;e3e\ d06T\ 2M M AND METAL RESI STOR FORMATI ON AT CU BEOL USI NG ONLY ONE ERTRA
MASK BACKGROUND OF THE | NVENTI ON (1) FIELD OF THE | NVENTION Thi s invention
relates to a nethod of fabrication used for sen conductor integrated
circuit devices, and nore specifically to the formati on of high

capaci tance, less than 0.13 micron netal -insul ator-netal capacitors, netal
resistors and netal interconnects, formed sinultaneously using only one
additional mask reticle to formboth MM capacitor and resistor,

si mul t aneously. (2) DESCRI PTI ON OF RELATED ART In this section a
description of related Prior Art background patents follows. U S. Pat. No.
6, 083, 785 entitl ed "WBYhARD METAIN REEISTORN FOBYAILTORART t OF BXOL ce Havi ng
Resistor Film granted Jul. 4, 2000 to Segawa et al. shows a M M capacitor
process W th spacer over a r &5t G ONLE, EETRBMREXforned in a part of a
P-wel | of a sem conductor substrate. A resistor filmas a first conductor
menber is formed on the isolation. An insulating filmcovering the resistor

film except for contact forg@éﬁ&bwi&ngﬂgng NHPER! €l ectrode filmas a
second conductor nenber, are forned si rrultaneoﬂng -1 Wth the formation

of a gate electrode and a gat@gcpg_im bF FeESHitvakdeoki | s of a refractory
netal are fornmed on the respective surfaces of the gate el ectrode, Ntype
hi ghconcent r at i orhik finssdroi dm e atelsh@oc anhathod osfrafdlanl dagicm useld t he
resistor film and the upper electrode film By utilizing a salicide
process, a fexisemiceamthchor ndiegeatedchivcuiupydevicesnwid arg® can be
formed without |owering the resistance of the resistor film U S Pat. No.

6, 284, 590 efPPEFEIL2IMI Herl the EormRtare TStha?aWh’@n%ﬁiw B¥erng
o Geser: bR Ed R s S TN0E BE S ARSE metal ThaBeE®
metal -i nsul &L&relpi‘é%]ﬁn a:gxff‘tE@:Céén‘Hec er g0y apsfﬂﬁﬁf{a&é%‘?%{e%%mg{‘%ncig %ﬂ%

patterning I's ed An I nsul'dting Fayer 1s prov overlyin

sem conduct 9aq$HDSAL AlkasIA Ad ¢i%l1 STRIAE kRY B th SMERPOSL S Y @Ind he
insulating layer. A capacitor clielectric layer is deposited overlying the
first netal rkayetor A sandlvknewhailyl.ayer i s deposited overlying the
capacitor dielectric layer and patterned to forma top netal electrode. A
flowable material |ayer is deposited overlying the capacitor dielectric and
the top netal electrode, and this flowable material is anisotropically
etched away to | eave spacer{@)oRESFBEREIRN oPF tRELATHRP #RTal el ectrode. A

phot oresi st mask_i s forned overlyi n%ﬁt'rhe capacitor_dielectric _and the top

metal el ectrode WheMRth THREGGFESSTIRdeReRE r BohRbTO W Anr

t hi ckness i dewal | s .of top netal layer. The capacitor dielectric
| ayer and t %E'???s‘%g‘rg}e?aa?eqts £d13 o

ayer are patterned wherein the patterned first
metal |ayer forns a bottom netal el ectrode and wherein the spacers protect
the top netal layer frometching during the patterning. The photoresi st
mask is removed,yconppLt] N f abroseatissn akid1 88t Bl thsd @it or - et al
capacitor. U S. Pat. No. 6,284,619 81 entitled "Integration Schene For

Mul til evel Mehafactatimyn SniorinduwetorgDantied Baping, R&&HMtdd FSayarour et al .
reveals a schenme for nultilevel netallization structures that inprove

seni conduct grantedaditl i t4. AG itceveigawat gl rkat fhewsta (NEN reapagid-oror ned
through a two-step etch process which alleviates the probl em of conductive
et ch resi duBTPERAT Nt R SRASEHEIVAT Payesd stRTmAR| 18k tien it frgdredrhe

resulting netallization structure has sidewall insulators on selected
ayors ¢ hat Thr BURATE (TPt A TRILES & sBmagtarpehPF A A udbn the et al
| ayers. U. S : ,.0 it " Neth i I

Met al - I nsul ‘é?%)?%ﬁ/%%g :L%&/I%Kz1 %ﬁ'ﬁgﬁ %%&ldgf(r%%gt ure %gi Jr% {gﬁéncggéﬂe%%r ocess"
granted Augisd1agO8d. tn Tihfl1Aingde390 BEveRiMyMEAPALLE Do tSEiNGh A
damascene process for formng a vertical, nmetal-insulator-nmetal (MM,
capaci t or skrdéptrfor f Ofn e dEtathaddRel deylicas. addecaprasess electrode

film as a second conductor member, are formed simultaneocusly



features formng a capacitor opening in a conposite insulator |ayer
conprised of a overlying insulator stop layer, a low k insulator |ayer, and
an underlying insulator stop layer, with a |ateral recess isotropically
formed in the low k insulator |ayer. After formation of a bottom el ectrode
structure in the capacitor opening, a high k insulator |ayer is deposited
foll owed by the deposition of a conductive |ayer, conpletely filling the
capaci tor opening. A chem cal nechanical polishing procedure is then used
to renove portions of the conductive |layer, and portions of the high k
insulator layer, fromthe top surface of the overlying insulator stop

| ayer, resulichgtha féemdtiomidiom afatieheleetkbdal andi M ogepiac i d:airdes tRidat.ur e,
in the capacitor opening, conprised of: a top electrode structure, defined
fromthe cofdbicide films  ofy a gefciackoryi metalrtre| fgxmed for e from t he
high k insulator |ayer; and a bottomel ectrode structure. SUVMARY OF THE

| NVENTI ON TRPEPPALLYR | Birtadet &F (tbea Intrhadectrran i RakyRm iy f or

sen conduct or intg rated circuit devices, a d nore specifically to.the
formation ofRPERCERBAET (BHEARS IR dAVRER 10 The RPBFRRE Mo Hie IR ISP et al
capaci tors, oFetal Lesl SOl el MBIl NLeLeanDesLe o0 Apt, Sip! tancously

usi ng damascene processi ng, m nati ng extra nasking step. -- Thi s
new met hod, udi $¢k9880a hya1tei dy §3RtessV aNtbQRst8RSahd Cak Cih AN 3GRHOT
elimnating an extra masking step. This new nmethod overcones severa
current obsbaehpgihdhaod @Bl drded ke dor ifoahadMidiRepacléwdsind) HHee BEQOL,
back end of line, nanely: (allMcapacitors, (b) undul ated copper surfaces,
when di el ectesistanee depothea aresdistast Ifilmpon it, resulting in poor
reliability, (c) for dielectric deposition directly on the bottom copper
el ectrode plate, there are particles generation concerns during etching,

when attenpting an_etch st on the ttom.plate Cu/l | ayers,. and
finally, (d) di sﬁrﬁg B dglpox‘i{;zéz%# \ﬁ‘?@'ﬁ%ﬁfige“%%‘%@ﬂ%#%a&? are
required, w i chi r i-niegrated
oqul o0, ikl SUBSPOENo AL CANSR IO HUR R JRLET HE T e
capaci t or s, pit 8hph E5LSEHF Syttt P IRlp .| 2l €208ANE6T EnSé L% JaMBSCHNPes
processi ng througﬁout. The present invention teaches a process for the
formati on ok mIM dapapitdt ProdedEiflr FABrikatingnd GePaE+itlator~
i nterconnect Wring and elimnated an extra masking step by using the
conbi nat i onmetallagepaeitcop rvoessimd-cpnaethdncozhereshapingl dypoinshi ng, CVP.
A brief outline of the key processing steps follows below. a) formbottom
M M trench BpEkeEBiRANES crherinahad. AmdnsPpéatang Laven intrromkdad
dielectric, IMD.(MASK #1, PHOTO #1) -5 b) fill trenches openings with
metal barri 8VSERIRS pP et S PFRHT AT G IR foFiFRG BIEROM MM i
Jinterconnect,s_c).formshal l.ow trench .openings i a_thin |M,. over_existing
£ 10Re0.085 1 R S

depdsired over the insula Ré%i?ltﬂﬁﬁﬁé ﬁﬁ#ﬁro #2)

bottom M M anfl Thtefconnects, SANe pattiernas

d) form bot bauLpl 2l albFtLi la | MY Idh Sl LQWskr SOED) OPEALATS AUbond

pl anari ze surfTace by . e) formhigh dielectric constant 1 nsul ator over
thin I MD angepatt Eéﬂ?@ﬁl DI dded s il UL ISre )y ing BhbORapREatof Odi M tAiQP

i nterconnects, netal resistors over high dielectric constant insulator.
(MASK #2, PHe¥er#3nd Thattermgd cice Ldrne af dopametal oéléberddd] capiipwaile t he
resistor part of the netal resistor, and bottominterconnection wring.
Theref ore, matendadbbarekels plerasidiady oyeadyingr shehoapacheos or mat i on of
hi gh capacitance, less than 0.13 micron netal-insul ator-netal capacitors,

netal resi s@érieshiiretad the f®Mrtals elfsterdsr e2rd 1thiF nEtpwable
i mul t I ing.d | [ li_m [ t Ki
Step. Tho rBREFRGBE 5F TREFHOBRCANY (ToBrTeE BRCAPoAPaT? CTEATRAR 29 ng and
el ectri cal %9@%%%&1%%&“&@@%’;? o 1C &S e bR L—l%f.ohephLEQHéé{‘éé R4 ON 1N
t he process, , back end of" I'ine, processing 1s prinarily focused on

encapsul ati pgrhBg Ge¥tEPSnd Ofne! PGy BN akkeR AR PRLE 2ghE Gne 31D
maki ng el ectri cal

electrode wherein the spacers provide extra photoresist




-6 contact through contact vias and trenches to the M M capacitors and
netal resistors. The key parts of the MM capacitors and netal resistors
have been forned with only two photo nasks and three photolithography
processi ng steps. This invention has been summari zed above and descri bed
with reference to the preferred enbodi nents. Sone processing details have
been omtted and are understood by those skilled in the art. Mre details
of this invention are stated in the "DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS" section. BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and

ot her advantages of this invention are best described in the preferred
enbodi nent sthi tknéef edentee tsi davalaist achededtapi gtal Mbdydnclmhde: FIGS. 1
through 3 are schematic cross-sectional representations of damascene
processi ng, cabdchtendirladtitiay lavernghd thedfiarstanetceleymmw@dss, and in
addi tion, can be any conventiognal "standard" BEO . interconnect schene.

