Method of Forming a Metal-Insulator-Metal Capacitor TECHNICAL FIELD
10001] The present invention relates to a method of manufacturing a
capacitor of a semiconductor memory, and particularly to a method of
forming a metal-insulator-metal (MIM) capacitor structure for a dynamic
random access memory (DRAM) device. BACKGROUND (0002] The cell
of a semiconductor memory such as a dynamic random access memory
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switching device connected with a capacitor as a digital data storage
device. A capacitor known as a metal-insulator-metal (MIM) structure
TEPPRSRSSES-f1iew-interfacial reaction specificity to enhance its
performance. The MIM capacitor has therefore become an important
topic of research for the memory technology in the future. As the DRAM
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forming a crown-shaped capacitor structure, whereby a surface area of a
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form a thick insulator

BACKGROUND

[0002] The cell of a semiconductor memory such as a dynamic random access memory
(DRAM) device is generally created comprising one single Metal-Oxide-Semiconductor
Field-Effect-Transistor (MOS-FET) as a switching device connected with a capacitor as a digital
data storage device. A capacitor known as a metal-insulator-metal (MIM) structure possesses a
low-interfacial reaction specificity to enhance its performance. The MIM capacitor has therefore
become an important topic of research for the memory technology in the future. As the DRAM
device needs ultra-high integrity, cell areas are reduced, and thus many studies for increasing the
capacitance of a MIM capacitor are being developed. There are various ways of increasing the
capacitance such as forming a crown-shaped capacitor structure, whereby a surface area of a
dielectric layer is increased. However, the conventional process needs to form a thick insulator
layer in openings to increase the vertical dimension of the crown-shaped capacitor structure,

resulting in a high aspect ratio of bit line contact holes for capacitor-over-bit line (COB) designs.



layer in openings to increase the vertical dimension of the crown-shaped
capacitor structure, resulting in a high aspect ratio of bit line contact holes
for capacitor-over-bit line (COB) designs. -1 The formation of the thick
insulator layer increases process complexity and cost, and causes
difficulties in anisotropically etching bit line contact holes with deep and
narrow designs. [0003] What is needed in the art, therefore, is a novel
approach to increase capacitance and maintaining the capacitor height
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-2 SUMMARY OF THE INVENTION [0004] Embodiments of the present
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thereof to increase the total effective capacitance without impacting on bit
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overlying the first dielectric layer by alternately depositing a plurality of
second dielectric layers and a plurality of third dielectric layers. An
opening is formed in the stack dielectric structure to expose a portion of
the first dielectric layer. By performing a wet etch process, relatively-large
portions of the second dielectric layers and relatively-small portions of the
third dielectric layers are removed to form a plurality of lateral recesses in
the second dielectric layers along sidewalls of the opening. A bottom
electrode layer is formed to extend along the sidewalls and bottoms of the

SUMNARY) Q& AHAHED pening. A capacitor dielectric layer is formed on
the bottom electrode layer. A top electrode layer is formed on the
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structure has a plurality of second dlelectrlc layers and a plurality of third
contachpsRectreti8yers alternating with each other. A -3-wet etch selectivity of the
second dielectric layer relative to the third dielectric layer is of at least 5:1.
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provided with a first dielectric layer formed thereon. A stack dielectrié structure is formed
overlying the first dielectric layer by alternately depositing a plurality of second dielectric layers
and a plurality of third dielectric layers. An opening is formed in the stack dielectric structure to
expose a portion of the first dielectric layer. By performing a wet etch process, relatively-large
portions of the second dielectric layers and relatively-small portions of the third diclectric layers
are removed to form a plurality of lateral recesses in the second dielectric layers along sidewalls of
the opening. A bottom electrode layer is formed to extend along the sidewalls and bottoms of the
lateral recesses and the opening. A capacitor dielectric layer is formed on the bottom electrode

layer. A top electrode layer is formed on the capacitor dielectric layer.

