;e3edd, t 6TCH GH R ARTI FI Cl AL LATTI CES FOR CAPACI TOR APPLI CATI ONS TO USE I N
CU OR AL BEOL BACKGROUND OF THE | NVENTI ON (1) FIELD OF THE | NVENTI ON-Thi s
invention relates to a nmethod of fabrication used for sem conduct or
integrated circuit devices, and nore specifically to the formation of high
di el ectric constant M M capacitors, using copper electrodes in a damascene
process, and formng alternating |ayers of high dielectric artificial super
| attices by depositing high dielectric material by MBE, nol ecul ar beam
epitaxy or ALCVD, atom c |ayer CVD techniques. (2) DESCRI PTI ON OF RELATED
ART In this section a descrigtlon of related Prior Art background patents
follows. U S PBHCH FoARETIFIE] 6$9L%H¢E§ﬁ$tFQEIQﬁ&&Qﬁﬂ@RFéﬁPﬂgﬁaﬂlpﬁatlon By
Dual Damascene Process Using Photosensitive Polymer" granted Apr. 17, 2001
to Shin et al. describes a coﬁ%%?’&h&ﬁ §FHBBHeBBPBcess with high
dielectric constant silicon nitride: A photosensitive polyner having | ow
permttivity is used as an etch mask. Though the etch mask renmains in the
final structure, its | ow pesatkEroUly ¢®ObEe SINAIASIc C capaci t ance
effects. In this nmethod, a photosensitive polynmer pattern having a first
hole Wth a -1  first mndtthSFIEmmmmbcmHEiﬂNVEﬂmIbﬂterIayer dielectric
film A second inter-layer dielectric filmis formed on the photosensitive
pol ymer patt er nThAspaskepbiorryelikes ip & seddod bl fababoztitheuded st
hole, with a second width larger than the - first width, is forned on the
second i nt §PF’a?8¥‘18?BFBEF?Fcllﬁ??ﬁa*;@%%w%geaﬁrC% f arde®opy dry- et chi ng

t he second |nterla dj c film usi the ma attern as an etch
mask. A vi SPRSTE™ égﬁ'gnk #%’a”o g?ﬁ"#‘n&"ﬁi@c Figtc?ﬂ?’é‘?ﬂ‘ﬁw
dielectric S r as an et ch nmask.
U S Pat. cablagh 38&6—98 lggen |t<ltq?5£dge]P &eén%/%ﬁml%qﬁam ca ﬁo? h?rc’c S FERAM
Capaci t or S'an@l 28RSnHON1 t2rnd €88 taird idE %&gﬁl dlaﬂelé@rﬂcd&@{:. gagpscene

process with a high dielectric constant ferroelectric capacitor structure.
The capaci isapest Lueticesi By f dspesl thihe eitpnidiallby tdeponh tePga R 1O INEED

el ectrode | ayer, a ferroelectric layer and a top el ectrode |ayer on a base
structure, mgéppuharl beagint piteaxasianr ALOMD a dtapdc dhyarcOVDlutéceidiass i er
mat eri al beneath the bottom el ectrode |ayer. Planarization of the capacitor
precursor structure by chem cal nechanical polishing yields the

ferroel ectric capacitor st{%c ure: Ia stack _capacitor_or trench capacitor.
The process is carried out 3F§°§t ORi ﬁgl-%?El?h%R%| ectrode |ayers or

dry etching of &Her:f-xf ggég:.(_:&;l; &ebecfel\r/vé’ (S'Yf% rﬁéage§8£’%€%¥lo capaC| tors

havi ng a very snal ure size, u. S
Pat. No. 6&&&4@@@5%@@5 ‘s Egation O MOM Capacitor Into Dual
Damascene Process" granted Sep. 12, 2000 to Shao et al. describes a dual
damascene and MOM process for fabricat i ng a netal - oxi de-nmetal capacitor. A
dielectric layer is provided overlying a sem conductor substrate. A dual

- damascene openi HgSi nPehe N el @2¥8 D7 entiftl kletiMathbdcpaper to form a
copper via underlying a copper line. A first nmetal layer is deposited
over|yi ng MréEatdppRrELrR By ditrbRamasnane FriogessaUbbrgoRhehpeensriys at e
contacting_the copper line. A capacitor dielectric |layer is deposited

‘overlyi ng FREYBBEL oﬁF%%B%‘éﬂ%‘? pt &t &0 ﬂc dec Shdnnetaplt afescriberposit ed

| di el ect | d f t
cnpac, tor SPEPSEPASEL Paad S50 rto g it mRh S B Gk Ha (PP R o
U.S. Pat. E'@l:.@oﬁﬂ:.@@@d@l B‘Aﬁ&ﬂo"s%n%%dpglyﬁvea 89.“1 g1 M xed Grcuit

Capacitor" granted Aug. 01 to Hou et a damascene and
- capaci tor ﬁéeﬁﬁﬂﬁﬂrﬂﬁyfﬁ@rﬁé‘éﬁlﬂg ch GARAC naQk . f%oagm éﬁ@ &t&?lihésk
application. The nethod involves formng a first dielectric layer, a stop
| ayer, andremsénsniindikéefindl dtaysiture aitsbibwaparfaviei ey canglidd ve
region. Afirst opening is then formed in the second dielectric |ayer,
foll onwed bparsrithg capacbrahapefifartsn e thispmkthed, and the first

dielectric |ayer, so that the first opening and the second opening forma
dual damasPéft osgns:.t:.ve polymer pattern hav:n.ng a f:l.rst hole with a



openi ng for exposing the conductive region. The dual danmascene opening is
filled wth a first conductive layer, so as to forma via plug and a | ower
el ectrode of the capacitor for connecting to the conductive region. Athird
dielectric layer, Wich is |ocated between the | ower el ectrode and a ,
subsequent fornmed upper electrode, is then fornmed over the substrate, so
that the lower electrode and a part of the second dielectric |ayer adjacent
to the Il ower electrode are conpletely covered by the third dielectric

| ayer. A patterned second conductive layer is forned on a part of the third
dielectric |layer, whereby an upper electrode for conpletely covering the

| oner el ectfidgdd widitbr fredfotn&l fmmta MNorst6 iB@erlaFeentivledtiiat Bytmt ed
Grcuit Having A Via And A Capacitor" granted Dec. 26, 2000 to Ganmbi no et

al . descri Besegopdpadbtesr lpyet cdteleptigh fide ds fgrmedapacther

si mul t aneously Wil e fornin? a dual. danmscene yia. A firs%ainterconnect

layer is f&HTERSTREATAVEI PRIVIRT 7 HRAD it MG PEELE5BNi RE¥iRSr Fespondi ng
tovias andLaARACHEOLS esbeRdAlraudly decond dinterkeyel dighgciLicoto the
S e e

first interconnect layer. A c6nductor dposi N vid opeftfgs. An
insul ator  ighaQeRPS t@gstnwmalopﬂllfkgané&ldxp&ﬂeh%e%mugh%ﬂﬁyébe via

openings. A trench is then etched into the upper portion of the via
openi ngs Whiiled ectrics ERlint anewLsiyg oG d B rimedubgt iyt 608hike the
conductor in the via openings. A conductor is then deposited in the
openi ngs ammgecond heterdaghesdantecteit cllmecting chle makkspabgetfMY S
used to pattern the conductor. Athird interlevel dielectric is then
deposi t ed, Fp&fchgagke PoFiddhele crrEInp tic teemeshducdoysetghing hthe

i nterconnect, | ayer .copductors are deposjted and patterned. As_ a_ background
to the prederft 'ﬁF&ﬁFFBﬁ?re§?§f??ﬁfiékﬁ¥iﬂrqﬁiqﬂhﬁgﬁ photgpenFisiftng their

limts due_t i tc i reducti on .and changes in capacitor architecture.
The conbi nﬁoﬁaﬁn&of Bﬁ?r%églﬁhggi%}éleg%lrynéal‘%“con grains (HSG and nitride is

al ready show ng strains at 130 nmtechnol ogy, and reaching to and beyond
100 nm technol ogy, will require new dielectrics and eventually the
transition to MoViscapagitRe6. S6[ 76 U9ES . edtidIRGT MPhRmibAe MEWhERSEAL

manuf act.uri ng nature of the menory business, and the extrenme reluctance to
change anytHuilightingt Ofs FEBAMabsphet Bdys 'hepesgard Novakes flopot e KbtEhsati on
of any new technol ogy a maj or chall enge. Chip manufacturers are | ooking for
capaci t or s €th&d -h&hkevwki ghdralj damaseene enenean wibhes hight diedptbric
~silicon oxynitride, beginping with the 130 nm generation, and on a | arger

scal e at 1GPRTFHARSS EeTSoRARRYEEE SRR F RN FON otTer- uThPe CABRFLERE i ons i n
RF integrated circuits in_th ack end of line, BEQL, the present invention
descri bes éﬁﬁbcﬁgﬁeo%sfgBF?%gt?%gs?ﬁ%ﬁp§ﬁ§%¥¥nﬁ%3?%5 ﬁ&ﬁaﬁtgﬁfﬁfm

met al i nsul I cito 4 i gh.di.e ' onst ant
VM capaci ors hevs HAEFG) Ponereo ity Qhyds ot 41 BpTLTELEEGaS

coef fi ci entiayeRf @@ aepagat éQku@EuﬁélP%Eﬁnd&ﬂ.'W‘%ﬁ.tfhoﬁe?é§§t95nn3fCQi ng,
smal | parasitic capacitance, along with high reliability and | ow def ect
densiti es. IHyese oifi ghcdhdheeivée chapridnniatdiila0apaticteh #Rt Bbtteh t he
stringent requirenents needed for both for both RF and anal og circui-t

appl i cat i ogsectgrdehdapyh Blaharizatigomd dite Maplacifpeci poecutbernetal is
conpri sed of copper electrodes, since the |ow resistance of copper can

i ncrease t RETUSEICEOPY EReREGa L meshanifal aadighdac giekde sheal umi num and

coupled Wth dielectri.cs of nitride help to reduce both the MM capacitor
area and r 5ﬁ5€e§ﬁE%fF8t8a365b£?¥mft%%°@5ﬁﬁarédsF& SPPBFLEPFI 8Bn oxide. A

hi gh R di el rhC > th rode 1.nigmM zes the capgcitor area
requi renent. (‘):jh r g% %ggggﬁécﬁ%ﬂr%‘%eg% alnsg c(S?DJ'{Pall%ﬁ{n ESh gﬁtgf:‘él?egﬂri c
constant Widteni®gs oehithkN8SSctfod@VElye A td:f 'aya'et%mﬁg bat thge I's

descri bed by the present invention, selected fromthe group consisting of:
-6 Ta205 ferdd@decttadObayeZ 0o , ydld fiirdleltdtniied babhbe@SrsbRiPIn
ferroelectric and antiferroelectric artificial super lattices, which ?orm
"stacks" omra lvargr smefllafeetnadi sijzal) detotadrc 0 .d0hiaedi 0g2hi ghedorkectric
constants, used in MM netal -insul ator-netal, capacitor applications. The
super lattices exhibit very high dielectric constants at short stacking
periodicity of each layer due to the displacenent of lattice ions. Good
.adhesion of H 02 on a layer SiN, siliconémitride, is achieved when H 02 is
used as the bottom starting stack material in the preparation of a super

| attice.