FIGS. 4 thrBafkernedes tihe Prddersecd: Forar rehikskanat ifresor
preferred e iments of th resent, i pventio FIGS. 9 thrqu 12 are
hennt o cPRLEoRate fh A1eiRsto atdh MBRESHP EhE SPATATARRAAET B8 | on o
both the ne |t -tap C ﬂﬁe tact vias
f or med ther%lé%,ﬁggéfpgagj%eéﬁﬁ#%\%nggkgbst E%gp}rg%gg%nl 'eglﬁ%on. FI GS.
13 through LRe868eSLOe ML i QSheved!,| GBRb1EERAGSEMb AL DN lo el erred
enbodi ments of the present invention. OF E PREFERRED Thi s invention

rel ates to metel hdflslafabmetadll @apasitokor sem conductor integrated
circuit devices, and nore specifically to the formati on of high
capacitance, less than 0.13 mcron netal -insul ator-nmetal capacitors, netal
resistors and netal interconnects, formed sinultaneously using only one
addi tional mask Pe¥i &t t 39 orfmdSH 161M Rilcaphéitied Afetewsakiqsy Scheme

si mul taneougly. This new nethqd, disclosed by the present invention, has
The ey advaRE AR ETLETS hiTRRA T 85 16 FETHELRFAG SFET toth ot eORdG

b I h ' ' . ' M M
capaci tors o TREREn SE il elfpeld AbnSRlr koL bR 21 G M o o
mor e phot o- RBEKS:  £a EBkE sOIAWRNM WnGaPagblabs, sbhlcomgilal.ed copper

surfaces, Wen dielectrics are deposited directly upon it, resulting in
poor _g_  peliability. Mtfivell eletalinicadepasktiebtehde e ftrdae
bott om copper el ectrode plate, there are particles generation concerns

duri ng et chthgeughean trd-entpdp reg-cdn pefoclesst ehioh ahbebid tasn fiatperoBl/eim m

| ayers, and finally, (d) dishing during CMP occurs when |arge copper MM

pl at es are PEgEPREEctiVe IrtalbRafice fopringahetvwaet cerryl prasradn The new
i ntegrated nethod over cones all the above obstacl es. and simultaneously
forms MM cEPAEHSYel FREUFTIRRS s tThes Tef it pdl RehR Lt tomeR S digtyre

damascene pyocessi,n rou t. Wth reference_to Figs. 1 throygh 3, these
Sket ches ar B8cRanaTe L R ona okl SeTeBE A Eal B R ‘or VR
processi ng, J i r i -dya Q?QEEC ss. In

addi tion, Ffé%{iﬁ?t%ﬁ?o%g%ﬁg%gﬁi L%e%é‘:% ?g(r%f/%ﬂ i%ﬁa st%a%' EQL
interconnechagepgnme. Referring to Fig. 1, which in cross-sectional
representation illustrates the nmask and patterning of an LMD, internetal
dielectric layer, to forma subsequent MM bottomplate (shown in Fig. 3),
of a netal-insulator-netal capacitor, as well as, others netal interconnect
wiring lines. AgBif; Pater¥ondg 2715084 Bl PhoislaASRMatthed @ t he pattern
of photoresist 6 (PHOTO STEP #1]2?, for the subseﬂuent formati on of trenches
(shown in FFgbrigatimg & Maktglnlnsplatorffetal; MEMY o FRRARAIDr substrate

W th active _device therein d provided wth gn insulatjng | aye r |ayer
Sgrucgure sfng Zfl r]Da.rtBascene %rocessg granilzjeg ug. '?,y 500(1 to y
Tu et al. describes a MIM capacitor using a damascene process
for forming a vertical, metal-insulator-metal (MIM),

capacitor structure, for embedded DRAM devices. The process



-9 thereon. Moreover, the sem conductor substrate includes sem conductor
devi ce structures such as gate el ectrodes and source/drain regions and
multiple levels of nmetal interconnections. An internetal dielectric |ayer
4, IMD, is deposited on the substrate. Photo resist 6 is deposited and
patterned over the internmetal dielectric layer 4. Referring to Fig. 2,
which i. cross-sectional representation illustrates the formation of
trenches or trench openings 7. This is acconplished by anisotropically
etching the internmetal dielectric |layer 4, in the exposed regions, as shown
by the photoresist 6 patterned in Fig. 1. Referring to Fig. 3, which in
Cross-sect i featureprHsming iz0rapacditbirabpenihg inraudémpoiftd disaibatomper
netal electrode plates, in MMcapacitors, as well as, other copper netal

i nt er conneclapar| ¢omprigr Wi in@verlysngaineudatar f $tep crmyssm 1 isedlowaker 8
is deposited over the internetal dielectric [ayer_4 and over the substrate
2. This barirerletgerlares, ARG aphuRdgrdvéres FE%‘I‘%a’EQ)rr-’r‘FQRtJraa!teé &k a

af or omont | oRGUSFEFR] CrotRRs i %%@%%3533&3%?%9%33?%&{ H5 L Kim “@&%Pt
11 ustrate. Mgt APLEK SO0 dPYS 10okSofl ErLEp 9&@%@%& a0, the

copper seed rmng an excess o he sur ace

excess COPPehphsitEADYSEh fAPM hﬁg%ur;f eaeulaéoweiay@é,lé e dand -10
barrier naterrals by planarrzatron usi ng chem cal™ mechani cal polrshrng,
CWVP. By thi Eoﬂ/@w@di%ﬁsﬂie RgItERRPRE BELahdREELTS 0Lyt AtsnpARGely
interconnect wiring are formed. There are many net hods that can be applied
to formthefillibgnthal capmritodereniog,. A0chemiéal). m&chammoedl r st net al

el ectrode | ayer can be selected fromgroup consisting of netals and netal
all oys wit hPﬁﬂ-gﬁhEWdqu!@fi‘Piﬂ iq dhens usedpper rereppdrorriens offithe Ta,

TaN, AlCu, A, Ti and Wformng, a MM bottom netal plate deposited by

fol | owi ng nﬁ?ﬁﬂﬂgt{jﬁ%&ﬁ:ﬁ?@ il I?é’rié"ﬁ’é‘ét °iEaH‘8 B+g}? n’c‘h%%lo 8 JAYET f rom

the group cnsis 29 of el 110G cal trn che yapor de osition
CVD, physi cgf: va%%r 1él‘:e%ossﬁ“f ﬁ{% atom c grl %%g!%}g f on %\T_Iﬂ' eD

mol ecul ar  beam,epihg*¥n CHAI £l MARY odeRAS %e&é@é&m%y&mted ina

t hi ckness ranging fromtens to thousands of Angstronms. Referring to Fig. 4,
which in cre¢guseeiépnah €IRDIQGRI¥IAOOBPEhliHE!] I 8basrifed @K ankbghat t erni ng
of athin INMD, 14 internetal dielectric layer, to forma subsequent shall ow
trenches 18eletttodachtopetunis defhimed ifwol ¢hebsondgative rdwsxring to Fig.
4, Photo MASK #1 is used again to pattern photoresist 16 (PHOTO STEP #2),
for the subsapachtef odheteelrist lsarmrhorﬁomedcﬁegm( thewniglh Fiipswhatar rst
athininternetal dielectric |ayer I MD, is deposited over the

interl evel d&PEPESLRPE 3 BRFE QFzﬂﬁfQiﬁﬂdQ:ﬁérHSBBEF 11  assenbly layers 12,
whi ch consists of barrier, seed and thick copper. The thin internetal
dielectric layer 14, ILK, is conprised of a t hi ckness range between 500 to
2,000 Angstroms. Next, photo resiskyl fﬁ@%ﬁ nd patterned
(duplrcatrng t he photo resist pattern shomn I'n ) over specific
regions of the ifhesmBiadn i adildied akeh fhetaad &h@aﬁ%ﬂ@&ﬁ&&ﬂﬁﬁi fic
regions of the thin internetal dielectric |ayer which are over copper 12
regi ons, fofogubsgfijuendudsat riieymiteld rdrcastsiewices, Famd dforéA speci al
note wth regard to possible mask m salignnent in the above processing
step, that specifiicaliychecthe faxpationPlodt bighSkapicibances s dgain to
pattern photoresist 16 (PHOTO STEP #2), for the subsequent formation of
shalIomrtreﬁcﬁésm1§ﬁ®&ﬂm??ﬁ¥#kPSQ?aQQﬂﬂﬁetPHaFa&ﬁ°6§@F§rZ@%t%%s%3§¥ﬁt°r5
preferred to gn u ed mask bec se n undgrsrzed sk results in

nar r ow met aP?fi RS g b@é?fﬁ%pﬂﬁqﬁﬁﬂ SEEISERPBPRENE 2 S fhever, i f

metal bridgi t an._un preferred.
In conclusrgﬁgaggng érgég %‘dﬁ qfﬂFgagsgghggrﬁggggré%g$£3%ver 1ze or
undersi ze can be achi eve by applying different maski ng exposure conditions,
depending on el ectrical device requirenents. Note, no addition reticles are
needed for this step. The general mask guidelines are: oversize features
can be >0.2 mcrons per side, and undersize features can be <0.2 mcrons
per side. -12 Referring to Fig. 5, which in cross-sectional
representation illustrates the formati on of shallow trenches 18, or shall ow
trench openings, in the thin internetal ed-electric layer 14. This is
acconpl i shed by anisotropically etching the thin internetal dielectric

| ayer 14, in the exposed regions, as shown by the photoresist 16 patterned
in Fig. 4. Again, referring to Fig. 5, the etching process stops on the
exposed copper 12 regions, fully formng the shallow trenches 18, or
shallomrtrench openrngs Referrrng to Frg 6, mhrch in cross- sectronal

o a o, o . Y M T



-13 physi cal vapor deposition PVD, atom c |ayer deposition ALD, and

nol ecul ar beam epi taxy chem cal vapor deposition MOCVD, deposited in a

t hi ckness range from 500 to 2000 Angstrons. The nai n advantages of the
above barrier |ayer 20, are the followi ng: a) the bottom copper plate

el ectrodes and copper interconnection Wring |ayer are nmade pl anar by the
barrier layer 20, thus avoiding a deleterious, undul ated copper surface, c)
in subsequent top plate MM etches, all the bottom copper netal is
protected by the barrier |ayer 20, thus avoiding potential particle

probl ens, d) the MM capacitor and subsequent nmetal resistor is forned at
Cu BEOL by usi ngTRDE Yndnanettidd, ESeloBeliehyyi thelPrésdnt fhvaiith | has
cross-sectional representation illustrates the deposition of the MM high
R di el ectri thepkeyi adlvatage gif dildmdohitiogcanseéahta dnadleivig isctapns Fhdtsor and
the deposition of the MMtop plate netal electrode 24. The MM high K
dielectric ﬁﬁt’e?‘?hh°@2°"?ﬁ‘?ﬁtﬂ€tﬁ devemalc cusnsehnebetactes rithat weRilsh an

formng the g?#tpr clielEctric insulator with hi glg di el ectrl ¢ .const ant
mat erial or aheate MBf éi?tP&flftPcYﬁt fRe *hRoBPCL o3k iSRS AT 74268, Hf 02,

Zr, TiQ2, ?.%égéf ef’ﬁi\l é‘te usana;D %O%‘nﬁgg oééoxggsks Ltc%/r Ome?eChem cal

Vapor Deposfl ni ques, I CkNnéss rangl ng ns to

thousands ofoADgsh @ cailersd. QW t %&Eh!&%ad%ﬁﬁ#éi%h%é' Qfien The
-14 MMtop plate netal electrode 24 i's selecte romthe group

consi sting dieteppfics CARPedepdditied dirllctiyd upahl id Glesdlting N8k The
process sequence is as follows: Firstly, deposit the MM high R dielectric
mat eri al 22rehighitiityecl(ae) c fronstimliectirdakedepbsitienl divsciohserort the
patterned thin internetal dielectric |layer 14, IMD, and the patterned
barrier | aybpthon ceppemllgleckynss Plate  Mtheropape aparvbsies genanaddeon4
over the MM high R dielectric material 22. Referring tqo Fig. 7B, which in
cross-secti SHHFEF’éﬁr‘é‘sﬁﬁ%ﬂ‘?‘Eﬁt"t'}q'um a5 tEMPERRY ofR P ETRSIEWR §F thenel Y,

o S R B SR HRS L ol
el ectrode 2ol BLULL Ynal AN NAlCLRLC (ﬁfpﬁalte °Lr25-edonnn 1 oA ver " he

