2 % DEC 2005 HI GH K ARTI FI Cl AL LATTI CES FOR CAPACI TOR APPLI CATI ONS TO USE
IN CU OR AL BEOL BACKGROUND OF THE I NVENTION (1) FIELD OF THE | NVENTI ON
This invention relates to a nethod of fabrication used for sem conductor
integrated circuit devices, and nore specifically to thedég ﬁﬁbl ?@]&Of hi gh
dielectric constant MM capacitors, using copper electro a mascene
process, and formng alternating |ayers of high dielectric artificial

super lattices by depositing high dielectric nmaterial by MBE, nolecul ar
beam epi taxy or ALCVD, atomic |ayer CVD techniques. (2) DESCRI PTION OF

RELATED ART In | egtd el I ri kgr ound
patents foll owshEFJﬁSﬁ %?%@%S%Wﬁeﬁ%SSOEﬁﬁggééﬁaﬁ

Metal lization By Dual DamasceneyPyegess &5i g8 Bhot@sensitive Polymer”
granted Apr. 17, 2001 to Shin et al, describes a copper dual damascene
process with high dielectric constant silicon nitride. A photosensitive
pol ymer having low permttivity is used as an etch nmask. Though the etch
mask remains in the final SBACKEROWEND (QFs THRWIDFENIEONVI ty reduces
parasitic capacitance effects. In this nmethod, a photosensitive polyner
pattern having a first hol e Wl FEELD OF THE INVENTION

Thigs invention relates to a method of fabrication used
for semiconductor integrated circuit devices, and more
specifically to the formation of high dielectric constant MIM
capacitors, using copper electrodes in a damascene process,
and forming alternating layers of high dielectric artificial
super lattices by depositing high dielectric material by MBE,

molecular beam epitaxy or ALCVD, atomic layer CVD techniques.

(2) DESCRIPTION OF RELATED ART
In this section a description of related Prior Art

background patents follows.

U.S. Pat. No. 6,218,079 Bl entitled “Method For
Metallization By Dual Damascene Process Using Photosensitive
Polymer’” granted Apr. 17, 2001 to Shin et al. describes a
copper dual damascene process with high dielectric constant
silicon nitride. A photeosensitive polymer having low
permittivity is used as an etch mask. Though the etch mask
remains in the final structure, its low permittivity reduces
parasitic capacitance effects. In this method, a

photosensitive polymer pattern having a first hole with a




2 $ DEC 2005 first width is formed on a first interlayer dielectric film
A second inter-layer dielectric filmis formed on the photosensitive

pol ymer pattern. A mask pattern, having a second hole, above the first
hole, with a second width |arger than the first wdth, Imh dz{mg t he
second interlayer dielectric film Awring region is for E@
dry-etching the second interlayer dielectric filmusing the mask pattern
as an etch nmask. A via hole region is formed by dry-etching the first
interlayer dielectric filmusing the photosensitive polyner pattern as an

etch mask. pimse RpfarNas Bed23 ankitkedintherigal dbehand.Gal £ilel.i shing
O EERAM Capacitors" granted Nov. 2, 1999 to Kirlin et al. shows a dual

damascene paAoOg&SsndM idteartlighedidledeictiraéc EQlmt A8t féatedadeciltd ¢ capacit or
structure. The capacitor structure is formed by sequentially depositing a
bottom el ephetosedsificive pdlomese lpaditera .| Aysasknpattewp, dacinmde | ayer
on a base structure, optionally with deposition of a layer of a conductive
barri er matee¢ond Jegdeat Hhdwe e Ehrsdl g@t’-ﬁ@dﬁithéﬁeW%dﬁ% iYAFISET t he
capacitor precursor _structure by chem cal nechanical polishi ng i el ds the

ferroel ect r FeaR aphR i 7= s twistithur &5 FoImgck oBafaRi £6F°R 1Y paci t or .
The process. is,carrjed.out wthout dry .etching of electrode | ayers or
dry etchi ng oFrERET LS e‘?’%ﬂ'& ght"fllr@“nlga &9 -Fo i gP’&’“?éP‘? e‘il‘xéétertf%lél e{%‘l ors
haV|ng second interlayer dielectric film using the mask pattern as

an etch mask. A via hole region is formed by dry-etching the

first interlayer dielectric film using the photosensitive

peolymer pattern as an etch mask.

U.8. Pat. No. 5,976,928 entitled “Chemical Mechanical
Polishing Of FERAM Capacitors” granted Nov. 2, 1999 to Kirlin
et al. shows a dual damascene process with a high dielectric
constant ferroelectric capacitor structure. The capacitor
structure is formed by sequentially depositing a bottom
electrode layer, a ferroelectric layer and a top electrode
layer on a base structure, optionally with deposition of a
layer of a conductive barrier material beneath the bottom
electrode layer. Planarization of the capacitor precursor
structure by chemical mechanical polishing yields the
ferroelectric capacitor structure: a stack capacitor or
trench capacitor. The process is carried out without dry
etching of the electrode layers or dry etching of the
ferrcelectric layer, to yield ferrocelectric capacitors having

a very small feature size, between 0.10 and 0.20 microns.




a very small feature size, between 0.10 and 0.20 microns. -2 2 $ DEC 2005
US Pat. No. 6,117,747 entitled "Integration O MOM Capacitor Into Dual
Danascene Process" granted Sep. 12, 2000 to Shao et al. describes a dual
damascene and MOM process for fabricating a netal -oxide- [Egtab @aﬂﬁ itor. A
dielectric layer is provided overlying a sem conductor s g et dual
damascene opening in the dielectric layer is filled with copper to forma
copper via underlying a copper line. Afirst netal |layer is deposited
overlying the copper line and patterned to forma bottom capacitor plate

contacting the goppesading. '%,%Pﬁ,elitztv%n@h%h@&t“iﬁté?zyﬂicir? Seppu ted
overlying the bottom capacitor plate. A second netal Tayer is deposited

overlying tbgpsapest toitdlimiLC iDdnadrner rabdespat Lahesd toey orim a 20ap
capacitor plate to conplete fabrication of a netal-oxide-netal capacitor.
U S. Pat. Neo $h2F1eP82 BlieuritHead a' Mekhodafhscéabdr andtMoN prddesad Circuit
Capacitor" granted Aug. 7, 2001 to Hou et al. reveals a dual danascene and
capaci t or pforefabricatirghrd guttialg cxicepmeitadr chpacitor xad digladhric
application, The nethod involves formng a first dielectric |ayer, a stop
|l ayer, and &2¥8Eoht RFVRT ivauydndoR FeniBspfucbonatihyterteodt e

region. A first opening is then forngd_in the _second d%fhecérlc | ayer,

fol | oned by?fBRATHYS LETEG Bhdihglielectric layer is ed with

copper to form a copper via underlying a copper line. A first
metal layer is deposited overlying the copper line and
patterned to form a bottom capacitor plate contacting the
copper line. A capacitor dielectric layer is deposited
overlying the bottom capacitor plate. A second metal layer is
deposited overlying the capacitor dielectric layer and
patterned to form a top capacitor plate to complete

fabrication of a metal-oxide-metal capacitor,

U.S5. Pat. No. 6,271,082 Bl entitled “Method Of
Fabricating A Mixed Circuit Capacitor’ granted Aug. 7, 2001
to Hou et al. reveals a dual damascene and capacitor process

for fabricating a capacitor for a mixed circuit application,
The method involves forming a first dielectric layer, a stop
layer, and a second dielectric layer on a substrate having a
conductive region. A first opening is then formed in the
second dielectric layer, followed by forming a seqond opening
in the stop layer and the first dielectric layer, so that the

first opening and the second copening form a dual damascene




in the stop layer and the first dielectric layer, so that the first
openi ng and the second opening forma dual danascene -3 2 $ DEC ZOCOS
openi ng for exposing the conductive region. The dual danascene opening is
filled with a first conductive |layer, so as to forma vi%%%!ﬁg aa& a | ower
el ectrode of the capacitor for connecting to the conducti Bi 5 A
third dielectric layer, which is | ocated between the |ower electrode and a
subsequent forned upper electrode, is then formed over the substrate, so
that the lower electrode and a part of the second dielectric |ayer

adj acent toobBR: h@WESr B85S ORE AL condiiiitelel ¥e§P¥R! efhdYaddie third
dielectric layer. A patterned second conductive |layer is forned on a part

of the thi!GandLelaC!dldnidydls 2MABPY:R UPRELSE) SCAEOLE 100 LA B! Y

covering the lower el ectrode 1s formed. 423 ent'i tled

"I ntegrated Cﬁ&cu%t Fbviqg Via And A Cagac#tog"ﬁgraq%q%lD%% 262000 to
Ganbi no et &F. “BetRF T s é@ﬁ%ﬁﬁp ap&@@? sSreF - RBRuTact Ut i A & capaci tor
si mul t aneously while formng dual _ danmscene via._A first_jnterconnect
|ayer is fof dca%%c%mwr%tt%t%dé\?&l"&i EPELPPr A BT n‘ﬁ’senlc%?{'rre’s"pondi ng
to vias and capacitors extend through a second inter]level dielectric to
the first iARPEPEontREEh |4y drocatasd 0 theddpreFt elefRrodneRd £

openings. An insulator is deposited in the openings
subsequent formed upper electrode, is then formed over the

substrate, so that the lower electrode and a part of the
second dielectric layer adjacent to the lower electrode are
completely covered by the third dielectric layer. A patterned
second conductive layer is formed on a part of the third
dielectric layer, whereby an upper electrode for completely

covering the lower electrode is formed.

U.S. Pat. No., 6,166,423 =antitled “Integrated Circuit
Having A Via And A Capacitor’” granted Dec. 26, 2000 to
Gambino et al. describes a capacitor process for
manufacturing a capacitor simultaneously while forming a dual
damascene via. A first interconnect layer is formed upon a
first interlevel dielectric. Openings corresponding to vias
and capacitors extend through a second interlevel dielectric
to the first interconnect iayer. A conductor is deposited in
the via openings. An insulator is deposited in the openings
and on the conductor in the via openings. A trench is then

etched into the upper portion of the via openings while




and on the conductor in the via openings. Atrench is then etched into the
upper portion of the via openings while 4.. 2 $ DEC 20 5 si nul taneously
renoving the insulator fromthe conductor in the via openings. A conductor
is then deposited in the openings and in the trenches an %?Bgtcﬁh
mechani cal polishing (CW) is used to pattern the conductor® t ﬁd
i.nterlevel dielectric is then deposited, openings are forned extending to
t he conductors, and third interconnect |ayer conductors are deposited and
patterned. As a background to the present invention, existing dielectric
materi al s afeul barddwgly heiwoding tthedu@stiQaRbikChrofi Z8e I 88MEEH: QS a1
changes in capacitor architecture. The conbination of hem spheri cal

pol ysi | i cofPegVat nePHITS aftl candudtde iis &hesadypshbwedgist€leéns at 130 nm
technologyb and reaching to and beyond 100 am technol ogy, will require new
di el ect ri cSPERE TV HE éF?ﬁijé“¥¥§ﬁ§FtF6ﬁ £hemirpl capaksnbral st ruct ures.

