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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.

Attorney Docket 303.B12US6 27 Client Ref. No. 2009-0119.05/US
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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.
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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 MEMORY AND METHODS OF
FORMING 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 Jiyoung 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 DQO 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 "0" or "1" 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 "00", "01", "10", and "11" of two bits, one of eight possible values
"000", "001", "010", "011", "100", 101", "110" 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 Vcc 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 Vcc 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/O) circuit 116. Select circuit 152 responds to signals SELO
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 SELO 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/O 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 information stored thereon when power (e.g., Vcc or Vss, 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, WL1, 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, SGD1, and SGD2). Transistors
231 have nodes (e.g., sources) coupled to data lines 251, 252, and 253 (with
associated signals BLO, BL1, 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, SGS1, 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, SGD1, and
SGD2, and signals SGSO, GS1, 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 1s 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 (turn on or off) the transistor. The structure of the double-gate

Attorney Docket 303.B12US6 6 Client Ref. No. 2009-0119.05/US

IPR2025-00099 Page 00056



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
as p-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

2 <L

materials (e.g., contact is not necessarily required). The term “on”, “over”, or

Attorney Docket 303.B12US6 8 Client Ref. No. 2009-0119.05/US

IPR2025-00099 Page 00058



“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, D1. Diameter D1 can also be considered the
diameter of each hole 1101 at the location 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 D1). 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 D1 at each cavity 1110 remains substantially unchanged.
Diameter D2 is greater than diameter D1. 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 1s 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. Asshown 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. Memory 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,

Attorney Docket 303.B12US6 17 Client Ref. No. 2009-0119.05/US

IPR2025-00099 Page 00067



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 as p-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
aring 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.

Attorney Docket 303.B12US6 18 Client Ref. No. 2009-0119.05/US

IPR2025-00099 Page 00068



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

Publication Information:

O Request Early Publication {Fee required at time of Request 37 CFR 1.219)

O Request Not to Publish. | 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/AIA/14 (12-13)

Approved for use through 04/30/2017. OMB 0651-0032

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

Under the Paperwork Reduction Acl of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 303.B12US6
1.76 Application Number

Attorney Docket Number

Unknown

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

The application data sheet is part of the provisional or nonprovisional application for which itis being submitted. The following form contains the
bibliographic dataarranged 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 Officein electronic format using the Electronic Filing System {(EFS) or the
document may be printed andincluded 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:

X customer

O us Patent Practitioner [0 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 isa

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)

15/722,580is 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/AIA/14 (12-13)

Approved for use through 04/30/2017. OMB 0651-0032

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

Under the Paperwork Reduction Acl of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB 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 nonprovisional application for which itis being submitted. The following form contains the
bibliographic dataarranged 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 Officein electronic format using the Electronic Filing System {(EFS) or the
document may be printed andincluded 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 1.55{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 1.55{(h)}{1) 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
1.55(g){1).

Application Number Country Parent Filing Date {YYYY-MM-DD) | Access Code (if applicable)
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Modified PTO/AIA/14 (12-13)

Approved for use through 04/30/2017. OMB 0651-0032

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

Under the Paperwork Reduction Acl of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB control nhumber.

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 nonprovisional application for which itis being submitted. The following form contains the
bibliographic dataarranged 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 Officein electronic format using the Electronic Filing System {(EFS) or the
document may be printed andincluded 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 (EPQO) 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 hereby grants the USPTO authority to provide the European Patent Office (EPO)}, the Japan Patent Office
{JPQO), 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 B in 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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Modified PTO/AIA/14 (12-13)

Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Acl of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number 303.B12US6

Application Data Sheet 37 CFR

Unknown

1.76 Application Number

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

The application data sheet is part of the provisional or nonprovisional application for which itis being submitted. The following form contains the
bibliographic dataarranged 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 Officein electronic format using the Electronic Filing System {(EFS) or the
document may be printed andincluded 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.

M Assignee [ Legal Representative under 35 U.S.C. 117 O Joint Inventor

1 Person to whom the inventor is obligated to assign | [ Person who shows sufficient proprietary interest

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

[0 Deceased [0 Legally incapacitated

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here: X

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

Page | 6
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Modified PTO/AIA/14 (12-13)

Approved for use through 04/30/2017. OMB 0651-0032

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

Under the Paperwork Reduction Acl of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB 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 nonprovisional application for which itis being submitted. The following form contains the
bibliographic dataarranged 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 Officein electronic format using the Electronic Filing System {(EFS) or the
document may be printed andincluded 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
Email Address

Fax Number

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 B is 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, all 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.

. Date {YYYY-
Signature /W(«@Z 7%?/ / I\:Me-D(D) 2019-12-16
First Name Viet Last Name | Tong Si?:;;t'on 45,416

This collection of information is required by 37 CFR 1.76. The information is required to cbtain 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.0O. Box 1450, Alexandria, VA 22313-14
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Attorney Docket No. 303.B12US6
Amended PTO/AIA/G6 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1885, no persons are required to respond to a collection of information unless it displays a valid OGMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

Applicant/Patent Owner: _Micron Technology, Inc.

Application No./Patent No.: _Unknown Filed/Issue Date: _Herewith

Titled: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME

Micron Technology, Inc. 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 gpe of options 1, 2, 3 or 4 below):
1. B The assignee of the entire right, title, and interest.

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

[l 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.

[C] 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 [0 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 submitied to account for the entire
right, title, and interest.

4. [0 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 gpe of options A or B below):

A. B 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 thereofis
attached.

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

1. 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.
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.

[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 USPTO to
process} an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete 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 TC THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Attorney Docket No. 303.B12US6

Amended PTO/AIA/Q6 (08-12)
Approved for use through 01/31/2013. OMB 0851-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1885, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

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.

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

[0 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 pursuantto 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.

/ chf 7&%,4/ / 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/RD (07-12)

Approved for use thraugh 11/30/2014, OMB D651-0035

U.8. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond te a collection of information unless It displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

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

Za:itioners associated with Custemer Number: 73 1 1 5

D Practitioner(s) named below {if more than ten patent practitioners are o0 be named, then a customer number must be used):

Name Regisiration Name Registration
Number Number

As attorney(s) or agent{s) to represent the undersighed before the United States Patent and Trademark Office (USPTO} in conneaction with
any and all patent applications assigned only 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!

E} The address associated with Customer Number:; 73 1 1 5

OR

| Firm or
individual Name

Address

City  State Zip

Country

Telephona Email

Assignee Name and Address; Micren Technology, Inc
8000 So. Faderal Way

Boise > 83716-9632
United Stales of Amearica

A copy of this form, together with a statement under 37 CFR 3.73(c} (Form PTO/AIAI96 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 Aésignee of Record
The mdw ual whose signature and title is supplied beiow is authorized to act on behalf of the assignee

Signature ﬁ/sz ’7//«#‘—-—"’"’ Date 7’ /7 / /4—

Name %e[ L. Poppen Telephone
Title - VP of Legal Affairs, General Counsel and Corporate Secretary for Micron Technology, Inc.

This collection of information is reqedred by 37 OFR 1.31, 1.32 and 1.33. The information is required o obtain or retain 3 benefit by the public which is to fis {and
by the USPTO lo process) an application. Confidengiality is governed by 35 U.8,C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to camplete, including gathering, preparing, and submitting the completed application form te the USFTO. Time will vary depending upon the individual case. Any
comments on the amount of time you reguire to complete this form andfor suggestions for reducing fhis burden, should be sent to the Chief Information Officer,
U.8. Patent and Trademark Office, U.S. Department of Commerce, #.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.