MMtop plate neta |ona option et ch stop | ayer
25 may be rQ_G,Bbé&deﬁ@rg&%&&iﬁﬂd@%ﬂ&l&@b§965§8ﬁsV"ﬂl@tmtﬂpheéil&écp
differences in step height caused by MMtop plate netal electrode 24

Furt her nor emethod adettteamsd a0 ithealabeiveh obktpclayeandSsimubiedmeivad vf r om
the group consisting of SIN, and SiC, with thickness from approxi mately 100
to 1000 Ang$eroasMINhcapapttorml metell sespstorsegndrmetal fintrrennimssthsent
via etch selectivity of the MMtop plate netal el ectrode and a subsequent
thick | MD, PREBEFNEBRERSEPRP RETGRSYIeLhToRglEsE: -15 Referring to Fig. 8,
which in cross-sectional representation illustrates the mask and patterning
of photoresist 26 to formthe top MMplate el ectrodes and the netal

resistor, R fro?h&h%f gﬁ-.MIMmQP I@hgsngt ggtf eﬂ’@terlal 24,

continuing with process o I nvention, as shown in
Fig. 7A Fi Es&tnxtlsnoaere&tﬁt ctbd s iy, rredmeeglpea&egesé oyl ddipd.0r0 MM
el ectrode material 24. This is MASK #2," PHOTO STEP #3, in the process. Wth
ref erence t BEBLgSntOr&dinsagh vﬁ&lﬂdﬁeﬁﬂ HenGhasear anSeéher@thdsking step
cross-sectional representations of the sinultaneous formation of both the
met al resi sbyruaddgt bee Mdthbiomiplat efeldaraisgdae pncaddsingmnd orttecicali as
to these devices are fornmed therein. Note, these are key preferred

enbodi ment s@eFheRécpt eBeht Sh BN G Phhrigfeousiinebedl the de2i|l bel ow.

Referring to Flg 9, which ip cross-sectional representation illustrates
the forma. n§*8F Fﬁen?of)t?ﬁéf LSV AVEY ddes and top netal interconnect

wiring, for _sinplici | ayers are designa 2 i he netal
resi stor 29, §R”E £Xt l%F:;{\Etater nlérg’g |sné'1‘(1§135rrpf1 ﬁéﬁ a|lafngl:'trhe

phot or esi st et i ng e exposed netal, and
further mre°§§?§%%%néﬂtﬁ'g {fn%"ntat%h ﬁ%qe%tt%ﬁ'c ﬁ% electric material 22,

as shown in (her 91, Tbn@T@ompﬁ etes the formation of the M M capacitor 28,
the resistor part of -16 the netal resistor 29, and bottom

i nterconnection wiring. As an alternate or optional processing etch step, a
one-step etch nay be perforned by etching away both the exposed netal and
the high dielectric, and over-etching m edway through the thin internetal
dielectric layer 14, in the exposed regions. Both oversize or undersize
sides or features of the MMtop plate may be required, depencling on

el ectrical design considerations. There are many nethods that can be
applied to formthe second netal electrode |ayer, 28, in Fig. 9, and

Si rrultaneously, the rret al re5|stor 29 An |rrportant aspect of the present

1 o,



-17 Wth the conpletion of the formation of the MM capacitor and the
resistor part of the netal resistor, the foll ow ng process step involve
encapsul ati on, packagi ng and el ectrical contact to the above devi ces.
Therefore, fromthis point on in the process, BEOL, back end of I|ine,
processing i.s primarily focused on encapsul ating the devices for

el ectrical isolation and packagi ng, and meki ng el ectrical contact through
contact vias and trenches to the M M capacitors and netal resistors. The
key parts of the M M capacitors and netal resistors have been fornmed with
only two photo masks and three photolithography processing steps. Referring
to Fig. 10, b)hi£ill nttsmdses eplenihgls weéphefebaRtbarridd usid aloppeirhe
deposition of a thick IMD, internetal dielectric |ayer 30, over the top

met al M M ebdanapiaing i th Mt flormingr bohhemt MMM rand), irftmrainmeleitsi ty t he
netal |ayers are designated 28. The purpose of the thick IMD, internetal

di el ectric PhyeFom shallqy fizanchn oprriaReE pPaRafbihel™r i¥eF GFeFHERE top

netal MMe and t rret al interconnect wirin es ated 28. The
thi ck 1 VD, tﬂf-ﬁ?‘ﬁ&?’it 1 e A o 5a0 o tFet, i AR MC conat ant

materi al selgg d% dd%g,oup consisting of: Si.N, SiQ spin-on-glass
SOG, PE pl aé enhahce t et raet hoxysi |l ane deposition, hal ogenated

530, fluori gpt egosh | b&edsn P B%.@uGMLyebgafﬁ i amnd c.4epasi ted by the
foll ow ng nethods -18 sel'ected fromthe group consisting of
el ectr ochenbpehiphatand pdivifical swafacedbposmbion QI D, physical vapor
deposition PVD, atom c | ayer deposition ALD, and nol ecul ar beam epit axy
chem cal vapbr fleposhighridl@ddriandodepestt susubhakort wknddsin AP agdf r om
1000 to 10000 Angstrons. The thick IMD, internetal dielectric layer 30, is
planarlzed B?téﬁﬁh¢@éPa¥ﬁ&ﬁﬁnﬁﬂﬁﬂrspol|sh|ng, CWP, and the planar surface

.S illustrated_in the next figure, Fi . Note, that this planarization
st ep descri gi}d ST cE9R ‘?ﬁﬁa]refglﬁ MR V\%@ﬁ PHEEFB%@?%%SI mehdoduced by the
MMtop pla t J 0€es gause t opogr aphy
step helghtLg?%%?egg %#%%q%ﬁgég%ﬁgﬁtébroceg?gg % slnsucﬁF maski ng, oxide
etch, and gKf?il PSP #d)ng to Fig. 11, mhlch in cross-sectional
representation il ustrates the masking and patterning of phot oresi st 32,
Wiich will €Ris ¥ompDdPEd: Ngfe fNfitibhe ofXRRECHINNSIPEESESE, @@ ons are
aligned Wth device features bel ow These exposed regi ons will form
el ectrical rcesiatérpastiof tile suisdquestisébeh stdphottdmistrated in the
next figure, Fig. 12. The photoresist is forned over the planarized thick
| MD, i ntermdpapreprpectior Wiging-30. This represent the third masking and
the fourth photo step, MASK #3, PHOTO STEP #4. -19 Referring to Fig. 12,
which in cross-sectional representation illustrates the reactive ion dry

etching of the cg&tac£OV|a 0 egl %it%e Agai n_note the ex
phot or esi st regi GRS Were altgned Wi d&FR R ?ggfut%% ?QRM ﬁﬁb §WFer
etching, expRsefoLeOtols ¢ I I-Pr SRIkagkeY! %3893&5&950% i 1 device

features below. Al the contac openi ngs are "enpty" and cl eared
during etchmaaaﬂu_enéelat&et&talseiaeetdﬂee&g dihEt g1 epesi bei¥eaihd Mtmat al and
low k clielectric material. The vias depth differences at MM capacitor and
nor mal net aintenesnasetnptwiaigh Grecml INGFoemed0 8 Emil Bamgens 1nf g Ng
etching, etch stop at or on the MMbottomplate's barrier |ayer 20.
Referring tgdaBageeng, pawdessing creddsuisadtingnah espraseatkinorstdd.udtheat es

t he next set of processing steps, the filling of the via openings Wth
barri er IayEﬁméhﬂd%ﬁp%%rt#ﬁn&ﬂ°°%%ﬁ§q&aﬂPW€ﬂvaﬁdeﬁﬁﬁbﬁ?l?ﬁﬁ%ﬂ Rackaging

nbly d d 36 f t gct to the t MM od t
barrior1 ayBPd SLESEEERI TO G P (510 PPHS. IPRECEE: TR AR TopseP et a
set or assegﬁL nggiﬁgngﬁe¥h 1o} é§gggg%t ﬁhgi tgaghe?ﬁﬁpr65|§i resi stor

el ectrode 3 or con vicas 10 t'hé bottom ne or el ectrodes
40 and 42, pespgeti ?'%ﬁ S48 fused oh?en¥bhEh1 & £i6d OSHs SRRHILAl
representation illustrates the néxt set of processing steps -20 in the
BEOL, the depesélé€brdéan idbXdcildDandplckabahgli 8h&Chikind amdctddcal
Phot oresi st 46 is masked and patterned over the thick ILK 1internetal
dielectric layer 44, for the purpose of formng trench openings in the
internetal dielectric |ayer in subsequent process steps. This narks the
approach of the final processing steps, fanely the subsequent filling of
the trench openings Wth top netal lines. The thick Ib~, internetal
dielectric layer 44, is a lowclielectric constant materi al selected from
the group consisting of: SiN, SiO spin-on-glass SOG PE plasnma enhanced
TECS, tetraethoxysilane deposition, halogenated Si.O fluorinated silicate
glass FSG, CCRAL black dlanDnd dep05|ted by the follomnng nethods

T 1 N 1



Referring to Fig. 15, which in cross-sectional representation illustrates
the formng of the trench openings 48 by etching the internetal dielectric
| ayer 44. Subsequently, these trench openings 48 are to filled with top
metal formng top netal lines. Referring to Fig. 16, which in
cross-sectional representation illustrates the filling of the trench
openings with barrier layers 49 lining the trenches and copper netal
contact trenches 50, 52 and 54. The copper netal contact trenches 50
contact vias to opposite ends of a top netal resistor. The copper netal
contact trench 52 contact vias to top netal M M capacitor el ectrode. The
copper et akofPddACEnEARYIC RDORtadtC@ilhaChndi Bfehchd O aHEMIM | Nt er connect
wiring. Thus, formation of a MM capacitor, a netal resistor, and copper
BEQ . i nt er capamettons ranty nietadc cespkitobead Dhye Usengpants) cdnechexMId mask.
Anot her inportant capacitor application of the present invention_is in

i nt egrat ed efPeEItery RRd maFadneesigierdchrvesbesn fomedl widdy amdibtecgat e
arrays, FPGA In an antifuse device, a netal-insulator-net aI capaC|tor
MM is norREPFS Faskspnd,gdree. photplithagsarhy %r%%ep‘%r’& =ESRSvever ,

after a high breakdown voltage or high breakdown field is appl ied to the
capacitor, the capacitor s dielectric breaks down and changes to an

irreversible "shggig ﬁwéi-wfonsﬁa%fsebe% strmar ££08 Sb SN A dleE98ed
Therefore, the antl-fuse M M devi ce has binary electrical states of

"open”, andwichOopeferdidL Wd tHeabRerekPelinembs@ERa td N\idd Yrodeseinged
herein, for fabrication of an anti-fuse device, the netal -insul at or - net al

capaci t or' sdetiafbs chawee dbegimmensitdiesl and aoeneddersteod|by dhosehekdiilledof

the via, and the insulating dielectric material for the capacitor is of |ow
di el ectric &éanthemrpatModea|detaddsr cfelhds anvephier ate itw@tedrdmt Fdenor e,
the thickness of all the layers and the di.electrics specified herein, for
the metal - i NSRPERBFTIRY 4F %@WWWW%e 8w fhd unchanged f or

the anti-fuse, M M application described above. Wile the invention has
been particularly shown and described with reference to the preferred

enbodi nents thereof, it w ﬁ%'&&r o] ed in the art that
vari ous changes in form an%i dtgt al I%gld hﬂ 5 ‘gﬁitn%%jepartl ng fromthe
spirit and scoperid &ﬁﬁédﬁ“&ﬂﬁ'dﬂ&er'aavanwﬂéésl§fcfﬁﬁéﬁihﬁeﬂkldh akenet hod
for fabricating netal -insulator-nmetal capacitors, MM netal resistors, and
copper backbestl d@éscritmed rﬂzermmmetfewireangmbsdﬂm&mss ng:.tlprmﬂed:lemg:eatfol rst
internetal dielectric |ayer overlying a sem conductor substrate; formng
bott om M M thenzhtaghed rdpawimysotthat Aapeddeine openings in the first

internetal dielectric |ayer patterning using a first mask, photoresist
process one;

FIGS. 1 through 3 are schematic cross-sectional
representations of damascene processing, which can be either
a single or dual damascene process, and in addition, can be

any conventional “standard” BEOL interconnect scheme.

