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

DRAM) dgyige | ly t iSi ingl .
e Ovin A AR AR QRS empaitor

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
{008&lice Ndedeesttraihightintegidtys coll metiad aforretifced:iand thnginanga
studies for increasing the capacitance of a MIM capacitor are being
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forming a crown-shaped capacitor structure, whereby a surface area of a

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
(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.



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. -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,
The fgravdiche it hishdrsbyr rtdmersaacspreapicsibrndraashiaidienyses
the capacitor height simultaneously to minimize an impact on the bit line
difficalieraiet 2aispeepiratiy ctohBig MMARYO D (HdEs NUEMEIQN [RO04Y designs.
Embodiments of the present invention include a MIM capacitor structure
nd a,,method of forming thereof to increase the total effective _
[Mgﬁapac%@ﬁ&les Wi 8‘3 Tmipac ﬁ%elgﬁgﬁert PR AR R SRS S Rt iRce and
._one asEect, the present invention provides a method of forming a
maintaining the capacitor height stmultaneously to minimize an impact on the bit line contact

aspect ratio.



metal-insulator-metal capacitor including the following steps. A
semiconductor substrate is provided with a first dielectric layer formed
thereon. A stack dielectric 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 dielectric layers

SUMMARYE G Et&}fgmlﬂﬁrality of lateral recesses in the second dielectric

layers along sidewalls of the opening. A bottom electrode layer is formed
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opening. A capacitor dielectric layer is formed on the bottom electrode
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fg G ansther Aapect " the presentnVetiBAPFvfIEL gut impacting on bit line
metal-insulator-metal capacitor includes a semiconductor substrate

contach ashfief 54iPst dielectric layer formed thereon and a stack dielectric

structure overlying the first dielectric layer. The stack dielectric structure
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layers alternating with each other. A'-3
metal-insulator-metal capacitor including the following steps. A semiconductor substrate is
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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wet etch selectivity of the second dielectric layer relative to the third
dielectric layer is of at least 5:1. An opening has serrate sidewalls passing
through the stack dielectric structure and a bottom exposing a portion of
the first dielectric layer. A bottom electrode layer is formed on the stack
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
wet cishsalsictr dieké dtrigdenyet did BRIZEYDESGRIPT IONIOR diblEDRIAVINGSat least
100071 The aforementioned objects, features and advantages of this
5:1. Mvepdionewill bacanedapprigrthy mieiinghiosthadalowing gelaifchnd a bottom
description of the preferred embodiments with reference to the
exposaGERMRABY mﬂﬁwmée&ﬁ@ f&yer. [%Qﬁ%ﬁ%eb%@e@% Ii_f f&ied on the stack
cross-sectional diagrams illustrating an exemplary embodiment of a
. . _method of formin IM,capacitor for a DRAM device; and [00091 FIG.
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.embodiment of a MIM capacitor process using an isolation layer before
openipge AdBAT BIRdtvlgRic layer is formed on the bottom electrode layer. A top electrode

layer is formed on the capacitor dielectric layer.



deposition. -5 DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS [0010] Embodiments of the present invention provide a
MIM capacitor structure and a 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

M’ 11(1% ated for clarity and convenience. This
BRrEgJelggrsptlon Wi E%ezeﬁ‘%lirec e%ﬁi‘ﬁ par élar to elements forming part of, or

cooperating more directly with, apparatus in accordance with the present
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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 fayer or on‘the substrate, or
intervetgina% layers may alsqQ be present. [0011] Herein, cross-sectional
reference to the

dagrams st EIRIPATE ER 8 S an exemplary

[6G08] FIG. 1A to FIG. 1F are cross-sectional diagrams illustrating an exemplary

embodiment of a method of forming a MIM capacitor for a DRAM device; and

[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.



