e3eB}IABz<< <7A7H@EATIAYh6 | A METHOD FOR MAKI NG A METAL- | NSULATOR- METAL
(NIND CAPACI TOR AND NETAL RESI STOR FOR A COPPER BACK- END- OF- LI NE ( BEQL)
TECHNOLOGY BACKGROUND* OF THE | NVENTION (1) FIELD OF THE | NVENTI ON The
present invention relates to a nethod for naking sem conductor integrated
circuits, and nore particularly a nethod for making netal -insul at or - net al
(MM capacitors and concurrently nmaking resistor structures conpatible
Wth a copper (Cu) netallization schene requiring only a single additional
masking step. This sinplified nmethod is designed to prevent via

puncht hrough t oalitgrhep RLUA0AR ATRETARQREOIRIBR ORISR0 { )l NS the

utilization of the capacitor dielectric |ayer as an efc | ayer to
prevent over et cCOARECITOR P METO! FEIBTRITORE FDRAA EOLLER copper particle,
and thereby "avoi di ng addi tional processing steps. The MM capacitors can be
used i n an i nt eBAGKEENR+OE N INE S(BROL) - TESENIROGEeS. (2) DESCRI PTI ON OF THE
PRI OR ART 1 Capacitors are used for various integrated circuit
applications. For exanple, naking netal-insulator-nmetal (MM capacitors
can be used for m xed signal (analog/ digital circuits) applications and
radio frequency (RF) circuits, and can al so serve as decoupling capacitors
to provide inproved volt equla i n nmmunity for power

di stribution. In preV|od%&§%1era |gﬁ§%@? ggﬂﬁh@ﬁaﬂctor t echnol ogy, these
capacitors are integrated into the sem conductor circuit when the

sem conductor devices are formed on the substrate. For exanple, the one or
two doped patterned polysilicon |ayers used to nake the field effect
transistors (FETs) and/or bipolar transistors can also be used to formthe
capaci t od) HIIEBPnQF | THE VENVENTIO#paci tors can be fabricated using the

mul tilevels of interconnecting netal patterns (e. g., Al/Cu) used to Wre
up the individual sem conductor devices (FETs) In recent years the A Cu
netallization?gas been replaced wi th_copper (Cu) to reduce significantly

the resistivi Ty RTIHPLITRAGLPR Felates 'ﬁ@saalhﬂtlll%r%m/ nakgmsve the RC

i st t.i f d t f B
Usi mg. oo Pk SeEaREs S lariReY Fichied pPR WA céépé%“%@%‘i%s%i educed
resul tingethod £bInRIxd O%q,[eq._aq_f d‘%ﬁgtgﬁtﬁg&é@' c(%h cj)éok}es c%%am tor

react ance expressed In IS the reS|s ance
concurrently making resistor structures compatible with a

copper (Cu) metallization scheme requiring only a single
édditional masking step. This simplified method is deéigned to
pPrevent via punchthrough to the top electrode. This novel
method also retains the utilization of the_capacitor dielectric
._layer as an etch-stop layer to prevent overetching the copper
bottom plate that causes copper particle, and thereby avoiding
additional processing steps. The MIM capacitors can be used in

an integrated circuit as anti-fuse devices.

(2) DESCRIPTION OF THE PRIOR ART



Several nethods of making M M capacitors are described in the literature.
One nethod is described in the Interconnect Technol ogy Conference 2000
Proceedi ngs of the | EEE 2000, page 111, in a paper entitled "Single Mask
Met al -1 nsul ator-Metal (MM Capacitor Wth Copper Damascene Metal lization
for Sub0.18 um M xed Mode Signal and Systemon-a-Chip (SoC) Applications”
by R Liu et al., Lucent Technol ogies 8ell Laboratories in Wich a Cu
damascene process is used to formthe bottomel ectrode and then a Si 3N4
dielectric is deposited as the capacitor dielectric and as a barrier |ayer.
A conducting material such as TiN, AICU/TiN, or Ti/TiNNAICu/TiNis
deposited and is patterned by selective etching to stop on the Si3N9 | ayer
to formthe tcapabeebesdare Theedansy wRALUWOLindddr-assdf eiftagra netal
resistor or maki ng contacts to the top electrode. In the Proceedi ngs of the
. | EEE/ | EDeip2dad@atpage - | 5Bor cepamele enidiilned nicltatleghatilafopfmdbah Giivp M M
Capacitors and Resistors into Copper Metallization based RF-CMOS and
Bi - CMOS TFéPRfditegEesanpye pasetd ritre migedy sigpalldaordba/ ddsgitoks a net hod
for maki %ﬁ&a M I\ﬁ/#cagaci_tor_ and a netal. resistor usi n% a Cu dual -danmascene
process FIHH ngPRILERELIRR | 3 A b ETRINenCyr ARRY aioraies caRti tor
di el ectric%_PI %3.{%5 gggvg ;0pd§‘|:§0tj_’0,99 al so .ftor meg__ from TgN. . The bottom

aR Tayer 1's arso patx ermed TS FSPHSr &8 BF8VEYe ALBREYRF danascene

el ectrode
process i ; : . agi e and to
t he resi svt% gﬁt&%ﬁdﬁégﬂ%ﬁglgﬁ%?%gﬁmﬁ%n%% F‘%&e? t53;78;(-1 ﬁ'ggtﬁié}?'ﬁ%%psngf
formng MM capacitors include a paper by M Arnacost et al. of |IBM
entitled "A Hgh Reliability Metal Insulator Metal Capacitor for 0.18 um
Copper Technolegpteirhotsegéhaceeibng odisdnicondbtbEDM2RASlopRgethdsd and
in the Proceedings of the | EEE/ | EDM 1999, page 849, R Mahnkopf et al. of

- | nfi neon “ARGcLBRFEc3tei betegraterbdinty thekisepigortibctapacitonit rwherCu

dual -danaéﬁ?%ene nmetal lization schene in a paper entitled " Systemon a

Chip' TedMRFoP6HY CRPRAPFEPT FRYiers enndsechrn Mhreaubsrate & TRAM
licatigns,”. S | _patents_ h i d_for maki M i .

(PRl T ot s Se g el e e NS PRSI dssar Lor aRLng MM sanaclf or

addi ti ongl, {hikA 'Eﬁ&a}fiéf&%f et Oéfﬁxﬁsi%%t:%m(%@&%g' %ﬁ&é&%%%ﬂ%h ext ends

over the edge of a Cu dual -damascene structure. at ent

6, 329, 234:Bhsid@6€E| 88n daTBS N8l fda RKisEA teMegBRaEELPE . StTUCt Uure and
concurrently an inductor using a single photoresist mask for high-frequency
m xed- si- @d&lerRhtiCHOP, atipd | cabd ditomogadl bal Eabiri bage&Uuslind - elasrascene
process. U S. Patent 6,320,244 Bl to Alers et al. describes a nethod for

i nt egr at Myd thilpvedpaef t treexdoninertdnalositadapastenssplecgss. Allf@a)capaci t or
is formed in a recess in an insulating |ayer over an underlying

i nt er conHEEE &Pr WEFR WP oFhe Hendifticiadt serdiceaduetorydeviges (FET$)S, Pat ent
6,271,084 Bl describe a method for meking vertical M M capacitors using a
damascene process in which the vertical 4 si dewal k of the capacitor are

used to incregse,Lhg Ld angce. ere.ig4stiLLL _a need in the
sem conducftor%?n %lsgf?gaf%g#%rm me -aqﬁf%gﬁaéﬁgﬁjuﬁg aﬁaflc\jﬁ’ﬁnc%e a]E:allcfeéjrs W th
hi gh Cap@ﬁkhaﬂﬁﬁpéb|kéh)r%ﬁ(Eﬁdﬂbéné¥aﬁi%i¥hﬁkiyaEﬂep£99§§£ivity'of the '

conductive metal lines and thereby improve the RC (resistance x
capacitance) delay time for improved circuit performance. By

using Cu lines, the resistance in series with MIM capacitors is

reduced'resulting in a higher figure of merit Q (X /R), where
[=]