FIGS. 4 through 8 are schematic cross-secticnal
representations of preferred embodiments of the present

invention.



fornB.ng a first netal MM electrode and other netal interconnect Wring
lines filling said openings; formng shallow trench openings in a thin
second internetal dielectric |layer, over existing first netal MM el ectrode
and interconnects, patterning using the first mask again, photoresist
process two; formng a bottomplate barrier layer in the shallow trench
openi ngs and pl anari zing back the top surface, |eaving the bottompl ate
barrier layer in the trench; formng a high dielectric constant insulator
| ayer over the thin second internmetal dielectric |ayer and bottom plate
barrier layer; formng a second netal M M el ectrode, interconnects, and
netal resistors BY&S. t hethraglghc lli2e laret schenanst attos ssdatiamalayer ,
patterning using a -24 second mask, photoresist process three, thus
conpl eti ng ERPr&Fentabiens s theeisdamulssnecus starmatbpperf Wathnghe?, The
met hod of claim1, Werein said sem conductor substrate includes

seni conduct BEtadvFesisten angd foasHIM Lorgriate| etertirie a P Ganderdr ai n

regions. 3. _The t ho f claiml, wherein said sem conductqr substrate
ol udes seFaeEoRRTRTS, esn i Kby, PR el rb S ReRE A Mg geteeh

sour ce/ dr ai @n(,ggii s and nultiple levels of netal interconnections. 4. The
met hod of claim I, wherein said first and second internetal dielectric

| ayers are a low dielectric constant naterial or materials selected from
the group consisting of: SiN, SiO spin-on-glass SOG PE plasm enhanced
TEGCS, tetraet hoxgsésanks dgpasigh A%, arel eghankefilc Sbfbsétsmstiai=ad silicate
gl ass FSG, bl ack di anond, deposited by the foll ow ng nethods selected from
the group coepresémtabions cxfi poeferired epbatiimgntshefii the megmemtdeposition
CVD, physical vapor deposition PVD, atom c |ayer deposition ALD, and

mol ecul ar b&&MPBPTPRAxy cheni cal vapor deposition MOCVD, and deposited in a
t hi ckness ranging from 1000 to 10000 Angstrons.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
This invention relates to a method of fabrication used
for semiconductor integrated circuit devices, and more
specifically to the formation of high capacitance, less than
0.13 micron metal-insulator-metal capacitors, metal resistors
and metal interconnects, formed simultaneously using only one
additional mask reticle to form both MIM capacitor and

resistor, simultanecusly.

This new method, disclosed by the present invention, has
the key advantage of eliminating an extra masking step. This
new method overcomes several current obstacles that exist in
the fabricate MIM capacitors in the BEOL, back end of line,
namely: (a) the use of two or more photo-masks to make
<0.13um MIM capacitors, (b) undulated copper surfaces, when

dielectrics are depeosited directly upon it, resulting in poor



-25 5. The method of claim1l1l, Werein said first netal electrode |layer is
sel ected fromgroup consisting of nmetals and netal alloys with high
conductivity, such as, copper, copper alloys, TiN, Ta, TaN, Al Cu, Al, Ti
and Wformng a MM bottomnetal plate deposited by foll ow ng nethods
depending on the aspect ratio of trenches, selected fromthe group
consisting of electrochem cal plating, chem cal vapor deposition CVD,

physi cal vapor deposition PVD, atom c |ayer deposition ALD, and nol ecul ar
beam epi taxy chem cal vapor deposition MOCVD, and deposited in a thickness
ranging fromtens to thousands of Angstrons. 6. The nethod of claim1,
wherei n sai detdPeLiiof, didl eGor QikeNsuhalor d¥pdSi i G Gl dRItaqt binC thanst ant
material or materials i.s selected fromthe group consisting of Taz205,

Hf 02, Zr 02, bdtbedm Ad@tkr Siddtroide, paatte]aChkeré cire hdytiAtley gebayeting
Chem cal Vapor Deposition techniques, ALCVD, with thickness ranging from
tens to thogsaresnefdywipa rgmhiingndehenoattenpbing lare ekglositaroen the
conditions. 7. The nethod of claim1, wherein said netal barrier |ayers are

sel ected frBAFEes Blatp R Laygrsy tad Adna¥ly, (N HiRhing Sirgat are
conpatible with -26 0 r _interconne process flow, w.ht jhe._.thickness
of the barr EVA ) c‘ﬁb%??ﬁrgr?eEﬁé’ﬁ’le?faﬁ&go?l%ﬁ?ﬁgaﬁﬁe%ﬁﬁ? ’aﬁ'ﬁ'&%‘xi mat el y
| ess than 5 | .n,.t.h 0§l f ' sy

053 ot han, SO0 0GR OB U R Gk SRROBLLRTSY, Tl W G iR

physi cal vapeind@povét i Qindd/[d11a4REB abokBY 8bs€88DSE LA/ Alnkd1 13ibomahgeul ar
beam epi taxy chem cal vapor deposition MOCVD, and deposited in a thickness
range from 508m&oMPA0fafdEiSidryTs metalThesietbod ahd ahatan lintdrerorinecasi d
second netal electrode |ayer is selected fromgroup consisting of netals
and netal abbdpg danasdend pmmhssting throggbhuls, copper, copper all oys,
TiN, Ta, TaN, AlCu, Al, Ti and Wformng a MMtop netal plate deposited by
fol |l owi ng net hods dependi ng on the aspect ratio of trenches, selected from

the group consi sii of _el ectraocheqmi cal _platin hemd cal vapor. deposition
VD, “phySi cal vaBbPGERERTTIh SB %k o COFAVEP depbaTTT FRABSaRde

nol ecul ar b H}gg't X mcal. or. LiLen MOV, ,Eggg denosited in a
t hi ckness r%%g! ngL%go%%gﬁrsg?%Jt \ﬁ%&sgﬁggggghkhgg?ron&P 9. e met hod of
claim1, whgbgbdstifg! |9l M ®ileithee! ROdEnkSe COFPEISE lMlapREr and
conducting “27_  barrier, and planarized by chéem cal mechanical polishing.
10. The net bedcabsCl 2h naddi e eimigeai d hestghl B canehal agy) ect rode | ayer
is formed in a damascene opening in the first internetal dielectric |ayer
and t hen pl apaveatilobyl chevarcid rdic @3B0l daltepebnahchgschemen ng inl aid
enbedded netal electrodes in the first intermetal dielectric layer. 11. A
nmet hod for fabricating netal -insul ator-netal capacitors, MM netal

resistors, and copper back end of line interconnect wirjing,. and el ectrical
cont acts therei nR® 8ﬁﬁ+?§iﬁ@:Flg' 1, which in cross-sectiornal

representation illustrates the mask and patterning of an IMD,

intermetal dielectric layer, té form a subsequent MIM bottom
plate (shown in Fig. 3), of a metal-insulator-metal
capacitor, as well as, others metal interconnect wiring
lines. Again, referring to Fig. 1, Photo MASK #l1 forms the
pattern of photoresist 6 (PHOTO STEP #1), for the subsequent
formation of trenches (shown in Fig. 2). The substrate 2 in
Fig. 1 is a semiconductor substrate with active device

therein and provided with an insulating layer or layer



providing a first inteznetal dielectric |ayer overlying a sem conductor
substrate; formng bottom MM trench openings and other netal |ine openings
in the first internetal dielectric |ayer patterning using a first nask,

phot oresi st process one; formng a first metal MM el ectrode and ot her

metal interconnect Wring lines filling said openings; form ng shall ow
trench openings in a thin second internetal dielectric |ayer, over existing
first nmetal MM electrode and i nterconnects, patterning using the first
mask agai n, photoresist process two; -28 formng a bottom plate barrier

| ayer in the shallow trench openings and pl anari zing back the top surface,

| eavi ng t hethetréom Meteovtsw,r ithe |seypdeondnctbe $ulesicintd drmmilngies hi gh

di el ectric constant insulator |ayer over the thin second internetal

di el ectri c FapifoRMCER (WIS SEIBatarer paghras (G mlectradesdandtal M M

el ectrode, intercopnects, and netal resistors over the high dielectric
constant i n§ﬁFﬁ?%‘?g{%rVér’feWeraﬁidn&“§§F'ﬁ eals'ﬁ‘é%{ﬁoo#rd’é‘?&a hot or esi st

process thr ] cgpacitaors tgl _resistors and co r;
i nter connec?ghe%géﬁgg%%o% t ?’%g%'é'tt ﬁfngl%g?hlg?'ﬁile% B hers erdid‘gfl g@@rﬂ gs
deposited on the substrate. Photo resist 6 is deposited and

patterned over the intermetal dielectric layer 4.

Referring to Fig. 2, which in cross-sectional
reprasentation illustrates the formation of trenches or
trench openings 7. This is accomplished by anisotropically
etching the intermetal dielectric layer 4, in the exposed

regions, as shown by the photoresist 6 patterned in Fig. 1.

Referring to Fig. 3, which in cross-sectional
representation illustrates the formation of bottom copper
metal electrode plates, in MIM capacitors, as well as, other
copper metal interconnection lines and wiring. First a metal
diffusion barrier layer 8 is deposited over the intermetal
dielectric layer 4 and over the substrate 2. This barrier
layer 8 is very thin and difficult to illustrate. Next, a
thin copper seed layer 8 is deposited over the barrier layer.
?hese two aforementioned layers, barrier and seed layer are
thin and difficult to illustrate. Next, thick copper layer 10
is electrochemically plated on the copper seed forming an
excess of copper on the surface on the IMD. This excess

copper is removed from the surface, as well as, the seed and

-10-



resistors and over the high dielectric constant insulator |ayer;

pl anarizing the third internetal dielectric |ayer by chem cal nechani cal
pol i shing; form ng via openings which connect to both first and second
nmetal, patterning using a third mask, photoresist process four; formng a
nmetal barrier layer lining the via openings and form ng copper netal
filling the via openings, form ng copper contact vias to both first second
metal; -29 depositing a thick fourth internmetal dielectric |ayer over
copper contact vias and over the third internetal dielectric layer; formng

| arge trenchappedi nestdrdidike bQUplthnhpl 24 88éR| udh @) atidniicdlamechaneeal he
copper contact vias, patterning using a fourth nask, photoresist process
five; formpgliashivig) dME.riBgr thigeCMPi progesde batigen copper metal

electrode plates and interconnect wiring are formed.

