WD 03/ 021661 PCT/ US02/ 25909 PROCESS FOR MAKI NG A M M CAPACI TOR Field of
the Invention 5 This invention relates, generally, to the field of

sem conduwDa/oeisei ces and nore particularly to netal -i nsulpatrarse2/emval (MM
capacitors as used in sem conductor devices. Background of the Invention 10
As sem conductor devices shrink, there is a desire to decrease the area
occupi ed by features, such as capacitors. To accomobdate, capacitors are
bei ng fornmed over tpROCESSSFORMAKING'A MNRCAPYECIT@R opposed to
being forned at thé transistor [evel nearer the bulk sém conduct or
substrate. One exanple of 15 such a capacitor is a netal -insul ator-netal
(MM capacitor. At the netal |evel, polysilicon cannot be used as an

el ectrode material because deposition of polysilicon is a high tenperature
process that is not conpatible with back-end (post-netal) processing.
Copper is replacing al um num akdeld oftimerdneghtipn as the 20 predoni nant
material for netal interconnects in sem conductor nmanufacturing.

Theref ofe, it wdihig ineeatioanrelgéessgenctally, tooiheefield afhe metal of a M M
capacitor electrode to avoid having to add further materials and

processi ng Sansjgondusior slevicrsrandmaore padtieany dodngtakingulatersi ng copper
I n-conjunction w.th many of 25 the high dielectrjc constgnt materials which
are desi r atnetaldMiM} cepacitais\as trbﬁ,enﬁﬁﬂﬂd'?lﬂt@ﬂ(fe\ﬂﬁﬁﬁci tors used in
RF applications that require high capacitance linearity. A highly linear
capacitance is one that is constant as a function of applied voltage and
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Backaround of the Invention

10 As semiconductor devices shrink, there is a desire to
decrease the area occupied by features, such as capacitors. To
accommodate, capacitors are being formed over transistors (e.g.
at the metal level) as opposed to being formed at the transistor
level nearer the bulk semiconductor substrate. One example of

15 such a capacitor is a metal-insulator-metal (MIM) capacitor. At the
metal level, polysilicon cannot be used as an electrode material
because deposition of polysilicon is a high temperature process
that is not compatible with back-end (post-metal) processing.
Copper is replacing aluminum and aluminum alloys as the

20 predominant material for metal interconnects in semiconductor
manufacturing. Therefore, it would be advantageous to use
copper as the metal of a MIM capacitor electrode to avoid having
to add further materials and processing steps. However, there are
problems associated with using copper in conjunction with many of

25 the high dielectric constant materials which are desirable for use in
a MIM capacitor, particularly capacitors used in RF applications
that require high capacitance linearity. A highly linear bapacitance
is one that is constant as a function of applied voltage and



frequency. Known problens with using copper as an electrode nmaterial

i ncl ude adverse affects caused by poor nechanical and chem cal stability
of the coppes/oswsf ace, and other interactions of the copper/usor/bssdhe
capacitor dielectric materials (e.g. copper 5 diffusion). Therefore, a need
exists for a MM capacitor structure which includes use of copper as a
capacitor electrode in which the fabrication can be easily integrated with
the rest offreqeenspriGoodurproblemsfwithwsing cegyeres antslebiriRfal ts in a
10 capacitor with high linearity and high capacitance, and which

al | evi at es matetialfinchederadverse affects eheded bg f ngecignivalamnd one of
the capacitor el ectrodes. -2 WO 03/021661 PCT/US02/ 25909 Brief Description
of the Drawhemical Biabilityxfrthe coppersurface, andtothierdnberastiord ofxanpl e
and not by limtation in which |i1ke references indicate simlar elenents,
and in whi ¢Re gappenwith the capagitardielestsicsmatevials {ergr coppenf

sem conguc':gﬁ& device with a sem conductor device and a dielectric 10 |ayer
as can e USiM)iorma M M capacitor in accordance with one enbodi nent of
t he present inVﬁ_ntio . FIG 2 iIIustrfatesMRz device of FIG 1 after
formng an opedil§§eiORe. nagd existe fora MIM capaciier strucidwmnhiebe with
one enbodi.malnt of the prese invention, 15 FIG 3.,illustrates the device

of FIG 2 Hf¢ Ldes %ﬁ%ﬁfﬁwghés fiGahaciareleciiede in which thece with one
embodi ment ¢0f it8oR' &S Be easily integrated with the rest of the

semiconductor manufacturing sequence, which results in a

10  capacitor with high linearity and high capacitance, and which
alleviates many of the problems associated with having copper as
one of the capacitor electrodes.



invention. FIG 4 illustrates the device of FIG 3 after etching the first
netal layer to forma recess in accordance with one enbodi nent 20 of the
present iwoeakwnl FIG 5 illustrates the device of FIG #caftser/2z9epositing
a second netal layer within the recess in accordance with one enbodi nent
of the present invention. FIG 6 illustrates the device of FIG 5 after

pl anarizing the 25 second netal layer to formthe bottom el ectrode of a

M M capacitor in accordance with one enbodi nent of the present invention.
-3 WD 03/021661 PCT/ US02/ 25909 FIG 7 illustrates the device of FIG 6
after formng the capacitor dielectric layer, the third netal |ayer, and
an etch stop |layer in accordance with one enbodi nent of the present

i nvention. FIG 8 illustrBtiet DéscrigiionefdherDeawingét er depositing a first
5 photoresist |ayer in accordance with one enbodi nent of the present
invention. FIG 9 illustrates the device of FIG 8 after patterning the
third netal layer and the etch stop |ayer to formthe top el ectrode of the
M M capaci tor i ngpesentinvantionisiliisicaiatby waytofeexampecandt

i nventi on. Flg &O.illustra es the device of FIG 9 after formng an

i nt er | evel NAE AYebiviationiipwhieh ke rRigenees: indicata sirailar elemendss t er ni ng
the interlevel. di ‘F\ligﬁ-”i c layer in accordance with one enbodinent of the

present i ngBRkiNOW
FIG. 1 illustrates, in cross-section, a portion of

semiconductor device with a semiconductor device and a dielectric

10 layer as can be used to form a MIM capacitor in accordance with
one embodiment of the present invention.

