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APPARATUSES INCLUDING MEMORY
ARRAYS WITH SOURCE CONTACTS
ADJACENT EDGES OF SOURCES

BACKGROUND

[0001] With the development of the semiconductor indus-
try, three-dimensional (3D) semiconductor devices are get-
ting more attractive due to their increased storage capability.
In a 3D memory device, a source is generally routed using
interconnection layers including source contacts. Some
memory devices may include source contacts inside memory
arrays. However, a large number of source contacts in a
memory array of amemory device may degrade the efficiency
of the memory array and result in a large die size and a high
fabrication cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG.1 is a top view of a memory device, according
to a prior art.
[0003] FIG. 2A is a side cross-sectional view of a memory

device, according to an embodiment.

[0004] FIG. 2B is a top view of the memory device as
shown in FIG. 2A, according to an embodiment.

[0005] FIG. 3A is a side cross-sectional view of a memory
device, according to an embodiment.

[0006] FIG. 3B is a top view of the memory device as
shown in FIG. 3A, according to an embodiment.

[0007] FIG. 3C is a side cross-sectional view of a memory
device, according to an embodiment.

[0008] FIG. 3D is a top view of the memory device as
shown in FIG. 3C, according to an embodiment.

[0009] FIG. 4A is a side cross-sectional view of a memory
device, according to an embodiment.

[0010] FIG. 4B is another side cross-sectional view of the
memory device as shown in FIG. 4A, according to an embodi-
ment.

[0011] FIG. 4C is still another side cross-sectional view of
the memory device as shown in FIG. 4A, according to an
embodiment.

[0012] FIG.5A is a side cross-sectional view of a memory
device, according to an embodiment.

[0013] FIG. 5B is another side cross-sectional view of the
memory device as shown in FIG. 5A, according to an embodi-
ment.

[0014] FIG. 5C is still another side cross-sectional view of
the memory device as shown in FIG. 5A, according to an
embodiment.

[0015] FIG. 6A is a side cross-sectional view of a memory
device, according to an embodiment.

[0016] FIG. 6B is a top view of the memory device as
shown in FIG. 6A, according to an embodiment.

[0017] FIG. 7 is a diagram illustrating a system, according
to an embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0018] The following detailed description refers to the
accompanying drawings which show, by way of illustration,
specific aspects and embodiments in which the present sub-
ject matter may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art
to practice the present subject matter.

[0019] The term “horizontal” as used in this application is
defined as a plane parallel to the conventional plane or surface
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ofa substrate, such as a wafer or portion thereof, regardless of
the actual orientation of the wafer or substrate. The term
“vertical” refers to a direction perpendicular to the horizontal
as defined above. Prepositions, such as “on,” “side,” “higher,”
“lower,” “over,” “below,” and “under” are defined with
respect to the conventional plane or surface being on the top
surface of the wafer or substrate, regardless of the actual
orientation of the wafer or substrate.

[0020] The terms “wafer” and “substrate” are used herein
to refer generally to any structure on which integrated circuits
are formed, and also to such structures during various stages
of integrated circuit fabrication. The following detailed
description is, therefore, not to be taken in a limiting sense,
and the scope of the present subject matter is defined only by
the appended claims, along with the full scope of equivalents
to which such claims are entitled.

[0021] NAND array architecture is an array of memory
cells arranged such that the memory cells are coupled in
logical rows to access lines, which are conventionally
referred to as word lines. The access lines are coupled to, and
in some cases are at least partially formed by, the Control
Gates (CGs) of the memory cells. A string of memory cells of
the array are coupled together in series between a source and
a data line, which is conventionally referred to as a bit line.
[0022] Memory cells in the NAND array architecture can
be programmed to a desired data state. A memory cell con-
ventionally can be programmed to a desired one of at least
two data states (e.g., a “1” or a “0” state). Memory cells
conventionally can be programmed to a desired one of more
than two data states.

[0023] FIG. 11is a top view of an apparatus in the form of a
3D memory device, according to a prior architecture contem-
plated by the applicant. As shown in FIG. 1, a 3D memory
device 100 (e.g., a 3D NAND array structure) may include a
source plate 101A, source slots 101B, and bit lines (BL) 106
for example. The source plate 101 A may be routed to a source
terminal (e.g., a Common Source Line or “CSL”) of the
memory device 100 via conductive source contacts 101D.
However, frequent source contacts 101D inside the array
structure may degrade the array efficiency of the 3D memory
device 100. Since the currents of all the NAND strings in the
same block may flow into the CSL, the CSL confronts a
challenge that the sheet resistance in the CSL has to be low
enough to reduce the source noise. Furthermore, additional
space used between neighbor blocks may cause an overhead
on the block pitch, which may result in a large die size and a
high fabrication cost.