J& is the capacitor reactance expressed in ohms, and R is the

resistance (ohms).



reliability. SUNNARY OF THE | NVENTI ON A pri nci pal obj ect of the present

invention is to fabricate a Metal -Insulator-Metal (MM capacitor and
concurrently make a resistor structure conpatible with a copper (Cu)

nmetal li zati on schene, requiring only one additional masking step. A second
object of this invention is to avoid particle generation by patterning the
top plate by etching down to and partially into an interel ectrode
dielectric layer thereby avoiding etching the Cu bottomplate. Athird

obj ective of this invention is to use a Cu bottomplate to reduce series
resi stance and thereby inprove the figure of nerit Q (X /R). Still another
objective is to provide an etch-stop |ayer 5 on the capacitor top plate

to prevent Vi Zepeialt heeHghst Of thek {0P il pMiaRorkasRal 88 ﬁs@&q}f
t hrough an overlying insulating |ayer to the capacitor top p urt her

obj ect i vethies liikeiratorpor adge t hethbdd/ DapRGdrabadia the Theedbbnalest gn to
forman anti-fuse, which can then be shorted by applying a voltage between
“the capaé‘i%ﬂ%@ﬁeé}ovﬁarense R R0 Rradwediniys difelthet TEEEb2@Akdovage ol t age
of the Cra"'}qfll tor. The present_invention is a nethod for naking i nproved MM
capacito sitRg & oRBPEHAPRFLRLP Midiidly Mask MedalsIosupateptietnl h

concurr el )Lnrr%kl n lgg;:al {'1 siLstors._ This novel process elimnm nates damage
to the capacrt 6r PaRaR° ekt ‘S ?%P%I%aé"ﬁﬁﬁeé’t?gﬁez‘iﬁlﬁ'ﬁﬁFé?Pn&*a%@?‘to t he
top platg afg QJQleMgQQQCML L. %l'g?f m _pl ;s forged froma

| owr esi stance net al ? i Igure %f;gérfeg'?i % ?RCPR)( i ncreased
signifi caﬁﬂmca&bheughytﬁe 1Bt hod 45, dqaﬁén@éeuﬁheﬂoalgy%eﬂfmsCe”e
process, it should be understood that a single-danascene process can al so

be used. Labosamwrigst he weidoda ofu tdintddunenpreteByi BSubyd PESVESENY a

sem condyct o bstrate ha in artiall y corrpl eted sem conductor circuits,
such as IL’—J%'? r?'fg F‘h%‘%?ﬁ? %“? N, giglestericeds deporidtad

i'nt erconnect|ons enbedded_in, and copl anar with a first insulating |ayer. A

dual - dan&?c@ﬁ@ gapacitor dielectric and as a barrier layer. A
conducting material such as TiN, AlCu/TiN, or Ti/TiN/AlCu/TiN
is deposited and is patterned by selective etching to stop on
the Si;n layer to form the top electrode. The paper does not
address forming a metal resistor or making contacts to the top
electrode. In the Proceedings of the IEEE/IEDM 2000, page 153,
a paper entitled “Integration of Thin Film MIM Capacitors and
Resistors into Copper Metallization based RF-CMOS and Bi-CMOS
Technologies” by P. Zurcher et al. of Motorola describes a
method for making a MIM capacitor and a metal resistor using a
Cu dual-damascene process and forming a bottom electrode of
TaN, forming a S:i..3N4 capacitor dielectric layer and a top
electrode élso formed from TaN. The bottom electrode TaN layer
is also patterned to form resistors. A second daﬁascene

process is then used to make contacts to the capacitor top

electrode and to the resistor and to the underlying metal



capaci tance. A netal |ayer is deposited on the capacitor dielectric |ayer,
and a third etch-stop layer is deposited on the netal |ayer for the top
pl-ate. A photoresist mask and plasma etching are used to pattern the third
etch-stop layer and the netal layer to formthe capacitor top plates. For
exanple, the top plates are preferably formed fromtantalum (Ta). The
etching is termnated in the capacitor dielectric |layer (also buffer |ayer)
to prevent etching into the underlying Cu bottom plates. During fornation
of the capacitor top plates, the etching is term nated (about 100

Angstro Lihin o L Lor_di I er to. avoid overetching into
the Cu gg)ggc%r%dr 8%?%5#%?%%%% ?ﬂa%lzq\/\%hdd&offﬁéra ASETPES uf’l’ci'l?‘l Yrfhvant ed Cu
particl e gagat-agynal | AbmabokeVef 621 UrdE Ofpd @n%ittméam‘hoﬁigﬁ_ RO 8 1

phot oresi st maski ng and plasma etching that formthe capacitor top plates

t o concumMesnill InkalatbbeMati Bl capaditicy TorTioe 18ehLal chpyer To&&nddogapaci tor
top plates and for resistors can be varied in thickness to vary the

resi st ande fthe Buorgadpuyposesthe) IRBEATEDM 2000, clvabbah&?) dmdirid the
insulating layer is deposited on the substrate to electrically insulate the
under | yi FFOFSEALPgFgFE Hae oFRERM EEMG| 129 % pagecBdd ., i R- t Mehikepf et relul at i ng

| ayer to t third etch-stop.layer on the_capacitor_top plates and on the
net al resﬁ%&ﬁ%."eﬂﬁo?ﬂ‘gr:[%yd?%%‘f’tﬁee § oathed feruRpkings 2 MBt hird

etch-sto 3 o:prevent ;overetching the second,via hal es and damagi ng
t he capaclg‘ié1 %%'g'rto h'-é'Rtﬁi th 1|9&rl"‘<'zle %% H- St Op eé:?gﬁ‘llz?tﬁgf‘eif 8F yv*? dhoved in
t he secop@dperdeheieseq”A single 8 damascene process is used to form

interlevel contacts in the second via holes. In this process step a second

barrier Mayeystefl anS&CORdpSErsEHIRIgAEA 4SRRI E8E, 0208 @m copper

| ayer is electroplated and polished back to formthe interlevel contacts
(Cu pl ugdixied ShensdcdneDRAM Applistatiensornpl ete the remaining | evel s of

el ectrical interconnections a standard copper netal -1ine-and- interconnect
process can be used, for exanple, by repeating the danascene process.

Alternatively, a duil-danascene process can be used in VWich the second via
hol es and rec8§¥85af PatFRERHHANS Rards Igs8erofREd™akiag (B4R filled with Cu

t d | I OF THE N The._ obj t d
o reduce agg%&%scosqfs. Bﬂ#%@%'s%ﬂﬂ“to ﬁB@Ps?gé%!W aadial GoLS an

ot her advantages of this invention are ‘best u

the pref geiadserhadi 4801 YOeNL A eathsivl @RI ASH aat&i.tf%%& é&'é&}@@ g

drawi ngs. Figs. 1 through 7 are schematic cross-sectio views of a

portion bbtiomubapasdi ot ENd g Wit QE4RAEE BF el CRESSAGL &5 a Cu
dual-damascene structure. Ma et al., U.S. Patent 6,329,234 B1,
describe a method for making a MIM capacitor strucﬁure and
concurrently an inductor using a single photoresist mask for
high-frequency mixed-signal Rf, CMOS applications compatible
with a Cu dual-damascene process. U.S. Patent 6,320,244 Bl to
Alers et al. describes a method for integrating MIM capacitors
‘with a Cu dual-damascene process. The capacitor is formed in a
recess in an insulating layer over an underlying interconnect
structure of the integrated circuit. Tu et al. in U.S. Patent

