e -- -- Method of Formng a

Met al - I nsul ator- Metal Capacitor TECHNI CAL FI ELD [ 0001]
The present invention relates to a nmethod of

manuf acturing a capacitor of a sem conductor nenory,
and particularly to a nmethod of formng a

nmetal -insulator-netal (MM capacitor structure for a
dynam ¢ random access nenory (DRAM devi ce. BACKGROUND
[0002] ThMethiold off Foxmaing a detatilasulopMetil Dapdcitor
dynam ¢ random access nenory (DRAM device is
generally created conprising one single

Met al - Oxi de- Sem conductor Fi el d- Ef f ect - Transi st or

TRESNKEAD. Fas @ swW tching device connected with a
capacitor as a digital data storage device. A

capacitor known as a netal -insulator-netal (MM

[001)Ct UIThe PRSGR GSESioR relh@¥d th&hdLsr r@dnuf‘a%ﬁlﬁhl%ﬂg Bapacitor of a
specificity to enhance its performance. The M

capaci,t or has therefar becone an _i_nportant topic of
PRGOS, A B erl G A TR PR bR T foghlatgmetal (MIM)
the DRAM device needs ultra-high integrity, cel

@padter sietureefiue dyhamdrdnddi sccas iyensdryl (DIRAM) device.

i ncreasing the capacitance of a MM capacitor are

bei ng devel oped. There are various ways of increasing

the capacitance such as form ng a crown-shaped

BAGREROMNIt ruct ure, whereby a surface area of a

dielectric layer is increased. However, the

8&ﬂyent&gnal @rocess needs to forma thick insulator
[ e 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) sMcﬁre possesses a
low-mterfacial 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, a_.nd 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.



| ayer in openings to increase the vertical dinension
of the crown-shaped capacitor structure, resulting in
a high aspect ratio of bit |ine contact holes for
capacitor-over-bit line (COB) designs. -1 i The
formation of the thick insulator |ayer increases
process conplexity and cost, and causes difficulties
in anisotropically etching bit |ine contact holes with

Thél RRRa@HbS '&fértﬁlglé"hgﬁlﬁﬂogﬂger indr 304 oc%bac{onlpiiexﬂ? GEDsl, Ind Afses
art, therefore, 1s an vel approac 0“1 NCr ease

..capacitance and maintaining the capacitor height

dlf@f S ik aRorepialiyeteliing b ine camtadt irplgs with dedprand barrow designs.
contact aspect ratio. -2 ] SUWARY OF THE | NVENTI ON

004],,,Enbodi ts of the present jnvention include a
[""WM c a‘ﬁ’E%Pil% RSEIL P dhetatty BOTSERC: 3  PRvekapgrageh fodR¢rpase capacitance and
thereof to increase the total effective capacitance
maintaiting ithe capaeiadrihsighosimilishedus Yo ni@MiRGhH iAFRE6A the 8t Tifle contact
[0005] In one aspect, the present invention provides a
m@&ﬁhﬁ d of formng a netal-insulator-netal capacitor
Including the foll ow ng steps. A sen conduct or

substrate is



provided with a first dielectric [ayer forned thereon.
A stack dielectric structure is forned overlying the
first dielectric |ayer by alternately depositing a
plurality of second dielectric layers and a plurality
of third dielectric |ayers. An opening is fornmed in
the stack dielectric structure to expose a portion of
the first dielectric layer. By perform ng a wet etch
process, relatively-large portions of the second

Iﬁ#gh e relatively-small portions of the

SU [ r?céa#lerflgc@)r(}%éﬁ‘l@&grs are renoved to forma
plurality of lateral recesses in the second dielectric