Furt her nor : h OW manuf acturing nature of the menory business, and
the ext rengo%gé u%%%ngée&?):) lc%élr?éégdc N PRhtRG™: FBR Fendecteams Uketxd

necessary, iHekefedl 48 oddl gonati of,_any.pew technpl ogy a nmj or
chal I enge. Chip manufacturers §%étﬁ%&kFﬁ§°¥%ge§%p%%??%ﬁ%§nﬁﬁﬁ ﬁéﬁﬁ?qngher

di el ect i cezoasann tmtaid Alondue 2Bl a68aSthi 64N RYPLILILE. 1 Regi nni ng
with the 130 nm generation, and on a | arger scale
conductors are deposited and patterned. )

As a background to the present invention, existing
dielectric materials are reaching their limits due to pitch
size reduction and changes in capacitor architecture. The
combination of hemispherical polysilicon grains (HSG) and
nitride is already showing strains at 130 nm technology, and
reaching to and beyond 100 nm technology, will require new
dielectrics and eventually the transition to MIM capacitor
structures. Furthermore, the low cost manufacturing nature of
the memory business, and the extreme reluctance to change
anything that is not absclutely necessary, makes for the
integration of any new technology a major challenge. Chip
manufacturers are locking for capacitors that have higher
dielectric constant materials to replace silicon oxynitride,

beginning with the 130 nm generation, and on a larger scale

at 100 nm.




at 100 nm 2 $ DEC 2005 SUMVARY OF THE | NVENTI ON For future applications in
RF integrated circuits in the back end of |line, BEQOL, the present
i nvention describes a nethod of fabricating high dielectric constant MM

metal - insulator-netal capacitors. In addition, the high ?e%lt ﬁﬁ@riiﬁg
constant M M capacitors have the follow ng desirable pro ; w

vol tage coefficients, precise control of capacitor values for ease of

mat ching, snmall parasitic capacitance, along with high reliability and | ow
defect densities. These high dielectric constant MM capacitor net all of
the stringent requirenents needed for both for both RF and analog circuit
applications. For the high dielectric constant MM capacitor, the netal is
conpri sed of copper el ectrodes, since the Iow resi stance of copper can

i ncrease the inductor qual it or % factor, ared to that of alum num
and coupl ed vvith di el ectri c t??o“é“%eﬁw I%®uce both the MM

capacitor areg C bstrate couplin as conpared to that of

Si Ioi con oxide. A hi g‘j‘ﬁ:%%g 5 gc r:{:é‘oﬁgét"v\ﬂ ; :ﬂ%tel\ﬁ’f\ﬂteefr%é’tlrrﬁd’é‘st Aenithezes
the capacigaii %rn‘%iaorfe(i‘ihéenﬁﬂbx, TenbepHELEAPAN Ll o P RAGEARL O AL 2
high dielectric constant with | éss ness novel , ar e super

lattice isnedesey idredabyichieng RSGAL di@yééléfﬂéhc&%t%&!@%ﬂ{ omettl;q_mgr oup
consi sting of:
insulator-metal capacitors. In addition, the high dielectric
constant MIM capacitors have the following desirable
properties: low voltage coefficients, precise control of
capacitor values for ease of matching, small parasitic
capacitance, along with high reliability and low defect

densities. These high dielectric constant MIM capacitor met

all of the stringent requirements needed for both for both RF

and analog circuit applications.

For the high dielectric constant MIM capacitor, the
metal is comprised of copper electrodes, since the low
resistance of copper can increase the inductor quality or Q-
factor, compared to that of aluminum, and coupled with
dielectrics of nitride help to reduce both the MIM capacitor
area and reduce substrate coupling, as compared to that of
silicon oxide. A high K dielectric between the MIM electrodes
minimizes the capacitor area requirement., To reduce capacitor
space and obtain a high dielectric constant with less
thickness, a novel, artificial super lattice is described by

the present invention, selected from the group censisting of:

-6-




-6 2 $ DEC 2095 Ta205 - H 02 , Ta205 - Zr02 , artificial hybrid lattices,
both ferroelectric and antiferroelectric artificial super lattices, which
form "stacks" or layers of alternating dielectric, achieving high

dielectric constants, used in MM netal -insul ator-netal, Cf@%@l 2@.{5
applications. The super lattices exhibit very high diel ecgr o] ants at

short stacking periodicity of each layer due to the displacement of
lattice ions. Good adhesion of H 02 on a layer SIN, silicon nitride, is
achi eved when H 02 is used as the bottom starting stack nmaterial in the

preparati a0t a BE@er, Taabdli-c&rilo,i ASELASEINT KA BRI tdiiRleRCt biokh
constant, the stacking periodicity is changed. The conbi nati on of the
funct i onalfdmm@mleduritchangt entd fecabeléetdsct arth@idictlmahiperr of new
conpounds. Hence this technique is highly useful in the construction of
capaci t or SFAEHRPS Wi EPatit "REREkFAl 8T layerm| of fldaxmaidmant systens.
Thi s artifcg:i al super t.tice aggroach is one of the prom sinhg ways for

the fabric _erloef?ﬁﬁlccaﬁli_ PE8r29s ﬁhagiﬁ/i'ﬁftr%\ﬁi%%%%f“ﬁavélsﬁda&“e Myers
Feghons | el e ST 2R B R S e P Foakage
currents. RN d iGN %eSil HEGH" 81 8LE-{L! 050 8RRQAGH Unort
stacking periodicity of each layer due to the displacement of
lattice ions. Good adhesion of Hf0, on a layer SiN, silicon
nitride, is achieved when Hf0, is used as the bottom,

starting stack material in the preparation of a super

lattice.

To increase or decrease dielectric constant, the
stacking periodicity is changed. The combination of the
functional layers in the atomic scale leads to the formation
of new compounds. Hence this technique is highly useful in
the construction of capacitors using two different materials,

or multiple component systems.

This artificial super lattice approach is one of the
promising ways for the fabrication of capacitors such as MIM,
which can have stable layers with very high dielectric
constants. Conventional solid solutions may have regions that
are non-homogeneous and that can cause very high leakage
currents. This artificially structured thin films approach of

the present invention yields novel dielectric properties




t he present invention yields novel dielectric properties -7-. 2 $ DEC 2005
conpared with conventional thin filnms, and nethods described in the
present invention can be easily enployed in Cu-BEO., copper back end of
line. Key in MSM capacitors, the dielectric |oss nust be Zﬁrgﬁew smal |
and the series resistance of the wiring should be mnimz p @h
frequency applications. This indicates it is desirable to use short
interconnect wires with | ow specific resistance. Further enbodi nents of the
present invention include ferroelectric and anti-ferroelectric based

capaci t Or SeorlPEF&4 W € SUR I8 1Bt g4 al in e hi |eletr c
constants Eﬁ/nl?ch are al so be uslen@n%%rlgsgﬁtﬁﬁghvgﬁ |%%th g?h FT ibdd

di el ectri cigotisé gtte PEOP v RAS RANOBe! EhELE 0% LAYEL,GH OV Noy L rature.
These super lattices yield high dielectric constant,” based on t e 'stacking
peri odi ci t goppelr neadderersd ofuifiimecelKey. ifhEIfi &abagiauﬁs of i gh di eI ectric
constant materials is selected fromthe group consisting of: BaTi O3 /

SrTi G8. Théi3beeht grings orusii fie ¢xdireveiycsvehdt and thatesiids is sel ected
fromthe gr consisting of: BaTi O3 / BaHf 03i BaTi O3 / BazZrO3, with ease
of prepar af"r'%gs?%nc%c‘?“ﬁ eV PG shedlr becahnimhred fow highd group of

hi gh dlel ns eria is.selected fromthe grou consistin
Ofg Bao, 5Sr%é§#&%§? éﬁl?%%%e s H@Fgc&ngfcates ;t is des%kab e to use g

short interconnect wires with low specific resistance.

Further embodiments of the present invention include
ferroelectric and anti-ferrocelectric based capacitors. There
are some more materials having very high dielectric constants
which are also be used in present invention, with high
dielectric constant properties based on film or layer growth
temperature. These super lattices yield high dielectric
constant, based on the stacking Periodicity and number of
unit cells. The first group of high dielectric constant
materials is selected from the group consisting of:

BaTiO3z / SrTiO;. The second group of high dielectric constant
materials is selected from the group consisting of:

BaTiO3; / BaHfO;, BaTiO; / BaZrO;, with ease of preparation to
achieve high dielectric constants. The third group of high
dielectric constant materials is selected from the group

consisting of: Bag s5Sro sTi0;, with layering stack of




-8 2 $ DEC 2005 [(BaTi@3)4 / (SrTi®B)414 . The dielectric constant versus
the total thickness of the super lattices is controlled by the nunber of
| ayers. MBE, nolecul ar beam epitaxy or ALCVD, atomic |ayer CVD techniques
is used for this type layer growth process, In accordanc?&bﬁt pr esent
invention, the above and other objectives are realized b 8 t hod
of fabricating a This invention has been summarized above and described
with reference to the preferred enbodi ments. Some processing details have
been omtted and are understood by those skilled in the art. Mre details

f this in r n th SCRI PTI CF THE PREFERRED
EI\/BCDI ngﬁging%t) ?02 (Ekﬁéd@ %%ﬁﬁ‘bﬁﬁﬁ%@é‘%ﬁ’?rﬁ’bﬁ%&%nd
ot her advantages of this inventi on are best described in the preferred
enmbodi nent kot hthriefleresrc @t ¢het bepakt aahedcds aié ngen ttulldd Bwidde Figs. | A
- 1D, illustrate several key features of the present invention: Fig. 1A

graphs di ebhetter o drgteant., MEE, welsualsevBedh &piedad &S taakiong
dielectrics, Fig. 1B, graphs dielectric const ant, K, versus total

di el ectri Caﬁ&kﬁd(rm&ﬁfcvﬁl&relc@xﬂs.qhbtsaﬂgt gsdisekEet £ LS, tﬁ%eﬂ layer | Il ustrates
a dielectric super lattice, Fig. 1D, graphs RHEED oscillation

growth process.

In accordance with the present invention, the above and
other objectives are realized by using a method of
fabricating a This invention has been summarized above and
described with reference to the preferred embodiments. Some
processing details have been omitted and are understood by
those skilled in the art. More details of this invention are
stated in the “DESCRIPTION OF THE PREFERRED EMBODIMENTS”
section.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are

best described in the preferred embodiments with reference to

the attached drawings that include:

Figs. 1A - 1D, illustrate several key features of the
present invention: Fig. 1A, graphs dielectric constant, K,
versus several titanate stacking dielectrics, Fig. 1B, graphs
dielectric constant, K, versus total dielectric thickness of
various titanate dielectriecs, Fig. 1C, illustrates a
dielectric super lattice, Fig. 1D, graphs RHEED oscillation

intensity versus time during growth of a super lattice.




intensity versus tinme during growh of a super lattice. 9 2 $ DEC 2005

Figs. 2A - 2C, which in cross-sectional representation illustrate the

nmet hod of the main enbodi ments of the present invention. Fig. 3 is a flow
chart of the general nethod of the present invention, DE?:% 5& THE
PREFERRED EMBCDI MENTS The new and i nproved nethod of usin diellectric
constant MM netal -insulator-netal capacitors for future high frequency
applications in RF, integrated circuits will now be described in detail..
The present invention describes a nethod of fabricating high dielectric
constant MM netal- insulator-netal capacitors. In addition, the high

dielectric constant MM capacitors have the foll ow ng desirable
properties: |owiye.t age -coef,f LELEN $n PrESE SRcOUHAl RbreGaBaaiEGL Val ues
for ease of matching, small parasitic capacitance, along with high
reliabilitillanddacw défcokthddnsft the. mdhesendvdineditel @dt tihe eeasktant M M
capacitor net all of the stringent requirenents needed for both for both
RF and arfgtesgitéiancuit applications. For the high dielectric constant MM
capacitor, the_netal .is conprised of copper el ectrodes, since the | ow

resi stance of dofer d&nd hdP¥askarheof nthR tFnRYif MaFhed of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The new and improved method of using high dielectric
constant MIM, metal-insulator-metal capacitors for future
high frequency applications in RF, integrated circuits will
now be described in detail. The present invention describes a
method of fabricating high dielectric constant MIM, metal-
insulator-metal capacitors. In addition, the high dielectric
constant MIM capaciteors have the following desirable
properties: low voltage coefficients, precise control of
capacitor values for ease of matching, small parasitic
capacitance, along with high reliability and low defect
densities. These high dielectric constant MIM capacitor met
all of the stringent requirements needed for both for both RF

and analog circuit applications.