[6006] In another aspect, the present invention provides a metal-insulator-metal capacitor
includes a semiconductor substrate having a first dielectric layer formed thereon and a stack
dielectric structure overlying the first dielectric layer. The stack dielectric structure has a plurality

of second dielectric layers and a plurality of third dielectric layers alternating with cach other. A
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dielectric structure and the first dielectric layer along the serrate sidewalls
and the bottom of the opening. A capacitor dielectric layer is formed on
the bottom electrode layer. A top electrode layer is formed on the
capacitor dielectric layer. -4 BRIEF DESCRIPTION OF THE DRAWINGS
100071 The aforementioned objects, features and advantages of this
invention will become apparent by referring to the following detailed
description of the preferred embodiments with reference to the
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cross-sectional diagrams illustrating an exemplary embodiment of a
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2A to FIG. 2C are cross-sectional diagrams illustrating another exemplary
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opening. A capacitor dielectric layer is formed on the bottom electrode layer. A top electrode

layer is formed on the capacitor dielectric layer.



method of forming thereof. Reference will now be made in detail to the
present embodiments, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same reference
numbers are used in the drawings and the description to refer to the same
or like parts. In the drawings, the shape and thickness of one
embodiment may be exaggerated for clarity and convenience. This
description will be directed in particular to elements forming part of, or
ratus in accordance with the present
BRIE%]O\%% @éﬂﬁf@ %g ﬁﬁ%@gém’?g#a% elements not specifically shown or
described may take various forms well known to those skilled in the art.
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substrate, it may be directly on the other layer or on the substrate, or
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diagrams of FIG. 1A to FIG. IFlllustratea exemp embo imen
method of form| M capacitor for a DRAM deV|ce INFIG. I A, a
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structures 12 formed therein and transistors (not shown) formed thereon.

[000SThe treRSIStONPIPcess Mr&%&ﬁoﬁwd?%r&ﬂytﬁqsﬁ?a&ﬂ deunation of
well regions, gate electrodes, lightly doped drain (LDD) s ructures

emboSIARIEL SRAGELR 19BN APRIARPUSEAT RIS BRORA AL RiC ey favers.

For example, dopant

[0009] FIG. 2A to FIG. 2C are cross-sectional diagrams illustrating another exemplary
embodiment of a MIM capacitor process using an isolation layer before the bottom electrode

deposition.



diffusion regions 18 are formed in the substrate 10 through ion
implantation process. The 6 transistor process is conventionally well
known and no further detailed discussion is necessary. A first dielectric
layer 14 is deposited on the semiconductor substrate 10 to cover the
transistors and then planarized by a chemical mechanical planarization
(CMP) process. The material used to form the first dielectric layer 14 may
include, for example silicon oxide, silicon nitride, silicon oxynitride, low-k

dielectri jals, other i ting materials, or combinations thereof
DET‘H sXt %E&%ﬁ@é&bé& i‘n%@eﬁ ﬁ%ﬁ’rﬁ% QRINER B pattern the first
dielectric layer 14 to form openings that are then filled with a conductive
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connected to the underlying dopant diffusion regions 13 respectively. In
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second dielectric layers 22 and a plurality of third dielectric layers 24 are
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stop layer 20 through any of a variety of techniques, including, LPCVD
the dr{leinzprdestiip€haintdakmapol one embodiment may be exaggerated for clarity and
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convenience. This description will be directed in particular to elements forming part of, or
cooperating more directly with, apparatus in accordance with the present invention. It is to be
understood that elements not specifically shown or described may take various forms well known
to those skilled in the art. Further, when a layer is referred to as being on another layer or “on” a
substrate, it may be directly on the other layer or on the substrate, or intervening layers may also be

present.

10011] Herein, cross-sectional diagrams of FIG. 1A to FIG. 1F illustrate an exemplary
embodiment of a method of forming a MIM capacitor for a DRAM device. In FIG. 1A, a
semiconductor substrate 10 is provided with shallow trench isolation (STT) structures 12 formed
therein and transistors (not shown) formed thereon. The transistor process may include, but not
limited to, the formation of well regions, gate clectrodes, lightly doped drain (LDD) structures,
sidewall spacers, heavy doped source/drain regions and silicide layers. For example, dopant

diffusion regions 18 are formed in the substrate 10 through ion implantation process. The



deposition), APCVD (atmospheric-pressure chemical vapor deposition),
PECVD (plasma-enhanced chemical vapor deposition), spin-on coating,
and future-developed deposition procedures. The material used to form
the second dielectric layer 22 may include, for example silicon oxide,
silicon nitride, silicon oxynitride, low-k dielectric materials, other isolating
materials, or combinations thereof The material used to form the third
dielectric layer 24 may include, for example silicon oxide, silicon nitride,
transiskii pepresryhipieisniswal dietd dirievmaterial Surthathepikd dingssiat érials;sorry. A
combinations thereof. The key aspect of the invention is to provide the
first dialtetnateyydapnesiipskilialestiie faypondddantskwith Witterent et eiebistors and
rates for pulling back the second dielectric layers 22 in subsequent
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oxide-based materials with dif t wet etch ratés. A wet etch selectivity