00014 Yergy . | [ A hot 1.0

000 o RS et Blenbl o RBE M ot WBhre anda
sidewal | s and bottons of the |ateral recesses and the

methgd effopging thegegb todngrense tiedplakaffecidvd capasitarics withpytauipasting hebit line
bottomelectrode |ayer. A top electrode layer is
mxm&pﬁg&ﬂnﬁﬁ.the capacitor dielectric layer. [0006] In
anot her aspect, the present invention provides a
net al -i nsul ator-netal capacitor includes a

[0005]em debAEHed, (hdiedchbinGeltidy pRFidRs & hlefbd OF REBRE C
| ayer fornmed thereon and a stack dielectric structure
he first c. layer. The stack

verlyin . ielectri . ,
meta TGPt Spaciof B Lol Eing PR, A ey substrate i

dielectric layers and a plurality of third dielectric
provitied eitisa tst dicleettic fayenfotrhedthedomt Astack deldctiiestrehedis formed

selectivity of the second dielectric layer relative to

overtill ﬂ'fel'ﬁ gt(éi'e%cﬁkq E‘l ajaé}}( i i 331 of ek i
g e Ml o cehe b ALy SepBlioPh b P sl din etigdaver
dielectric structure and a bottom exposing a portion
and agfurgliip of third dielicisicdayiers: At eppaing ivfohutd o theelagk dictudtric structure to
| ayer is formed on the stack
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

lateral recesses and the opening. A capacitor dielectric layer is formed on the bottom electrode

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

[0006] In another aspect, the pfesent 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 each other. A

3.



dielectric structure and the first dielectric |ayer
along the serrate sidewalls and the bottom of the
openi ng. A capacitor dielectric layer is fornmed on the
bottom el ectrode | ayer. Atop electrode Ilayer is
formed on the capacitor dielectric layer. -4 BRIEF
DESCRI PTI ON OF THE DRAW NGS [ 0007] The aforenenti oned
obj ects, features and advantages of this invention

ik pparent. by. referri.ng t he fol | ow ng.
wetdleh s PR 0P PRBR S et hopelart e b es oo Least
reference to the acconpanyi ng draw ngs, wherein:
5:1.[ H00pnirE h@s sdrte sideflalls pasking theouphdlesstak dieleid strattagraads bottom
illustrating an exenplary enbodi mrent of a nethod of
> © , e 9
G R R A i T T
_ il lustrating another exenplary enbodinment of a MM
dielectpiratiutgre %3 Seseligst diefpavae laverialnnis dhd serate aidewallseng it bokem of the
bottom el ectrode deposition. -5 DETAILED DESCRI PTI ON
operihp. | A kAgadih et NB(iMeNea dnd8d OditobMaNaB B S A top BRctrode
present invention provide a MM capacitor structure
met.hod of formng thereof. Reference will now

and a ) g
layep)s ?ﬂﬁ’d’g op thefapagiter digleftRE 193flesent  enbodi nent s,



exanpl es of which are illustrated in the acconpanying
draw ngs. Werever possible, the sane reference
nunbers are used in the drawi ngs and the description
to refer to the sanme or like parts. In the draw ngs,
t he shape and thi ckness of one enbodi nent may be
exaggerated for clarity and convenience. This
description will be directed in particular to el enents
formng part of, or cooperating nore directly wth,
BRﬁﬂp@Eg@MﬁqmﬂNQﬁﬁpﬁﬂgﬁ&ﬁwﬂﬁé the present invention. It
is to be understood that elenents not specifically
shown or described may take various forns well known

[006g t hOHE afokdnhdnBEndddbicbE, Rhthres b Jﬁﬁr{tage%?&s{’Iﬂr&M&{ wilBbecome

referred to as belng on anot her | ayer or
tr irectly an_the other Iayer or on
aPPif“ﬁ‘é‘S“é’J g’[ﬂ%ﬁ% fhré%%fﬂqw@%w dgscragjy el thppreigred, epodiments with
present. [0011] Herein, cross-sectional diagrans of

nﬁﬁﬁmﬁtdﬂhimmﬂﬂdﬁﬂdgﬁnhhhy§ﬁﬁaﬁﬁzan exenpl ary enbodi nent
of a nethod of formng a MM capacitor for a DRAM
device. In FIG IA a semconductor substrate 10 is

