wo 2016/170759 A1 I} 1] A1) 00O OO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

27 October 2016 (27.10.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/170759 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
HO1L 27/115 (2006.01) HO1L 21/768 (2006.01)
HO1L 23/522 (2006.01)

International Application Number:
PCT/JP2016/002025

International Filing Date:
14 April 2016 (14.04.2016)

Filing Language: English
Publication Language: English
Priority Data:

14/695,835 24 April 2015 (24.04.2015) US

Applicant: SONY SEMICONDUCTOR SOLUTIONS
CORPORATION [JP/JP]; 4-14-1, Asahicho, Atsugi-shi,
Kanagawa, 2430014 (JP).

Inventor: SUMINO, Jun; c/o0 SONY ELECTRONICS
INC., Sony Drive 1, Park Ridge, New Jersey, 07656 (US).

Agent: TSUBASA PATENT PROFESSIONAL COR-
PORATION; 3F, Sawada Building 15-9, Shinjuku 1-
chome, Shinjuku-ku, Tokyo, 1600022 (JP).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: SOCKET STRUCTURE FOR THREE-DIMENSIONAL MEMORY

(57) Abstract: Socket structures that
are configured to use area efficiently,
and methods for providing socket re-
gions that use area efficiently, are
provided. The staircase type contact
area or socket region includes dielectric
layers between adjacent planar elec-
trodes that partially cover a portion of a
planar electrode that does directly un-
derlie an adjacent planar electrode. The
portion of a dielectric layer between ad-

100

jacent planar electrodes can be sloped,

such that it extends from an edge of an

140

overlying planar electrode to a point
between the edge of an underlying
planar electrode and a point corres-
ponding to an edge of the overlying
planar electrode.



WO 2016/170759 A1 WA 00 TN 00 0 A A

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2016/170759 PCT/JP2016/002025

[0001]

[0002]

[0003]

[0004]

[0005]

Description

Title of Invention: SOCKET STRUCTURE FOR THREE-

DIMENSIONAL MEMORY

Cross Reference to Related Applications
This application claims the benefit of US Priority Patent Application US14/695835
filed April 24, 2015, the entire contents of each which are incorporated herein by

reference.

Technical Field

The present disclosure relates to socket configurations for three-dimensional
memories, and in particular to improving the area efficiency of sockets for three-

dimensional memories.

Background Art

Memory devices are used in a wide range of fields. For example, solid-state memory
can be used for long or short term storage of program instructions and data in
connection with computing devices. Memory density, access speed, and reliability are
all important considerations in designing solid-state memory. Recent solid-state
memory designs have used three-dimensional architectures. Such designs can increase
memory density. In addition, such designs are well suited for use in connection with
resistive random access memory (ReRAM), and phase-change random access memory
(PCRAM or PRAM).

In a three-dimensional (3D) memory structure, signal lines, including bit lines (BL)
and word lines (WL), extend between socket regions on a periphery of the memory
structure, and the memory array itself. More particularly, a first socket region on a first
side of the memory array can include electrodes or contacts associated with the bit
lines, and a second socket region on a second side of the memory array can include
electrodes or contacts associated with the word lines. In other configurations, socket
regions on first and second opposing sides of the memory array can be associated with
bit lines, and socket regions on third and fourth opposing sides of the memory array
can be associated with word lines. As the number of memory cells included in the
memory array is increased, there is a corresponding increase in the number of signal
lines (i.e. bit lines and/or word lines). In addition, due to physical constraints in the
size of the bit lines and word lines, the area of the memory structure occupied by the
socket regions becomes increasingly large as compared to an area of the memory array.
This problem is exacerbated by decreases in the size of memory cells and in the size of
memory cell pitch, and increases in the density of the memory array.