6,271,084 Bl describe a method for making vertical MIM

capacitors using a damascene process in which the vertical



for making a M M capacitor and a netal resistor by the nethod of this

i nvention, DESCRI PTI ON OF THE PREFERRED EMBODI MENT The present invention
relates to a nethod for nmaking a 9 netal -i nsul ator-nmetal (MM capacitor
and concurrently making a netal resistor for Cu back-end-of-line process
utilizing only one additional masking step. The nmetal |ayer patterned to
formthe capacitor top plates is also patterned to formnetal resistors.
The thickness of the top plate can be varied to determ ne the sheet .
resi stance of the resistor Wthout affecting the capacitance of the MM
Referringildewailds bs the anbhedededins Jiedoviidi-pdadesefhconduct or
substrate 7 having partially conpl eted sem conductor circuits, such as FETs
and t he lddpacithecpartially conpl eted devices are not shown in the figures
to sinplify the drawi ngs. The substrate is typically a singlecrystal
silicon having a <100> crystallographic orientation, although the invention
is applicable to other seniconductor substrates such as GaAs, SiCGe, and the
like. A first TPRZ8I &6i Aithy2rneed &l dihee B cangdrrher pahdasttaces of the

substrat%.7. Attl ast o$etleyel qi Pet | interconnections. 10 are enbedded
in, and are cObi anar WtATThE T st MHBuIcaPacd teEFe 1Bt Blgh st et ch-stop

| ayer 12 J.sS..f o) I j ting lLayer. 8. .Layer 12 is preferably
silicon rﬁa ﬁcgrggf‘%fsf\;@%?gd%ﬂﬁ%%ﬁé!?#y&ﬁeas% me- éﬁ' aﬁgceldp %ﬂ%‘ﬁ?%al vapor
depositi @16RBREEYDkyt 0 a thi ckness of between about 100 and 1000 Angstrons,
and nore specifically to a thickness of about 600 Angstrons. A second
insulating layer 14 is deposited. The second insulating layer is typically
silicon oxide (SiQ2) deposited by PECVD 10 using, for exanple,
tetraet hosil oxane (TEQCS) SIEMMARY rGE CTHEIN{INYENTIDSyer 14 is forned to a
t hi ckness of between about 1000 and 10000 Angstrons, and nore specifically
to a thickness of about 5000 Angstrons. A second etch-stop |ayer 16 is
deposited on the second.insulating |layer 14. Layer 16 is preferably Si 3N4,
deposited by PEEULPEEPAL( %%%%é?gd?“%éFﬁﬁﬁﬁtab UEREde” ah® 4900 Angstrons,
and nore LLkcal |y ' f.a 600 _Angstrons, A third
i nsul at i ﬁ%ﬂ g'f/%lrtglé #%L%%Zlnﬁ%%%%%?}fgaﬂaag#&ﬁc? aéﬁ%‘? %IF%O deposi ted by
PECVD usua,gcaégsnt@gdma&ed@mis%zf %t@ufé@u%nemgfcibﬁ%vgﬁ%h taé)g%go(?kﬁloo and
u

10000 Angstrons, and nore specifically to a thickhess o
Angst r ongCu$t inklkaleieaticg $chdne) rhquieAvngnbhogabnahadeliidogr aphic
techni ques and ani sotropic plasma etching are used to etch first recesses 2
f or capadiassingostem plates in the third insulating |layer 18 to the second
etch-stop layer 16, and concurrently second recesses 3 are etched for netal
i nt erconnections. Second photolithographic techni ques and ani sotropic

first, via holes 4 in the second etch-stop

pl asma etching are u q%aio e%gﬂ ) ; [
| ayer 16 and gns?ﬁgnée RET (Rl s g AIvEpEiora L8 x bR s tPATERHE r ecesses
2 d 3 i top. | 2 d, the fi . etch- st | 12
emoved PanERcrbh by ARG Ee Eop BSer by abfhifh i do At 2 'S
interCO”PﬁQ&&QﬂiylﬂntaTgé Hpal p i e g EEQS%ﬁiEiiQQQP|Eﬁ§Qg§y form ng

e

“the netallurgy in the recesses 2 and 3 and I1nt
aveiding etching the Cu bottom plate.

A third objective of this invention is to use a Cu bottom

plate to reduce series resistance and thereby improve the

figure of merit Q (X;/R).

Still another objective is to provide an etch-stop layer



first via holes 4. The netal lurgy consists of depositing a thin barrier

| ayer to prevent diffusion of Cu into the internetal dielectric |ayers
consisting of layers 14 and 18. This prevents the Cu fromreacting Wth the
underlying structure and provides an adhesion layer. A thin Cu seed | ayer
is deposited, and Cu is electroplated sufficiently thick to fill the first
via holes 4 and the recesses 2 and 3. The barrier |ayer and Cu seed | ayer
are not depicted as separate layers to sinplify the drawi ngs. Mre
specifically, the first barrier layer is preferably tantalum (Ta)

deposi t e¢n @k @éggekeorbyoﬂdf%ﬂ@ty 3PS L pRACK YR udi? o erred

t hi ckness of between about 1 and 1000 Angstrons, and nore specifically to
a thicknasp elatbowher50idNgsidd Ere HiHdE Rhrbhgh 88PEeErBeak | ayer is
deposited, for exanple, by PVD to a thickness of between about 500 and 2000
Angst r ongnsaddtapvgelapeci £o cdhe \cdpra tidy dopegpdatk.about 1250 Angstrons.
The el ectroplated first copper layer is then polished back to form
capacitor bottomplates 20A in the first recesses 2, and to formthe netal

lines 20B in thg second recesses 3, and to forminterlevel electrical
i nt er connect i BN BERST PRRRCH YR t1%/ite HAGSTPRTRGe bR MY §aracitor

dual -d esS. . Ref ' to Fig. 2 and | ati i f.ical
Lo the mariod BF CRTSOHEVERTIEh, " Tt 81 frfohl WHRE? cspabitbPe
Lo e m i ! ! et

i el ect I igh KT be2abS1 HLROSL tyish Qlld %%gan%ggnég#gifiegﬁlgygﬁ}m over

the capacitor bottomplates 20A. Layer 22 is er

deposit eds Geeat¥2NBhén tie adVEIELRP BHdikABwHUGB188gEVEE VD, or

at nospheri ¢ vapor deposition. Alternatively, other dielectric materials,
such as siapacdtocar bi de and the like, can be used for the capacitor
dielectric layer 22. Layer 22 is deposited to a preferred thickness of

bet ween about 100 and 1000 Angstrons, and nore specifically to a thickness
of about 600 Angstrons. The thickness of the capacitor dielectric |ayer 22
is used to coﬁ"?‘goPr?ﬁ%n‘\'}a’r‘Eﬁéer‘F“t‘he‘%ép&tﬁtﬁ’&ﬁ‘cg."r%?ké%‘inﬁ‘%?méﬁqH‘f ness

of about An r results,i.n .a _capaci tance of aboyt.1 fento-Farad per
z m cr(l;mg*'t@l g%céagg%eg%?ln—?uon!%.a oq:n"i°rﬂa§‘1pz s :"ngo(?%e?o?ﬂéﬁ‘%nc?’??ﬁ%%e P

- capaci t 0k,i et LeRLALALEE1 2Ok Fhd Wit 13N i @ALIEN pf Bg aﬁfx@gh g&@sﬂi%@

followed by a brief exposure to SIHA+NH3 Ts used prior to

deposi t i @lik@np@Ssi &ﬂﬂm@géhﬁo%élﬁaffﬁ#?ﬁ.-toﬁ' WBkal mhRYRY ¢faiRorieposited on
the capacitor dielectric layer 22 for formng capacitor top plates and al so
for for nithgomghabnr tssslating Laywerr Xb itheprepepabhky bANthe Wdapadlickdss.
deposited by PECVD to a thickness of between about 100 and 2000 Angstrons,
and nor e Sipeei theabriten mlate ciendinrmsid fxom a10069-Pagistaomee Masbetl a third

etch-stopd,3yetndbek posi L I 24 6,1s pr.ef.era Si 3Nd
and is dg(poZi't eg to g“?l%l C nllé%sjl%;b be a{é)enlgb%ﬁ%@éﬁ%%n%%%f&cﬁﬁgéhon&
and nor e 9| a,thickness.of. abaout 50 trons. Referring to

i i ly t
flg. 3, AIRRErghoEhelme Sody {X Yo RS, A RAbT PRI ayer 260 The
photoresb&%ck§¥?rihssﬂéﬁigﬁgguhﬁﬁgrstoqd that a single-damascene

process can also be used.