FIG. 2 illustrates the device of FIG. 1 after forming an
opening and depositing a first metal layer in accordance with one
embodiment of the present invention.

15 FIG. 3 illustrates the device of FIG. 2 after planarizing the
first metal layer in accordance with one embodiment of the present
invention.

FIG. 4 illustrates the device of FIG. 3 after etching the first
metal layer to form a recess in accordance with one embodiment

20 of the present invention. \

FIG. 5 illustrates the device of FIG. 4 after depositing a
second metal layer within the recess in accordance with one
embodiment of the present invention.

FIG. 6 illustrates the device of FIG. 5 after planarizing the

25 second metal layer to form the bottom electrode of a MIM
capacitor in accordance with one embodiment of the present
invention.



15 FIG 11 illustrates the device of FIG 10 after formng the conductive
vias for electrically contacting the MM capacitor in accordance with one
enbodi menwoaB/oetsel present invention. Skilled artisans appPegitEsiB239hat
elements in. the figures are illustrated for sinplicity and clarity and
have not necessarily been 20 drawn to scale. For exanple, the dinensions
of sone of the elenents in the figures may be exaggerated relative to other

el enents to hel FIGopf lustratesutiedevicelohdrI@. 6 eftamiosmingrihe of the
present invention. 25 -4 WO 03/021661 PCT/ US02/ 25909 Detai | ed Descri ption
of the Dragapgsitos dielecliicdayes, the thirdmetablayanenshari eleh stofuct ur es,

the wuse of netal oxide nmaterjals as tGe capacitor dielectrjc is, desirable

5 due to tl@er in gacardaaecerwith i eanbedirasid afl the peesenhivantidindes have
et al oxi des. ovElC B HWFArAIesG SRVICE Ab FaGppL ATtaIeRDP R Sohiel zos
creati an, i nconpatible interface bet n._the electrode and subsequently
deposi ted %P@‘Pf%ﬁé Hq%?remlﬁcgﬁ t‘f]?@é’f’mﬁﬁ,orﬂ%@rﬁﬁ%’iﬁr@p ﬁ? ti es between
the coppePlesplbMVEMiIbin indesi rabl y | ner ease oapaci for | eakage. By
[orm 19 SOMUEIGHD MR ER R BRXI0 8 IR Baerifig fREPST
et bon T O ERRE A A8 shof Sprr RS ot Rt Rt
of the MIM capacitor in accordance with one embodiment of the
10 present invention.
FIG. 10 illustrates the device of FIG. 9 after forming an
interlevel dielectric layer and a second photoresist layer for
patterning the interlevel dielectric layer in accordance with one
embodiment of the present invention.
15 FIG. 11 illustrates the device of FIG. 10 after forming the
conductive vias for electrically contacting the MIM capacitor in
accordance with one embodiment of the present invention.
Skilled artisans appreciate that elements in the figures are
illustrated for simplicity and clarity and have not necessarily been
20 drawn to scale. For example, the dimensions of some of the
elements in the figures may be exaggerated relative to other
elements to help improve the understanding of the embodiments of

the present invention.

25



and a copper electrode 30 is forned. To decrease processing conplexity the

conductive oxidation barrier layer 40 is formed wthin a recess 205 over

t he coppewoapemicny 200. The bottom 20 el ectrode of the M WCrasan2iony

i ncl udes the conductive oxidation barrier |ayer 40 and the copper

el ectrode 30. In a preferred enbodinent, the conductive oxidation barr.er

|l ayer 40 is tantalum nitride. A tantal um oxide or hafnium oxi de capacitor

dielectric can then. be deposited without the formation of a copper oxide

| ayer. 25 Consequently, the final capacitor structure can have high

capaci tance, |ow | eakageDelailedtlDéseriptionrdfadwes Drawvingseasi |y forned. One

enbodi nent of the invention using a conductive oxidation barrier |ayer

wi Il be descri bekbiincreage deetcapaecitance o VIMecapacionsiasatures; 82/ 25909

FIGs. 1-11 illustrate a portion of a sem condugtor device as it, updergoes

a series ofuse ot svetalxidermaterials asathe sepasioridielestriciscdesisabie wi t h

t he present invenﬁion., re specificallé FIG 1 h&lustrates a dielectric
d nleg agfs.

| ayer 28 f Auedodhein highydielestiic sansiasts.s Gemnerally.sueh metal G¥Ees: r ed
o Conoc A RS SofsBit ikatalidn BiptMma BIE A cetigtor,

Shal var: ot VBBHBHRY 6o dtel A8 Ovbin BUBHTABCLbAL nd Bobpds ° "o
ot X SSuiaRBT AL Biinat o, ABSERDriRBEHE iheHECS HRlRert v
The- di el cottEceleRe BT Sbisedtikhily WepdieR ifdtdinse mate! 11 ustrated

