; e3ehet R*d6TLY +A NOVEL METHOD FOR MAKI NG THREE- DI MENSI ONAL

METALI NSULATOR- METAL CAPACI TORS FOR DYNAM C RANDOM ACCESS MEMORY ( DRAM) AND
FERRCELECTRI C RANDOM ACCESS MEMORY (FERAM) OF THE | NVENTION (1) FIELD OF
THE | NVENTI ON The present invention relates to a nmethod for making

mul tilayer netal -insulator-netal capacitors for ultra-|largescale
integration (ULSI), and nore particularly relates to a nethod for making

t hr ee- di nensi onal capacitors Wth increased capacitance per unit area. This
met hod reduces the surface topography and | ayout area meking it easier to

pattern the capgcjy t t He: I rned at the
same time usingﬂigﬁgﬁ%lﬁgﬁg&gr p é%ﬁ%ﬁgfgﬁ{ng.i?%@mggggéﬁPgﬁ%§£CF THE PRI OR
ART Hi gh densi t ¥NabE.AYSROME TR APAEHPSRAFOR Pl cS RAKBOR RAEYSS
information (zeros and ones). Typically for DRAM or FeRAM each nenory cel

consi sts of a sumegbryf ipRaAMefAws tFrrrOSIEITRTId BRRpoM dcapskarkrdreapaci t or
extending in a1l vertical direction to increase the capacitance as the
cell area on thdFEBBE}rate decreases. To further increase the capacitance,
it is desirable to use a high-dielectric filmas the capacitor
interelectrode material. To formnonvolatile nenory, a ferroelectric
material can be used as the interelectrode film In early versions of
stacked capacitors, a patterned conductively doped polysilicon |ayer was
used to nmake the capacitor $§£ %é?éﬁb %$g§£%qgﬁ6$%& used to formthe
field effect transistor (FE é% e i pol ar transistor
emtter and/or base contacts. In recent years it is typical to form stacked
capacitors using low resistance nultilevels of netal (e. g., netal

silicide, AYAQuUpIELD, oft énp. r@PErd®tal | ayers can also be patterned to
formthe | ow resistance electrical interconnections for the individual

sem conduct or devices to increase circuit performance (swtching speed).
Nuner ous net hods of naki ng stacked capacitors have been reported in the
literature. Most Tbe phesenpaimwistigr reslsetashdoc @pasithadc éobymakingasi ng
the capacitor _area and/or by increasing the dielectric constant of the

i nt er el ect r 4 tilpHeT FBRtakaprelater ek alpgaprciferse fegsutsragiargetkuno
et al., a nethod i s described for_nmaking a silicon plug_for a stacked
capaci t or uSFRgSa*RERIFAEIPT Wt Ty r"’b‘b‘gé‘é"r{%é’aﬂit&é’“&laé&?r FeLrterEsFStance.

Abarrier | quet isscLACRLROLE" 4O BLAVEN oL SARASILYL Rekysi | con bottom
el ectrode from
increased capacitance per unit area. This method reduces
the surface topography and layout area making it easier to
pattern the capacitor top and bottom electrodes which are

patterned at the same time using ion milling or plasma

etching.
(2) DESCRIPTION OF THE PRIOR ART

High density arrays of memory cells are used to store
binary information (zeros and ones). Typically for DRAM or
FeRAM, each memory cell consists of a single field effect

transistor (FET) and a stacked capacitor extending in a

1



diffusing into the netal silicide in the plug. In U S. Patent No.

6, 258,662 Bl to Wang et al., a nethod is described for formng cylindrical
DRAM capaci tors by depositing a conformal polysilicon |ayer over recesses
in an insulating |layer. The capacitor contact plugs to the substrate are in
recesses. Another insulating |ayer is deposited to fill the recesses and is
etched back to formthe cylindrical capacitor bottom el ectrodes, as shown
in Fig. 2G A Wt etch is used to renove the remaining insulating | ayer

| eavi ng freestandi ng polysilicon bottomel ectrodes, as shown in Fig. 2H 1In
U S. Patent - 6~251.726.B1 1o Huan a nethod i s .described, for rm ng
st acked capgggggFglhgﬁFﬁﬁgﬁﬁna%%i%?%ﬁuaS%x#%%ﬂqﬁﬁﬁﬁ%tﬁpﬁﬁ FSrgFﬁCFggged

capaci tance.a el Wn %hepsﬁ.ﬁ_g£ﬁ§tgoge§%<§é% '\é\gggbci%iuo er 3nRERAd Lfe

described for making a shaped st r having a central colum
for increasedpadaahtancet L5 &bsSralPd b 4/ H3%H R HMeBracneiind is

described for form ng capacitors over contact plugs in recesses to the
substrate. dsSthRkakaptchirfB80ifPdrsDedbHietmaaleriddscr Maedoammabhed f or
form ng DRAMS using self-aligning nethods to increase cell density. And in
U. S. Patentvedatdle7o8mpyylece Eerwdelecimpic ot tardadt caat beecused desthebed
using a tungsten contact core for_a stacked capacitor. In_a second

enbodi nent dMfieFelersredeuilife | L0 fRAREH AT HRRS Gfgsitteskedre to increase

capaci tance withqut increasing the lateral. dinension of _the_capacitor. 3
There i s sti9TPaEEEE | i PRESERTS TRARTOH THOU SRS Foryriticon layes
hi gh- capaci LaNce JIel al, GaRACKALY Salid{ldl Alide dll AeaCt LS hnhgLeLEghr ode
films for menory devices USing a Sinple process that' i's nanu?ac?ur|ng

cost - ef f ect inseq SWVHBRY, CFe THE.1 QVENTLON A drd Nsidal rel egheal the present

invention is to provide a novel stacked netal-insul ator-metal capacitor
conpri sed f @ oBdFREEsCahabltShipylag BrdifiEdorialidtiadr andyokebhggl ectric
filmfor the interelectrode insulator. A second object of this invention is
to provi de aomlced .f olnmakcagtt heses capacs ttygsiddlattd foamsisnpkiedost
effective manufacturing process. Athird object of this inventionis to
achi eve t hi sagiagiitersoysingf éevi yeshabarncr il idgyedceof, mairadh (provi des

i ncreased capacitor _area Wth mni num nenory cell |ayout area, while

provi di ng a®fded SASRAS pRLLFR: T HR Rt o niTHaSRy "St&d La¥eEst £8Rni ng

the metal-insuator retal capacitor, Afouinohaghds igdkniggiate a DRam

interconnections for the individual semiconductor devices to

increase circuit performance (switching speed).