If you need assistance in completing the form, call 1-800-PTO-81929 and select option 2.
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US Patent & Trademark Office: U.3. DEPARTMEN

Modified form PTO/SB/OBA(04-07) OME 831-0031
= COMMERCE

Under the Papeiwork Reduction &ct 6f 1883, no persons are required to respond 1o a collection of information uniess it containg a wvalid OMB control number.

Substitute for form 1448A/FTOQ

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

{Use as many sheels as necessary)

Complete if Known

Application Number

16/716,177

Filing Date

December 16, 2019

First Named Inventor

Sanh D). Tang

Group Art Unit

Pnknown

Examiner Name

Unknown

Attorney Docket No: 303.B12US86

Sheet 1 of &
US PATENT DOCUMENTS
Ei):;;?&:?fr USP Document Number Publication Date Name of Patentee or Applicant of cited Document

Us-5,473 179 12/5/1985 Hong, Gary
US-7,705,388 4/27/2010 hwata, Yoshihisa
Us-7,878,507 2/1/2011 Dimond, John Joseph
Us-7,906,818 31572011 Pekny, Theodore T.
JS-8,237 213 8/7/2012 Lin, Zengiao
Us-8,508,097 8/13/2013 Tang, Sanh D, ef al.
US-8,546 864 10/1/2013 Tang, Sanh D, et al.
1JS-8,759,895 6/24/2014 Tang, Sanh D, et al.
US-8,803,214 8/12/2014 Tang, Sanh D, ef al.
Us-9,083,370 7/28/2015 Hwang, Youngnam
US-9,231 117 1/5/20186 Tang, Sanh ), et al
Us-9,379,005 G8/28/2016 Tang, Sanh D, et al.
US-9,754,953 9/5/2017 Tang, Sanh D, et al.
UsS-9,780,115 10/3/2017 Tang, Sanh D
UsS-10,080,324 10/2/2018 Tang, Sanh D, et al.
Us-10,510,769 12/117/2019 Tang, Sanh D, et al.
US-20020195668A1 12/286/2002 Endoh, Tetsuo, et al.
US-20080277355A1 12/7/2006 Elisberry, M., et al.
US-20070057310A1 3/15/2007 Matsui, Michiharu, et al.
US-20070136537A1 6/17/2007 Doblar, Drew G, et al.
US-20070272973A1 11/28/2007 Park, Yoon-dong, et al.
1JS-20080048237A1 2/28/2008 Yoshihisa, lwata
US-20080153226A1 6/26/2008 Mokhlesi, Nima
US-20080179659A1 713172008 Enda, Toshiyuki, et al.
LJS-20080277720A1 11/13/2008 Youn, Sun-Pil, et al.
US-20080014858A1 1/15/2008 Boon, Suan Jeung, et al.
US-20090097321A1 4/16/2009 Kim, Suk-pif, et al.
US-20080230454A1 9/17/2009 Pekny, Theocdore T
US-20020230458A1 9/M17/2009 Ishiduki, Megumi, et al.
US-20080267139A1 10/26/2009 Maejima, Hiroshi
US-20080283819A1 11/19/2009 Ishikawa, Masao, et al.
US-20020204828A1 12/3/2009 Osawa, Yoshio, et al.
US-20080294844A1 121372008 Tanaka, Hiroyasu, et al.
US-20100003795A1 11772010 Park, Jung Woo, et al.
US-20100112769A1 5/6/2010 Son, Yong-Hoon, et al.
1S-20100181612A1 712272010 Kito, Masaru, et al.
US-20100240205A1 9/23/2010 Son, Byoungkeun, et al.

EXAMINER

DATE CONSIDERED

* EXAMINER: Initial if reference considered, whathar or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance angd not
considered. Include copy of this form with next communication to applicant. 1 Applicant is to place a check mark here if English language Transiation is attached
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Modified form PTO/SB/OBA(04-07) OME 831-0031
US Patent & Trademark Office: U.3. DEPARTMENT OF COMMERCE

Under the Papeiwork Reduction &ct 6f 1883, no persons are required to respond 1o a collection of information uniess it containg a wvalid OMB control number.

Substitute for form 1448A/FTOQ

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 Unknown
Examiner Name Unknown
ehesl 2 of 6 Attorney Docket No: 303.B12US6

US PATENT DOCUMENTS

Examinar USP Document Number

Publication Date Name of Patentee or Applicant of cited Document

initial *

US-20100244119A1

9/30/2010

Fulcuzumi, Yoshiaki, et al.

US-20100276743A1 11/4/2010 Kuniva, Takuji, et al.
US-20100327340A1 12/30/2010 Cotag, Shigeto, st al.
US-20110148656A1 8/23/2011 Tang, Sanh D, et al.
US-20110316063A1 12/29/2011 Tang, Sanh, et al.

US-20120001250A1 1/6/2012 Alsmeier, Johann

US-20120217564A1 8/30/2012 Tang, Sanh D, et al.
US-20140030856A1 1/30/2014 Tang, Sanh D, et al.
US-20140302650A1 10/9/2014 Tang, Sanh D, et al.
US-20160118302A1 4/28/2016 Tang, Sanh D, et &l
US-20160300850A1 10/13/2016 Tang, Sanh D, et al.
US-20170365614A1 120242017 Tang, Sanh D, et al,
US-20180047747A1 2/15/2018 Tang, Sanh D, et &l
US-20180006387A1 1/3/2018 Tang, Sanh D, ot al.

FOREIGN PATENT DOCUMENTS

Eixami:':er Foreign Document Number Publication Date Name of Patentes or Applicant of cited Document T1

nitial *
CN-101408290A 4/15/2009 Pu, Youtong, et al.
CMN-1014831924A 7115/2009 Hoon, Son Yong
CN-101911287A 12/8/2010 Takuji, Kuniya, et al.
CN-1030388828 10/26/20186 Tang, Sanh D, et al.
CN-1030388824A 4/10/2013 Tang, Sanh D, ef al.
CN-103403861A 11/20/2013 Tang, Sanh D, et al.
CN-ZL201280010535.6 |5/17/2017 Tang, Sanh ) et al
EP-2588080A2 5/1/2013 Tang, Sanh D, et al.
JF-08338602A 12/6/1994 WVWatanabe, Toshihary, et al.
JP-10500790A 1/20/1998 Dent, Paul W, et al.
JP-2005353061A 12/22/2005 Mulholland, Phillip John, et al.
JP-2007318083 12/6/2007 Park, Yoon-Dong, et al.
JP-2007520826A 7126/2007 Larson, Douglas
JP-2008160004A 7M0/2008 Tanaka, Hiroyasu, et al.
JP-2008171838A 7/2472008 Tanaka, Hiroyasu, et al.
JP-2009003599A 4/30/2609 Motoki, Akihiro
JP-2008117843A 5/28/2009 Son, Yong-Hoon, et al.
JP-2008117842 5/8/2008 Son, Yong-Hoon, et al.

EXAMINER

DATE CONSIDERED

* EXAMINER: Initial if reference considered, whathar or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance angd not
considered. Include copy of this form with next communication to applicant. 1 Applicant is to place a check mark here if English language Transiation is attached
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US Patent & Trademark Office: 1.3, DEPARTMENT OF COMMERCE
Under the Papeiwork Reduction &ct 6f 1883, no persons are required to respond 1o a collection of information uniess it containg a wvalid OMB control number.