In summary the method of this invention begins by
providing a semiconductor sﬁbstrate having partially completed
semiconductor circuits, such as FETs and the like, and includes
;at least one level of metal interconnections embedded in, and

coplanar with a first insulating layer. A dual-damascene



to formportions 28A that are aligned over and Wthin the capacitor bottom
pl ate 20A for formng the capacitor top plates and to maxim ze circuit
density, and to formportions 28B that are patterned for formng the netal
resistors over the third insulating |layer 18. Referring to Fig. 4, using
the patterned photoresist mask of Fig. 3, plasma etching is carried out to
pattern the third etch-stop |ayer 26 and the netal |ayer 24 and to
partially etch into the capacitor dielectric layer 22 resulting in the
capacitor top plates 24A having an etch-stop |ayer 26 on the surfaces, and
concur r enflaemt ak (884SESN Soltt Badl - DMy 130 £l Bbelon! fPatYEE Gkt he
surfaces. The capacitor dielectric |ayer al so serves as a buffer or

et ch- st oedpaaiok0 iptaYeAte@ VR Eh CHHd hdXY Advide vEdehtyi8gnkécbddHM pl at es
20A. More specifically, the etching is term nated (about 100 Angstrons)

W t hi n t [Tthec duadi-tdemadrehecproces siyamidZ ses Hoomdngver Eicht ngtelntotdghe Cu
capacitor bottom plate 20A that woul d otherwi se result in unwanted Cu
particl e le¥fFamPn&hPoAlrThelvs e Bing sayest e dapopitangi adseeendsi ng

- reactive ion etthngﬁggiE and an, et chant gfs cont ai ni n hal i de conpound

such as BEFRLakis SF@eP‘Ef;T?'I‘:’Zn%rﬂj s§Re09 I?é'ChDﬁFPﬁg%ﬂ%‘Bﬁm tion of the
nmetal |ay 24 f.or th aC|to ob_ B ates 2 and_fqr t al reS|stors
24B, the C%}I: J'ril:é's caﬁhﬁegvaé??% 1%' rp% OV de dliAfrgFeﬁ d ﬁ ?n‘ggxé?% $Hee for

design 14 .. BY-hesesS, £he EﬂiE&”ﬁ%éuﬂ{t:Hbe 153R3C itk Ok nbORRLA B L. Can be

varied Wthout affecting the value of the capacitance. Referring to Fig. 5,
after strdgyp N@yiehe r eHBI PiPgt PRédsE sl LOIRVreTaphciBEk H8BLom288), a
~relatively thick blanket fourth insulating |ayer 30 is deposited on the
subst r at gpliakesl ,eand thel yecosd| adeddws underfor ngtadt Aihasgy Vet f 0
mnimze interlevel netal capaC| tance oupling). The fourth insulating :
| ayer 30 fixsk ey AplessSper, e |%!ed=(h§y egch-prepelaer tandiiress of
bet ween ahout 1000 and 10000 An%ztroms and nore specifically to a

t hi ckness™h5F SR560C 356BLARYRE r bIEST (SR OSqSD WidRdro fRe fSﬁS?E??? heyrdhi c
t echni qu , Ane d ch _sec d V|a hol e Jdn the fourth insulafing
| ayer 30 s[%éal{tcﬁlrgogt%ﬁysfop ayer %t%esé:é’ agla %5p %‘fee 24A
and on ”1% r@iealfl&@%' %&Qrﬁo2é§ i e &Mé}l g&nﬁem%q 1via holes 6 to the

underlying netal lines 20B. A key feature o he 1 nvention is that the
third et Ghirtdrponayes oR6 . prﬁveﬂﬁﬁoﬁi{ﬁ et N Balri@ oseeaPdrVvi s ehssi ednd

. damagi ng the capacitors. For exanple, one advantage is that the third

et ch- st omndayefi2G tc enppasasesdf biyay eietddpiasg tekiat Re€ikss &ooper

non- uni form deposition of the fourth insulating |ayer 30 across the Wafer.
The t hi n l&aysr dsoglesyerpiates pardeokishad daskndovfarmotapagiter

sel ectively renoved to _expose the capacitor top plates 24A. Referring to
Fig. 6 QPFrePleres iBntaet$isPt TIPS m ANk toefomd Fha ARE2L 6 to the

ﬁgﬁggéteﬁr 5. Bl W63, BCaRf et nter ottt o P a nheRasT e Lot et by "Y' ©
Dar 1 1 | Gy aglechiNG) 1 AN2 EPESO O AR aneggﬁggsrvatf More

speci fi cal y, the thin secon ayer, prefera ep03| ted,
for exanipaditodNyisedake¥ 2801 afepOsiddhd R dodt ale&eaeragdsiﬂa&ness of
bet ween about 100 and 1000 Angstrons, and nore specifically to a thickness
of about GH¥billegstisodeposheelihon €BE dsbanpAsisulatingalayerSan@pesest ed, for
exanple, by PVD to a thickness of between about 500 and 2000 Angstrons, and
nore spedibs capapitorabphitoknpiztes. abbmrel-ziﬁ(lmqgsnﬁ-ﬁmdeﬁeaa’anmond
copper | ayer ct f n hi cond via
Y pndndofi (REY B4 Y Lmrkek siookdet ot 110

hol es 6, "an |s poli s surface o iansupatt ng | ayer

30 to fonfaddl grileer b8V eheCOMCHEL3SALEOnt BE 1 ¥ BAAIRLRL €S 24A, and
to concurrentl'y form Cu intef 4eveF contacts Bto the netal resistors 24B

and Cu i r# R Ay %angzﬁgt é?éggJ.Lgr tﬂ?‘t% %!latlen.eS T%QS thﬁgigégjs NS¢ t19heF lg. 7,
-evel O a con

t he next met
capacitor dielectric layer is used to control the wvalue of the



nections 38 are formed by depositing another etch-stop layer 34 and a fifth
I nsulating |ayer 36, and etching recesses 9 for netal lines in layer 36 to
| ayer 34. The recesses 9 are then filled by form ng a barrier |ayer (not
shown), a Cu seed |l ayer (not'shown), and electroplating Cu 38. The
~electroplated Cu is then polished back to the fifth insulating layer 36 to
formthe next |evel of netal interconnections 38 The remaining |evels 16

of metallization to conplete the electrical connections can be carried out
by repeating single- and/or dual -damascene processes. A dual - damascene

process idag¥caitanted ta fn@é&feli’fé’fe?éid%o%ti%ﬁ apd 5Lgnggﬁ§8£€or

cost-effective. However, when inductors are require e clircuit, a

si ngl e- datirSeeteipr 0698s, asdlesEhiRedidhidticp 1RYRR! i9NAehSsLeaWided as
depicted for layer 38 of Fig. 7. These M M capacitors can also be utilized
as anti - fahee mgdailc dsyeBy fapptlye ngom plaitieage A phbtbzegieat Rask hamd t he
dielectric breakdown voltage for the capacitor dielectric |ayer between the
top and BIESHR gtebdag are el ckpmdtiwrrc dhebéhdrdcekrbabtyp shaydred

t her eby usi t he capacitor as an anti fuse device. Wile the invention has
been par ﬁ%ﬁ I§7‘e§ﬁ8wﬁa§ﬁﬂ Rstemhddanapacétereker Pbatae. priserred