Numerous methods of making stacked capacitors have been
reported in the literature. Most of these patents increase
the capacitance by increasing the capacitor area and/or by
increasing the dielectric constant of the interelectrode
film. For example, in U.S. Patent No. 6,265,262 Bl to Okunc
et al., a method is described for making a silicon plug for
a stacked capacitor using a metal silicide to reduce the
Plug electrical resistance. B&A barrier layer is incorporated

te prevent the capacitor polysilicon bottom electrode from

2



capacitor with a dual damascene |ocal interconnection 4 structure. The
objects of this invention are achieved by first providing a sem conduct or
substrate (Wafer) having sem conductor device areas. Typically the device
areas are surrounded by shallow trench isolation to provide electrical
isolation for each of the nenory cell areas. A sem conductor device, such a
field effect transistor (FET), is formed in each of the device areas
(menory cells) on the substrate surface. Each FET consists of a thin gate
oxi de layer on which is forned gate el ectrodes patterned froma polysilicon
or silicide d;3¢els ks y | . f.0 inti,hg substrate
adj acent to t%g%sgflé] gptgcl?t Fggglggﬁgjl:%f}%%ﬁ?énpﬁqg%haet %gﬁg'Thékggf egél ect rodes
al so serve a&tantehb- akl, gaBnessEBK E@rwaﬁzplé@taln.g tthedehght k¥ doped drains.
I nsul ating sidewal|l spacers are forned on the sidewal k of the gate

el ectrodes Riesdapibed fog Soenanhgr 69l indeid L1 DraPD Icafhrpa Tokedb{yCVD) oxi de
and ani sotropically etching back to the substrate. Next, source/drain areas
are forned idepdlsdtdnigsar apefadpat epelywiligmh selyeralovgmederesthe $ndamal |
spacers using a_second_ion inplantation to conplete the FETS. Relating now
nore speci f i3EYLPHEHGt RBYREL hoGhef CRPRSL TN cititect ®1gsstoi §8€1 ating | ayer
is deposited and planarized on the substrate to electrically insulate the 5

under | yi ng SEIREG 3¥8n 1Bt ERCSTODS 1 ay IO HIRF 4G A En<aYETi A | ayer are
deposi t ed sepuentivald ¥,0B;4he,planaL.tLosto sl Adadd Buef QoBtac!
openings are etched 1 n the Second TRSUl at i ng layer, hi e etch-stopr'i'layer,
and the fi!Sid Rydliakird@ah A¥epabOEOR oL edd LI RALCELr 2hByAl £aS Of each
of the FETs to provide node contacts for the netalinsulator-nmetal (MM
capaci tors. Hig.Sd.eCas#@% ak8heisheded Ntd heeriieondhd Rewlahing | ayer to the
etch-stop layer for local electrical interconnections. A conducting |ayer

i s deposit edrnsmifatlingt aybirr 3taving sSesesitdhditey paliyadil iepanbbgsomThe
conducting layer is polished back to formthe |ocal interconnections in the
first recessdectmedesndast shgwpl 4gsFia. t2- coin dbt Sop@aitegd Nor t he
capacitors. The conducting | ayer can be a_doped polysilicon, a netal
silicide, orf:&23Fet’2® B¥h&OpHerady el %%Mt%%giqﬁaréﬁa% fogr formdngnvent i on

is anultilayer . that includes a thin barrier layer, such_as titaniu
nitride (Ti RCASKFh PRRGHERFEr FOLTRFaR , SURHE AP o PRI RSP PAVE To%ne
conducting |, I er chem - NigGal I.shed
back to the lg%ﬁ%%?lngﬁﬁéhgﬁahﬁéyer?ﬁf}%é@@tgﬁéﬁpgﬁ@dﬁggnggpgg%ghggack
is a procespiCoOMPRathbal ek dstPiBedt Ao dhial AABS GRAL A-ReaSStaMRXl, @
mul ti tude of second recesses are etched in the second insulating |ayer to
t he et ch- st aadazidforahavidgeachbentrabecshinth ctdNGrdnigs kD caphei DRANE .
capacitor node contacts. A first netal layer, a thin interel ectrode
i nsul ati ng fin §. &nhdPateetohd4Adt 882| by dfimr e euetfharddlsl YeScribegospted
sequentially over the substrate and in the second recesses. The first and
second mnet alf9mRia% capecpterer apey ppTtacYimugGy ith&qdqassesae the
interelectrode dielectric material ha high diel ectric _constant, such as
A

t ant al um pert'BRdF&  raos)y 5 - FEF*ABh- e dlAP%R FeAloefesEribed a
material, s ri [ ontj titan um.pxi (.Baxorls x)Ti03) or

| ead-zir _con%ﬁenm}ht%l la%%ru%l%%ﬁag %i(zgg]zr%%lﬁligxﬁ ,a%g'r?&EWeqﬁ%diéa-rEobe_ used
for the intenglecldOdRiinaWhalikdg fahd if\ ¥eYs f aalddft &f 10he7oRventign is
to use anisotropic plasnma etching to pattern the first nmetal |ayer, the
interel ectrade diNsw aleithgd Eht) s@pdctlife SEEO Wb Med AkANgAh EAAgERER i NE
to formcapacitors over and contacting the conducting plugs for the node
contacts. Ammnimctkeprkefbur @ otathedi oapadtitorri s Iro Hpateicemd t he capacitors
only over the top planar surface of the second insulating layer. This
feature pr e\Rélﬂlcsilme@m anfiasddbeastaugrare resifhmedwialthe dpnositag when

di rectional plasma etching over non-planar surfaces, such as in the
recesses. Af1%e dShPRSErAGSt FEPPRAMPESRAEH IR IGRAaRIGh &besdatedaduct or

processi ng can be .used conplete . the integrated circuit chip. BRIEF
DESCRI PTI ON eﬁﬁém %&5 %@agﬁf:%’éts and other advantages of this
invention are best understood with refergnce to the preferred enbodi ment 7