For the high dielectric constant MIM capacitor, the
metal is comprised of copper electrodes, since the low
resistance of copper can increase the inductor quality or Q-

factor, compared to that of aluminum, and coupled with

-10-




factor, conpared to that of alum num and coupled with Q-10 2 $ DEC 2005
dielectrics of nitride help to reduce both the MM capacitor area and
reduce substrate coupling, as conpared to that of silicon oxide. A high K
dielectric between the MMelectrodes mnimzes the capacéjtﬁb gr Sa

requi renment. To reduce capacitor space and obtain a high 4i &6t GU5
constant with less thickness, a novel, artificial super lattice is
described by the present invention, selected fromthe group consisting of:
Ta205 / HF02, Ta205 / zr02 , artificial hybrid lattices, both

ferroel ectys if Lr ChiLI tLfigi l.atti .. Whi.ch form
"stacks" o{leﬁzgfg??cgf ggl ?glrtﬁg{i%nge e*éc%%féqgoc hi et\%lleng [ é:ﬁp&lcél &tric

const ant s,axsednd réilke BRE3LrhBSULSLPTiAE! Al SARAGIHL ARBLILCAE OnS. The
super lattices exhibit very high dielectric constants at short stacking

peri odi ci tsildfcopackikdayen HightR #dheld:splacsimmierDfthd MM €2 dc@RSdec00d
adhesion of Hf02 on a layer SiN, silicon nitride, is achieved when H 02 is
used as thErygtize® thet grphafter askeapteqiatenanit hd oprepiarcat icapaefi tarsuper
lattice. To increase or decrease dielectric constant, the stacking

peri odi ci tSPAE @REnGBE21rhR RoFEhi Abelentwic ternsantcMiddalessyers in the

atom c scal,e l.eads to the fornmafl
%hlckness, a nove&, ar%iggcial super lattice is described by

the present invention, selected from the Qroup consisting of:
Tap0s / HE£Op, Ta,0s / Zr0, , artificial hybrid lattices, both
ferroelectric / antiferrocelectric artificial super lattices,
which form “stacks” oxr layers of alternating dielectric,
achieving high dielectric constants, used in MIM,
metal-insulator-metal, capacitor applications. The super
lattices exhibit very high dielectric constants at short
stacking periodicity of each layer due to the displacement of
lattice ions. Good adhesion of Hf0, on a layer SiN, silicon
nitride, is achieved when Hf0, is used as the botton,
starting stack material in the preparation of a super

lattice.

To increase or decrease dielectric constant, the
stacking periodicity is changed. The combination of the
functional layers in the atomic scale leads to the formation
of new compounds. Hence this technique is highly useful in
the construction of capacitors using two different materials,

or multiple component systems.

-11-




of new conpounds. Hence this technique is highly useful in the
construction of capacitors using two different materials, or nultiple
conponent systens. -11 2 $ DEC 2 005 This artificial super lattice approach
is one of the promsing ways for the fabrication of capac'ggbg such as

M M  which can have stable layers with very high dielectr Enédlant s.
Conventional solid solutions may have regions that are non-honogeneous and
that can cause very high | eakage currents. This artificially structured
thin filnms approach of the present invention yields novel dielectric
properties conpared with conventional thin filns, and nmethods descri bed

In the present invention can be easily enployed in Cu-BEOL, copper back

end of |ine. Kephid MiMrGanaq babsr thetridbebgpishln ! OSSdlIsis NG, LxtTenely
smal |l and the series resistance of the wiring should be mnimzed for high

frequency mpphiciatg orys Thirs thedifabiresakiohSoteshpabl €otH gt ety

I nterconnect wires with | ow specific resistance, To build copper based
capaci t or sWhigh gajudlavdardabdre lagegeews thaverphiglpraicssscidiow i s as
follows: silicon nitride deposition, PE plasma enhanced TEGS,

t et r aet hoxSZH HHE tte [EEYSREA Onata S cdifa s eREL @R e hnay drav e rreafayys ithiadn,

artificial_J]attices deposition sigg ALCVD, atom c |layer CVD, or MBE,
f%%%? eﬁﬁaysch eF t can cause very high leakage

nol ecul ar at‘)re%lrﬁmenp
currents. This artificially structured thin films approach of
the present invention yields novel dielectric properties
compared with conventional thin films, and methods described
in the present invention can be easily employed in Cu-BEOL,
copper back end of line. Key in MIM capacitors, the
dielectric loss must be extremely small and the series
resistance of the wiring should be minimized for high

frequency applications. This indicates it is desirable to use

short interconnect wires with low specifie resistance.

To build copper based capacitors, in a dual damascene
Process, a simple process flow is as follows:
silicon nitride deposition, PE plasma enhanced TEOS,
tetraethoxysilane deposition, dual damascene etch, barrier
deposition, artificial lattices deposition using ALCVD,
atomic layer CVD, or MBE, molecular beam epitaxy, and copper
deposition. The formation of the capacitor inside the trench
reduces space and it is easy to prepare using super lattices
since it is conformal growth. Note, depending on the

particular method of to be used to form a dual damascene
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deposition. The formation of the capacitor inside the trench reduces space
and it is easy to prepare using super lattices since it is confornal

grow h. Note, depending on the particular nethod of to be used to forma
dual damascene -12 2 Z DEC 2005 opening, the |ow diel ectrioz f(ﬁgﬁt?@ﬁ
dielectric nentioned above, in the tetraethoxysilane deposif 61, n
consist of a nultiple layers of alternating dielectric with etch stop

| ayers. Low dielectric constant material is selected fromthe group
consisting of: PE TEGCS, plasma enhanced tetraethoxysilane deposition, SiN,
Si O, SOG sqpeniony gltdss ldwalkidgdpatedcStehsthndrdhat @sksid ingaitd ogleatss FSG, i n
a thickness range from 1000 to 10000 Angstrons. Further enbodi nents of the
present i rakaits ot rfdludetrpethosveiinne deposihtiod ergsgelwotyiist: lvdsed
capacitors. There are sone nore material s having very high dielectric

const ant s ™WhFh @ vaTso e addegrphipredenteriventT o afich stiogh
dielectric,consta roperties based on filmor Jayer growth tenperature.
These supglra:’_f%ﬁ‘l _(rgeosvpy#@%&cﬁﬁﬁg Fﬁﬁﬁtgﬁﬁ m P%?’e?:ir T %%jrf's‘iteﬁﬁ ,frt?&‘sé:&eon t he
stacking perd.gdi &idds Angy RYETOeE Q‘EOFH'%l%SJPLSenhT .dd st group of high
dielectric constant material's is selécte rom the group consisting of:

BaTi B / SedtfFetndifySaceRd @peul t9bnhi gindi 81 6ct 466 SoNStaN smterials is
sel ected fromthe group consisting of: BaTi O3 /
) halogenated Si0O, fluorinated silicate glass FSG, in a

thickness range from 1000 to 10000 Angstroms.

Further embodiments of the present invention include
ferroelectric and anti-ferroelectric based capacitors. There
are some more materials having very high dielectric constants
which are also be used in present invention, with high
dielectric constant properties based on film or layer growth
temperature. These super lattices yield more than 500
dielectric constant, based on the stacking periodicity and
number of unit cells. The first group of high dielectric
constant materials is selected from the group consisting of:
BaTiO; / SrTiO;. The second group of high dielectric constant
materials is selected from the group consisting of: BaTiO; /
BaHfO3;, BaTiO; / BaZrO;, with ease of preparation to achieve
high dielectric constants, and with the thickness of each

compound being varied from approximately 4 to 250 Angstroms.
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BaHf O3, BaTi O3 / BaZr03i with ease of preparation to achieve high
dielectric constants, and with the thickness of each conpound being varied
fromapproximately 4 to 250 Angstrons, -13 2 DEC 20 05 The third group of

hi gh dielectric constant materials is selected fromthe group_consisting
of : 50 atom c percent of bariumand 50 atom c percent of ét‘ﬁ %Eﬁi bt or mi ng
Ba0.5Sr0.5Ti 3, wth layering stack of [ (BaTi03) 4/ (SrTiG3) 4] 4 The

di el ectric constant versus the total thickness of super lattices is
controlled by the nunber of |ayers-either 4/4 , 2/2, and 1/1 artificial

| ayers. Hence, thidi ¢hAe8Sgebuphesfhigh dferasidie CUHIRIntethatbBRRAANGENBNt Of
the dielectric constant is achieved as a result of the interface.

Di el ectri Geo1cRsl@RSmneat J00upl oRshiemgy 05 23D Angsly part-Bhekoguper

| atti ces. MEE, nol ecul ar beam epitaxy or ALCVD, atom c |ayer CVD

techni quesoai%h&fgg%é{ b gmgaiaygsrgyéroﬂrm&ﬁ&&% of erring to Fig.

1A, is a gra electric constant, K, versus several” titanate stacking

dielectrics, illustrating. several different stackinggfgpfigunations: a one
conponent %ﬁ%ﬁﬁﬁwﬁflﬁhitwééhn%ﬁﬁﬁaﬁnSTsFSP&.S@aéﬁ??T#? a SR shpbhent

stacking 2/2 unit conprised of SrTi G8/BaTi OB a two conponent stacking
2/ 2 unit cRPdi$aGAhicStendBaft yetil3/ th a0 8L th AlnesH G sbpgr 1B, is

a graph of dielectric constant, K, versus
lattices is controlled by the number of layers .either 4/4 ,
2/2, and 1/1 artificial layers. Hence, thickness of the film
is easily controlled. Enhancement of the dielectric constént
ig achieved as a result of the interface. Dielectric
constants near 900 are achieved for 250 Angstxom thick super

lattices. MBE, molecular beam epitaxy or ALCVD, atomic layerx

CVD technigues is used for this type layer growth process.

Referring to Fig. 1A, is a graph of dielectric constant,
K, versus several titanate stacking dielectrics, illustrating
several different stacking configurations:
a one component stacking unit comprised of (Sry 3Bag. 1) TiO;
a two component stacking 2/2 unit comprised of SrTiO;/BaTiO;
a two component stacking 2/2 unit comprised of

(Sxo.3Bao.7) Ti03/ (Cag . 525T¢.45) T103
Fig. 1B, is a graph of dielectric constant, K, versus

total dielectric thickness in Angstroms for several titanate

compositions and stacking configurations.
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total dielectric thickness in Angstronms for several titanate conpositions
and stacking configurations. -14 2 Z DEC 2005 Referring to Fig. 1B | egend:

[ ] open squares, solid state solution of SrBaTiO3 O closed circle, 1/1
unit stack /\ open triangles, 2/2 unit stack [ ] closed 23§@E§s %ﬁ/4 uni t
stack Referring to Fig. 1C, which in cross-sectional repr t
illustrates a super lattice conprised of 3/3 wunit stacking, which is
conprised of alternating barium titanate and strontiumtitanate dielectric
| ayers, formng a BaTiO3/SrTi3 super lattice. The follow ng | ayers are
formed: 1 semBfwucigr tulbsr.atls, legapdt sed of single crystal silicon
having a (100) crystal orientation. Sem conductor device structures are
formed in and on the seni dodderesr sqyabssr aselidhebetelendloetisty wdt ur es

i nclude gate el ectrodes, interconnection |ines, FET source/drain areas,

and | ow levels of netalllzat§6ﬁaT?9é seni conduct or device structures, not
shown, are forned in Iayer(f e.co ereg th, an sul at or. hbxt, a
bot t om capacitor netal elec rég' %(ﬁfrF /ﬁq“ﬁlFmﬁ%ﬁ nsul at or - net a

capacitor, is formed. Nextg t fQll. S d. referred to
as 114 through 9" in A tRBen liaWERgs! a¥pssuRl e JOIap

