cells located in a second device 

level of the memory device; a first control gate 

formed in the first device level, the first control 

gate to control access to the first memory cells, 

wherein the first memory cells includes a 

memory cell having a memory element formed in 

a cavity of the first control gate; and a second 

control gate formed in the second device level, 

the second control gate to control access to the 

second memory cells, wherein the second 

memory cells includes a memory cell having a 

memory element formed in a cavity of the 

second control gate; and a conductive channel 

extending between the memory cell of the first 

memory cell and the memory cell of the second 

memory cells, wherein a material of the memory 

element of the memory cell of the first memory 

cells is discontinuous from a material of the 

memory element of the memory cell of the 

second memory cells. 

2. The apparatus of claim 1, wherein the first and 

second memory cells include multiple memory 
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memory cells arranged in a first direction and 

multiple memory cells arranged in a second 

direction, further comprising: a common source; 

and data lines configured to be selectively 

coupled to the common source and the memory 

cells through a conductive material, the 

conductive material extending through the first 

and second memory cells in a third direction, the 

third direction being substantially perpendicular 

to the first and second directions. 

3. The apparatus of claim 2, wherein the common 

source is formed over a substrate of the memory 

device, such that the common source is between 

the first and second memory cells and the 

substrate to allow electrons from the memory 

element of at least one of the first and second 

memory cells to move to the common source 

during an erase operation. 

4. The apparatus of claim 2, wherein the common 

source is formed over a substrate of the memory 

device, such that the first and second memory 

cells are between the common source and the 

substrate. 
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cells arranged in a first direction and multiple 

memory cells arranged in a second direction, 

further comprising: a common source; and data 

lines configured to be selectively coupled to the 

common source and the memory cells through a 

conductive material, the conductive material 

extending through the first and second memory 

cells in a third direction, the third direction being 

substantially perpendicular to the first and 

second directions. 

3. The apparatus of claim 2, wherein the common 

source is formed over a substrate of the memory 

device, such that the common source is between 

the first and second memory cells and the 

substrate to allow electrons from the memory 

element of at least one of the first and second 

memory cells to move to the common source 

during an erase operation. 

4. The apparatus of claim 2, wherein the common 

source is formed over a substrate of the memory 

device, such that the first and second memory 

cells are between the common source and the 

substrate. 
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5. The apparatus of claim 1, wherein the first 

memory cells are substantially vertically aligned 

with the second memory cells. 

6. The apparatus of claim 1, wherein the memory 

element of each of the first memory cells is 

substantially vertically aligned with the memory 

element of one of the second memory cells. 

7. The apparatus of claim 1, further comprising 

transistors to selectively couple the first and 

second memory cells to data lines associated 

with the first and second memory cells during a 

memory operation of the memory device, 

wherein at least one of the transistors comprises 

a double-gate. 

8. The apparatus of claim 1, further comprising 

transistors to selectively couple the first and 

second memory cells to data lines associated 

with the first and second memory cells during a 

memory operation of the memory device, 

wherein at least one of the transistors comprises 

a surrounded gate. 

Page 6 

5. The apparatus of claim 1, wherein the first 

memory cells are substantially vertically aligned 

with the second memory cells. 

6. The apparatus of claim 1, wherein the memory 

element of each of the first memory cells is 

substantially vertically aligned with the memory 

element of one of the second memory cells. 

7. The apparatus of claim 1, further comprising 

transistors to selectively couple the first and 

second memory cells to data lines associated 

with the first and second memory cells during a 

memory operation of the memory device, 

wherein at least one of the transistors comprises 

a double-gate. 

8. The apparatus of claim 1, further comprising 

transistors to selectively couple the first and 

second memory cells to data lines associated 

with the first and second memory cells during a 

memory operation of the memory device, 

wherein at least one of the transistors comprises 

a surrounded gate. 

6. Claims 9-14 is/are rejected on the ground of non-statutory obviousness-type double patenting as 

being un-patentable over claims 9-14 of U.S. Patent No. 9,780,115 (here and after '115). Although the 
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conflicting claims are not identical, they are not patent-ably distinct from each other because the 

following rationale. 

Although the conflicting claims are not identical, the scope of the claimed limitations of the instant 

application as claimed in claim 9 is similar to that of the claimed limitations of U.S. Patent No. 9,780,115 

(here and after '115), as claimed in claim 9. The only difference is that in the parent case, it was "a 

material of the first memory element is discontinuous from a material of the second memory element", 

while the present application does not claim. Therefore, the claims are not patent-ably distinct from 

each other. 

7. The following table shows the corresponding conflicting claims between the instant application and 

U.S. Patent No. 9,780,115 (here and after '115). 

Application# 16/716177 U.S. Patent No. 9,780,115 

9. An apparatus comprising: a first non-volatile 9. An apparatus comprising: a first non-volatile 

memory cell including a first memory element, memory cell including a first memory element, 

the first memory element having a ring shape; a the first memory element having a ring shape; a 

second non-volatile memory cell including a second non-volatile memory cell including a 

second memory element, the second memory second memory element, the second memory 

element having a ring shape; and a conductive element having a ring shape; and a conductive 

material extending through the first and second material extending through the first and second 

memory elements. memory elements, wherein a material of the first 

memory element is discontinuous from a 

material of the second memory element. 

10. The apparatus of claim 9, further comprising: 10. The apparatus of claim 9, further comprising: 

a first additional conductive material configured a first additional conductive material configured 
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to operate as a control gate to access the first 

memory cell, wherein the first memory element 

and the first additional conductive material are 

located in a first device level of a memory device 

in which the first and second memory cells are 

located; and a second additional conductive 

material configured to operate as a control gate 

to access the second memory cell, wherein the 

second memory element and the second 

additional conductive material are located in a 

second device level of the memory device. 

11. The apparatus of claim 10, wherein each of 

the memory cells further includes a first dielectric 

between the respective memory element and the 

conductive material. 

12. The apparatus of claim 11, wherein each of 

the memory cells further includes a second 

dielectric between the respective memory 

element and the respective additional conductive 

material. 

13. The apparatus of claim 9, further comprising a 

data line over a substrate to carry signals 

representing values of information stored in the 

first and second memory cells, wherein the data 

Page 8 

to operate as a control gate to access the first 

memory cell, wherein the first memory element 

and the first additional conductive material are 

located in a first device level of a memory device 

in which the first and second memory cells are 

located; and a second additional conductive 

material configured to operate as a control gate 

to access the second memory cell, wherein the 

second memory element and the second 

additional conductive material are located in a 

second device level of the memory device. 

11. The apparatus of claim 10, wherein each of 

the memory cells further includes a first dielectric 

between the respective memory element and the 

conductive material. 

12. The apparatus of claim 11, wherein each of 

the memory cells further includes a second 

dielectric between the respective memory 

element and the respective additional conductive 

material. 