When read in conjunction Wth the follow ng drawings. Figs. 1 and 2 show
schemati c cross-sectional views through a portion of a DRAM devi ce
depicting the sequence of process step for naking this novel M M capacitor
conpati ble Wth a dual -danascene process. DESCRI PTI ON OF THE PREFERRED
EMBODI MENT Now i n keeping with the objects of the invention a nethod for
maki ng novel netal-insulator-nmetal (MM capacitors is described in detail.
These M M capacitors use a high-dielectric constant (high-k) material for
hi gh capacitance or use a ferroelectric material for nonvolatile
ferroelectric nenory (FeERAM that is integratable Wth a dual -damascene
process. These M M capacitors can be used wth FET structures that are
currently utilizegdeln thesgpnufaciies of BRANRM:HRIRIALE 2RkusthoSes
details of the underlying substrate structure that are necessary Tor

under st andi EprithBiphesaphci BYRGE | HELAT ecalRssiidied wiltef erghrg to Fig. 1, a
schemati c cross-sectional viewis shown of a portion of a sem conductor
substrat e l@iedeictgie patéralégtrodel£ilbas nbnomeneelyl detlieespatiasgnaonl y
used substrate is a sem conductor material, such as a P doped (using boron)
si ngl e- cr ystsdmpdiel peerehRavFhgtalspmpuiacturing gdsdqpeffieictigei.ent ati on. The
nmethod is al so applicable to other substrates such as gallium arsenide
(GaAs), germanium (CGe), and the like. However, the nethod is described for
a silicon substrate. Typi cal are surrounded by

shal  ow trench isol ation (ST%W%O@%?%%% %}g{ﬁﬁscal isolation for each
of the nmenory cell areas. The STI is fornmed by using photolithographic
techni ques and a plasnma (dry) etch to formshallow trenches. The trenches
are then filled w LhiaRipASULBYLAE SR €K Frediait Ahivendd othiichtbs nMade

pl anar with the substrate surface, for exanple by nechanical - chem cal

pol i shi ng orraywidai agnetrehbackcked hiie trbsin NEDd tor-aRiHaloRdpakatodevi ce 1S
formed in each of the cell areas. The device nost conmonly fornmed is a
field effectcompadsiest fpr( REMPry TheseuF s shawind & eghhk tdiedecgrowi og a
thin gate oxide 14 (10 to |00 Angstrons) on the P doped silicon substrate
10. An N dopegrssilgstricofiiltmyEer 16he sinfegnptadirodad ipsmlatesdd to formthe
gate el ectrodes 16. The polysilicon is deposited using | owpressure

chem cal - vapor deposition (LPCVD) and is N-doped using arsenic (As) or
phosphorus (P). Th odgs et ween ahout, 1000 _and 5000
Angstrons in thi &%eeggth?igbﬁ%%% %gpté %oﬁ%‘(f:%etcf'roé} ri"sarté)a?rf'yl Df)) are
formed in the St Rak@ngdbREED ciPad ol Al 6 rao%%ﬁi@ BYskan

i npl antation. For N-channel "FETs the i npl ant dopant iIs an type, such as
arseni ¢ or pIrFHItAVeSmahii€agbheinesisesies, 16 serve as a nmask to self-align
the inplanted ions to the 9 gate el ectrodes. Insulating sidewall spacers
18 are formed on the sidewal k of the gate el ectrodes 16 by depositing a
conformal CVD oxide and ani sotropically etching back to the substrate 10.
Next the FETs ar @& &bipherbdepy ¢8r Fhhg dmvenkian sigurtee/aghdieneatbas 19 in
the substrate 1Q adjacent to, and self-aligned to the sidewall spacers 18
by ion inpl &Pl oSK-ETHECHIPAPAAREACHITARG RERRSSTr AR PEOSEE9F de
ohm c conta%tscrforsetdh(e: FETS. §ti]I:I rg{ ”:Lﬂ%.ntlo Fie?Ig 1 arllq el ating nore
speci fi cal | 5 PREIEPRIGSPT ATS® I T EMTHR™E MUY §5UrtadPRg  Fayer 20

i s deposited,.,.layes . i : gt erabl sidi £aM OXd ng,,i posited by
LPCVD or PE%:/:Sadsi%’rﬁ?a';zgf %?°g§§%%§ejk‘) r%{%f? aie‘%jhom eg J%E%T%ggl gg t9 %iél react ant
gas. The oxiﬁqﬂi%ge%tag Esrt Baoteheih§ athe e ] 1lak d20kdetlg@d back to
provi de a layer 20 having a planar surface that is between about 500 and
10000 Angst reapmaciiltdogk over the top of the FET gate el ectrodes 16. Next, an
etch-stop layer 22 and a second insulating | ayer 24 are deposited
sequentially on the planar first insulating |ayer 20. The etch-stop |ayer
22 is preferably silicon nitride (Si3N4) and is deposited by LPCVD using
silane (SiHI) and &fWEtPracPirS A8 FReirEegialir 3 . q_raﬁ'é}g% is
deposited to _a thi cknesi__aof Qetiﬁesn about 5 aaﬂlg 2000 Angstraons. The second
i nsul ati ng SERASIESFpELS 81 2L FREBTCTRT de° ARSI FEd B il ar to
the first insulating |ayer 20 by LPCVD org PECVD. The thickness of 10



| ayer 24 is selected depending on the desired capacitance for the DRAM
capacitor, as will becone clear shortly, but in general |ayer 24 is between
about 500 and 10000 Angstrons thick. Continuing with Fig. 1, contact
openings 1 are etched in the second insulating |ayer 24, the etch-stop

| ayer 22, and the first insulating 20 to one of the two sources/drain areas
19 of each of the FETs to provide node contacts for the MM capacitors. The
contact openings 1 are etched using conventional photolithographic
techniques and a directional pl asma etch. Next, using another photoresist
mask and dirgcti |, plasma etching, first recesses 2 are etched in the
second |nsulat|ng ayer 24 to the etch-stop layer 22 for local electrical

i nterconnections. Referring to Fig. 2, a confornmal thin barrier |ayer 25,
such as TiN or TaN, is deposited. Typically layer 25 is between about 20
and 1000 Angstromhet bbgkc8Bdok StEePOSh+atkivn RINESIaGHiev@RObydeRestt i on
(PVD) or CVD. Next, an electrically conducting |layer 26 is geposited

suf fi ci ent | prdviidlingo af skhitbedatctet s@eeissas: (wafer)hdasdagact openi ngs 1.
The electrically conducting |ayer 26 is preferably tungsten (W, but other
hi gher condG@Wﬁﬂ@nﬁﬁpépkaﬂsVisachr%@SaImmnﬁﬁﬂlhxnﬂhafdeaﬁdethsehbke¥ecan

al so be used. The VVIaX 26_1s preferably deposited by CVD using, for
exanpl e, 115“qﬁﬂﬁ&9F9n HegBriior Rt thirdd@rarke §5§Vlﬁﬁee@FngéFa%6 and

the barrier are t he hed back taq .the second insulating |ayer
24 using coﬁﬁ%ﬁ@’éppy g¥aff E gg é%%)ﬁﬁﬁ%ﬁtl1 EFBLEPPCal |y

conducting I4ies-2Gebicbheshbol £E6e ﬁseeéf@ct Wby qpy gl orm e

capaci t or e contact plugs In the contact openings Shown in
Fig. 2 The M@ﬁaggchsoﬁoen@naavi@é edredl t Gy @ed4alh - dampacene
process. Still referring to Fig. 2, the MMcapacitors are forned next. A
mul titude ofswieender eaRFSEs.3 B&EhCFEhasbdy dthe SFeeORtinNgulat brgakayer 24
to the etch-stop | ayer 22 around each of the conducting plugs 26' to
increase thdaygpacont shigheds Fhemedndete oflecveskes pavdekinedt Bicokness of

| ayer 24 are used to increase the MM capacitor area while reducing the

| ayout areaPQQﬁﬂHMﬁGPﬁg°rasiii§%dﬁn%%¥e#ayéﬂqmilﬁadme# drednerzesfode

insulating film30, an second netal |ayer 32 are _deposited sequentially
on the substarrft &oxi %‘cc’fﬁ‘f GPﬁaFF?SFﬁaF%ea%%ﬂ:‘iﬁﬁ rtébgg"?egaf?e fh&ctFPEESand
second net aI er.s 28 a c@Le pr fer ablé/ eA_AIL asnd are degom ted
by PVD to a pre Na ness °5f petweth-apout- & 5665 3n6 t fons.