Complete if Known
Application Number 16/716,177

INFORMATION DISCLOSURE Filing Date December 16, 2019
STATEMENT BY APPLICANT '

Substitute for form 1448A/FTOQ

First Named Inventor Sanh D). Tang

(Use as many sheets as necessary) Group Art Unit Unknown
Examiner Namea Unknown
ehest 3 of 6 Attorney Docket No: 303.B12US6
FOREIGN PATENT DOCUMENTS
Ei):;;?&:?fr Foreign Document Number Publication Date Name of Patentee or Applicant of cited Document T1
JP-2008158775A 7116/20089 Kuniya, Takuji
JP-2008224486A 10/1/2009 Ishizuki, Megumi, et al.
JP-2009266945A 11/12/2009 Maejima, Hiroshi
JP-2010010688 1/14/2009 G, Shunmo, et al.
JP-2010102755A 5/8/2010 Tokiwa, Naoya, et al.
JP-2010130016A 6/10/2010 Kirn, Suk-Pi, et al.
JP-2010147125A 71172010 Kito, Takashi, et al.
JP-2010171185A 8/5/2010 Kito, Takashi, et al.
JP-2010225948A 10/7/2010 Fukuzumi, Yoshiaki, et al.
JP-2011035228A 2/17/2011 Komori, Yosuke, et al.
KR-10086598681 11/6/2008 Youn, Sun Pil, et al.
KR-1020100036520A  4/8/2010 Shim, Sun L, et al.
KR-1020100053393A  |5/20/2010 Park, Im Soo, et al.
KR-20080037690A 4/16/2009 Kirmn, Suk Pil, et al.
KR-20100053393A 5/20/2010 Park, Im Soo, et al.
SG-10201505052A 713072015 Tang, Sanh D, et al.
TW-201246396A 11/18/2012 Tang, Sanh D, et al.
VWO-2006132158A1 12/14/2006 Masuoka, Fujio, st al.
WO-2000084208A1 7/6/2009 Kuniya, Takuji, et al.
WO-2009114675A2 9/17/2009 Pekny, Theodore
WO-2010018710A1 2/18/2010 Takahashi, Isamu
WO-2012002140A2 1/18/2012 Tang, Sanh D
WO-2012116207A2 8/30/2012 Tang, Sanh D, ef al.
WO-2012116207A1 51072012 Mivazaki, Mitsue

OTHER DOCUMENTS ~ NON PATENT LITERATURE DOCUMENTS

Examiner | Include name of the author {in CAPITAL LETTERS}, title of the article {when appropriate}, title of the Hem {(book, magazine, T1
initial * journal, serial, sympaosium, catalog, etc.), date, page{s), volume-issue number{s}, publisher, ¢ity and/or country where
published.

"Chinese Application Serial No. 2011800372121, Amendment fited 06-22-16", w/English
Translation, 11 pgs

"Chinese Application Serial No. 2011800372121, Office Action mailed 03-25-15", W/
English Translation, 18 pgs

"Chinese Application Serial No. 201180037212.1, Office Action mailed 04-29-16",
wiEnglish Translation, 5 pgs

"Chinese Application Serial No. 201180037212.1, Office Action mailed 11-25-15",
w/English Translation, 8 pgs

EXAMINER DATE CONSIDERED

* EXAMINER: Initial if reference considered, whathar or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance angd not
considered. Include copy of this form with next communication to applicant. 1 Applicant is to place a check mark here if English language Transiation is attached
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LIS Patent & Trademark Office: L.3. DEPARTMENT OF COMMERCE
Uinder the Pagemwork Reduction 8ct 6f 1883, no persons are required 16 respond to a collection of information uniess it comtaing a valid CMB coatrol number.
Complete if Known
Substitute for form 1440A/PTO T y -
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 Unknown
Examiner Namea Unknown
eheel 4 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.

"Chinese Application Serial No. 201180037212.1, Response filed 02-03-16 to Office Action
mailed 11-25-15", w/English Claims, 85 pgs

"Chinese Application Serial No. 2011800372121, Response filed 05-31-16 to Office Action
mailed 04-29-18", w/English Claims, 28 pgs

"Chinese Application Senal No. 2011800372121, Response filed 08-07-15 1o Office Action
mailed 03-25-15" W/ English Claims, 23 pgs

"Chinese Application Serial No. 201280010535.6, Office Action mailed 08-28-18", W/
English Transiation, 15 pgs

"Chinese Application Sernal No. 201280010535.6, Office Action mailed 10-10-15", W/
English Translation, 25 pgs

"Chinese Application Serial No. 201280010538.6, Response filed 02-24-16 {o Office Action
maited 10-10-15" W/ English Claims, 20 pgs

"Chinese Application Serial No. 201280010535.6, Response filed 11-11-16 to Office Action
mailed 06-28-16", w/English Claims, 20 pgs

"Chinese Application Sernal No. 201280010535.8, Response filed 12-20-16 to Office Action
mailed 08-28-18" W/ English Translation Of Claims, 16 pgs

"European Application Serial No. 11807258.8, European Search Report mailed 04-15-157,
6 pgs

"European Application Serial No. 11807258.8, Exiended European Search Report mailed
037-15-15" 13 pgs

"European Application Serial No. 11807258.8, Response filed 02-10-16 10 Exiended
European Search Report mailed 07-15-15", 21 pgs

"European Application Serial No. 12748034.0, Exiended European Search Report mailed
12-01-16" 8 pos

"European Application Serial No. 12748034.0, Partial Supplementary European Search
Report mailed 08-31-16", 7 pgs

"international Application Serial No. PCT/US2011/041888, International Preliminary Report
on Patentability malled 01-10-13", 9 pgs

"International Application Serial No. PCT/US2011/041888, Search Report mailed 05-01-
12", 4 pgs

"International Application Serial No. PCT/USZ2011/041888, Written Opinion mailed 05-01-
12", 6 pgs

“international Application Serial No. PCT/US2012/026358, International Preliminary Report
on Patentability mailed 09-06-13", 5 pus

"international Application Serial No. PCT/US2012/026358, Search Report mailed 10-04-
12", 3 pgs

"International Application Serial No. PCT/AUS2012/026358, Writien Opinion mailed 10-04-
12", 3 pgs

"Japanese Application Serial No. 2013-518511 Response filed 02-25-15 {o Office Action
mailed 07-28-14", With the English claims, 11 pgs

EXAMINER DATE CONSIDERED

* EXAMINER: Initial if reference considered, whathar or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance angd not
considered. Include copy of this form with next communication to applicant. 1 Applicant is to place a check mark here if English language Transiation is attached
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Uinder the Pagemwork Reduction 8ct 6f 1883, no persons are required 16 respond to a collection of information uniess it comtaing a valid CMB coatrol number.
Complete if Known
Substitute for form 1440A/PTO T y -
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 Unknown
Examiner Namea Unknown
ehest 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 pgs

"Japanese Application Serial No. 2013-518511, Office Action mailed 07-29-14", W/ English
Translation, 11 pgs

“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 filed 10-28-14 to Office Action
mailed 07-29-14", W/ English Claims, 25 pos

"Japanese Application Serial No. 2013-555567, Amendment filed $2-10-15", W/ Machine
Translation of Claims, 11 pgs

"Japanese Application Serial No. 2013-555567, Office Action mailed 03-17-15", W/ English
Translation, 8 pgs

"Japanese Application Serial No. 2013-555567, Response filed 12-10-158 to Office Action
mailed 03-17-15", W/ English Claims, 8 pgs

"Japanese Application Serial No. 2015-83308, Office Action mailed 12-22-15", w/English
Translation, 21 pgs

“Japanese Application Serial No. 2015-83308, Response filed 03-17-18 to Office Action
mailed 12-22-15", w/English Claims, 7 pgs

"Korean Application Serial No, 10-2013-7001962, Notice of Preliminary Rejection mailed
(03-30-18", w/ English Translation, 9 pgs

"Korean Application Serial No. 10-2013-7001962, Notice of Preliminary Rejection mailed
08-30-17", With English Translation, € pgs

"Korean Application Serial No. 10-2013-7001962, Notice of Preliminary Rejection mailed
11-30-18", W/ English Translation, 9 pgs