13. The apparatus of claim 9, further comprising a 

data line over a substrate to carry signals 

representing values of information stored in the 

first and second memory cells, wherein the data 

IPR2025-00099 Page 00175



Application/Control Number: 16/716,177 
Art Unit: 2899 

line is located between the substrate and the first 

memory cell. 

14. The apparatus of claim 9, further comprising a 

data line over a substrate to carry signals 

representing values of information stored in the 

first and second memory cells, wherein the first 

and second memory cells are located between 

the substrate and the data line. 

Page 9 

line is located between the substrate and the first 

memory cell. 

14. The apparatus of claim 9, further comprising a 

data line over a substrate to carry signals 

representing values of information stored in the 

first and second memory cells, wherein the first 

and second memory cells are located between 

the substrate and the data line. 

8. Claims 15-20 is/are rejected on the ground of non-statutory obviousness-type double patenting as 

being un-patentable over claims 15-20 of U.S. Patent No. 9,780,115 (here and after '115). Although the 

conflicting claims are not identical, they are not patent-ably distinct from each other because the 

following rationale. 

Although the conflicting claims are not identical, the scope of the claimed limitations of the instant 

application as claimed in claim 15 is similar to that of the claimed limitations of U.S. Patent No. 

9,780,115 (here and after '115), as claimed in claim 15. The only difference is that in the parent case, it 

was "a material of the first memory element is discontinuous from a material of the second memory 

element", while the present application does not claim. Therefore, the claims are not patent-ably 

distinct from each other. 

9. The following table shows the corresponding conflicting claims between the instant application and 

U.S. Patent No. 9,780,115 (here and after '115). 

Application# 16/716177 U.S. Patent No. 9,780,115 
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15. An apparatus comprising: a first conductive 15. An apparatus comprising: a first conductive 

material located in a first device level of a material located in a first device level of a 

memory device, the first conductive material memory device, the first conductive material 

including a first cavity, the first cavity having a including a first cavity, the first cavity having a 

first sidewall; a second conductive material first sidewall; a second conductive material 

located in a second device level of the memory located in a second device level of the memory 

device, the second conductive material including device, the second conductive material including 

a second cavity, the second cavity having a a second cavity, the second cavity having a 

second sidewall; a first dielectric formed on the second sidewall; a first dielectric formed on the 

first sidewall and the second sidewall; a first first sidewall; a second dielectric formed on the 

memory element located in the first cavity and second sidewall; a first memory element located 

electrically isolated from the first conductive in the first cavity and electrically isolated from 

material by a first portion of the first dielectric; a the first conductive material by the first 

second memory element located in the second dielectric; a second memory element located in 

cavity and electrically isolated from the second the second cavity and electrically isolated from 

conductive material by a second portion of the the second conductive material by the second 

first dielectric; a second dielectric formed on a dielectric; a first additional dielectric formed on a 

side of the first memory element and on a side of side of the first memory element; a second 

the second memory element; and a conductive additional dielectric formed on a side of the 

channel extending from the first device level to second memory element; and a conductive 

the second device level and facing the first and channel extending from the first device level to 

second memory elements, such that the the second device level and facing the first and 

conductive channel is electrically isolated from second memory elements, such that the 

conductive channel is electrically isolated from 

IPR2025-00099 Page 00177



Application/Control Number: 16/716,177 
Art Unit: 2899 

the first and second memory elements by at least 

a respective portion of the second dielectric. 

16. The apparatus of claim 15, wherein the first 

and second memory elements comprise 

polysilicon. 

17. The apparatus of claim 15, wherein the first 

and second memory elements comprise a 

dielectric material. 

18. The apparatus of claim 15, further comprising 

dielectric material between the first and second 

conductive materials. 

19. The apparatus of claim 15, further 

comprising: a substrate; and a data line 

configured to be selectively coupled to the 

conductive channel, wherein the data line is 

located between the second conductive material 

and the substrate. 

20. The apparatus of claim 15, further 

comprising: a substrate; and a data line 

Page 11 

the first memory element by the first additional 

dielectric and from the second memory element 

by the second additional dielectric, wherein a 

material of the first memory element is 

discontinuous from a material of the second 

memory element. 

16. The apparatus of claim 15, wherein the first 

and second memory elements comprise 

polysilicon. 

17. The apparatus of claim 15, wherein the first 

and second memory elements comprise a 

dielectric material. 

18. The apparatus of claim 15, further comprising 

dielectric material between the first and second 

conductive materials. 

19. The apparatus of claim 15, further 

comprising: a substrate; and a data line 

configured to be selectively coupled to the 

conductive channel, wherein the data line is 

located between the second conductive material 

and the substrate. 

20. The apparatus of claim 15, further 

comprising: a substrate; and a data line 
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configured to be selectively coupled to the configured to be selectively coupled to the 

conductive channel, wherein the first and second conductive channel, wherein the first and second 

memory elements are located between the data memory elements are located between the data 

line and the substrate. line and the substrate. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to WILNER JEAN BAPTISTE whose telephone number is (571)270-7394. The examiner 

can normally be reached on M-T 8:00-6:00. 

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 US PTO Automated Interview Request (AIR) at http:/ /www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Dale Page can be reached on 571-270-7877. 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 https://ppair-

my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private PAIR system, contact 

the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000. 
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journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where 
published. 

"European Application Serial No. 11807258.6, Communication Pursuant to Article 94(3) 
EPC mailed 10-07-19", 4 oas 
"Korean Application Serial No. 10-2019-7021776, Notice of Preliminary Rejection mailed 

11-22-19", w/ English Translation, 5 pgs 
"Korean Application Serial No. 10-2019-7021776, Response filed 01-22-20 to Notice of 

Preliminary Rejection mailed 11-22-19", w/ English Claims, 16 pgs 

T1 

T1 
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lnventor(s): Sanh D. Tang et al. 

Serial No.: 

Filed: 

l 6/716, 177 

December 16, 20! 9 

Examiner: Unknown 

Group Art Unit: Unknmvn 

Docket: 303.Bl2US6 

Customer No.: 73115 Confirmation No.: 3036 

PATENT 

Title: THREE DHvIENSIONAL MEM()RY AND rl/IETHODS OF FORMING THE 

SAME 

INFORMATION DISCLOSURE STA TEJ'HENT 

MS Amendment 
Cormnissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

In compliance with the duty imposed by 37 C.F.R § l 56, and in accordance with 37 

C.F.R. §§ 1.97 et. seq., the enclosed materials are brought to the attention of the Examiner for 

consideration in connection with the above-identified patent application. Applicant respectfully 

requests that this Information Disclosure Statement be entered and the documents listed on the 

attached PTO 1449 Form be considered by the Examiner and made of record. Pursuant to the 

provisions of MPEP 609, Applicant requests that a copy of the PTO 1449 Form, initialed as 

being considered by the Examiner, be returned to the Applicant with the next official 

communication. 