ond electrlc a 2 relative to the th d delectrl layer, 24 is
the g e M e ST e e RSOt Gp
anlsotroz%: etch techniques are used to pattern the dielectric layers 20,
oxynitpdelow Xiglteiin Rafsackh P BIsE Rrlgi g depalsRy aombtoraeRs Hisgeof. Next,

contact structures 16 respectively. Then, in FIG. 1 D, an isotropic etch
photoliShogregby sudistalks taovatiets hrprocd s patieanriplofied dekemovayer 14 to form
relatively-large portions of the second dielectric layers 22 and

openings that are then filled with a conductive material to act storage node contact structures 16,
being electrically connected to the underlying dopant diffusion regions 18 respectively. In
addition, an etch stop layer 20 is deposited on the first dielectric layer 14 to cover the storage node
contact structures 16. The material used to form the etch stop layer 20 may include, for example

silicon nitride, silicon oxynitride, or combinations thereof.

6012] In FiIG. 1B, a plurality of second dielectric layers 22 and a plurality of third dielectric
layers 24 are alternately deposited to form a stack dielectric structure 21 on the etch stop layer 20
through any of a variety of techniques, including, LPCVD (low-pressure chemical vapor
deposition), APCVD (atmospheric-pressure chemical vapor deposiﬁon), PECVD
{plasma-enhanced chemical vapor deposition), spin-on coating, and future-developed deposition
procedures. The material used to form the second dielectric layer 22 may include, for example
silicon oxide, silicon nitride, silicon oxynitride, Jow-k dielectric materials, other isolating
materials, or combinations thereof. The material used to form the third dielectric layer 24 may
include, for example silicon oxide, silicon nitride, silicon oxynitride, low-k dielectric materials,
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relatively-small portions of the third dielectric layers, resulting in a
patterned opening 26" with serrate sidewalls. In detail, lateral recesses 27
are formed in the second dielectric layers respectively along the sidewall
of the capacitor opening 26. The wet etch solution is tuned to obtain a
high etch selectivity to the material in the second dielectric layer 22
relative to the material in the third dielectric layer 24 so as to form a
desired serrate sidewalls profile. For example, a wet etch rate of the
other swdeing dietettiicdeyeniFRaiiotiséhtivdl didlektrintayar thisfrontiaboue brdvide the
to about 100:1. [0014] In FIG. 1 E, a first conductive layer 28, serving as

alternatbigtiepoalectededayri a8 of andiiM.canascitandseoniamallydenositadck the
on the resulted structure to cover the stack dielectric structure 21 along
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conductive -8 layer 28 also covers the exposed regions of the first

dielectric layer, 14 to electrically contact the storage node contact -
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include, for example TiN, TaN, W, WN, Ti, TiwW, Ta, Al, Cu, Mo, or the like.
secong fielsririkEy deg seitfors forrdhind dickitirdavenaysrofgtisay mbrndet mastd 00:1.

not limited to, CVD, PVD (physical vapor deposition), evaporation,
[0013P120INg, A 1@ AMIG IR SE SRR IR s Rl E RIS 8 lised to pattern the
dielectric Jayers 20, 22 and 24 to form capacitor openings 26, exposing the storage node contact
structures 16 respectively. Then, in FIG. 1D, an isotropic etch process, such as a wet etch process,
is employed to remove relatively-large portions of the second dielectric layers 22 and
relatively-small portions of the third diclectric layers, resulting in a patterned opening 26 with
serrate sidewalls. In detail, lateral recesses 27 are formed in the second dielectric layers
respectively along the sidewall of the capacitor opening 26. The wet etch solution is tuned to
obtain a high etch selectivity to the material in the second dielectric layer 22 relative to the material
in the third dielectric layer 24 so as to form a desired serrate sidewalls profile. For example, a wet

etch rate of the second dielectric layer 22 to the third dielectric layer 24 is from about 5:1 to about

100:1.