To increase or decrease dielectric constant, the stacking periodicity is
changed. The conbi nation of the functional |ayers in the atomc scal e | eads
to the formati on of new conpounds. Hence this technique is highly useful in
the construction of capacitors using two different materials, or nultiple
conponent systens. This artificial super lattice approach is one of the
prom sing ways for the fabrication of capacitors such as MM which can
have stable |ayers with very high dielectric constants. Conventional solid
sol utions may have regi ons that are non-honpbgeneous and that can cause very
hi gh | eakage currents. This artificially structured thin filnms approach of

t he present invéni-oRafgi.eNds AoldT, 42| wctitiledrUndegresion ofngaMed with
conventional thin filnms, and_nethods described in the present invention can
be -easi |y &ARAGHPT AnEQ- Beel, Dauppesnd Ruoaars oionanted Rep.i h2m P00
capacitors,_t dielectrig |loss nust be exirenely small and the series

resi stance ©Of tHE W F?Tg éﬁﬁﬁfﬁbﬁi i HEH z‘%(f‘afscﬁgnr‘ﬁ G MRYuBREGeSS

applicatio hWS:iadicates 11 §s. . desir to _use,.short i.ntercpnnect
wires wit hql%gwys%zcic? iq'%ﬁgegi ?%%%ice?lg:lf%% t'ﬁ%?a%'er%@&cr%r?tr s of dt"ﬁgeﬁg’éﬁ%nt

i nvention inGledda sf prboelieal biexr BPthgnl | sdfid b RA %uﬂéﬁﬁgtg?pﬂcaﬁﬁ.s-
There are sone nore materials having very high dielectric constants i ch
are al so belameatene ppeataly iAVER: i @leld¥tdidilgyed alseetiiiedcqiehant
properties based on filmor |layer gromh tenperature. These super lattices
yi el d hi gh atipseacttei forpnst arppebasial wndddilyisicaek icoppper Lafdeci AyEbash
nunber of unit cells. The first group of high dielectric constant materials
i s sel ect edstdmieNergisugeronitad | epokyima ihes coppeti 83neThndsecond group
of high diel %%tri c .constant terials is selected fromthe group consisting
of : BaTi 03FABERFGY “BaTPHR # BRTFUB, Cawat ok #lotepropirating E’éeachi eve

hi gh diele i C.C ants -1hird. group .of ;high dielectri onst ant
mterials i sigeglregggg'fIﬁoﬁ]agggl%%u%'%%en%?% S Y%Tt: lﬁag‘?ggf‘b.%% i03, with
‘layering stk iQfh the i O ; 414 dj t{] onst ant
versus the tota tnﬁ? ckne{s)égg%-ﬁtﬁaeﬁasﬁlbée% ;Bajiatq:l’%e]g‘ F‘?E%%ﬁt %‘%F?gdi%gefhi;é
nunber of |deypessteliBovetbieryl the hoara QPidA MM Qe AE¥D1 a2 MRl ayer CVD
techniques is used for this type |layer growmh process. In accordance with
t he presentratbegnedote fhemadobep armbadiieyr gljatel iteesompetaal i zed by using
a method of fabricating a This invention has been summari zed above and
descri bed #ebFicatépeneE sonehel prxidematadnisegiasdior. Some processing
details have been omtted and are understood by those skilled in the art.
More details of this invention are stated in the "DESCRI PTION OF THE
PREFERRED EMBODI MENTS" section. BRI EF DESCRI PTI ON OF THE DRAW NGS The

obj ect and ot heP-&dvBatag8’- of - 2 ht L85 Fhtsndri tded “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 second opening
'in the stop layer and the first dielectric layer, so that the

first opening and the second opening form a dual damascene



best described in the preferred enbodinents with reference to the attached
drawi ngs that--include: Figs. |A- 1D, illustrate several key features of
the present invention: Fig. | A graphs dielectric constant, K, versus
several titanate stacking dielectrics, Fig. 1B, graphs dielectric constant,
K, versus total dielectric thickness of various titanate dielectrics, Fig.

1C, illustrates a dielectric super lattice, Fig. 1D, graphs RHEED
oscillation intensity versus tinme during growh of a super lattice. -9
Figs. 2A - 2C, which in cross-sectional representation illustrate the

met hod of the main enbodi nents of the present invention. Fig. 3 is a flow
chart of twPegingr Prnexpoding the ¢ondugiivenvegioon. TBESERAPTI ON OF TFI E
PREFERRED EMBODI MENTS The new and i nproved nmethod of using high dielectric
const ant Mddémasgeak- ppenfingois neibled apiddi teorfivstr chntiuceikeghagesgussncy
applications in RF, integrated circuits will now be described in detail.
The presentasi teefibirmnadesarpbes @ndred Hosvedf Slaletredel 8 Bhehcdpeteeds i C
constant MM netalinsulator-nmetal capacitors. In addition, the high

di el ectri c feangbanbekiiyCapathé ofSndiaviei v & dalonoWanghdesi sabl ecproperti es:
| ow vol tage coefficients, precise control of capacitor values for ease of

mat chi ng, ERlel: Pahdcht i§ £8PAEEd BWEBrodt Wi \M&J&ﬂﬂleaac&%aabahaw and | ow
~defect densities. These high dielectric constant M M capacitor net all of

the string e n@ig'ﬁggg fqrg E?P o] ircuit
applicati o%s%bs%g?g?ﬁegﬁ?%ﬁddl e ectér'l c i(E:J&E)H'rfisét aﬁ't cggggigtgoggg%hgh%et al is
conpri sed %Lb%%ga% ChECEROf e S ARG, ifed deC S ATER, T o£ PBRST SO
increase the 1n uctér actor, conpared toPfhat °6f “af uni num

and COUple%é@B&ﬁ dlelectrlc 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.8. Pat. No. 6,166,423 entitled “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
tp the first interconnect layer. 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



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 MM el ectrodes mnimzes the capacitor area

requi renent. To reduce capacitor space and obtain a high dielectric
constant with | ess thickness, a novel, artificial super lattice is

descri bed by the present invention, selected fromthe group consisting of:
Taz05 / Hf 0z, Taz05 / zZrQ2 , artificial hybrid lattices, both ferroelectric
/[ antiferroelectric artificial super lattices, Which form"stacks" or

| ayers of alternati ng gl el ectric, achieving hi gh dielectric constants, used
in MM metAdLranesRs LY Eeapving nthe tifswRhar: froensheThendugber | 4t i ces

exhi bi t very h ectrlc constants at short stackin eriodicity of
each | ayer é’ue t% tghghéflgpraceﬁ%% URYOT & | tg'@“i 6‘&?”6588 gﬁhE’éT—‘on 012/ Hf 02
on a | ayer ofielingkl bAANA! bhb deredcydl Uty G M HhE2n L3, uspd as the

bottom starting stack materi I'n t preparation of a super lattice. To

i ncrease Olpolaeheage (BMe) egt I hSed OBS i berd & hat %&uﬂeteﬁ“ﬂdtﬁiﬁ s
changed. The conbi nati on of the functional |layers in the atomc scale |eads
to the for datiesiegsblndieteapnindss ﬂ&t}ceidﬂ%ﬁﬁeaqhapauﬁngﬁ aikghkyrhisgful in
the construction of capacitors using two different materials, or nultiple
conponent $pdeading- t¢ thhtondyetdnsi and hhdrd dhteeceonppebarsyés one of
the prom sin s for the fabrication of capacitors such as MM which can
have st abl 8"?’99‘&%?9\1 BRevErRoHt B (And @attiernednst ants. Conventional sol i d
solutions may have regions that are non-honpbgeneous and that can cause very
hi gh | eakage currents. This artificially structured thin filns approach of

t he present invgat ctrlc Lties co red Wth
convent i onal thig% ??ilgan%k&‘l:g%i Q%/ od*Eg }ergacrlnﬂ: g ﬁp‘?ﬁgnpr e%’én? #¥ention can
be easily eaphereditmbieBEQs £LAPRLadac ad:of J.!dnﬂ % 4};% QMS Mn

capacitors, the dielectric loss nust be extrenely sna

resi st ance sdket hedubtiong shdubithrifedriih Hazediftok Ebahz.f:ééﬁﬁlﬂél.cyrhe
applications. This indicates it is desirable to use short interconnect
wres wt hcpmiypééptli of reenbsphves.cdllo Hudiyisd 1deppegrassed (BSERCAADrS, in a
dual damascene process, a Si rrpl e process flowis as follows: silicon
nitride depd$ FHiGnlsPEi adveShattiae st rrios, ateldBlenmokgehtalegyleposl ti on,
dual damascene etch bal"ﬁl er decgos%l on, artificial lattices deposition

usi ng ALCVDC2SPoRPCEPaFRF RIHS B ﬁﬁcé‘l?ﬁllaﬁybe?iﬂ%p??ﬁ‘k’yre &RV copper

deposi tion t r_inside_t nch reduces space
and it is 35%38‘%9%?%%?% %s?él%%sla" e?c at |83§‘t§f’ﬁcg £§s°%arﬁ’o FSFal