[00(&] ovi HEd Mi olFIGhHT drowobs-eniidnal diagrais diust4hk)an exemplary
structures 12 forned therein and transistors (not

oD of TR P MR AR R BERSS T
regions, gate electrodes, lightly doped drain (LDD)
[0008) I UCTIES @R, to FiG; ARYAE l:r0§§2&%§5r§1 dil %‘Qﬁﬁgi}gl?gﬁgzg another exezin%lary

source/drain regions and silicid or exanp
%B@ usion regions 18 are formed in the
embadipent; 05@31&6 CRIRFI PEOCESISing AR iselation serheBue the botfpra elgctrode

deposition.




transi stor process is conventionally well known and no
further detailed discussion is necessary. A first
dielectric layer 14 is deposited on the sen conduct or
substrate 10 to cover the transistors and } then

pl anari zed by a chem cal nechani cal planarization
(CMP) process. The material used to form the first
dielectric layer 14 may include, for exanple silicon
oxide, silicon nitride, silicon oxynitride, |owk

i Bl ' RIR [ &ﬁ?r ' j rials, or
DE%O%%IH%§$%nS Eﬁgfgti%lﬁkx ?jv%%%?%¢ﬁgﬁ§§?§phy and etch
techni ques are used to pattern the first dielectric

[00103Y €T EdbodiBehiQ6fthe p&s&ﬁ ménﬁdﬁg;rmmeea a Jcitlérgstq'u%;e%ga

conductive material to act storage node cont

structures 16, being electrically connected to the
methpdpf forpring thergofa Refeasnce will pow begindiia dewil tethp preseny embodiments,

In addition, an etch stop layer 20 is deposited on

exathfles dfivwitdh Aé Bluaeddd is tﬂeaa)é&fné;%ﬁ @ dFNRs, WRreVESRLBle, the same
node contact structures 16. he material used to form

the etch stop J.ayer, 20 may .i.nc] ude,. for exanpl e )

refelg i e e L LR R bon el EaRBI e grfike pars. Tn
thereof. 100121 In FIG 1B, a plurality of second

the ditvelhgs; threishapeayé thickAss af dnesen odinadntt tyty 0 exdagdrsted for clarity and
dielectric layers 24 are alternately deposited to

I m.a dj. triec structure 2 n the. etch sto
con'PEE BB PG eS8 YR s e i pilt o
i ncl udi ng, LPCVD (| ow pressure chem cal vapor
coopgeahing mpregtiectl POy Brgantinoisphendapcpwish therpeeseit dmicotdn. It is to be
vapor deposition), PECVD (plasma-enhanced chemi cal

unde¥ @RSt A SRARA h@%eciﬁ&lp'sﬂ&ﬂ:&%is&ﬁed 43¢ take various forms well known
future-devel oped  deposition
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.

[0011] 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 {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 substrate 10 through ion implantation process. The .



procedures. The material used to formthe second
dielectric layer 22 may include, for exanple silicon
oxide, silicon nitride, silicon oxynitride, |owk
dielectric materials, other isolating materials, or
conbi nations thereof. The material used to formthe
third dielectric layer 24 may include, for exanple
silicon oxi de, silicon nitride silicon oxyni tride,

wk dielectri.c |als of her
R B1eEIo3 CYEniGHID A ehn Clher fHaacEy oS nesessary. A
the invention is to provide the alternately deposited
first dicletteic layec] 4 inyeositeddnahdseBdcontifidlordhbstiaicd D to Y@ier @it €hansistors and
rates for pulling back the second dielectric Iayers

i h I
then ﬁ%ﬁé{r}gé %g:?%%%%g&ngc%%;f% %Iapeli:x%rauex J)PF%%SSS lcégla erlal used to form