[6014]} In FIG. 1E, a first conductive layer 28, serving as a bottom electrode layer 28 of a
MIM capacitor, is conformally deposited on the resulted structure to cover the stack dielectric

structure 21 along the serrate sidewall profile of the patterned opening 26”. The first conductive



Then the first conductive layer 28 outside the patterned openings 26" is
removed by CMP or etch back technologies. 100151 In FIG. IF, a high-k
dielectric layer 30 is conformally deposited on the resulted structure to
cover the bottom electrode layer 28 and the top surface of the stack
dielectric structure 21. Then a second conductive layer 32, serving as a
top electrode layer of the MIM capacitor, is deposited on the high-k
dielectric layer 30. The second conductive layer 32 may fill the lateral
layer (8 alaaaever U pngRdk disrci et drkeaiinirone e shedric iy eapact the
conductive layers 28 and 32 acts a capacitor dielectric layer of the MIM
storagsapaici twrtddh ettvighrbs die| Ete ooketyenl 384d tolépositedithrooghuaing bfyar 28 may
variety of deposition techniques, including CVD, LPCVD, APCVD,
includREGMRuAbID BN ThE, e vike e rmmvhiph) K as:used Jereindenatesi ket

dielectric that has a dielectric constant (k) of greater than about 4.0,

deposm&fx%l?ﬂé H&%MH&@@R&?QQ%@!H&%&?‘%@ 1%& l%lrlli}gg tgi%]%fiﬁ\m (physical

constants disclosed hereiri are reldtive to a vacuum, unless dtherwise
stated..A .wide variety of hi h%ﬁocﬁeé%ctri,c may be employed including,

vapor R NS TS ) TRk b TSR APROB R 5SADA fphereor.
La203, ZrO2 and TaO2; silicates, aluminates and oxynitrides of said

Then Hip &yt radnonio s caAt perovskieaypaapesingbMbitasonsedriy 68 or etch

back technologies.

[0615] In FIG. IF, a high-k dielectric layer 30 is conformally deposited on the resulted
structure to cover the bottom electrode layer 28 and the top surface of the stack dielectric structure
21. Then a second conductive layer 32, serving as a top electrode layer of the MIM capacitor, is
deposited on the high-k dielectric layer 30. The second conductive layer 32 may fill the lateral
recesses 27. The high-k dielectric layer 30 sandwiched between the two conductive layers 28 and
32 acts a capacitor dielectric layer of the MIM capacitor. The high-k dielectric layer 30 is
deposited through any of a variety of depositioﬁ techniques, including CVD, LPCVD, APCVD,
PECVD, ALD and the like. The term “high-k™ as used herein denotes é dielectric that has a
dielectric constant (k) of greater than about 4.0, preferably from about 8 to about 50. It is noted that
all the dielectric constants disclosed herein are relative to a vacuum, unless otherwise stated. A
wide variety of high-k dielectrics may be employed including, but not limited .t0: binary metal
oxides such as Ta,0s, HIO,, AIZO;, InQy, La, 05, Zr0; and TaQ,; silicates, aluminates and
oxynitrides of said binary metal oxides; and perovskite-type oxides. Combinations and/or
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multilayers of such high-k dielectrics are also contemplated herein. The
material used to form the second conductive layer 32 may include, for
example TiN, TaN, W, WN, Ti, TiW, Ta, Al, Cu, Mo, or the like. The
blanket deposition for the second conductive layer 32 may include, but is
not limited to, CVD, PVD (physical vapor deposition), evaporation,
plating, ALD (atomic layer deposition), or combinations thereof [0016]
_The MIM capacitor process of the exemplary embodiment is an
multilgyesn olcoRbrBiduk gidleess irichsn sestampeatatdresintiohe witkeaahigadde form the
selectivity between the dielectric layers 22 and 24 to pull back the second
secondiielebicicvialger 22 ang formith & sereatelsitidwdlhsr 6% eV e StltgVirT an!, Cu, Mo,
increase in the total effective capacitance without impacting on bit line
or the GRBIETCE SSRELHT AR A KA1 QcdMateohlie il RIRCINSSaFeRMANAIbUL is not

diagrams illustrating another exemplary embodiment of a MIM capacitor

limitePIQESHUSIG ﬁg&t'ﬂteb%g(w OQSI&;; e Letiom s\ggﬁgg@ﬁ&%ﬁﬁi&ﬂ er

while explanationo ame or simifar paortions to't on in FIG.
F will be omitted. A%g;r the formation of lateral recesses 27 in the