embodiment of a method of forming a MIM capacitor for a DRAM device.
In FIG. | A, a semiconductor substrate 10 is provided with shallow trench
isolation (STI) 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 electrodes, 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

r ion impJantation process. The 6 transistor process is
DET‘%‘%‘%%%%i%e%éﬁ%ﬁ%%ﬂ@?%&@%&%gon IS necessary.
A first dielectric layer 14 is deposited on the semiconductor substrate 10
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planarization (CMP) process. The material used to form the first dielectric
methd@‘%? lfo]rflnﬂ' gllg(%ld ﬁ’efgrreg():(ea mﬂ'%?%' 'ﬁé’qr%z?&‘éqebfgwﬁ% {lﬂg .ndf%’ersiyégn nodiments
: oxynltrlde, ow-k dielectric materia S, other |soPa INg ma en% S, Or ’
Gom inations th@;eof Next, photolithography and etch techniques are
exampied ﬂ@% i RSSOy R T RSB o P B RRE SiPle tifesnsame
filled with a conductive material to act storage node contact structures 16,
referepgs) hyrahsereaeé snie ey teetadihderdyingtdopant diffasionaegionkd Barts. In
respectively. 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
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



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 (00121 In FIG. 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
transistip\pepresssarersisenvieal waph kndepoyit on) UMb a B farinbspligiio-presserey. A
chemical vapor deposition), PECVD (plasma-enhanced chemical vapor
first dideposilionry, Ispindeposnatiog jiandditurdwderelopadidepesition: proGagiisess and
The material used to form the second dielectric layer 22 may include, for
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materials, other isolating materials, or combinations thereof The material
2d to form the,third dielectric layer 24 may inclyde, for example silicon
the fr R IR B R IR et et st
. isolating materials, or combinations thereof. The key aspect of the
oxynitfigtca g flsio Rk e sthsristll adprstialr deresshinptipardimreghdext,
24 with different wet etch rates for pulling back the :
photolithography and etch techniques are used to pattern the first dielectric layer 14 to form

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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second dielectric layers 22 in subsequent process. For example, the
dielectric layers 22 and 24 may be formed of oxide-based materials with
different wet etch rates. A wet etch selectivity of the second dielectric
layer 22 relative to the third dielectric layer 24 is of at least 5:1 and at most
100:1. [0013] In FIG. 1C, photolithography and anisotropic etch
techniques are used to pattern the dielectric layers 20, 22 and 24 to form
capacitor openings 26, exposing the storage node contact structures 16
other ieelpbugiwigriflierr, donFiGatiom therdsbtidpikatetpprodabs jisuctias stayebvide the
etch process, is employed to remove relatively-large portions of the
alterns@Coaehdigiectitdayensiancralativaly-simeibpordoastofibethipdlling back the
dielectric layers, resulting in a patterned opening 26" with serrate

secordidfRlls. 15,85t aas%éé%r%ﬁ,?@&%? atedermed &ﬂéﬁ%@‘é&%ﬁ%@%ﬁéﬁ 24

layers respectively along sidewall of the capacitor opening

wet etch solution is tuned to. obtain.g high etch selectivity to the material
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dielectric layer 24 so as to form a desired serrate sidewalls profile. For
secongd digasteic e ZtelAtiée shenirdutisser dndtosrid ingbprtdoetd SHemdipgmost 100:1.
dielectric layer 24 is from about 5:1 to about 100:1. [0014] InFIG. 1 E, a

[001347St CENERSIME INGEIARL SEIP L AS ARG SISGHAIS|AYEr 28,90 B patter 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 dielecm'é 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