"Korean Application Serial No. 10-2013-7001962, Response Filed 01-31-18 to Notice of
Preliminary Rejection mailed 11-30-18", w/English Claims, 14 pgs

"Korean Application Serial No. 10-2013-7001962, Response filed 06-29-18 1o Notice of
Preliminary Rejection mailed 03-30-18", w/ English Claims, 16 pgs

"Korean Application Serial No. 10-2013-7001962, Response filed 10-30-17 {0 Notice of
Preliminary Rejection mailed 08-30-17", w/English Claims, 17 pgs

"Korean Application Serial No. 10-2013-7025314 Response filed 06-18-15 {0 Office Aclion
mailed 05-21-15" W/ English Claims, 22 pgs

"Korean Application Serial No. 10-2013-7025314, Amendment filed 05-15-15", W/ English
Claims, 31 pgs

"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 02-13-158", W/ English
Claims, 7 pgs

"Taiwanese Application Serial No. 101105342, Office Action mailed 04-28-15", W/ English
Translation, 6 pgs

EXAMINER DATE CONSIDERED

* EXAMINER: Initial if reference considered, whathar or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance angd not
considered. Include copy of this form with next communication to applicant. 1 Applicant is to place a check mark here if English language Transiation is attached
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INFORMATION DISCLOSURE Filing Date December 16, 2019
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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. 181105342, Response filed 7-24-15 to Office Action
mailed 04-28-15", W/ English Claims, 10 pgs
KIM, JIYOUNG, et al., "Novel 3-D structure for ultra high density flash memory with VRAT
(Vertical-Recess-Array-Transiston) and PIPE (Planarized Integration on the same PlangE)”,
2008 Symposium on VLS Technology, (June 17-19, 20083, 122-23
KOMORI, YOSUKE, ef al., "Disturbless Flash Memory due to High Boost Efficiency on BICS
Structure and Optimal Memory Film Stack for Ultra High Density Storage Device”,
international Electron Devices Meeting Technical Digest, (Dec., 2008), 851-854
TAMAKA, H., et al., "Bit Cost Scalabie Technology with Punch and Plug Process for Ultra
High Density Flash Memory”, IEEE Symposium on VLSI Technology, (2007), 14-15

EXAMINER DATE CONSIDERED

* EXAMINER: Initial if reference considered, whathar or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance angd not
considered. Include copy of this form with next communication to applicant. 1 Applicant is to place a check mark here if English language Transiation is attached
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w/™ 16/716.177 PATENT
INTHE UNITED STATES PATENT AND TRADEMARE OFFICE

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

Serial No.: 16/716,177 Group Art Unit: Unknown

Filed: December 16, 2019 Docket: 303 BI2US6

Customer No.: 73115 Confirmation No.: 3036

Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE
SAME

INFORMATION DISCLOSURE STATEMENT

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

g rnp

In compliance with the duty imposed by 37 CFR. § 1.56, and in accordance with 37
CFR. §8 197 er. seq., the enclosed materials are brought to the attention of the Examiner for
constderation in connection with the above-identified patent apphcation. Applicant respecttully
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, jnitialed as
being considered by the Examiner, be returned to the Applicant with the next official
communication.

Pursuant to 37 CF R. § 1.97(h), 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 1n order to have
this Information Disclosure Statement considered.

Pursuant to 37 CF 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 U.S. application, Serial No. 16/125,242, filed on September 7, 2018, which is
relied upon for an earlier filing date under 35 US.C. § 120.

Applicant brings to the attention of the Examiner the following Office 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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INFORMATION DISCLOSURE STATEMENT Page 2
Serial Number:16/716,177 Dkt 303.B12US6
Filing Date: December 16, 2019

Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME

Patent and Trademark Office.

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 Mo, 12/825,211, Restriction Requirement mailed 02-21-12, 5 pgs

Application Serial No. 12/825,211, Response filed 03-22-12 1o Restriction Requirement mailed 02-21-12,
9 pgs

Application Serial Mo, 12/825,211, Non Final Office Action mailed 08-07-12, 15 pgs

Application Serial Mo. 12/825,211, Response filed 08-07-12 1o Non Final Office Action mailed 08-07-12,
13 pgs

Application Serial NMo. 12/825,211, Final Office Action mailed 02-01-13, 11 pos

Application Serial NMo. 12/825,211, Response filed 04-30-13 1o Final Office Action mailed 02-01-13, 10
pgs

Application Serial NMo. 12/825,211, Notice of Allowance mailed 05-28-13, 12 pgs

Application Serial NMo. 12/825,211, Preliminary Amendment filed 08-28-13, 11 pgs

Application Serial Mo, 12/825,211, Notice of Allowance mailed 03-31-14, 8 pgs

SEMICONDUCTOR CHARGE STORAGE APPARATUS AND METHODS

Application Serial Mo, 13/035,700, Restriction Requirement mailed 10-19-11, 9 pgs

Application Serial Mo 13/035,700, Non Final Office Action mailed 02-13-12, 8 pgs

Application Serial Mo, 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 Mo. 13/035,700, Notice of Allowance mailed 03-20-13, 8 pgs

Application Serial Mo. 13/035,700, Notice of Allowance mailed 10-08-13, 9 pgs

Application Serial Mo. 13/035,700, Notice of Allowance mailed 02-24-14, 7 pgs

THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME

Application Serial No. 14/041,828, Preliminary Amendment filed 11-06-13, & pgs

Application Serial No. 14/041,828, Non Final Office Action mailed 08-17-14, 12 pgs

Application Serial No. 14/041,928, Response filed 12-17-14 1o 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 1o Non Final Office Action mailed 08-19-15,
9 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 (1-16-15 to Non Final Office Action mailed 10-30-14,
7 pgs.

Application Serial No. 14/310,790, Notice of Allowance mailed 04-28-15, 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. 14/887,370, Non Final Office Action mailed 07-15-186, 10 pgs
Application Serial No. 14/887,370, Rasponse filed 11-15-18 to Non Final Office Action mailed §7-15-18,

8 pys
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INFORMATION DISCLOSURE STATEMENT Page 3
Serial Number:16/716,177 Dkt 303.B12US6
Filing Date: December 16, 2019

Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME

Application Serial No. 14/887,370, Notice of Aliowance mailed 12-20-18, 7 pgs
Application Serial No. 14/887,370, Notice of Aliowance mailed 05-08-17, 7 pgs

THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME

Application Serial No. 15/188,273, Non Final Office Action mailed 12-01-16, 22 pgs

Application Serial No. 15/188,273, Resonse filed 04-28-17 o Non Final Office Action mailed 12-01-16, 9
pas.

Application Serial No. 15/188,273, Notice of Allowance mailed 07-13-17, 10 pgs

CHARGE STORAGE APPARATUS AND METHODS

Application Serial No. 15/681,442, Restriction Reguirement mailed 08-20-18, 6 pgs

Application Serial No. 15/681,442, Response fited 08-20-18 to Restriction Requirement mailed 08-20-18,
7 pgs.

Application Serial No. 15/681,442, Non Final Office Action mailed 02-15-19, 12 pgs

Application Serial No. 15/681,442, Response filed 6-17-19 to Non-Final Office Action mailed 2-15-18, 11
pas

Application Serial No. 15/681,442, 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 18-28-18, 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 fited 8-7-18 {o 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 Mo, 16/125,242, Non Final Office Action mailed 08-25-19, 12 pos
Application Serial Mo. 16/125,242 Response filed 07-18-18 to Non Final Office Action mailed 05-25-19, 8

pys.
Application Serial NMo. 16/125,242, Notice of Allowance mailed 08-08-18, 8 pgs

Pursuant to 37 CFR. § 1.98(a)2), copies of cited U.S. Patents and Published
Applications, and Non-Published Applications identifiable by USPTO Sertal Number, are no
longer required to be provided to the Otfice. Applicant acknowledges the requirement to subroit
copies of foreign patent documents and non-patent literature in accordance with 37 CF R §

1.98(a)(2).
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INFORMATION DISCLOSURE STATEMENT Page 4
Serial Number:16/716,177 Dkt 303.B12US6
Filing Date: December 16, 2019

Title: THREE DIMENSIONAL MEMORY AND METHODS 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.

