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HOLE-TYPE SADP FOR 2D DRAM CAPACITOR

TECHNICAL FIELD

{00011 Embodiments of the present disclosure pertain to the field of slectronic
devices and electronic device manufacturing. More particularly, embodiments of the
disclosure provide DRAM devices with increased capacilor area densily.

BACKGROUND

{00027 Integrated circuils have evolved into complex devices that can include
millions of fransistors, capaciiors, and resistors on a single chip. In the course of
integrated circuil evolution, functional density {i.e., the number of interconnected
devices per chip area) has generally increased while geometry size {i.e., the smallest
component {or line) that can be created using a fabrication process) has decreased.
[00G3] The integrated circuil density on semiconducior substrates has dramatically
increased, and the minimum feature sizes, such as the field effect transistor (FET}
channel lengths and the word line widths on dynamic random-access memoty
(ORAM) have dramatically decreased. As the critical dimensions are reduced, iching
to form the bit line is more challenging and leads to misalignment and poly-silicon
string issues, such as skirt defect. Additionally, contact resistance increases, leading
to lower drive current.

{00041 A significant barrier fo further reduction in DRAM sizes is maintaining
sufficient cell capacitances with good leakage and low density of cell-to-cell shoris.
The average space between celis is 15 o 20 nm in order io fit the high-K dielectric and
have at least a 10 nm margin against celi-to-cell leakage. Currently, the pitch
between the memaory cells of a DRAM device is about 40 nm and will need to
decrease 1o less than 32 nm by the D1d node. A 16 nm diameter glectrode will be
used {o have 16 nm average spacing between the cells for a 8-sigma minimum space
of 12 nm. A space of 12nm is needed between cell to it two 5.5 nm layers of high-k
dielectric material and still have a small gap for the top elecltrode. A apace larger than
12 nm means that the hole could have been larger 10 increase the cell capacitance.
Since the variabilily in hole size from cell-to-cell and top-to-bottom in a cell causes a
smaller average celi size {0 be largsted, it can be appreciated that this variation
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results in a much lower average cell capacitance. Accordingly, methods 1o define the
gap between cells 1o a range like 12 to 14 nm instead of 12-20 nm is nesded.

{0005] Additionally, another difficulty in reducing DRAM sizes is the smali pitch of
the capacitor, which is on a hex layout at a pitch equal {o the bit line (BL) pitch. The
high aspect ratio (HAR) etch fixed the gap between the holes 1o salisfy the 12nm final
minimum gap means that the hole size is rapidly decreasing.

{0008} Therefore, there is an ongoing need in the art for improved DRAM devices
and methods of forming DRAM devices.

SUMMARY

{00077 One or more embodiments of the disclosure are directed 1o a hexagonal cell
lavout for a DRAM device. In one or more embodiments, the hexagonal cell layout
comprises: a first placement layout comprising a plurality of first capacitor holes
arrangad in a center packed hexagonal patiern, sach of the first capacitor holes
having a length along a z-axis and a generally round cross-section in an x-y planeg;
and a second placement layout overlapping the first placement layoui, the second
placement layout comprising a plurality of second capacitor holes arranged in a
second center packed hexagonal pattern interlaced with and offset by half a word line
piich and half a bit ling pitch from the plurality of first capaciior holes to form the
hexagonal cell layout, wherein gach of the second capaciior holes have a length along
the z-axis and a generally round cross-section with three arc shaped cutouls in the x-y
plane to fit between each of the plurality of first capacitor holes.

[0008] Ancther embodiment of the disclosure is directed 1o a DRAM device. In one
or more embodiments, a DRAM device comprises: a plurality of first capacitors
arranged in a center packed hexagonal pattern, each of the first capacitors having a
length along a z-axis and a generally round cross-sechion in an x-y plane; a plurality of
second capacitors arranged in a second center packed hexagonal pattern interlaced
with and offset by half a word line pitch and half a bit line pitch from the plurality of first
capacitors so that an overall hexagonal array of alternating first capacitors and second
capacitors is formed, gach of the second capacitors having a length along the z-axis
and a generally round cross-seclion with three arc shaped cutouts in the -y plane 1o
fit between each of the plurality of first capacitors; and a high-K material surrounding
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each of the pluralities of first capacitors and second capacitors.