LRI ot ot b Y AP R S e o

spirit an@a3copenaf etBRihGVEO L& hintted in the capacitor dielectric
layer (also buffer layer) to prevent etching into the
underlying Cu bottom plates. During formation of the capacitor
top plates, the etching is terminated (about 100 Angstroms)
within the capacitor dielectric layer to avoid overetching into
.the Cu capacitor bottom plates that would otherwise result in
unwanted Cu particle contamination. A key feature of this
invention is to use the photoresist masking and plasma etching
that form the capacitor top plates to concurrently form the
metal resistors. .The metal layer for the capacitor top rlates
and for resistors can be varied in thickness to vary the
resistance for design purposes. A relatively thick blanket
fourth insulating layer is deposited.on the substrate to
electrically insulate the underlying metallurgy. Second via
holes are etched in the fourth insulating layer to the third
etch-stop layer on the capacitor top plates and on the metal
resistors. Another key feature is the inclusion of the third
etch-stop layer to prevent overetching the second via holes and
damaging the capacitors. The thin third etch-stop layer is

selectively removed in the second via holes. A single



V\hat. is claimed is: 1. A method for maki ng metal -insulator-nmetal (MM
capacitors on a substrate conprising the steps of: providing said substrate

having partially conpleted sem conductor circuits including at

| east one

|l evel of 5 netal interconnections enbedded in a first insulating |ayer;
form ng consecutively a first etch-stop |ayer, a second insulating |ayer,
second etch-stop layer, and a third insulating layer, and using a .
dual - damascene 10 process to formfirst and second recesses in saidthird
~insulating layer, and to formfirst via holes in said second insul ating

| ayer, anthriiepesi! pRgcaski LStuddd rESIedAY et Feh! E8htsaPRelL | gy er. and
polishing to formcontacts in said first via holes and to form copper 15
capaci t orseiwindomipl hbdesin 3aAi this rmiodeanesaRg andebBhal be¥ele £l BGHdH Cal

i nterconnections in said second recesses coplanar with said third

i nsul ati pd & secondpssedi haver capacidmysidtiedl candi e bayond eopménl | ayer,
and a third etch-stop | ayer on said second 20 insul ating |ayer and over
sai d capa@¥sS lﬁoﬁl@ﬁ]tﬁPHi-%Eedfﬁ%R&}%f%% itet £prmkthedipteskavedt chi ng

sai d

contacts (Cu plugs) in the second via holes. To complete the

remaining levels of electrical interconnections a standard

copper metal-line-and- interconnect process can be used, for

example, by repeating the damascene process. Alternatively, a

dual-damascene process can be used in which the second via

holes and recesses for the metal lines are formed, and then

filled with Cu to reduce process costs.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and other advantages of this invention are

best understood with reference to the préferred embodiment when

read in conjunction with the following drawings.

Figs. 1 through 7 are schematic cross-sectional views of a

portion of a substrate showing the segquence of process steps

for making a MIM capacitor and a metal resistor by the method

of this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The preéent invention relates to a method for making a

a



-third etch-stop layer and said nmetal layer and partially etching into said
capacitor dielectric layer to formcapacitor top plates aligned over sai d
18 capaci tor bottom plates, and concurrently using said photoresist mask
and said plasma etching to formnetal resistors; depositing a blanket
fourth insulating | ayer on said substrate; 5 etching second via holes in
said fourth insulating layer to said third etch-stop layer on said .
capacitor top plates and on said netal resistors, and selectively renoving
said.third etch-stop |layer in said second via holes; 10 dep03|t|ng a second

barrier |r@@l-&%@u§a§@§oﬂgt§fe%fﬁ)\’eéapaﬁ:ﬁq;o@ eeld %Qh@:h!r:ggn Jd§ 05 apper
| ayer and polishing back to forminterlevel contacts 1n salrd second via
hol es; amktalsive3iatbirapear Cu CIOaRIOFentbicH <1 inke paddelat GESONPERS only
one additional masking step. The metal layer patterned to form
the capacitor top plates is also patterned to form metal
resistors. The thickness of the top plate can be varied to

determine the sheet resistance of the resistor without

affecting the capacitance of the MIM.

Referring to Fig. 1, the method begins by providing a
semiconductor substrate 7 having partially completed
semiconductor circuits, such as FETs and the like. The
partially completed devices are not shown in the figures to
simplify the drawings. The substrate is typically a single-
crystal silicon having a <100> crystallographic orientation,
although the invention is applicable to other semiconductor
substrates such as GaAs, SiGe, and the like. A first
insulating layer 8 is formed on a principal surface of the
substrate 7. At least one level of metal interconnections 10
are embedded in, and are coplanar with the first insulating
layer 8. A first etch-stop layer 12 is formed on the first
insulating layer 8. Layer 12 is preferably silicon nitride
(Si;ﬂ), deposited by plasma-enhanced chemical vapor deposition
(PECVD) to a thickness of between about 100 and 1000 Angstroms,
.and more specifically to a thickness of about 600 Angstroms. A

second insulating layer 14 is deposited. The second insulating

layer is typically silicon oxide (Sioz) deposited by PECVD

10




15 process to formthe remaining electrical intercon nections. 2. The

met hod of claim1, wherein said first insulating layer is silicon oxide
deposi ted by plasma- 20 enhanced chemical vapor deposition to a thickness
of between about 1000 and 10000 Angstronms. 3. The nethod of claiml,
wherein said first and said second etch-stop |layers are silicon nitride and
are 25 fornmed to a thickness of between about 100 and 1000 Angstrons. 19

4. The method of claim1, wherein said second insulating |ayer is silicon
oxi de deposited by plasnma enhanced chenical vapor deposition to a thickens

of bet wealsiafQuicok0RRadple | 0000 AOQSd S D Bcans Jrebls O8t bR plagigiim 1,

Wherein said third insulating layer is silicon oxide deposited by plasm
enhanced gaweni Calyerapdr idefosmed oto td thildimdsensfobelebvReababoutod®00 and
10000 Angstrons.
and 10000 Angstroms, and more specifically to a thickness of
about 5000 Angstroms. A second etch-stop layer 16 is deposited
on the second insulating layer 14. Layer 16 is preferably
SiéN4, deposited by PECVD to a thickness of between about 100
and 1000 Angstroms, and more specifically to a thickness of
about 600 Angstroms. A third insulating layer 18 is then
deposited., Layer 18 is Sioz, also deposited by PECVD using
TEQS, and is deposited to a thickness of between about 1000 and