Respectfully submitted,

SCHWEGMAN LUNDBERG & WOESSNER, P A,
P.O. Box 2938

Minneapolis, MN 55402

(612) 373-6969

oue  12-18-19 o | Vet Toug |
Viet V. Tong
YVT:misl Reg. No. 45,416
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SN 16/716.177 PATENT
INTHE UNITED STATES PATENT AND TRADEMAREK OFFICE

Inventor(s):  Sanh D. Tang et al. Examiner: Unknown

Serial No.:  16/716,177 Group Art Unit: Unkoown

Filed: December 16, 2019 Docket: 303 B12US6

Customer No.: 73115 Confirmation No.: 3036

Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE

SAME

COMMUNICATION CONCERNING PRIOR OR COPENDING APPLICATION(S)

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

Alexandria, VA 22313-1450

Pursuant to the guidance of MPEP §§ 2001.06(b) and 2004(9), Applicant would 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 histed
application is, or has been, substantially simuilar to any claim or claims in the present application.

Serial No./ Filine Date Attorney Docket  Title

Patent No.

12/825,211 June 28, 2010 303 BI2UST THREE DIMENSIONAL MEMUORY

8,803,214 AND METHODS OF FORMING THE
SAME

14/041,928 September 30, 303 B12UJS2 THREE DIMENSIONAL MEMORY

9,379,005 2013 AND METHODS OF FORMING THE
SAME

15/188.273 June 21, 2016 303 BI2US3 THREED DIMENSIONAL MEMORY

9,780,115 AND METHODS OF FORMING THE
SAME

15/722,580 October 2, 2017 303 B12UJs4 THREE DIMENSIONAL MEMORY

10,090,324 AND METHQODS OF FORMING THE
SAME

16/125,242 September 7, 303 BI2USS THREE DIMENSIONAL MEMUORY

10,510,769 2018 AND METHODS OF FORMING THE
SAME

13/035,700 February 25, 303 B44US1 SEMICONDUCTOR CHARGE

3,759,895 2011 STORAGE APPARATUS AND

METHODS
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COMMUNICATION CONCERNING PRIGR OR COPENDING APPLICATIONS Page 2
Sertal Number: 16/716,177 Dkt 303 B12USS
Filing Date: December 16, 2019

Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME
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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.
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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.

Inventor(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
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Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
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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 AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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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-HALT (1-866-999-4258).

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

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
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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number:
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published as: EFP2586060 (Ad) JP2013533628 (A} more

Abstract not available for KR20130131388 {A)}
Abstract of corresponding document: US2011316883 (&1}

some embodiments include a memory device and methods of forming the memory
device. One such meamory device includes a first group of mamory ceills, sach of the
memory cells of the first group baing formed In a cavily of a first control gate located in
ong device level of the memory device. The memory device also includes a second
group of memory ceils, sach of the memory cells of the second group being formedin g
cavilty of a second conirol gate located in another device level of the memory devics.
Additional apparatus and methods are desgribed.
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B2 AFEHE H% Fap Autolzagol A AlgETH EdiA] wlRe] tbtolzE B
: uction code}EVE Agslr 9g 718 52, Adw ﬁl:‘x_:i 3 15 5, 2
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AnE AdE 5 Yt

mlEe] wlukela(100)E #E ehelE }% TE AYE
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= 20f Z=Ag gk :{:}o‘g EdAAEE(231)8 #9lE(241, 242, F 243)(AT

52, 2 2631 HAH A FZE(SGS0. SGS1.
Bl-gluby el Delolso] Al o g

g
YEE TRk

A odBmA, dnc] 8ol 2Ed HEE
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d) ol iube] A(200) dHinE ME(210. 211, ¥ 212 ,
1 = 12210, 211, = 212)9} #4517
A& Al Al EE(221.
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Hubelae] E2bge QA 29g Aot o] vlEReld HARE ¥ FAEL A4 Aotk dF
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ooz 3 2 el o Al Tlri W] kel z(20009 AR 3D HE =AFT R, =32 K Y. 2
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eS| e 4% = 39 dAx7] ogulol=(20039 A Xe] (210 ¥ Aol Ale]lE(221) 9
Al EE(222, 2237 4 dvinal AE(211, 21232 ZH, Ao} AlelE(221) W HEe
TrATEH, = o4 EAlg v Zo], Aol Alo)E(221)E FE(cavity) E(12002
o, Zhzhe] T E A gl 4tol g = : vhekgk A e RE
= el)i441y, =4 2}%‘@, B2y,
3) =24 dalEH oo AZEBE (422,
vk, = 4d =Alg wke} go}, zke] dixe] #2100 A REE) izm 30)E WY
(45232 7H "H(ring) B3 m%, Ey¥l(donut) #Fhe 7Rtk & 30 EAlH
(211, 212)% o @A 7Rt = 39 ZmAld whek go], 5Yd ~ES s,
ohdl 4] wixel WE5(210. 211, ’;? 212y WeollA, Zhde)] diRg de AdH w-d4
T mEGdA 7o OE g dEY dd g-"a) vREe] e denez pdog 4 %rﬂw %
2)
jRieess zrzhel J 2z AXH4300F dEE &R dle] Aste) oz, HAxEe o] iEsheAe) e
T o ok A7 ol dt wEe] Ax43039 A, Hahy] e wE] o] AR ARG Fre] dEgc
dote] W 71E SEelA Ee 4 4 =
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FAAA ATE F gk oE 59 AU e 57; Az Fi
)

Hogf 9.} HARE S
T

= AAH430)E ArE S ¢ JLr
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T =5 WA = o20F B ool 4 AAeo] w2, dse] 2% ofufe] fAE HlojE 2Qleg vhd rjsE] oup
Ol (B0 E FHASHE g TEAZES EATE SlEe oulolA(s0M(R 280 Bk AP BAEIE &
3] MEe viEke]2(300)9) WSS 5 vk

Jo0EY = ooE Z1RE03)E AR de] dulols(b00)E A, o3l FERA wg" ARS601, 502)& 2T
T 4 odr). AE(501)= & k siliconyg& E sl
(5023 7d AME, o B¢, A8 d5E(silicon oxideld 4 3l
AEE(H04. )Ov)% RS L (504, 505)% 63}\0}5}; ?;\1-5}
(depositing)A}71i 21 ¥ 1§ Ax(504) o] & thE =4 Ang
(504)= 254 L= E]—:E ) ZHgE 5 Pk ARG E p-F
0], 22 (doping ) 5 polysilicon) &5 =g &=
g, = 5E XU, X-wrEl SR Y-wE, 4 - E v
ol AR whel 2ol MES(04, 505)E 7-PHoE sh ol4e] thE 25 Helelnth, Aol (on)) shte
&, AFolet FEeM Fad = Yok

FO30} B ool AR wiep o) YHEJO% s ol tadellon)”, & vHE dht "Aeilon)” ©
L= g - alolol Ale] Ho T;, T, "Holl{over)” T "o # o|d = (overlaying)

| st olabel HobAQ w) AESel Edsts AR

T hE A= "Aolon)” ,‘%1
-

Bd g doieiAg, HE “‘:EH. Hhiz ojel go] HaEstA Azl 3lo] o, &
o] "Aref(on)”, "HAo{over)’, & W #iol sl ={overlaying)" & E - Hiel ol gole] ghakAd
2 WESIR gt