orfre
materials with different wet etch rates. A wet etch
the figs iskecirigilaypr bt mahinclude donukantblelsdicon ¢xddd, aijiesn Higide, silicon
relative to the third dielectric layer 24 is of at

oxynitBaS lowk bicRRic %até?ﬁ%t oth@sckatin gtrﬁatcgrgglgﬂ cohﬁnﬁ aliShs tﬁer&)f Next,

phot ol | t hography and ani'sotropi c etch techni ques

used to pattern the dielectric layers 20, 22 and 24
photolthaemphy andsieh tedimioypesie Hipd topatteandhe Srshdiclepic dayst b form

node contact structures 16 respectively. Then, in

openinbihat ar&he@AllddSHkH HEIndu@ive R RER%EH stothiehods céhtie btructures 16,
etch process, is enployed to renove re tlvely | ar ge

. s of the second dielectr l.ayers 22 an
beingj ei@h%ﬁﬂ@%?%}lﬂ%ﬁm tp “Edi"g rbyius dpaptiffesiqn ggigned SeTE%PFF‘E:"eIY In
| ayers, resulting in a patterned opening 26" with
additoemteechstopdayat 205is dépositel ai the filsediieatic 1a@&a43660v4Y tha E®rage node
formed in the second dielectric |ayers
contact structures 16. The material used to form the etch stop layer 20 may include, for example

silicon nitride, silicon oxynitride, or combinations thereof.

[0012} 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 (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, 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, silicon oxynitride, low-k dielectn_'c materials,

-7-



respectively along the sidewall of the capacitor

openi ng 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 forma desired

senate sidewalls profile. For exanple, a wet etch

rate of the second dielectric layer 22 to the third

di.electric .layer 24 is fromabout 5:1 to about . 100:1. .

O‘h‘“[fef@gﬂﬁ 8 JrAtepfle; or pembinations Bpreph Adake eect ffgingagtion is to provide the
serving as a bottomelectrode |ayer 28 of a MM

altemaholehasited Hitlecoio el laid deRan diffgendWet die 1hRS B pENling back the
structure to cover the stack dielectric structure 21

I erfate sidewal | praofile of the.patterned

seoBU A TR b Sy et i ol SpAGR Cl 22 and 2
covers the exposed regions of the first dielectric

may] bgyfermed 4f exidebased matendls wob diffecnt whietchsiter. dgeetradiaelectivity of the
contact structures 16. The material used to formthe

SCCOEI_‘liH El,ge"lz'gil% ,1 V\{I:ﬁ , ti{f\?t}ﬁﬁ{ﬁ t@ésd qﬁgl?éctlAi{: gﬁ%?%ffa{)%?s?§ﬁgﬂ:i fgtl?leo.St 100:1.
The bl anket deposition for the first conductive |ayer

[001238 My FIGC L @ dfhotolittoglahy ' Bid a}ﬂsgﬁéﬁgetéﬁwc@/@ei ﬁygfed tp pattern the

(physical fs vapor deposition), evaporation, at1ng,
. JALD (atom ¢ | ayer deposition), or conbinations
dieldeig it 2, i Fhfe oy epociOn ey [eaRAsinZ Sl Serags ngde contact
the patterned openings 26" is renoved by CVP or etch
strudbarek regpectdleiThen, 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 dielectric layers, resuiting 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 dieleciric 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.
[0014] 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



10015] In FIG IF, a high-k dielectric layer 30 is
conformal |y deposited on the resulted structure to
cover the bottom el ectrode | ayer 28 and the top
surface of the stack dielectric structure 21. Then a
second conductive |layer 32, serving as a top el ectrode
| ayer of the M M capacitor, is deposited on the

high k dielectric | ayer 30. The second conductive

layer §¥ Iso ??2\;60 % ex oseggg%e%{#g{tﬂ%% t ({@?‘5@ erﬁé tcE %’izc%ncailg Qonl%act the

conductlve Iayers 28 and 32 acts a capacitor
storggeglode toritect btaebresdfs. fThe mutelabwpdit foom the Ths chidgbtive layer 28 may
dielectric layer 30 is deposited t hrough any of a