The area of the memory structure occupied by socket regions also increases relative
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to the area of the memory structure occupied by the memory array as the number of
decks or layers within the memory structure increases. More particularly, in a con-
ventional socket arrangement, different decks or layers, corresponding to different
horizontal electrodes, are disposed in a staircase type arrangement. These different
layers are accessed by vertical conductors. As a result, the size of the socket area must
be increased in order to accommodate an increased number of horizontal electrodes.
That is, the number of “stairs” in the “staircase” must be increased, which for a given
electrode contact size results in a proportional increase in the length of the socket
region in a direction extending away from the memory array. In addition, the size of a
contact established between a horizontal electrode and a vertical conductor is con-
strained by various factors. For example, a minimum contact area needs to be
maintained in order to provide a suitable electrical contact and thus a suitably low
electrical resistance. In addition, the ability to align a vertical conductor with a desired
contact area can be limited by manufacturing tolerances, thus requiring some minimum
contact area margin. Therefore, the proportion of the total area occupied by connection
or socket regions tends to become increasingly large as memory cell area density
increases.

Because of such problems, decreases in the overall size of memory structures have
not kept pace with decreases in the size of memory arrays themselves, and costs as-
sociated with providing three-dimensional memory structures have remained relatively
high.

Summary

In three-dimensional memory structures, memory cells can be densely packed within
the memory array. However, as the number of memory cells within a given area
increases, the proportion of the overall area of the memory structure that is occupied
by socket regions, rather than by memory cells, increases.

Embodiments of the present disclosure provide socket structures for three-di-
mensional memories that are configured to efficiently provide connections to memory
cells within the memory array. In a solid state memory device, individual memory cells
are accessed by selectively energizing bit lines and word lines. Bit lines and word lines
are accessed through the bit line socket region or regions and word line socket region
or regions respectively. For a given wiring dimension, as the number of bit lines and
word lines increases, the area of the bit line socket region or word line socket region
also increases. Embodiments of the present disclosure provide for a socket region
comprising a staircase contact region that requires less area than in a conventional ar-
rangement otherwise configured similarly. More particularly, by providing for di-
electric or insulating layers between adjacent horizontal electrodes disposed in a

staircase arrangement, in which the dielectric layers extend to a point between an end
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of an overlaying horizontal electrode and an end of an underlying horizontal electrode,
a length factor dependent on a number of decks or horizontal electrodes can be
decreased as compared to the conventional configuration.

A staircase type contact arrangement in accordance with embodiments of the present
disclosure allows for an alignment margin applied to connecting conductors to be
reduced as compared to conventional arrangements. Moreover, embodiments of the
present disclosure allow contacts to electrically connect to both a top surface and an
edge surface of a horizontal electrode. As a result, electrical performance, such as
suitably low electrical resistance, can be maintained, even while the contact area
available on a top surface of the horizontal electrodes is reduced as compared to con-
ventional configurations.

In accordance with at least some embodiments of the present disclosure, the edge of
the dielectric layers interposed between adjacent horizontal or planar electrodes is
sloped. For example, a top of the edge of a dielectric layer can extend from a point cor-
responding to an edge of a first horizontal electrode to a point on a second horizontal
electrode that is between an edge of the second horizontal electrode and a point on the
second horizontal electrode in a first dimension equal to the furthest extent of the first
electrode in the first dimension.

Methods in accordance with embodiments of the present disclosure provide a
staircase type contact arrangement that allows the corresponding socket region to have
a reduced area as compared to a staircase contact configured according to conventional
arrangements. According to such methods, a pullback process is used to successively
reveal planar electrodes as steps in a staircase. Dielectric layers disposed between
adjacent planar electrodes are etched such that at least a portion of an edge of each di-
electric layer lies in an area between an edge of an underlying horizontal electrode and
an edge of an overlying horizontal electrode. In accordance with at least some em-
bodiments, the edge of each dielectric layer is sloped. Methods in accordance with em-
bodiments of the present disclosure can additionally include providing connecting
conductors that contact both a portion of a top surface of an electrode and a portion of
an edge surface of the electrode.