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 -8 layer 28 also covers the

exposed regions of the first dielectric layer 14 to electrically contact the

storage node contact structures 16. The material used to form the first

conductive layer 28 may include, for example TiN, TaN, W, WN, Ti, TiW,

Ta, Al, Cu, Mo, or the like. The blanket deposition for the first conductive
layer P8 also sonesy s Guprsep uegiondefitndestdiatseticpayer ddHysisalrigalbogontact the

deposition), evaporation, plating, ALD (atomic layer deposition), or
storagsomibirratitaes sthersofs IPhéihtheafirsaloonductivedalyefiR8outsicetHeyer 28 may

patterned openings 26" is removed by CMP or etch back technologies.
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the resulted structure to cover the bottom electrode layer 28 and the top
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layer 32, serving as a top electrodé layer of the MIM capacitor, Is

osited on the hi§h-k di_elecér'!g | %(er-so The second conductjve layer
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sandwiched between the two conductive layers 28 and
Then the first conductive layer 28 outside the patterned openings 26” is removed by CMP 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 to: 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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32 acts a capacitor dielectric layer of the MIM capacitor- The high-k

dielectric layer 30 is deposited through any of a variety of deposition

techniques, including CVD, LPCVD, APCVD, PECVD, ALD and the like.

The term "high-k" as used herein denotes a 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

_avacuum, unless otherwise stated. A wide variety of high-k dielectrics

multilpyers phseehbiehdadiskicifriy b atsAcOntaretrtsd Binairy riktanabxidessedkhform the

as Ta205, Hf02, A1203, InO2, La203, ZrO2 and TaO2; silicates,
secondbemincties layw 38xymitnidbsligfsaid duipdr f iNe RdMXMSE N, TiW, Ta, Al, Cu, Mo,

perovskite-type oxides. Combinations and/or -9 multilayers of such high-k

or the tligleqthics1aR-AIRY CANE MP latehpreldndha MAlg Ak i ses, RIRIR iR is not

second conductive layer 32 may include, for example TiN, TaN, W, WN,
limited ko, DT Byl (§iYsiMPy 05 NkE; JThe. Planket de ?iéion \%‘? geend
conductive Iay(g:é%1 Zlmaya?nclu e, ﬁut ?;%Oﬁﬂmftoed%% 1 %/D, P (%%hysgl%aﬂ
d vapor d‘ego (tion), evaporation, plating, ALD (atomic layer deposition), or
PSSR ARBRLHHESPIE16] The MIM capacitor process of the exemplary
embodiment is an easily-controlled
[0016] The MIM capacitor process of the exemplary embodiment is an easily-controlled
process which uses a wet etch solution with a high etch 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

-10-



process which uses a wet etch solution with a high etch 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. [00171 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
cover grrselatipndayristhiths feitdrsdieHavaelbribastringe mdesonipahsrupire 16 and
omitted. After the formation of lateral recesses 27 in the second dielectric
the tofayéhs Facladiclsolatismutayer2l9 Ehdépusitadon théapesditedtsifadianednded
then an etch back process is employed to remove the isolation layer 29
openifgIF thaipxpespduache phibadirsidiciaatic layer AR SiNage.0edR) is
contact structure 16 and the top of the stack dielectric structure 21 as
conforgﬁ‘mlﬁ AQH'E::JQO c%eér-ﬁnsq)bstmﬁitggc A rﬁgam é%%%%{%ko Ié:lgctnc structure
silicon xynltrlde silicon nitride, tantalum oxide, aluminum OXI
ns thereof, Next, as shown in FIG. ZB

21, an g G DT s e d AP STEA T b A . The

patterned openings 26" to -10 cover the isolation layer 29, the first

high-kdlisisetric e P4 sandieidied hgbvaonibebrmaenduciteleyes Ahand 32 acts a capacitor

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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the top of the stack dielectric structure 21. The first conductive layer 28
outside the patterned opening 26" is then removed by CMP process.
Next, in FIG. 2C, a high-k dielectric layer 30 is conformally deposited to
cover the bottom electrode 28 and the top of the stack dielectric structure
21, and then a second conductive layer 32 is deposited on the high-k
dielectric layer 30. The high-k dielectric layer 30 sandwiched between the
two conductive layers 28 and 32 acts a capacitor dielectric. The additional
_isolation layer 29 can further reduce capacitor-to-capacitor leakage to