10000 Angstroms, and more specifically to a thickness of about

5000 Angstroms.

Still referring to Fig. 1, conventional photolitho-
graphic techniques and anisotropic plasma etching are used to
etch first recesses 2 for capacitor bottom plates in the third
insulating layer 18 to the second etch-stop layer 16, and
concurrently second recesses 3 are etched for metal
interconnections. Second photolithographic techniques and
anisotropic plasma etching are used to etch first via holes 4
in the second etch-stop layer 16 and in the second insulating
layer 14,exp65ed within the recesses 2 and 3 to the first etch-
stop layer 12, and the first etch-stop layer 12 is removed in
the first via holes 4 to expose the underlying metal
interconnections 10. This dual-damascene process is completed

by forming the metallurgy in the recesses 2 and 3 and in the

11



10 6. The nmethod of claim1, Wuwerein said first and said second barrier

| ayers are tantalumand are forned to a thickness of between about 100 and
1000 Angstrons, and wherein said first and said second copper seed |ayers
15 are formed to a thickness of between about 500 and 2000 Angstroms. 7.
The nethod of claim1, Werein said first copper layer is electroplated to
a thickness sufficient to 20 fill said first and said second recesses, and
is polished back to said third insulating layer. 8. The nethod of claiml,
wherein said capacitor dielectric layer is a material selected fromthe

roup thadjddickidesoikki gon whLry [l rRid Llicon, 20 _  dioxide,
gitrggen?%gggg s?]?ggﬁgcgrbig%% %ﬁﬁ?ﬁﬁ%ﬁ%ﬁggﬁgﬁs?f|?§o§eéagﬁgﬁ%95%d S

formed taHid Wadkaess 1afebetyopredbiontaid AR L20RARsLI egE. 5 9. The

met hod of claim 1, wherein said netal |ayer is tantal um deposited by

physi cal irepomedegosiiblentibealaperk naass aftibet WEenagbest 1408nangg 1000
Angstrons. 10. The nmethod of claiml, wherein said third 10 etch-stop | ayer
i s silicdhif pregyensadths Furfivemtxeacting idds tbe betlmedpiapout 100 and

Angst.romns.
1000- gstructure and provides an adhesion layer. A thin Cu seed layer

is deposited, and Cu is electroplated sufficiently thick to
£ill the first via holes 4 and the recesses 2 and 3. The
barrier layer and Cu seed layer are not depicted as separate
layers to simplify the drawings. More specifically, the first
barrier layer is preferably tantalum (Ta) deposited, for
example, by physical vapor deposition (PVD) to a preferred
thickness of between about 100 and 1000 Angstroms, and more
specifically to a thickness of about 250 Angstroms. The thin
first copper seed layer is deposited, for example, by PVD to a
thickness of between about 500 and 2000 Angstroms, and more
specifically to a thickness of about 1250 Angstroms. The
electroplated first copper layer is then polished back to form
- capacitor bottom plates 20A in the firs£ recesses 2, and to
form the metal lines 20B in the second recesses 3, and to form
interlevel electrical interconnections 20C in the first via

heoles 4 to complete the dual-damascene process.

Referring to Fig; 2 and relating more specifically to the
method of this invention, a relatively thin blanket capacitor
dielectric layer 22 is deposited on the second insulating layer

18 and over the capacitor bottom plates 20A. Layer 22 is

12




11. The method of claim1l, wherein said capacitor dielectric layer is
partially etched to a depth of 15 about 100 to 1000 Angstrons 12. The

met hod of claim 1, wherein said fourth insulating layer is silicon oxide
deposi ted by plasma enhanced chem cal vapor deposition to a thickness 20 of
bet ween about 1000 and 10000 Angstroms. 13. The nmethod of claim1, wherein
sai d second via holes are etched selectively to said third insulating |ayer
on said capacitor top plates using anisotropic 25 plasma etching having an
etch selectivity between silicon oxide and silicon nitride of about 15:1.

21 14. Prtesaraibiigd S4{N cldmpsi tedhefor nesanplls £aBNh GRARRAT depkeh tisn
electroplated to a thickness sufficient to fill said second via hol es, and

i s pol i shatttbaek cvD ,SBEQVDOUSE ha tiiS4BIalhiNg Jaa¥e! deBodBeibnMet hod for making
metal -i nsulator-nmetal (MM capacitors on a substrate conprising the steps
of : Alternatively, other dielectric materials, such as silicon

carbide and the like, can be used for the capacitor dielectric

layer 22. Layer 22 is deposited to a preferred thickness of

between about 100 and 1000 Angstroms, and more specifically to

a thickness of about 600 Angstroms. The thickness of the

capacitor dielectric layer 22 is used to control the value of

the capacitance. For example, a thickness of about 600

Angstroms results in a capacitance of about 1 femto-Farad per

2
micrometer square (fF/um ). To minimize hillock formation in

the capacitor bottom plates 20aA, a pre—Si;h treatment in
ammonium (NHB) followed by a brief exposure to SiH;Hﬂ% is used

Prior to the S:i.3N4 deposition to passivate the Cu surface. A

metal layer 24 is deposited on the capacitor dielectric layer
22 for forming capacitor top plates and alsoc for forming metal
resistors. Layer 24 is preferably tantalum, and is deposited
by PECVD to a thickness of between about 100 and 2000
Angstroms, and more specifically to a thickness of about 1000
Angstroms. Next a third étch—stop layer 26 is deposited on
layer 24. Layer 26 is preferably S:i.3N4 and is deposited to a
thickness of between about 100 and 1000 Angstroms, and more

specifically to a thickness of about 500 Angstroms.

Referring to Fig. 3, a photoresist layer is formed on the

third etch-stop layer 26. The photoresist layer is patterned

13



providing said substrate having partially conpleted sem conductor circuits
including at |east one [evel of 10 netal interconnections enbedded in a
first insulating layer; depositing a first etch-stop layer on said first
insulating layer; depositing a second insulating layer and depositing 15 a
second etch-stop layer; depositing a third insulating layer; formng first
and second recesses in said third insulating layer to said second etch-stop
layer, said first recesses for capacitor bottomplates and said 20 second
recesses for metal lines; formng first via holes in said second etch-stop

| ayer anctd Eokmi $ok€eoAE PBAULRAE Nbird WBIgrRPRSRE hLRaSRkifhigcasses to said
first etch-stop layer; renoving said second etch-stop layer in said first
vi a hol esapacidiod betabmi plate @0RCEd0MrndAg the capacitor top plates

and to maximize circuit density, and to form portions 283 that

are patterned for forming the metal resistors over the third

insulating layer 18.

Referring to Fig. 4, using the patterned photoresist mask
of Fig. 3, plasma etching is carried out to pattern the third
etch-stop layer 26 and the metal layer 24 and to partially etch
into the capacitor dielectric layer 22 resulting in the
capacitor top plates 24A having an etch-stop layer 26 on the
surfaces, and concurrently metal resistors 24B also having an
etch-stop layer on the surfaces. The capacitor dielectric
layer 22 also serves as a buffer or etch-stop layer to prevent
overetching into the underlying Cu bottom plates 20A. More
specifically, the etching is terminated (about 100 Angstroms)
within the capacitor dielectric layer 22 to avoid overetching
into the Cu capacitor bottom plate 20A that would otherwise
result in unwanted Cu particle contamination. The etching is

preferably carried out using reactive ion etching (RIE) and an

etchant gas containing a halide compound such as BC13, C12, CF4,

SFS, CH2F2 and the like.

During deposition of the metal layer 24 for the capacitor
top plates 24A and for the metal resistors 24B, the thickness

can be varied to provide different sheet resistance for design

14



depositing a first barrier layer, a first copper seed layer; formng a
first copper layer by electroplating and polishing back to form capacitor
bottomplates in said 5 first recesses and to formsaid nmetal lines in said
second recesses, and to forminterlevel electrical interconnections in said
first via holes; depositing a capacitor dielectric layer, a netal |ayer,
and a third etch-stop |ayer on said second 10 insulating |ayer and over
sai d capacitor bottomplates; formng a photoresist mask and plasma etching
said third etch-stop layer and said netal |ayer and partially etching into
sai d capauidpesesi.cl Fher thithiyess taf ffHdn aaitodr tbﬁppphﬁé?ﬁmld;&n% over
said 15 capacitor bottom plates; and concurrently using said photoresist
mask and veHigdpmishaust afifagting fihen wehwd afedhet orpaciieposéting a bl anket
fourth insulating |ayer on said substrate;
Referring to Fig. 5, after stripping the remaining

patterned photoresist mask (28R, 28B), a relatively thick

blanket fourth insulating layer 30 is deposited on the

substrate to electrically insulate the underlying metal lurgy

and to minimize interlevel metal capacitance (coupling). The

fourth insulating layer 30 is preferably Sioz, deposited by

PECVD to a preferred thickness of between about 1000 and 10000

‘Angstroms, and more specifically to a thickness of about 6000

Angstroms. Next, conventional photolithographic techniques are

used to etch second via holes 6 in the fourth insulating layer

30 to the third etch-stop layer 26 on the capacitor top plates

24A and on the metal resistors 24B, while etching second via

holes 6 to the underlying metal lines 20B. A key feature of

the invention is that the third etch-stop layer 26 prevents

overetching the second via holes 6 and damaging the capacitors.