10 specifically, the adhesion properties between the capacitor

o

—t

dielectric and the electrode are poor and the presence of the
copper oxide film can undesirably increase capacitor leakage.
By forming a conductive oxidation barrier layer 40 between

the copper electrode 30 and the metal oxide 50 in accordance with

15 the present invention, a MIM capacitor with a high capacitance
density and good adhesion between a metal oxide dielectric 50
and a copper electrode 30 is formed. To decrease processing
complexity the conductive oxidation barrier layer 40 is formed
within a recess 205 over the copper opening 200. The bottom

20 electrode of the MIM capacitor includes the conductive oxidation
barrier layer 40 and the copper electrode 30. In a preferred
embodiment, the conductive oxidation barrier layer 40 is tantalum
nitride. A tantalum oxide or hafnium oxide capacitor dielectric can
then be deposited without the formation of a copper oxide layer.

25 Consequently, the final capacitor structure can have high
capacitance, low leakage, and stable interfaces and be easily
formed. One embodiment of the invention using a conductive

oxidation barrier layer will be described in regards to the figures.
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deposition (CVD), physical vapor deposition (PVD), the like, or 15

conbi nati ons of the above and ban be any dielectric material, such as
silicon owDda/02i661 formthe structure of FIG 2, the diel eeCmiusot/zsper 20 is
patterned and etched to form an opening 200, sonetines referred to as a
trench or recess. Afirst netal layer 30 is formed over the 20 dielectric
| ayer 20 and within the opening, preferably by depositing the electrode

material using F\Rs g@{:%&fé’ﬁ]gbﬁi@w of&BeRsitopRiuctbr ideaiee as itt he

like. In a preferred e nment first netal |ayer 30 conprises copper.

For exanpl Qndbggoggrég_eﬁ@sabf ?I‘@(yéf,sﬁ}@ stpdto fomnea MiMeacapacoitoninm copper

alloy. In one nbodi ment, the first netal |ayer 30 is predom nately

copper . Thgccorighct avieh thetpresentdaventiote phoreegpesifical vl 1GovD, at oni ¢

| ayer deposition (ALD), electroplating, conbinations of the above or the

like. Furtiershertes 4 dielectiie lapenl0 forened @ verlyingtasamicand@ctan 03/ 021661
PCT/ US02/ 25909 forned of nmultiple materials. For instance in copper inlaid

met al | i5zat sobstraltertd, In Beprefented iembbdémeantpsemiconducior subssiatear ri er
conprising tantalumor tantalumnitride, Shown in FIG, 3 is the
sem conduct Orisdsilicon. dloweverpoiherssmiganduator snatesials capde 3$ad f or m
the first netal layer 30, which is a damascene stru . Jhe, first netal
| ayer 30 caucheas giadiami aaeruglecaedi%hcowrmu@%togsghﬁﬁi n-gW?'@lﬁHy;
etch-back, such as a wet or dry etc rocess,.or the l.ike. If the first
nmetal | aysubstrate MW\?ﬁHé@,UCPQ én‘%‘} rsaeét‘@"éjw ﬂﬂaﬁl"ygm rol dishing of
the 10 copper U b doviced (siaRs hibtdl SadbSsSfiEbAdutop” 98" than
10 (MOS) and/or bipolar transistors). However, for purposes of
understanding the present invention, an understanding of these
devices is not necessary and thus these devices are not illustrated.
The dielectric layer 20 is deposited by chemical vapor
deposition (CVD), physical vapor deposition (PVD), the like, or
15 combinations of the above and can be any dielectric material, such
as silicon oxide.
To form the structure of FIG. 2, the dielectric layer 20 is
patterned and etched to form an opening 200, sometimes referred
to as a trench or recess. A first metal layer 30 is formed over the
20 dielectric layer 20 and within the opening, preferably by depositing
the electrode material using PVD, CVD, electroplating
combinations of these, or the like. In a preferred embodiment the
first metal layer 30 comprises copper. For example, the first metal
layer 30 can be copper or an aluminum copper alloy. In one
25 embodiment, the first metal layer 30 is predominately copper. The
metal layer material can be deposited using PVD, CVD, atomic
layer deposition (ALD), electroplating, combinations of the above
or the like. Furthermore, the first metal layer 30 may actually be
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the adjacent integrated circuit interconnect circuitry, and | arge areas of
copper are susceptible to dishing during polishing. Slotting the materi al
in this caeasiosicknown to alleviate the problem Shown in PCEUSA2/p0ei ons of
the first netal layer 30 are 15 renoved to forma recess 205 within the
opening 200 to formthe first metal layer 30. In other words, the first
netal layer 30 is recessed. The recess 205 extends bel ow t he upper nost

portions fgg%?@g?@pmg%atéﬁaﬁchngfaMéhh(mj;p i0ldicc- enbodi nent

t he recess using a reactive ion etch (R E) Froc.ess or 20 a
wet etch phetgRizatitirr Schemwsstheotreneisisobftendined svithre diffusiper 30 at a

rate of approxinmately 3-5 tinmes greater than it renoves portions of the

di el ect ri i@ camprigingciaintalurnier tartedsnenliride. bet ween approxi mately 50
to 2000 Angstrons in depth and is approximately 1/4 to 1/3 the depth of