WHA ?ﬂﬁ&é\‘/&é{%é%é%acitor performance. [00181 Although the present invention
has been described in its preferred embodiments, it is not intended to
limit the invention to the precise embodiments disclosed herein. Those
skilled in this technology can still make various alterations and

Lo mEHHeiBhSWHAB GBEpaHHE Bt BBpE aTd BB ¥ this invention.
Therefore, the scope of the present invention shall be defined and
provetitedpgithecfallowing blaimsanth theiiretdislalentd ayed (WHAITIS eon;
CLAIMED IS: 1. A method of forming a metal-insulator-metal capacitor,

GO ISdack dielectric structure overlying said first dielectric laver by altemately
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,



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 portions of said
second dielectric layers and relatively-small portions of said third
dielectric layers, thereby forming a plurality of lateral recesses in said
3. sabenc:-theledttiailayersialengssidewiadisolsaid0penngiarpingaRroviding a
isolation layer extending along the sidewalls and bottoms of said lateral
Selectﬁqme%%ﬁafgr%%m@%ﬁf@ CHUNG ﬁi@&gﬁ)ﬁ] 19&%??8&%@%%%@%%@1@@
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.

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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-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
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

7. themigabingthanical patishpeocessadremaevesaisiisseandyilive @yesitride.
outside said opening, thereby exposing the top surface of said stack

silicon xg“t? §¢ tt%ﬁﬁ\yﬁt&?de a-l;m?n%tg)? g fzﬁ@df”u?n Ymﬁ[e@ U&%§¥SB§09£ Eﬂépé&g
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
8. The method of claim 1, wherein the step of forming an isolation jayer comprises:

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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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
first dielectric layer and said stack dielectric structure; and performing a
dhemicBhnmethamicat pulish procedetgaemdvensagidstiatidirlesar sursidec,
said opening, thereby exposing the top surface of said stack dielectric

further Shptiiag Jorhilamatbed abshaive: dnwhiarsia tbristanaherming a bottom
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

1. doRducifioe myd o disindsin Gpeing! (RERIBY SXpRSMpHDst fawdng an
of said stack dielectric structure.

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, 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.



-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, 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 layer comprises forming a bottom
electrode layer electrically connected to said storage node contact

14, streeidee. olbddind methodeifaonine.a rapkritnsulaerimetal capacitor,
comprising: providing a semiconductor substrate having a first dielectric

:ﬁ%‘?@dﬂ{ﬂ%‘%ﬁp%ﬁ@ ézJPﬁ;‘%iﬁ%zi% ARG AIRCUG RUME G O R G 3Rk,
rst diel&ctric layer by alternately

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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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
REyEranita eepatiiaraiersdericeieyet ieiaeyrlindprafamythes sitleaihircangdiciectric
bottoms of said lateral recesses and said opening; and forming a top

layers Sl@ctladeclayeronpseaideapasiiortsielesticiayas withewt iy ilimag saigiurality of
opening. -17 Method of Forming a Metal-Insulator-Metal Capacitor

lateral 1%&%%5&%%&50&%%%&%’2@&%9@":?iong 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-



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
portions'dkethedirll disteetrig layreted-fbrsnda thurdifigtal Bepalii¢oesses
in the second dielectric layers along sidewalls of the opening. A bottom
electrode layer is formed to extend along the serrate sidewalls, a capacitor

dielectric layer is formed on the bottom electrode layer, and a top
ABNRBAtoHRYayEESISIAREBBIRthe capacitor dielectric layer. (FIG. 1A)

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 dielectﬁc 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 portions of the third dielectric layers to form a
plurality of lateral recesses in the second dielectric layers along sidewalls of the opening. A
bottom e¢lectrode layer is formed to extend along the serrate sidewalls, a capacitor dielectric
layer is formed on the bottom electrode layer, and a top electrode layer is formed on the

capacitor dielectric layer.

(FIG. 1A)
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