For example, one advantage is that the third etch-stop layer 26

compensates for overetching that results from non-uniform

deposition of the fourth insulating layer 30 across the wafer.

. The thin etch-stop layer 26 exposed in the second via holes 6

is selectively removed to expose the capacitor top plates 24A.

Referring to Fig. 6, Cu interlevel contacts are formed in

the second via holes 6 to the capacitor top plates 242 and to

15



20 etching second via holes in said fourth insulating layer to said third
etch-stop layer on said capacitor top plates and on said-netal resistors,
and selectively renoving said third etch-stop layer in said second via

hol es; 25 depositing a second barrier layer, a second seed |ayer and

el ectropl ating a second copper |ayer and polishing back to forminterlevel
contacts in said 23 second via holes; and, using a standard copper

nmet al - I'i ne-and-i nterconnect process to formthe renaining el ectrical
interconnec 5 tions . 16. The nethod of claim15, Werein said first

i nsul at i nghd @RI Sesikison Kb d&ﬂﬂ%’%ié' 10 R3S RBn & NPANCEL, Cheg]cal
vapor deposition toea t hi ckness of 1 befﬁg%p about 1pogpand %%OQO *
Angst r onslambécefibeprotbsd Dhvelvesn ddpodihame & sakenfii batradd &Lk second

etch-stop layers are silicon nitride and are
(not shown) and a second Cu seed layer (not shown). More
specifically, the thin second barrier layer, preferably Ta, is
deposited, for example, by physical vapor deposition (PVD) to a
preferred thickness of between about 100 and 1000 Angstroms,
and more specifically to a thickness of about 300 Angstroms.
The thin second copper seed layer is deposited, for example, by
PVD to a thickness of between about 500 and 2000 Angstroms, and
more specifically to a thickness of about 1250 Angstroms. Then
a second copper layer is electroplated sufficiently thick to
fill the second via holes 6, and is polished back to the
surface of the fourth insulating layer 30 to form Cu interlevel
contacts 32A to the capacitor top plates 24A, and to
concurrently form Cu interlevel contacts 32B to the metal
resistors 24B and Cu interlevel contacts 32C to the metal lines

20B.

Referring to Fig. 7, the next level of metal intercon-
nections 38 are formed by depositing another etch-stop layer 34
and a fifth insulating layer 36, and etching recesses 9 for
metal lines in 1ayef 36 to layer 34. The recesses 9 are then
filled by forming a barrier layer (not shown), a Cu seed layer
(not shown), and electroplating Cu 38. The electroplated Cu is
then polished back to the fifth insulating layer 36 to form the

‘next level of metal intercomnections 38. The remaining levels

16



:forned to a thickness of between about 100 and 15 1000 Angstrons.'18. The

“met hod of claim15, Werein said second insulating layer is silicon oxide
deposited by plasma enhanced chem cal vapor deposition to a thickens 20 of
bet ween about 1000 and 10000 Angstrons. 19. The nmethod of claim 15, wherein
said third insulating layer is silicon oxide deposited by plasm enhanced
chem cal vapor deposition to a thickens 25 of between about 1000 and 10000
Angstronms. 20. The nethod of claim 15, wherein said first and 24 sai d
second barrier layers are tantalumand are formed to a thickness of between

about 10@fah@thi09zA896h" B8 Bcomlh i iRl R1%iteibhl SEoARECERbkk SQRPHKE copper
seed 5 layers are forned to a thickness of between about 500 and 2000

Angst r onsaxZiedTbetnbyhoeped t i surkl e -Watiddionr ganll-8amsscempper | ayer is
el ectroplated to a thickness sufficient to 10 fill said first and said
second r @reseessesandAi qupbt | darabdrnsk AreasFisd ishprdfensed ate mpdugeer . 22.

The nmet hod of claim 15, wherein said capacitor
processing steps and to be more cost-effective. However, when

inductors are required in the circuit, a single-damascene
process, asg described in this invention, is required as

depicted for layer 38 of Fig. 7.

These ﬁIM capacitors can also be utilizéd as anti-fuse
deﬁices. By applying a voltage that is greater than_the
dielectric breakdown voltage for the capacitor dielectric layer
between the top and bottom plates, the MIM capacitor can be
electrically shorted thereby using the capacitor as an anti-

fuse device.

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 various
changes in form and details may be méde without departing from

the spirit and scope of the invention.
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silicon nitride, silicon carbide, silicon dioxide, nitrogen-doped si
car bi de,” and oxygen doped silicon carbide and is forned to a thickness of
"bet ween about 100 and 1000 Angstrons. 20 23. The nethod of claim 15,
Wherein said netal |ayer is tantal um deposited by physical vapor deposition

to a thickness of between about 100 and 1000 Angstrons.

om the group 15 that includes

i con

24. The net hod of

cllaim 15, Werein said third etch25 stop layer is silicon nitride and is
formed. to a thickness of between about 100 and 1000 Angstrons. 25
met hod ofyzlialil L9siBQr ¢kn said capacitor dielectric layer is partially
etched to a depth of about 100 to 1000 Angstrons 5 26. The nethod of claim
15, Wherein said fourth insulating layer is silicon oxide deposited by

pl asmaenhanced chem cal

25. The

vapor deposition to a thickness of between about

1000 and 1000Q..Angsmethed f6r Avakifie medtdlod nslilaltarrmébal WKIM] N sai d
second via holes are etched selectively to said third insulating | ayer on
sai d capacit ocapggiPaeesnuai figPertatr repr isiagnkhet ekPRY PBVIi ng an etch
selectivity between silicon oxide and silicaon nitride_of about 15;1. 15 28.
The nethod of cl BFRVISIRGhERET S8eF P&k SRy oG par tia eV e EPrRbEEE2d to a

t hi ckness suffici.ent ;to,. fill.said seco i_a hql es nd_is.polished
said fourth i ASHisPrautrer citduity taptuding ot Tpast one 1bvel 0Bl PO,

vol t age t hat

10

15

20

back to

M M capagj t or yes a4t i hir2edoRfeh MY | slilifi 19210 rRst EALG1 DY APP! Vi ng a

Is greater than the dielectric breakdown voltage of said
capaci tor di eligglki;c | ayer

forming consecutively a first etch-stop layer, a
second insulating layer, a second etch-stop layer, and
a third insulating layer, and using a dual-damascene
process to form first and second recesses in said third

insulating layer, and to form first via holes in said

second insulating layer, and depositing a first barrier

layer and a first copper layer, and polishing to form
contacts in said first via holes and to form copper
capacitor bottom plates in said first recesses and
interlevel electrical interconnections in said second
recesses coplanar with said third insulating layer:;
depositing a capacitor dielectric layer, a metal
layer, and a third etch-stop layer on said second
insulating layer and over said capacitor bottom plates;
forming a photoresist mask and plasma etching said
third etch-stop layer and said metal layer and
partially etching into said capacitor dielectric layer

to form capacitor top plates aligned over said

18



25 between said capacitor top and bottom plates. 26 30. The nethod of
claim?29, wherein said voltage is greater than about 5 volts. 27 .
.A9(. Al g#. AL@ Ags. A9. A9( Al V. A9. AL(. Aq9. AgV. Ai . A9. A. Ai 9. A9(. A(. Ags. A\. AC. A#
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15 process to form the remaining electrical intercon-

nections.