Pursuant to 3 7 C.F.R § 1. 97(b ), it is believed that no fee or statement is required with the 

Information Disclosure Statement. However, if an Office Action on the merits has been mailed 

after filing of the application or after the filing of the most recent RCE, the Commissioner is 

hereby authorized to charge the required fees to Deposit Account No. 19-0743 in order to have 

this Information Disclosure Statement considered. 

Pursuant to 37 C.F.R § 1.98(d), copies of the listed documents are not provided as these 

references were previously cited by or submitted to the U S. Patent Office in connection with 

Applicant's prior US. application, Serial No. 16/125,242, filed on September 7, 2018, which is 

relied upon for an earlier filing date under 35 U. S.C. § 120. 

Applicant brings to the attention of the Examiner the fo!lmving Ofike Actions and 

responses associated with one or more of the inventors of the instant application and/or the 

assignee of the instant application. This material is available and accessible at the United States 
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THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 
Application Serial No. 12/825,211, Preliminary Amendment filed 03-21-11, 3 pgs 
Application Serial No. 12/825,211, Restriction Requirement mailed 02-21-12, 5 pgs 
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Application Serial No. 12/825,211, Response filed 03-22-12 to Restriction Requirement mailed 02-21-12, 
g pgs 
Application Serial No. 12/825,211, Non Final Office Action mailed 06-07-12, 15 pgs 
Application Serial No. 12/825,211, Response filed 09-07-12 to Non Final Office Action mailed 06-07-12, 
13 pgs 
Application Serial No. 12/825,211, Final Office Action mailed 02-01-13, 11 pgs 
Application Serial No. 12/825,211, Response filed 04-30-13 to Final Office Action mailed 02-01-13, 1 O 
pgs 
Application Serial No. 12/825,211, Notice of Allowance mailed 05-28-13, 12 pgs 
Application Serial No. 12/825,211, Preliminary Amendment filed 09-26-13, 11 pgs 
Application Serial No. 12/825,211, Notice of Allowance mailed 03-31-14, 8 pgs 

SEMICONDUCTOR CHARGE STORAGE APPARATUS AND METHODS 
Application Serial No. 13/035,700, Restriction Requirement mailed 10-19-11, 9 pgs 
Application Serial No 13/035,700, Non Final Office Action mailed 02-13-12, 8 pgs 
Application Serial No. 13/035,700, Response filed 05/14/12 to Non Final Office Action mailed 02/13/12, 
13 pgs. 
Application Serial No. 13/035,700, Final Office Action mailed 07-27-12, 9 pgs 
Application Serial No. 13/035,700, Response filed 10-29-12 to Final Office Action mailed 07-27-12, 10 
pgs 
Application Serial No. 13/035,700, Notice of Allowance mailed 03-20-13, 8 pgs 
Application Serial No. 13/035,700, Notice of Allowance mailed 10-09-13, 9 pgs 
Application Serial No. 13/035,700, Notice of Allowance mailed 02-24-14, 7 pgs 

THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 
Application Serial No. 14/041,928, Preliminary Amendment filed 11-06-13, 6 pgs 
Application Serial No. 14/041,928, Non Final Office Action mailed 09-17-14, 12 pgs 
Application Serial No. 14/041,928, Response filed 12-17-14 to Non Final Office Action mailed 09-17-14, 
7 pgs 
Application Serial No. 14/041,928, Final Office Action mailed 03-26-15, 12 pgs 
Application Serial No. 14/041,928, Response to Final Office Action mailed 03-26-15, 5 pgs. 
Application Serial No. 14/041,928, Non Final Office Action mailed 08-19-15, 7 pgs 
Application Serial No. 14/041,928, Response filed 11-19-15 to Non Final Office Action mailed 08-19-15, 
g pgs 
Application Serial No. 14/041,928, Notice of Allowance mailed 02-24-16, 9 pgs 

CHARGE STORAGE APPARATUS AND METHODS 
Application Serial No. 14/310,790, Non Final Office Action mailed 10-30-14, 8 pgs 
Application Serial No. 14/310,790, Response filed 01-16-15 to Non Final Office Action mailed 10-30-14, 
7 pgs. 
Application Serial No. 14/310,790, Notice of Allowance mailed 04-29-15, 7 pgs 
Application Serial No. 14/310,790, Notice of Allowance mailed 09-01-15, 7 pgs 

CHARGE STORAGE APPARATUS AND METHODS 
Application Serial No. 14/987,370, Non Final Office Action mailed 07-15-16, 10 pgs 
Application Serial No. 14/987,370, Response filed 11-15-16 to Non Final Office Action mailed 07-15-16, 
8 pgs 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /W.J/ 

IPR2025-00099 Page 00190



Receipt date: 12/18/2019 

INl<'ORMATION DISCLOSllRE STATEMENT 
Serial Number: 16/716,177 
Filing Date. December 16. 2019 
Title: THREE DlMENSlONAL MEMORY AND Iv!ETHODS OF FORMING THE SAME 
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Application Serial No. 15/188,273, Non Final Office Action mailed 12-01-16, 22 pgs 
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Application Serial No. 15/188,273, Resonse filed 04-28-17 to Non Final Office Action mailed 12-01-16, 9 
pgs. 
Application Serial No. 15/188,273, Notice of Allowance mailed 07-13-17, iO pgs 

CHARGE STORAGE APPARATUS AND METHODS 
Application Serial No. 15/691,442, Restriction Requirement mailed 06-20-18, 6 pgs 
Application Serial No. 15/691,442, Response filed 08-20-18 to Restriction Requirement mailed 08-20-18, 
7 pgs. 
Application Serial No. 15/691,442, Non Final Office Action mailed 02-15-19, 12 pgs 
Application Serial No. 15/691,442, Response filed 6-17-19 to Non-Final Office Action mailed 2-15-19, 11 
pgs 
Application Serial No. 15/691,442, Final Office Action mailed 08-15-19, 4 pgs 
Application Serial No. 15/691,442, Response filed 10-15-19 to Final Office Action mailed 8-15-19, 5 pgs 
Application Serial No. 15/691,442, Notice of Allowance mailed 10-29-19, 5 pgs 

THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 
Application Serial No. 15/722,580, Preliminary Amendment filed 10-31-17, 7 pgs 
Application Serial No. 15/722,580, Non Final Office Action mailed 03-07-18, 14 pgs 
Application Serial No. 15/722,580, Response filed 6-7-18 to Non-Final Office Action mailed 3-7-18, 7 pgs 
Application Serial No. 15/722,580, Notice of Allowance mailed 07-27-18, 11 pgs 

THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 
Application Serial No. 16/125,242, Non Final Office Action mailed 06-25-19, 12 pgs 
Application Serial No. 16/125,242 Response filed 07-18-19 to Non Final Office Action mailed 05-25-19, 8 
pgs. 
Application Serial No. 16/125,242, Notice of Allowance mailed 08-09-19, 8 pgs 

Pursuant to 37 C.F.R. § l.98(a)(2), copies of cited U S. Patents and Published 

Applications, and Non-Published Applications identifiable by USPTO Serial Number, are no 

longer required to be provided to the Office. Applicant acknowledges the requirement to submit 

copies of foreign patent documents and non-patent literature in accordance 'vvith 37 C.F.R § 

L98(a)(2). 
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The Examiner is invited to contact the undersigned at the telephone number indicated if 

there are any questions regarding this communication. 