There are many methods that can be applied to form the
first metal electrode layer, 10, in Fig. 3. The first metal
electrode layer can be selected from group consisting of
metals and metal alloys with high conductivity, such as,
copper, copper alloys, TiN, Ta, TaN, AlCu, Al, Ti and W
forming a MIM bottom metal piate deposited by following
methods depending on the aspect ratio of trenches, selected
from the group consisting of electrochemical plating,
chemical vapor deposition CVD, physical vapor deposition PVD,
atomic layer deposition ALD, and molecular beam epitaxy
chemical vapor deposition MOCVD, and deposited in a thickness

ranging from tens to thousands of Angstroms.

Referring to Fig. 4, which in cross-sectional
representation illustrates the mask and patterning of a thin
IMD, 14 intermetal dielectric layer, to form a subsequent
shallow trenches 18, or trench openings (shown in Fig. 5).
Again, referring to Fig. 4, Photo MASK #1 is used again to
pattern photoresist 16 (PHOTO STEP #2), for the subsequent
formation of shallow trenches (shown in Fig. 5). First, a
thin intermetal dielectric layer 14, IMD, is deposited over

the interlevel dielectric layer 4 and over the copper
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trench openings and form ng copper netal filling the via openings,

pl anari zing the surface by chema.cal nechanical polish, thus formng

el ectrical contacts through the contact vias below, to the

nmetal -i nsul ator-netal capacitors, MM netal resistors, and copper back end
of line interconnect Wring. 12. The nethod of claim 11, wherein said

sem conductor substrate includes sem conductor device structures such as
gate el ectrodes and source/drain regions. 13. The nethod of claim 11,
wherein said sem conductor substrate includes sem conductor device
structures such as gate el ectrodes, source/drain regions and multiple

| evel s of nesadmbly ckaypmedid onbhich3Bonsidts To® aetdiicsk Ofsedddniamd] thidker ei n
said first and second internetal dielectric layers are a low dielectric
const ant nafEPPEF. cfherpitin dinfermetalcdieloatrie avam ondri &g of 1 Si N,

Si O spin-on-gl ass PE pl asma enhanced TEQCS, tetraethoxysil ane
deposi tion, cﬁ%?f)b%‘?é% aityickngss fapgs Betveer Y & 880 bl ack di anond,

deposited by _the foll qu t hods sel ected.fromt he oup, consi sting of
el ect_ro_chemx%%fgﬁ Bt %‘V"f"q%hé’w%‘%é’l r\?ﬁﬁ'ﬁ?‘ %gpﬁgi%’ OV, ap'ﬁdyaacr%er\r/‘ggor
deposi tion P¥hh1 ALOMEn S dy %’ho@%%%'s&b@”pél:@e:ﬁ”&xm E‘lﬁ-ﬁ:p}[gﬁb%mo%kt axy

chemi.cal vapor deposition and deposited 1n a ess ranging

from 1000 t gpd8080c Agsidrior the 1RechRLERY QleLd@ifmd haydienei angai d
first netal electrode layer is selected fromgroup consisting of netals and

met al al | oyshust éxposing cipditcitfiivi bpgisnehofsthe ofiet  irciopaertadl | oys, Ti N,
Ta, TaN, AlCu, Al, Ti and Wforma.ng a MM bottom netal plate deposited by
fol | owi ng néiabestrpelriter) Whicbhargspyer ecapber of2 tregicnss, fval ected from
t he group consisting of el ectrochema.cal plating, chem cal vapor deposition
CVD, physi c3PPFEFHRIHIRRATIIRIT PYSPingonis. ERPEy et fBiHsi®i on ALD, and

nmol ecul ar beam epi t axy. chem.cal . or deposition D nd .depasited.in a
t hi ckness rangi nrg ?3%%*%%"390 wf%g‘ﬁ§§ﬁa§goi°ﬁﬁ§§#\%%.m§ m1SPe19PRE et hod
of claim11; el i Ltor .d.el ie_li I i j

di el eclt ric %%\gg?%n%&n‘;%ﬁ ai orq'h:?gtsé:rg?él gﬁ%{él Jgself g%tye]gé rroér%% é!yg{rig'gﬁ

consi sting af 3reeS MA¥0%1 213 iTi 02edAdal8n &bNoatiden HHbtEaAQYiskonged by
At om ¢ Layering Chenical Vapor Deposition techniques, ALCVYD, wth thickness
rangi ng frofPEEDS S$TER HR)sariixr dheARgbseqBnt UfGEma tion (EITRAAIMWe
deposition conditions. 17. The method of claim 11, Wuerein said netal
barrier | aytrenches setleavmed s Fim.t Be Yrbep tbatianionprdiziad mask TaN, Ti N,
and netals that are_conpati ble wi th copper_interconnect process flow, with
t he thi ckneBEeHer¥ed Rran erndgmsdrechBarkaPertesante #ndrAsiafachgaskr, being

imately | t han 500 A i.n_thick deposited by fol |l ow
Tothods. | SOFERLERE (T AR e GIEREe| RESBL0 Lh oA Aot PR S Ydhosi i on
CVD, physi 2pox i1 P gl d g D, d
nol ecEI gfl (l; %ﬁ1¥epl t%%f)c Ae‘;n%‘%ar#’ g?pgrgkgg]pgg%'?%%%g I\%Eéaﬁ%égleapos??ed i.n a

thi ckness raggeds OMRAD 4P AP ARG 1AER - 14 8prdAErFEA hoh Uord1@isToh!

wherein said second netal electrode |ayer is selected fromgroup consisting
of nmetal s apf mRéklmbsd Difnmidth 13 @h coabduft i ¥1iyht By GvarSsifdRFEr, copper

alloys, TiN, Ta, TaN, AlCu, Al, Ti and Wformng a MMtop netal plate -32
undersize can be achieve by applying different masking
exposure conditions, depending on electrical device
requirements. Note, no addition reticles are needed for this
step. The general mask guidelines are: oversize features can

be >0.2 microns per side, and undersize features can be <0.2

microns per side.

~12~



deposited by follow ng nethods depending on the aspect ratio of trenches,

sel ected fromthe group consisting of electrochemcal plating, chemi.cal
vapor deposition CVD, physical vapor deposition PVD, atom c |ayer
depositi on AhD, and nol ecul ar beam epitaxy chem cal vapor deposition MOCVD,
and deposited in a thickness ranging fromtens to thousands of Angstrons.
19. The method of claim 11, wherein the first MMnetal electrode is

conpri sed of copper and conducting barrier, and planarized by chem cal
mechani cal polishing. 20. The nmethod of claim 11, wherein said first MM
netal electrode layer is formed in a damascene opening in the first
internetal diel epdfdfriidy o 3.t BENwRLBAALA ZEFb Y- Sditilcmll mechani cal
polishing, form ng inlaid enbedded netal electrodes in the first internetal
di el ectric reyesseratilde ilsisddtadbsckhentfddmation hef shallowsitwrgntbesi ng an
optional etch stop |ayer over said second nmetal M M el ectrode,

i nt er conneci8, emdshatlaw tesingchoppenipngs A ket Herl thin figtherawtiadg

nmet al -i nsul ator-nmetal capacitors, MM netal resistors, and copper_back end

of -33 |ifeIeeFtonfaE™ Wh-i A¢isuifngcerrplithed Y 2 HeSETOBAFRAES¥ ng:
providing a first internetal. dielectrig.layer_overlyin sem,conduct or
substrat e; ?%‘r:lr‘ﬁ'rr'] 1E;i"?itrq%nr?'enta %ﬁﬁeﬁégf%%% e"%ﬁiaa%et g"rﬁrre:"tnalt%fanterconnect
Wi ring | i Negyhgs gy (AIRRGANC JU Q6EAE B9 BfiaTphbEstadBk 1 PhAALGALA! sp7 0CESS
one, i.n thexég?st |n_erﬁét§F{%ielect i C ?gger; %rn1ng agﬁbt55n1plate
barrier |aygigover Eﬁ%iﬁ)fﬂkﬂéﬂﬁﬂhgﬁebabigﬂNE?!EﬁéréEEhngiﬁﬂUd%%ﬁoaﬁeﬁbs
patterning in a damascene process using the tirst mask again, photoresist
process twoenitha ¢xtmyvdattdaeeand?2 rbgionsal fdl by ebdrming aher shizadawng a
hi gh dielectric constant insulator |ayer over the second internetal

di el ectric fugeehesid botawahsdldiow xepichr cbepings .

Referring to Fig. 6, which in cross-sectional
representation illustrates several key processing steps of
the present invention. Thin bottom plate barriers 20 are
formed in the shallow trench openings. These barriers are
deposited over thin intermetal dielectriec layer 14 and over
the exposed copper assembly 12. The surface of the intermetal
dielectric layer 14 is planarized by chemical mechanical
polish, CMP, and the barrier material is removed from the
surface forming inlaid barriers 20 over the copper assembly
12. The thickness of the barrier 20 after chemical mechanical
polishing, CMP, is approximately less than 500 Angstroms in
thickness. The barrier layer is selected from the group
consisting of Ta, A1, W, TaN, TiN, and metals that are
compatible with copper interconnect process flow. The barrier
layer can be deposited by following methods, selected from

the group consisting of chemical wvapor deposition CVD,

-13-



formng a second netal MM electrode, interconnects, and netal resistors
over the high dielectric constant insulator |ayer, patterning using a
second nmask, photoresist process three; thus, formng MM capacitors, netal
resistors and copper interconnect wiring with only one extra mask. 23. The
met hod of claim 22, wherein said sem conductor substrate includes

sem conduct or device -34 structures such as gate el ectrodes and
source/drain regions. 24. The nethod of claim 22, wherein said

sem conduct or substrate includes sem conductor device structures such as
gate el ectrodes, source/drain regions and multiple |l evels of netal

i nt er connechhPscaRSvagdie dEpdAdieh Eivdl, Mhddnivheiper Sspdhifdilont aang second
internetal clielectric layers are a low dielectric constant material or

mat eri al s sehécheledubar tHeamng legiracgneheti agl ofap&t Nlersis i@ 1 apMOCID-, gl ass
SOG PE plasma enhanced TEGCS, tetraethoxysilane deposition, hal ogenated