the openi ng 200Shon % G Bhis the sereicormiictos daxieeraft@d by the t hi ckness
requi rements of a subsequently fornmed bottomelectrode as wll _he
expl ai fed plemarizingrthentirsirmetalnayer 30éo fesrsthetisst mertaf |ﬁ$€9ru§8ng a wet
031 021661 WHIGHUI 2 dooUSGENS Shialure: Teoret Mol 4aver 30 GaBRRK. rot at ed
e o arhoad by SRem bl Stk sic S S SRS B A o
Spi n- 11 nseSdsReE: Wat aii i oo REedses ot Hae Skee g el as the
T T ey 30 S8 Bolighdrit hdy BEPLM tS AP Torfof ARsHiRGRSPHHE O
10 copper during polishing. Capacitor area is generally larger than
the adjacent integrated circuit interconnect circuitry, and large
areas of copper are susceptible to dishing during polishing.
Slotting the material in this case is known to alleviate the problem.
Shown in FIG. 4 portions of the first metal layer 30 are
15 removed to form a recess 205 within the opening 200 to form the
first metal layer 30. In other words, the first metal layer 30 is
recessed. The recess 205 extends below the uppermost portions
of the trench 200. In accordance with one specific.embodiment,
the recess 205 is formed using a reactive ion etch (RIE) process or
20 a wet etch process which removes portions of the first metal layer
30 at a rate of approximately 3-5 times greater than it removes
portions of the dielectric layer 20. Typically, the recess 205 is
between approximately 50 to 2000 Angstroms in depth and is
approximately 1/4 to 1/3 the depth of the opening 200. The
25 amount of recess 205 is determined by the thickness requirements
of a subsequently formed bottom electrode as will be explained
later. In one embodiment, the recess 205 is formed using a wet

etchant in a spin-etch process. In such a spin-etch process, the
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exanple, if the first nmetal layer 30 is copper the etchant may contain

aci ds such as HNG3, HCl, H2SO4, or conbinations thereof. 10 Alternatively,
the receswo2dB2wan be formed using a single spin-etch precedsoatioey
forming the first nmetal |ayer 30 as opposed to first planarizing the first
metal layer 30 and then etching it. In this enbodinent, the wafer rotation
speed, etchant chem stry, and etchant dispensation distribution are

addi ti onal 4 gy BbhALESOK Hevice fopldcdd bifatghick mdtatedtrd spagictef i on

properties e etching process. After formng the recess 205, a

conduct i veq %OdﬁQOQr@ﬁf Binel the e¥shardOdispdnsed dritp thed, CVD, ALD,

el ectroplating, electroless plating, conbinations of the above or the

like, as sé@ficondbctor aev&ﬁé.Tﬁ'me:etwimprbmeseﬁt;dgﬂicmil;ba&ﬁer | ayer 40 is
e

deposited over the surface of the dielectric layer 20 and the recessed

first netagetemds indurdtiencohactval etchistepis bypicadly iolpweddyan be any
material that can serve as both an oxidation_and barrier |layer to the
under | i ng10+36 seoard spig<inss stepusingideionized watastin wodame oxi dati on
and barrier layers to materials including copper are . tantalum titanium
pl ati num processitoal asithenspinseiaihi dhe etehqat gh,erm@,m%emplﬁygq‘ de,
titaniumnitride, and the like.,  Generally, . th nductlve-oxi dati on
barrier |agepends endheeamposiiendy &16} ﬁ&s’t@&eﬁ@f&.\lﬁzébe%%/ US02/ 25909
AR PN RN AR Rt R U 3 A S
of over! yi sanfaiMacideaven as bNchablEh 1805 Br cothoidRsAY Hredf.™: ! o
10 Alternatively, the recess 205 can be formed using a single
spin-etch process after forming the first metal layer 30 as opposed
to first planarizing the first metal layer 30 and then etching it. In
this embodiment, the wafer rotation speed, etchant chemistry, and
etchant dispensation distribution are additionally optimized to
15 control the uniformity and planarization properties of the etching
process.
After forming the recess 205, a conductive oxidation barrier
layer 40 is formed by PVD, CVD, ALD, electroplating, electroless
plating, combinations of the above or the like, as shown in FIG. 5.
20 The conductive oxidation barrier layer 40 is deposited over the
surface of the dielectric layer 20 and the recessed first metal layer
30. The conductive oxidation barrier layer 40 can be any material
that can serve as both an oxidation and barrier layer to the
underlying first metal layer 30. Materials that are both good
25 oxidation and barrier layers to materials including copper are
tantalum, titanium, platinum, iridium, aluminum, ruthenium,
tungsten, tantalum nitride, titanium nitride, and the like. Generally,

the conductive oxidation barrier layer 40 is a metal or metal alloy
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5 oxidation barrier layer is 50 to 2000 Angstrons in thickness. However,

it is not necessary for the first netal layer 30 and the conductive

oxi dat i orwbaw2esl | ayer 40 to conpletely fill the openi ngPCTO®02/739e9
conductive oxidation barrier layer 40 should be thick enough to serve as
both an oxidation and netal diffusion barrier 10 layer to the first netal

| ayer 30. In addition, the conductive oxidation barrier |ayer 40 should be

thin enoughnmescan bmefavé@tt@na*sqhbyséwrg@gﬁétalhay@?%ﬁ 3Age of the

subsequently conpleted M M capacitor an e resistance of interconnects

that may bpréfermed erabodiment, vheammedlctive oxidatioarmaaisiuiyar 435

substrate. In addition, the conductive oxidation barrier |layer 40 should

have good fillbéhemecessi20bdnnetder td forsrd abstdwstially glangeisurfdeyer 30 and
t he subsequently fornmed capacitor dielectric layer.” Showmn in FIG 6 is the