Date 12-13'-19 

Respectfolly submitted, 

SCHWEGMAN LUNDBERG & WOESSNER, P.A. 
P.O. Box 2938 
Minneapolis, :MN 55402 
(612) 373-6969 

/1/iet 7~ / 
--------------

By 

VVT:mlsl 

/WILNER JEAN BAPTISTE/ 

Viet V. Tong 
Reg. No. 45,416 

03/16/2020 
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US-8,759,895 6/24i2014 !Tang, Sanh D, et al. 
US-8,803,214 8/12/2014 !Tang, Sanh D, et al. 
US-9,093,370 7/28i2015 !Hwang, Youngnam 
US-9,231, 117 1/5/2016 !Tang, Sanh D, et al. 
US-9,379,005 6/28/2016 !Tang, Sani1 D, et al. 
US-9,754,953 9/5/2017 !Tang, Santi D, et al. 
US-9,780, 115 10/3/2017 !Tang, Sanh D 
US-10,090,324 1 0i2/2018 !Tang, Sani1 D, et al. 
US-10,510,769 12/17/2019 !Tang, Santi D, et al. 
US-20020195668A 1 12/26/2002 Endoh, Tetsuo, et al. 
US-20060277355A 1 12/7/2006 Ellsberry, M., et al. 
US-2007005731 0A 1 3/15i2007 Matsui, Michiharu, et al. 
US-20070136537 A 1 6/17/2007 Doblar, Drew G, et al. 
US-20070272973A 1 11/29/2007 Park, Yoon-dong, et al. 
US-2008004823 7 A 1 2/28/2008 !Yoshihisa, Iwata 
US-20080153226A 1 6/26/2008 !Mokt1lesi, Nima 
US-20080179659A 1 7/31i2008 !Enda, Toshiyuki, et al. 
US-20080277720A 1 11/13/2008 !Youn, Sun-Pil, et al. 
US-20090014858A 1 1/15/2009 Boon, Suan Jeung, et al. 
US-20090097321 A 1 4/16i2009 Kim, Suk-pil, et al. 
US-20090230454A 1 9/17/2009 Pekny, Theodore T 
US-20090230458A 1 9/17/2009 lshiduki, Megumi, et al. 
US-20090267139A 1 10/29/2009 Maejima, Hiroshi 
US-20090283819A 1 11/19/2009 Ishikawa, Masao, et al. 
US-20090294828A 1 12/3/2009 !Osawa, Yoshio, et al. 
US-20090294844A 1 12/3i2009 !Tanaka, Hiroyasu, et al. 
US-20100003795A 1 1/7/2010 !Park, Jung Woo, et al. 
US-20100112769A 1 5/6/2010 !Son, Yong-Hoon, et al. 
US-20100181612A 1 7/22/2010 !Kito, Masaru, et al. 
US-20100240205A 1 9/23/2010 !Son, Byoungkeun, et al. 
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US-20110316063A1 12/29/2011 !Tang, Sanh, et al. 
US-20120001250A 1 1/5/2012 !Alsmeier, Jot1ann 
US-20120217564A 1 8/30/2012 !Tang, Sanh D, et al. 
US-20140030856A 1 1/30i2014 !Tang, Sanh D, et al. 
US-20140302650A 1 10/9/2014 !Tang, Sanh D, et al. 
US-20160118392A 1 4/28/2016 !Tang, Sanh D, et al. 
US-20160300850A 1 10/13/2016 !Tang, Sanh D, et al. 
US-20170365614A 1 12/21/2017 !Tang, Santi D, et al. 
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CN-1030388828 10/26/2016 !Tang, Sanh D., et al. 
CN-103038882A 4/10/2013 !Tang, Sanh D, et al. 
CN-103403861 A 11/20/2013 !Tang, Sanh D, et al. 
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JP-2009117843 5/8/2009 !Son, Yong-Hoon, et al. 
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"Chinese Application Serial No. 201280010535.6, Response filed 12-20-16 to Office Action 
mailed 06-28-16", Wi Enc::ilish Translation Of Claims, 16 Dos 

"European Application Serial No. 11807258.6, European Search Report mailed 04-15-15", 
6 DOS 

"European Application Serial No. 11807258.6, Extended European Search Report mailed 
07-15-15", 13 DOS 

"European Application Serial No. 11807258.6, Response filed 02-10-16 to Extended 
European Searct1 Report mailed 07-15-15", 21 pgs 

"European Application Serial No. 12749034.0, Extended European Search Report mailed 
12-01-16", 9 oas 

"European Application Serial No. 12749034.0, Partial Supplementary European Search 
Report mailed 08-31-16", 7 DOS 

"International Application Serial No. PCT/US2011/041888, International Preliminary Report 
on Patentability mailed 01-10-13", 9 pgs 

"International Application Serial No. PCT/US2011/041888, Searct1 Report mailed 05-01-
12", 4 oas 

"International Application Serial No. PCT/US2011/041888, Written Opinion mailed 05-01-
12", 6 DOS 

"International Application Serial No. PCT/US2012/026358, International Preliminary Report 
on Patentabilitv mailed 09-06-13", 5 oas 

"International Application Serial No. PCT/US2012/026358, Search Report mailed 10-04-
12", 3 oas 

"International Application Serial No. PCT/US2012/026358, Written Opinion mailed 10-04-
12", 3 pgs 

"Japanese Application Serial No. 2013-518511 Response filed 02-25-15 to Office Action 
mailed 07-29-14", With the English claims, 11 pgs 

EXAMINER /WILNER JEAN BAPTISTE/ DATE CONSIDERED 03/16/2020 
* EXAMINER: Initial if reference considered. wt1ett1er or not citation is ;n conformance with MPEP 609. Draw l;ne tt1rough citat;on if not in conlorrnance and not 
considered. Include copy of this forni wi!h next communication to applicant. 1 Applicant is lo place a check niark here if Engiish language Transiation is attached 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /W.J/ 
IPR2025-00099 Page 00196



Receipt date: 12/18/2019 16/716,177 - GAU: 2899 

Modified for111 PTO/SB/08A(04-07) 0MB 651-0031 
US Pcatent & Trademark Office: U.S. DEPARTMENT OF COMMERCE 

Under +he Paoe-1work ;~er"luc+ion Ar-t of 19gi:.. no "'81,.:iOns are re,..,u1rPd to rr,.soond tr. a collection of intorrna+ion , •niPSS it containr:;; a ·vdiirl 0MB corotrol nurnbe-1 ', , ' -- " '" ,,, ,, , . , '" " " , . -- - ' 

Substitute for form 1449A/PTO 
Compiete if Known 

Application Number 16/716, 177 
INFORMATION DISCLOSURE Filing Date December 16, 20! 9 
STATEMENT BY APPLICANT First Named Inventor SanhD. Tang 

(Use as many sheeis as necessary) Group Art Unit Unknown 
Examiner Name Unkno\vn 

:Sheet 5 of 6 Attorney Docket No: 303.B12US6 

OTHER DOCUMENTS- NON PATENT LITERATURE DOCUMENTS 
Examiner Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item (book, magazine, T1 

Initial* journal, serial, symposium, catalog, etc.), date, page{s), volume-issue number{s), publisher, city and/or country where 
published. 