{0031y T 6 dieole] 2l E(651, 652, ¥ 653) B olubols FRE(605) 0

T-ob. o Flerchingi (AT, ool A (dry etching)}f"% e
5

! - = s1zye BAskY] §8 A=
f’-oﬂ AbgE 2 oivk Zh2te] dlole el E(651, 352. = 653) B 7
ek Boh & A4 1 =

oﬂ AR STt
(511, 512y A=(50
“:QIE(251. 252, ® 2353)9] rﬂf—‘{} =

frioe = 7e A (pill dw—WOSM dEe] TEbo] 2(500) 9 A H (7010

1 o)al oz»moorﬂ A 702)9 '%%*g}f? #|

F=oh, = 7oA, oA (B, =2fo
=3 &

712, 2 7132 FHAd sk

j
L
0o
2

B
Al ATE

‘?f“
a
o
5
i

1 , 842, 843, H 8440 dAF FTo d=e] drlol(5001E =AM
843, 4 s44y & zhzk o & 32 w29l 5241, 242, 243, 2 244)0) £ & gith
841, 842, 843, # 844)1: A5 oz Byl sl

RML % AS Aol S AE(elAg, 2

§0‘3§"& = 82 F7
] €] 2]

i

‘n‘j’ﬁ ‘ﬂ% SQl)O] 0.:}'-151
712, 2 7100z 7)) A

343, 2 344) & 0“4‘ /]
842, 2 844)0
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jonzal £ % 88 =EE GOS8 BAS, olde dutel FR(605)9 AW REED p-d EEZEL 4
Aoz (qag, FATFeEd) d34d =& Ql(P: phosphorus) E& YA (As
arsenic)®F Z&, 914 {—4% g cjulo] 2 »y’%;(mmﬂ [ERT= A 8

P2 = 58 Estel HolA E9d 3}9} o] o dif AEE FHE T A}
guz%:‘aﬂ L 0= 2Ol E(941, 942, 943, 2 944)2 J}E oirE] onkel A(500)8 wAlskE, ofdE = 8o Ae g)
QTE(841 2 843, 8 84400 e YorAl FREoith. Xk 3olA], zhzle] HE|(705)9] wd] &9 %% =9
g oAe 2Fel(841, 842, 843, EF 84419 F 79 AolF AaHEEST AgETd. = 9o A, =
AES At Zhzhe] Fej(705) A 2191(941, 942, 943, K= 044) & oM‘% H’- T O%OH 4
Z2isold = oi(exin, shrre] Fel(705)9] 479 SHE0 FUSh A Eieio) avfie] kol Alaw
AggEch. Bo g83F9l EBE.E ojuel 27k Ae gl B (841, 842, 843, = 844y 3 Bjmsle] Ae g
AE(941. 42, 943, ¥ odd)g A 2ald o vk BT, AR SRRIE(041, 942, 9430 R 940 P =
39] AE 2RSlE (241, 242, 243« ﬂ; Japel e ditAel FaEY - A @A w2 9 % 39 47
EF@AAE31)E = 9o EAE FRE 7FE SZ1Me AOEE @ £ o), wElA], & 30] wAE ol
AR E diadel, = 9 Zyzte] ;122.4;5%(231)% etd e BAR9(E NE Beides 543 A9 gl

(el 2191(94133% 4 - TR EE Mgl A EE 2T vk

jiE = 108 FWEE001 WX 1007300 HEE(705) 7 y Hol d45 Fo oo

DE(701, 702) S W
=102 %%@3(702)01‘5 A EE
O

2] olulol (30018 ZAlg T AR
Zof wAgE 4 ogvk, e,
WA 10079
09 Fel(702)00 BIFE a4l L
A g},

01001 WA 1

QolAe) gl 24 DR A,

E{d3d, = 39 4FFE3209 A :Uééi_]":gJQ PAlEE AL

- 10 WA E 29004, s e, riEE Hekel(5008 wE THeAsE dud
oer o)A E OE myes irEGR] 9l = gtk = moﬂfﬂ AEE(1001 WA 1007)-2
—

] 71 A
of, HulE 213 G2 AB(E 1090 mAHA il% = $Ygap)E(1041, 1042, Ui‘ 104332 A% 7 3
A

) #"/Ag=E ¢ =(1001 WA 1007)& ¥Asio 21+ 1‘%3(mterleaving) o g Fo gz A
B ARE Iz SRA7E e 288 5 glem, e 1 A oolE ARES k109 =AW uiek gol I
Tol A Azl flo] mwolg FEEc. HEE(1001, 1003, 1005, ¥ 1007)2 HalE 23Ed 2 4 A=E
g £239F 4 k. ASE50002, 1004, 2 1006)> ?,'v_x,— i ZEidE|E(d g, -2 HElEE HEg - 4
&3y e 5y =22 ¥ere o glok. X o100 Z=AlE upe Zol, %“‘L(l(\O‘ WA o7 Ams
(1002, 1004, % 1006 (1001, 1003, 1005, ” 10079 28} MEEiRE Ariden BeEyesE, 34
£}

Y] = 11e AT (epemna):w] . E(hole)E(1100)0] AME(1002 WA 1107 Fayd Fo ==z
(500) 8 =g}, &4 = 7—37491 Z(1101)°] = 1o mAlE wbel ol dgshe ET(705)
oz A7 A449 - O‘Ef%», HA L EEI0DR gA4EkE A2 AZE01002 WA 10072 2z

i G
-
e
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Some embodiments include a memory device and methods of forming the memory device.
COne such memory device includes a first group of memory cells, cach 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
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located in another device level of the memory device. Additional apparatus and methods are

described.
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In compliance with the duty imposed by 37 C.F R. § 1.56, and in accordance with 37
CFR. §§ 197 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
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responses associated with one or more of the inventors of the instant application and/or the
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Application No. Applicant(s)

16/716,177 Tang et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
WILNER JEAN BAPTISTE 2899 No

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice 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) Responsive to communication(s) filed on 12/16/2019.
0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ¥ This action is non-final.

3)(J 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)J 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 £x parre Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-20 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ____is/are allowed.
7) Claim(s) 1-20 is/are rejected.
8) [ Claim(s) ____is/are objected to.
9) (J 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)(1 The specification is objected to by the Examiner.
11)[@ The drawing(s) filed on 12/16/2019 is/are: a)l¥] 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)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)ld All b)(J Some**  ¢)J None of the:
1.[] Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.00 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) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (] Other:
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 Part of Paper No./Mail Date 20200228
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Application/Control Number: 16/716,177 Page 2
Art Unit: 2899

DETAILED ACTION
Notice of Pre-AlA or AlA Status
1. The present application is being examined under the pre-AlIA first to invent provisions.
CROSS-REFERENCE TO RELATED APPLICATIONS
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 Longi, 759
F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In
re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644

(CCPA 1969).
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A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may be used to
overcome an actual or provisional rejection based on a 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.

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 each of the

first and second memory cells include multiple

2. The apparatus of claim 1, wherein the first and

second memory cells include multiple memory
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Application/Control Number: 16/716,177
Art Unit: 2899

Page 5

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.

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.

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.

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.

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.

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.

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.

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
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.

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, wherein a material of the first
memory element is discontinuous from a

material of the second memory element.

a first additional conductive material configured

10. The apparatus of claim 9, further comprising:

10. The apparatus of claim 9, further comprising:

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.

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.

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.

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

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
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line is located between the substrate and the first

memory cell.

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.

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
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

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; a second dielectric formed on the
second sidewall; a first memory element located
in the first cavity and electrically isolated from
the first conductive material by the first
dielectric; a second memory element located in
the second cavity and electrically isolated from
the second conductive material by the second
dielectric; a first additional dielectric formed on a
side of the first memory element; a second
additional dielectric formed 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
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the first and second memory elements by at least

a respective portion of the second dielectric.