Al ternati velgélfatah%n%ac;nggﬁakbx SROFMEL 1N ﬂr@/qﬁ%,hca e aeéxaiugh as

TiN, Ta, TaN, and the Iike. The interelectrode dielect I'm 30 can be a
hi gh- di el ectirisiriaAiskaRE dEREELI Shacssads faniad Wh Re @&u@aaﬂaoék- For
non-vol atile nmenory a ferroelectric 12 material, such as

| ead- zi r conithe tgatteniedectxbdes (pPbdepdsi vt )a crorfarmah sheadichalm titani um
oxide ((BaxSrl-x)Ti03) and the |like can be used. Wen |ayer 30 is conposed
of a hi gh- k wascaidgipostiied| 4G¥P) conide awpoviizatiypiCddlar epvbiagdback
formed to a thickness of between about 20 and 1000 Angstrons. Wen | ayer 30

is a ferroel‘%‘bt‘ilﬁec sphs&rpie; sNertasSeErtdmin AvEss at”-}‘f‘e fozper 28 for med

Argstrons. | GO AIG A0 RAFRERS. FancPai i3t ¥ eu B b et RES RIBRIFSH i's to
pattern theoérg(frc%trsn%tsgh | avgLeafia 107 Labfd ﬂﬁ@f&pd@o | Jashaldengnbi | m 30,

and the sec metal [ayer at t time to formcapacitors over and
contacting tggprgretal plugs 26' for the node contacts. Layers 28, 30, and 32
are patterned using anisotropic plasma etching. This single etch step
mnimzes the alignnment tol erance and i ncreases nenory cell density Wile
reduci ng processing cost. Another key feature of the invention is to
pattern the capadielatdngnhpwomeret speplfibeallyppts iaocetifod b $bdéend
insulating | ayer 24, and not over the recesses 3. By not etching over the
recesses 3, iGHendicinds at kérprobrensabsngclanes 34 tdeRasidied édddue remai ni ng
on the sidewal | s of the re esse en directional plasma_etchi is used
over non-pl s 88 ﬁl§“§ﬁgf%€%n%%te}%ﬁﬁﬁ%??%%¥Iﬁﬁﬁ%&atﬁrGEgss yi el ds
and inproved reliability. After conpletirg the DRAM capacitors,

conventional sem conductor processing 13 can be used to conplete the
integrated circuit chip. Wile the invention has been particularly shown
and



described with reference to the preferred enbodi nent thereof, it wll be
understood by those skilled in the art that various changes in form and
details my be made w thout departing fromthe spirit and scope of the
invention. What is clained is: 14 1. A nethod for making

met al -i nsul ator-netal capacitors conprising the steps of: providing a
substrate having device areas with sem conductor devices; 5 formng a

pl anar first insulating |ayer on said substrate, and depositing an
etch-stop | ayer and a second insulating | ayer sequentially on said first

i nsul ating 'ﬂ%&%r}. 1918111[5,&@. con{q éallgn%l rsté&r?s%] 3&§e% r&d [ ng{gl at| ng 10

| ayer, said etch ayer, |ng ayer 0 sald devi ce
areas; formgfifshg 86 ?§§e§réndé§6§1§§&%dé}§&iﬂﬂyngml UL phQnggi d
etch-stop layer for local inter connections; 15 fornmng electrlcally
conducti ng lfites lihstdadihgr $hyer. Contact openings are etched in the

second insulating layer, the etch-stop layer, and the first
insulating layer to one of the two source/drain areas of
each of the FETs to provide node contacts for the metal-
insulator-metal (MIM) capacitors. First recesses are etched
in the second insulating layer to the etch-stop layer for
local electrical intexrconnections. A conducting layer is
deposited to £ill the first recesses and the contact
openings. The conducting layer is polished back to form the
local interconnections in the first recesses and conducting
plugs in the contact openings for the capacitors. The
conducting layer can be a doped polysilicon, a metal
silicide, or a metal. The preferred conducting material for
this invention is a multilayer that includes a thin barrierxr
layer, such as titanium nitride (TiN) or tantalum nitride
{(TaN) , and a tungsten metal layer. The conducting layer and
barrier layer are chemically-mechanically polished back to
the second insulating layer; the metal deposition and
polish-back is a process commonly referred to as the dual-
damascene process. Next, a multitude of second recesses are
etched in the second insulating layer to the etch-stop layer
around each of the conducting plugs for the DRAM capacitor
node contacts. A first metal layer, a thin interelectrode

insulating film, and a second metal layer are conformally

6



recesses and form ng conducting plugs in said contact openings, both
coplanar with top surface of said second insulating |layer; formng a

mul titude of second recesses in said 20 second insulating |layer to said
etch-stop | ayer around each of said conducting plugs; depositing a first
nmetal layer, an interelectrode insulating film and a second netal |ayer
sequentially over said substrate and confornmally in said second 25
recesses; patterning said first nmetal |ayer, said inter 15 el ectrode
insulating film and said second netal |ayer to formcapacitors over and

cont acting sadz09aductingn pLuOsy | 8 PRI Sunfl el LoUha QLaBRAA! O

capaC|tors e et ereln sal |rst an
recesses. The first and second metal layers are preferably