In accordance with at least some embodiments, a socket structure is provided for a
three-dimensional memory with a memory array volume that extends in x, y, and z di-
mensions, and that includes a plurality of memory cells. A socket region is located
along one side of the memory array volume such that it extends along the one side of
the memory volume in the x dimension, and extends from the memory array volume in
the y dimension. The memory structure further includes a plurality of dielectric layers
that lie in planes extending in the x and y dimensions, and a plurality of horizontal

electrodes that also lie in planes extending in the x and y dimensions. Adjacent
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horizontal electrodes included in the plurality of horizontal electrodes are separated
from one another in the z dimension by at least one of the dielectric layers included in
the plurality of dielectric layers. In addition, moving in at least a first direction along
the z dimension, the horizontal electrodes extend from the memory array area to the
first socket region by a greater amount, forming a staircase structure. An edge of a di-
electric layer disposed between a first horizontal electrode and a second horizontal
electrode is located between an edge of the first horizontal electrode and an edge of the
second horizontal electrode. Within the first socket region, each horizontal electrode of
the plurality of horizontal electrodes includes a portion that is not covered by a di-
electric layer such that each of the horizontal electrodes is accessible along one more

lines that are parallel to the z dimension.
In accordance with further embodiments, a socket region is provided. The socket

region includes a plurality of insulating layers and a plurality of planar electrodes that
are separated from one another by at least one of the insulating layers. Each of the
planar electrodes extends for a different distance within the socket region, such that a
portion of each planar electrode forms a step. A portion of an end surface of each in-
sulating layer is located between the end surfaces of the adjacent planar electrodes.

In accordance with still other embodiments a method for forming a staircase contact
socket region is provided. The method comprises providing a stack having a plurality
of planar electrodes and a plurality of insulating layers, in which adjacent planar
electrodes are separated from one another by an insulating layer. A mask is placed on
the stack, and a first portion of a first insulating layer not under the mask is etched to
expose a first portion of a first planar electrode in the plurality of planar electrodes.
The mask is then pulled back. The method further includes pulling back the mask,
etching a second portion of the first insulating layer, etching the first portion of the first
planar electrode, and etching a first portion of a second insulating layer. The edge of
the second insulating layer formed by the etching is sloped and extends from an edge
of the first planar electrode to between the edge of the first planar electrode and an
edge of the second planar electrode.

Additional features and advantages of embodiments of the present disclosure will
become more readily apparent from the following description, particularly when taken
together with the accompanying drawings.

Brief Description of Drawings

[fig.1]Fig. 1 is a perspective view of an exemplary three-dimensional memory
structure.

[fig.2]Fig. 2 depicts areas of a three dimensional memory structure in plan view.

[fig.3]Fig. 3 depicts a prior art three dimensional memory structure in elevation.
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[fig.4]Fig. 4 depicts the prior art three dimensional memory structure of Fig. 3 in plan
view.

[fig.5]Fig. 5 depicts a three dimensional memory structure in accordance with em-
bodiments of the present disclosure in elevation.

[fig.6]Fig. 6 depicts the three dimensional memory structure of Fig. 5 in plan view.
[fig.7]Fig. 7 is a graph depicting the area efficiency of an example three-dimensional
memory structure in accordance with embodiments of the present invention as
compared to the area efficiency of a reference three-dimensional memory structure.
[fig.8]Fig. 8 is a flowchart depicting aspects of a method in accordance with em-
bodiments of the present disclosure.

[fig.9A]Fig. 9A depicts steps of a process for forming a staircase contact structure in
accordance with embodiments of the present disclosure.

[fig.9B]Fig. 9B depicts steps of a process for forming a staircase contact structure in
accordance with embodiments of the present disclosure.

[fig.9C]Fig. 9C depicts steps of a process for forming a staircase contact structure in
accordance with embodiments of the present disclosure.

[fig.9D]Fig. 9D depicts steps of a process for forming a staircase contact structure in
accordance with embodiments of the present disclosure.

Description of Embodiments

Fig. 1 depicts an example three-dimensional memory structure 100. More par-
ticularly, a three-dimensional memory structure 100 in the form of a vertical memory
array is depicted. The memory structure 100 includes a plurality of bit lines 104 that
are electrically connected to the ends of vertical memory elements 108. The memory
structure 100 also includes a plurality of word lines 112 and a plurality of horizontal or
planar electrodes 116. Each word line 112 is connected to a top surface 114 of a
horizontal electrode or deck 116, either directly or through a connecting conductor
120. The horizontal electrodes 116 are generally disposed within planes extending in
the x and y dimensions. Memory cells 124 are formed in areas of the vertical memory
elements 108 that are adjacent a horizontal electrode 116, and are generally contained
within a memory array 128 of the memory structure. Moreover, the memory array 128
is contained within a volume that extends in three dimensions (X, y, z).