{00091 A further embodiment of the disclosure is directed to a method of forming a
DRAM device. In one or more embodiments, a method of forming a DRAM device
comprises: forming a stack on an etch stop layer on a subsirate, the stack comprising
a core layer on an eich stop layer on a substrate, a support layver on a top surface of
the core fayer, a hardmask layer on the support {ayer, a hardmask opening layer on
the hardmask layer, a second support layer on the hardmask opening layer, a DARC
layer on the second support layer, and a photoresist layer on the DARC layer; etching
a first set of hexagonal holes in the stack, the first set of hexagonal holes extending
from a top surface of the pholoresist layer 1o a lop surface of the substrate;
conformally depositing spacer layer in the first set of hexagonal holes; etching the
stack and spacer layer {0 remove the spacer layer from a bottom surface of the first
set of hexagonal holes; patterning and eiching a second set of hexagonal holes
adiacent fo the first set of hexagonal holes; depositing a high-k malerial between the
second set of hexagonal holes and the firsi set of hexagonal holes; and forming a fop
electrode on the second set of hexagonal holes and the first set of hexagonal holes {0
form a first set of capacitors and a second set of capacitors.

BRIEF DESCRIPTION OF THE DRAWINGS

{00101 So that the manner in which the above reciled features of the present
disclosure can be understood in detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference 1o embodiments, some of which
are illustrated in the appended drawings. H is o be noled, however, that the
appended drawings illustrate only typical embodiments of this disclosure and are
therefore not 10 be considerad limiting of its scope, for the disclosure may admit to
other equally effective embodiments. The embodiments as described herein are
Hustrated by way of example and not limitation in the figures of the accompanying
drawings in which like references indicate similar elements.

0011]  FIG. 1 illustrales a process flow diagram of a method according o one or
more embodiments;

{00121 FIG. 2 lllustrates a cross-section view of a DRAM device according o one or

more embodiments;
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{00131 FIG. 3 illusirates a cross-section view of a DRAM device according o one or
more embodiments;

{0014] FIG. 4A illustrates a cross-section view of a DRAM device according 1o one
or more embodimenis;

[00158] FiG. 4B llustrates a cross-section view of a DRAM device according o ons
or more embodiments;

{0016] FIG. 5 illusirates a cross-section view of a DRAM device according 1o one or
more embodiments; and

{0017] FIG. 6 lllustrates a cross-section view of a DRAM device according to one or
more embodiments;

{0018] FIG. 7A illusirates a cross-section view of a layout o form a DRAM device
according 1o one or more embodiments;

{00181 FiG. 7B llustrates a cross-section view of a layout 1o form a DRAM device
according to one or more embodiments;

{0020] FIG. 8A llustrales a cross-sechion view of a DRAM device according o one
or more embodiments;

{0021] FIG. 88 illustrates a cross-section view of a DRAM device according o one
or more embodiments;

{00221 FIG. 9A illustrates a cross-section view of a DRAM device according 1o one
or more embodimenis;

{00231 FiG. 9B illustrates a cross-section view of a DRAM device according to one
or more embodiments; and

{0024] FIG. 10 illustrates a cross-section view of a DRAM device according to one

or more embodiments.,

DETAILED DESCRIPTION

[0025] Before describing several exemplary embodiments of the disclosure, it is to
be understood that the disclosure is not limited to the details of construction or
process steps set forth in the following description. The disclosure is capable of other
embodiments and of being practiced or being carried out in various ways.

[0026] As used in this specification and the appended claims, the term “substrate”

refers t0 a surface, or portion of a surface, upon which a process acts. it will also be
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understood by those skilled in the art that reference to a substrate can refer {o only a
portion of the substrate unless the context clearly indicates otherwise. Additionally,
reference to depositing on a subsirate can mean both a bare substrale and a
substrate with one or more films or fealures deposited or formed thereon.

{00271 A "substrate” as used herein, refers 1o any substrate or material surface
formed on a substrate upon which film processing is performed during a fabrication
process. For example, a substrale surface on which processing can be perlormed
include maleriais such as silicon, silicon oxide, strained silicon, silicon on insulator
(S0, carbon doped silicon oxides, amorphous silicon, doped silicon, germanium,
gallium arsenide, glass, sapphire, and any other materials such as melals, metal
nitrides, metal alloys, and other conductive malerials, depending on the application.
Substrates include, without limitation, semiconductor wafers.  Substrates may be
exposed to a pretreatment process to polish, efeh, reduce, oxidize, hydroxylate,
anneal and/or bake the substrate surface. In addition 1o film processing divectly on the
surface of the substrate ifself, in the present disclosure, any of the Bim processing
steps disclosed may also be performed on an under-layer formed on the substrate as
disclosed in more detail below, and the term "substrate surface” is intended to include
such under-layer as the coniext indicates. Thus, for example, where a film/layer or
partial film/Aayer has been deposited onto a substrale surface, the exposed surface of
the newly depaosited film/layer becomes the subsirate surface.

00281 The term "on” indicates that there is contact between elements, and there
may be intervening elements or layers. The term "directly on” indicales that there is
direct contact between elemenis with no intervening elemenis.