Si O, fluoridepesitediimtae YlimknepsGrapoac KrdnahBhdte RYYS iAras Unpmshe

foll owi ng net hods selected fromthe group consisting of electrochem cal

pl ati ng, chem cal vapor deposition CVD, physical vapor deposition PVD,
atom c | ayer depgsition A7~D, .and nol.ecul ar. beam epit axy, chem.cal _vapor
deposi ti on MOCVOIRRFHE ASETARRIGT S5 APERBSES, RRGTHY 1000 A5S10000
Angst r ons. d j j g, fi lect r ode
| ayer i.s se gc%-% '?Q?{o%)gr gdpqg%ngoﬁibﬁ\é\,eg?séngtg%g%n%i%ﬁa %I Iaglﬁ with
hi gh conduchby¥bl¥, i StEFedneHORRE wirGaRPehyak! Q¥8, mddd pildhaTa theCu, Al
Ti. and Wformng a MM bottomnetal plate -35 deposited by foll ow ng
met hods depkagifgrOobayde 2Gpatiug alvicdddhgt kedebhesersehec twidladad he group
consi sting of electrochem cal plating, chem cal vapor deposition CVD,

physi cal vapeppdepserfaes, RID imtsaniseduapsr tdpppiate MIMIdkchas) mdllecul ar
beam epi t axy chem cal vapor deposition MOCVD, and deposited in a thickness
rangi ng froé‘?eh@ti:?)mtmd‘*ﬁ‘iﬁl Ay PEPERELed7bY THRe R Ftphflages 022,

wh [ [ i1 dielectrig i I, i hi gh,di gl ' t ant
ot er1 Bl or CHFCRTAISLTE RAITTIAT FPONENE BF BApBERSTL P PBR Ta205. 1 02,
Zr02, Ti 02, [ | T f > ) i i cal
Vapor DoposFTPenTrashmrd Rt oty Bitet PRPEREE SRt P Al

t housands o},,vAQYShEO0SR1y UsKIE el 3 titfgRer at ure deposition conditions. 28.
The met hod o? claim22,” Wherein said netal barrier layers are selected from

the group consisting of Ta, Al, TaN, TiN, and netals that are conpatible
wi th copper interconnect process flow, w ht the thickness of the barrier
after chenmi cal nBefienritad polFighi p ,CBicheingcappsosentietal | ess t han SO0
Angstrons in thickness, deposited by follow ng nmethods, selected fromthe
group consi ePRgsentakied cellualpmtare ibsi deprsEvbenpaf steal MPMhpdtich K
deposition RPYD, atom c |ayer deposition -3
P dXelectric mat r{al é%, hi&% die?ectric constant dielectric
insulator and the deposition of the MIM top plate metal
electrode 24. The MIM, high K dielectric material 22, high
dielectric constant dielectric insulator forming the
capacitor dielectric insulator with high dielectric constant
material or materials is selected from the group comnsisting
of '.T.'a205, HfOZ, Zr02, TiOZ, Al203, SiN, SiC, and TaON, formed
by Atomic Layering Chemical Vapor Deposition techniques,

ALCVD, with thickness ranging from tens to thousands of

Angstroms, under low temperature deposition conditions. The
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AhD, and nol ecul ar beam epi taxy chem cal vapor dep05|t|on NDCVD and
in a thickness range from 500 to 2000 Angstrons. 29. The net hod
el ectrode | ayer is selected from

deposi ted

of claim 22, wherein said second netal
group consisting of metals and nmetal alloys with high conductivity, such

as, copper, copper alloys, Ti.N, Ta, TaN, AlCu, Al, Ti. and Wformng a MM

top netal
ratio of t

pl ate deposited by foll ow ng net hods dependi ng on the aspect

renches, selected fromthe group consisting of el ectrochem cal

pl ati ng, chem cal vapor deposition CVD, physical vapor deposition PVD,

atom c | ayer deposition A7~D, and nol ecul ar beam epitaxy chem cal

deposi tion MOEVEbp ik e plRtidledlbktRobBi 2 NES Sss DE@id) FrcAMtheNgrbap

t housands of Angstronms. 30. The nethod of claim 22, Werein said first MM

net al el ect coneistirgy of5 doppend icoppetanhlcese TN Tey iTaM hallCur,shl,

i.nt er et al
pol i shi ng,

dielectric |aye

el ectrode
i nt er net al
pol i shi ng,

met al i nsu

A< YL A

dielectric layer and then planarized by chem cal nechani cal

Forand i (The ProasssdseIMenar é5casr Wi the first internetal
31. The nethod of claim22, wherein said first MM neta

| sg%f»thgf AR P WifnsBER BpGAPHESCSY matpaind Pnspioh

eiec{rlc Ia t Ianar|z chen1 aI han
ricC aﬁ}n F, 11. ove e ne
Of T Ng |nIa| enbe a Elec ro es ] ernetal

dielectric Laygrsng %rmeT‘IrEEL r&terl%‘itgf:.secogg}:zﬁ fﬂfﬂS hea[ g%t’%%rﬁ%&m ng an

optional etch stop layer over sai
i nterconnecharrfds 1Bt FESisElcdnl

met al ectro

Referring to Fig. 7B, which in cross-sectional
representation illustrates an option process step, namely,

the deposition of: the MIM, high K dielectric material 22,

high dielectric constant dielectric insulator, the deposition

of the MIM top plate metal electrode 24, including an

optional etch stop layer 25, deposited over the MIM top plate

metal electrode 24. This additional optional etch stop layer
25 may be required for contrelling the subsequent via-etch-
stop, due to differences in step height caused by MIM top
plate metal electrode 24. Furthermore, this additional

optional etch stop layer 25 is selected from the group

consisting of SiN, and SiC, with thickness from approximately

100 to 1000 Angstroms. Thus optional etch stop is required:
if the subsequent via etch selectivity of the MIM top plate
metal electrode and a subsequent thick IMD, intermetal

dielectric layer, is poor.
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Referring to Fig. 8, which in c¢ross-—sectiocnal
representation illustrates the mask and patterning of
photoresist 26 to form the top MIM plate electrodes and the
metal resistor, R, from the top the MIM top plate metal
electrode material 24, continuing with the standard process
of the present invention, as shown in Fig. 7A. Firstly,
prhotoresist 24 is formed and patterned over the top MIM
electrode material 24. This is MASK #2, PHOTO STEP #3, in the

process.

With reference to Figs. 9 through 12, these sketches are
schematic cross-sectional representations of the simultaneous
formation of both the metal resistor and the MIM top plate
electrode. In addition, contact vias to these devices are
formed therein. Note, these are key preferred embodiments of

the present invention that are described in detail below.

Referring to Fig. 9, which in cross-sectional
representation illustrates the forming of the top metal MIM
electrodes and top metal interconnect wiring, for simplicity
the metal layers are designated 28, and the metal resistor
29, R. This metal patterning is accomplished by using the
photoresist 26 patterning in Fig. 8, and etching the exposed
metal, and furthermore, stopping the etch on the MIM, high K
dielectric material 22, as shown in Fig. 9. This completes

the formation of the MIM capacitor 28, the resistor part of
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' +<=AEFP} cef { uoi c] XRU] ca] cal] caU] cal] caU] caU] cal] caU] cal] cal] cal] cal] cal] ca
U] caU] caU] cal] cal] caU] cal] caU] cal] cal] cal] caU] caU] caU] cal] ca69CE, / dk% ([
ysngal[ UOU] caU] caU] cal] caU] cal] caU] cal] cal] cal] caU] caU] caU] caU] cal] caU] cal] c

aU] cal] caU] cal] ca] caU] ca] caU] ca] caU] ca] cal] cal] ca

the metal resistor 29, and bottom interconnection wiring. As
an alternate or optional processing etch step, a one-step
etch may be performed by etching away both the exposed metal
and the high dielectric, and over~etching midway through the
thin intermetal dielectric layer 14, in the exposed regions.
Both oversize or undersize sides or features of the MIM top
plate may be required, depending on electrical design

considerations.

There are many methods that can be applied to form the
second metal electrode layer, 28, in Fig. 9, and
simultanecusly, the metal resistor 29. An important aspect of
the present invention methed is that the scheme described
herein allows for great flexibility in the choice of both the
dielectric and metal for both the MIM top plate and the metal
resistor. The second metal electrode layer and metal resistor
can be selected from group consisting of metals and metal
alloys with high conductivity, such as, copper, copper
alloys, TiN, Ta, TaN, AlCu, Al, Ti and W forming a MIM top
metal plate deposited by following methods depending on the
aspect ratic of trenches, selected from the group consisting
of electrochemical plating, chemical wvapor deposition CVD,
physical vapor deposition PVD, atomic layer depesition ALD,
and molecular beam epitaxy chemical wvapor deposition MOCVD,

and deposited in a thickness ranging from tens to thousands

of Angstroms.

-17-



QT " s v

%ADXf &) / 0zt nhc] WQU] U] caU] caU] ca] cal] caU] caU] ca] cal] ca] caU] caU] cal] ca] cal] ca

] caU] ca] calU] ca] ca] ca] caU] ca] cal] ca] cal] caU] ca]calUcaUca &'

23=@7} ~>?Y[ ~xr 1 f~ ZTNhcU] caU] caU] caU] cal] cal] caU] cal] caU] cal] cal] cal] cal] ca

Ul caU] caU] cal] ca] caU] cal] cal] ca] cal] cal] cal] ca] cal] cal] cal] cal] ca[

\1klI''7>w vgke_YSf * ZTNhcU] cal] caU] cal] cal] cal] ca] caU] cal] cal] cal] cal] cal] caU

] caU] ca] caU] caU] cal] cal] cal] cal] cal] caU] cal] cal] cal] calU] caU] cal] ca789: t upgW

X' $>H?AQ uoi c] W~ ZTNhcU] U] cal] cal] caU] cal] cal] cal] caU] cal] cal] caU] cal] cal]

cal] cal] cal] cal] caU] cal] cal] cal] caU] cal] caU] cal] cal] cal] caU] caU] caQri p() W6

7@x y| vpj d*YSNhc] cal] ca] caU] cal] cal] cal] cal] caU] cal] cal] cal] cal] cal] caU] caU

] caU] caU] cal] cal] caU] caU] cal] cal] cal] caU] cal] ca] caU] cal] cay

hiol gl T" wiBES8RE At liettdpnod| thecitinatien]chWeaMmaU] cal] cal] caU
caU] cay] cal] cal] cal] cal] cal] ca] ca] cal] ca] cal] cal] caU] caU] caU] ca] cal] ca] caU

} callﬂ&z&g&&&g@mg{w%ﬂdﬂﬁ)%ﬂwleﬁ)tlﬁ) g]ftrtl eﬁﬂh&w L;Idm%tﬂhlﬁ%wc] aﬂ ca]U] ca

o ki i sk sl Dl gl

uoj d*XShc] c a a cal] c
aUJ] caj caU} c%%t% ?f% %ij #cgijjug%ﬁ} % 8 %%%a%ﬁq’%g]ﬁ% vﬁﬁ wg%%g%clgllz
1{ 1111b2¢ 2224448443 voik eend Nacldeal, C@Hbza%seu | gadl ca\d o) galdaaidicaU call ¢
al] cal] caU] cal] calU| cal] caU] caU] cal] caU] ¢aU] cal cal caU] ca] caU] ca] cal] cad44(5
) 55565555k6966_65%5:6;61557:&&&!3757&:172,?176%&&:&1;21&%@] £Rd)| dankd e gzl cal] cal] caU
] cay] ca] caUl] cal] cal] cal] cal] cal] cal] cal] cal] cal] ca] cal] ca] cal] cal] cal] cal] c
aU] caU] cal] eh&Z {72888 SBANPAEO andl packaging, and making electrical

; r<u<}wgke_YSNhc] cal] caU] cal] cal] cal] caU] cal] caU] cal] cal] cal] ca] cal] cal
caU] cal] caUpeatheh Urezetain (Geudgcia ViasUpadUEsanrhes chr) iRl <<<<<<<<<5=8=
] = ={=======>>>+>, >] > >>>?7?( ?~ysnhc] W U] calU] caU] ca] caU] ca] caU] ca] cal] ca] ca
U] ca] cay] caFEHﬁJ]”E:ET‘E%Lﬂ"E:%]%JCﬁ&@?ﬁca@’ﬁaﬁ%aﬁﬂ%ﬁﬂ?ﬁ@}@g{"@{ﬂ ca] cal] c
a(?. 20?X?e?h? ooooooy Y QOO0 C(%C formed v N
CHSCO/Czt nhb] TRIF A Tt SRR BB PP R £ W8S &40 cay
cal] cal] ca
0 chad] bal “%%?ca] o e B R SRR R R RER T SRS oDDMENEGEY
Et EUEEEE} wr | T~ ZThc] W U] U] caU] caU] cal] cal] ca] cal] cal] caU] cal] caU] cal] cal] ca
Ul caU] ca] caU] ca] cal] ca] ca] ca] ca] cal] ca] cal] cal] cal] ca] cal] caEEFGGEEEEEH H\ HH
HHHYL ZI T 1T ] I RéEéredied W fRIGLhAJO0\QettieaUinakkeath satticandicall cal] cal] caU
] caU] caU] cal] cal] cal] cal] cal] cal] cal] caU] cal] caU] cal] cal] cal] cal] cal] cal] ca
Ul cal JJJJJJ)EePKSKerkkkion illustrates the deposition of a thick IMD,
PPPP- POPPPP %Qzuo d YTcU] ] caU] ca] cal] ca] ca ca] caU] ca caU] ca] cal ca