In the example memory structure 100, the bit lines 104 extend such that they can be
accessed within a bit line socket region 132 adjacent one side of the memory array area
128. In accordance with other embodiments, the bit lines 104 can extend to opposite
sides of the memory array area 128, such that two bit line socket regions 132 are
provided. The number of bit line contacts or bits 106 that can be accessed within the

bit line socket region 132 is, in this example, equal to the number of bit lines 104.
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Similarly, word lines 112 extend from a word line socket region 136 adjacent a side of
the memory array area 128. In accordance with other embodiments, word line socket
regions 136 can be provided on additional sides of the memory array 128. The number
of word line contacts or bits 140 is, in this example, equal to the number of bit lines
112. The area encompassed by the word line socket region 136 is shown as a
projection, as the connecting portions 138 of the horizontal electrodes 116 electrically
connected to a connecting conductor 120 at a contact 142 are disposed in a staircase
type arrangement, in which the connecting portions 138 of the different horizontal
electrodes or decks 116 are disposed at different distances from the memory array area
128.

As the number of memory cells 124 within the memory structure 100 increases, the
number of bit lines 108 and/or word lines 112 also increases. In this example, the
number of word lines 112 is greater than the number of bit lines 104, which generally
supports a high density memory array area 128, by allowing for an increased number
of horizontal electrodes or decks 116. Moreover, while a three-dimensional memory
structure, such as the example prior art memory structure 100, has memory cells 124
disposed in three-dimensions, the bit line 132 and word line 136 socket regions require
a certain amount of area within a plane parallel to the horizontal electrodes 116 in
which to complete the connections. The result is that, as the number of memory cells
124 increases, and in particular as the number of horizontal electrodes or decks 116
increases, the proportion of the total area of the memory structure occupied by the bit
line 132 and word line 136 socket regions becomes increasingly large.

As depicted in Fig. 2, the length L, 4 of the word line socket region 136 increases
as the number (n) of horizontal electrodes 116 increases, in order to provide the
connecting conductors 120 access to the horizontal electrodes 116, which are disposed
in a staircase contact arrangement. Therefore, as the number of decks or horizontal
electrodes 116 is increased, the area density of the memory array 128 increases, and
the area occupied by the word line socket region or regions 136 also increases.
Similarly, as the number (m) of bit lines 104 increases, the area occupied by the bit line
socket region or regions 132 increases. In addition, for a given socket region 132, 136
arrangement, the overall area of a memory structure 100 occupied by the socket
regions 132, 136 becomes increasingly large as the number of decks 116, and thus the
number of memory cells 124 within a given memory cell area 128, increases.
Moreover, the area occupied by the socket regions 132, 136 becomes an increasingly
large proportion of the total area of the memory structure 100 as the density of the
memory cell area 128 is increased. As can be appreciated by one of skill in the art after
consideration of the present disclosure, the decrease in area efficiency occurs re-

gardless of the number of socket regions 132, 136 included in the vertical memory
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[0021]  Fig. 3 depicts a portion of an exemplary memory structure, such as the memory

[0022]

[0023]

structure 100 illustrated in Fig.1, encompassing a prior art word line socket region 136
in elevation, from a line of sight taken along the x dimension. Fig. 4 depicts the word
line socket region 136 portion of the memory structure 100 shown in Fig. 3 in plan
view, from a line of sight taken along the z axis or dimension. As illustrated, the word
line socket region 136 can comprise a staircase type contact region. In addition, each
contact 142 between a contact region 138 of a horizontal electrode 116 and a
connecting conductor 120 is entirely disposed on a top surface 114 of the horizontal
electrode 116. The length of the word line socket region 136 in a direction parallel to
the y axis is proportional to the number of decks 116, and in this example con-
figuration is given by the following expression: L = {L.+L, n}F, where L is the socket
length, L. is a constant length factor, L, is length factor dependent on the number of
decks 116, n is the number of decks 116, and F is the half pitch of the memory cell
area 128.