{00281 As used herein, the term “dynamic random-access memory” or "DRAM”
refers to a memory cell that stores a datum bit by storing a packet of charge (ie., a
binary one), or no charge (i.e., a binary zero) on a capacitor.  The charge is gated
onto the capacifor via an access fransistor and sensed by turning on the same
transistor and looking at the voltage perturbation created by dumping the charge
packet on the interconnect line on the transistor outpul. Thus, a single DRAM cell is
made of one transistor and one capacitor.

{00301 As used herein, the term "capaciior” refers {o an elecirical component of a
memaory cell. A capaciior has two electrical conduciors separated by electrically
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insulating material.

{0031] Some embodiments of the disclosure creale capacitors with a space
between them which maximizes the capacitor area. To do this, a smaller word line
(WL} pitch and larger bit ine (BL} pitch for a give WL pitch x BL piich cell area.
Without intending 1o be bound by theory, it is belisved that the disclosed WL versus
BL ratio is advaniageous because the BL pitch scaling is more problematic than the
WL, With a smaller WL pitch, the standard hexagonal capacitor layout is now formed
by two sets of hexagonal capacitors offset by 2 WL pitch. In some embodiments, the
two side-by-side capacitors are formed so that the space between them is uniform,
defined by a spacer, and the thickness of the spacer will fit the high-k material with
enough gap for a thin top electrode. The remaining space between the two offset,
larger diameter, hexagonal layout cells is a small diameter hexagonal space. in some
embodiments, the small diameter hexagonal holes act as the access point for lateral
removal of the spacer, so that the high-k film can deposit on the electrodes with
enough remaining gap to fit the minimum top electrode (~1 nmy).

{00321 Some embodiments of the disclosure use a word line piich that is 0.578
times the bit line pilch compared i the current word line piich that is 0.868 times the
bit line pitch. This enables a dual hexagonal capacitor layout with the disclosed self-
aligned double palterning {SADP) method.

[0033] The embodiments of the disclosure are described by way of the Figures,
which illustrate devices (e.g., DRAM} and processes for forming DRAMs in
accordance with one or more embodiments of the disclosure. The processes shown
are merely illusirative possible uses for the disclosed processes, and the skilled
artisan will recognize that the disclosed processes are not limited {o the #llustrated
applications.

{0034] Example embodiments are described herein with reference o cross-
sectional illustrations that are schematic dlustrations of example embodiments {and
intermediate structures). As such, variations from the shapes of the lustrations as a
result, for example, of manulacturing technigues and/or tolerances, are {0 be
expected. Thus, example embodiments should not be consirued as limited to the
particular shapes of regions illustraled hersin but may be o include deviations in

shapes that result, for example, from manufacturing. Thus, the regions illustrated in
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the figures are schematic in nature and their shapes may be not intended o illustrate
the actual shape of a region of a device and are not intended 1o limit the scope of
example embodiments.

[0035] FIG. 1 illustrates a process flow diagram for a method 10 for forming a
semiconductor device in accordance with some embodiments of the present
disclosure. FIGS. 2-10 jllustrale cross-sectional views of a semiconductor device, a
DRAM in particular, according to one or more embodiments. The method 10 is
described below with respect o FIGE. 2-10. The method 10 may be part of a muli-
step fabrication process of a semiconductor device, a DRAM in particular.

{0038} In one or more embodiments, the method 10 may be periormed in any
suilable process chamber coupled o a clusler tool. The cluster tool may include
process chambers for fabricating a semiconductor device, such as chambers
configured for eiching, deposition, physical vapor deposition (PVD), chemical vapor
deposition {(CVD), oxidation, or any other suitable chamber used for the {abrication of
a semiconductor device.

{00371 Referring to FIG. 1, al operation 12 of method 10, a stack for a self-aligned
double patterning (SADP) capacitor is provided in order to form a 2D DRAM capacitor.
As used in this specification and the appended claims, the term "provided” means that
the stack is made available Tor processing (e.q., positioned in a processing chamber).
in one or more embodiments, the stack is first formed by a series of deposition steps,
as described below with respect to FIGS. 2 and 3. Al operation 14, a set of first high
aspect ratio (HAR) holes are siched. At operation 18, a spacer is deposited and then
etched. At operation 18, a liner is deposited. Al operation 20, a second set of high
aspect ratio (HAR) holes are patterned and siched. At operation 22, the second set of
HAR holes are expanded. At operation 24, a high-k spacer is formed between the first
set and second set of HAR holes. Al operalion 26, the remaining core is removed, the
spacer is recessed, and a high-K layer is deposited.