1A- !
depos’é’é’ééﬂr?d HBIRHIOTEETESD an isolation layer 29 is deposited on the
resulted structure and then an etch back process is employed to remove

[oo1sthe iSﬁl@ti@n@ésﬁ&%rfi%&é&%?&%&%?%@%ﬁﬁ;&ii}ﬁ&lﬁE§taﬁ’@ﬁ TG hakd
14, the storage node contact structure 16 and the top of the stac
proces%J I%ﬁgﬁrl?sgg UGy E:%c% ]s'o?ustig)g Q&ﬁheg ﬂpgg !E:%h selectivity between the dielectric layers 22

and 24 to pull back the second dielectric layer 22 and form the serrate sidewall profile, resulting in

an increase in the total effective capacitance without impacting on bit line contact aspect ratio.

16017] FIG. 2A to FIG. 2C are cross-sectional diagrams illustrating another exemplary
embodiment of a MIM capacitor process using an isolation layer before the bottom electrode
deposition, while explanation of the same or similar portions to the description in FIG. 1A-1F will
be omitted. After the formation of lateral recesses 27 in the second dielectric layers 22, an
isolation layer 29 is deposited on the resulted structure and then an etch back process is employed
to remove the 1solation layer 29 from the exposed surfaces of the first dielectric layer 14, the
storage node contact structure 16 and the top of the stack dielectric structure 21 as depicted in FIG.
2A. The isolation layer 29 may be formed of oxide, silicon oxynitride, silicon nitride, tantalum
oxide, aluminum oxide, zirconium oxide, or combinations thereof. Next, as shown in FIG. 2B, a

first conductive layer 28 is deposited along the serrate sidewalls of the patterned openings 26” to
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2A. The isolation layer 29 may be formed of oxide, silicon oxynitride,
silicon nitride, tantalum oxide, aluminum oxide, zirconium oxide, or
combinations thereof. Next, as shown in FIG. 2B, a first conductive layer
28 is deposited along the serrate sidewalls of the patterned openings 26"
to -10 cover the isolation layer 29, the first dielectric layer 14, the storage
node contact structure 16 and the top of the stack dielectric structure 21.
The first conductive layer 28 outside the patterned opening 26" is then
cover HasRIREPE AW ER plescess digissirimizies 15¢tha simek rAdteemriadsaictued 6 and
conformally deposited to cover the bottom electrode 28 and the top of the
the topstd tkedieldotidsstrisctimeti2d 2 andiith rvacsedocit e bnauzd vetkdye 8D agemed
deposited on the high-k dielectric layer 30. The high-k dielectric layer 30
openirgarEhviahes bavee Bt tversarsusiive 1ayats 28 anddlasts-asapaetab is
dielectric. The additional isolation layer 29 can further reduce
for-to- ' ' t Ci f ,
cono e L e PO IRE R st
21 g:tﬁbodiment ,|t(i not i tene%gdgrt% limit the inventign to_ the precise
> A0 IRERDATTENTS THREISNEH AeTein 1T HBCS SRSt Hely tel TR e it he
make various alterations and modifications without departing from the
high-k<higgetuiglapish sndidchddimioecmhe feorendyetised peeofihang ekeqit a capacitor
invention shall be defined
dielectric. The additional isolation layer 29 can further reduce capacitor-to-capacitor leakage to

improve the capacitor performance.

f0018] - Although the present invention has been described in its preferred embodiments, it is
not intended to himit the invention to the precise embodiments disclosed herein. Those skilled in
this technology can still make various alterations and modifications without departing from the
scope and spirit of this invention. Therefore, the scope of the present invention shall be defined

and protected by the following claims and their equivalents.
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and protected by the following claims and their equivalents. -1 1 WHAT IS
CLAIMED IS: 1. A method of forming a metal-insulator-metal capacitor,
comprising: providing a semiconductor substrate having a first dielectric
layer formed thereon; forming a stack dielectric structure overlying said
first dielectric layer by alternately depositing a plurality of second
dielectric layers and a plurality of third dielectric layers; forming an
opening in said stack dielectric structure to expose a portion of said first
. dielectric layer; performing a wet etch process to remove relatively-large