As shown in Fig. 3, each horizontal electrode 116 is separated from an adjacent
horizontal electrode 116 by a dielectric or insulating layer 248. Each insulating layer
248 has an end surface 252 that is vertical (i.e. is orthogonal or at 90 degrees to the top
surface 114 of the horizontal electrode 116, and parallel to the z dimension) and that
extends no further in a y direction than the horizontal electrode 116 directly above the
insulating layer 248. Accordingly, a portion of the planar top surface 114 of each
horizontal electrode 116 is available as a contact region 138 in which a contact 142
with a corresponding connecting conductor 120 can be formed. However, the
alignment margin or spacing factor that must be maintained in the y dimension
between adjacent connecting conductors 120, and more particularly between
connecting conductors 120 electrically connected to a selected horizontal electrode 116
and the horizontal electrodes 116 on either side of the selected horizontal electrode
116, is relatively large, resulting in a spacing, given by LnF, that is correspondingly
large.

Fig. 5 depicts a portion of a three-dimensional memory structure, such as the
memory structure 100 illustrated in Fig. 1, encompassing a word line socket region
536, configured in accordance with embodiments of the present disclosure in elevation,
from a line of sight taken along the x axis. Fig. 6 depicts the word line socket region
536 portion of the memory structure 100 shown in Fig. 5 in plan view, from a line of
sight taken along the z axis. The socket region 536 is similar to a conventional socket
region 136 in that the ends of the planar electrodes 116 are disposed in a staircase type
arrangement, in which the electrodes extend further in the y dimension the lower they

are in the stack. In addition, each planar electrode 116 is separated from an adjacent
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electrode by an insulating or dielectric layer 548 interposed between the adjacent di-
electric layers. As shown, the spacing between vertical or connecting conductors 120
has been reduced in the y direction. That is, the alignment margin or length factor has
been decreased as compared to the prior art configuration illustrated in Figs. 3 and 4.
For example, while the conventional configuration required that a certain alignment
margin be maintained between connecting conductors 120 in the y direction, em-
bodiments of the present disclosure can be configured with a reduced alignment
margin. In accordance with at least some embodiments of the present disclosure, the
alignment margin can be zero. In accordance with still other embodiments, the
alignment margin can be negative, such that the connecting conductors 120 overlap
with one another in the y dimension, so long as they are separated from one another in
the x dimension. The result is that embodiments of the present disclosure allow the
spacing between the centerlines of the vertical conductors 120 to be reduced as
compared to the spacing between vertical conductors 120 according to the prior art.
Accordingly, for a given number of decks 116, and all other factors being equal, the
length of a socket region 536 configured in accordance with embodiments of the
present disclosure will be shorter than the socket length of a socket region 136
configured in accordance with the prior art. This reduced spacing is made possible by
the tapered or sloped configuration of the edge surface 552 of the dielectric layers 548
between adjacent horizontal electrodes 116.

In accordance with embodiments of the present disclosure, the edge 552 corre-
sponding to or including the farthest extent in the y dimension of a dielectric layer 548
(e.g., dielectric layer 548a) extends to a point between the furthest extent in the y
dimension of the horizontal electrode 116 (e.g., horizontal electrodes 116a) directly
above the dielectric layer 548 and the horizontal electrode 116 (e.g., horizontal
electrode 116b) directly below the dielectric layer 548. In particular, a portion of the
top surface 114 of the underlying horizontal electrode 116 between the edge surface
554 of the horizontal electrode 116a and the edge surface 554 of the overlying
horizontal electrode 116 is partially covered by the dielectric layer 548. In addition, in
this example the edge surface 552 of each dielectric layer 548 is sloped, such that it
extends from a point corresponding to an end of a bottom surface of a horizontal
electrode 116 that overlies the dielectric layer 548 to a point that is towards, but not as
far as, the edge surface 554 of the underlying horizontal electrode 116. Accordingly, an
uncovered portion 538 of the top surface 114 of the underlying horizontal electrode
116 that is available as a contact area 542 is reduced as compared to a configuration in
which the edge of the dielectric layer is vertical. Said another way, in embodiments of
the present disclosure an area of the top surface 114 of an underlying horizontal

electrode 116 that is not overlapped by an overlaying horizontal electrode 116 is
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partially covered by the sloped end portion 552 of the intervening dielectric layer 548.
As a result of this configuration, alignment tolerances, and thus an alignment margin
requirement, is reduced as compared to the conventional configuration, or is eliminated
entirely. In particular, a vertical conductor 120 that is misaligned will be prevented
from contacting the horizontal electrode 116 directly below a target horizontal
electrode 116 by the dielectric layer 548 underlying the target horizontal electrode 116.
That is, over at least some range, the effect of a misaligned vertical conductor 120 can
be obviated. As a result of the reduced alignment margin requirements thus made
available, for a given spacing factor and number of decks 116, the length of the socket
region L of embodiments of the present invention is reduced as compared to a con-
ventional arrangement having vertical dielectric layer edges.