RO ORI N 1 A

i gh-k" as used herein denotes a dielectric that has
dCP%?ltlQH‘i fia the first condugiiye baper 28ipaygnclpdepbitdy not Hetitedta daY D4R O (physical
preferably fromabout 8 to about 50. It is noted that

vapdt depdsittondli c@bRedtioh I ARBSABDY SoRiSIa) @ A6 BAE bitoRfbthations thereof,
relative to a vacuum unl ess ot her wi se stated A w de

ectrics be, enpl
Theg ﬂt‘:‘ fhehen HCB atfs?g e ¢ ragiemg ?P&nggﬁ 4f reme%%*eéCMP or efch
such as Ta206, Hf 2, A1203, In(2, La203, ZrQ2 and
backTaéBdiploglesi cat es, al umi nates and oxynitrides of said
bi nary netal oxides; and perovskite-type oxides.
Conbi nations and/or 9 nultilayers of such high-k
[0018] el ebtFIGe $F,arleglak dislectoin i ayeps Gisednfoandiyriepokhied erpthe rdsalted
used to formthe second conductive |ayer 32 may

strudtlﬂfg Itd’dg)%er tBQBo 1%der !?%‘L 2-§| an \éltop\cheﬂb‘foSI Ithle'nY¥;k I eﬁ@ﬂc 'structure

second conductlve Iayer 32 may include, but is not
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 depositiort 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 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, HfO;, A120.3, InO,, LayOQs, ZrO; and TaO;; silicates, aluminates and
oxynitrides of said binary metal oxides; and perovskite-type oxides. Combinations and/or

-0



limted to, CVD, PVD (physical vapor deposition),
evaporation, plating, ALD (atomc |ayer fr
deposition), or conbinations thereof [0016] The MM
capaci tor process of the exenplary enbodi nent 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

elec r|c layer.22. and formthe s trate_si dewal |
PG e ol gk fiefegrien A 410 cttBBleB oy d b Gabarel used to form the
effectlve capaci tance w thout inpacting on bit |ine
secoad pdudattivadqyeci2 matihdude, fPedanplETIH, TAN, WoWN, Gi, T2W, @fi,l, Cu, Mo,

cross-secti onal oiagrans illustrating another
or th%)flﬁgp'i“ ank%{':%ggéeitﬁiroengfto? %F: ggcpﬁ/(!l M%n%a ag! Iatér%{'e f ]Irllgg gl%:l%de %up & not

dep05|t|on mhlle expl anati on of the same or simlar
limifgd fa, CHS PV (physicabeapor daposition)nevap@atidnpplafngyiALID (abenic layer
onmtted. After the formation of lateral recesses 27 in

depdsﬁ%nﬁgpmnglhgﬁsqﬁ&géfc | ayers 22, an isolation |ayer

iI's deposited on the resulted structure and then an
etch back process is enployed to renpbve the isolation

{0016y erTRRMIM Qspatig f?d@%scﬁ thebhpRRSenModinht@it {s'ah Shsily-controlled
dielectric |ayer t he storage node cont act
str ure 16 an the top of. the stack diel ect

PIOCess E‘@&F*‘é ayfet 8‘§ Srdpione vt ¢ fjelepteh sel %ﬂ%ﬁéﬁ%‘%@?lwc layers 22
| ayer 29 may be fornmed of oxide,. silicon oxynitride,

and Xlitb palbbackittiersecttd disboetriz! 1ayer 2D xidiRrm HeyoirnelsRiexdllgeofile, resulting in
zirooniun1oxide or oonbinations t hereof. Next, as

o inf e R e o bR ob P e ST e
openlngs 26" to
[0017] FIG. 2A to FIG. 2C are cross—sectional diagrams illustratixig 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 isolation 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-