[0024] FIG. 2A is a side cross-sectional view of a 3D
memory device 200, according to an embodiment of the sub-
ject matter. The 3D memory device 200 may include divided
sources 210 (e.g., source plates/regions 210A and 210B,
which are separated from each other), and divided memory
arrays 220 (e.g., 220A and 220B). The divided memory
arrays 220 may be respectively formed over (e.g., on) and
coupled to the divided sources 210. A source (e.g., 210A) of
the divided sources may include an edge 211' on one side and
an edge 211" on the opposite side. For purposes of brevity and
clarity, same tiers, regions, and/or elements in a 3D memory
device will be identified by the same reference numerals
throughout FIGS. 2-7.

[0025] In an embodiment, the divided sources 210 may
comprise a metal material or a combination of metal and
silicon (e.g., a WSi material). In another embodiment, the
divided sources 210 may comprise a stack of metal material
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and polysilicon material. In still another embodiment, the
divided sources 210 may comprise a stack of polysilicon
material and a combination of metal and silicon (e.g., a WSi
material). In a further embodiment, the divided sources 210
may comprises doped regions of a semiconductor substrate.
Embodiments of the present invention, however, are not lim-
ited to any particular one of the above-described sources.
[0026] In an embodiment, a memory array (e.g., 220A) of
the divided memory arrays 220 may include memory cells
215, vertical pillars 260, a source conductor (e.g., a source
line) 201, a ground select line (GSL) / source select gate
(SGS) 203, control gates/word lines (CGs/WLs) 204 A, 204B,
204C and 204D), a string select line (SSL)/drain select gate
(SGD) 205, and data lines 206. In another embodiment, the
memory array (e.g., 220A) of the divided memory arrays 220
may include a plurality of source conductors 201. Each
memory cell 215 may be electrically coupled to a control gate
of the control gates 204, and a data line of the data lines 206.
In an embodiment, the control gates 204 may include word
lines (WL) 204A-204D, and the data lines 206 may include
bit lines (BL) 206 for example.

[0027] Inanembodiment, the source conductor 201 may be
electrically coupled to both of the divided sources 210
through source contacts 230 (such as 230A, 230B, 230C and
230D). In an embodiment, a source contact 230 of the source
contacts 230 may include a first contact (e.g., a first plug) 231
to contact the at least one source conductor 201, a second
contact (e.g., a second plug) 232 to contact a source (e.g.,
210A) of the at least two divided sources 210, and a conduc-
tive connector 233 to contact the first contact 231 and the
second contact 232.

[0028] FIG. 2B is a top view of the memory device 200 as
shown in FIG. 2A, according to an embodiment. As shown in
FIG. 2B, the source conductors 201 may be coupled to the
divided sources 210 through source contacts 230 adjacent
edges of the sources 210. There is no data line 206 between an
edge 211 (e.g., 211'") of a source 210 (e.g., 210A) and the
source contacts 230 adjacent to the edge 211. For example,
there is no data line 206 between an edge 211' of the source
210A and the source contacts 230 adjacent to the edge 211",
and there is no data line 206 between an edge 211" of the
source 210A and the source contacts 230 adjacent to the edge
211",

[0029] As shown in FIGS. 2A and 2B, an array 220 (e.g.,
220A) may share control gates 204 or data lines 206 without
source routing (such as source contacts) inside the array 220.
An amount of current between a data line 206 of each memory
cell and the source conductor 201 can be used as binary data
of the memory cell. The source noise can be reduced. Addi-
tionally, since the contacts are placed adjacent an edge of an
array in a control gate direction, (e.g., WL direction), the die
size overhead can be reduced. The control gate direction may
be the “X” direction as shown in FIG. 4A.

[0030] FIG. 3A is a side cross-sectional view of a memory
device according to an embodiment, and FIG. 3B is a top view
of the memory device as shown in FIG. 3A. As shown in
FIGS. 3A and 3B, a memory device 200 may include a source
210, and a memory array 220 formed over (e.g., on) and
coupled to the source 210. In an embodiment, the memory
array 220 may include memory cells 215 (as indicated in e.g,.,
FIG.2A), vertical pillars 260, a ground select line (GSL) 203,
control gates 204 (such as word lines WL including 204 A-D),
a string select line (SSL) 205, and data lines 206. Control
gates 204 may be coupled to control gate contacts.
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[0031] In an embodiment, a source conductor 201 (as
shown in e.g., FIG. 2A) may be electrically coupled to the
source 210 through one or more conductive source contacts
230 adjacent an edge 211' of the source 210. There is no data
line 206 between the edge 211' of the source 210 and the
source contacts 230.