seni conducfar sdbsequeat fermation efavierlyiagtfiims: okerteythecotrilaiivear ri er
| ayer 40. In _one enbodinent, the conductive oxidation barrier layer 40 is
renoved ooXidationbarnerdayes s ibta 2008 Angistoms ipethipkaegsof t he
conductive oxidation barrier layer 40 to a periphery of the first netal

|l ayer 30. H@weawendlisised naecessanr iardheiirstimetahieyer 3@yand #3230 can be
used. If polished, it %ﬁ desbrable for the top surface of the conductive
oxi dat i on BAPAUEHIVEPEdalion basdes lareadDila complsielyntill thewpemiag op of

these r esu0B- dEEHRISHCVE SYdatiah:Panieslykrr dsiikbB8 Thibor aphy of
the surfacg 8l,gi' Sbhid dPh3th 'S Skidtidh Hhd hS&tl Witusion barrier

10 layer to the first metal layer 30. In addition, the conductive
oxidation barrier layer 40 should be thin enough as to not
substantially increase the resistance of the subsequently
completed MIM capacitor and the resistance of interconnects that
may be formed near the MIM capacitor on the semiconductor

15 substrate. In addition, the conductive oxidation barrier layer 40
should have good adhesion with the material used for the first
metal layer 30 and the subsequently formed capacitor ‘dielectric
layer.

Shown in FIG. 6 is the semiconductor device after

20 planarizing the conductive oxidation barrier layer 40. In one
embodiment, the conductive oxidation barrier layer 40 is removed
outside of the recess 205 to self-align a periphery of the
conductive oxidation barrier layer 40 to a periphery of the first
metal layer 30. Any method used to planarize the first metal layer

25 30 can be used. If polished, it is desirable for the top surface of
the conductive oxidation barrier layer 40 to be substantially
coplanar with the top of the dielectric layer 20. The ability of the
polishing process to achieve these results depends on ‘the

9-



the recess 205 and the selectivity of the process. Hence, a snooth surface
of the first netal |ayer 30 and a high selectivity to the conductive

oxi dat i onrwbaw2esl | ayer 40 are desirable. A 5 substanti al IPgTASOpR3INA"
conductive oxidation barrier layer 40 prevents nano-scal e oxidation of the
under | yi ng copper electrode and nano-scale diffusion of copper atons into
subsequently deposited dielectric materials, either of which would degrade

capaci tor I Hy of t ' hel | 50, a
p o pgg/ ot thvs surfask ot@hé f%vme’%aggﬁgeg 3t bifte? fb?#ﬁﬁg

third netal and an etch stop |ayer O are respecttvely

deposi ted dherredess 208i anddhet selepihdty of thd proessshdvence,ld G 7. The
capacitor dielectric layer 50 is an insulator forned on the conductive

oxi dati on tgmoodn durface of the first moe@ODayyYB0 aneha higiyselebliviigpiesi ti on
(ALD), conbinations of the above or the [ike. For RF "applications, the

capaci tor dheleenductivayaxidatioprbastieblayer4dr asegesiratplieal Aoxi de t hat has
hi gh Iineaéﬁhﬁﬁ(e.g. a normalized capacitance variation of typically |ess

than 109 p patialy ¢o-planar consluciie axigatiendartertlayesl40n oxi de” and
haf ni um oxi de. wever, for 2Q general applications in which [inearity may
be | ess cr IRTEVANISMRNO-SERIRIOAALSR SLe sdarkyiog copper edectiode num
be. s t ablAlTd FRCAPALE ETWSIOTLOE FORPErA IRl G oLp SO (or |
ovb, ALD, - SISt e BieEiG RuALRA sifierobiion welld Hedfade: ai 1 ayer 60
formed of SRR ICRKeOR T BERIPERLY 2 Cantai um tantal um ni tri de,
titaniggn titaniAgBhciiol dieldbtheNay8r 50, a third metal layer 60 and an
etch stop layer (ESL) 70 are respectively deposited over the
semiconductor substrate 10, as shown in FIG. 7. The capacitor
dielectric layer 50 is an insulator formed on the conductive
oxidation barrier layer 40 by using CVD, PVD, atomic layer
15  deposition (ALD), combinations of the above or the like. For RF
applications, the capacitor dielectric layer 50 preferably comprises
a metal oxide that has high linearity (e.g. a normalized capacitance
variation of typically less than 100 parts per million units of
voltage), such as tantalum oxide and hafnium oxide. However, for
20 general applications in which linearity may be less critical other
metal oxides such as zirconium oxide, aluminum oxide, barium
strontium titanate (BST), and strontium titanate (STO) may be
suitable. The third metal layer 60 is formed over the capacitor
dielectric layer 50 preferably using PVD, but other techniques
25 including CVD, ALD, or combinations thereof could be used. The
third metal layer 60 will form the second (top) electrode of the
capacitor and thus can be formed of any conductive material such

as tantalum, tantalum nitride, titanium, titanium nitride, ruthenium,

-10-



-10 WO 03/021661 PCT/ US02/ 25909 iridium copper, alumnum platinum
tungsten conbi nations of the above, and the like. In one enbodinent, the
third netwb oBayws1t 60 conprises nitrogen and either tantalPomusn2/239ani um
(in the formof titanium5 nitride or tantalumnitride). If the third netal
| ayer 60 is copper, it may be desirable to forma second oxidation barrier
| ayer, such as the material used for the oxidation barrier |ayer 40,

bet ween t hixidium! dopier! almiiu®) Flatinuime, targsicrreorilsinetioriscof dyer 50.