[0038] FiG. 2 Hiustrales a cross-section view of a stack of layers used in the
formation of a DRAM capacitor. In one or more embodiments, the stack 100
comprises an etch stop layer 104 formed on a subsirate 102. The eich stop layer 104
may comprise any suitable malerial known 1o the gkilled artisan. In one or more

embodiments, the sich stop laver 104 comprises one or more of a conformal layer of
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dielectric; SiN, SICN, SiBN, SION, and combinations thereof. The efch stop layer 104
may be deposited by any suitable technigue known {0 the skilled arlisan. In oneg or
more embodimenis, the eich stop layer 104 is deposited using a lechnigue selected
from CVD, PECVD, ALD deposition. The efch stop layer 104 may have any suilable
thickness known io the skilled artisan. In one or more embodiments, the eich stop
layer has a thickness in a range of from 0.5 nm o 100 nm, including in a range of from
1 nm to 50 nm, including in a range of from 3 nm o 25 nm, and including a range of
from 3 nmto 10 nm.

{00381 In one or more embodiments, a core layer 106 is deposited on the fop
surface of the eich stop layer 104.

{00401  In one or more embodiments, the core layer 106 can comprise any suilable
oxide material known {0 the skilled artisan. In one or more embodiments, core layer
106 comprises carbon. In one or more embodiments, the core layer 106 may be
deposiied at very high temperatures and have low hydrogen {H) content. in one or
more embodiments, the core layer 106 comprises a dense, high temperature (500 °C
or greater) plasma enhanced chemical vapor deposition {(PECVD) carbon material.
{0041] Referring again o FIG. 2, in one or more embodiments, the core layer 106
may have any suilable thickness known o the skilled arfisan. In one or more
embodiments, the core layer has a thickness in a range of from 60 nm o 6000 nm,
including in a range of from 150 nm to 2400 nm, and including in a range of from 300
nm o 1200 nm.

{00421 In one or more embodiments, the core layer 106 may be deposited by any
suitable means known o the skilled artisan. In one or more embodiments, the core
fayer 106 may deposited by one or more of atomic layer deposition (ALD), chemical
vapor deposition (CVD), and plasma enhanced chemical vapor deposition (PECVD).
{00437 “Atomic layer deposition™ or "cyclical deposiiion” as used herein refers o the
sequential exposure of two or more reactive compounds to deposit a layer of material
on a substrate surface. The substrale, or portion of the substrate, Is exposed
separately o the two or more reactive compounds which are introduced infe a
regction zone of a processing chamber. in a time-domain ALD process, exposure {0
gach reactive compound is separated by a lime delay fo allow each compound 1o
adhere and/or react on the substrate surface and then be purged from the processing
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chamber. These reactive compounds are said o be exposed o the substrale
sequentially. in a spatial ALD process, different portions of the substrate surface, or
material on the substrate surface, are exposed simultaneously o the two or more
reaciive compounds s0 that any given poini on the subsirate is subsiantially not
exposed o more than one reactive compound simultanecusly. As used in this
specification and the appended claims, the term "substantially” used in this respect
means, as will be undersiood by those skilled in the art, that there is the possibility
that a small portion of the substrale may be sxposed o muliiple reactive gases
simultaneocusly due to diffusion, and that the simultanecus exposure is unintended.
{0044] In one aspect of a time-domain ALD process, a first reactive gas (i.e., a first
precursor or compound A) is pulsed into the reaction zone followed by a first time
delay. Nexi, a second precursor or compound B is pulsed into the reaction zone
followed by a second delay. During sach time delay, a purge gas, such as argon, is
introduced into the processing chamber {0 purge the reaction zone or otherwise
remove any residual reactive compound or reaction by-products from the reaction
zone. Alternalively, the purge gas may flow continuously throughout the deposition
process so that only the purge gas flows during the time delay between pulses of
reactive compournds. The reaclive compounds are allernatively pulsed until a desired
film or film thickness is formed on the substrate surface. In either scenario, the ALD
process of pulsing compound A, purge gas, compound B and purge gas is a cycle. A
cycle can start with either compound A or compound B and continue the respective
order of the cycle until achieving a film with the predetermined thickness.

{0045] In an embodiment of a spatial ALD process, a first reactive gas and second
reactive gas {e.g., nitrogen gas) are deliverad simulianeously to the reaction zone but
are separated by an inert gas curtain and/or a vacuum curtain. The subsirale is
moved relative 1o the gas delivery apparatus so that any given point on the subsirate
is exposed {o the first reactive gas and the second reactive gas.