[0032] In an embodiment, as shown in FIGS. 3A and 3B,
the source conductor 201 is electrically coupled to the source
210 using the source contacts 230 adjacent an edge 211' of the
source 210 in an control gate (e.g., word line WL 204) direc-
tion, and the source contacts 230 may contact the source 210
adjacent the edge 211' of the source 210 on a side of and
between groups of control gate contacts 235.

[0033] FIG. 3C is a side cross-sectional view of a memory
device, according to another embodiment. FIG. 3D is a top
view of the memory device as shown in FIG. 3C. In an
embodiment, a source conductor 201 (as shownin FIG. 2A) is
electrically coupled to the source 210 using the source con-
tacts 230 adjacent an edge 211" of the source 210 in an control
gate (e.g., WL 204) direction, and the source contacts 230
may contact the source 210 at the edge 211" of the source 210
on a side opposite to the groups of control gate contacts 235.
[0034] In an embodiment, as shown in FIGS. 2A and 2B,
the source contacts 230 may contact a source 210 (e.g., the
source 210A) adjacent both of the edges 211" and 211" of the
source 210.

[0035] In another embodiment, not shown in the figures, a
source conductor 201 is electrically coupled to the source 210
using the source contacts 230 adjacent an edge of the source
210 in a data line (e.g., bit line BL) 206 direction. The data
line direction may be the “Y1” direction as shown in FIGS.
4A and 4B.

[0036] FIG. 4A is a side cross-sectional view of a memory
device 200, according to an embodiment. A 3D memory
device 200 may include one (or more) memory array 220, one
(or more) source conductor 201, and one (or more) intercon-
nection component 240. In an embodiment, the memory array
220 may be coupled to a source 210, and may include
memory cells 215, control gates 204, and data lines 206. In an
embodiment, the source conductor 201 may extend over the
memory array 220, and may be coupled to the source 210
using source contacts 230 adjacent one (or more) edge of the
source 210.

[0037] In an embodiment, the memory array 220 may
include a plurality of tiers of a first semiconductor material
(such as poly-silicon material) to be used as the control gates
204 for example, and the memory array 220 may also include
a plurality of vertical pillars 260 of a second semiconductor
material (such as poly-silicon material) to be used as chan-
nels.

[0038] In an embodiment, the interconnection component
240 may extend perpendicular to the source conductor 201
and may be electrically coupled to the source conductor 201
using conductive interconnection contacts 250. In an embodi-
ment, the interconnection component 240 may extend below
the source 210.

[0039] FIG. 4B is another side cross-sectional view of the
memory device 200 along the Y1 direction as shown in FIG.
4A, according to an embodiment. In an embodiment, as
shown in FIG. 4B, the conductive interconnection contact
250 may include a first contact 251 to contact the source
conductor 201, a second contact 252 to contact the intercon-
nection component 240, and a third contact 253 to contact
both the first contact 251 and the second contact 252.
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[0040] FIG. 4C is still another side cross-sectional view of
the memory device 200 along the Y2 direction as shown in
FIG. 4A, according to an embodiment. In an embodiment, as
shown in FIG. 4C, a conductive source contact 230 (such as
230A as shown in FIG. 2A) may include a first contact 231 to
contact the source conductor 201, a second contact 232 to
contact the source 210, and a third contact 233 to contact both
the first contact 231 and the second contact 232.

[0041] FIG.5A is a side cross-sectional view of a memory
device 200, according to an embodiment. The 3D memory
device 200 may include one (or more) memory array 220
(such as 220A as shown in FIG. 2A), one (or more) source
conductor 201, and one (or more) interconnection component
240. In an embodiment, the memory array 220 may be elec-
trically coupled to a source 210, and may include memory
cells 215 (as shown in FIG. 2A), control gates 204, and data
lines 206. In an embodiment, the source conductor 201 may
extend over the memory array 220, and may be electrically
coupled to the source 210 using source contacts 230 adjacent
one or more edges of the source 210.

[0042] In an embodiment, the interconnection component
240 may extend perpendicular to the source conductor 201
and may be electrically coupled to the source conductor 201
using interconnection contacts 250. In an embodiment, the
interconnection component 240 may extend over the source
210.