[ 1 closed squares, 4/4 unit stack

Referring to Fig. 1C, which in cross-~sectional
representation illustrates a super lattice comprised of 3/3
unit stacking, which is comprised of alternating barium
titanate and strontium titanate dielectric layers, forming a
BaTiO;/SrTi0O; super lattice. The following layers are formed:
1 semiconductor substrate, comprised of single crystal
silicon, having a (100) crystal orientation. Semiconductor
device structures are formed in and on the semiconductor
substrate. These device structures include gate electrodes,
interconnection lines, FET source/drain areas, and low levels
of metallization. The semiconductor device structures, not
shown, are formed in layer 2, and are covered with an
insulator. Next, a bottom capacitor metal electrode 3 (M) for
a MIM, metal-insulator-metal capacitor, is formed. Next, the
following layers are formed, referred to as “4 through 97 in
the Fig. 1C. Firstly, deposition of high k super lattice
dielectrics and formation of capacitor insulator (I) for MIM,
metal-insulator-metal capacitor is performed. A layer of

first BaTiQO; layer 4 for super lattice formation is deposited
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the Fig. 1C. Firstly, deposition of high k super lattice dielectrics and
formation of capacitor insulator (1) for MM netal -insul at or-net al
capacitor is perforned. A layer of first BaTi O3 |ayer 4 for super Iattice
formation is deposited -15 2% DEC 2005 over the bottom Ca?% QEE %
electrode 3, and next a first SrTiG3 layer 5 for super tion
over the first BaTi B |ayer 4. Next, a second-BaTi O3 |ayer 6 for super

| attice formation over the first SrTiG3 layer 5. Next, a second SrTi O3

| ayer 7 for super lattice formation over the second BaTi 3 |ayer 6. Next,

a third Bakd®B dray8ot8ofoba aegaorlﬁééafeeiégmaeors 0uely ?Qﬁtsscemgsér Ti B

layer 7. Next, a third SrTIO3 layer 9 for super |attice rmation over the

third BaTigx®icayeay8r Ref@frsu;gaﬁ A dtitcel Borgadpbs BRYEEDcRSCE L8] ON
intensity versus tine during growh of a super lattice, for a a two

conponent BeATtigsndsivey 4t didkthg 2fsSiidimally Ogatdlyex 081pids etlipafr
SrTi B/ BaTi O3, repeated three tines. The sequence in Fig. 1D is as
fol l ows, fRtHGenitegmatdeposrerotheffhrgh S@-’T%péﬁYPatﬁlo cBedtel®ctrics and

in the fornat:ﬂ;pﬁ\gr %apgmtor |nsul ator (1), for a MM
net al - i nsdi%t% at’s ?)%%?t%r or SRS rJr(j‘t\ﬁlf:ﬁ §°FF‘F‘§%°BrW%B Bhenit |ayer
for super r n foII b t BaT 3 unit layer
f or superéﬁaégt%%%gmflgﬁg%¥on o'vere’?tﬁeafl st dS%??ﬂ'b %%r él'%? supexr

- lattice formation over the second SrTiO; layer 7. Next, a

third SrTi0O; layer 9 for super lattice formation over the

third BaTiOs; lavyer 8.

Referring to Fig. 1D, graphs RHEED oscillation intensity
versus time during growth of a super lattice, for a
a two component alternating stacking of 3/3 units each
comprised of SxrTiC;/BaTiO;, repeated three times. The sequence
in Fig. 1D is as follows, for forming a deposition of high k
super lattice dielectrics and in the formation of capacitor
insulator (I), for a MIM, metal-insulator-metal capacitor.
Starting with a first SrTiO; 3 unit layer for super lattice
formation, then followed by a first BaTiO; 3 unit layer for
super lattice formation over the first SrTiO; layer. Then,
followed by a second SrTiO; 3 unit layer for super lattice
formation over the first BaTiO; layer, next a second BaTiO; 3
unit layer for super lattice formation over the second SrTiO,
layer, and then finally a third SrTiO; 3 unit layer for super

lattice formation over the second BaTiO; layer. For
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foll owed by a second SrTiO3 3 unit |layer for super lattice formation over
the first BaTi 3 | ayer, next a second BaTiO3 3 wunit |ayer for super

| attice formation over the second SrTi O3 | ayer, and then finally a third
SrTiG3 3 unit layer for super lattice formation over the fgfﬁﬁ@ ﬁg%ics

| ayer, For -16 2 $ DEC 2095 conpletion: then finally a thi i 3 unit

| ayer for super lattice formation over the third SrTiG3 |ayer. Referring
to Figs. 2A - 2C, which in cross-sectional representation illustrate the
met hod of the main enbodinments of the present invention. Referring to Fig.

28, Whi ch ddGR38n e CLhORAL 11 L PRY OFCOL AL b dd US! Lk gS kD8, MELDOd of the

present I nvéntion conprising t formation o om capaci tor netal

el ectrode diderU3Re i duakoIANREEENSvet ko ML NAT | i aW,t hay VP, cheni cal
mechani cal polishing processes. Al so, sketching the deposition of high k
super lattice dielectrics and formation of the capacitor insulator (l1). The
| ayering starts wth providing a sem conductor substrate 20, conprised of
si ngl e cryst al Reifleredng havFagsa. 281003Ccrwisicl o icentsat-isemtioBedi conduct or
device structures are forned in and on the semi conductor substrate. These
devi ce st FifRERceRtaférndéliusErake ebhe girthod M ridvnedn embloddaentpET

source/draup q{eas, and low |l evels of nmetallization. The sem conduct or
devi ce of the present invention.

Referring to Fig. 2A, which in cross-sectiocnal
representation illustrates the method of the present
invention comprising the formation of a bottom capacitor
metal electrode (M} using dual damascene, in combination with
CMP, chemical mechanical polishing processes. Also, sketching
the deposition of high k super lattice dielectrics and
formation of the capacitor insulator (I). The layering starts
with providing a semiconductor substrate 20, comprised of
single crystal silicon, having a (100) crystal orientation.
Semiconductor device structures are formed in and on the
semiconductor substrate. These device structures include gate
electrodes, interconnection lines, FET source/drain areas,
and low levels of metallization. The semiconductor device
structures, not shown, are formed in layer 200 and are
covered with an insulator. Then the following layering is
performed: an insulator, first thick layer, low K material is
formed. Next, a second insulator 22, low K material is formed
over 21. Next, a third insulator, 23 low K material is formed

over 22. Next, a thin etch stop layer (ESL) 24, is formed
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structures, not shown, are forned in |layer 200 and are covered with an
insulator. Then the following layering is perforned: an insulator, first
thick layer, low K material is fornmed. Next, a second insulator 22, |ow K
material is formed over 21, Next, a third insulator, 23 I?qgﬁﬁgabﬁﬁial IS
formed over 22. Next, a thin etch stop layer (ESL) 24, is*f d 2 $
‘DEC 2005 over 23. Next, a bottom capacitor netal electrode 25 (M for MM
nmetal -i nsul ator-netal capacitor, is formed over 24. This bottom capacitor
netal electrode 25 (M is conprised of copper inlaid netal, for a bottom
capaci t or et @3antieixs, RObBRHoRY 8apial tsamsEeenal1ddaned/ vipa gupcess with

chem cal nechanical polishing back of netal conductor. Next, a thin
di f f usi on fizer MIY, heted-26suilatblankesl deposti st ovier faldmed ayers24The key
processing step is the formation of a super lattice stack 27, high
di el ect ri FrEshPeFeMaraPreitPn PRl olectiede t RS b@r iier dompers2d. Wth
reference to FE%i 2B, . which is an enlarged area sketch of super lattice
stack 28, °% IF¢PRGh GletdcPrtelcohStaft PHEERR | ARG 19y Ploke pdafPy, a
"top cap" dinsulating | r 29, is deppsited,and is silica nitri.de, as
shown 1 FIg oo 2yl PR gorasERyC  DEPRRT GRS Sl SPg0y rBd Phicon
fromFig. né%ha%&%taqh%@meh%aSﬁaaﬁ%folﬂéLai COLESEMA | Whxd | UGG €S the
key nethod of the présent I nvention, the

diffusion barrier layer 26, is blanket deposited over all

layers. The key processing step is the formation of a super

lattice stack 27, high dielectric constant material in Fig.

2A, over the barrier layer 26. With reference to Fig. 2B,

which is an enlarged area sketch of super lattice stack 28,

the high dielectric constant material in Fig. 2A. Finally, a

“top cap’ insulating layer 2%, is deposited and is silicon

nitride, as shown in Fig. 2A.

Referring to Fig. 2B, which is an enlarged area taken
from Fig. 2A, sketched in cross-sectional representation
illustrates the key method of the present invention, the
deposition of super lattice dielectries with high dielectric
constant insulator, in the formation of capacitor insulator
(I). In Fig. 2B, the multi-layered, alternating high

dielectric constant material 28 (arrow), is comprised of

the super 1lattice stack components, 27 (arrow).

Referring to Fig. 2C, which in cross-sectional

representation illustrates the method of the present
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deposi tion of super lattice dielectrics with high dielectric constant
ingulator, I n thg formation of capacitor insulator (1). In Fig. 2B, the
nmul ti-layered, alternating high dielectric constant material 28 (arrow), is
conprised of the super lattice stack conponents, 27 (arrozl)Sﬁ BEE Z@EI ng to
Fig. 2C, which in cross-sectional representation illustrat ! hod of
the present _1g_ 2 $ DEC 2005 invention conprising the formation of a top
capacitor netal electrode (M using dual damascene, in combi nation with
CWP, chemi cal mechani cal polishing processes. Al so, sketched is the high
k super | atbventipe| eohprisidoriiaEddia tiapasit Ar topNSHhALPLot | detd D
addition, in Fig, 2Cis sketched the essentials of an entiree MM,

net al - i nsuPARBETAealt) capirg tdyal clarassenie;onduebabi Aubsés abrh caepy i sed

of single ¢rystal  silicon, having a (100) crystal orientation. .
Senico%ducf%%mlﬂﬁ%i%%F%ﬁ?%ﬁﬁ%uﬂ?%%ﬁhénﬁbPﬁ@&eﬁﬁeamdhbﬁothekeeqh®®nductor

bstrate. vice structures jnclude gate el ectrodes, _
nter conneSt TouLTE nbss CRET OUER AUAIACHASS, Campira.bevemmachror

netalIizatiggulg@grspfjpqﬂggﬁ&?ﬁﬁggﬁig% $ruct, rggba£%£a?%$g@$%igre formed

in |ayer 200 and are covere i'nsuPat 6 : _ ! L ot ch
I nsul ati Nget8yRESaBE €5F 2dn e%ﬁ:iré?'i\ﬁmz,?’me Q%ggﬁ%hygl:g{:%épai Eiscl:aj‘e%;?‘anclgi er

stop layer (ESL) 24. Metal barrier layer I nes the rns
on a semiconductor substrate, comprised of single crystal
silicon, having a (100) crystal orientation. Semiconductor
device structures are formed in and on the semiconductor
substrate. These device structures include gate electrodes,
interconnection lines, FET source/drain areas, and low levels
of metallization. The semiconductor device structures, not
shown, are formed in layer 200 and are covered with an
insulator. Low k dielectric insulating layers are: 21, 22,
and 23, respectively with insulating etch stop layer (ESL)
24. Metal barrier layer 26, lines the insulating super
lattice (I} 27 (arrow) , the high dielectric constant
material. Bottom metal electrode (M) is 25, with insulating
super lattice (I) 27 (arrow), and top metal electrode (M)
290, together form the MIM, metal-insulator-metal capacitor.
Note the shape of the inlaid metal electrodes, comprising “r”
shapes, as formed from dual damascene processing, in
combination with CMP, chemical mechanical polishing
processes. The top metal electrode (290) is formed from a

plated layer of copper deposited on copper seed layer, in a
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lattice (1) 27 (arrow), the high dielectric constant material. Bottom
net al elfac%rode (M is 25, with insulating super lattice (I) 27 (arrow),
and top netal electrode (M 290, together formthe MM

metal -insulator--netal capacitor. Note the shape of the iglai I
el ectrodes, conprising "T* shapes, as fornmed from dual da@a@@g}ﬁ{lﬂ%

processing, in conbination with CWP, chem cal nechanical polishing
processes. The top netal electrode (290) is forned froma plated Iakler of
copper deposited on copper seed layer, in a -19 2 $ DEC 2005 copper "gap

fill" procesppehatgapctimed prqdananingd!l 10010keqt De,¢9RREE , gL eCt rode by
chem cgl mecﬁgni ca<lJ IISIpoI i shi n%r CwP,  Still referri ng to JEl{g, J2‘?5,1 one of the
key enmbodi bbat soppert heleqresiniby nteaticen kechhaibhihpdisleelyi cassiper
lattice nmaterial 291 (arrow) in the area or region in between the two

el ectrodesStibh YoOoyrinal bothism (225) celeeofr sleskeysprbbditaity 4 @ea 291
(arrow), that serves as the major contributor to the capacitance val ue of
the M M caBagFER} . 1H/R PR &5 iohighatiedpctnacgenpeal lakthoe of t he

ent in i r{in ith formation of bottomcape netal electrode
(plr\/)?831 \Ahi%%g%féiggsll azsédﬁa{ard‘g) sc:’é’né:%ae G5> ProtegieR iprbebresnitmw thwen,

t he deposi Li e first w Lelectri ayer 32, deposition of etch
stop | gyerél%%%%d%% dﬁeJ osclztdi n agﬁdd%)%é:%grencé%ak I %&Fﬁgﬁ?%?%ct ric |ayer 34,
specifically in area 291 (arrow), that serves as the major

contributor to the capacitance value of the MIM capacitor.