{00461 As used herein, "chemical vapor deposition” refers to a process in which a
substrate surface is exposed to precursors and/or co-reagents simultansous or
substantially simulianeously.  As used herein, "substantially simultaneously” refers 1o
either co-flow or where there is overlap for a majority of exposures of the precursors.
{0047] Plasma enhanced chemical vapor deposition (PECVD) is widely used fo
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deposit films due to cost efficiency and film property versatility. In a PECVD process,
for example, a hydrocarbon source, such as a gas-phase hydrocarbon or a vapor ot a
figuid-phase hydrocarbon that have been enfrained in a carrier gas, is infroduced into
a PECVD chamber. A plasma-initiated gas, typically helium, is also introduced into
the chamber. Plasma is then initiated in the chamber {0 create excited CH-radicals.
The excited CH-radicals are chemicaily bound to the surface of a substrate positioned
in the chamber, forming the desired film thereon. Embodiments described herein in
reference fo a PECVD process can be carried out using any suitable thin film
deposition system.  Any apparatus description described herein is illustrative and
should not be construed or interpreted as limiling the scope of the embodimenis
described herein,

{00487 In one or more embodiments, the core layer 106 is deposited by plasma
enhanced chemical vapor deposition (PECVD). In one or more embodiments, the
PECVD may be performed at any suitable temperature. In specific embodiments, the
PECVD deposition of the core laver 106 is conducted al a temperalure in a range of
from 300 °C to 700 °C, including in a range of from 400 ~C 1o 800 °C, including in a
range of from 450 °C 1o 550 *C.

{0049] With reference to FIG. 2, a support layer 108 is deposited on the lop surface
of the core layer 108. The support layer 108 may comprise any suilable material
known 1o the skilled arfisan. In one or more embodimenis, support layer 108
comprises a dielectric material.

{0050] As used herein, the term "dielectric material” refers o a layer of material that
iz an electrical insulator that can be polarized in an eleclric field. In one or more
embodiments, the diglectric layer comprises one or more of oxides, carbon doped
oxides, silicon oxide (&0}, silicon nitride (SiN), silicon oxide/silicon nitride, carbides,
oxyecarbides, nilrides, oxynitrides, oxycarbonitrides, polymers, phosphosilicale glass,
flucrosilicate (SIOF) glass, organcsilicate glass (SiOCH), silicon carbo nitride (SICNJ.
In one or more embodiments, the dielectric layer includes, without Emitation, furnace,
CVD, PVD, ALD and spin-on-coat (SoC) deposited films. In one or more
embodiments, the dieleciric layer may be exposed to in-gitu or ex-situ prefreatment
and post-treatment process o dope, infuse, implant, heat, freaze, polish, eich, reduce,
oxidize, hydroxylate, anneal, UV cure, e-beam cure and/or bake the surface or bulk of
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the dielectric. In one or more specific embodiments, the suppaort layer 108 comprises
sificon nitride (SiN). The silicon nitride {SiN) may be doped or undoped. In some
embodiments, the silicon nitride is doped with carbon {SICN).

{00511  In one or more embodiments, the support layer 108 may have any suitable
thickness. In some embodiments, the support layer 108 has a thickness in a range of
from 2 nm to 500 nm, including in a range of rom 5 nm {o 400 nm, including in a
range of from 10 nm to 250 nm.

{00521 Referring Io FiG. 2, a hardmask layer 110 is deposited on a top surface of
the support layer 108. The hardmask layer 110 may comprise any suilable material
known 1o the skilled artisan. In one or more embodiments, the hardmask layer 110
comprises one or more of silicon oxide (8iOx), silicon carbide (SiC), carbon doped
hydrogenated silicon oxide (SIOCH), boron {(B), boron nilride (BN}, and the like. In one
or more specific embodiments, the hardmask layer 110 comprises boronitride {BN).
{00537 The hardmask layer 110 may have any suifable thickness. In one or more
embodiments, the hardmask laver 110 has a thickness in a range of from 20 nm o
1000 nm, including in a range of from 30 nm to 500 nm, including in a range of from
50 nm to 400 nm.

{0054] With reference to FIG. 2, a hardmask open layer 112 is deposited on a top
surface of the hardmask layer 110. The hardmask open layer 112 may comprise any
suifable material. In one or more embodiments, the hardmask open layer 112
comprises carbon. The hardmask open laver 112 may have any suitable thickness. In
one or more embodiments, the hardmask open layer 112 has a thickness in a range of
from 20 nm to 1000 nm, including in a range of from 30 nm to 500 nm, including in a
range of from 50 nm to 300 nm.

{0085] Referring to FIG. 2, a second support layer 114 is deposited on a top surface
of the hardmask open layer 112. The second support layer 114 may comprise any
suifable material known to the skilled arlisan. in one or more embodiments, second
support layer 114 comprises a dielectric material. In one or more specific
embodiments, the second support layer 114 comprises silicon nitride (SiN). The
silicon nitride (SiN) may be doped or undoped. In some embodiments, the silicon
nitride is doped with carbon (SICN).

{00581 In one or more embodiments, the second suppaort layer 114 may have any
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suitable thickness. In some embodiments, the second support layer 114 has a
thickness in a range of from 2 nm 1o 500 nm, including in a range of from 5 nm to 400
nm, including in & range of from 10 nm {0 250 nm.