AlCu, TiN, or the like, and the interelectrode dielectric

material has a high dielectric constant, such as tantalum

pentoxide (Ta05). For non-volatile memory a ferroelectric
material, such as barium strontium titanium oxide ((BaxSrL

x)Ti03) or lead-zirconium-titanium oxide ((PberTiLx)OB), and

the like can be used for the interelectrode insulating £ilm.
A key feature of the invention is to use anisotropic plasma
etching to pattern the first metal layer, the interelectrode
insulating £ilm, and the second metal layer at the same time
to form capacitors over and contacting the conducting plugs
for the node contacts. Another key feature of the invention
is to pattern the capaciteors only over the top planar
surface of the second insulating layer. This feature
pPrevents problems associated with residual metals remaining
when directional plasma etching over non-planar surfaces,
such as in the recesses. After completing the DRaAM
capacitors, conventional semiconductor processing can be

used to complete the integrated circuit chip.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and other advantages of this invention are

best understood with reference to the preferred embodiment
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second insulating layers are silicon oxide and are deposited to a thickness
of between about 500 and [ 0000 10 Angstrons. 3. The nmethod of claiml,
wherein said etch-stop layer is silicon nitride and is deposited to a

t hi ckness 50 and 2000 Angstrons. 15 4. The nethod of claim1, wherein said
el ectrically conducting lines and conducting plugs are forned by depositing
a barrier layer and a tungsten |ayer and polishing back to said second
insulating layer. 20 5. The nmethod of claiml, wherein said interel ectrode
insulating filmis a high-k dielectric material conposed of tantal um

PR e ot e b A R T

Angstrons. 6. The ectric
material is dep05|ted by physi cal vapor 16 deposition. 5 7. The nethod of
claim5, wherein said high-k dielectric material is deposited by chem cal
vapor Figs. 1 and 2 show schematic cross-sectional views

through a portion of a DRAM device depicting the segquence of
process step for making this novel MIM capacitor compatible

with a dual-damascene process.
DESCRIPTION OF THE PREFERRED EMBODIMENT

Now in keeping with the objects of the invention a
method for making novel metal-insulator-metal (MIM)
capacitors 1s described in detail. These MIM capacitors use
a high-dielectric constant (high-k) material for high
capacitance or use a ferroelectric material for nonvolatile
ferroelectric memory (FeRAM) that is integratable with a
dual-damascene process. These MIM capacitors can be used
with FET structures that are currently utilized in the
manufacture of DRAMs. Therefore only those details of the
underlying substrate structure that are necessary for

understanding the present invention are described.

Referring to Fig. 1, a schematic cross-sectional view
is shown of a portion of a semiconductor substrate 10 having
a partially completed memory cell. The most commonly used
substrate is a semiconductor material, such as a P doped

(using boron) single-crystal silicon having a <100>

8



insulating filmis a ferroelectric material. 9. The nethod of claimS8,
wherein said ferroelectric material is selected fromthe group that

i ncludes | ead-zirconiumtitani um oxide ((PbZrxTil-X)QO3) and 15

barium strontiumtitani umoxide ((BaxSrl-x)Ti3) and is deposited to a

t hi ckness of between about 20 and 1000 Angstrons. 10. The nethod of claim
1, wherein said first and 20 second netal |ayers are selected fromthe
group that includes al um num copper alloy, titaniumnitride, tantalum and

tantal um ni (ldea138d-3phtcl bt 2ln AL GPC O IR AAE! 2180°ABPOSLLEL 1O 2

t hi ckness of tween~about 20 an Angstrons. net ho maki ng

net al -i nsul aobtiBtakussPASELET SuP R | 5 110 v & SR BeOf(zaREPVi ding a
substrate having device areas Wth 17 sem conductor devices; 5 formng a

pl anar firsigerimsantian (ge) ayetidoths aliksubHdwivar  ankhedapenblli Bg an

etch-stop layer and a
described for a silicon substrate. Typically the memory
cell areas are surrounded by shallow trencﬁ iscolation (STI)
12 to provide electrical isolation for each of the memory
cell areas. The STI is formed by using photolithographic
techniques and a plasma (dry) etch to form shallow trenches.
The trenches are then filled with an insulating material
such as SiO2 which is made planar with the substrate
surface, for example by mechanical-chemical polishing or by
using etchback techniques. Next a semiconductor device is
formed in each of the cell areas. The device most commonly
formed is a field effect transistor (FET). These FETs are
formed by first growing a thin gate oxide 14 (10 to 100
Angstroms) on the P doped silicon substrate 10. An N doped
polysilicon layer 16 is deposited and patterned to form the
gate electrodes 16. The polysilicon is deposited using low-
pressure chemical-vapor deposition (LPCVD) and is N-doped
using arsenic (As) or phosphorus (P). The gate electrodes
are between about 1000 and 5000 Angstroms in thickness.
Lightly Doped source/drain areas 17 (1LDD) are formed in the
substrate 10 adjacent to the gate electrodes 16 by ion
implantation. For N-channel FETs the implant dopant is an
N-type, such as arsenic or phosphorus. The gate electrodes

16 serve as a mask to self-align the implanted ions to the

9



second insulating |ayer sequentially on said first insulating |ayer;

form ng contact openings in said second insulating 10 | ayer, said etch-stop
| ayer, and said first insulating |ayer to said device areas; formng first
recesses in said second insulating layer to said etch-stop |ayer for |ocal

I nter connections; 15 formng electrically conducting lines in said first
recesses and form ng conducting plugs in said contact openings, said
conducting lines and said conducting plugs formed froma barrier |ayer and
a tungsten netal |ayer both coplanar with top surface of said second 20

i nsul ating |AKR e1b@i¥bRgsd Mehlhialde, Ofs SRGANG r£0e358S 1is_“8§éi gosRsgnd

insul ating l'ayer to said etch-stop layer around each of said conducting
pl ugs; deposid ithg @itiewalllBebal thaygdte aLdddicRlLAly @4 d2poknsithgt Ng
film and a second netal |ayer sequentially over said substrate and
conf or mal | y aonfoaimals E¥Dndxide ess@ san b tymiiax] 1saietchiihgt baekakol ayer
said inter
substrate 10. Next the FETs are completed by forming
diffused source/drain areas 19 in the substrate 10 adjacent
to, and self-aligned to the sidewall spacers 18 by ion
implanting an N type dopant at a higher concentration to

provide chmic contacts for the FETs.

Still referring to Fig. 1, and relating more specif-
ically to the method of this invention, a first insulating
layer 20 is deposited. Layer 20 is preferably a silicon
oxide and is deposited by LPCVD or PECVD using, for example,
tetraethosiloxane (TEOS) as the reactant gas. The oxide
layexr 20 is then chemically-mechanically polished back to
provide a layer 20 having a planar surface that is between
about 500 and 10000 Angstroms thick over the top of the FET
gate electrodes 16. Next, an etch-stop layer 22 and a
second insulating layer 24 are deposited sequentially on the

planar first insulating layer 20. The etch-stop layer 22 is
preferably silicon nitride (Si;ﬁ) and is deposited by LPCVD

using silane (SiH4) and ammonia (NH3) as the reactant gases.