Fig. 3 is a flow chart of the general method of the
present invention. Starting with formation of bottom cap.
metal electrode (M) 31 which uses a dual damascene + cmp
processes for formation. Then, the deposition of the first
low k dielectric layer 32, deposition of etch stop layer
(ESL) 33, deposition of the second low k dielectric layer 34,
followed by dual damascene etching for trench/via formation
35, deposition of barrier metal 36, deposition of high k
super lattice dielectrics forming the capacitor insulator (I)
37, and finally the formation of top capacitor metal
electrode (M) using dual damascene and chemical mechanical
polishing CMP processes, to form the complete metal-~

insulator-metal (MIM) capacitor.

Note, the super lattice dielectric properties depend on

growth temperature and deposition conditions.
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foll owed by dual damascene etching for trench/via formation 35, deposition
of barrier netal 36, deposition of high k super lattice dielectrics

form ng the capacitor insulator (1) 37, and finally the formation of top
capacitor netal electrode (M using dual damascene and chem cal nechani cal
pol i shing CVMP processes, to formthe conplete netal - insul &thDEGefBlS (M M
capacitor. Note, the super lattice dielectric properties depend.on growth
tenmperature and deposition conditions. -20 2 $ DEC 2005 Pl ease specify the
growt h tenperature and deposition conditions for super lattices. For

ALCVD,  t hepxqrout @pethrﬁg,ewaurﬁohﬁht x&&g@i&%é@%ﬁf di%%s@tlwnt h pressure

ranging from!| mlli-Torr to”10 Torr. ‘A summary o key layers for MM

capaci t or JURGASTNY FoaNdupeecesetdetal | BoArgLcYm) e isdactric layers
are a low dielectric constant nmaterial or materials selected fromthe

group constesipenptofre iS| MypSic@11gpB0oote gbad s’cSO61 tREppkasthe enhagiwg TFOS,
tetraet hoxysil ane deposition, halogenated SiO fluorinated silicate glass
(FSG), i n &xamhik kridds 1Iexge tor dfh TOBB-t0 10000 Angstrons, deposited by
chem cal vapor deposition or by spinning on glass for spin-on-glass SOG
(b) The first netal electrode |layer is selected from group

A surmary of the key layers for MIM capacitor processing
and process details are:
(a) The dielectric layers are a low dielectric constant
material or materials selected from the group consisting of:
SiN, Si0O, spin-on-glass S0G, PE plasma enhanced TEOS,
tetraethoxysilane deposition, halogenated 8$i0, fluorinated
silicate glass (FSG), in a thickness range from 1000 to
10000 Angstroms, deposited by chemical vapor deposition or by
spinning on glass for spin-on~glass SO0G.
{b) The first metal electrode layer is selected from group
consisting of metals and metal alloys with high conductivity,
deposited by physical vapor deposition and plating: copper,
copper alloys, aluminum and aluminum alloys, platinum and
platinum alloys, palladium and alloys, gold and gold alloys,
silver and silver alloys, with a thickness range from 1000 to
20000 Angstroms and for copper, seed layer thickness from 500
to 1500 Angstroms, with plated copper thickness from 10000 to
20000 Angstroms, forming a bottom metal electrode overlying
an intermetal dielectric layer.
{c) The capacitor dielectric insulator with high dielectric

constant material or materials, alternating material lavers
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consisting of netals and netal alloys with high conductivity, deposited by
physi cal vapor deposition and pl ating copper, copper alloys, alum num and
al um num al | oys, platinumand platinumalloys, palladiumand alloys, gold
and gold alloys, silver and silver alloys, with a thickness range from
1000 to 20000 Angstrons and for copper, seed |ayer t hi ckndds DECodi00 to
1500 Angstrons, with plated copper thickness from 10000 to 20000
Angstroms, formng a bottomnetal electrode overlying an internetal
dielectric layer. (c) The capacitor dielectric insulator with high

di el ectri GgnL£Eskanly Lapkal 19F er , addernat | matgnial o ayers -21
2 $ DEC 20615 and fotrgn‘i ng g su%ertlirg%t%%%ﬂg't a‘g!k%}?v&{%hdkg?l cki ﬁé:sur?lfts of

111, 2/2, 13413, 2424, 3¢QNPRI/A€ScomPBL 06t dd W tIBLLN i hatseliggised fromthe
group consisting of: (Sr0.3Bao.7) TiB r SrTiB / BaTi B, (Sr0.3Bao.7) Ti3

/[ (Ca0. 5281@EAR)K Fz08 thBagrkeBp/cSndiséBindati .03 / BaHf O3, BaTi O3 /
BaZr 3r Ba055Sr0.5Ti 3, with layering stack of [ (BaTi®) 4 / (SrTi 3B) 4]
4, Ta205 /{(3HoB20TadZe9s/ XTEO: TaBeFils Hf 0. 0D Ti0Zr02, and
ferroelectyic / .antiferroelectric materials. (d) The capacitor dielectric

i nsul at or Viore2fiFgheldi*disecBATE0s oSt nBeE+Pal/ EaHfth: ePaBiSs afe for med
Doposi 1 L on AR P4 EEEs BT i FRGRETE T8I Ve i oPm R & super
(SrTi0s) 414, Ta0s / HEO,, Tas0s / Zr0, Ta,0s / HEO,, Ta,0s /
Zr0,, and ferroelectric / antiferroelectric materials.
{d) The capacitor dielectric insulator with high dielectric
constant material or materials are formed by using Molecular
Beam Epitaxy or Atomic Layering Chemical Vapor Deposition
techniques, alternating material layers and forming a super
lattice stack, with stacking units of 1/1, 2/2, 3/3, 4/4,
having high dielectric constants based on the growth
temperature, with thickness in the range between 0.1 to 2
microns, and deposition temperatures between 300 to 500 b,
with pressure ranging from 1 milli-Torr to 10 Torr.
(e) The metal barrier layer is selected from the group
consisting of: TaN and W deposited by chemical vapor
deposition, with thickness in the range between 500 to 1000
Angstroms.
(£} The capacitor dielectric insulator with high dielectric
constant material or materials, alternating material layers
and forming a super lattice stack, are comprised of material
or materials selected from the group consisting of: super

lattice stack starting with HfO0,, as the bottom starting
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| attice stack, with stacking units of 1/1, 2/2, 3/3, 4/4, having high
dielectric constants based on the growh tenperature, with thickness in
the range between 0,1 to 2 mcrons, and deposition tenperatures between.
300 to 500 C, with pressure ranging from11 mlli-Torr tog}&ﬁg;r ige) The
nmetal barrier layer is selected fromthe group consistin aKB nd W
deposited by chem cal vapor deposition, with thickness in the range

bet ween 500 to 1000 Angstrons. (f) The capacitor dielectric insulator with
high dielectric constant material or materials, alternating materi al

| ayers amtdak matgrdadupéprinatit boessWackjlacen coiprided ffr gy i al  or
materials selected fromthe group consisting of: super lattice stack
starting vidietkoppreperdepott om starting -22 2 $ DEC 2005 stack nateri al ,

formed on silicon nitride, for good adhesio roperties, (g) The
second met Eq) gh&ts,e(ﬁ?gq 3’?&?1 §l§€l‘:§8fiﬁdl$¥%ﬁ1ig*’ro?ﬁfpe%"tﬁ%lfs’tq“h@r@ﬁlet al s

and net al Vs ondu tivit fﬁ_j OSII hysi cal vapor
deposi tion andl%\gdtl ng: copper %cop!lﬁ%¥ at %§ ‘%ﬂt&ﬁﬁlr’fé(
al I oys, p'@éﬂd@i@e@ﬂ%y P BUT LEBYSaoh @_L,ig%.g dglaaéiqy dold.and gold
al l oys, silver and Silvér alloys, wt ness ‘range Trom f@’@’d“to
20000 Angsddppiar and k@, eopRehumsesd hﬁﬁﬁin&tﬂlﬂm, fE0mh ang
platinum alloys, palladium and alloys, gold and gold alloys,
silver and silver alloys, with a thickness range from 1000 to
20000 Angstroms and for copper, seed layer thickness from 500
to 1500 Angstroms, with plated copper thickness from 10000 to

20000 Angstroms, forming a top metal electrode.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made without

departing from the spirit and scope of the invention.




to 1500 Angstrons, with plated copper thickness from 10000 to 20000
Angstrons, formng a top netal electrode. Wiile the invention has been
particularly shown and described with reference to the preferred

enbodi mrents thereof, it will be understood by those skil Lﬁ% i E the art

t hat various changes in formand details may be nade w t holit 0 Qp&g‘fﬁi ng
fromthe spirit and scope of the invention. 2 % DEC ZOOS What is clained
is: 1. Anethod for fabricating a netal -insulator- netal capacitor
conprising: providing a first dielectric layer overlying a sem conductor
substrate; form ng dual damascene gpenings w.thin said first dielectric
layer, and forming a first netal &F&dt AGd&élareri 4§ said dual danmascene
openi ngs; providing a second dielectric |ayer overlying said first netal
el ectrode, and form ng dual damascene openings lined with a netal barrier

| ayer within said secongd gi tgl r._.f.Qrm.n a i ielectric
insulator with high di eﬁect?ﬂllcg&coéf’gt%%%/ﬁn%t%ﬁgg}a %e?ﬁﬁngtﬁ%{éi%g damascene
openi ngs by Ml gekbar -Bgani £t dmpRisAiPm ¢ Layering Chem cal Vapor

Deposition techniques, alternating material layers formng a super lattice
stack; and providing a first dielectric layer overlying a
semiconductor substrate;
forming dual damascene openings within said first
dielectric layer, and forming a first metal electrode
filling said dual damascene openings;
providing a second dielectric layer overlying said
first metal electrode, and forming dual damascene
openings lined with a metal barrier layer within said
second dielectric layer;
forming a capacitor dielectric insulator with high
dielectric constant material within the dual damascene
openings by Molecular Beam Epitaxy or Atomic Layering
Chemical Vapor Deposition technigues, alternating
material layers forming a super lattice stack; and
forming a second metal electrode overlying said
capacitor dielectric insulateor filling the dual
damascene openings, to complete the fabrication of said

metal~-insulator-metal capacitor.

2. The method of claim 1, wherein said

semiconductor substrate includes semiconductor device
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form ng a second netal electrode overlying said capacitor dielectric
insulator filling the dual damascene openings, to conplete the fabrication
of said netal-insulator-netal capacitor. 2. The nethod of claim1l, wherein
sai d sem conductor substrate includes sem conductor device -2% 2 $ DEC 2005
structures such as gate el ectrodes and source/drain regi oné 4 PECTAR et hod
of claim1, wherein said sem conductor substrate includes sem conductor
device structures such as gate el ectrodes, source/drain regions and
multiple |l evels of metal interconnections. 4. The method of claiml,
wherein said dielectric layers are a |low dielectric constant materi al

sel ected from EREUGFBERS cORER st F R 17 e l§Nresiss a2 FOBRSH 9581 P S0G, PE

pl asma enhanced TEQS, tetraethoxysilane deposition, hal ogenated Si Q
fluorinated sil FE&t8"Grass (FSG, in a thickness range from 1000 to 10000
Angstrons, deposited by chem cal vapor deposition or by spinning on glass
for spin-on-glass SOG 5. The nethod of claim1l, wherein said first netal

el ectrode layer is sgl ecipd heoR@rOtRc1 L0081 Stindg«oh aRtal s and neta
all oys with high
semiconductor substrate includes semiconductor device

structures such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.