[0043] FIG. 5B is another side cross-sectional view of the
memory device 200 along the Y1 direction as shown in FIG.
5A, according to an embodiment. In an embodiment, an inter-
connection contact 250 may include a single conductive con-
tact.

[0044] FIG. 5C is still another side cross-sectional view of
the memory device 200 along the Y2 direction as shown in
FIG. 5A, according to an embodiment. In an embodiment, a
conductive source contact 230 (as shown in FIG. 5A) may
include a first contact 231 to contact the source conductor
201, a second contact 232 to contact the source 210, and a
third contact 233 to contact both the first contact 231 and the
second contact 232.

[0045] FIG. 6A is a side cross-sectional view of a memory
device 200, according to an embodiment. FIG. 6B is a top
view of the memory device 200 as shown in FIG. 6A, accord-
ing to an embodiment. The 3D memory device 200 may
include divided sources 210 (such as 210A and 210B),
memory arrays 220 (such as 220A and 220B) respectively
coupled to the divided sources 210, a source conductor 201,
and a signal conductor (e.g., a signal line) 270.

[0046] As shown in FIGS. 6A and 6B, each memory array
220 may include memory cells 215 (as shown in FIG. 2A),
control gates 204 (such as word lines WL ), and data lines 206
(such as bit lines BL). The source conductor 201 may extend
over the memory arrays 220, and may be electrically coupled
to the divided sources 210 using source contacts 230 adjacent
one or more edges of each of the at least two divided sources
210.

[0047] In an embodiment, the signal conductor 270 may
extend parallel with the source conductor 201. The signal
conductor 270 may be electrically coupled to gates of tran-
sistors 290 using signal contacts 280 to provide control sig-
nals to the memory arrays 220. In an embodiment, the tran-
sistors 290 may be formed on a same semiconductor substrate
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295. The semiconductor substrate 295 may include silicon, or
other semiconductor materials.

[0048] FIG. 7 is a diagram illustrating an apparatus in the
form of a system 700, according to various embodiments of
the subject matter. The system 700 may include a processor
710, a memory device 200, a memory controller 730, a
graphic controller 740, an input and output (I/O) controller
750, adisplay 752, a keyboard 754, a pointing device 756, and
aperipheral device 758. A bus 760 couples all ofthese devices
together. A clock generator 770 is coupled to the bus 760 to
provide a clock signal to at least one of the devices of the
system 700 through the bus 760. The clock generator 770 may
include an oscillator in a circuit board such as a motherboard.
Two or more devices shown in system 700 may be formed in
a single integrated circuit chip.

[0049] The bus 760 may be interconnect traces on a circuit
board or may be one or more cables. The bus 760 may couple
the devices of the system 700 by wireless means such as by
electromagnetic radiations (for example, radio waves). The
peripheral device 758 coupled to the 1/O controller 750 may
be a printer, an optical device such as a CD-ROM and DVD
reader and writer, a magnetic device reader and writer such as
a floppy disk driver, or an audio device such as a microphone.

[0050] The memory device 200 as shown in FIG. 7 may be
a 3D NOT-AND-LOGIC (NAND) memory device for
example. The memory device 200 may comprise one of the
memory devices 200 described herein and shown in the FIGS.
2-6, according to various embodiments of the disclosure. In
an embodiment, the memory device 200 may comprise
divided memory arrays 220 (such as 220A and 220B), which
may be electrically coupled to divided sources 210 (such as
210A and 210B as shown in FIG. 2A), and may share a source
conductor 201, for example. Each memory array 220 may
include memory cells 215, one or more control gates 204
(such as word lines WL), one or more data lines 206 (such as
bit lines BL), and a source 210 of the divided sources 210, for
example. The source conductor 201 may extend over the
memory arrays 220, and may be electrically coupled to the
divided sources 210 using source contacts 230 adjacent one or
more edges of the divided sources 210.

[0051] In another embodiment, the memory device 200
may include only one memory array (such as 220A), which
includes only one source 210. The source conductor 201 may
extend over the memory array 220, and may be electrically
coupled to the source 210 using source contacts 230 adjacent
one or more edges of the source 210.

[0052] The system 700, as shown in FIG. 7, may include
computers (e.g., desktops, laptops, hand-holds, servers, Web
appliances, routers, etc.), wireless communication devices
(e.g., cellular phones, cordless phones, pagers, personal digi-
tal assistants, etc.), computer-related peripherals (e.g., print-
ers, scanners, monitors, etc.), entertainment devices (e.g.,
televisions, radios, stereos, tape and compact disc players,
video cassette recorders, camcorders, digital cameras, MP3
(Motion Picture Experts Group, Audio Layer 3) players,
video games, watches, etc.), and the like.