growt h. Nokerudepsasdi nﬂm@ihéxtl@o:}@r tﬂh%“'l@:fvv E%E*E%ﬁ&&&@&%@ 1.?re]: Y a

dual damascene -12 opening, the | ow dielectric CORSTant

menti oned ahevaembsy tings 10dsnetdiox taid &&QréaEO.%éiheEans@nt&OéﬁArﬁ}e of a
multiple layers of alternating dielectric with etch stop | ayers.” Low

di el ectri capphbingt tihvat eis atot stswlletedy heesskhey(roaabes ofist Siidg of 1 PE
TECS, plasne _enhanced tetraethoxysilane deposition, SIN SO SOG

spi n- oa- gl ABECEER LR RE R @e |heshinedoay 8i Majarechh bbsndesG, Chip a

t hi ckness ran from 1000 tq 1Q000 Angstrons. Further enbodi nents of the
present i n%ﬂgfﬁﬁt‘ﬁﬂ%fe”? IV (ErFC Caracakers thabdrave riighnmsed

capamtors e.sone re materlals havi very. high dielectric
constants %ég]f:gé 5 B L et ﬁa&Feg'gnfePh@gﬁtfb*‘c%?t?f‘W ifi®el ectric

const ant p5g Shhi ‘Q@ﬁgd&@ or hatemperature, These super
lattices vyi e?d rmf% than 500 1d‘=‘ide%nc relhi%¥§%ﬁ§%'ém%ndb%sed ot e ¥k ng

peri odi ci t ytanelo ngper of unit cells. The first group of high dielectric
constant materials is selected fromthe group consisting of: BaTi 03 /
SrTi 03. The second group of high dielectric constant naterials is selected
fromthe group consisting of: BaTi03 / BaHf 03, BaTi 03 / BaZr03, with ease
of preparation to achieve high dielectric constants, and with the thickness
of each conpound being varied from-approxi mately 4 to 250 Angstronms. -13
The third group of high dielectric constant materials is selected fromthe
group consisting of: 50 atom c percent of bariumand 50 atom c percent of
strontiumform ng Bao,sSro,sTi(3, with layering stack of [ (BaTi03) 4 /
(SrTi03) 4] g The dielectric constant v%rsus the total thickness of super
| attices is controlled by the nunber of™~Tayers either 4/4 , 2/2, and 1/1
artificial layers. Hence, thickness of the filmis easily controll ed.
Enhancenent of the dielectric constant is achieved as a result of the
interface. Dielectric constants near 900 are achi eved for 250 Angstrom

t hi ck super _



| attices. MBE, nol ecul ar beam epitaxy or ALCVD, atom c |ayer CVD techniques
is used for this type layer growh process. Referring to Fig. IA i.s a

- graph of dielectric constant, K, versus several titanate stacking
dielectrics, .illustrating several different stacking configurations: a one
conponent stacking unit conprised of (Sro.3Bao,~)T103 a two conponent
stacking 2/2 unit conprised of SrTi03/BaTi 03 a two conponent stacking 2/2
~unit conprised of (Sro.sBao.~) Ti03/ (Cao.szSro.ae) Ti03 Fig. 1B, is a
graph of dielectric constant, K, versus total dielectric thickness in
Angstrons for several titanate conpositions and stacking configurations.
-14 Referring to Fig. 1B legend: [ ] open squares, solid state solution
of SrBaTi03 O closed circle, 1/1 unit stack /\ open triangles, 2/2 unit
stack [ ] closed squares, 4/4 unit stack Referring to Fig. 1C, which in
cross-sectional representati ogyNpdsds g iRSe %N§§R%Eokattice conprised of 3/3

unit stacking, which is conprised of alternating bariumtitanate and

strontiumtitanaice duthest applioxeisns o8 MG raBaEited S5TA3tSUPE" the
| attice. The followi ng layers are formed: 1 sem conductor substrate,

conpri sed &facki egide ofr $shel, BEOLcothe amdsuhin inkQMtiohy geabropbgniat i on.
Sem conduct or devi ce structures are forned i.n and on the sem conduct or
subst r at e. ®Rfdes @éyFebricatiinarhigh riielketyice coinedantd¥3M, | méealonnect i on
| i nes, FET ,sour.ce/drain Ereas, and low |l evels of netallization. The

seni conductBdACEE e ERL cERPRSIERRR - SHyvadidiienothedhigh| dyetectrimd are
covered wt Qs tor.  Next bottaQm c cit.or tal electrode 3 (M
for a MM %%gg%#ﬂ%nggﬁé?% 2Fe %fsg%%g%iéhﬁ, 4¥§°F3FﬁéggsRE?P}ethe fol | owi ng
|avers ar e gdpiReiete! CLbRdvbPade "SodEAUUNGL, Hlabi8elbatdly SEISLIY,

deposition of high k super lattiTe dielectrics ormatron paci t or

i nsul at or (dapakatol ¥a188sakoi NEakatOF WA APaGhH SN phSaReEfor med. A
| ayer of first BaTi 03 |ayer 4 for super lattice formation Is deposited -15

over the boEpawitapaeitalongtaltiellenfh atd idbidddynaxt doki AekeSETi 03 | ayer
5 for super_lattice formation over the first BaTi 03 |ayer 4. Next, a second
BaTi 03 | ayé&engitdessyfbese shigh cdieoterttziion constanlteMIMr sapSeIt68 hatyer 5.
Next, a secqnd %r;LOS | ayer 7 for super lattice formation over the second
BaTi.O03 | a 8% KERt StEipgert IREYIEeEnents ngetled Sopebotht £prdbéth RE i on

over the s n i..03 layer_7.. Next, a third SrTiO3 |ayer 9 for super
lattice fo%%h gggiggeFlfﬁ%¥€h??%ﬁ%ﬁéﬁ*ﬁ?ﬁ“ayer 8. Referring to Fig. 1D,

graphs RHEED oscillation intensity versus tinme during growth of a super
| attice, for a

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
dielecﬁrics 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 cbnstant with less
thickness, a novel, artificial super lattice is described by

the present invention, selected from the group consisting of:
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a two conponent alternating stacking of 3/3 units each conprised of
SrTi 03/ BaTi 03, repeated three tinmes. The sequence i.n Fig. 1D is as
follows, for form ng a deposition of high k super lattice dielectrics and
in the formati on of capacitor insulator (1), for a MM
metal -insul ator-netal capacitor. Starting with a first SrTi0O3 3 unit |ayer
for super lattice formation, then followed by a first BaTi03 3 unit |ayer
for super lattice formation over the first SrTi03 |ayer. Then, followed by
a second SrTiO3 3 unit layer for super lattice formati on over the first
next second BaTi 03 3 unit |ayer for super lattice formation

BaTi 03 | ayer, . U

over the 52{3688 %203 Fagly - Z8z2t heAr Fiigiat éimﬁ%dglsﬁtﬁesss betk | ayer
for super | ' formmt i ver .the second. BaTi 03.,| gyer. For -16

conpl ef i on:fe%ﬂeon%ﬁc%é: yagat %?rgﬁfﬁﬁﬁ? SENHT 2 éf’fr/igv SUBBEr lattice
formation oulieidae ! hidnSedkAnLaxetsr RS Od)di (3 BhGR,p28:5g2C WhicCh in

cross-sectional representation illustrate e method o e marn
embodi ment siikfl ddie-ipl, caeRhieliiNg hih . dIRILI#4 N0 do fElatts?AusBAl €0 iy,
cross-sectional representation illustrates the nmethod of the present

i nventi on ewtmli-dnsylaterfoeral  ocapdcitdntdpphicapdenisqr ThHet ahpekect r ode
(M using dual danmascene, in conbination with CMP, chem cal nechani cal

pol i shi ng praddéssess explibdt sRoyY chighy dislekipusi idomstehtsi gt kheuper | attice
dielectrics and .fornmation, of the capacitor insulator (l1). The |ayering
starts witlf Pg RGFCdnt EBnofictarh staxay sue o thenpicpdacenentefe -
crystal silj ~naving 00), cryst al jentation. Seni conductor device
structures laa(r;;g:q"fcgr r:fgasi'nagéé %%h??l%c’%eﬁ 3{#10@8?0? gﬁ%@?r%’f”ét FHESPHevi ce
structures diiclude 93t 8cALeeLaOHRS, 48,5 EORRA! LONCLL NESe LT SOUrce/ drain
areas, and |ow |l eveis of netallization. The "Seni conduct oF - devi ce

Struct ures,sta@itingowhachl Ratori®l in 1Y Prpd-a1¢n2kbe OuapEd With an
insulator. Then the following layering is pérformed: an insulator, first
thick | ayerlatdtdweK material is forned. 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 -17 over

23. Next, a bottom.capacitor netal electrode 25 (M for MM
net al - i nsul at or *Re£BFTRABACPT ofecTease il astaic2 gonFhasthothem capaci t or

nmet al el ectrode .25 .1g.conprised of copper inlaid netal, for a bottom

capaci t or atgtcglgﬁdg%l?gf‘%gyb?s a&ﬁfﬁe‘g‘arﬁ&&?@*Féﬁeﬁl 9fatBPocess Wth
chemi cal is poLi,shin et al ._canduct.or t,.a thin

di f f usi onrr%g? et é?’ﬁ%‘%yg%‘&é% ?%bﬂf%n%‘?“{%%&& ee?reé‘\‘? rtgﬁﬁ?a%ﬂ?{% key

Processi Ng ot @Rw SoinBBuhQE Mol oFe Ofhs EEIn iRkl 1CChSELAS o 1]
dielectric constant material in Fig. 2A o?é'rq%t hé' bar %?e& ﬁ%@%@ig% Wth

ref erence ttheFicgns2Bucthbs hof scapa itk idieawekaiehe@bnt RSt Al1d CO
stack 28, the high dielectric constant material in Fig. 2A. Finally, a "top
cap" insul @& myltipde COmpémentepspsittestts.and is silicon nitride, as shown in
Fig. 2A. Referring to Fig. 2B, which is an enlarged area taken fromFig.