4. The method of claim 1, wherein said dielectric
layers are a low dielectric constant material selected
from the group consisting of: SiN, Si0, spin-on-glass
S0G, PE plasma enhanced TEOS, tetraethoxysilane
deposition, halogenated Si0O, fluorinated silicate glass
(FSG), in a thickness range from 1000 to 10000
Angstroms, deposited by chemical vapor deposition or by

spinning on glass for spin-on-glass S0G.

5. The method of claim 1, wherein said
first metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductivity, deposited by physical wvapeor deposition and
plating: copper, copper alloys, aluminum and aluminum
alloys, platinum and platinum alloys, pailadium and
alloys, gold and gold alleoys, silver and silver alloys,
with a thickness range from 1000 to 20000 Angstroms and

for copper, seed layer thickness from 500 to 1500

_25-




conductivity, deposited by physical vapor deposition and plating: copper,
copper alloys, alum num and alum num alloys, platinumand platinum all oys,
pal | adium and alloys, gold and gold alloys, silver and silver alloys,

with a thickness range from 1000 to 20000 Angstrons and Lg @% per, seed

| ayer thickness from500 to 1500 -25 2 j DEC 2005 Angstrond.$ Eh? 5at ed
copper thickness from 10000 to 20000 Angstrons, formng a botton1netal

el ectrode overlying an internmetal dielectric layer. 6. The nmethod of claim
1, wherein said capacitor dielectric insulator with high dielectric

constant material, alternating |ayers formn super |atti st ack of
atonic unit ceIP§gsﬁf?ﬂsceV$t§t%%?¥ﬁ% lef%ﬁﬁ|Fr88I98ﬁBRo%3yer over
1 unit cell alter ate] n|t cel | qver 2. uniit cells, or
alternately 3 u%b?}sgeﬁ‘ SEVers 3 ﬁcﬁ I‘}cl(vcx;-l"’f S, totrOm éﬂet &rnal f% %nl t cel S

over 4 unit cel I SES I fary he group consi sting
of : (Sr0. 3Baok%%:i$§9£ égs%%%%%%ﬁ%%%% l3 a0, -r) Tio3/

(Ca0.52Sr0.4a) TiG3 , BaTi@3 / SrTi03, BaTi O3 / BaHf C3, ‘BaTi 8/ BaZr G3,
BaO 5Sr0.5Ti 3, with layering stack of [ (BaTi03) 4 / (SrTiG3) 4] 4 ,
Ta205 / H 02 r Ta2056/ Zrh2,matldod of claim 1, wherein said capacitor

dielectric insulator with high dielectric constant
material, alternating layers forming a super lattice
stack of atomic unit cells, with cell stacking ordexr of:
1 unit cell monolayer over 1 unit cell monolayer, or
alternately 2 unit cells over 2 unit cells, or
alternately 3 unit cells over 3 unit'cells, or
alternately 4 unit cells over 4 unit cells,

comprises a material selected from the group consisting
of:

(Sxy sBag 7) TiQ3, SrTiO; / BaTiOs;, (Sro.sBag.7)TiOs /

(Cag 528Trg 43) TiO3, BaTiO; / SrTiO;, BaTiO; / BaHfO;, BaTiO;

/ BaZrQ;, Bag s8r; sTiOsz, with layering stack of [(BaTiOj)4
/ (8SrTi0s3)4]y4, Tay0s / HE£0,, Ta,0s / Zr0d,, and

ferroelectric / antiferroelectric materials.

Y. The method of claim 1, wherein said capacitor
dielectric insulator with high dielectric constant
material are formed by using Molecular Beam Epitaxy orx
Atomic Layering Chemical Vapor Deposition techniques,

alternating layers forming a super lattice stack, with
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ferroelectric / antiferroelectric materials. 7. The nethod of claim1,
wherein said capacitor dielectric insulator with high dielectric constant
material are formed by using Ml ecul ar Beam Epitaxy or Atom c Layering
Chem cal Vapor Deposition techniques, alternating |ayers ffrgp%% @@uper
|attice stack, with -26 2 $ DEC 20 5 stacking units of 1/1¢ , , 4l 4,
havi ng high dielectric constants based on the growmh tenperature, wth

t hi ckness in the range between 0.1 to 2 mcrons, and deposition
tenperatures between 300 to 500 C, with pressure ranging froml mlli-Torr

to 10 Torr. 8. The thod_of _clai , rejp, saj tal. barrier layer is
sel ected from t R&2Graug ggﬁts:f's ?ng}%f :%aﬁ&rfd%dgg’ggilpgd 6?hchem' cal
vapor depositi on,; W 1k i ﬂgdr MEAR

Angstrons. 9. Thﬁge\r%ne?%ﬁgdtzo%gé?g?%%,%é erecl?rﬂg%ae%)f?t capaciiltgglpggaiq:g?gétric

insulator with kijgh ¢hebRebEECig0NSE aPingdrBiahiadln o Ar BoA2SHREkhaL LT Ce
stack, with layers of unit cells starting wwth Hf 02, as the bottom

starting unit eed depaektirahetémbperd tured Mrtveidd 300 iteoBoonPe | iwesh f or
good adhesi on properties. 10. The nethod of claim1, wherein said second
nmet al el ect r ode prapenriesrangeny efirém onmgrlouip-Torr to 10 Torr.

8. The method of claim 1, wherein said metal
barrier layer is selected from the group consisting of:
TaN and W deposited by chemical vapor deposition, with

thickness in the range between 500 to 1000 Angstroms.

9. The method of ¢laim 1, wherein said capacitor
dielectric insulator with high dielectric constant
material, form a super lattice stack, with layers of
unit cells starting with Hf0,, as the bottom starting
unit cell stack material, formed on SiN, silicon

nitride, for good adhesion properties.

10. The method of claim 1, wherein said
second metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductivity, deposited by physical vapor deposition and
plating: copper, copper alloys, aluminum and aluminum
alioys, platinum and platinum alloys, palladium and
alloys, gold and gold alloys, silver and silver alloys,

with a thickness range from 1000 to 20000 Angstroms and
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consisting of netals and netal alloys with high conductivity, deposited by
physi cal vapor deposition and plating: copper, copper alloys, alum num and
al umi num alloys, platinumand platinumalloys, palladiumand alloys, gold
and gold alloys, silver and silver alloys, wth a thickness, range from
1000 to 20000 Angstronms and -27 2 % DEC 2005 for copper, séddDtkyé805

t hi ckness from 500 to 1500 Angstrons, with plated copper thlckness from
10000 to 20000 Angstronms, forming a top nmetal electrode. 11. The net hod of
claim1, wherein said first and second netal electrode |ayers are selected

froma copper obed ?55@%9251’%&%?;#%%% bR S00cRantea] pol i Shi ng. -
12. The et hod qfocl oLl YDRrSi L 541 paéagxsttﬂuneggcgggmn%abo%gctrode

| ayer are forme scene opening I n irst materral and then

pl anari zed by chegbeahngBelani ¢ako AN NGy FAYEING 1 dokaid enbedded met al
electrodes in the first material. 13. A nethod for fabrlcatlng a

nmetal -i nsul ator-- netal capacitor conprising: providing a first dielectric
| ayer overlying a sem conductor substrate;
11. 7The method of claim 1, wherein said first and
second metal electrode layers are selected from group
copper and copper alloys, using copper electrochemical

plating from a copper seed layer and planarized by

chemical mechanical polishing.

12. The method of claim 1, wherein said first and
second metal electrode layer are formed in a dual
damascene opening in a first material and then
planarized by chemical mechanical peolishing, forming

inlaid embedded metal electrodes in the first material.

13. A method for fabricating a metal-insulator-
metal capacitor comprising:

providing a first dielectric layer overlying a
semiconductor substrate;

forming dual damascene openings within said first
dielectric layver;

depositing a first metal electrode layer overlying
said dual damascene openings and the first dielectric

layer;
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form ng dual damascene openings within said first dielectric |ayer;
depositing a first netal electrode |ayer overlying said dual danascene
openings and the first dielectric layer; -28 2 $ DEC 2905 patterning said
first netal electrode layer to form a bottom capacitor netal el ectrode

pl ate; depositing a second dielectric |ayer overlying sai d2 HOELo5
capacitor netal electrode plate; form ng dual damascene openings within
said second dielectric layer; depositing a nmetal barrier |ayer overlying
said dual damascene openings; depositing a capacitor dielectric layer with
high dielectric constant naterial . b ~Nb|ECU|%fe§Fa”‘E it xy or Atonm c
Layering Chemical VaB8FEBERHRY T+t T e eF@Fﬁ%Fiﬁa fifit &P AP Payer s

form ng a super lattice overlying sai tal_barri.er. | ayer; depositing a
second net al eI80??%58ml5?%?°%v%§ly$?ﬁ¥i%g%é}ﬁﬁg%éé?fgf’dielectric | ayer;

patterning said secogd,Betalagl £ULLO0% | Ailect I 2laydl LLREILAKET 5o
capacitor dielectric gyer t orma top capacitor netal electrode plate,
a bottom capacitor metal electrode plate;
forming dual damascene openings within said second
dielectric layerx;
depositing a metal barrier layer overlying said
dual damascene openings;
depositing a capacitor dielectric layer with high
dielectric constant material by Molecular Beam Epitaxy
or Atomic Layering Chemical Vapor Deposition techniques,
alternating material layers forming a super lattice
overlying said metal barrier layer;
depositing a second metal electrode layer overlying
said capacitor dielectric layer;
patterning said second metal electrode layer,
metal barrier layer, and capacitor dielectric layer
to form a top capacitor metal electrode plate, a
capacitor insulator and metal barrier layer, both are
sandwiched in between the top and bottom capacitor metal
electrode plates;
thus, completing the fabrication of said metal-

insulator-metal capacitor.

14. The method of claim 13, wherein said

semiconductor substrate includes semiconductor device
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capacitor insulator and netal barrier layer, both are sandw ched in
between the top and bottom capacitor netal electrode plates; thus,
conpleting the fabrication of said netal- insulator-netal capacitor. 14.
The nethod of claim 13, wherein said sem conductor substra z%k[ﬁﬁ ﬁd

sem conductor device -29 2 Z DEC 2005 structures such as gat edillodes
and source/drain regions. 15. The nethod of claim 13, wherein said

sem conduct or substrate includes sem conductor device structures such as
gate el ectrodes, source/drain regions and nultiple | evel s of netal

i nt erconnecti ons 16. ThS sucQod erein said ielectric

layers are a | ow drel8&tri cons?a%?géﬁﬁégéEﬁ SSePR& EFUFFSATERE gr oup
consisting of: §i § O spin- on-glass SOG PE plasma enhanced TEGCS,
tetraethoxyS|Iane ébp05|t|on hal ogenated Si O, fluorinated silicate gl ass
(FSG, in a thickness range from 1000 to 10000 Angstrons, deposited by
chem cal vapor deposition or by spinning on glass for spin-on-glass SOG
17. The method of cl aBm 18hewhetebd Saichamt al3, havareah kayar i s sel ected
fromthe group consisting of:

semiconductor substrate includes semiconductor device

structures such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.

16. The method of claim 13, wherein said
dielectric layers are a low dielectric constant material
selected from the group consisting of: SiN, Si0, spin-
on-glass S0G, PE plasma enhanced TEOS, tetraethoxysilane
deposition, halogenated 8i0O, fluorinated silicate glass
(FSG), in a thickness range from 1000 teo 10000
Angstroms, deposited by chemical vapor deposition or by

spinning on glass for spin-on-glass S0G.

17. The method of claim 13, wherein said metal
barrier layer is selected from the group consisting of:
TaN and W deposited by chemical vapor deposifion, with

thickness in the range between 500 to 1000 Angstroms.