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.

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.

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.

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.

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

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 USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
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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/DALE E PAGE/

Supervisory Patent Examiner, Art Unit 2899
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SN 16/716.177 PATENT
INTHE UNITED STATES PATENT AND TRADEMAREK OFFICE

Inventor(s):  Sanh D. Tang et al. Examiner: Unknown

Serial No.:  16/716,177 Group Art Unit: Unkoown

Filed: December 16, 2019 Docket: 303 B12US6

Customer No.: 73115 Confirmation No.: 3036

Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE

SAME

COMMUNICATION CONCERNING PRIOR OR COPENDING APPLICATION(S)

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

Alexandria, VA 22313-1450

Pursuant to the guidance of MPEP §§ 2001.06(b) and 2004(9), Applicant would 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 histed
application is, or has been, substantially simuilar to any claim or claims in the present application.

Serial No./ Filine Date Attorney Docket  Title

Patent No.

12/825,211 June 28, 2010 303 BI2UST THREE DIMENSIONAL MEMUORY

8,803,214 AND METHODS OF FORMING THE
SAME

14/041,928 September 30, 303 B12UJS2 THREE DIMENSIONAL MEMORY

9,379,005 2013 AND METHODS OF FORMING THE
SAME

15/188.273 June 21, 2016 303 BI2US3 THREED DIMENSIONAL MEMORY

9,780,115 AND METHODS OF FORMING THE
SAME

15/722,580 October 2, 2017 303 B12UJs4 THREE DIMENSIONAL MEMORY

10,090,324 AND METHQODS OF FORMING THE
SAME

16/125,242 September 7, 303 BI2USS THREE DIMENSIONAL MEMUORY

10,510,769 2018 AND METHODS OF FORMING THE
SAME

13/035,700 February 25, 303 B44US1 SEMICONDUCTOR CHARGE

3,759,895 2011 STORAGE APPARATUS AND

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

14/987,370 January 4, 2016 303.844U83 CHARGE STORAGE APPARATUS

9,754,953 AND METHODS

14/310,790 June 20, 2014 303 B44UJS2 CHARGE STORAGE APPARATUS

9,231,117 AND METHODS

15/691,442 August 30, 2017 303.B44U54 CHARGE STORAGE APPARATUS
AND METHODS

Respectfully submitted,

SCHWEGMAN LUNDBERG & WOESSNER, P A
P.O. Box 2938

Minneapolis, MN 55402

(612) 373-6969

Date ﬂ?g”ig‘”ig By /%M L?W/
VYiet V. Tong
Reg No. 45,416

JWILNER JEAN BAPTISTE/ 03/16/2020
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US Patent & Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Complete if Known

Substitute for f 1449A/PTO
whstitie forfom 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
US PATENT DOCUMENTS
Examiner USP Document Number Publication Date Name of Patentee or Applicant of cited Document
Initial *
FOREIGN PATENT DOCUMENTS
Examiner Foreign Document Number Publication Date Name of Patentee or Applicant of cited Document T1
Initial *
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

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.

"European Application Serial No. 11807258.6, Communication Pursuant to Article 94(3)
EPC mailed 10-07-19", 4 pgs

"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 /WILNER JEAN BAPTISTE/ DATE CONSIDERED 03/16/2020

* 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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IN THE UNITED STATES PATENT AND TRADEMAREK OFFICE
lnventor(s): Sanh D Tang et al. Examiner: Unknown
Serial No.: 16/716,177 Group Art Unit: Unknown
Filed: December 16, 2019 Docket: 303 BI2US6
Customer No.: 73115 Confirmation No.: 3036
Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE
SAME

INFORMATION DISCLOSURE STATEMENT

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

g not i
1

ln compliance with the duty imposed by 37 CF R. § 1.56, and in accordance with 3
CFR. §8 197 er. seq., the enclosed materials are brought to the attention of the Examiner for
constderation in connection with the above-identified patent apphcation. Applicant respecttully
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, jnitialed as
being considered by the Examiner, be returned to the Applicant with the next official
communication.

Pursuant to 37 CF R. § 1.97(h), 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 1n order to have
this Information Disclosure Statement considered.

Pursuant to 37 CF 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 U.S. application, Serial No. 16/125,242, filed on September 7, 2018, which is
relied upon for an earlier filing date under 35 US.C. § 120.

Applicant brings to the attention of the Examiner the following Office 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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Patent and Trademark Office.

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 Mo, 12/825,211, Restriction Requirement mailed 02-21-12, 5 pgs

Application Serial No. 12/825,211, Response filed 03-22-12 1o Restriction Requirement mailed 02-21-12,
9 pgs

Application Serial Mo, 12/825,211, Non Final Office Action mailed 08-07-12, 15 pgs

Application Serial Mo. 12/825,211, Response filed 08-07-12 1o Non Final Office Action mailed 08-07-12,
13 pgs

Application Serial NMo. 12/825,211, Final Office Action mailed 02-01-13, 11 pos

Application Serial NMo. 12/825,211, Response filed 04-30-13 1o Final Office Action mailed 02-01-13, 10
pgs

Application Serial NMo. 12/825,211, Notice of Allowance mailed 05-28-13, 12 pgs

Application Serial NMo. 12/825,211, Preliminary Amendment filed 08-28-13, 11 pgs

Application Serial Mo, 12/825,211, Notice of Allowance mailed 03-31-14, 8 pgs

SEMICONDUCTOR CHARGE STORAGE APPARATUS AND METHODS

Application Serial Mo, 13/035,700, Restriction Requirement mailed 10-19-11, 9 pgs

Application Serial Mo 13/035,700, Non Final Office Action mailed 02-13-12, 8 pgs

Application Serial Mo, 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 Mo. 13/035,700, Notice of Allowance mailed 03-20-13, 8 pgs

Application Serial Mo. 13/035,700, Notice of Allowance mailed 10-08-13, 9 pgs

Application Serial Mo. 13/035,700, Notice of Allowance mailed 02-24-14, 7 pgs

THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME

Application Serial No. 14/041,828, Preliminary Amendment filed 11-06-13, & pgs

Application Serial No. 14/041,828, Non Final Office Action mailed 08-17-14, 12 pgs

Application Serial No. 14/041,928, Response filed 12-17-14 1o 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 1o Non Final Office Action mailed 08-19-15,
9 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 (1-16-15 to Non Final Office Action mailed 10-30-14,
7 pgs.

Application Serial No. 14/310,790, Notice of Allowance mailed 04-28-15, 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. 14/887,370, Non Final Office Action mailed 07-15-186, 10 pgs
Application Serial No. 14/887,370, Rasponse filed 11-15-18 to Non Final Office Action mailed §7-15-18,

8 pys
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7 pgs.

Application Serial No. 15/681,442, Non Final Office Action mailed 02-15-19, 12 pgs
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AMENDMENT AND RESPONRSE UNDER 37 C.ER, § 1111 Page 8
Application Number: 16/716,177 Dke: 303.B12US6
Filing Date: December 16, 2019

Fitle: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME

REMAREKS
This responds to the Non-Final Office Action dated March 19, 2020.
Claims 1-20 are presently canceled. Claims 21-40 are presently added. Thus, claims 21-40
are now pending in this apphication.
Support {or the amendments 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 amendments above

and the remarks that follow is respectfully requested.

Double Patenting Rejection

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 "'113).

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
T15).