However, there may not be an adhesi on probl em due to copper oxidation 10
since the ebows, ahdthedile.is fornmed after depositing the nmetal oxide and
thus, the copper electrode is not exposed to an oxidizing environnent. The
ESL | ayer 70 islalone éepbedimentsinetmvt metal lageb 6@ conaprisesat i ons
thereof. As will becone apparent below, the ESL 15 | ayer_ 70 serves as an
etch stop hilyegenhandegitinentanialuimeor titrpiosnt(éal the forteof HianiuMel ectric
(ILD). ESL layer 70 can also ,serve as a_ hard mask for etching netal |ayer

60. Furd heiisice OI‘Eal'JtGlEIWDIW'ld&)anlféBe\ff@i&n?eﬁ}itaérlﬂyeéﬁp_ei&(m@pﬁba'lti ng (ARC)
b ocesses. MY b AGLIAIIE teriobe AsRCoRHBaETOR BANer (Ve ISUEshasni ¢ i de
Further detaeimatetablised o theoxiaatiors Barer baver i, DeshBahlie o Fia 10
Cayer 70 cIrganeaHay S anehin Eapasitar dielbefiE By L10welt, = =
there may not be an adhesion problem due to copper oxidation
10 since the copper electrode is formed after depositing the metal
oxide and thus, the copper electrode is not exposed to an oxidizing
environment.
The ESL layer 70 is also deposited using PVD, CVD, ALD, or
combinations thereof. As will become apparent below, the ESL
15 layer 70 serves as an etch stop layer when eiching a later
deposited an interlayer dielectric (ILD). ESL layer 70 can also
serve as a hard mask for etching metal layer 60. Furthermore,
ESL layer 70 can serve as an antireflective coating (ARC) to
improve optical properties during subsequent photolithography
20 processes. In a preferred embodiment, the ESL layer 70 is silicon
nitride or aluminum nitride, or alternatively tantalum oxide or
hafnium oxide. Further detail of the use of ESL layer 70 is found in
reference to FIG. 10 below.
The capacitor dielectric layer 50, third metal layer 60, and
25 ESL layer 70 can be formed using the same or different processes.
However, it may be desirable for the capacitor dielectric layer 50,
third metal layer 60 and ESL layer 70 to be formed using the same
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However, it may be desirable for the capacitor dielectric layer 50, third
netal |ayer 60 and ESL | ayer 70 to be formed using the sane -11 WO

03/ 021661IWB@3NLIBOL/ 25909 process to inprove process contr @cTarsd2/eivnoughput
in |arge-volunme manufacturing environments. Turning to FIG 8, a first
photoresi st layer 80 is deposited and patterned in order to etch the ESL
| ayer 70 and the third netal 5 layer 60. After etching the ESL | ayer 70

and the thiprdosgsto im@bvé%r@é@céﬁm@ﬁwfq;@@mfﬁg@g&@é@ﬁ%‘?“d

el ectrode 65) is forned, as shown Iin FIG 9. | ayer

80 is renumesmHACRUIriRgtémvinonmersNg conventional methods. Turning to FIG
10, an ILD 90 is deposited over the 10 sem conductor substrate 10. A second

phot or esi st | ayeFuming to Fi€p&;ia firktgrhibioresistrieycrB8@is eepositeicch the LD

| ayer 90 to form via openings, which are filled™with nmetal to form

conduct i ve ancpattiamed iwriden t¢ietch the BSLi lterch@rarsd thieithirdseretap et ch
the via ng on and exposi ng rtions of the ESL | ayer 75 15

openi ngs. st oppi ) 0
(where Pre aMey%é}szffe;' etghingttbe 64 létyceri'EOla:-ndelthé(Ihirdﬁlirré’labtayerbot h
serve as ira;erm%di te etgh thp | ayers. Since the thickness of the portion
of the ILDGH ﬂﬁg%ﬂaﬁlwgﬁeﬁﬁﬂdﬁcﬁ5dﬂm&ewnd@leﬁb‘edier@S))i&r the top

'LD to be SORREEHES ShaWH e Ktk B0 IS ArsEPOOTeRSLEVAIBOS oxi dat i on
the f1rst SR et ANSRRReSAIIS BsMaoBMaNtHIRERIS RGNt | nue af ter
SLonrd the ViaTRRRgIeFRECYE, BILR IS epbited ovarthe® 1o formthe
10 semiconductor substrate 10. A second photoresist layer 100 is
deposited and patterned in order to etch the ILD layer 90 to form
via openings, which are filled with metal to form conductive vias
110, shown in FIG. 11. A first chemistry is used to etch the via
openings stopping on and exposing portions of the ESL layer 75
15 (where present) and the capacitor dielectric layer 50, which can
both serve as intermediate etch stop layers. Since the thickness of
the portion of the ILD that needs to be etched to form the via
opening over the top electrode is substantially less than the
thickness of the portion of the ILD to be etched to form the via
20 opening for the conductive oxidation barrier layer 40 , the ESL
layer 75 should not be completely etched using the first chemistry.
This enables the etch process to continue after etching the via
openings above the top electrode 65 in order to form the deeper
via opening for the conductive oxidation barrier layer 40 . Thus,
25  the first chemistry needs to be selective to the ESL layer material
and perhaps even the capacitor dielectric layer 50.
Next, the etch chemistry is switched to a second chemistry
for etching the exposed portions of the capacitor dielectric layer
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via opening for the conductive oxidation barrier layer 40 . Thus, 25 the
first chemstry needs to be selective to the ESL | ayer material and