18, The method of claim 13, wherein said first
metal electrode layer is selected from group consisting
of metals and metal alloys with high conductivity,

deposited by physical vapor deposition and plating:
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TaN and W deposited by chem cal vapor deposition, with thickness in the
range between 500 to 1000 Angstrons. 18. The nethod of claim 13, wherein
said first netal electrode |layer is selected fromgroup consisting of

netals and netal alloys with high conductivity, deposited gyngﬁyz' al
vapor deposition and plating: -30 2 $ DEC 2005 copper, cop% I m@,

al um num and al um num al l oys, platinumand platinum all oys, palladium and
all oys, gold and gold alloys, silver and silver alloys, with a thickness
range from 1000 to 20000 Angstrons and for copper, seed |layer thickness

f110m 500 0 1500 Ang5t 1 aBec. Y flpL 2t 2L, CONRPT L1T.SKESS' L9F1,$0000 Lo

20000 Angstrons, forfing el'ect rode overlying an” {nternetal

dielectric | ayeFla%gnur_-EhgnH%t'Qgiﬂlﬁm CA £ 89l 3, p eI Bhih $Akda82BGE1 Q514
dielectric insufator with high dielectric constant nmaterial, alfefnating

| ayers form ng angugendl allbge, simekr afnatoimverinilliogel | witwi kh cel |
stacking order of: 1 unit cell nonolayer over 1 unit cell nonol ayer, or
alternately 2 umhticBekbks pepge2fuomtl@®) |15y 20000 IArestabeky aBdufictr cel | s
over 3 unit cells, or alternately 4 unit cells over 4 unit cells,

conpri ses a nmat ePPRPrseFeededayednthhekrgdtfrnsiodt iteg 1500 Angstroms,

with plated copper thickness from 10000 to 20000
Angstroms, forming a bottom metal electrode overlying an

intermetal dielectric layer.

19. The method of claim 13, wherein said capacitor
dielectric insulator with high dielectric constant
material, alternating layers forming a super lattice
stack of atomic unit cells, with cell stacking order of:
1 unit cell monolayer over 1 unit cell monolayer, or
alternately 2 unit cells over 2 unit cells, orxr
alternately 3 unit cells over 3 unit cells, or
alternately 4 unit cells over 4 unit cells,
comprises a material selected from the group consisting
of:

(Sry 3Bag 1) Ti0;, SrTiO; / BaTiO;, (Srg sBag 7)Ti0s /
(Cag 528K 48) T103, BaTiQs / SrTiQ,;, BaTiO; / BaHf0,, BaTiO,

/ BaZr0;, Ba, 58r; sTiO;, with lavering stack of [ (BaTiO;)4
/ (SrTi0;)414, Ta.0s / HfO,, Ta,0s / Zr0, and

ferroelectric / antiferroelectric materials.
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of: (Sr0.3Ba0. 7)Ti@3, SrITix3 / BaTi3 r (SrQ 3Ba0.7) TiG3 / (Gao. 52Sro0.
48) TiB , BaTiB / SrTi O3, BaTiB / BaHf B, BaTi 3 / BaZzZr (3,

Ba0.5Sr0 _5Ti 3, with layering stack of [ (BaTi@) 4 [/ (SrTi03) 41 4, Ta205
[ Hf 02, Ta205 / Zr2, and ferroelectric / antiferroelectrjc materials. -31
2 t DEC 2005 20. The nethod of claim 13, wherein said capati® OEC 2888 ectric
insulator with high dielectric constant material are formed by using

Mol ecul ar Beam Epitaxy or Atom c Layering Chem cal Vapor Deposition
techniques, alternating layers formng a super lattice stack, with
stacking units of 1/1, 2/2, 3/3, 4[4, havin igh_dielectric constants
based on the growth £Bnpefat Pethoich "?Jrﬁ%‘g s "IFTERE Fande CBREGEERT 0. 1
to 2 mcrons, nd.deposition |enperatures. het n 300 to 500 _C_ with
pressure rangi nélf*%%ﬁ?flﬁj f?suial'g%f rwjt%l%)l orar/;'v:3 f%nf‘ﬁecr?@f%(%ﬂtof claim
13, wherein saigd.¢apachtof. fLEL&E 4 Gad haf et sliagh egli ghggt pi-C
constant nmaterial, tforma super lattice stack, wth layers of unit cells
starting w th Hh@2miasrhierbett owasiedl ivigbotHdpdialdi ont deknARtaekEal ,
formed on SIN, silicon nitride, for good adhesion properties. 22. The

met hod of cl ai MalB3ernheifgnlapeds forming a super lattice stack, with

stacking units of 1/1, 2/2, 3/3, 4/4, having high
dielectric constants based on the growth temperature,
with thickness in the range between 0.1 to 2 microns,
and deposition temperatures between 300 to 500 °c, with

pressure ranging from 1 milli-Torr to 10 Torr.

21. The method of claim 13, wherein said capacitor
dielectric insulator with high dielectric constant
material, form a super lattice stack, with layers of
unit cells starting with Hf0., as the bottom starting
unit cell stack material, formed on SiN, silicon

nitride, for good adhesion properties.

22. The method of claim 13, wherein said
second metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductivity, deposited by physical vapor deposition and
plating: copper, copper alloys, aluminum and aluminum
alloys, platinum and platinum alloys, palladium and
alloys, gold and gold alloys, silver and silver alloys,

with a thickness range from 1000 to 20000 Angstroms and
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second netal electrode |ayer is selected fromgroup consisting of netals
and netal alloys with high conductivity, deposited by physical vapor
deposition and plating: copper, copper alloys, alumnum and al um num

al l oys, platinumand platinumalloys, palladiumand alloys, gold and gold
alloys, silver and silver alloys, wth a thickness range ZﬁbﬁEEOWMSto
20000 Angstrons and -32 2 Z DEC 2005 for copper, seed | ayer thickness from
500 to 1500 Angstroms, with plated copper thickness from 10000 to 20000
Angstrons, formng a top netal electrode. 23. The nethod of claim 13,

wherein said first and second netal electrode |ayers are selggted from
group copper af@8¥cGPBBRETal $85S, 1A H GRS % FEOR 68RePcdaPOCpl ating from

a copper seed |l ayer and planarized b chen cal. nechani_cal Lshing. 24.
The et hod of cAPRETERS hiak B P EATeH (T i BEER R0 raral 0P RcEP de

| ayer are forne 055°afgﬁgﬁﬁ°ﬂ§p§f8%@fT§ﬁ?ﬁgﬁgﬂb&aﬁ fhst apLerial and then

pl anari zed by chem ca ani c ormng 1nlaid enbedded neta
el ectrodes in the first material. 25. A nethod for fabricating a
metal -i nsul ator- metal capacitor conprising: providing a first dielectric
| ayer overlying a 23. The method of c¢laim 13, wherein said first and

second metal electrode layers are selected from group
copper and copper alloys, using copper electrochemical
plating from a copper seed layer and planarized by

chemical mechanical polishing.

24. The method of claim 13, wherein said first and
second metal electrode layer are formed in a dual
damascene opening in a first material and then
planarized by chemical mechanical polishing, forming

inlaid embedded metal electrodes in the first material.

25. A method for fabricating a metal-insulator-
metal capacitor comprising:

providing a first dielectric layer overlying a
semiconductor substrate;

forming dual damascene openings within said first
dielectric layer;

depositing a first barrier metal layer overlying
said dual damascene openings and overlying the first

dielectric layer;
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sem conductor substrate; form ng dual damascene openings within said first
dielectric layer; depositing a first barrier netal |ayer overlying said
dual damascene openings and overlying the first dielectric layer; -33 2 ~
DEC 2005 depositing a first copper seed |layer overlying said first barrier
metal layer; plating a first metal electrode |ayer of coppefd D6Ge?lffi ng
said first copper seed |layer and filling the dual danmascene openi ngs;
patterning by planarizing using chem cal mechanical polishing said first
netal el ectrode |ayer of copper and the first barrier netal layer, to form
a bottom capacitor copger_electrode £Iate I n the dual damascene openings;
depositing a second GFBPELEIPE #abErSHVAERAMFRES d2Y65t PERFLEPARL FBRS
copper electrodgigl%tggrfornin d%ai damascene openings within said second
p on

dielectric |ayer  déposifinGg A 52con® Batrier netal |ayer overlying said

dual damascene openi BgseaAg QVAILYLNgtle SREANLadhelast Likc  Laxer:

overlying said first copper seed layer and filling the
dual damascene openings;

patterning by planarizing using chemical mechanical
polishing said first metal electrode layer of copper and
the first barrier metal layer, to form a bottom
capacitor copper electrode plate in the dual damascene
openings;

depositing a second dielectric layer overlying said
bottom capacitor copper electrode plate;

forming dual damascene openings within said second
dielectric layer;

depositing a second barrier metal layer overlying
said dual damascene openings and overlying the second
dielectric layer;

depositing a capacitor dielectric layer with high
dielectric constant material forming a super lattice
overiying said second metal barrier layer and overlying
the bottom capacitor copper electrode plate by Molecular

Beam Epitaxy or Atomic Layering Chemical Vapor

Deposition techniques, alternating material layers;
depositing a third barrier metal layer overlying

said capacitor dielectric layer;

|
1
|
|
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depositing a capacitor dielectric layer wwth high dielectric constant
material formng a super lattice overlying said second netal barrier |ayer
and overlying the bottom capacitor copper el ectrode plate by Ml ecul ar
Beam Epi taxy or Atom c Layering Chem cal Vapor Deposition ;fﬁﬁgigues,
alternating material |ayers: depositing a third barrier neéd DEhyédih
overlying said capacitor dielectric layer; -34 2 $ DEC 2095 depositing a
second copper seed |layer overlying said third barrier nmetal |ayer; plating
a second netal electrode |ayer of copper overlying said second copper seed
| ayer and filling the dual_ damascene gpenings; p tﬁernin b | apari zi ng
usi ng cheni cal nmechafifRaF: *Ho¥ | ZHFHY Fﬁ*%?%bﬁ&eﬁe ﬁVeEIgX?¥5§én9ayer of
copper, third netgltggééier IggeQmanq]Phe capacitor dielectric layer to
r

forma top capaSftSr TREpPeP BT EEt ritfe hI'E¥S ™ a patterned capacitor

insulator with a pat%Egegg%ngtﬁéco$gnﬂééﬂilé%@@hro%ﬁnqw&ggegfiEO tyeen the

top and bottom capacitor Copper electrode plates; thuS, conpleting the
fabrication of gaikggehgl saifsSsbab -dBYRlr GRRACIIQer 364 FhelmRihese of

claim 25, wherein said
dual damascene openings;
patterning by planarizing using chemical mechanical

polishing said second metal electrode layer of copper,

third metal barrier layer, and the capacitor dielectric

layer to form a top capacitor copper electrode plate, a

patterned capacitor insulator with a patterned metal

|
3
1
i

barrier layer, sandwiched in between the top and bottom
capacitor copper electrode plates;
thus, completing the fabrication of said metal-

insulator-metal capacitor.

26. The method of claim 25, wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes and source/drain

regions.

27. The method of claim 25, wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.
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sem conduct or substrate includes sem conductor device structures such as
gate el ectrodes and source/drain regions. 27. The nethod of claim 25,
wherein said sem conductor substrate includes sem conductor device
structures such as gate el ectrodes, source/drain regions 39 ltiple

| evel s of metal interconnections. - 35 2t DEC 2005 28. Tg Qgthéhﬁof
claim?25, wherein said dielectric layers are a |low dielectric constant
material or nmaterials selected fromthe group consisting of: SIN, SiQ
spi n-on-glass SOG PE plasnma enhanced TECS, tetraethoxysilane deposition,

hal ogenated SiO, flygringied sjlicat ass SG., .in_a_thi,ckness range
from 1000 to 10000 A%Bstr%ﬁ%,mﬁ%%% i?gdggvu% éﬁi Al - vapsitdeposi tion or by
spi nning on gla r i.nsop-..ql . t | ai

wher el n sai d-f | P8 bTAResd 488 & Ky ReIRE IR LHoThnt Aelpelel,

from the groupGoRsialhBEsOke1d@bbant-dd daposy R¥neheri gl o¥apoin,
deposition, with thickness in the range between 500 to 1000 Angstrons. 30.

The met hod of clsaiom 2binwbarglassagoc, frm Pldamialemtlaveiedodeobayer i s
sel ected from group
tetraethoxysilane deposition, halogenated $SiO,
fluorinated silicate glass (FSG), in a thickness range
from 1000 to 10000 Angstroms, deposited by chemical

vapor deposition or by spinning on glass for spin-on-

glass S0G.