"Japanese Application Serial No. 2013-518511, Office Action mailed 03-24-15", W/ English 
Translation, 4 pqs 

"Japanese Application Serial No. 2013-518511, Office Action mailed 07-29-14", W/ English 
Translation, 11 oas 

"Japanese Application Serial No. 2013-518511, Office Action mailed 12-02-14", W/ English 
Translation, (12/02/14), 4 pgs 

"Japanese Application Serial No. 2013-518511, Response flied 10-29-14 to Office Action 
mailed 07-29-14", W/ Enqlisi1 Claims, 25 oas 

"Japanese Application Serial No. 2013-555567, Amendment filed 02-10-15", W/ Machine 
Translation of Claims, 11 pqs 

"Japanese Application Serial No. 2013-555567, Office Action mailed 03-17-15", WI English 
Translation, 6 pqs 

"Japanese Application Serial No. 2013-555567, Response filed 12-10-15 to Office Action 
mailed 03-17-15", WI English Claims, 8 oas 

"Japanese Application Serial No. 2015-83308, Office Action mailed 12-22-15", w/English 
Translation, 21 oos 

"Japanese Application Serial No. 2015-83308, Response filed 03-17-16 to Office Action 
mailed 12-22-15", w/Enqlish Claims, 7 DOS 

"Korean Application Serial No. 10-2013-7001962, Notice of Preliminary Rejection mailed 
03-30-18", w/ English Translation, 9 oas 

"Korean Application Serial No. 10-2013-7001962, Notice of Preliminary Rejection mailed 
08-30-17", With Englist1 Translation, 6 p~is 

"Korean Application Serial No. 10-2013-7001962, Notice of Preliminary Rejection mailed 
11-30-18", W/ Enqlish Translation, 9 oas 
"Korean Application Serial No. 10-2013-7001962, Response Filed 01-31-19 to Notice of 

Preliminary Rejection mailed 11-30-18", w/Enqlish Claims, 14 oos 
"Korean Application Serial No. 10-2013-7001962, Response filed 06-29-18 to Notice of 

Preliminary Rejection mailed 03-30-18", w/ English Claims, 16 oas 
"Korean Application Serial No. 10-2013-7001962, Response filed 10-30-17 to Notice of 

Preliminary Rejection mailed 08-30-17", w/English Claims, 17 oas 
"Korean Application Serial No. 10-2013-7025314 Response filed 06-16-15 to Office Action 

mailed 05-21-15", W/ Enqlish Claims, 22 DOS 

"Korean Application Serial No. 10-2013-7025314, Amendment filed 05-15-15", W/ English 
Claims, 31 pqs 

"Korean Application Serial No. 10-2013-7025314, Office Action filed 05-21-15", W/ English 
Translation, 7 pgs 

"Taiwanese Application Serial No. 101105342, Amendment filed 02-13-15", W/ Englist1 
Claims, 7 pgs 

"Taiwanese Application Serial No. 101105342, Office Action mailed 04-28-15", W/ English 
Translation, 6 pgs 

EXAMINER /WILNER JEAN BAPTISTE/ DATE CONSIDERED 03/16/2020 

* EXAMINER: Initial if reference considered. wt1ett1er or not citation is ;n conformance with MPEP 609. Draw l;ne tt1rough citat;on if not in conlorrnance and not 
considered. Include copy of this forni wi!h next communication to applicant. 1 Applicant is lo place a check niark here if Engiish language Transiation is attached 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /W.J/ 
IPR2025-00099 Page 00197



Receipt date: 12/18/2019 16/716,177 - GAU: 2899 

Modified for111 PTO/SB/08A(04-07) 0MB 651-0031 
US Pcatent & Trademark Office: U.S. DEPARTMENT OF COMMERCE 

Under +he Paoe-1work ;~er"luc+ion Ar-t of 19gi:.. no "'81,.:iOns are re,..,u1rPd to rr,.soond tr. a collection of intorrna+ion , •niPSS it containr:;; a ·vdiirl 0MB corotrol nurnbe-1 ', , ' -- " '" ,,, ,, . , '" " " , . -- - ' 

Substitute for form 1449A/PTO 
Compiete if Known 

Application Number 16/716, 177 
INFORMATION DISCLOSURE Filing Date December 16, 20! 9 
STATEMENT BY APPLICANT First Named Inventor SanhD. Tang 

(Use as many sheeis as necessary) Group Art Unit Unknown 
Examiner Name Unkno\vn 

:Sheet 6 of 6 Attorney Docket No: 3O3.B12US6 

OTHER DOCUMENTS- NON PATENT LITERATURE DOCUMENTS 
Examiner Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item (book, magazine, T1 
Initial* journal, serial, symposium, catalog, etc.), date, page{s), volume-issue number{s), publisher, city and/or country where 

published. 

"Taiwanese Application Serial No. 101105342, Response filed 07-24-15 to Office Action 
mailed 04-28-15", W/ Enqlish Claims, 10 DOS 

KIM, JIYOUNG, et al., "Novel 3-D structure for ultra high density flash memory with VRAT 
(Vertical-Recess-Array-Transistor) and PIPE (Planarized Integration on the same PlanE)", 
2008 Symposium on VLSI Technoloqy, (June 17-19, 2008), 122-23 
KOMORI, YOSUKE, et al., "Disturbless Flast1 Memory due to High Boost Efficiency on BiCS 
Structure and Optimal Memory Film Stack for Ultra High Density Storage Device", 
International Electron Devices Meeting Tectmical Digest, (Dec., 2008), 851-854 
TANAKA, H., et al., "Bit Cost Scalable Technology with Punch and Plug Process for Ultra 
Hiqh Densitv Flash Memorv", IEEE Symposium on VLSI Technoloqv, (2007), 14-15 