-10- i cover the isolation |ayer 29, the first
dielectric layer 14, the storage node contact
structure 16 and the top of the stack dielectric
structure 21. The first conductive |ayer 28 outside
the patterned opening 26" is then renoved by CWP
process. Next, in FIG 2C, a high-k dielectric |ayer
30 is conformally deposited to cover the bottom
r,ode .28 of . th ack dielectrj
cov@BER0RIE 155 3 dne 5 B ctouch T4 b8 R Fod ol smagare 16 and
is deposited on the high-k dielectric |layer 30. The
the top ghithk s@tledieletirit stricaye P 1.3thefastdvhdizave hpérdSentsidechd paticrned
conductive |layers 28 and 32 acts a capacitor
i r 9.. . .
oL L gt SN B L Y i o
nprove the capacitor performnce. { [0018] Al t hough
Conﬁoﬁ@albrdém@ﬁ@ forpenthediwtipmslepeats 28 end theltepdofithe stack dielectric structure
preferred enbodi nents, it is not intended to limt
21, 8hdoeRId OBnduRiitd By @?@é osREP AEHHTRNSK @hbﬁ%eﬁ%@r 30. The
herein. Those skilled in I's technology can st

. varj ous alterations and nodi fi cati ons w t hout
mwﬁé‘%%mﬁﬁ et feddched bejpeendrfwesppquctiyg laygss 28 and 32 acts a capacitor

i nvention. Therefore, the scope of the present

dicldctiice Mhe additdial solagordefdr 2@ dan ABrRERLE Gz{p@.@itd?éfc\:ﬂﬁﬁﬁcitor leakage to
following clainms and their equivalents. -11 T 1S

imprg’l‘pi!he capacﬁ%r performance.

[0018] - 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 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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1. A nmethod of form ng a netal-insul ator-netal
capacitor, conprising: providing a sem conductor
substrate having a first dielectric |ayer forned
thereon; formng a stack dielectric structure
overlying said first dielectric layer by alternately
depositing a plurality of second dielectric |ayers and
a plurality of third dielectric layers; form ng an
opening in said stack dielectric structure to expose a
[ d first dielectric layer; performng a

vﬂ%¥¥ﬁséh%ﬁ@?§§%ss to renove rel atively-1large portions
of said second dielectric layers and relatively-snmal
portions of said third dielectric |ayers, thereby
formng a plurality of |ateral recesses in said

l. se é”‘o‘ﬂ@t%%‘? @ﬁp faypipg a me&;rmsgla@r il sangeien) JompHsinga; d
opening; form ng a bottom el ectrode | ayer extending

al eRFididen Shledahdis sabikaRMaliRps fief dfeficHicllAfef fohed thereon;

recesses and said opening; formng a capaC|tor

Iectrlc r on said bottom e| ectr.ode
aast%%?( FeBt Ty eHRee oy %Wiﬁﬁs@*@gﬁﬁe Yﬂﬁemafeiy
dlelectrlc | ayer. 2. The nethod of claim1, mhereln
depaiting awhiraléy ohseoombdidecttic layérsl esd BplbfatityeT tldidodieledticlaidis;
said second dielectric | ayer than in said third
di g| ec rlc The. od.of claim .
wh gunél %rﬁx saltd S cl§d181 nﬁgcg%:e éo eXPOS al RY ldl,lljt(ff g%d first

prOV|d|ng a
dielectric layer;