29, The method of claim 25, wherein said first,
second and third metal barrier layers are selected from
the group consisting of:

TaN and W deposited by chemical vapor deposition, with

thickness in the range between 500 to 1000 Angstroms.

30. The method of claim 25, wherein said
first metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductivity, deposited by physical vapor deposition-and
plating: copper, copper alloys, aluminum and aluminum
alloys, platinum and platinum alloys, palladium and
alloys, gold and gold alloys, silver and silver alloys,
with a thickness range from 1000 to 20000 Angstroms and
for copper, seed layer thickness from 500 to 1500

Angstroms, with plated copper thickness from 10000 to
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consisting of netals and netal alloys with high conductivity, deposited by
physi cal vapor deposition and plating: copper, copper alloys, alum num and
al umi num alloys, platinumand platinumalloys, palladiumand alloys, gold
and gold alloys, silver and silver alloys, wth a thi cknﬁiibﬁgge from
1000 to 20000 Angstrons and for copper, seed layer thick of80500 to
1500 Angstrons, wth plated copper thickness from 10000 to -36 2' DEC 2005
20000 Angstroms, formng a bottom netal el ectrode overlying an internetal
dielectric layer. 31. The nethod of claim 25, wherein said capacitor

dielectric i nsuggéﬁ &'Xt h high dielectric_ constant material, alternating
| ayers forning é)e FRFITEY REURDR HoFher gatelcetestrafien cel |

stacking order gof: 1%‘ it cell nmonolayer .over .1 ynit _cell nonol ayer, or
alternately 2 uRlt ¢ Hijg c%)I\lleafn U alcecfesl,ecoflca#?g?ﬁatel y 3 unit cells
over 3 unit cells, or alternately 4 unit cells over 4 unit cells,

conprises a material selected fromthe group consisting of: (Sro. 3Bao. 7)

TiO3 i SrTiO3 / BaTi®B., 11 adBaM ofl)c1Hi@3 25/, whEa8:iR28E0348)pdéfr
BaTi .03 / SrTiG3, BaTiG3 / BaHfG3 , BaTiO3 / BaZr(O3, Ba0.5Sr0.5Ti G3i
with | ayering stidaekeotric (Bashild3:9r 4vith high dielectric constant
material, alternating layers forming a super lattice
stack of atomic unit cells, with cell stacking order of:
1 unit cell monclayer over 1 unit cell monolayer, or
alternately 2 unit cells over 2 unit cells, or
alternately 3 unit cells over 3 unit cells, or
alternately 4 unit cells over 4 unit cells,
comprises a material selected from the group consisting
of:
(Sry.3Bay. 7) Ti0;, SxrTiO; / BaTiO;z, (Sxrg sBag 7)TiOs /
(Cag 528x0.48) TiO3, BaTiO; / SrTiO;, BaTiO; / BaHf0,, BaTiO;

/ BaZrO;, Bag sSr, sTiO;, with layering stack of [(BaTiO;)4
/ (SrTiO;3)414, Tay0s / HfO0,, Ta,0s / Zr0;, and

ferrcelectric / antiferrcelectric materials.

32. The method of claim 25, wherein said capacitor
dielectric insulator with high dielectric constant
material are formed by using Molecular Beam Epitaxy or
Atomic Layering Chemical Vapor Deposition techniques,
alternating layers forming a super lattice staék, with

stacking units of 1/1, 2/2, 3/3, 4/4, having high
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[ (SrTi03) 4] 4 , Ta205 / H 02, Ta205 [/ Zr02 , and ferroelectric /
antiferroelectric materials. 32. The nethod of claim 25, wherein said
capacitor dielectric insulator with high dielectric constant material are
formed by using Ml ecul ar Beam Epitaxy or Atom c Layering %Q cal_Vapor
Deposition techniques, alternating |layers formng a superz céllt ack,
with stacking units of 1/1, 2/2, 3/3, 4/4, having high -37 2 b DEC 2005

di el ectric constants based on the gromh tenperature, wth thickness in
the range between 0.1 to 2 microns, and deposition tenperatures between
300 to 500 C, with_ pressure ranging from1 mlli-Torr to 10 Torr. 33. The
net hod of clalnpégleﬁﬁ§?8|ﬁ°§%Pﬂ“t% 4 s e SIOE (EREBRERSEI®ith hi gh

di el ect Lant t I | att tack th | f
it ocel o starFEal SPERERPDS BoETRETHET GRS Do TnRt REERPIS Ak
material, for rreg#land@%glmi’we @maxgae i 00 a0nES g B ORGY 4, ©5-

34. The nethod m 25, whereln sal secon netal el ectrode Tayer is
sel ected from gpeuBRsueanshssing péom ahiS1 1BN0rdpBt alo alol @yg Wi th high

conductivity, deposited by physical vapor deposition and plating: copper,
copper alloys, alum num and al um num
33. The method of claim 25, wherein said
capacitor dielectric insulator with high dielectric
constant material, form a super lattice stack, with
layers of unit cells starting with Hf0,, as the bottom

starting unit cell stack material, formed on SiN,

silicon nitride, for good adhesion properties.

34. ‘The method of claim 25, wherein said

second metal electrode layer is selected from group

consisting of metals and metal alloys with high

1
|
|

conductivity, deposited by physical vapor deposition and
plating: copper, copper alloys, aluminum and aluminum

alloys, platinum and platinum alloys, palladium and

alloys, gold and gold allcoys, silver and silver alloys,
with a thickness range from 1000 to 20000 Angstroms and
for copper, seed layer thickness from 500 to 1500
Angstroms, with plated copper thickness from 10000 to

20000 Angstroms, forming a top metal electrode.

353. The method of claim 25, wherein said first and

second metal electrode layers are selected from group
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al l oys, platinumand platinumalloys, palladiumand alloys, gold and gold
alloys, silver and silver alloys, wth a thickness range from 1000 to
20000 Angstroms and for copper, seed | ayer thickness from500 to 1500
Angstrons, with plated copper thickness from 10000 to ZOOQ&EAEgstrons,
formng a top netal electrode. 35. The nmet hod of claim 25, SEbi A%ai d
first and second netal electrode |layers are selected fromgroup -38 2 S DEC
2005 copper and copper alloys, using copper electrochemcal plating froma
copper seed | ayer and planarized by chem cal nechanical polishing. 36. The

met hod of claim?25, wherein said fjyst and . second netal elecirode |ayer
are formed i n acHBRPE QBMnSRRNE: GpbRT¥Ry (1700 (PPt SFoRRENE FE

pl anari zed by cgggkggétggggagigggpgg{g%g%ggﬁ%%p%%%pgggkgggggdegﬁedded nmet al

el ectrodes in t materi al” ricating high

dielectric conghapt chfsibabQhsSeal PoridBiha) -i nsulator-nmetal capacitor,
conprising: providing a bottomnetal el ectrode overlying a sem conductor

substrate; formng a low dielectric constant insulator overlying said
bottom netal electrode and form ng dual
36. The method of claim 25, wherein said first and
second metal electrode layer are formed in a dual
damascene opening in a first material and then

planarized by chemical mechanical polishing, forming

inlaid embedded metal electrodes in the first material.

37. A method for fabricating high dielectric
constant insulators, for a metal-insulator-metal
capacitor, comprising:

providing a bottom metal electrode overlying a
semiconductor substrate;

forming a low dielectric constant insulator
overlying said bottom metal electrode and forming dual
damascene openings in the low dielectric constant
insulator;

forming a metal barrier layer material overlying
said dual damascene openings;

forming by Mclecular Beam Epitaxy or Atomic
Layering Chemical Vapor Deposition techniques a
capacitor dielectric layer or layers with high

dielectric constant material or materials with
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damascene openings in the low dielectric constant insulator; formng a
netal barrier |layer material overlying said dual damascene openi ngs;
form ng by Ml ecul ar Beam Epitaxy or Atomi c Layering Chem cal Vapor

Deposition techniques a capacitor dielectric layer or |ayer it i gh
dielectric constant material or materials with -39 2 1h Dliféagb E‘gg@

alternating material layers formng a super lattice stack overlying said
netal barrier layer; formng a top netal electrode overlying said
capacitor dielectric layer or layers, to conplete the fabrication of a

nmet al -i nsul at or - (tagllnaglagaci tor.. 38.. The m(? hod of claim SZ%P%er ein said

. . material lgvers formi a_ super ce .
capacitor diel BetFT e st Bt or Wt n g 16l ecer ic °cBnst a nmateri al ,

alternating | ay§E§cioé%Pﬂ¥§néu§ﬂd |n?é€ai]f%ax%r:i.%9:k 1@k egtom c unit cells,
: I

with cell stacking order o 1 unit ce nonol ayer “over 1 unit cell

nonol ayer, or alterpghel Mg 2a Uidyd 1&0id1S ORitrddenichestlifig 9kiqal ternately
3 unit cells over 3 unit cells, or alternately 4 unit ce?ls over 4 unit
cells, conprisesapagiteridlebetetied dyaamdhaagieay) eonsbsplageothe

fabrication of a metal-insulator-metal capacitor.

38. The method of claim 37, wherein said capacitor
dielectric insulator with high dielectriec constant
material, alternating layers forming a super lattice
stack of atomic unit cells, with cell stacking order of:
1 unit cell monolayer over 1 unit cell moneolayer, ox
alternately 2 unit cells over 2 unit cells, or
alternately 3 unit cells over 3 unit cells, or
alternately 4 unit cells over 4 unit cells,
comprises a material selected from the group consisting
of:

(Sro 3Bag 7) TiOs, SrTi0; / BaTiOa, (Sry :Bag 7}Ti0s /
(Cag 5281r) 43) TiO3, BaTiQs / SrTiOi:, BaTiOQ; / BaHf0Q;, BaTiO;

/ BaZr0;, Bag 58ry sTiO;, with layering stack of [(BaTi0j)4
/ (SrTi03)4]14, Tay0s / HfO,, Tay0s / Zr0; and

ferroelectric / antiferrcelectric materials,

39. The method of claim 37, wherein said capacitor

dielectric insulator with high dielectric constant

material are formed by using Molecular Beam Epitaxy or |

_40 -
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(Sro.3Bao.7) TiC3, SrTiG3 / BaTi 33, (Sro.3Bao.7) Ti03 / (Cao.52Sro0.48) TiO03
i BaTiG3 / SrTiC3, BaTi O3 / BaHf O3, BaTi 3 / BaZr(O3, Baa.5Sro.5TiG3, with

| ayering stack of [ (BaTi®3) 4 [/ (SrTi03) 4] 4, Ta205 / H 2, Ta205 /
Zr02, and ferroelectric / antiferroelectric materials. 39.21h'$1 tlﬁﬁd of
claim 37, wherein said capacitor dielectric insulator with mi ectric
constant material are forned by using Ml ecul ar Beam Epitaxy or -40 2 $ DEC
2005 Atom c Layering Chem cal Vapor Deposition techniques, alternating

| ayers formng a super lattice stack, with stacking units of 1/1, 2/2,

3/3, 4/4, havin i I r.£._cons ts based an.the.arowth

t emper at ur e, vm%t%l"g% & k%%gggnbﬁﬁ%l?%%g‘ga e \;\qzer? T]:thno c%né%ﬁf,’ and
deposition tenp -het 0 ; i 2SS Uk angi from1
Tl Torr to T RSt 0S Fe re hod et of & e hare: A ek i 1 or

di el ectric insulsaaQkiwgt Gnhikghotdi ey ectsyz, const anta | qgltvq:'{l'%alh,ighor m a super
|attice stack, with layers of wunit cells starting with 02i as the bottom
starting unit celdlestack pahethats basaddonts Nraidh ecempetiatiarde, for
good adhesi on properti es.

with thickness in the range between 0.1 to 2 microns,

and deposition temperatures between 300 to 500 °C, with

pressure ranging from 1 milli-Torr to 10 Torr.

40. The method of claim 37, wherein said capacitor
dielectric insulator with high dielectric constant
material, form a super lattice stack, with layers of
unit cells starting with HfO0,, as the bottom starting
unit cell stack material, formed on SiN, siliceon

nitride, for good adhesion properties.
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