Layer 22 is deposited to a thickness of between about 50 and
2000 Angstroms. The second insulating 24 is composed of a
silicon oxide and is deposited similar to the first

insulating layer 20 by LPCVD or PECVD. The thickness of
10



electrode insulating film and said second netal layer 18 5 to form
capacitors over and contacting said netal plugs to conplete said

nmet al -i nsul ator-nmetal capacitors. 12. The nethod of claim 11, wherein said
first and second insulating |ayers are silicon oxide and are 10 deposited
to a thickness of between about 500 and 10000 Angstrons. 13. The net hod of
claim1l, wherein said etch-stop layer is silicon nitride and is deposited
to a 15 thickness 50 and 2000 Angstrons. 14. The method of claim 11,
wherein said barrier layer and said tungsten nmetal |ayer are deposited by

physi cal vapQkdepasiii QB1e2PedSaeddiea hadl 8fe JetliPelilca Siﬁgﬂcéaid

interelectrodé insulating layer is a high-k dielectric material conposed of

tant al um persaxivhe DRAM kspdepest| eds twirl tHiddie s 0k Babveey, abedt €0 and
| 000 25 Angstroms. 16. The nethod of claim 15, wherein said high-k
di el ectri c neineriadl lagettepdsis che byeqhyshaal 500D @Nndl 0090t AAfstroms

thick.

Continuing with Fig. 1, contact openings 1 are etched
in the second insulating layer 24, the etch-stop layer 22,
and the first insulating 20 to one of the two sources/drain
areas 19 of each of the FETs to provide node contacts for
the MIM capacitors. The contact openings 1 are etched using
conventional photolithographic techniques and a directional
rlasma etch. Next, using another photoresist mask and
directional plasma etching, first recesses 2 are etched in
the second insulating layer 24 to the etch-stop layer 22 for

local electrical interconnections.

Referring to Fig. 2, a conformal thin barrier layer 25,
such as TiN or TaN, is deposited. Typically layer 25 is
between about 20 and 1000 Angstroms thick and is deposited
by physical vapor deposition {(PVD) or CVD. Next, an
electrically conducting layer 26 is deposited sufficiently
thick to f£ill the first recesses 2 and the contact openings
1. The electrically conducting layer 26 is preferably
tungsten (W), but other higher conducting materials, such as
aluminum, copper, and the like, can also be used. The W

layer 26 is preferably deposited by CVD using, for example,
11



19 5 17. The nethod of claim 15, Werein said high-k dielectric materi al
I s deposited by chem cal vapor deposition. 18. The nethod of claim 11,
wherein said inter 10 electrode insulating filmis a ferroelectric
material. 19. The nethod of claim 18, Wuerein said ferroelectric materi al
Is selected fromthe group that includes |ead-zirconiumtitanium oxide
((PbZrxTil-x)03) and 15 bariumstrontiumtitani um oxi de ((BaxSr1l-x)Ti03)
and x 1-x 3 is deposited to a thickness of between about 20 and 1000
Angstrons. 20. The nethod of claim11l, wherein said first and 20 second

metal |ayer I I st h | es w@lurd opper
al | oy, tiyt a%l%r%%ﬁi%?r ?%gg@%g%?g?%n’{;s gﬂgg&;{ﬁt a auﬂn?r%a;grj'i dg?leagﬁdﬂgglég ?igr st and

second net alandayees ba&eidepma¥éﬁd25 Oafe MK SIS Hed HateRoakadt 20 and
1000 Angstrons. 21. A nethod for naking netal-insulator-netal capacitors

conpri si ng tseeosidepasaflatphgvidyag 24 sudisid adeandersdia] 1gewvas labeascMpt h
sem conduct or devi ces;
equipment to form the electrically conducting lines 26 in
the first recesses 2, and concurrently to form the capacitor
node contact plugs 26’ in the contact openings 1, as shown

in Fig. 2. The polish-back is commonly referred to as the

dual-damascene process.

Still referring to Fig. 2, the MIM capacitors are
formed next. A multitude of second recesses 3 are etched in
the second insulating layer 24 to the etch-stop layer 22
around each of the conducting plugs 26’ to increase the
capacitor area. The number of recesses and the thickness of
layer 24 are used to increase the MIM capacitor area while
reducing the layout area. Continuing, a first metal layer
28, a thin interelectrode insulating film 30, and a second
metal layer 32 are deposited sequentially on the substrate
and conformally in the second recesses 3. The first and
second metal layers 28 and 32 are preferably AlCu alloy, and
are deposited by PVD to a preferred thickness of between
about 2000 and 15000 Angstroms. BAlternatively, other
electrically conducting layers can be used, such as TiN, Ta,
TaN, and the like. The interelectrode dielectric film 30

can be a high-dielectric-constant material, such as tantalum

pentoxide (Taos). For non-veolatile memory a ferroelectric

12



5 depositing a first insulating | ayer, an etch-stop 20 | ayer, and a
second insulating |ayer sequentially on said substrate; form ng contact
openings in said second insulating |ayer, said etch-stop |layer, and said
first insulating 10 layer to said device areas; formng first recesses in
said second insulating |layer to said etch-stop |ayer for local inter
connections; formng electrically conducting lines in said first 15
recesses and form ng conducting plug in said contact openings both copl anar
Wth top surface of said second insulating layer; formng a multitude of
second r ecesmaerialsaistdcheasneadszy B¢ driigink-aieariiGms aixd det C(hPBEQpI‘i aver

around 20 each of said conducting plugs;
x)0 } or barium strontium titanium oxide ((BaxSer)TiOB) and

the like can be used. When layer 30 is composed of a high-k
material, the layer can be deposited by CVD or PVD and is
formed to a thickness of between about 20 and 1000
Angstroms. When layer 30 is a ferroelectric material, such

as ((PberTiLq)Os), the layer is formed by CVD or PVD to a

preferred thickness of between about 20 and 1000 Angstroms.

Continuing with Fig. 2, and a key feature of the
invention is to pattern the first metal layer 28, the
interelectrode insulating £ilm 30, and the second metal
layer 32 at the same time to form capacitors over and
contacting the metal plugs 26’ for the node contacts,

Layers 28, 30, and 32 are patterned using anisotropic plasma
etching. This single etch step minimizes the alignment
tolerance and increases memory cell density while reducing
processing cost. Another key feature of the invention is to
pattern the capacitors only over the planar top surface of
the second insulating layer 24, and not over the recesses 3.
By not etching over the recesses 3, one avoids the problems
associated with metal residue remaining on the sidewalls of
the recesses 3 when directional plasma etching is used over
non-planar surfaces. This improvement results in higher
Process yields and improved reliability. After completing

the DRAM capacitors, conventional semiconductor processing

i3



depositing a first netal layer, an interelectrode insulating filmconposed
of a high-dielectric-constant material, and a second netal |ayer
sequentially over said substrate and conformally in said second recesses;
25 patterning said first netal layer, said interelectrode insulating film
and said second netal |layer to formcapacitors over and contacting said
nmetal plugs to conplete said netal -insul ator-netal capacitors. 5 22. The
met hod of claim 21, wherein said first and 21 second insulating | ayers
are silicon oxide and are deposited to a thickness of between about 500 and
10000 Angst rirp bel @53 tbheohBliled e C AldRLalbedRanRi] tS@KG et Ch- st op

| ayer is silicon nitride and I's deposited to a thickness of getmeen about
50 and 2000 Angstrons. 24. The method of claim?21, Werein said

el ectrically 15 conducting |ines and contact plugs are forned by depositing
a barrier layer and a tungsten | ayer and polishing back to said second
insul ating layer. 25. The nethod of claim2l, Werein said a high

While the invention has been particularly shown and
described with reference to the preferred embodiment
thereof, it will be understood by those skilled in the art

that wvarious changes in form and details may be made without

departing from the spirit and scope of the invention.