-q

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;

forming a bottom electrode layer extending along the sidewalls and bottoms of said lateral
recesses and said opening;

formirig 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.
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selectivity of at least 5:1 for etching said second
dielectric layer relative to said third dielectric
| ayer. 4. The nethod of claim 2, wherein said second
dielectric |layer and said third dielectric |layer are
formed of oxi de-based materials. 5. The nethod of
claim1l1, wherein the step of form ng a bottom
el ectrode | ayer conprises: depositing a first
conductive | ayer extending along the exposed surfaces
of said first dielectric |layer and said stack
3. di dheotethiod of¢lninc?, whereirasait! wetrefohpnocesy w@escAnethaalution providing a
nmechani cal polish process to renove said first
seleBRRGUE b 1¥£h5:?¥&retch tsﬁfd@gco?ig 'dfti:legﬁﬁqgégrel ttx@? {oe%j}/d third dielectric
exposing the top surface of said stac i er ectric
structure. 6. The nethod of claimb5, wherein the steps
layesf forming a capacitor dielectric layer and a top
el ectrode | ayer conprise: depositing a high-k
dielectric | ayer on said bottom el ectrode |ayer and
sai d exposed surface of said stack dielectric
structure; and depositing a second conductive |ayer on
4. sailhe mehd &f diiml 2 wheicin Samhsecont] didldcirc 1syr and safdethiadl dielectric layer
recesses. -13 7. The nethod of claim1, before the

are POhERI Fhx Qb HeI thaftrRI t om el ectrode | ayer, further

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 polish process to remove said 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:

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

TCCESSES,
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conprising formng an isolation | ayer extending al ong
the sidewalls and bottons of said |lateral recesses
and said opening. 8. The nethod of claim?7, wherein
said isolation |layer conprises oxide, silicon
oxynitride, silicon nitride, tantal um oxide, alum num
oxi de, zirconium oxi de, or conbinations thereof. 9.
The nethod of claim 7, wherein the step of form ng an
isolation | ayer conprises: depositing an isolation
%‘r extendi ng al ong the exposed surfaces of said
7. f i ¢ mgthedl etelpingl, befyathe sigplokfaiming e hettond tledtends fayer, further
structure; and performng a chem cal nechanical polish
comPfiifEHPming ah $IPYi6n F@brdex'te?ﬁhgtaloﬁg tHe @iﬁ%al%ﬁ 'bgﬁomss'@}i sHid Iateral
openi ng, thereby exposing the top surface of sa
stack djelectric structure. 10. The met hod of cIa|n19

recefige s WG REN8Eep of forning a bottom el ectrode | ayer
conprises: depositing a first conductive |ayer on
said isolation |layer and said exposed surface of said
stack dielectric structure; and performng a chem ca
mechani cal polish process to renove said first

8. ¢ oﬁ%@?ﬁh%wp%l@r? wheeH saisl isdatign dgyensompriseszidsbsilicon oxynitride,
exposing the top surface of said stack dielectric

silic&d fitHele Waatumldkidel aluh R SE RO HrRhink] &id8 do coﬂﬁﬁx@aﬁ@nsttﬂﬁeof
step of formng a stack dielectric structure, further
conprising formng an etch stop layer on said first
di el ectric | ayer.

9. The method of claim 7, 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 chemical mechanical polish process to remove said isolation layer outside

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

10.  The method of claim 9, wherein the step of forming a bottom electrode layer comprises:
depositing a first conductive layer on said isolation layer and said éxposed 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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12. The nmethod of claim 11, wherein the step of
form ng an opening conprises formng an opening
passi ng through said stack dielectric structure and
said etch stop |layer to expose a portion of said
first dielectric layer. 13. The nmethod of claim11,
wherein said first dielectric |ayer conprises a
storage node contact structure formed therein. 14.
The met hod of claim 13, wherein the step of formng an
openi ng conpri ses exposing said storage node contact

11. st Fhronethed ofaiimtlhbeforedlps stdp dfdomiing)a stadkoti¢lermiedtmcturep Gether
| ayer conprises formng a bottom electrode |ayer

c j tQ: 1AL G node cont act

Omgﬁfﬁi?ﬁﬁgéhyTgpﬁgsﬁ%%%gfgﬁﬁﬁﬁg% %@%?gﬁ%ial capaci tor
conprising: a sem conductor substrate having a first
dielectric layer fornmed thereon; a stack dielectric