2A, sketched in cross-sectional representation illustrates the key nethod
of the present irgventi t he deposition of super lattice dielectrics with

high dielectric 6ﬁs?‘5ﬁ$ﬁ“ﬁﬁsﬁaﬁ er ihattieer apracrsh &F eapaeft®heinsul at or
). | Fi . tE- | ter.nati hi gh.di el trl nst ant

et eri ol 2B=CRERShAWRYL dox MK FenAdaliah o el B Eots SR G bt o, 27

(arrow . Pehethl Bin! Rafblstadfie Wiyl Mtk 33:3CRILRANALLEREERENT AL | ON

illustrates the nethod of the present -18 on conprrsrng the
formati on ebnathapscCapasténtidminlsdalieridcad® ok H&&nﬂa@%em% in
conmbi nation with CWP, chem cal nechanical polishing processes. Al so,

sket ched i erehsohi-hbmégenmeus | aid i tha tdicalne eakises vbeyNhidgh t héa citor
insulator (I). In addition, in Fig. 2Cis sketched the essentials of an
entire M MeUugEenksi nEid ait artificiallys deiuctured &hiwnfibns ugpmrostthsify at e,
conpri sed % single crystal silicon, havi nq_ a_(100) crystal orientation.
Sem conductBF BETFEREsHRIRM s wHieddsomwweli dighechnie ererpedigriuct or
substrate. These device structures include gate el ectrodes, interconnection
| i nes, FET source/drain areas, and |low levels " of netallization. The

sem conduct or device structures, not sh , are formed in layer 200 and are
covered with an insulator. Low k dielecific-insulating |ayers are: 21, 22,
and 23, respectively with insulating etch stop layer (ESL) 24. Metal
barrier layer 26, lines the insulating super lattice (1) 27 (arrow), the
high dielectric constant material. Bottomnetal electrode (M is 25, with

i nsul ating super lattice (1) 27 (arrow), and top netal electrode (M 290,
together formthe MM netal-insulator-netal capacitor. Note the shape of

" - I 1 I T N 1 o I o r o r 1 1



- insulator with

copper "gap fill" process that included a planarization of the copper

- el ectrode by chem cal nechani cal polishing, CW. Still referring to Fig.

2C, one of the key enbodi nents of the present invention is the high
dielectric super lattice material 291 (arrow) in the area or region in

bet ween the two el ectrodes: top (290) and bottom (25) el ectrodes,
specifically in area 291 (arrow), that serves as the major contributor to
~the capacitance value of the MMcapacitor. Fig. 3is a flow chart of the
general nethod of the present invention. Starting with formati on of bottom
cap. netal el ectrode,&gp 31 which uses a dual damascene + cnp processes for
for mati on. CAMRRATe¥idb,Eepvephieral nehin (Eilnpwdndmeithodsi debayibed?,
deposition .of ,etch stop. layer (ESL) 33, deposition of the second | ow k
dielectric Thay&r §EF5F§F| 6&%8“%&“@%?“&%%36@&@! BN ép FRsRERLY a
formation Ikl oL b Ler tal deposi.tion hi gh k super
lattice di S'I%gg%??%%c orgﬂ‘ldnéft#éﬁ%ap% tor L?lgdstﬁaé’%&ltf’ﬁs%%‘eand finally the
formation ofich@RtedRAGbEE" miBE Bbe SALELLRMG, (da14SinG Lua! sgéﬁgéce“e and
chem cal mechani cal polishing CMP processes, to formthe conplete

net al i nsul atearistanhak 6K bheCRPALAd Oshodd Ge iR isliRAW leakt hegndi el ectric
properties depend on grow h tenperature and deposition condifions. -20

Pl ease spedizegueheygroplhicabipes at Thies amtlickepeai titodscaaditkbbns £orusaliper

| attices. For ALCVD, the growh tenperature is typically 300 to 500 C, with
pressur e r &gy IPEERFPNRECE| Fiqes rwith W emecificummeiytehcehe key | ayers
for. M M capacitor processing and process details are: (a) The dielectric

| ayers are a low dielectric constant material or materials selected from

the group consi si.i fo Sl i O spin-on-glass SOG PE pl as enhanced
TEOCS, tetraet ho%ggﬁggeeﬂg%%? MGh, har oeg@r%%&' ilﬁ,vef‘ItElSBi hﬁgiﬂd%i licate
gl ass (FSG,__i.n t hi cknesg range_from_ 1000 to_10000 Angstrons, deposited
by cheni cal)fe\'/rarﬁgrieggﬁtgi ?‘P‘gna%&g'b?a’%’b‘?%ﬁ"rﬁlﬁnb@s&?s CRBACIEPRT onTRRERS SOG. -
(b) The first netal electrode |layer is selected fromgroup consisting of
net al s and 3FSt 5P™5 P8Ye Wrter+rth ROHdE tens %’-gbeéé@g?ééréy ebystants vapor
deposition and plating: copper, copper alloys, alum numand al uma. num
al | oys, pl &Wﬁ&nﬁaﬁdagﬁatbﬁuﬁﬁ;%|de§aremr4tad4menal wbyh, highd and gol d
al loys, silver and silver alloys, with a thickness range from 1000 to 20000
Angst rons &R@lpstrésppenstarvedrienaxtids dHasess ofr HLB00xrt DagsdOgAmngt r ons,
with plated copper thickness from 10000 to 20000 Angstrons, formng a
bot t om net #empeystrode Thesé ysuppmnldiuitierenetvdleld Right dieléayeic (c) The
capacitor dielectric insulator with high clielectric constant material or
mat eri al s, cahtéant) i bysedt @i i the | MyRNGE n? beriaddch@yNThAg Ausbdel o4 at tice
“stack, with stacking units of 1/1, 2/2, 3/3, 4/ 4, conprises a material or
materials saiectellsl OThé hei GEOURFANYS Hike ofio16SE0; 8Bagrs3 103, SrTi03 /
BaTi 03, (Sro.38a0.~)Ti03 / (Ca_SZSr.ae)Ti 03, BaTi.03 / SrTi.03, BaTi03 /
BaHf 03, Bakia@3rhaBaZi3se Ba0esiblerih Ghe Wby és%hg'gg&aqf of [(BaTi03)4 /
(SrTi03) 4] g, Taz05 / Hf 02, Taz205 / Zr0Z, Ta2 b , Taz05 / Zr02, and
ferroel ect ghej td frerq.0ehpot L ter] : . The .capacitor dielectric
A O R e B e L e L M M
usi ng Mol e . pJ 0 tom.c Layering Cheng, cal Vapor Deposition
t echni ques@%F%’é?ﬁ%ﬂ%g%ﬁ%%ﬁ%ﬁ%gﬁg g*&“?o%ﬁ?ﬁbgg"’éﬁp%% |l attice stack,
wi t h st acki Q@iﬂn%% (H /1 ,E/é3 /3/3, 4/ 4, having high dielectric constants
based on the grovt PYamper 3R0FE WA Par cHhER sS3%F (e RESRFEAEOReER 0. 1 to
2 mcrons, %d deposition tenperatures between 300 to 500 C, with pressure
rangi ng fr 8FPISFR NPt i elpPoitr ity qonstantshe Thet hisdr grewp | of diidhs
selected fromthe group consisting of: TaN and W deposited by chem cal
vapor depoStei8RtrHF t PR dfanialise isangdebbedetnol0the (X0
Angstrons. (f) The capacitor dielectric insulator with high dielectric
const ant nEPBRFLAFIRG 9t erBaal SroadTidsnatditiy layteeringl sltayir scand forning a
super lattice stack, are conprised of naterial or materials selected from
the group consisting of: super lattice stack starting with H QZ, as the
bottom starting -22 : :
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stack material, formed on SiN, silicon nitride, for good adhesion
properties. (g) The second netal electrode |ayer is selected from group
consi sting of netals and nmetal alloys with high conductivity, deposited by
physi cal vapor deposition and plating: copper, copper alloys, alum num and
al um num al | oys, platinumand platinum alloys, palladiumand alloys, gold
and gold alloys, silver and silver alloys, with a thickness range from 1000
to 20000 Angstronms and for copper, seed |layer thickness from500 to 1500
Angstroms, with plated copper thickness from 10000 to 20000 Angstrons,
forma.ng a top netal electrode. Wile the invention has been particularly
shown and de@sTifel4w t hSrEi®y)dige (Thd hiigqleeftaticedonsibadenpatsut hexeof , it
wi || be understood by those skilled in the art that various changes in form

and detai | . wi t ho departi fromthe spirit_and scope of the
i nventi on. SC-O% Q&ﬂ'%?ggfsc gi %ﬁ f‘g?e’i.f%%ﬁ%d'sf &"gﬁ:ﬁﬁ’&'f‘f&t Pﬁgtge

nmet al -i nsul_at or _net abnacagaci tor conprising:. provida.ng a first dielectric
| ayer over RG%a °SehP¥s ﬁuc%’f:'s‘ﬂg‘ﬁ??‘éltae‘f hesmhiond taeX °gahkS¥8ne openi ngs
Wthin said first dielectric layer, and formng a first netal electrode
filling saifdFFHe 18aREsC¥RetephiimiRs 37 giaad f@ra thésomupei dapetrric | ayer
overlying said first netal electrode, and form ng dual damascene openi ngs
| i ned wit h Y8 taPTB&EEFer | ayer within said second dielectric |ayer;
formng a capacitor dielectric insulator with high dielectric constant

mat eri al -W t hi nInhecgeatadaensttinctivp gpremsit dmrehdinnngthesabond afd al

el ectrode overlying said capacitor_dielectric insulator filling the dual
damascene SFAFENGLISCEIVBAPREE credbizedh it Asing of meghgd 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 dielectrics, Fig. 1C, illustrates a
.dielectric super lattice, Fig. 1D, graphs RHEED oscillation

intensity versus time during growth of a super lattice.