What is claimed is:

14



20 dielectric-constant material is selected fromthe group that includes
tant al um pentoxide, silicon nitride, titanium oxide, zirconium oxide, and
haf ni um oxi de, and is deposited to a thickness of between about 20 and 1000
Angstrons. 26. The nethod of claim 21, wherein said high dielectric
constant material is deposited by physical vapor deposition. 5 27. The

nmet hod of claim 21, wherein said high dielectric-constant material is
deposited by chem cal 22 vapor deposition. 28. The nethod of claim 21,
Wherein said first and 10 second netal |ayers are selected fromthe group

that includes al g NENMEERBAN £8% | WYk idd A i df1l=90r -hhdhal um and

tantalumnitride, and said first and second netal |ayers are deposited to a

t hi ckness of bet weapacabons SOmptis 10 OcHn giapdTRE :23

. ABUI . ASI . AS8se. A6\ | . AS8I . AS8sl| . A68se. AS8se. A6Us| . ASBVe. AS8se. AS8se. A68I . AS

8V. AB9. ASUs| . Apse. ABsevAS8ay . ASSNes ASUye 188V ABWdce areas with

W234| yzno{ vpj d*XRU] caU] cal] cal] caU] cal] ca] cal] cal] cal] caU] cal] cal] caU] cal

caU] cal] cal] caU] EsOLEarfugtpE adgtdegTal] cal] cal cal] cal] cal2ABabi j nost5 m

45TU) *D{ uoi ¢] WQU] cal] cal] cal] c call cal cal calUl.caUl caU] cal] cal] cal] cal] ca

U] cal] caU] caU] caUj] c%cﬁlﬂ’@% ’é%ﬁ’é‘%{l"fgﬂ%@gﬂ“@a é’%FP&gsiw({ SIxrlf [ U

QU] cal] ca] cal] ca C a al caUl caUl cal) c C caUl c cal] cal] ca

U] caU] cal] cal] cagi’%gg%%g%ﬂéa %a%%%%%ﬂ%aan et S%g]p i%er nQUL

#$ & (") " 531 YU IO ABERREES Ky qw&&{j&mgqgf%asghg @?LgaUl ca] cal ¢
ca caUl ca

aU] cal] ca] cal] ca] cal] cal] ca] cal] caU]cal] ca | ca caj caU caU cal] c
al] cal] ca] cal] catihea&&&i&Sd&per ) * ***// nDoOr 0: 1;
1#2%$2) 2<2=2666} wgke_YTU] cU] cal] caU] caU] caU] cal] cal] cal] caU] cal] ca] caU] cal] c

aU] cal] ca] ca] cal] caltpeanihgathotidct bmaloadd cal calilc acadicaheaba8ing; 3;
<@ A- A* B+BBUEWEdFgF] FFFGEGEE HPHgHHH~Xr nga[ UOU] caU] cal] caU] caU] ca] caU] cal]

cal] cal] caUll€a] cdereny) satficathather Javad c @dd sdlichlfdaslc avkvisttad cal] ca
Ul cal] caU] caHHI DI~ 1 11 J>Jt JJJJ' KFKXKKKKL! L$L[ LLLLL1IM M vpj d*XRga[ UOJ] U] caU]

caU] caU] caU] caU] ¢a¥PEafeatftduiestfe a2 caul cal cal cal] caU] cal] caU cal]
calj cal] cal cal Caukgi‘:‘%ﬁg J(?rasl'.J'J: Cgéwwga%nd insulating

layer to said etch-stop layer for local inter-
connections;

15 forming electrically conducting lines in said first
recesses and forming conducting plugs in said contact
openings, both coplanar with top surface of said
second insulating layer;

forming a multitude of second recesses in said

20 second insulating layer to said etch-stop layer around

each of said conducting plugs;

depositing a first metal layer, an interelectrode
insulating film, and a second metal layer sequentially
over said substrate and conformally in said second

25 recesses;

patterning said first metal layer, said inter-

15
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PnPzPPQGQLQprQz QQQQ R R} wgke_ YSga[ UOU] UY] caU] caU] caU] cal] cal] cal] cal] cal] caU
] caU] caU] cal] cal] ca] cal] ca] cal] cal] cal] caU] caU] cal] cal] cal] caU] cal] cal] cal]
ca RSpSSSSSS! TTTf TTTT

UOU\ UUhV} VWWIVWWWANAKX| vpj d*XRga[ UOU] U] caU] caU] cal] caU] caU] caU] cal] cal] cay
cal] cal] calU] cay] cal] cal] cal] cal] cal] cal caU] cal] cal] cal] ca] cal] cal] cal] cal]
CaXXQXXXWOYYYZTZ: Z[[?[ r[~[[[[[Q _\\\"]#]99 (],]-]~xrlf ZTNU] cal] cal] cal] ca
Ul caU] caU] calU] cal] caU] ca] cal] caU] ca] cal] caU] cal] cal] cal] cal] cal] cal] caU] caU

FoiT Ay Gt o eagbkeBhainontolig £atm . and 5834 FoSOPEBPEal B30T U cau
] cay] cal] cal] caUgabbeallbsailcadl s abdon W] caldacalingUkaall eéHhﬁélL.&ﬁ U ca] c
aU] ca] cal] ca] ca[ bbbbccccd?dJdddKeeeef f f / gAgr gggggg+hh| vpke_YShb\ VPU] U] U] caU

] caU] cal] ca] cal] gaueathcadhpbii€ add 1 decradd-Gdalduaaloeatdetal)] cal] cal cal] caU
] caU] ca] cal] caU] cal] cal] cal] cal] cahhbbccccd?dJdddKeeeef f f / gAgr gggggg+hh| vpk
e_YShb\ VPU] § U] cabpeglitoasl ca] caU] cal] cal] cal] cal] cal] cal] cal] cal] cal] cal] c
aU] cal] caU] cal] cal] cal] ca] cal] caU] cal] caU] cal] cal] caz2i K) ! 61f

10%&' ()-p. plO%& ()-6 109 ()- 109 ()-p0l0%& ()-109%& ()-Y 109%& ()-0215 m
bC61f 10% ClO%&' S_109%& 10 10 108s10%& ().-S 7&10%& ( 685c10%&' ()-m
DFGHI bV\LA%A) 10 10 )10855'.‘80/&9%%”%3"&0%8?’(‘7 Ay, vheTEI F8iGvEEFESPRE1 00k () -

n 0 0 1
49 dEmeAA)lOlOA& g%nd insulating layers are silicon oxide and are
deposited tc a thickness of between about 500 and 10000

10 Angstroms.

3. The method of claim 1, wherein said etch-stop layer
is silicon nitride and is deposited to a thickness 50

and 2000 Angstroms.

i5
4. The method of claim 1, wherein said electrically
conducting lines and conducting plugs are formed by
depositing a barrier layer and a tungsten layer and
polishing back to said second insulating layer.