[0053] The above description and the drawings illustrate
some embodiments of the application to enable those skilled
in the art to practice the embodiments of the application .
Other embodiments may incorporate structural, logical, elec-
trical, process, and other changes. Examples merely typify
possible variations. Portions and features of some embodi-
ments may be included in, or substituted for, those of others.
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Many other embodiments will be apparent to those of skill in
the art upon reading and understanding the above description.

1. An apparatus comprising:

at least two sources;

at least two memory arrays respectively formed over and

coupled to the at least two sources, wherein each of the
at least two memory arrays includes vertical strings of
memory cells, control gates, and data lines; and

a source conductor coupled to the at least two sources

respectively using source contacts adjacent source
edges, wherein there is no data line between a source
edge of the source edges and a source contact of the
source contacts for each of the at least two sources.

2. The apparatus of claim 1, wherein each of the source
contacts includes a first contact electrically coupled to the
source conductor, a second contact electrically coupled to a
source of the at least two sources, and a conductive connector
connecting the first and second contacts.

3. The apparatus of claim 1, wherein each of the at least two
sources comprises metal material.

4. The apparatus of claim 1, wherein each of the at least two
sources comprises WSi.

5. The apparatus of claim 1, wherein each of the at least two
sources comprises a stack of metal material and polysilicon.

6. The apparatus of claim 1, wherein each of the at least two
sources comprises a stack of polysilicon and WSi.

7. An apparatus comprising:

a source;

amemory array formed over and coupled to the source, the

memory array including vertical strings of memory
cells, control gates, and data lines; and

a source conductor coupled to the source through a source

contact adjacent an edge of the source, wherein there is
no data line between the edge of the source and the
source contact.

8. The apparatus of claim 7, wherein the source contact
comprises a plurality of source contacts, and further wherein
there is no source routing inside the memory array.

9. The apparatus of claim 7, wherein the source contact is
adjacent the edge of the source in a control gate direction.

10. The apparatus of claim 7, wherein the source contact is
adjacent the edge of the source on a side of and between
groups of control gate contacts.

11. The apparatus of claim 7, wherein the source contact is
adjacent the edge of the source on a side opposite to groups of
control gate contacts.

12. The apparatus of claim 7, wherein the source contact
comprises a first source contact, and wherein a second source
contact is adjacent another edge of the source.

13. The apparatus of claim 7, wherein the source conductor
extends over the memory array, and further comprising an
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interconnection component extending perpendicular to the
source conductor and coupled to the source conductor using
an interconnection contact.

14. The apparatus of claim 13, wherein the interconnection
component extends below the source.

15. The apparatus of claim 13, wherein the source extends
between the source conductor and the interconnection com-
ponent.

16. The apparatus of claim 13, wherein the interconnection
contact includes a first contact electrically coupled to the
source conductor, a second contact electrically coupled to the
interconnection component, and a third contact connecting
the first contact and the second contact.

17. The apparatus of claim 13, wherein the interconnection
component extends over the source conductor.

18. The apparatus of claim 13, wherein the source conduc-
tor extends between the interconnection component and the
source.

19. The apparatus of claim 13, wherein the interconnection
contact comprises a single conductive plug.

20. The apparatus of claim 7, wherein the control gates
comprise a plurality of tiers of a first semiconductor material.

21. The apparatus of claim 20, wherein the first semicon-
ductor material comprises polysilicon.

22. The apparatus of claim 21, wherein the memory array
comprises a plurality of vertical pillars of a second semicon-
ductor material.

23. The apparatus of claim 22, wherein the second semi-
conductor material comprises polysilicon.

24. An apparatus comprising:

at least two sources;

at least two memory arrays respectively coupled to the at

least two sources, each of the at least two memory arrays
including memory cells, control gates, and data lines;

a source conductor over the at least two memory arrays,

and coupled to the at least two sources through source
contacts adjacent edges of the at least two sources; and

a signal conductor parallel with the source conductor, and

coupled to gates of transistors to provide control signals
to the at least two memory arrays.

25. The apparatus of claim 24, wherein the transistors are
formed on a same semiconductor substrate.

26. The apparatus of claim 25, wherein the semiconductor
substrate comprises silicon.

27. The apparatus of claim 1, wherein the at least two
memory arrays and the source conductor are included in a
memory device, and wherein the memory device is coupled to
a memory controller and/or a processor to send a control
signal to the at least two memory arrays.

28. The apparatus of claim 1, wherein there is no source
routing inside any of the at least two arrays.
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