metal -insul ator-netal capacitor. 2. The nethod of claim1, wherein said
sem conductor substrate includes sem conductor device structures such as
~gate el ectrodes and source/drain regions< -24 3. The method of claiml,
wher.ei n sai d sem conductor substrate includes sem conductor device
structures -such as gate el ectrodes, source/drain regions and multiple

| evel s of nmetal interconnections. 4. The method of claim1l, wherein said
dielectric layers are a low dielectric constant material or naterials
selected fromthe group consisting of: SIN, SiO spin-on-glass SOG PE

pl asma enhanced TEGCS, tetraethoxysilane deposition, hal ogenated Si O
fluorinated silicate glass (FSG, in a thickness range from 1000 to 10000
‘Angstrons, deposj.ted 9 cheni cal . vapor deposition or by spinning on glass
for spin-ongl ass *88a é."T%E' HR I Hensnseoticerdi seRERaerEREioRE! al

el ectrode |, I 4l e t m grQup consi sti of .metals.and neta

al loys with i%g#’%&%dllﬁgtgi @gfécg&d%%o% By eﬁﬁ%’fgﬁ'ﬁfltﬁaﬁgr %Bﬁpﬁ’é???lbih and
pl ati ng: capR@ntieapper alloys, alum num and al um num al |l oys, platinum and
platinum all oys, palladiumand alloys, gold and gold alloys, silver and

silver alloys, wigh 3 ibi skoesw crdge df aRel QRAL212R00Angst ¢REs and for
copper, seed layer thickness from500 to 1500 Angstrons, with plated copper

t hi ckness fPreseh®088venti@h. 20000 Angstrons, form ng a bottom netal
el ectrode overlying an internetal dielectric |layer. 6. The nethod of claim
1, wherein said capacitor dielectric insulator with high dielectric

constant material or yaterials, alternating material |layers and formng a
super lattice stack, 9?%?3%5?&93!&?EWW%§m@gE§F§P EMBODEMENTS|/ 4, conpri ses a

T ey b AL L L AL S8 sty o

1,0, Sebtopiefalinds oo R A esbed g SoeociS, L)

Tatzgisi ; | Is-if BaghT &2Qqubndy Odpp Bk E S HALHF,| GritedRbicbar E9SLRELL I i1

™ . now be described in detail. The present invention describes a
meth&d of fabricating high dieiectric constant MIM, metal-
insulatdr—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
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7. The nethod of cla736 1, Werein said capacitor dielectric insulator with
hi gh-dielectric constant material or materials are forned by using

Mol ecul ar Beam Epitaxy or Atom c Layering Chem cal Vapor Deposition

techni quées, alternating material |ayers and formng a super lattice stack,
wi th stacking units of 1/1, 2/2, 3/3, 4/ 4, having high dielectric constants
based on the growth tenperature, with thickness in the range between 0.1 to
2 mcrons, and deposition tenperatures between -26 300 to 500 C, with
pressure ranging from1l mlk-Torr to 10 Torr. 8. The nethod of claim]1,
wher ei n ‘sai geﬁtq:l barrier layer is_selected fromthe group consisting of:
TaN and wd’g‘& °t§&°8y°EhBH:E% eholp tRFadugebotly thet MIMcAapacitert he

bet 5 t 0 A .. 9. Th t hod of cl.ai 1, W i id
capaci tor draeana 2eRldd SRSLERR ootpi tHay @it AeBREaRY, A CHaFePFal or
material s, @hteRAbkiET0AChEGh kaaﬁf;e@(}lqé Pl t?:%pﬁ&hdl éiézégﬁgi?%gfﬁé

are conprised of material or Materi ecte e grouap

of ! super hdlimicest 8RK shpaéitgr Midh HQdiA0dnte QL LR SLaLli0g; shACK
material, formed on SiN, silicon nitride, for good adhesion properties. 10

The met hod splacel andh bbtaher 2i nighi di slheond dricalstaheckiedelkbayer i s

sel ected fromgroup consisting of nmetals and netal alloys w th high
conduct i vi t"-?‘,lcgéﬁéﬁrt adnpyebhyartif icdizdorsupepodiatitdecand geatiilged dgpper,
copper all % al um num and al um num al | oys, platinum and platinum all oys,
pal | adi um BEFSFEE LBYeREHeR goteilteftasy Srom (ther gxpupsepreisbiboyst: wit h

a thickness,.ran om 10 t,0_20000 Anqst.ro nd -27 for copper, seed

| ayer thi c%ﬁégigfr%{%zfuo aq{% {588 %\n’gsatr‘rr%#ﬁ',c’%ﬁ't ﬁ’YBF’&fieaaEBbﬁ%?r P‘Ig‘i”é‘kness
from 10000 Agshr . i Ao | .electrode . The

met hod of (ﬁe girég%gg\if\hégge? nglgg:{'fdé’?’i[égs]{&a% cs%fomﬁ' et gl 53?3’&}%%%1?%?@5 are

~selected f rbacsr QHEmCGQEQéké’-'ﬂdoﬁQmi?éréildfné&te%ia%gnﬁoaﬂgi SLﬁfﬁrOPhem cal
plating froma copper seed | ayer and pl anarized by chem cal - nechani cal

pol i shi ng. atRieVhegnkigbdddéledatie konditanais) sakd hLhrgimand second netal
el ectrode | ayer are forned in a dual damascene opening in a first materi al
and then prgtalriagubgtehondeal, egrmiteal appllichitignst orhé nguped ai d
enbedded netal electrodes in the first material. 13. A nmethod for

fabri cati ﬂﬁa&tma exhibi bt e thigh siediecszicorpreshngs akoshelitg a first

dielectric_layer_overlyin sem conquct or substrate; form ng dual
damascene Sﬁgﬁfe‘ﬁﬁg Wf%??\’g‘é”g‘f% cfr% resath"dicl@iYE& APg tgyEhe displacement of

lattice ions. Good adhesion of Hf(0, on a layer SiN, silicon
nitride, is achieved when Hf(0, is used as the bottom,
starting stack material in the preparation of a super

lattice.

To increase or deciease 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-



~depositing a first netal electrode |ayer overlying said dual damascene
openings and the first dielectric |ayer; -28 patterning said first netal
el ectrode |ayer to forma bottom capacitor nmetal electrode plate;
depositing a second dielectric |ayer overlying said bottom capacitor netal
el ectrode plate; formng dual damascene openings Wthin said second
dielectric layer; depositing a netal barrier layer overlying said dual
damascene openings; depositing a capacitor dielectric layer Wth high
dielectric constant material formng a super lattice overlying sai d netal
barrier layer; depositing a second netal electrode |ayer overlying said
capacitor dielectric layer; patterning said second netal electrode |ayer,
netal barrier | gr,a%nd capacitor diglectrlc | ayer .tqQ forma tog capaci tor
n 5

metal el ectrode prat & A eapati toPeT nsRF et QﬁﬁHaFSbQPFi@F Fa§er, both
Dt oo, |t hie oRieLodC WHTEN ebBCLhaPe 0L SOLLQT S AL leollR! Bk RS B

pl ates; thus, conpleting the . . . .
capaci tor. widchllan aaladsebntlal ydss WIEHf%ékf*ﬂﬂ%h§%ﬂ%§%@€9§&°r substrate

i ncl.udes sem conduct or device structures such as gate el ectrodes and
"sour ce/ dr aigpnstants. 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
compared with conventional thin films, and methods described
in the preéent invention can be easily employed in Cu-BEOL,
copper back end of line. Rey 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 specific resistance.

To build copper based capacitors, in a dual damascene
Process, a simple process floﬁ is as follows:
silicon nitride deposition, PE plasma enhanced TEOS,
tetraethoxyéilane 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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regions. -29 15. The method of claim 13, Werein said sem conductor
substrate includes sem conductor device structures such as gate el ectrodes,
source/drain regions and nultiple | evels of nmetal interconnections. 16. The
met hod of claim 13, wherein said dielectric |ayers are a low dielectric
constant material or materials selected fromthe group consisting of: SiN,
Si O, spin-on-glass SOG PE pl asnma enhanced TEGCS, tetraethoxysil ane

deposition, hal ogenated Si.QO fluorinated silicate glass (FSG, i.n a
t hi ckness range from 1000 to 10000 Angstrons, deposited by chem cal vapor

deposition qQr hy spinni on.glass _for spin-onglass SOG 17. The nethod of
claim 13, A& S ’sz;'?‘& ggraalgil??lﬁ"é C| R EIRE %%&Cézﬂf"f:r BartReRgloup

consi sting Havel 2N, apd g i em . \Lapor position, with
~thickness in o't"rﬁ!_e' ré‘nge bgé&egﬁ%%%g?gyi%%oﬂﬁl%sﬂtﬁg’%ﬁ. c%g‘ %? 5’lsrrgt ﬂ%ndaof
claim 13, wWigrnaigleSaageksl 8¢ AtalnLlsd 0D dauslc b rrekeehedebpom group
consisting of netals and netal alloys wth high conductivity, deposited by
physi cal vdmyerdepaswt disladdrptatongtar® iReericAPRe salkoysd akudi ana and
al um num - 30 al l oys, platinumand platinumalloys, pallacliumand all oys,
gol d and gaxbul lcopsistingepfantE STEQ®, mldsmes enlianiced t hi ckness range from

1000 to 20000 Angstrons_and for copper, seed |ayer thickness from500 to
1500 Angst rthEasiberysidees eeppeition ckiidhs FOmSPG0EPingorogdasangst r ons,
-forming a hottomnetal el ectrode, overlying an internetal clielectric |ayer.
19. The rre?}?&fg&ng%ﬁgi #r?3, %&H%?H‘ﬁ%%i %F'f“af'p‘atﬁ {D2s§ E56ct APc2l ayer with

hi gh di el eghJi S i r Al l.ternating material |ayers
and form ngq%cg:l?%%% %%?1 Fgg&g a@?eﬁgﬁiﬁgglﬁ%ﬁgs g ts of 1/1, 2/2, 3/3,
4/ 4, conprises a material or materials selected fromthe group consisting
of : (Sro.sBao.~)T103, SrTi.03 / BaTi 03, (Sro.3Bao.~)Ti03 / (Cao_szSro.4e)
T103, BaTi 03 / Sukithdr Babbl3ménBaAbsthSahidbernt BadedioBaensbhQesTi 03,
with layering stack of [ (BaTi03) 4 / (SrTi.03) 4] q, Ta20s / Hf 02, Ta20s /