12. stTheahethe] af\ctaith)lil ngheddin thefstapSlf fetingil et dpesing eyt@rises forming an
wherein said stack dielectric structure conprises a

lurality of second dielectric |ayers d luralit .
openlle Yo it SEFPRE SRSk s nd Y50 fPn P obose A porton
other, and a wet etch selectivity of said second
of saidifbtalielecinic laygrer rel ative to said third dielectric
| ayer is of at least 5:1, wherein an opening has
serrate sidewalls passing through said stack
ectric structure_ and a bottom exposing a portion

di_el
13. o:c'ﬁ'@éqleéhqdi of glairgil b wehersin gaid gsg;éqiiglectric layer comprises a storage node

contact structure formed therein.

14.  The method of claim 13, 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 structure.

-15-



a bottom el ectrode |ayer fornmed on said stack
dielectric structure and said first dielectric |ayer
al ong said serrate sidewalls and said bottom of said
openi ng; a capacitor dielectric layer fornmed on said
bottom el ectrode | ayer; and a top el ectrode |ayer
fornmed on said capacitor dielectric layer. 16. The
net al -i nsul ator-netal capacitor of claim15, wherein a
wet etch selectivity of said second dielectric |ayer
relative to said third dielectric layer is of at nost
15. 100: metaljipsulateremetaltcapacitos gbmprningret al  capaci tor of
clai m 15, wherein said second dielectric |ayer and
saij sl j e - . ge- based
mal%l ginitug? iﬁcggﬁb%g&éﬁrzﬁuedg%yeftﬁgﬁ @%1%53% o??ﬁrr%fl gﬁgr%gbaci t or
of claim 15, further conprising an isolation |ayer
f of Btk Heleraerrshreowrlymg sad dird diglqciricdeyenct ur e and
said bottomelectrode |ayer. 19. The

net al - i psdkiakad e dtleQAP AGichRE céthprisbad Plurhfity oMIEIoRH Bielectric
said isolation |layer conprises oxide, silicon

oxynitri i.licon nitride, tantalum oxide, alumnum, ..
g b i PSSRl gt g Wk Pk St B o o selectviy
The netal -insul ator-nmetal capacitor of claiml1l5,
of safd et drelrdiel ety lagér dejativesd sdid gérdriddetiiaya ad of a6leastGtiyr e
formed in said first dielectric layer and electrically

conn eCt\i/]ﬂ:geiItl n g‘p%'m%g o ée(r)ra eeska%%vtaﬁsp gaessiné %yoeurgh said stack dielectric
structure and a bottom exposing a portion of said first dielectric layer;
a bottom electrode layer formed on said stack dielectric structure and said first dielectric
layer along said serrate sidewalls and said bottom of said opening;
a capacitor dielectric layer formed on said bottom electrode layer; and

a top electrode layer formed on said capacitor dielectric layer.

16.  The metal-insulator-metal capacitor of claim 15, wherein a wet etch selectivity of said

second dielectric layer relative to said third dielectric layer is of at most 100:1.

17.  The metal-insulator-metal capacitor of claim 15, wherein said second dielectric layer and

said third dielectric layer are formed of oxide-based materials.
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18.  The metal-insulator-metal capacitor of claim 15, further comprising an isolation layer

formed between said stack dielectric structure and said bottom electrode layer.

19.  The metal-insulator-metal capacitor of claim 15, wherein said isolation layer comprises
oxide, silicon oxynitride, silicon nitride, tantalum oxide, aluminum oxide, zirconium oxide, or

combinations thereof,

20.  The metal-insulator-metal capacitor of claim 15, further comprising a storage node contact

structure formed in said first dielectric layer and electrically connecting to said bottom electrode

layer.
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