In addition, an edge portion 554 of the target horizontal electrode 116 is available as
a portion of the contact area 542. Therefore, electrical performance, including but not
limited to a suitably low electrical resistance, between a horizontal electrode 116 and
an associated vertical conductor 120 can be maintained, even if the area of the
uncovered portion of the top surface 538 is reduced as compared to conventional con-
figurations. In accordance with at least some embodiments, the vertical conductor is
sized and aligned such that it contacts a portion of a dielectric layer 548 on either side
of a target horizontal electrode 116.

Fig. 7 is a graph comparing the length of a word line socket region 136 configured
according to conventional techniques (plot 704) to the length of a word line socket
region 536 configured in accordance with embodiments of the present disclosure (plot
708). More particularly, the length (L;) of the word line socket regions 136, 536 for
three-dimensional memory structures having differing numbers of layers 116 are
depicted. In this example, for a given constant length factor, and a given half pitch of
cell area, it can be seen that the length of a word line socket region 536 constructed in
accordance with embodiments of the present disclosure increases with the number of
decks (n) at a rate that is less than the rate that the length of the word line socket region
136 constructed in accordance with conventional techniques increases. Accordingly, a
reduction in size of a memory structure can be achieved.

Moreover, the area efficiency of a three-dimensional memory structure utilizing a
word line socket region 536 configured in accordance with embodiments of the present
disclosure can be greater than that of a conventional arrangement. In particular, the
area efficiency of a three-dimensional memory structure can be evaluated as the ratio
of the area of the memory array to the area of the memory array plus the area of the

socket regions. More particularly, the area efficiency can be expressed as follows:
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_ A A
(Ac + A,"irst_socket,region + Asecond_socket_regian) (AC + As)

Eff

where Eff is the area efficiency of the memory structure, A. is the area of the memory
cell area, A socker region 15 the area of the first socket region, Accond socket region 1 the area
of the second socket region, and A; is the total area of the bit line and word line socket
regions. For example, with reference to Fig. 2, the area efficiency is equal to the area
of the memory array area 128 divided by the area equal to the memory array area 128
plus the area of the bit line socket region 132 plus the area of the word line socket
region 136, 536 where all of the areas are in a plane that is generally parallel to the
horizontal electrodes or decks 116. Accordingly, where a socket region encompasses a
staircase contact region, the area of that socket region is given by the projection of the
region onto a horizontal plane. By providing a word line socket region 536 with di-
electric layers 548 having sloped edges 552 as illustrated in Figs. 5 and 6, the area ef-
ficiency of the resulting three-dimensional memory structure 500 of embodiments of
the present disclosure can be improved as compared to conventional configurations.

In accordance with embodiments of the present disclosure, a method for providing a
socket region within a reduced area as compared to conventional techniques or config-
urations is provided. Fig. 8 presents a flowchart illustrating process steps of such a
method, and the socket structure 536 at different stages during performance of the
process steps is illustrated in elevation in Figs. 9A-9D. The method can include
providing a stack of planar or horizontal electrodes 116, with each planar electrode 116
separated from a neighboring planar electrode 116 by a dielectric layer 548 (step 804).
A mask layer can then be formed over a top dielectric layer 548, such that the mask
leaves a portion of the underlying dielectric layer uncovered (step 808). Fig. 9A il-
lustrates the socket region 536 after the addition of the mask 904. The exposed portion
of the dielectric layer 548 can then be etched (step 8§12). The socket region 536 after
the initial step of etching is depicted in Fig. 9B. The mask 904 can then be pulled back
(step 816). The socket region 536 after pulling back the mask 904 is depicted in Fig.
9C. Next, the planar electrode 116 exposed in the previous etching step, and a next di-
electric layer 548, can be etched, while the upper dielectric layer 548 can be further
etched (step 820). The socket region 536 after completion of step 820 is shown in Fig.
9D. This pullback process can be continued until a portion of the last planar electrode
116 is exposed. In accordance with embodiments of the present disclosure, during the
etching process, the dielectric layers 548 are tapered, to create a sloped surface, rather
than etched at a right angle to a top surface of an underlying planar electrode 116. Al-