WHA ?ﬂgr%fﬁwﬁéi@second dielectric layers and relatively-small portions of
said third dielectric layers, thereby forming a plurality of lateral recesses
in said second dielectric layers along sidewalis of said opening; forming
an isolation layer extending along the sidewalls and bottoms of said lateral

L. reudhad A SaiREGBRIHG RIS BOHRRF ERScHUBRTE)ET on said
isolation layer; forming a capacitor dielectric layer on said bottom
plerirtbdedaymicamthcior substrate having a first dielectric layer formed thereon;

forming a stack dielectric structure overlying said first dielectric laver by alternately
depositing a plurality of second dielectric layers and a plurality of third dielectric layers:

forming an opening in said stack dielectric structure to expose a portion of said first
dielectric layer;

performing a wet etch process to remove relatively-large portions of said second dielectric

“lavers and relatively-small portions of said third dielectric iayers, thereby forming a plurality of

lateral recesses in said second dielectric layers along sidewalls of said opening;

forming an isolation: layer extending along the sidewalls and bottoms of said lateral
recesses and said opening;

forming a bottom electrode laver on said isolation layer;

forming a capacitor dielectric layer on said bottom electrode layer; and

forming a top electrode layer on said capacitor dielectric layer,

2. The method of claim 1, wherein said wet etch process provides a higher etch rate in said

second dielectric layer than in said third dielectric layer,



forming a top electrode layer on said capacitor dielectric layer. 2. The

method of claim 1, wherein said wet etch process provides a higher etch

rate in said second dielectric layer than in said third dielectric layer. -12 3.

The method of claim 2, wherein said wet etch process uses an etch

solution providing a selectivity of at least 5:1 for etching said second

dielectric layer relative to said third dielectric layer. 4. The method of

claim 2, wherein said second dielectric layer and said third dielectric layer

are formed of oxide-based materials. 5. The method of claim I, wherein
3. thehstapiaifantiisie 2 baitoah eleckeuetayrb e8RS e ctdepasHkgprolifig a

conductive layer extending along the exposed surfaces of said first
selectigjRAUIAdRYSY: PRY Srifhstagk dSlGatHcSlHet R 0 RETOLRINGA! dielectric
chemical mechanical polish process to removesaid first conductive layer
outside said opening, thereby exposing the top surface of said stack
“dielectric structure. 6. The method of claim 5, wherein the steps of forming
a capacitor dielectric layer and a top electrode layer comprise:

layer

4. The method of claim 2, wherein said second dielectric layer and said third dielectric layer

are formed of oxide-based materials.

5. The method of claim 1, wherein the step of forming a bottom electrode layer comprises:
depositing a first conductive layer extending along the exposed surfaces of said first
dielectric layer and said stack dielectric structure; and
performing a chemical mechanical poi_ish process to remove said first conductive layer

outside said opening, thereby exposing the top surface of said stack dielectric stracture.

6. The method of claim 5, wherein the steps of forming a capacitor dielectric layer and
a top electrode layer comprise:

depositing a high-k dielectric layer on said bottom electrode layer and said exposed surface
of said stack dielectric structure; and

depositing a second conductive layer on said high-k dielectric layer to fill said lateral

reCasses.
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depositing a high-k dielectric layer on said bottom electrode layer and said
exposed surface of said stack dielectric structure; and depositing a
second conductive layer on said high-k dielectric layer to fill said lateral
recesses. -13 7. The method of claim 1, wherein said isolation layer
comprises oxide, silicon oxynitride. silicon nitride, tantalum oxide,
aluminum oxide, zirconium oxide, or combinations thereof. 8. The method
of claim 1, wherein the step of forming an isolation layer comprises:
depositing an isolation layer extending along the exposed surfaces of said

7. firet dieleetie clayer andsaitl siackohalacticestueiiie; enddeesfatming dnitride.
chemical mechanical polish process to remove said isolation layer outside

silicon 1‘?%1[919 Qgﬁlﬁg E%ﬁp % %ﬁﬁgﬁﬁ?%ﬂ?}% t? PLEH{U?I? %}8&@ a&g &%%kng{%ﬁgmgreof
structure. 9. T e method of claim 8, wherein the stép of forming a bottom
electrode layer comprises: depositing a first conductive layer on said
isolation layer and said exposed surface of said stack dielectric structure;