{00571 Still referring to FIG. 2, in one or more embodiments, a dislectric anti-
reflective coating (DARC) layer 116 is formed on a top surface of the second support
layer 114, A DARC layer is an anti-reflective material commonly used o absorb
radiation reflected from the substrale surface during photo imaging operalions of
semiconductor processing. In one or more embodiments, the DARC layer 116 may
comprise any suilable material known o the skilled arfisan. In one or more
embodiments, the DARC layer 116 may have any suilable thickness. In some
embodiments, the DARC layer 118 has a thickness in a range of from 1 nm o 100
nm, including in a range of from 2 nm o 75 nm, and including in a range of from 5 nm
to 80 nm.

{0088] With reference to FIG. 2, a photoresist layer 118 is formed on a top surface
of the DARC layer 116. The photoresist layer 118 may comprise any suitable material
known to the skilled artisan and may have any suitable thickness. In one or more
embodiments, the photoresist layer 118 has a thickness in a range of from 30 nm to
300 nm.

{00591 FIG. 3 illustrates a cross-section view 100 of the stack of layers used in the
formation of a DRAM capacitor having a plurality of openings 120 etched therein.
Referring to FIG. 1 and FIG. 3, at operation 14, in one or more embodiments, a
plurality of openings 120 are formed in the stack by eiching from a top surface of the
pholoresist layer 118 through the DARC layer 118, through the second support layer
114, through the hardmask open layer 112, through the hardmask layer 110, through
the support layer 108, through the core layer 106, and through the eich stop layer 104
to expose g top surface of the substrate 102. Thus, in one or more embodiments,
each of the plurality of openings 120 extends from a top surface of the photoresist
layer 118 to the top surface of the substrate 102

00801 In one or more embodiments, sidewall surfaces 105, 107, 109, 111, 113,
115, 117, 118, and botlom 121 are formed within the opening 120 of the stack. in one
or more embodiments, the opening 120 extends from a top surface of the photoresist
fayer 118 through to a top surface of the subsirate 102.
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{00611 In one or more smbodiments, the plurality of openings 120 are high aspect
ratio (HAR) openings. In one or more embodiments, the aspect ratio of the plurality of
openings 120 is in a range of from 20:1 to 100:1.

{00621 With reference to FIG. 1 and FIG. 4A, at operation 16, a spacer film 122 is
deposited in the plurality of openings 120. The spacer film 122 is deposited on
sidewall surfaces 105, 107, 108, 111, 113, 115, 117, 118, and bottom 121 within the
opening 120 of the stack. Referring to FIG. 4B, in one or more embodiments, the
spacer film is removed from the botiom 121 of the opening 120 and the hardmask
{ayers are removed, exposing a top surface of support layer 108.

{0063] The spacer film 122 may comprise any suilable material known to the skilled
artisan. in one or more embodiments, the spacer film 122 comprises an oxide. The
spacer film 122 may have any suitable thickness. In one or more embodiments, the
spacer film has a thickness in a range of from 6.5 nm to 10 nm, including a range of
from 1 nm o 8 nm, and including a range of from 2 nm to 5 nm.

{0064} In some embodiments, the spacer film 122 is deposiled conformally on the
sidewall surfaces 105, 107, 108, 111, 113, 115, 117, 119, and botiom 121 within the
opening 120 of the stack. As used herein, the term “conformal®, or "conformaliy”,
refers fo a film that adheres to and uniformly covers exposed surfaces with a
thickness having a variation of less than 5%, less than 2%, or less than 1% relalive 1o
the average thickness of the film. For example, a 1,000 A thick film may have less
than a 10 A variation in thickness. This thickness and variation include at least edges,
corners, sides, and the bottom of recesses. For example, a conformal film deposited
by ALD in various embodimenis of the disclosure would provide coverage over the
deposited region of essentially uniform thickness on complex surfaces.

{0065] Referring to FIG3. 1 and FIG. 5, at operation 18, a liner layer 124 is deposited
on the spacer film 122 in the opening 120. In one or more embodiments, the liner
layer 124 fills the opening 120. In other embodiments, the liner layer 124 is a thin layer
that is deposited conformally on the spacer film 122. The liner layer 124 may comprise
any suitable material. In one or more embodiments, the liner layer 124 comprises one
or more of tianium nitride (TiN}, tantalum nitride (TaN}, tungsten nitride (WN), and the
fike. The liner layer 124 may have any suilable thickness. In one or more

embodiments, the liner layer has a thickness in a range of from 1 nm to 15 nm,



10

20

25

30

WO 2024/136990 PCT/US2023/036904

14

including in a range of from 2 nm to 10 nm. The combination of the spacer layer 122
and the liner layer 124 forms the pillar 125.

{0068] With reference to FIG. 1 and FIG. 8, at operation 20, the stack is patierned
{(with the deposition and remaoval of various unillusirated hardmask films) and etched
form a second set of openings 126 adiacent to the pillars 125, After deposition of a
spacer material and a liner malerial {not illustrated}, the second set of openings 126
become g second set of pillars 127.