EXAMINER /WILNER JEAN BAPTISTE/ DATE CONSIDERED 
03L16L2020 

* EXAMINER: Initial if reference considered, wt1ett1er or not citation is ;n conformance with MPEP 609. Draw l;ne tt1rough citat;on if not in conlorrnance and not 
considered. Include copy of this forni wi!h next communication to applicant. 1 Applicant is lo place a check niark here if Engiish language Transiation is attached 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /W.J/ 
IPR2025-00099 Page 00198



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

16/716,177 12/16/2019 

73115 
SCHWEGMAN LUNDBERG & WOESSNER/MICRON 
P.O. BOX 2938 
MINNEAPOLIS, MN 55402 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Sanh D. Tang 303.B12US6 
CONFIRMATION NO. 3036 

PUBLICATION NOTICE 

111111111111111111111111]~!1]!~1!~1!~~ l!IIHHll lllll lllll lllll llll llll 

Title:THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 

Publication No.US-2020-0119046-A 1 
Publication Date:04/16/2020 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

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

page 1 of 1 

IPR2025-00099 Page 00199



PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 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 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number I Filing Date I Substitute for Form PTO-875 
16/716, 177 12/16/2019 □To be Mailed 

ENTITY: ~ LARGE D SMALL D MICRO 

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

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) 

LJ BASIC FEE 
(37 CFR 1.16(a), (bl, or (cl) 

N/A N/A N/A 

LJ SEARCH FEE N/A N/A N/A 
(37 CFR 1.16(k), (i), or (m)) 

LJ EXAMINATION FEE N/A N/A N/A 
(37 CFR 1.16(0), (o), or /nii 

TOTAL CLAIMS 
minus 20 = * X $100 = 

(37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 
minus 3 = * X $460 = 

(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE (37 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 

CFR 1.16(s)) fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

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

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

/Column 1\ /Column 2\ /Column 3 
CLAIMS HIGHEST 

06/19/2020 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE($) 
I- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR w 
::iii: Total * 20 Minus ** 20 =0 X $ 100 = 0 C 137 CFR 1.16"ill 

z Independent *3 Minus *** 3 =0 X $460 = 0 w (37 CFR 1.16(h)) 
::iii: D Application Size Fee (37 CFR 1.16(s)) c( 

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

TOTAL ADD'L FEE 0 
(Column 1) (Column 2) (Column 3) 
CLAIMS HIGHEST 

REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

AFTER PREVIOUSLY 
I- AMENDMENT PAID FOR z 
w Total * Minus ** = X $0 = ::iii: (37 CFR 1.16(i)) 

C Independent * Minus *** X $0 z /37 CFR 1.16/hll = = 
w D Application Size Fee (37 CFR 1.16(s)) ::iii: 
c( 

lJ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 
1.16(i)) 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE 

** If the "Hiqhest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /DELEACHES M YOUNG/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the US PTO. 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. 

IPR2025-00099 Page 00200



A/N 16/716,177 PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor(s): Sanh D. Tang 
Application No.: 16/716,177 
Filed: December 16, 2019 
Confirmation No.: 3036 

Examiner: WILNER JEAN BAPTISTE 
Group Art Unit: 2899 
Docket No.: 303.B12US6 

Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 

AMENDMENT & RESPONSE UNDER 37 C.F.R. § 1.111 

Mai] Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA22313-1450 

Applicant has received the Non--Final Office Action dated March 19. 2020. Please enter the 

following. 

IPR2025-00099 Page 00201



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor(s): Sanh D. Tang et al. 
Title: THREE DIMENSION AL MEMORY AND METHODS OF FORMING THE SAME 

Docket No.: 
Filed: 
Examiner: 
Customer No.: 

303.B12US6 
December 16, 2019 
Wilner Jean Baptiste 
73115 

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

Serial No.: 
Due Date: 
Group Art Unit: 
Confirmation No.: 

16/716, 177 
June 19, 2020 
2899 
3036 

We me transmitting herewith the follmving attached items (as indicated with an "X"): 

X Amendment and Response under 37 C.F.R. § 1.111 (9 pgs.) 

If not provided for in a separate paper filed herewith, please consider this a PETITION FOR EXTENSION OF TIME for 
sufficient number of months to enter these papers and please charge any additional fees or credit overpayment to Deposit 
Account No. 19-0743. If applicable, any papers or fees supplied herewith are considered to be timely filed pursuant to 37 
C.F.R. § 1.7(a), the response period falling on a Federal Holiday, Saturday or Sunday being extended to the next succeeding 
business day. 

SCHWEGMAN U.JNDBERG & WOESSNER, P.A. 
Customer No.: 73115 

/1/iet 7~ / 
By:---------------

Viet V. Tong 
Reg. No. 45,416 

IPR2025-00099 Page 00202



Electronic Acknowledgement Receipt 

EFSID: 39777753 

Application Number: 16716177 

International Application Number: 

Confirmation Number: 3036 

Title of Invention: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME 

First Named Inventor/Applicant Name: Sanh D. Tang 

Customer Number: 73115 

Filer: John I. Fischer/Amy Moriarty 

Filer Authorized By: John I. Fischer 

Attorney Docket Number: 303.B12US6 

Receipt Date: 19-JUN-2020 

Filing Date: 16-DEC-2019 

Time Stamp: 17:22:32 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

84794 

1 303B12US6SIGNEDoaresp.pdf yes 10 
Sa39efb 1 cOb 138d4c5007384a239c287d7a 

af28f 

IPR2025-00099 Page 00203



Multipart Description/PDF files in .zip description 

Document Description Start End 

Applicant Arguments/Remarks Made in an Amendment 9 10 

Claims 3 8 

Amendment/Req. Reconsideration-After Non-Final Reject 2 2 

Miscellaneous Incoming Letter 1 1 

Warnings: 

Information: 

Total Files Size (in bytes) 84794 

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 Agglications 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 Agglication 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 Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

IPR2025-00099 Page 00204



AMENDMENT AND RESPONSE UNDER 37 C.RR. § 1.11] 
Application Number: 16/716,177 
Filing Date: December 16, 2019 
Tille: THREE DIJ\llENSIONAL MH,1ORY AND 1\,iETHODS OF FORMING THE SAME 

REMARKS 

This responds to the Non-Final Office Action dated March 19, 2020. 

Page8 
Dkt: 30J.Bl2US6 

Claims 1--20 are presently canceled. Claims 21-40 are presently added. Thus, claims 21 -40 

are now pending in this application. 

Support for the amendrnents made to the claims can be found in the application, for 

example, in at least FIG. 2, FIG. 3, FIG. 7, FIG. 8, FIG. 29, FIG. 30, and FIG. 31 of the drawings. 

No new matter has been added. Reconsideration of the claims in view of the amendrnents above 

and the remarks that follow is respectfuHy requested. 

Double Patenting Refection 

Claims 1-8 were rejected on the ground of non-statutory obviousness-type double patenting 

as being un-patentable over claims 1-8 of U.S. Patent No. 9,780,115 (here and after '115). 