][gagsgz]Tcaur}eama :er TTT TTT5U9 J@éﬁ’-‘ci}%a@]"&é] x]%ﬂ] ] Ca@% SU]NrS
A * Z A ca ca al ca
L ooUl cal cSUFERTOAR (SR ey O W%%f&&f&&uﬁ%%%q e %ﬁ@; e

g]wcgg]wcgg]wc?%%} E%ﬁgafég?fcgﬂé?zfasq%? hi ca&ngﬁgﬁ%ﬁ d? I%ﬁjﬁeca %{chgg%g
aU caU] cal] epbGakhcabhesd £ atl crvahalr 2aaldubb{ | Eb} bl £1ddddn Ok Impadd [ UPi c”
XS] cal] ca] cay ca] cal] cal] ca] cal] cal] cal] cal] ca] cal] cal] cal] caU] cal] cal] cal
caU] cal] caUptabheathe athefdde adden ihen opamatdIpMIM electrodes and top

=t {vpj d*XRi ¢ XS] U cal] cal] cal)] cal] cal] ca] cal] caU] cal] cal] cal] cal] ca] cal] ca]
cal] cal] caUpesht aih tetheangct |watirenUdesligabed] 28U Thdyth&eR ML, vpj d*YS) d
AXRi cMXS] U

caUl call callosereatrt ot skt A FoaUteat 32% SErdye B rd At 3] |

U
Teall cull cubrERr Ehb] FIRTHER R Oy TR KERAHELDY bt VR Ion U] oLl ¢
ftﬂaaatﬂafﬂatﬂa%}%glaquafﬁ%cg{féﬂ Cﬁéﬂp&a‘élmaalé]n% caurgal] cadl catlical calgayl cau
6l t xm FH AX

oLl o] calT o o e R B e e v
jd_YSi CAXSU}:b%m B2k er W Lahd i Udqlgaaeanbga bheakeaibwad ¢ akd reddcal cal] cau

] cay] ca] cay] cal caU] cal] ca] cay] caU] cal] cal] cal] caF} cd} [ 9! (
109 ()-i!p# 10%/& ()-'310% & ()-'M10% /& ()-!Zpi 10% /& ()-

18-



6Y— 1o;§iéf(j- 10981 & () -

10% & ()-ydhij k% b@! D& 10%I hl & () -

j1109%81 & ()-c 10/ 10/ 10/if; 10% & ()- =11, M10%.L& ()-
M 10%.L& ()- 10%& ()- 108l 108l 108$1if; 10981 & ()-j!10%I & ()- !7; < @
10/i; 10% & ()-16*M10% /& ()-s,)) 10% & ()- j!10% & ()-< 10L 10L

selected from the group consisting of electrochemical
plating, chemical wvapor depecsition CVD, physical vapeor
deposition PVD, atomic layer deposition ALD, and molecular
beam epitaxy chemical vapor deposition MOCVD, and deposited
in a thickness ranging from 1000 to 10000 Angstroms. The
thick IMD, intermetal dielectric layer 30, is planarized by
chemical mechanical polishing, CMP, and the planar surface is
illustrated in the next figure, Fig. 11. Note, that this
planarization step described above is not required when the
topography introduced by the MIM top plate and metal resistor
is slight, and does not cause topography step height probklems
with subsequent process steps, such as, masking, oxide etch,

and metal £ill.

Referring to Fig. 11, which in cross-sectional
representation illustrates the masking and patterning of
photoresist 32, which will form via openings. Note, the
exposed photoresist regions are aligned with device features
below. These exposed regions will form electrical contact
vias in the subsequent etch step, illustrated in the next
figure, Fig. 12. The photoresist is formed over the
pPlanarized thick IMD, intermetal dielectric layer 30. This
represent the third masking and the fourth pheoteo step, MASK

#3, PHOTO STEP #4.
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Referring to Fig. 12, which in cross-sectional
representation illustrates the reactive ion dry etching of
the contact via openings 34. Again note, that the exposed
rhotoresist regions were aligned with device features below.
Now, after etching, exposed regions will form contact via
openings 34 to the device features below. All the contact wvia
cpenings 34 are “empty” and cleared during etching due to the
etch selectivity difference between the metal and low k
dielectric material. The vias depth differences at MIM
capacitor and normal metal lines are not a problem. Note,
some via openings during etching, etch stop at or on the MIM

bottom plate’s barrier layer 20.

Referring to Fig. 13, which in cross-sectional
representation illustrates the next set éf processing steps,
the filling of the wvia openings with barrier layer and copper
metal, the barrier and copper metal set or assembly
designated 36 for contact vias to the top MIM electrode.
Note, barrier layer is too thin to sketch into vias. The
barrier and copper metal set or assembly designated: for
contact vias to the top metal resistor electrode 38, and for
contact vias to the bottom metal resistor electrodes 40 and

42, respectively.

Referring to Fig. 14, which in cross-sectional

representation illustrates the next set of processing steps
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in the BEOL, the deposition of a thick IMD, intermetal
dielectric layer 44. Photoresist 46 is masked and patterned
over the thick IMD, intermetal dielectric layer 44, for the
purpose of forming trench openings in the intermetal
dielectric layer in subsequent process steps. This marks the
approach of the final processing steps, namely the subsequent
filling of the trench openings with top metal lines. The
thick IMD, intermetal dielectric layer 44, is a low
dielectric constant material selected from the group
consisting of: SiN, SiO, spin-on-glass S0G, PE plasma
enhanced TEOS, tetraethoxysilane deposition,

halogenated S8i0O, fluorinated silicate glass ¥SG, CORAL, black
diamond, deposited by the following methods selected from the
group consisting of electrochemical plating, chemical wvapor
deposition CVD, physical vapor deposition PVD, atomic layer
deposition ALD, and molecular beam epitaxy chemical vapor
deposition MOCVD, and deposited in a thickness ranging from
hundreds to thousands of BAngstroms. This step represents the
fourth mask and the fifth photo step, MASK #4, PHOTO STEP #5
(Note, the opposite photoresist pattern, positive/negative,
to the photoresist 26 in Fig. 8.) These are final
photolithography processing steps, thus formation of MIM
capacitor, metal resistor, and copper BEOL interconnect

wiring is accomplished by using only one extra mask.
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Referring to Fig. 15, which in cross-sectional
representation illustrates the forming of the trench openings
48 by etching the intermetal dielectric layer 44.
Subsequently, these trench openings 48 are to filled with top

metal forming top metal lines.

Referring to Fig. 16, which in cross-sectional
representation illustrates the filling of the trench openings
with barrier layers 49 lining the trenches and copper metal
contact trenches 50, 52 and 54. The copper metal contact
trenches 50 contact vias to opposite ends of a top metal
resistor. The copper metal contact trench 52 contact wvias to
top metal MIM capacitor electrode. The copper metal contact
trenches 54 contact vias to bottom metal interconnect wiring.
Thus, formation of a MIM capacitor, a metal resistor, and
copper BEOL interconnect wiring is accomplished by using only

one extra mask.

Another important capacitor application of the present
invention is in integrated circuits that use anti-fuse
devices, in field-programmable gate arrays, FPGA. In an anti-
fuse device, a metal-insulator-metal capacitor, MIM, is
normally in an “open’” circuit state, as a capacitor. However,
after a high breakdown voltage or high breakdown field is
applied to the capacitor, the capacitor’s dielectric breaks

down and changes to an irreversible “short” circuit state, or
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closed contact device. Therefore, the anti-fuse, MIM device
has binary electrical states of “open”, and “closed” circuit
states. In the present invention described herein, for
fabrication of an anti-fuse device, the metal-insulator-metal
capacitor’s surface area dimensions are formed, as small as,
the size of the wvia, and the insulating dielectric material
for the capacitor is of low dielectric constant material,
comprised of amorphous silicon. Furthermore, the thickness of
all the layers and the dielectrics specified herein, for the
metal-insulator-metal capacitor, MIM, remain the same and
unchanged for the anti-fuse, MIM application described above.
While the invention has been particularly shown and
dascribed 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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What is claimed is:

1. A method for fabricating metal-insulator-metal
capacitors, MIM, metal resistors, and copper back end of
line interconnect wiring, comprising:

providing a first intermetal dielectric layer
overlying a semiconductor substrate:;

forming bottom MIM trench openings and other metal
line openings in the first intermetal dielectric layer
patterning using a first mask, photoresist process one;

forming a first metal MIM electrode and other metal
interconnect wiring lines filling said openings;

forming shallow trench openings in a thin second
intermetal dielectric layer, over existing first metal
MIM electrode and interconnects, patterning using the
first mask again, photoresist process two;

forming a bottom plate barrier layer in the shallow
trench openings and planarizing back the top surface,
leaving the bottom plate barrier layer in the trench;

forming a high dielectric constant insulator layer
over the thin second intermetal dielectric layer and
bottom plate barrier layer;

forming a second metal MIM electrode,
interconnects, and metal resistors over the high

dielectric constant insulator layer, patterning using a
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second mask, photoresist process three, thus completing

the MIM capacitors, metal resistors and copper wiring.

2., The method of claim 1, wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes and source/drain

regions.

3. The method of claim 1, wherein said
semiconductor substrate includes semiconducteor device
structures such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.

4. The method of claim 1, wherein said first and
second intermetal dielectric layers are a low dielectric
constant material or materials selected from the group
consisting of: SiN, SiO, spin-on-glass SO0G,

PE plasma enhanced TEOS, tetraethoxysilane deposition,
halogenated SiC, fluorinated silicate glass FSG, black
diamond, deposited by the following methods selected
from the group consisting of electrochemical plating,
chemical vaper deposition CVD, physical vapor deposition
PVD, atomic layer deposition ALD, and molecular beam
epitaxy chemical vapor deposition MOCVD, and deposited

in a thickness ranging from 1000 to 10000 Angstroms.
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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, such as, copper, copper alloys, TiN, Ta,
TaN, AlCu, Al, Ti and W forming a MIM bottom metal plate
deposited by fellowing methods depending on the aspect
ratio of trenches, selected from the group consisting of
electrochemical plating, chemical vapor deposition CVD,
pPhysical vapor depeosition PVD, atomic layer deposition
ALD, and molecular beam epitaxy chemical vapor
deposition MOCVD, and deposited in a thickness ranging

from tens to thousands of Angstroms.

6. The methed of claim 1, wherein said capacitor
dielectric insulator with high dielectric constant
material or materials is selected from the group
consisting of Tay0s, HfO,, 2Zr0., TiO:, Al,03, SiN, S8iC,
and TaON, formed by Atomic Layering Chemical Vapor
Deposition techniques, ALCVD, with thickness ranging
from tens to thousands of Angstroms, under low

temperature deposition conditions.