Zr02, Ta20s¢drrdedlectia0anl ZhPi-rareod BLd08l CHAdd /caPallkBEE0CRREELT C
materials. 20. The nethod of claim 13, wherein said capacitor dielectric

i nsul at or i e ndizg! ﬁﬁE&EEaEQ“ﬁé@{ﬁ{r@éﬁ{ hlgrOlqi MBEet-aks gher Lorred by

usi ng Mol ecul ar Beam Epitaxy or Atom c Layering em cal Vapor position
-31 technj3yss -2l LeLpagln teri rs,.and .form ng. a. super |attice
stack, with st acl‘ar%gtag'ﬁ?t %bogs%‘?l,ﬂ%%%’g,&ﬁiglﬁa\ii H@]‘gﬁi Bﬁg ielectric
constants bas .the growt h tenperatur w fh thi.ckness_in the range

bet ween 0. ]‘.ﬁteg'%fq%lgr 88%,5%3%% E’é"g%%’f Jl‘%%et?aeﬁﬁfgr"é‘t erurl F&: hBERT38BECY 500 C,
wth pressq:re ran%in fﬁgml mL111-TOrr.to 10 Torr. 21. The _nethod of claim
13, wherei n-SERFEHFEci C6P8i EPRBY (12EFIRRT Witk MogR &PePecPPic constant
material or_materials, alternating material |ayers and form ng a super
lattice st&ielegFiCoRpPEEaRtofPRERA PRIThE Shitcking Pesdpdéralyf foth t he
group consisting of: super |attice stack starting with H 02, as the bottom
starting stdEeeFarér PaLt rethad Bhe SEirsigdaum off bighedikdechobd adhesi on

properties.
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; /
- BaHfO;, BaTiO3; / 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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22. The method of claim 13, wherein said second netal electrode |ayer is
sel ected from group consisting of nmetals and netal alloys with high
conductivity, deposited by physical vapor deposition and plating: copper,
copper alloys, alum num and al um num all oys, platinumand platinum all oys,
pal | adi um and al l oys, gold and gold alloys, silver and silver alloys, Wth
a thickness range from 1000 to 20000 Angstrons and for copper, seed | ayer
t hi ckness from 500 to |1500 -32 Angstronms, with plated copper thickness
from 10000 to 20000 Angstronms, formng a top netal electrode. 23. The

met hod of cl ai 3, Wierein said_first and secand netal electrode |ayers
are selected fr egFggﬁdCSﬁﬁg? %ﬁmpﬁéhuégéiﬂéiﬁﬁﬁ qﬁ??%@“?oﬂﬁg?rlals 1s
el ectrochema.cal plating froma cqg er. seed | ayer _and pl anarized by

cheni cal mEEHENtES 5P ERRngTOWR. s Pior  SlaptPrac prererh <G d

first and second netal electrode |layer are formed in a dual damascene
openi ng i n PRI Angy B8 RRPMAR PeFRER bl eh Atiantipp &eemiagl nechani cal
polishing, form ng inlaid enbedded netal electrodes i.n.the first material.
25. A net hah,f @, fT00k ¢ atiithg laysrinb- s8adk abHr [ (BAPLO§APACI(BETLiOOM4 Si NY:
providing a first dielectric |ayer overlying a sem conductor substrate;
form ng du d cene.openings wthin said first dielectric |ayer;
deposi £i ng Mhe FRELSRAT PorORELAR | SErat A idig s AhgoRaar S afnstRee
- openi ngs and overlying the first dielectric |ayer; -33

_ 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
is achieved as a result of the interface. Dielectric

constants near 900 are achieved for 250 Angstrom thick super
lattices. MBE, molecular beam epitaxy or ALCVD, atomic layer

CVD techniques 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 sBag. y)TiO;
- a two component stacking 2/2 unit comprised of SrTiO3/BaTiOs
é two component stacking 2/2 unit comprised of

{Szy,3Bap.7) Ti03/ (Cag.52510.48) TiOs
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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depositing a first copper seed |layer overlying said first barrier netal

| ayer; plating a first metal electrode |ayer of copper overlying said first
copper seed |layer and filling the dual damascene openi ngs; patterning by

pl anari zi ng using chem cal nechanical polishing said first netal electrode
| ayer of copper and the first barrier netal |ayer, to forma bottom

- capacitor copper electrode plate in the dual damascene openi ngs; depositing
a second dielectric |layer overlying said bottom capacitor copper el ectrode
pl ate; form ng dual damascene openings Wthin said second dielectric |ayer;

depositing a se d barrier erlying said dual damascene

openi ngs and OVEP%?FHQth§°s dFéf%%?ﬁﬂ ic layer; depositing a capacitor
dielectric layer with highydie r il ' super

| attice overlying said secé % %@%%Ié arr|er%#gﬁgfgghﬁgosé?Fg}ﬁg ?ﬁe bot t om
capaci tor copper electrode pl aggsaflomositing a third barrier netal |ayer

overlying said capacitor .dielectric layer; depositing a second copper seed
| ayer overlying said third barcicsedstintclayar/l Wit stack

/\ open triangles, 2/2 unit stack

[ 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
BaTi03/S:Ti03 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 electrodés,
interconnection lines, FET source/drain areas, and low levels
of metéllization° 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 laver of

first BaTiO; layer 4 for super lattice formation is deposited

-15-



pl ating a second netal electrode |ayer of copper overlying said second
copper seed layer and filling the dual danascene openi ngs; patterning by

pl anari zi ng using chem cal nechani cal polishing said second netal el ectrode
| ayer of copper, third netal barrier layer, and the capacitor dielectric

| ayer to forma top capacitor copper electrode plate, a patterned capacitor
I nsulator with a patterned netal barrier |ayer, sandw ched in between the
top and bottom capacitor copper electrode plates; thus, conpleting the
fabrication of said netal insulator-nmetal capacitor. 26. The net hod of

cl aim 25, wherein said sem conductor substrate includes sem conductor

devi ce str R ddeshoktaw gapaciteripetrk elrrtyndecd, dradnnesti anfir2y. The

nmet hod of gfﬁi 2§a wherein sai d seni.conduct or substrate includes
seni conduct or ?éw cEeEt ?ﬂrse"ﬁp%’ﬁ?‘r? CFa-E*RRELPRoOBET R ain

1691 s anbatl) phgel Ao, B gleo sesomIerlions, 28, Thg el nod of

claim 25, wherein said dielectric layers are a

material ornsBiell #osmaehisht S¢et M OHe AL O WIGANSLILENY OfaxsSi Ny - 35
Si O spin-on-glass SOG PE plazna enhanced TEé%? te?raethg%?gglghe

deposi ti on,sehwindgerTiod Gifadr {1 Eyd naiRd Jakitsaberghastidh SHer i theéd

t hi ckness range from 1000 to 10000 Angstrons, deposited by chem cal vapor

deposi ti on sscopd BpltaRs ntpyer ¢ adexityr asphirdnBa®3e; MAFer 8 for super
lattice formation over the second SrTiO; layer 7. Next, a

third SrTiOs; layer 9 for super lattice formation over the

third BaTiO; layer 8.

Referring to Fig. 1D, graphs RHEED oscillation intensity
versus time during growth of a super lattice, for a
a2 two component alternating stacking of 3/3 units each
comprised of SrTiO;/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 BaTiOz 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 SrTiOs;
layer, and then finally a third SrTiO; 3 unit layer for super

lattice formation over the second BaTiO, layer. For

-16-



29. The method of claim 25, wherein said netal barrier layer is selected
fromthe group consisting of: TaN and W deposited by chem cal vapor
deposition, Wth thickness in the range between 500 to 1000 Angstrons. 30.
The met hod of claim 25, wherein said first netal electrode |layer i.s
selected fromgroup consisting of netals and netal alloys Wth high
conductivity, deposited by physical vapor deposition and plating: copper,
copper alloys, alum num and al um num al |l oys, platinumand platinum all oys,
pal | adi um and al l oys, gold and gold alloys, silver and silver alloys, with
a thickness range from 1000 to 20000 Angstrons and for copper, seed |ayer
t hi ckness fFERSFoRs 15benARiRe by thind Baficy Boppbt iawekn®ws from
10000 to 2%900 A r.ONs forgi%g a bottom netal electrode overlying an

i ntermetal HFSTe it Pab8FRatiet ovar the thimed, 3608 a¥eD5, wherein said
capacitor dielectric layer Wth high dielectric constant material or
materials, alternating material |ayers and formng a super lattice stack,
Wi th stacki ng URlelrsfind/ . y— , i;Se B j

material s sel ected fron%t%g gé%ﬁpaégnsﬁégzrﬁ?%ﬁg-ﬁ?s??%gg?g§%kgé?gngi03 /
BaTi 03, (SrepBesehtatfdn/ ifCastste 4Nd ikkkhd B03ne RaTh08mbEaThdded

BaHf 03, BaTi 03 / BaZr03, Ba, SSr.STi 03, with layering stack of [(BaTi03)4 /
(SrTi03)  4lefy thfaP@&senkf @yedbldd. / Zr 02, Taz05 / H OZ, Ta205 / Zr02, and
- ferroelectric / antiferroelectric materials. 32. The nethod of claim 25,

- Wherein said capacitor dielectric insulator with high dielectric constant

mat eri al or nat r%als.are forneddﬁg usi ng NMbl ecul ar Beam Epi taxy or Atom c
Layering Chemi caf 9APIPIDEROETLE i offt SBHFTYdds crosEesratingabat erial | ayers

and formn i K. Wi t.h stacki units of 1/1, 2/2, 3/3,
4/ 4, havi ng:e%ir%%gg‘?:gitg% rlggl@%ﬁ% Eoid eas%%(i}?ﬁin %ﬁe PoRYER®PEnper at ur e,
wi th thi ckResen! h 1het 5&ﬁ% 5 ol n LLion

t enper at uregl%%e!ttaggngg% thg g%oﬁ%?%Wt %%erésolr?r% rggn%af)%gg?gg%g%’%l ni - Torr

to 10 Torr metdl elddtrdie MS Neshf Sl MascMARr €kl S8kt A3LAGH W th
clielectric layer with high dielectric constant material or materials,

al t er nat i nGMPat ehemiichiiymeshamilcd Do higstal ritl prioceatbisCeAS s8¢ Ksk@EShing
conprised of material or materials selected fromthe group consisting of:
super |attit®e Sererisiart pHighiwh Hk Hhamr datticebdiedrrsracsi agdst ack

material, formed,on SIN _silicon nitride, for good adhesion properties.
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

-17-



34. The nethod of claim?25, wherein said second netal electrode |ayer is
sel ected fromgroup consisting of netals and netal alloys wth high
conductivity, deposited by physical vapor deposition and plating: copper,
copper alloys, aluroa.num and alum num all oys, platinumand platinum

al I oys, palladiumand alloys, gold and gold alloys, silver and silver
alloys, with a thickness range from 1000 to 20000 Angstrons and for copper,
seed | ayer thickness from500 to 1500 Angstrons, with plated copper

t hi ckness from 10000 to 20000 Angstrons, formng a top netal electrode. 35.