Applicant docs 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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Application Number: 16/716,177 Dke: 303.B12US6
Filing Date: December 16, 2019

Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME

COMNCLUSION

It is respectfully submitted that the claims are in condition {or 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.
If necessary, please charge any additional fees or deficiencies, or credit any overpayments to

Deposit Account No, 19-0743,

Respectfully submitted,

SCHWEGMAN LUNDBERG & WOESSNER, PA.
P.O. Box 2938

Minneapolis, MN 55402-0938

(612} 373-6900

Date _June 19. 2020 By [ YVeer ?W /

Viet V. Tong
Reg. No. 45,416
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Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME

IN THE CLAIMS
Please amend the claims as follows:

1-20. {Canceled)

21. (New) An apparatus comprising:

conductive pillars extending outward fror a substrate;

memory cell strings, each of the memory cell 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 siring including a
second memory cell having a memory element formed 1n a cavity of the second control gate; and

a conductive channel extending between the first memory cell and the second memory cell

and clectrically 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 pillar 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 dieleciric material.

23. {(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 cach 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, wherein the memory element comprises a dielectric

roaterial.

30. {(New) An apparatus comprising:

a {irst conductive pillar 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 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,
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the first memory cell string includes a first memory cell having a memory element formed in
a first cavity of the {irst 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 clement
formed in a second cavity of the first control gate, and a fourth memory celi having a memory
element formed in a second cavity of the second countrol 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 {ormed
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 conirol gate, and an eighth meroory cell having a memory

clement 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 cells; and

a fourth conductive channel coupled to the fourth conductive pillar and extending between

the seventh and eighth memory cells.

32. {(New) The apparatus of claim 30, further comprising a {irst 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 cach of the first and third conductive pillars and
separated from 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 {irst and third conductive pillars by a second diclectric 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 {ourth segment coupled to the third segiment, wherein:

the third segment is located on a first side of each of the second and fourth conductive piilars
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 {rom the second and fourth conductive pillars by a fourth dielectric material.

34. {(New) The apparatus of claim 33, wherein each of the first and second conductive gates

comprises polysilicon.

35. (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 first, 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 piliar;

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 sccond 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 1o 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 clement
formed in a second cavity of the first control gate, and a {ourth 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 countrol 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 memory element of each of the first, second,

third, and fourth memory cells comprises polysilicon.

39. {New} The apparatus of claim 37, wherein 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 {irst conductive channel coupled to the first conductive pillar and extending between the
first and second memory cells;

a second conductive chanpel coupled to the second conductive pillar and extending between
the third and fourth memory cells;

a third conductive chanvel coupled to the third conductive pillar 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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M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/716,177 12/16/2019 Santh D. Tang 303.B12US6 3036
73115 7590 08/19/2020 | EXAMINER |
SCHWEGMAN LUNDBERG & WOESSNER/MICRON JEAN BAPTISTE, WILNER
P.O. BOX 2938
MINNEAPOLIS, MN 55402 | ARTUNIT PAPERNUMBER |

2899

DATE MAILED: 08/19/2020

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with S CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42U.S.C.218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
; . 16/716,177 Tang et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
WILNER JEAN BAPTISTE 2899 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.
1.4} This communication is responsive to 6/19/2020.

[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 21-40 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll by (JSome  *c) [J 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. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[J Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material
4.{] Interview Summary (PTO-413),
Paper No./Mail Date.

IW.J/ /DALE E PAGE/
Examiner, Art Unit 2899 Supervisory Patent Examiner, Art Unit 2899

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200806
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Application/Control Number: 16/716,177 Page 2
Art Unit: 2899

DETAILED ACTION
Notice of Pre-AlA or AIA Status

1. The present application is being examined under the pre-AlAfirst to invent provisions.

CROSS REFERENCE TO RELATED APPLICATIONS
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, whichis 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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Application/Control Number: 16/716,177 Page3
Art Unit: 2899

channel extending between the first memory cell and the second memory cell and electrically coupled

to a conductive pillar of the conductive pillars.

7. Regarding claims 30-36, the prior art 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, anda
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 thefirst control gate, and a sixth memory cell having a memory element formed in a third cavity of
the second control gate; andthe 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 art 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 dataline 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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Application/Control Number: 16/716,177 Page 4
Art Unit: 2899

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 memaory 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 laterthan the payment
of theissue 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 directedto 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 USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attemptsto reachthe examiner by telephone are unsuccessful, the examiner’ssupervisor,
Dale Page can be reached on 571-270-7877. The fax phone number for the organization where this

application or proceeding is assighed is 571-273-8300.
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Application/Control Number: 16/716,177 Page 5
Art Unit: 2899

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). Ifyou 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./
Examiner, Art Unit 2899

/DALE E PAGE/
Supervisory Patent Examiner, Art Unit 2899
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Issue Classification |i¢16 177 Tang et al.
H “ ‘H“ Examiner Art Unit
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HO1L 29 40114 | 2018-08-01
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i substrate)).clm.
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"20190371813" | "5915167" |
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INTHE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor{s}: Sanh D Tanget al

Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME
Docket No.: 303.Bi2US6 Serial No.: 16/716,177

Filed: December 16, 2019 Due Date: November 19, 2020
Examiner: Wilner Jean Baptiste Group Art Unit: 2859

Customer No.. 73115 Confirmation No.. 3036

Notice of Allowance Date:  August 19, 2020

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

We are transmittiog herewith the following:

X Authorization to charge Deposit 19-0743 tn the amount of $1,000.00 to cover the Large Entity Issue Fee
Payment.

X ssue Fee Transmittal (Form PTOL-85).
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Please chavee any additional required fees or credit sverpayment to Depeosit Account No. 19-0743.

SCHWEGMAN LUNDBERG & WOESSNER P.A. By | Veer ?M? /
Customer No.: 73115 Viet V. Tong
VVT.CMG jan Reg. No. 45,416

CERTIFICATE UNDER 37 CFR 1.8: The undersigned hereby centifies that this correspondence is being filed using the USPTO's electronic filing
system: EFS-Web, and is addressed to: Mail Stop Issue Fee, Comumissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on this
19t dav of November, 2020,
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Julie A. Nelson / k_wjaé;aa, & A sbesn /
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Electronic Patent Application Fee Transmittal

Application Number: 16716177

Filing Date: 16-Dec-2019

Title of Invention: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME
First Named Inventor/Applicant Name: Sanh D.Tang

Filer: Edward James Sandor/Julie Nelson

Attorney Docket Number: 303.B12US6

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1000 1000
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000
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Electronic Acknowledgement Receipt

EFS ID: 41168441
Application Number: 16716177
International Application Number:
Confirmation Number: 3036
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THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME

First Named Inventor/Applicant Name:

Sanh D.Tang

Customer Number:

73115

Filer:

Edward James Sandor/Julie Nelson

Filer Authorized By:

Edward James Sandor

Attorney Docket Number: 303.B12US6
Receipt Date: 19-NOV-2020
Filing Date: 16-DEC-2019
Time Stamp: 12:29:06

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1000

RAM confirmation Number E2020A1C29366616
Deposit Account 190743
Authorized User Julie Nelson

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

37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes Multi Pages
Y Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
439328
1 303B1 2US6_XMCI1':_IFEE_signed. yes 3
p 0a60b7dcb3daad40c5449799daf4dd9e54a)
e6f3c
Multipart Description/PDF files in .zip description
Document Description Start End
Change of Address 3 3
Issue Fee Payment (PTO-85B) 2 2
Transmittal Letter 1 1
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Information:
30271
2 Fee Worksheet (SB06) fee-info.pdf no 2
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/716,177 12/22/2020 10872903 303.B12US6 3036
73115 7590 12/02/2020
SCHWEGMAN LUNDBERG & WOESSNER/MICRON
P.O. BOX 2938

MINNEAPOLIS, MN 55402

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 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, Fagle, 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.

IR103 (Rev. 10/09)
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