{00671 FIGS. 7A and 7B show how the two hex pattern described above can form a
hex grid with an access hole. In FIG. 7A, the first placement layout 202 shows the first
opening 120 which form the first set of capacitors 125, FiG. 78 Hlustrates the second
placement layout 204 on top of the first placement layout 202 to form the second set
of openings 126 which form the second set of capacitors 127. The access point 206 is
later used for core removal and depaosition of a high-k material and top electrode.
{0068] Referring now to FIG. 1 and FIGS. 8A and 8B, at operation 22, the second
set of openings 126 are expanded. Al operalion 24, a spacer malerial and a liner
material are deposited 1o form the second set of pillars 127. Between the first set of
pillars 125 and the second set of pillars 125, a high-k spacer material 128 is
deposited. The high-K spacer material 128 can comprise any suilable high-k material
known fo the skilled artisan. In one or more embodimenis, the high-k material
comprises zirconium oxide (ZrQx).

{00681 With reference to FiG. 1 and FIGS. A and 9B, at operation 26, the
rermaining core layer 106, eich stop layer 104, and support layer 168 are removed
through the access point 206. A high-K spacer malerial 128 is recessed and g iop
glectrode 130 is formed. The fop electrode 130 can comprise any suitable material. In
one or more embodiments, the top electrode 130 comprises ane or more of titanium
(T4, titanium nitride (TiIN}, tantalum (Ta), and tantalum nitride (TaN}.

{00701 FiG. 10 llusirates a cross-section view 400 of the DRAM device including a
plurality of first capacitors 125 arranged in a center packed hexagonal pattern. Each of
the first capacitors 125 have a length along a z-axis and a generally round cross-
seclion in the x-y plane. A plurality of second capacitors 127 are arranged in a second
center packed hexagonal paftern interlaced with the plurality of first capacitors 125 so
that an overall hexagonal array of alternating first capacitors 125 and second
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capaciiors 127 is formed. Wordlines 132 and bitlines 134 are connected to each of
the capacitors 125, 127. The wordlines 132 have a pilch equal o less than 0.6 x a
bitline piich. The plurality of second capacitors 127 are offsel by haif a word line pifch
and half a bit line pitch from the plurality of first capacitors 125, Each of the second
capacitors 127 have a length along the z-axis and a generally round cross-section
with three arc shaped cutouts in the x-y plane to it between the first capacitors 125.
Each of the pluraliies of first capacitors 125 and second capacitors 127 are
surrounded by a high-k material and separated from adjacent capacifors by a spacer
material. The high-k material can comprise any suilable material known to the skilled
artisan. In one or more embodiments, the high-k material comprises zirconium oxide
(£r0y). The average gap between adjaceni capacitors 125, 127 is in the range of 12
nm to 20 nm. An access point 208, located between the plurality of first capacitors and
between the plurality of second capacitors, is used for removal of a core material
during processing.

{00711 The use of the ferms "3" and "an” and "the" and similar referents in the
contexi of describing the materials and methods discussed herein (especially in the
context of the following claims) are 1o be construed o cover both the singular and the
plural, uniess otherwise indicated herein or clearty contradicted by context. Recitation
of ranges of values herein are merely intended to serve as a shorthand method of
referring individually o each separate value falling within the range, unless otherwise
indicated herein, and each separate valus is incorporated into the specification as if it
were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by
context. The use of any and all examples, or exemplary language (e.g., "such as")
provided herein, is intended merely to better luminate the materials and methods and
does not pose a limitation on the scope uniess otherwise claimed. No language in the
specification shouid be construed as indicating any non-claimed element as essential
to the practice of the disclosed materials and methods.

{0072 Reference throughout this specificalion o "one embodiment,” “ceriain

" n

embodiments,” "one or more embodimenis” or "an embodiment” means that a
particular feature, structure, material, or characteristic described in connection with the

gembodiment is included in at least one embodimant of the disclosure. Thus, the
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wong

appearances of the phrases such as "in one or more embodiments,” "in certain
smbodiments,” "in one embodiment” or "in an embodiment” in various places
throughout this specification are not necessarily referring to the same embodiment of
the disclosure. Furthermore, the particular features, structures, materials, or
characteristics may be combined in any suitable manner in one or more embodiments.
{0073] Although the disclosure herein has been described with reference 1o
particular embodiments, it is to be understood thal these embodiments are merely
fHusirative of the principles and applications of the present disclosure. i will be
apparent to those skilled in the art that various modifications and variations can be
made to the method and apparatus of the present disclosure without departing from
the spirit and scope of the disclosure. Thus, it is inlended that the present disclosure
include modifications and variations that are within the scope of the appended claims

and their equivalents.
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What is claimed is:

1.