The net hod of cl inh%S, wheyein said first and second netal el ectrode
| ayers ar e F&Tefed ¥Fibm Br BAHEER ppeaPafrkE st lalslepdrodsi ng5c Mber

el ectrocherg at i fEom opper ed | ayer and planari.zed by chenical
nechani cal r%,g? #‘gﬁil’nénfe@-g%&gsggégﬁ'ﬁgm%%ﬁoccfpcf'fél’%%’mlfS:f°m8fiePﬁe§a?ﬂ' first
and second mm_tsah:o%lt%ﬁtregsabﬂ&_;ﬁé@aiboé Adic? %lsalmﬁag‘gsgg,qerggggi ng in
a first material and then planarized by chem cal mechani cal pot rshrng,

form ng inlef doppleddadaiatabtel £Ct60deDdthed @ aldoFbehta! and7is A
.method for fabricating high dielectric constant insulators, for a

met al - i nsulfermedrbyak dupicdamascemaprisinti/vyi0virolesg aibat ERani®inl

el ectrode overlying_a sem conductor substrate; formng a |ow dielectric

i nsul at or FRSHEPLSFGLsRPYisbingiback 2f aetal comdmedoror Nery, daathimmascene
openings in .the [Low dielectric insulator; formng a netal barrier |ayer

mat eri al oxf’éwgl}ifisr’rﬁ’ns PE=HEEI 1P stend o ankes depesitgdbovesl atll ar Beam

Epi t axy or 1.C ering Chem cal Vapor .Depgsition technigues a capacitor
dielectric J1é %?rs'olrrﬁ ay%?ng?ﬁs?ﬂré% H & B:?’F EOFRpLAPR Al e i SFPRF
material s Wgldt;akt eknaki 59 "Bl &K i s, form a er_lattige stack
overlying said metal barriér I%er S egér/%%g c%rﬁgé:%g‘r?ef"%?ég’éf%%t?’% *Pverl yi ng
sai d capacizagr ofiee! €RbI bErta¥LT 1t BE! i kO LoeURLELE Lhepfgbrigation of a
- metal -insul ator-netal capacitor. !

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 29, 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 dielectrics 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 lattice stack components, 27 (arrow).

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

representation illustrates the method of the present

18-



-39 38. The nethod of claim 37, wherein said capacitor dielectric |ayer
or layers with high dielectric constant material or materials, alternating
material |ayers and formng a super lattice stack, with stacking units of
1/1, 2/2, 3/3, 4/4, conprises a material or materials selected fromthe
group consisting of: (Sro.sBao.~)Ti03, SrTi03 / BaTi 03, (Sr.3Bao.~)Ti03 /
(Cao_szSro.as)Ti 03, BaTi.03 / SrTi03, BaTi 03 / BaHf 03, BaTi 03 / BaZr03,
Bao. SSro.sTi~s, with layering stack of ((BaTi03)4 / (SrTa.03)4]4, Ta205 /
'Hf 02, Ta205 / Zr02, Taz05 / H Oz, Ta205 / ZrQZ, and ferroelectric /
antiferroelectri.c materials., 39, The nethod of claim 37, wherein said

capaci tor IR SPREFLELBE Fhe nEPFPAtint U itoR Sapesitoraletrdl or
materi al s d I | ecul ar_Beam Epi t axy .or Atom ¢ lLayering
Cheni cal vgép%r %Sr%si(w oﬁgt"g‘gh%@%ﬁes, "T"E‘"e’%%'at%é”ﬁé*&af‘éf’“l 3§;Elﬁs¥‘é%d
formng a siHaid=Atl hetBanliatk p¥iihsifck 45 AQfg o1/ headisd: 44
havi ng high dielectric gonstaﬁ?s base&ggﬁét éﬂg#%wﬁﬁsfénégﬁgfﬁﬁg,lﬁﬁth
thi ckness ithed b ghargeubeirWegtdcd dfePedtf ) Sordih@RASkhpaBitor
tenperatures between 300 to 500 C, with pressure ranging from1 mni-Torr
to 10 Torr.insAQato40.(ITheInetddiltddn ol By, 2ehdieiskexahddcapacitor
dielectric layer or layers with high dielectric constant material or
mat eri al s, efseiadisngfnaneenbire N s nehlvnsuigtersopérll, attpaeisdack,

are conprised of material or materials selected fromthe group consisting
of : super 190 & SEUSCRBRVEFAF PSR te Hrerzisad ofhsinghescavetay st ack

o ! a0 AR (586 "L ES LedAl 1N ERNR0.RARBEE O 4!
-Uéq : AU ALY il ieUsAtu88ufls Adrd £3EAOY Al £k A% t%lé< s'e.é}./cgfldté o:i:'AY <A<

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)
280, together form the MIM, metal-insulator-metal capacitor.
Note the shape of the inlaid metal electrodes, comprising “T”
shapes, as formed from dual damascene processing, in
qombination 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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A< U A< WK JAY UY A UY . AUY . A< g< .A(.AY Lk .A8< .Av U AY UY .AY UY
6KLNX [ &E{ uoi c] W] cal] caU] cal] cal caU] cal cal caU] caU] cal cal caU] caU] cal
caU] cal] cal] cal] cal] caU] cal] cal] cal] cal] calU] caU] cal] caU] cal} ) *

copper “gap £ill” process that included a Planarization of
the copper electrode by chemical mechanical polishing, CMP.
Still referring to Fig. 2C, one of the key embodiments of the
present invention is the high dielectric super lattice
material 291 (arrow) in the area or region in between the two
electrodes: top (290) and bottom {25) electrodes,
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 dualkdamascene + 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 dielectries 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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PLSI 111} walfaoF50) GPEATER bS] BEOF Eh IRy oo B PRRs £40Pcal] cal] cal] ca
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] cgfﬂnggb]ucqa] calﬂglgga%aay]c g?b%aagﬁ%ﬂaﬁga%aw gaU]Q ?%%%/ﬁ%ﬁic ?JJ(;E‘ (O)?
A% % a* c* g* Yol 1* Wi i wererY Shh cad)| Tekd cal] cal] cal] caU] caU] cal] caU] ca] cal] ca
U cay] cal] cal] cal] cal] cal caU] cal] cal] cal] ca] cal] cal] cal] cal] caU] cal] ca****
*k k%% +++++/\ h
///~x;rl+f ZTNU] caU] IcafJ] f:aU] ca caU] cal] cal] caU] cay] cal] cal] cal] cal] cal] cal] c
a] caU] ca] cal] caB] E3Opazy| efurea] kel tangum foon Mh Oppach E @ YD ZoEé#$ D890V X0
000001(%1/ 111Y, 1~ 111~xs UOUU] cal] cal] cal] cal] cal] ca] cal] cal] cal] cal] ca
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U]Cau]cau]@a@F@g@chyféa (FSG) , in a thickness range from 1000 to

1TSS 5%. 3EoRE Csésgﬂsséﬂﬁ;‘%hﬁﬂcﬁ] “apor Uspokition oz By
MMVIVNNINNP ’\XS caU] caU] ca] caU] ca] caU] ca] cal] c
a] cay ca]QSa ca c ca?\ U%J}: ‘l&l %\%i’b Ib %CaU] cal (L:Ji] cam  call cal
RRR7ROR<TDTELIT YEYYXY:\ 4 fAN ca cal] ca

] caU] cal] caa]—cga@cglﬂ ca] calecaTleﬁ v%y gaggl%?]g%a c‘g ca%'fcaﬁ cal]ca]c

aU]Ca]CaU]@%hbbhk&ﬁ@csﬁhﬂgggﬂéfiid'ﬁ&@ﬁEJalloys with high conduct1v1ty,
ooooooooppp} w | ga\ VQUU] cal] ca] cal] ca] cal] ca] cal] cal] caJ caU] cal] c

Ul c*al] ca] dedpbsatedablcaheaiban] esdr deanldicdlenhaabrathagl cadh §ét} cap! p#p]
p_pt pvpppppppppt t (W@ HX\ xxxxx"yXy~yyyz~xr| f* ZTga\ VQUU] cU] cal] cal] caU] cal] ca
U] cal] cal] c2EpPeaUpédtyea) ahwhtnush caid adjweeamUpddpyal)] phhtanfmeadnaU] ca] cal]

ca] caU] ca] caU] caz2zezzzz {B{c{{{{{I||]- }c}}n~~s{

U woke ZT8JREVPURURLLPES Y R W Aft AYleoxse agpdduped Ure @) ablgys] cal ¢

o ol s e ent et ol ) o el cal o e

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 layers
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e_YSga\ V] c] U cal] cal] cal] ca] cal] cal] cal] ca
Ul c”ral] ca] cal] cal] caU] caU] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca]
cal] caRgs9K]| J. OxL| wgke_YSke_YSga\ V] c] U] cal] caU] caU] cal] cal] ca] caU] cal] cal] c
ay] cal caU]a%%U]f%a cayl cay] cal fg&an] caUl.caU] cal caléLcaU] ca gaﬂcaU] cal] c

al3 ng a super ice stack, with stacking uni

; ' Bk= f° al call cg] caUl.caUl cal cal] cal] cal] ca] caU
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' : aU] ca] cal] ca] c
'gg{ﬂegga]ggg]j]%%ﬂcﬂ% %g&gggaa%ga%gﬁ&%%%%%ﬂgg?&calGCPAM vgke_YSgal] caUl] cal]

i a @ab ca] cal] ca] cal] caU
]ngchg gZﬁsgg}f:ﬁ?g:ﬁgaqcﬁgg%a%igﬁﬁz%ﬁ%@%aq ggﬁ cal] ca] caU] ca] caU

)ik 2 dUseatibg a @2l BatfFoalmatdaal] cal] cal
1:;6} g:ﬂ g:](@ggﬂlj]e%z@mw su?gnﬁgﬁf)j d YT;JSU] E:Eaﬁi%:al.)] ca] cal] ca] cal] ca] cal ca]c

ay] ca] caU el B o st sl ) itk AdysrinaUstakckavEc d(BaTios4 a] cal ca] ca
Ul cabN&ECA! 6#C10%wW&' () -11! P1O%w& ()-!!10%wW& ()-0-109& ()-s109%& () -
100 ()- ASTTEPENME (T2z0s LOREQ) - TRi00E @r06, Toay0d (v Dy, ; TAQSMG () - ! (
109%awWw&' () -? | - 1234 avk@10 10 10I; 109%&' ()-'"109% ()-S'l<%
10927& () - @&PI0UBA( Fekrd¥eitrid / 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 o°c,
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 Hf0,, as the bottom starting
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stack material, formed on SiN, silicon nitride, for good
adhesion properties.