Claims 9-14 were rejected on the ground of non--statutory obviousness-type double patenting 

as being un-patentable over claims 9-14 of U.S. Patent No. 9,780,115 (here and after '115). 

Claims 15--20 were rejected on the ground of non-statutory obviousness-type double 

patenting as being un-patentable over claims 15-20 of U.S. Patent No. 9,780,115 (here and after 

'115). 

Applicant does not admit that claims 1-20 are obvious in view of U.S. Patent No. 9,780,115. 

However, claims 1-20 are canceled without disclaimer or prejudice. Thus, the rejection of claims 1-

20 is moot. 

New Claims 

Claims 21 -40 are new. Consideration and allowance of claims 21-40 is respectfully 

requested. 
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CONCLUSION 

Page9 
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It is respectfully submitted that the claims are in condition for allowance, and notification to 

that effect is earnestly requested. The Examiner is invited to telephone the undersigned at (612) 

373-6900 to facilitate prosecution of this application. 

ff necessary, please charge any additional fees or deficiencies, or credit any overpayments to 

Deposit Account No. 19-0743. 

Date June 19, 2020 

Respectfully submitted, 

SCHWEGMAN LUNDBERG & WOESSNER, P.A. 
P.O. Box 2938 
Minneapolis, MN 55402-0938 
(612) 373-6900 

By_j_~_ta_7c_~ __ / __ _ 
Viet V. Tong 
Reg. No. 45,416 
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IN THE CLAIMS 

Please arnend the claims as fol lows: 

1--20. (Canceled) 

21. (New) An apparatus comprising: 

conductive pi11ars extending outward from a substrate; 

Page2 
Dkt: 30J.Bl2US6 

memory cell strings, each of the memory ce11 strings is formed over a respective conductive 

pillar of the conductive pillars; 

a first control gate formed in a first device level, the memory cell strings including a 

memory cell string, the memory cell string including a first memory cell having a memory element 

formed in a cavity of the first control gate; 

a second control gate formed in a second device level, the memory cell string including a 

second memory cell having a memory element formed in a cavity of the second control gate; and 

a conductive channel extending between the first memory cell and the second memory cell 

and electrically coupled to a conductive pillar of the conductive pillars. 

22. (New) The apparatus of claim 21, further comprising: 

a first conductive region located on a first side of the conductive pi] lar and separated from 

the conductive pillar by a first dielectric material; and 

a second conductive region located on a second side opposite from the first side of the 

conductive pillar and separated from the conductive pillar by a second dielectric material. 

(New) The apparatus of claim 22, wherein the first conductive region is coupled to the 

second conductive region. 

24. (New) The apparatus of claim 22, wherein each of the first and second conductive regions 

comprises polysilicon. 

25. (New) The apparatus of claim 22, wherein each of the first and second conductive regions 

comprises metal. 
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26. (New) The apparatus of claim 21, further comprising a data line coupled to the conductive 

channel, wherein the data line is located between the substrate and the first and second memory 

cells. 

27. (New) The apparatus of claim 21, further comprising a data line coupled to the conductive 

channel, wherein the first and second memory cells are located between the data line and the 

substrate. 

28. (New) The apparatus of claim 21, wherein the memory element comprises polysilicon. 

29. (New) The apparatus of claim 21, ,vherein the memory element comprises a dielectric 

material. 

30. (New) An apparatus comprising: 

a first conductive pi] lar and a second conductive pillar extending outward from a substrate; 

a first data line coupled to the first and second conductive pillars, the first data line located 

between the first and second conductive pillars and the substrate; 

a third conductive pillar and a fourth conductive pillars extending outward from the 

substrate; 

a second data line coupled to the third and fourth conductive pillars, the second data line 

located between the third and fourth conductive pillars and the substrate; 

a first memory cell string formed over the first conductive pillar; 

a second memory cell string formed over the second conductive pillar; 

a third memory ce11 string formed over the third conductive pillar; 

a fourth memory cell string formed over the fourth conductive pillar; 

a first control gate formed in a first device level; 

a second control gate formed in a second device level, wherein, 
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the first memory cell string includes a first memory cell having a memory element fonned in 

a first cavity of the first control gate, and a second rnemory cell having a rnemory element fanned in 

a first cavity of the second control gate; 

the second memory cell string includes a third mernory cell having a rnernory e1ernent 

formed in a second cavity of the first control gate, and a fourth memory cell having a memory 

element formed in a second cavity of the second control gate; 

the third rnernory cell string includes a fifth memory cell having a memory element formed 

in a third cavity of the first control gate, and a sixth memory cell having a memory element formed 

in a third cavity of the second control gate; and 

the fourth memory cell string includes a seventh memory cell having a memory element 

formed in a fourth cavity of the first control gate, and an eighth rnemory ce11 having a memory 

element formed in a fourth cavity of the second control gate. 

31. (New) The apparatus of claim 30, further comprising: 

a first conductive channel coupled to the first conductive pillar and extending between the 

first and second memory cells; 

a second conductive channel coupled to the second conductive pillar and extending between 

the third and fourth memory cells; 

a third conductive channel coupled to the third conductive pillar and extending between the 

fifth and sixth memory ce11s; and 

a fourth conductive channel coupled to the fourth conductive pillar and extending bet\veen 

the seventh and eighth rnernory cells. 

32. (New) The apparatus of claim 30, further comprising a first conductive gate including a first 

segment and a second segment coupled to the first segment, wherein: 

the first segment is located on a first side of each of the first and third conductive pillars and 

separated frorn the first and third conductive pillars by a first dielectric material; and 

the second segment is located on a second side of each of the first and third conductive 

pillars and separated from the first and third conductive pillars by a second dielectric material. 
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33. (New) The apparatus of claim 32, further comprising a second conductive gate including a 

third a segment and a fourth segment coupled to the third segrnent, wherein: 

the third segment is located on a first side of each of the second and fourth conductive pillars 

and separated from the second and fourth conductive pillars by a third dielectric material, and 

the fourth segment is located on a second side of each of the second and fourth conductive 

pillars and separated from the second and fourth conductive pillars by a fomth dielectric material. 

34. (New) The apparatus of claim 33, wherein each of the first and second conductive gates 

comprises polysilicon. 

(New) The apparatus of claim 33, wherein each of the first and second conductive gates 

comprises metal. 

36. (New) The apparatus of claim 30, wherein the memory element of each of the first, second, 

third, and fourth memory cells comprises one of polysilicon and a dielectric material. 