A hexagonal cell layout for a DRAM device, the hexagonal cell layoul
comprising:

a first placement layout comprising a plurality of first capacitor holes
arranged in a center packed hexagonal pattern, each of the first capacitor holes
having a length along a z-axis and a generally round cross-seclion in an x-y
plane; and

a second placement layout overlapping the first placement layout, the
second placement layout comprising a plurality of second capacitor holes
arranged in a second center packed hexagonal pattern interlaced with and
offset by half a word line pitch and half a bit line pitch from the plurality of first
capacitor holes 1o form the hexagonal cell layout, whersin each of the second
capacitor holes have a length along the z-axis and a generally round cross-
section with three arc shaped culouls in the x-y plane to il between each of the
plurality of first capacitor holes.

A DRAM device comprising:

a plurality of first capacitors arranged in a cenier packed hexagonal
pattern, each of the first capacitors having a length along a z-axis and &
generally round cross-section in an x-y plane;

a plurality of second capacitors arranged in a second center packed
hexagonal paitern interlaced with and offset by half a word line piich and half a
bit line pitch from the plurality of first capacitors so that an overall hexagonal
array of alternating first capacitors and second capacitors is formed, sach of
the second capacitors having a length along the z-axis and & generally round
cross-section with three arc shaped culouis in the x-y plane o fit between each
of the plurality of first capacitors; and

a high-k material surrounding each of the pluralities of first capacitors
and second capacitors.
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The DRAM device of claim 2, whersin each of the pluralities of first capacitors
ard second capacitors are separaied from adjacent capacilors by a spacer

material,

The DRAM device of claim 2, wherein an average gap bstween adjacent

capaciiors is in arange of 12 nm o 20 nm.

The DRAM device of claim 2, further comprising wordlines and bitlines
connected 1o sach of the capacitors, the wordlines having a pitch egual 1o less
than 0.6 x a bitline pitch.

The DBEAM device of claim 2, further comprising an access point located
between the plurality of first capacitors and between the plurality of second
capacitors.

. The DRAM device of claim 2, whersin the plurality of first capacitors and the

plurality of second capacitors independently comprise a metal selected from

one or more of ungsten (W) or titanium nitride {TiN}.

The DRAM device of claim 2, wherein the high-k material comprises zirconium
oxide {ZrO«}).

A method of forming a DRAM device, the method comprising:

forming a stack on an etch stop layer on a substrate, the stack
comprising a core layer on an eich stop layer on a substrate, a support layer on
a iop surface of the core layer, a hardmask layer on the support layer, a
hardmask opening layer on the hardmask layer, a second support layer on the
hardmask opening layer, a DARC layer on the second support layer, and a
photoresist layer on the DARC layer;

etching a first set of hexagonal holes in the stack, the first set of
hexagonal holes extending from a top surface of the photoresist layer 1o a fop
surface of the substrate;
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conformally depositing spacer layer in the first set of hexagonal holes;

etching the stack and spacer layer 1o remove the spacer layer from a
botiom surface of the first set of hexagonal holes;

patierning and etching a second set of hexagonal holes adjacent {o the
first set of hexagonal holes;

depositing a high-k malerial between the second set of hexagonal holes
and the first sei of hexagonal holes; and

forming a top electrode on the second set of hexagonal holes and the
first set of hexagonal holes to form a first set of capacitors and a second set of
capacitors.

10. The method of claim 8, wherein the core layer comprises a carbon material.

11. The method of claim 9, wherein the support layer and second support layer
independently comprise one or more of silicon carbonitride (SICN), silicon
nitride (SiN), and silicon oxide (5i02).

12. The method of claim 9, wherein the hardmask layer comprises one or more of
silicon oxide (SiOx), silicon carbide (§iC), carbon doped hydrogenated silicon
oxide {SIOCH), boron (B}, and boron nitride (BN).

13.The method of claim 9, wherein the hardmask layer comprises boron (B) or
boron nitride (BN).

4. The method of claim 9, wherein the top electrode comprises one or more of
fitanium {Th, tilanium nitride (TIN), tantalum (Ta), and tantalum nitride (TaN).

15. The method of claim 8, wherein the first set of capacitors and the second set of
capacitors are separated from adjacent capacitors by the high-K material.

18. The method of claim 8, wherein an average gap belween adjacent capacitors is

it arange of 12 nmto 20 nm.
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17.The method of claim 9, further comprising forming wordlines and billines
connected to each of the capacifors.

5 18. The method of claim 17, wherein the wordiines have a pitch equal 1o less than
0.6 x a bitline pitch.

18. The method of claim 9, wherein the first set of capacitors and the second set of
capacitors independently comprise a metal selected from one or more of
10 tungsten (W) or titanium nitride (TIN).

20.The method of claim 9, wherein the high-k material comprises zirconium oxide
(ZrOx}
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