{(g) The 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 allofs, aluminum and aluminum alloys, platinum and
platinum alloys, palladium and alloys, gold and gold alloys,
silver and silver alloys, with a thickness range f£rom 1000 to
2000b 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.
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1. 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, 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; and

forming a second metal electrode overlying said
capacitor dielectric insulator 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
structures such as gate electrodes and source/drain

regions.
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semiconductor substrate includes semiconductor device

structures such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.

4. The method of cléim 1, wherein said dielectric
layers are a low dielectric constant material or
materials selected from the group consisting of: SiN,
Si0, spin-on-glass SOG, PE plasma enhanced TEOS,
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.

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 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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20000 Angstroms, forming a bottom metal electrode

overlying an intermetal dielectric layer.

6. The method of claim 1, wherein said capacitor
- dielectric insulator with high dielectric constant
material or materials, alternating material layers and
forming a super lattice stack, with stacking units of
1/1, 2/2, 3/3, 4/4, comprises a material or materials
selected from the group consisting of:
(S5r¢.3Bag.7} TiO3, SrTiO; / BaTiOas, (Sry.sBag.¢)TiOs /
(Cao.525r0.48) TiO3, BaTiO; / SrTiOs, BaTiO; / BaHfOs;, BaTiOa

/ BaZrOs, Bagy sSro.sTiOs;, with layering stack of [{BaTiO;)4
/ (SrTi03)4]4, TE.205 / Hf02, Ta205 / Z:I’.'Ozr Ta205 / Hf02,

Ta05 / Zr0;, and ferroelectric / antiferroelectric

materials.

7. The method of claim 1, wherein said 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
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300 to 500 DC,'with pPressure ranging from 1 milli-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 claim 1, wherein said 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 Hf0,, as the
bottom starting 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 metai alloys with high
Iconductivity, 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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for copper, seed layer thickness from 500 to 1500
Angstroms, with plated copper thickness from 10000 to

20000 Angstroms, forming a top metal electrode.

1l1. The method of claim 1, wherein said first and
second metal electrode layers are selected from group
copper and copper al;oys, 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 polishing, 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 layer;

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

layer;
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patterning said first metal electrode layer to form
a bottom capacitor metal electrode_plate;

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

forming dual damascene oﬁenings within said second
dielectric layer;

depositing a metal barrier layer overlying said
dual damascene openings;

depositing a capacitor dielectric layer with high
dielectric constant material 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
structures such as gate electrodes and source/drain

regions.
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15. The method of claim 13, wherein said
- 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
oi materials selected from the group consisting of: SiN,
810, spin-on-glass SOG, PE plasma enhanced TEOS,
tetraethoxysilane deposition, halogenated SioO,
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 SOG.

17. The method of claim 13, wherein said metal
barrier layer is selected from the group ceonsisting of:
TaN ' and W deposited by chemical vapor deposition, 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: copper, copper alloys, aluminum and aluminum
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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 Angétrams, forming a bottom metal electrode

overlying an intermetal dielectric layer.

19. The method of claim 13, wherein said capacitor
dielectric layer with high dielectric constant material
or materials, alternating material layers and forming a
super lattice stack, with stacking units of 1/1, 2/2,
3/3, 4/4, comprises a material or materials selected
from the group consisting of:

(Sro.3Bap. 7) TiOs, SrTiOs; / BaTiOs;, (Srp.a:Bap ;) TiOs /
(Cap.528x¢. 45) TiO3, BaTiO; / SrTiO;, BaTiO; / BaHf0O;, BaTiO.

/ BaZrOs;, Bay sSr; sTiO;, with layering stack of [ {(BaTiO3) 4
/ (SrTi03)4]4, Ta205 / Hf02, ‘I'a205 / Zr02, Ta205 / Hf02,

Ta,0s / 2r0;, and ferroelectric / antiferroelectric

materials.

20. The method of claim 13, wherein said capacitor
dielectric insulator with hHigh dielectric constant
material or materials are formed by using Molecular Beam

Epitaxy or Atomic Layering Chemical Vapor Deposition
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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 °C, with pressure ranging from 1 milli-Torr

to 10 Torr.

21. The method of claim 13, wherein said capacitor
dielectric layer with high dielectric constant material
.or materials, alternating material layers and forming a
super lattice sﬁack, are comprised of material or
materials selected from the group consisting of: super
lattice stack starting with Hf0,, as the bottom starting
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
pPlating: copper, copper alloys, aluminum and aluminum
alloys, platinum and platinum alloys, palladium and
alloys, gold and gold alloys, silver and silver alleoys,
with a thickness range from 1000 to 20000 Angstroms and

for copper, seed layer thickness from 500 to 1500
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Angstroms, with plated copper thickness from 10000 to

20000 Angstroms, forming a top metal electrode.

23. The method of claim 13, wherein said first and
second metal electrode layers are selected from group
Vcopper 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 Ffirst
dielectric layer:

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

dielectric layer:;
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depositing a first copper seed layer overlying said
first barrier metal layer;

plating a first metal electrode layer qf copper
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
overlying said second metal barrier layer and overlying
the bottom capacitor copper electrode plate;

depositing a third barrier metal layer overlying
said capacitor dielectric layer;

depositing a second copper seed layer overlying

said third barrier metal layer;
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plating a second metal electrode layer of copper
overlying said second copper seed layer and filling the
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
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
éemiconductor substrate includes semiconductor device
structures such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.

28. The method of claim 25, wherein said
dielectric layers are a low dielectric constant material

or materials selected from the group consisting of: SiN,
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8i0, spin-on-glass S0OG, PE plasma enhanced TECS,
tetraethoxysilane deposition, halogenated S5iO,
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 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.

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
20000 Aﬁgstroms, forming a bottoﬁ metal electrode

overlying an intermetal dielectric layer.
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31. The method of claim 25, wherein said capacitor
dielectric layer with high dielectric constant material
or materials, alternating material layers and forming a
super lattice stack, with stacking units of 1/1, 2/2,
3/3, 4/4, comprises a material or materials selected
frem the group consisting of:

(Sro.3Bag.7) Ti03, SrTiO; / BaTiOsz, (Sry.:Bag ) TiOs /
(Cao.528x0.48) TiO3, BaTiO3 / SrTiO;, BaTiO; / BaHfO;, BaTiO,

/ BaZrOi, Bag sSry.sTiOs, with layering stack of [(BaTiOs;)4
/ (S:r:']'.'i03)4]4, Ta205 / HfOz, Ta205 / Zr02’ Ta205 / Hf02,

Ta,0s / Zr0;, and ferroelectric / antiferroelectric
materials.

32. The method of claim 25, wherein said capacitor
dielectric insulatorrwith 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
éuper 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.
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33. The method of claim 25, wherein said
capacitor dielectric layer 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 ;onsisting
of: super lattice stack starting with Hf0,, as the
bottom starting 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
congsisting 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 1ayer thickness f£from 500 to 1500
Angstroms, with plated copper thickness.from 10000 to

20000 Angstroms, forming a top metal electrode.

35. The method of claim 25, wheréin 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.
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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 insulator overlying said
bottom metal electrode and forming dual damascene
openings in the low dielectric insulator;

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

forming by Molecular Beam Epitaxy or Atomic
Layering Chemical Vapor Deposition techniques a
capacitor dielectric layer or layers with high
dielectric constant material or materials with
alternating material layers forming a super lattice
stack overlying said metal barrier layer;

forming a top metal electrode overlying said
capacitor dielectric layer or layers; to complete the

fabrication of a metal-insulator-metal capacitor.
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38. The method of claim 37, wherein said capacitor
dielectric layer or layers with high dielectric constant
material or materials, alternating material layers and
forming a super lattice stack, with stacking units of
1/1, 2/2, 3/3, 4/4, comprises a material or materials
selected from the group consisting of:

(Sxry.3Bag.7) TiO3, SrTiO; / BaTiOz, (Srp.3Bag.4)TiOsz /
(Cap.528xr0.48) TiO3, BaTiO; / SrTiO;, BaTiO; / BaHf0O;, BaTiO;

/ BaZrOs;, Bap sSr sTiO;, with layering stack of [ (BaTiOs)4
/ (SITiO3) 4]4, Ta205 / HfOz, Ta205 / Z:l:'()zr Ta205 / HfOZ,

Taz0s / Zr0;, and ferroelectric / antiferroelectric

materials.

39. The method of claim 37, wherein said 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 depbsition températures between
300 to 500 °c, with pPressure ranging from 1 milli-Torzr

to 10 Torr.
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40. The method of claim 37, wherein said capacitor
dielectric layer or layers 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 Hf0,, as the
bottom starting stack material, formed on 8iN, silicon

nitride, for good adhesion properties.

41-