7. The method of c¢laim 1, wherein said metal
barrier layers are selected from the group consisting of

Ta, Rl, TaN, TiN, and metals that are compatible with
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copper interconnect process flow, wiht the thickness of
the barrier after chemical mechanical polishing CMP,
being approximately less than 500 Angstroms in
thickness, deposited by following methods, selected from
the group consisting of chemical vapor deposition CVD,
physical vapor deposition PVD, atomic layer deposition
ALD, and molecular beam epitaxy chemical vapor
deposition MOCVD, and deposited in a thickness range

from 500 to 2000 Angstroms.

8. The method of claim 1, wherein said
second metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductivity, such as, copper, copper alloys, TiN, Ta,
TaN, AlCu, Al, Ti and W forming a MIM top metal plate
deposited by following methods depending on the aspect
ratio of trenches, selected from the group consisting of
electrochemical plating, chemical vapor deposition CVD,
“physical vapor deposition PVD, atomic layer deposition
ALD, and molecular beam epitaxy chemical wvapor
deposition MOCVD, and deposited in a thickness ranging

from tens to thousands of Angstroms.

9. The method of claim 1, wherein the first MIM

metal electrode is comprised of copper and conducting
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barrier, and planarized by chemical mechanical

polishing.

10. The method of claim 1, wherein said first MIM ¢
metal electrode layer is formed in a damascene opening
in the first intermetal dielectric layer and then
planarized by chemical mechanical polishing, forming
inlaid embedded metal electrodes in the first intermetal

dielectric layer.

11. A method for fabricating metal-insulator-metal
capacitoxrs, MIM, metal resistors, and copper back end of
line interconnect wiring, and electrical contacts
therein, comprising:

providing a first intermetal dielectric layer
overlying a semiconductor substrate;

forming bottom MIM trench openings and other metal
line openings in the first intermetal dielectric layer
patterning using a first mask, photoresist process one;

forming a first metal MIM electrode and other metal
interconnect wiring lines filling said openings;

forming shallow trench openings in a thin second
intermetal dielectric layer, over existing first metal
MIM electrode and interconnects, patterning using the

first mask again, photoresist process two;
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forming a bottom plate barrier layer in the shallow
trench openings and planarizing back the top surface,
leaving the bottom plate barrier layer in the trench;

forming a high dielectric constant insulatoxr layer
over the thin second intermetal dielectriec layer and
bottom plate barrier layer:;

forming a second metal MIM electrode,
interconnects, and metal resistors over the high
dielectric constant insulator layer, patterning using a
second mask, photoresist process three, forming MIM
capacitors, metal resistors and copper interconnect
wiring:

depositing a thick third intermetal dielectric
layer over the second metal MIM electrode,
interconnects, and metal resistors and over the high
dielectric constant insulator layer;

planarizing the third intermetal dielectric layer
by chemical mechanical polishing;

forming via openings which connect to both first
and second metal, patterning using a third mask,
photoresist process four;

forming a metal barrier layer lining the via
openings and forming copper metal f£illing the via
openings, forming copper contact vias to both first

second metal;
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depositing a thick fourth intermetal dielectric
layer over copper contact wvias and over the third
intermetal dielectric layer;

forming large trench openings in the fourth
intermetal dielectric layer over the copper contact
vias, patterning using a fourth mask, photoresist
process five;

forming a metal barrier layer lining the large
trench cpenings and forming copper metal filling the wvia
openings, planarizing the surface by chemical mechanical
polish, thus forming electrical contacts through the
contact vias below, to the metal-insulator-metal
capacitors, MIM, metal resistors, and copper back end of

line interconnect wiring.

12. The method of claim 11, wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes and source/drain

regions.

13. The method of claim 11, wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.
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14. The method of claim 11, wherein said first and
second intermetal dielectric layers are a low dielectric
constant material or materials selected from the group
consisting of: 8iN, Si0, spin-on-glass S0G,

PE plasma enhanced TEOS, tetraethoxysilane deposition,
halogenated $i0, fluorinated silicate glass FSG, black
diamond, deposited by the following methods selected
from the group consisting of electrochemical plating,
chemical vapor deposition CVD, physical vapor deposition
PVD, atomic layer deposition ALD, and molecular beam
epitaxy chemical vapor deposition MOCVD, and deposited

in a thickness ranging from 1000 to 10000 Angstroms.

15. The method of claim 11, wherein said
first metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductivity, such as, copper, copper alloys, TiN, Ta,
TaN, AlCu, Al, Ti and W forming a MIM bottom metal plate
deposited by following methods depending on the aspect
ratio of trenches, selected from the group consisting of
electrochemical plating, chemical vapor deposition CVD,
physical vapor deposition PVD, atomic layer depositicon
ALD, and molecular beam epitaxy chemical vapor
deposition MOCVD, and deposited in a thickness ranging

from tens to thousands of Angstroms.
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16. The method of claim 11, wherein said capacitor
dielectric insulator with high dielectric constant
material or materials is selected from the group
consisting of Ta.0s5, HfO,, Zr0;, TiO,, Al,0;, SiN, S8iC,
and TaON, formed by Atomic Layering Chemical Vapor
Deposition techniques, ALCVD, with thickness ranging
from tens to thousands of Angstroms, under low
temperature deposition conditions.

17. The method of claim 11, wherein said metal
barrier layers are selected from the group consisting of
Ta, Al, TaN, TiN, and metals that are compatible with
copper interconnect process flow, with the thickness of
the barrier after chemical mechanical pelishing CMP,
being approximately less than 500 Angstroms in
thickness, deposited by following methods, selected from
the group consisting of chemical vapor deposition CVD,
physical vapor deposition PVD, atomic layer deposition
ALD, and molecular beam epitaxy chemical vapor
deposition MOCVD, and deposited in a thickness range

from 500 te 2000 Angstroms.

18. The method of claim 11, wherein said
second metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductivity, such as, copper, copper alloys, TiN, Ta,

TaN, AlCu, 21, Ti and W forming a MIM top metal plate
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deposited by following methods depending on the aspect
ratio of trenches, selected from the group consisting of
electrochemical plating, chemical vapor deposition CVD,
physical vapor depesition PVD, atomic layer deposition
ALD, and molecular beam epitaxy chemical vapor
deposition MOCVD, and deposited in a thickness ranging

from tens to thousands of Angstroms.

19. The method of claim 11, wherein the first MIM
metal electrode is comprised of copper and conducting
barrier, and planarized by chemical mechanical

polishing.

20. The method of claim 11, wherein said first MIM
metal electrode layer is formed in a damascene opening
in the first intermetal dielectric layer and then
planarized by chemical mechanical polishing, forming
inlaid embedded metal electrodes in the first intermetal

dielectric layer.

21. The method of claim 11, further comprising
forming an optional etch stop layer over said second

metal MIM electrode, interconnects, and metal resistors.

22. A method for fabricating metal-insulator-metal

capacitors, MIM, metal resistors, and copper back end of
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line interconnect wiring, using only one extra mask
comprising:

providing a first intermetal dielectric layer
overlying a semiconductor substrate;

forming a first metal MIM electrode and other metal
interconnect wiring lines in a damascene process using a
first mask, photoresist process one, in the first
intermetal dielectric layer;

forming a bottom plate barrier layer over existing
first metal MIM electrode and interconnects patterning
in a damascene process using the first mask again,
Photoresist process two, in a provided second intermetal
dielectrie layer;

forming a high dielectric constant insulator layer
over the second intermetal dielectric layer and bottom
plate barrier layer;

forming a second metal MIM electrode,
interconnects, and metal resistors over the high
dielectric constant insulator layer, patterning using a
second mask, photoresist process three;

thus, forming MIM capacitors, metal resistors and

copper interconnect wiring with only one extra mask.

23. The method of claim 22, wherein said

saemiconductor substrate includes semiconductor device
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structures such as gate electrodes and source/drain

regions.

24, The method of claim 22, wherein said
seniconductor substrate includes semiconductor device
structures such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.

25. The method of claim 22, wherein said first and
second intermetal dielectric layers are a low dielectric
constant material or materials selected from the group
consisting of: SiN, S5i0, spin-on-glass SOG,

PE plasma enhanced TEOS, tetraethoxysilane deposition,
halogenated S$iO, fluorinated silicate glass FSG, black
diamond, deposited by the following methods selected
from the group consisting of electrochemical plating,
chemical vapor deposition CVD, physical wvapor deposition
FVD, atomic layer deposition ALD, and molecular beam
epitaxy chemical wvapor deposition MOCVD, and deposited

in a thickness ranging from 1000 to 10000 Angstroms.

26. The method of claim 22, wherein said
first metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductivity, such as, copper, copper alloys, TiN, Ta,

TaN, AlCu, Al, Ti and W forming a MIM bottom metal plate
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deposited by following methods depending on the aspect
ratio of trenches, selected from the group consisting of
electrochemical plating, chemical vapor deposition CVD,
physical vapor deposition PVD, atomic layer deposition
ALD, and molecular beam epitaxy chemical vapor
deposition MOCVD, and deposited in a thickness ranging

from tens to thousands of Angstroms.

27. The method of claim 22, wherein said capacitor
dielectric insulator with high dielectric constant
material or materials is selected from the group
consisting of Tay0s, HEfO,, 2r0,, TiO,, Al,0;, SiN, SiC,
and TaCN, formed by‘Atomic Layering Chemical Vapor
ﬂDeposition techniques, ALCVD, with thickness ranging
from tens te thousands of Bngstroms, under low

temperature deposition conditions.

28. The method of claim 22, wherein said metal
barrier layers are selected from the group consisting of
Ta, Al, TaN, TiN, and metals that are compatible with
copper interconnect process flow, wiht the thickness of
the barrier after chemical mechanical polishing CMP,
being approximately less than 500 Angstroms in
thickness, deposited by following methods, selected from
the group consisting of chemical vapor deposition CVD,

physical vapor deposition PVD, atomic layer deposition
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ALD, and molecular beam epitaxy chemical vapor
deposition MOCVD, and deposited in a thickness range

from 500 to 2000 Angstroms.

29. The method of claim 22, wherein said
second metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductivity, such as, copper, copper alloys, TiN, Ta,
TaN, AlCu, Al, Ti and W forming a2 MIM top metal plate
deposited by following methods depending on the aspect
ratio of trenches, selected from the group consisting of
electrochemical plating, chemical vapor deposition CVD,
physical vapor deposition PVD, atomic layer deposition
ALD, and molecular beam epitaxy chemical vapor
deposition MOCVD, and deposited in a thickness ranging

from tens to thousands of Angstroms.

30. The method of claim 22, wherein said first MIM
metal electrode layer is formed in a damascene opening
in the first intermetal dielectric layer and then
planarized by chemical mechanical polishing, forming
inlaid embedded metal electrodes in the first intermetal

dielectric layer.

31. The method of claim 22, wherein said first MIM

metal electrode layer is formed in a damascene opening

37-



in the first intermetal dielectric layer and then
planarized by chemical mechanical polishing, forming
inlaid embedded metal electrodes in the first intermetal

dielectric layer.

32. The method of claim 22, further comprising
forming an optional etch stop layer over said second

metal MIM electrode, interconnects, and metal resistors.

33. The method of claim 22, wherein metal-~
insulator-metal capacitors, MIM, are fabricated, has
application in forming anti-fuse devices, which are
comprised of MIM, capacitors in a circuit using field-

programmable gate arrays.
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