ternatively, the amount by which a dielectric layer 548 is “pulled back” can be less
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than the amount by which the overlying planar electrode 116 is “pulled back”. At step
824, a determination can be made as to whether the last planar electrode 116 has been
reached. If not, the process may return to step 816.

After the last electrode has been reached, vertical or connecting conductors 120 can
be formed, such that at least one vertical conductor 120 is connected to each planar
electrode 116 (step 828). During the step of forming the vertical conductors 120, the
contact area 552 between a planar electrode 116 and an associated vertical conductor
120 encompasses portions of a top surface 114 of the horizontal electrode 116 as well
as a portion of the edge surface 554 of the planar electrode 116. As can be appreciated
by one of skill in the art after consideration of the present disclosure, the provision of
dielectric layers 548 having sloped edges 532 prevents a vertical conductor 120 from
electrically contacting a planar electrode 116 below a target planar electrode 116.
Therefore, the alignment margin required for a given manufacturing tolerance can be
reduced as compared to a conventional staircase type contact configuration. After elec-
trically connecting each planar electrode 116 to a vertical conductor 120, the process
can end.

Although embodiments of the present disclosure have discussed a socket region con-
figuration that can occupy a reduced area as compared to conventional socket region
arrangements in connection with a three-dimensional memory structure, embodiments
of the present disclosure are not limited to use in connection with such structures. In
particularly, a socket region as disclosed herein can be utilized in connection with any
electrical structure in which contacts are disposed in a staircase type arrangement.
More particularly, embodiments of the present disclosure provide a configuration in
which an alignment margin can be reduced with respect to electrical contacts disposed
in a staircase type arrangement.

Various features and components of embodiments of the present disclosure are for
convenience described in connection with “vertical” and “horizontal” reference di-
rections. In general, “vertical” refers to a dimension parallel to the z axis of a reference
coordinate system depicted in various figures. The “horizontal” dimension generally
corresponds to a plane lying in the x and y dimensions of the reference coordinate
system. The absolute orientation of the coordinate system, and thus of “vertical” and
“horizontal” components or features is not necessarily fixed. Thus, in accordance with
embodiments of the present disclosure, the orientation of the coordinate system is not
fixed within an absolute frame of reference.

The foregoing discussion of the invention has been presented for purposes of il-
lustration and description. Further, the description is not intended to limit the invention
to the form disclosed herein. Consequently, variations and modifications com-

mensurate with the above teachings, within the skill or knowledge of the relevant art,
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are within the scope of the present invention. The embodiments described hereinabove
are further intended to explain the best mode presently known of practicing the
invention and to enable others skilled in the art to utilize the invention in such or in
other embodiments and with various modifications required by the particular ap-
plication or use of the invention. It is intended that the appended claims be construed to

include alternative embodiments to the extent permitted by the prior art.
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[Claim 2]

[Claim 3]
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Claims

A three-dimensional memory structure, comprising:

a memory array volume, wherein the memory array volume extends in
X, ¥, and z dimensions, and wherein the memory array volume includes
a plurality of memory cells;

a socket region, wherein the socket region is located along one side of
the memory array volume such that it extends along the one side of the
memory array volume in the x dimension, and extends from the
memory array volume in the y dimension;

a plurality of dielectric layers that lie in planes extending in the x and y
dimensions;

a plurality of horizontal electrodes that lie in planes extending in the x
and y dimensions,

wherein horizontal electrodes included in the plurality of horizontal
electrodes are stacked in the z dimension,

wherein adjacent horizontal electrodes included in the plurality of
horizontal electrodes are separated from one another in the z dimension
by at least one of the dielectric layers included in the plurality of di-
electric layers,