20

5. The method of claim 1, wherein said interelectrode
insulating £film is a high-k dielectric matexrial
composed of tantalum pentoxide, and is deposited to a

thickness of between about 20 and 1000 Angstroms.

6. The method of claim 5, wherein said high-k

dielectric material is deposited by physical vaporx
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deposition.

5 7. The method of claim 5, wherein said high-k

dielectric material is deposited by chemical vapor

deposition.
8. 'The method of claim 1, wherein said interelectrode
10 insulating film is a ferrcelectric material.

9. The method of claim 8, wherein said ferroelectric

material is selected from the group that includes

lead-zirconium~titanium oxide ({PbZr;TiLﬁ)oa) and

15 barium-strontium-titanium oxide ((BaxSrLﬂ)TiOB) and

is deposited to a thickness of between about 20 and

1000 Angstroms.

10. The method of claim 1, wherein said first and
20 second metal layers are selected from the group that
includes aluminum-copper alloy, titanium nitride,
tantalum, and tantalum nitride, and said first and
second metal layers are deposited to a thickness of

between about 20 and 1000 Angstroms.

11. A method for making metal-insulator-metal
capacitors comprising the steps of:

providing a substrate having device areas with

17
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109 ()- 'S 109%& () -

semiconductor devices;

5 forming a planar first insulating layer on said
substrate, and depositing an etch-stop layer and a
second insulating layer sequentially on said first
insulating layer:;

forming contact openings in said second insulating

10 layer, said etch-stop layer, and said first insulating

layer to said device areas;

forming first recesses in said second insulating
layer to said etch-stop layer for local inter-
connections;

15 forming electrically conducting lines in said first
recesses and forming conducting plugs in said contact
openings, said conducting lines and said conducting
Plugs formed from a barrier layer and a tungsten metal
layer both coplanar with top surface of said second

20 insulating layer;

forming a multitude of second recesses in said
second insulating layer to said etch-stop layer around
each of said conducting plugs;

depositing a first metal layer, an interelectrode

25 insulating film, and a second metal layer sequentially
over said substrate and conformally in said second
recesses;

patterning said first metal layer, said inter-

electrode insulating film, and said second metal layer
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5 to form capacitors over and contacting said metal plugs

to complete said metal-insulator-metal capacitors.

12. The method of claim 11, wherein said first and
second insulating layers are silicon oxide and are
10 deposited to a thickness of between about 500 and 10000

Angstroms.

13. The method of claim 11, wherein said etch-stop
layer is silicon nitride and is deposited to a

15 thickness 50 and 2000 Angstroms.

14. The method of claim 11, wherein said barrier layer
and said tungsten metal layer are deposited by physical
vapor deposition.

20
15. The method of claim 11, wherein said inter-
electrode insulating layer is a high-k dielectric
material composed of tantalum pentoxide, and is
deposited to a thickness of between about 20 and 1000

25 Angstroms.

16. The method of claim 15, wherein said high-k
dielectric material is deposited by physical vapor

deposition.
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dielectric material is deposited by chemical vapor

deposition.

18. The method of claim 11, wherein said inter-

10 electrode insulating £ilm is a ferroelectric material.

12. The method of c¢laim 18, wherein said ferrocelectric

material is selected from the group that includes

lead-zirconium-titanium oxide ((PberTiL1)03) and

15 barium-strontium-titanium oxide ((BakSrL«)TiOB) and

is deposited to a thickness of between about 20 and

1000 Angstroms.

20. The method of claim 11, wherein said first and
20 second metal layers are selected from the group that
includes aluminum-copper alloy, titanium nitride,
tantalum, and tantalum nitride, and said £first and
second metal layers are deposited to a thickness of

between about 20 and 1000 Angstroms.

21. A method for making metal-insulator-metal
capacitors comprising the steps of:

pProviding a substrate having device areas with
semiconductor devices;

5 depositing a first insulating layer, an etch-stop

20
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layer, said etch-stop layer, and said first insulating
10 layer to said device areas;
forming first recesses in said second insulating
layer to said etch-stop layer for local inter-
connections;
forming electrically conducting lines in said first
15 recesses and forming conducting plug in said contact
openings both coplanar with top surface of said
second insulating layer;
forming a multitude of second recesses in said
second insulating layer to said etch-stop layer around
20 each of said conducting plugs;
depositing a first metal layer, an interelectrode
insulating film composed of a high-dielectric-constant
material, and a second metal layer sequentially over
said substrate and conformally in said second recesses;
25 patterning said first metal layer, said
interelectrode insulating film and said second metal
layer to form capacitors over and contacting said metal
pPlugs to complete said metal-insulator-metal

capacitors.

5 22. The method of claim 21, wherein said first and
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deposited to a thickness of between about 500 and 10000

Angstroms.

10 23. The method of claim 21, wherein said etch-stop
layer is silicon nitride and is deposited to a

thickness of between about 50 and 2000 Angstroms.

24. The method of claim 21, wherein said electrically
15 conducting lines and contact plugs are formed by
depositing a barrier layer and a tungsten layer and

polishing back to said second insulating layer.

25. The method of claim 21, wherein said a high-

20 dielectric-constant material is selected from the group
that includes tantalum pentoxide, silicon nitride,
titanium oxide, zirconium oxide, and hafnium oxide, and
is deposited to a thickness of between about 20 and

1000 Angstroms.

26. The method of claim 21, wherein said high-
dielectric constant material is deposited by physical

vapor deposition.

5 27. The method of claim 21, wherein said high-

dielectric~constant material is deposited by chemical
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28. The method of claim 21, wherein said first and

10 second metal layers are selected from the group that
includes aluminum-copper alloy, titanium nitride,
tantalum, and tantalum nitride, and said first and
second metal layers are deposited to a thickness of

between about 50 and 1000 Angstroms.
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