2. The method of claim 1, wherein said first
insulating layer is silicon oxide deposited by plasma- 20
enhanced chemical vapor deposition to a thickness of

between about 1000 and 10000 Angstroms.

3. The method of claim 1, wherein said first and said
second etch-stop layers are silicon nitride and are
25 formed to a thickness of between about 100 and 1000

Angstroms.
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4. The method of c¢laim 1, wherein said second
insulating layer is silicon oxide deposited by plasma-
enhanced chemical vapor deposition to a thickens of between
about 1000 and 10000 Angstroms.
5
5. The method of claim 1, wherein said third
insulating layer is silicon oxide deposited by plasma-
enhanced chemical vapor deposition to a thickens of between
about 1000 and 10000 Angstroms.
10
6. The method of claim 1, wherein said first and said
second barrier layers are tantalum and are formed to a
thickness of between about 100 and 1000 Angstroms, and
wherein said first and said second copper seed layers
15 are formed to a thickness of between about 500 and 2000

Angstroms.

7. The method of claim 1, wherein said first copper
layer is electroplated to a thickness sufficient to
20 £fill said first and said second recesses, and is polished .

back to said third insulating layer.
8. The method of claim 1, wherein said capacitor

dielectric layer is a material selected from the group

that includes silicon nitride, silicon carbide, silicon
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dioxide, nitrogen-doped silicon carbide, and oxygen-
doped silicon carbide and is formed to a thickness of

between about 100 and 1000 Angstroms.

5 9. The method of claim 1, wherein said metal layer is
tantalum deposited by physical vapor deposition to a

thickness of between about 100 and 1000 Angstroms.

10. The method of claim 1, wherein said third
10 etch-stop layer is silicon nitride and is formed to a

thickness of between about 100 and 1000 Angstroms.

11. The method of claim 1, wherein said capacitor
dielectric layer is partially etched to a depth of

15 about 100 to 1000 Angstroms

12. The method of claim 1, wherein said fourth
insulating layer is silicon oxide deposited by plasma-
enhanced chemical vapor deposition to a thickness

20 of between about 1000 and 10000 Angstroms.

13. The method of cléim 1, wherein said second via

holes are etched selectively ﬁo said third insulating

layer on said capacitor top plates using anisotropic
25 plasma etching having an etch selectivity between

silicon oxide and silicon nitride of about 15:1.
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14. The method of claim 1, wherein said second copper

layer is electroplated to a thickness sufficient to
£ill said second via holes, and is polished back to

said fourth insulating layer.

15. A method for making metal-insulator-metal (MIM)
capacitors on a substrate comprising the steps of:
providing said substrate having partially completed
semiconductor circuits including at least one level of
10 metal interconnections embedded in a first insulating
layer;
depositing a first etch-stop layer on said first
insulating layer;
depositing a second insulating layer and depositing
15 a second etch-stop layer:;
depositing a third insulating layer;
forming first and second recesses in said third
insulating layer to said second etch-stop layer, said
first recesses for capacitor bottom plates and said
20 .second recesses for metal lines;
forming first via holes in said second etch-stop
layer and in said second insulating layer eprsed in
said recesses to said first etch-stop layer;
removing said second etch-stop layer in éaid first

via holes to said metal interconnections:

22



' ' ! 0 ' - | : R -
: 1?(;)/?3; ;(?avkggggpfoé) 1032 101/%08/@8 ()-lg igfyégé ﬁ) 2 Zsi%f/}j(é' ()-
1 03) 1 10%9& ()-9¢c1*10%& () -
2>0>>( ?7>AA?VK@ i 4! 109%& () - '"IIO%&'()-'10%&'()-'10%&f()
$'10%@g&f() R 10%&' () - AAAAABsSF* G G-\ =F, ;
Z109O& ()-!i3110%D&' () -!'#7#10%&' ()-9m' 109D&' ()- 10 10 10)1;
10% ()--G @ OGnGCEEILL_=! @M 10%& () - !l SH109T& ()-!WI10% & () -
]10% & ()-'10% & ()- 10D 10D 10DLLLLLLPPgRbC! @ +ni 109 () -
9)Z10%&' () - 9t 10%epppiting a first barrier layer, a first copper
seed layer;
forming a first copper layer by electroplating and
polishing back to form capacitor bottom plates in said
5 first recesses and to form said metal lines in said
second recesses, and to form interlevel electrical
interconnections in said first via holes;
depositing a capacitor dielectric layer, a metal
layer, and a third etch-stop layer on said second
10 insulating layer and over said capacitor bottom plates;
forming a photoresist mask and plasma etching said
third etch-stop iayer and said metal layer and
pPartially etching into said capacitor dielectric layer
to form capacitor top plates aligned over said
15 capacitor bottom plates; and concurrently using said
Photoresist mask and said plasma etching to form metal
resistors;
depositing a blanket fourth insulating layer on
said substrate;
20 etching second via holes in said fourth insulating
layer to said third etch-stop layer on said capacitor top
Plates and on said metal resistors, and selectively removing
'said third etch-stop layer in said second via heles;
25 depositing a second barrier layer, a second seced

layer and electroplating a second copper layer and

pelishing back to form interlevel_contacts in said
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16. The method of claim 15, wherein said first
insulating layer is silicon oxide deposited by plasma-
enhanced chemical vapor deposition to a thickness of

10 between about 1000 and 10000 Angstroms.

17. The method of claim 15, wherein said first and
said second etch-stop layers are silicon nitride and are
formed to a thickness of between about 100 and

15 1000 Angstroms.

18. The method of claim 15, wherein said second
insulating layer is silicon oxide deposited by plasma-
enhanced chemical vapor deposition to a thickens 20 of

between about 1000 and 10000 Angstroms.
19. The method of claim 15, wherein said third
insulating layer is silicon oxide deposited by prlasma-
enhanced chemical vapor deposition to a thickens

25 of between about 1000 and 10000 Angstroms.

20. The method of claim 15, wherein said first and
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21. The method of claim 15, wherein said first copper
layer is electroplated to a thickness sufficient to
10 £ill said first and said second recesses, and is polished

back to said third insulating layer.

22. The method of claim 15, wherein said capacitor

dielectriec layer is a material selected from the group

15 that includes silicon nitride, silicon carbide, silicen
dioxide, nitrogen-doped silicon carbide, and oxygen-

doped silicon carbide and is formed to a thickness of

between about 100 and 1000 Angstroms.

20 23. The method of claim 15, wherein said metal layer is
tantalum deposited by physical vapor deposition to a

thickness of between about 100 and 1000 Angstroms.
24. The method of claim 15, wherein said third etch-

25 stop layer is silicon nitride and is formed to a

thickness of between about 100 and 1000 Angstroms.
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enhanced chemical vapor deposition to a thickness of

between about 1000 and 10000 Angstroms.

10 27. The method of claim 15, wherein said second via
" holes are etched selectively to said third insulating
layer on said capacitor top plates using anisotropic
plasma etching having an etch selectivity between
silicon oxide and silicon nitride of about 15:1.
15
28. The method of claim 15, wherein said second copper
_ is electroplated to a thickness sufficient to fill said
second via holes, and is polished back to said fourth
insulating layer.
20
29. The method of claim 15, wherein said MIM capacitor
is utilized as an anti-fuse on said substrate by applying
a voltage that is greater than the dielectric breakdown
voltage of said capacitor dielectric layer

25 between said capacitor top and bottom plates.
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greater than about 5 volts.
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