per haps ewenswhwerapaci tor dielectric |ayer 50. Next, thePeTaisowtsnd stry is
switched to a second chem stry for etching the exposed portions of the
capacitor dielectric layer -12 WO 03/021661 PCT/ US02/25909 50, and the ESL
| ayer 75 to conpletely formthe via openings and expose underlying

conduct i vegpo gﬂ-id)fﬁe E’SLHQ}*@? 7180 RoPEsREchpfrmitive il bpesitigs bvid

;
chem stries, 'the etching o he via openings can occur in the sanme tool

and even t g upbiaMyéngfconduiive pbriiohkr cAthpuigh tide processtuses g

efficiency. shown in G 11, after formng the via openings, a

conduct i vetwetdiffereni etChrersimisiriss) theestchingdrtheysia openilegs oan f or m
conductive vias 110. A conductor is fornmed in the via opening to form
contacts t occoe indheesante toel aAdaaven the sameschambertan isaproyved er | ayer
40 . I'n one enbodinent, copper is _ electroplated and chemcally

nmechani Sal tyrqughputanchianufaciuringeeificiency.e vias 110. The resulting MM
capacitor shown in FIG 11 has the advantage of a higher capacitance than
previ ously propéseghosvrin idfurts, alienieeming meylmrgenmg%ea materials for

the primary capacitor dielectric t hout .t he di sadvant age of, a, poor
interface coadusdive ﬁ&at@ét%{l|33Qrﬂkevaaﬁﬂlt?t”ﬂe’?h@o‘ﬁ9e@p@n&g$g'aé?rdﬁﬁétgt 0 a

conpatible_interfacge,,.a struc e | n _accordance with th resent invention
has i mpr ov&Im Hcﬁﬁﬁr\ﬁéﬁeffé-t A§9nﬁf¥'c$95ﬁ Qrned,in ﬁ?é)MQ\/I structure has

a high 1 n%?)reir%i%gh((ca)(:‘rabursr‘r(la ctorhe‘iaicPsV F4he '%oﬁn&%b?lsode 65 and conductive
10 oxidation barrier layer 40 . In one embodiment, copper is
electroplated and chemically mechanically polished back to form
conductive vias 110.
The resulting MIM capacitor shown in FIG. 11 has the
advantage of a higher capacitance than previously proposed
15 structures because it uses metal oxide materials for the primary
capacitor dielectric without the disadvantage of a poor interface
between the metal oxide and the copper electrode. Due to a
compatible interface, a structure in accordance with the present
invention has improved leakage characteristics. In addition, the
20 MIM structure has a high linearity because the invention enables
use of a metal oxide capacitor dielectric which itself has high
linearity. Such on-chip capacitors are widely useful for demanding
high-frequency (>1Ghz) RF circuits, for mixed-signal analog and
filtering. In addition, the need to use a photolithographic step to
25 pattern the conductive oxidation barrier layer 40 is eliminated
since the conductive oxidation barrier layer 40 is self-aligned.
The embodiment described as shown in the figures is a MIM
capacitor wherein the top electrode 65 is smaller in size compared

13-



use of a netal oxide capacitor dielectric which itself has high Ilinearity.
Such on-chip capacitors are widely useful for demandi ng high-frequency (>1
Ghz) RF cwopagioesel f or m xed-signal analog and filtering. PCA/sdU2I90DN, t he
need to use a photolithographic step to 25 pattern the conductive oxidation
barrier layer 40 is elimnated since the conductive oxidation barrier

| ayer 40 is self-aligned. The enbodi mnent descri bed as shown in the figures

s a MM °33 ﬁ%ta?r'idmgf phetal hayepBoehAd tooritiuétiive oxidatiosr banrier ze conpar ed
-13 WO 03/021661 PCT/ US02/ 25909 to the and first netal |ayer 30 and

conduct i ve |gyéa0i, thi.@h rtogethémmm 40bottohn ¢bapagitoryeléctroda. blst t om

(capacitor) ‘el ect rode. anot her enbodi nent, the top el ectrode 65 can be
oversi zed amotherrmnbd»ohmer‘rtgathe tep electiode@6rcan ke oversized age oxi dat i on

5 barrier layer 40 . In this enbodi nent, the contact for the,  conductive
oxi dati on lg@mpared &@dheﬂh’stsfnabalnhyaﬂr?v(baﬂCbCOHQUCﬁMGTQKIdﬂ{IQﬂ the first
nmetal |ayer 30 and the conductive oxidation barrier Iay 40 because the
cont acty i hatrded layebdiOng Indhis @nebedimend, ﬂ'lﬂl@@éltaGE QkiRtion barrier
| ayer 40 , is underneath the first 10 netal er dition, in this
enbodi nent oomdm;tmeeopm%tmné)artr@rdayﬁré&ns; é’rﬂﬁﬁgpﬂ%’r}@a i tor
Structure. '%%%&piﬁo&” o Bt MG Tavee D and theheantilyd ousRtEl aci ng so
e X8 9@“‘ bt e b EhaB et SRR B YGh B e o
e e S bR SSHAF RO 0 S ABBr B TE ' he 1
10 metal layer 30. In addition, in this embodiment it may be possible
to completely remove the capacitor dielectric layer 50 without
damaging critical portions of the capacitor structure when etching
ESL layer 70 and third metal layer 60. By doing so the
disadvantage of having a high dielectric constant material
15 underneath ILD layer 90 is overcome. However, it remains
possible that when removing the capacitor dielectric layer 50 from
areas outside the MIM capagcitor, that other structures underneath
the layers, such as an adjacent copper pad structure, may be
damaged. Such related structures are not explicitly shown in the
20 figures, but are generally always present on-chip as an essential
part of the IC interconnect circuitry.
Although the embodiment described above is in regards to a
MIM capacitor, it is possible to use the method of formation in
other applications to decrease copper oxidation and improve
25 adhesion, such as at the last metal layer formed on the
semiconductor substrate.
Benefits, other advantages, and solutions to problems have