37. (New) An apparatus comprising: 

a first conductive pillar and a second conductive pillar extending outward from a substrate; 

a third conductive pillar and a fourth conductive pillars extending outward from the 

substrate; 

a region including a conductive material. the region coupled to the fiist, second, third, and 

fourth conductive pillars, the region located between substrate and the first second, third, and fourth 

conductive pillars; 

a first memory cell string formed over the first conductive pillar; 

a second memory cell string formed over the second conductive pillar; 

a third memory cell string formed over the third conductive pillar; 

a fourth memory cell string formed over the fourth conductive pillar; 

a first data line coupled to the first and second memory cell strings, the first and second 

memory cell strings located between the first data line and the substrate; 
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a second data line coupled to the third and fourth memory cell strings, the third and fourth 

rnemory cell strings located between the second data line and the substrate; 

a first control gate formed in a first device level; 

a second control gate formed in a second device level, wherein, 

the first memory cell string includes a first memory cell having a memory element formed in 

a first cavity of the first control gate, and a second memory cell having a memory element formed in 

a first cavity of the second control gate; 

the second memory cell string includes a third memory cell having a memory element 

formed in a second cavity of the first control gate, and a fourth memory cell having a memory 

element formed in a second cavity of the second control gate; 

the third memory cell string includes a fifth mernory cell having a memory element formed 

in a third cavity of the first control gate, and a sixth memory cell having a memory element formed 

in a third cavity of the second control gate; and 

the fourth memory cell string includes a seventh memory cell having a memory element 

formed in a fourth cavity of the first control gate, and an eighth memory cell having a memory 

element formed in a fourth cavity of the second control gate. 

38. (New) The apparatus of claim 37, wherein the mernory element of each of the first, second, 

third, and fourth memory cells comprises polysilicon. 

39. (New) The apparatus of claim 37, ,vherein the memory element of each of the first, second, 

third, and fourth memory cells comprises a silicon nitride. 

40. (New) The apparatus of claim 37, further comprising: 

a first conductive channel coupled to the first conductive pillar and extending between the 

first and second memory cells; 

a second conductive channel coupled to the second conductive pillar and extending between 

the third and fourth memory cells; 

a third conductive channel coupled to the third conductive pi11ar and extending between the 

fifth and sixth memory cells; and 
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a fourth conductive channel coupled to the fourth conductive pillar and extending between 

the seventh and eighth memory cells. 
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Application/Control Number: 16/716,177 
Art Unit: 2899 

DETAILED ACTION 

Notice of Pre-A/A or AJA Status 

1. The present application is being examined under the pre-Al A first to invent provisions. 

CROSS REFERENCE TO RELATED APPLICATIONS 

Page 2 

2. This application is a continuation of U.S. Application Serial No. 16/125,242, filed September 7, 

2018, which is a continuation of U.S. Application Serial No. 15/722,580, filed October 2, 2017, now 

issued as U.S. Patent No. 10,090,324, which is a continuation of U.S. Application Serial No. 15/188,273, 

filed June 21, 2016, now issued as U.S. Patent No. 9,780,115, which is a continuation of U.S. Application 

Serial No. 14/041,928, filed September 30, 2013, now issued as U.S. Patent No. 9,379,005, which is a 

divisional of U.S. Application Serial No. 12/825,211, filed June 28, 2010, now issued as U.S. Patent No. 

8,803,214, all of which are incorporated herein by reference in their entireties. 

Allowable Subject Matter 

3. Claims 21-40 are allowed. 

Reasons for Allowance 

4. The following is an examiner's statement of reasons for allowance: 

5. Regarding claims 21-29, the prior art failed to disclose or reasonably suggest a first control gate 

formed in a first device level, the memory cell strings including a memory cell string, the memory cell 

string including a first memory cell having a memory element formed in a cavity of the first control gate; 

a second control gate formed in a second device level, the memory cell string including a second 

memory cell having a memory element formed in a cavity of the second control gate; and a conductive 
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channel extending between the first memory cell and the second memory cell and electricallycoupled 

to a conductive pillar of the conductive pillars. 

7. Regarding claims 30-36, the prior a rt failed to disclose or reasonably suggest a third memory cell 

string formed over the third conductive pillar; a fourth memory cell string formed over the fourth 

conductive pillar; a first control gate formed in a first device level; a second control gate formed in a 

second device level, wherein, the first memory cell string includes a first memory cell having a memory 

element formed in a first cavity of the first control gate, and a second memory cell having a memory 

element formed in a first cavity of the second control gate; the second memory cell string includes a 

third memory cell having a memory element formed in a second cavity of the first control gate, and a 

fourth memory cell having a memory element formed in a second cavity of the second control gate; the 

third memory cell string includes a fifth memory cell having a memory element formed in a third cavity 

of the first control gate, and a sixth memory cell having a memory element formed in a third cavity of 

the second control gate; and the fourth memory cell string includes a seventh memory cell having a 

memory element formed in a fourth cavity of the first control gate, and an eighth memory cell having a 

memory element formed in a fourth cavity of the second control gate. 

8. Regarding claims 37-40, the prior a rt failed to disclose or reasonably suggest a first data line 

coupled to the first and second memory cell strings, the first and second memory cell strings located 

between the first data line and the substrate; a second data line coupled to the third and fourth memory 

cell strings, the third and fourth memory cell strings located between the second data line and the 

substrate; a first control gate formed in a first device level; a second control gate formed in a second 

device level, wherein, the first memory cell string includes a first memory cell having a memory element 

formed in a first cavity of the first control gate, and a second memory cell having a memory element 
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formed in a first cavity of the second control gate; the second memory cell string includes a third 

Page4 

memory cell having a memory element formed in a second cavity of the first control gate, and a fourth 

memory cell having a memory element formed in a second cavity of the second control gate; the third 

memory cell string includes a fifth memory cell having a memory element formed in a third cavity of the 

first control gate, and a sixth memory cell having a memory element formed in a third cavity of the 

second control gate; and the fourth memory cell string includes a seventh memory cell having a memory 

element formed in a fourth cavity of the first control gate, and an eighth memory cell having a memory 

element formed in a fourth cavity of the second control gate. 

Any comments considered necessary by applicant must be submitted no later than the payment 

of the issue fee and, to avoid processing delays, should preferably accompany the issue fee. Such 

submissions should be clearly labeled "Comments on Statement of Reasons for Allowance". 

Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to WILNER JEAN BAPTISTE whose telephone number is (571)270-7394. The examiner 

can normally be reached on M-T 8:00-6:00. 

Examiner interviews a re 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 a re unsuccessful, the examiner's supervisor, 

Dale Page can be reached on 571-270-7877. The fax phone number for the organization where this 

application or proceeding is assigned is 571-273-8300. 
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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 a bout the PAIR system, see https://ppair-

my. uspto.gov/pa ir/PrivatePa ir. 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. 

/W.J/ 
Examiner, Art Unit 2899 

/DALEE PAGE/ 
Supervisory Patent Examiner, Art Unit 2899 
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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) 

CONFIRMATION NO. 

3036 

The Patent Term Adjustment is O 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): 

Sanh D. Tang, Boise, ID; 
Micron Technology, Inc., Boise, ID; 
John K. Zahurak, Eagle, ID; 

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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