wherein moving in at least a first direction along the z dimension, the
horizontal electrodes extend from the memory array area to the first
socket region by a greater amount, forming a staircase structure,
wherein an edge of a dielectric layer disposed between a first horizontal
electrode and a second horizontal electrode is located between an edge
of the first horizontal electrode and an edge of the second horizontal
electrode,

wherein within the first socket region each horizontal electrode of the
plurality of horizontal electrodes includes a portion that is not covered
by a dielectric layer such that each of the horizontal electrodes is ac-
cessible along one or more lines that are parallel to the z dimension.
The three-dimensional memory structure of claim 1, further
comprising:

a plurality of connecting conductors, wherein each of the connecting
conductors extends along the z dimension and is in contact with a
portion of a corresponding horizontal electrode within the socket
region.

The three-dimensional memory structure of claim 2, wherein each of
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[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]
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the connecting conductors is in contact with a portion of an edge of at
least a first dielectric layer adjacent the corresponding horizontal
electrode.

The three-dimensional memory structure of claim 3, wherein the edge
of the at least a first dielectric layer adjacent the corresponding
horizontal electrode is sloped.

The three-dimensional memory structure of claim 3, wherein at least
some of the connecting conductors are in contact with a portion of an
edge of the dielectric layer on a first side of the corresponding
horizontal electrode and with a portion of an edge of the dielectric layer
on a second side of the corresponding horizontal electrode.

The three-dimensional memory structure of claim 5, wherein at least
some of the connecting conductors are in contact with a portion of a top
surface and an edge surface of the corresponding horizontal electrode.
The three-dimensional memory structure of claim 1, wherein the edge
portion of each dielectric layer in the plurality of dielectric layers is
sloped so that the edge is not parallel to the z dimension.

The three-dimensional memory structure of claim 7, further
comprising:

a plurality of connecting conductors, wherein each of the connecting
conductors is in contact with a top surface and an edge surface of a cor-
responding horizontal electrode.

The three-dimensional memory structure of claim 8, wherein at least
some of the connecting conductors are in contact with a sloped edge of
at least one of the dielectric layers.

A socket region, comprising:

a plurality of insulating layers;

a plurality of planar electrodes,

wherein adjacent planar electrodes are separated from one another by at
least one of the insulating layers,

wherein each planar electrode extends for a different distance within
the socket region such that a portion of each planar electrode forms a
step;

wherein at least a portion of an end surface of each insulating layer is
located between the end surfaces of the adjacent planar electrodes.

The socket region of claim 10, wherein an end surface of each of the in-
sulating layers is sloped.

The socket region of claim 11, further comprising:
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[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

[Claim 18]

[Claim 19]

[Claim 20]
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a plurality of connecting conductors, wherein each connecting
conductor in the plurality of connecting conductors is connected to one
of the planar electrodes.

The socket region of claim 12, wherein each of the connecting
conductors is in contact with at least one of the insulating layers.

The socket region of claim 13, wherein each of the connecting
conductors is connected to at least an edge surface of a planar
electrode.

The socket region of claim 12, wherein at least one of the connecting
conductors is in contact with two of the insulating layers.

The socket region of claim 12, wherein the planar electrodes extend
from the socket region to a three-dimensional memory structure.

A method for forming a staircase contact socket region, comprising:
providing a stack that includes a plurality of planar electrodes and a
plurality of insulating layers, wherein adjacent planar electrodes are
separated from one another by an insulating layer;

placing a mask on the stack;

etching a first portion of a first insulating layer in the plurality of in-
sulating layers not under the mask to expose a first portion of a first
planar electrode in the plurality of planar electrodes;

pulling back the mask;

after pulling back the mask, etching a second portion of the first in-
sulating layer exposed by pulling back the mask, etching a part of the
first portion of the first planar electrode and etching a first portion of a
second insulating layer included in the plurality of insulating layers,
wherein an edge of the second insulating layer formed by the etching is
sloped and extends from an edge of the first planar electrode to
between the edge of the first planar electrode and an edge of the second
planar electrode.

The method of claim 17, wherein the edge of the first insulating layer is
sloped.

The method of claim 18, wherein the edges of the first and second
planar electrodes are vertical.

The method of claim 19, further comprising:

forming a plurality of connecting conductors, wherein each connecting
conductor is in electrical connected to a top surface and an edge surface

of one of the planar electrodes.
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