8. dhel pettformingaanchemlicalimibehamicalfpaiish prosessite &@ﬁn@@weﬁrst
conductive layer

depositing an isolation layer extending along the exposed surfaces of said first dielectric
layer and said stack dielectric structure; and

performing a chemical mechanical polish process to remove said isolation layer outside

said opening, thereby exposing the top surface of said stack dielectric structure,

0. The method of claim §, wherein the step of forming a botto;ﬁ electrode layer comprises:
depositing a first conductive layer on said isolation layer and said exposed surface of said
stack dielectric structure; and
performing a chemical mechanical polish process to remove said first conductive layer

outside said opening, thereby exposing the top surface of said stack dielectric structure.
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outside said opening, thereby exposing the top surface of said stack
dielectric structure. -14 10. The method of claim 1, before the step of
forming a stack dielectric structure, further comprising forming an etch
stop layer on said first dielectric layer. 11. The method of claim 10,
wherein the step of forming an opening comprises forming an opening
passing through said stack dielectric structure and said etch stop layer to
expose a portion of said first dielectric layer. 12. The method of claim 10,
Whereifsaieefired diettemid |aytredmpiipers dostorage ststielideptaestructure,
structure formed therein. 13. The method of claim 12, wherein the step of
further (QAPAGHIANIGRERINSCATIRIISE 2 fxRaSIAN] SRid dstarage ngee contact
structure, and the step of forming a bottom electrode layer comprises
forming a bottom electrode layer electrically connected to said storage
node contact structure. -15 14. A method of forming a i ,
o haansHad aforae - cpaeibi CHRMdisIg otidiRgrangeriintadming an
substrate having a first dielectric layer formed thereon; forming a stack
openinglielettdclstrugiuemdovearlyigsaid finstdiel eotticaldyecty @ltesratelyxpose a portion

of said first dielectric layer.

12, The method of claim 10, wherein said first dielectric layer comprises a storage node

contact structure formed therein.

13, The method of claim 12, wherein the step of forming an opening comprises exposing said
storage node contact structure, and the step of forming a bottom electrode layver comprises forming

a botiom electrode layer electrically connected to said storage node contact structure.



depositing a plurality of second dielectric layers and a plurality of third
dielectric layers; forming an opening in said stack dielectric structure to
expose a portion of said first dielectric layer; -i6 performing a wet etch
process to remove relatively-large portions of said second dielectric
layers and relatively-small portions of said third dielectric layers, thereby
forming a plurality of lateral recesses in said second dielectric layers
along sidewalls of said opening; successively forming a bottom electrode
layer and a capacitor dielectric layer extending along the sidewalls and
bottoms of said lateral recesses and said opening; and forming a top
electrode layer on said capacitor dielectric layer without fully filling said
opening. -17 Method of Forming a Metal-Insulator-Metal Capacitor

14, ABRIRAGCTRRihHERSCHhONHR etal capacitor, comprising:
providing a semiconductor substrate having a first dielectric layer formed thereon:
forming a stack dielectric structure overlying said first dielectric layer by alternately
depositing a plurality of second dielectric layers and a plurality of third dielectric layers;
forming an opening in said stack dielectric structure to expose a portion of said first

dieiectric layer;
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A method of forming a metal-insulator-metal capacitor has the following
steps. A stack dielectric structure is formed by alternately depositing a
plurality of second dielectric layers and a plurality of third dielectric layers.
A wet etch selectivity of the second dielectric layer relative to said third
dielectric layer is of at least 5:1. An opening is formed in the stack
dielectric structure, and then a wet etch process is employed to remove
relatively-large portions of the second dielectric layers and relatively-small
portioméngfahsithict plietestrie lepers 16 vl ik Ay ot aletall egegdealicicctric
in the second dielectric layers along sidewalls of the opening. A bottom

layers Sl@ctladeclayerdn formed o extens alang-thesrirate sidewallsimaicapasitenity of
dielectric layer is formed on the bottom electrode layer, and a top

iateral SESIQYR BVRLISIAMELR NS AR CIRSTHE AN RheliHE - 1A)
successively forming a bottom electrode layer and a capacitor dielectric layer extending
along the sidewalls and bottoms of said lateral recesses and said opening; and

forming a top electrode layer on said capacitor dielectric layer without fully filling said

opening.
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