been described above with regard to specific embodiments.
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the |l ayers, such as an adjacent copper pad structure, nmay be danmaged. Such
related structures are not explicitly showmn in the 20 figures, but are
gener al | ywalmaysepr esent on-chip as an essential part of PCRAISDI25909

i nterconnect circuitry. Although the enbodi ment described above is in
regards to a MMcapacitor, it is possible to use the nethod of formation
in other applications to decrease copper oxidation and inprove 25

adhesi on, Fw%?lég,?,heg Hts nbfits, 48Vahtages! sbRItis to probles)iaruheumt or

substrate. er advantages. and solutions to probl ens have been

descri bed é@ﬁéﬂt{ﬁfthmgﬁw dauseemy benefitoddvantage; o4 sadution1661
PCT/ US02/ 25909 However, the benefits, advantages, solutions to problens,

and any epgompiordeddrie norecproroangebeard hot tadecoagérued asoaution to
occur or becone nore pronounced are not to be construed as a _critical,

required, oritieakeeqjuited,cot essentiatfeature of etepent cf anyrar all thai ns. As
used herein, the terns "conprises,” "conprising," or any other variation
t her eof5, achaiims.eddedsed lerain, Hwedarmn'}qunpélseimcfwmpﬂsms Ofhat a
process, nethod, article, or apparatus that conprises a |ist of elenents
does not i anyuothamtariatiosdhereatinake intendesto rEVEIE BOREEXEIUSHEL s not

expressly listed or inherent to 10 such process, nethod, artigl or
appar at us. InQiUSIﬁT,fW%Hﬂabas@r&QQ$%dﬂQ§h8dt REICey Oft 2RRakR %ﬁﬁr

Ski 11 in tAeMapHSaBE et at BISTeRts peo ot ibalde s osa Setngfles can bo
made wi tho tu’t Orlﬁg?/rihicﬂﬂjef other ré ements St éQﬁressly listed or inherent to
10 such process, method, article, or apparatus.

In the foregoing specification, the invention has been
described with reference to specific embodiments. However, one
of ordinary skill in the art appreciates that various modifications
and changes can be made without departing from the scope of the

15 present invention as set forth in the claims below. For example, as
described and illustrated, the MIM capacitor is formed in a single
damascene manner within the device. However, one of ordinary
skill would recognize that a similar structure could be incorporated
into a dual damascene integration. Accordingly, the specification

20 and figures are to be regarded in an illustrative rather than a
restrictive sense, and all such modifications are intended to be

included within the scope of present invention.
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15 present invention as set forth in the clains bel ow For exanple, as
described and illustrated, the MM capacitor is formed in a single
damascenewprnnzrseinvi t hi n t he devi ce. However, one of ordi n&cy/ussk2ion9 woul d
recogni ze that a simlar structure could be incorporated into a dual
damascene integration. Accordingly, the specification 20 and figures are
to be regarded in an illustrative rather than a restrictive sense, and all
such nodifications are intended to be included within the scope of present
i nvention. -15 WD 03/021661 PCT/ US02/ 25909 CLAIMS What is clained: 5 1. A
process for formng a netal -insul at@Ql-AEM& (MM capacitor structure
conprising: providing a sem conductor substrate (10); formng a dielectric
| ayer (20) over the sem conductor 10 substrate (10); form ng a recess
(205) in the dielectric layer (20); formng a first netal layer (30) in
t he recessWhaeid clatedret al | ayer conprising copper; recessing the first
metal layer (30); 15 formng a second netal |ayer (40) over the first netal
| ayer (530), the second netal |ayer (40) being a conductive oxidation
barrier for the first netal I|ayer (30); forming an in?k%ﬁ}ior (50) over the
second nethl | apeprocess for forming a metal-insulator-metal (MIM)
capacitor structure comprising:
providing a semiconductor substrate (10);
forming a dielectric layer (20) over the semiconductor
10 substrate (10); |
forming a recess (205) in the dielectric layer (20);
forming a first metal layer (30) in the recess, the first
metal layer comprising copper;
recessing the first metal layer (30);
15 forming a second metal layer (40) over the first metal
layer (30), the second metal layer (40) being a
conductive oxidation barrier for the first metal
layer (30);
forming an insulator (50) over the second metal layer
20 (40); and

forming a third metal layer (60) over the insulator (50).

2. The process of claim 1, wherein forming the first metal layer
(30) further comprises:
25 depositing the first metal layer (30) over a surface of
the dielectric layer (20); and
planarizing the first metal layer (30) to form a

damascene structure.
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20 (40); and formng a third netal |ayer (60) over the insulator (50). 2.
The process of claim1, wherein formng the first netal layer (30) further
conpri seswO23/oewpositing the first metal |ayer (30) over &CIurshazwoof the
dielectric layer (20); and planarizing the first netal layer (30) to forma
damascene structure. -16 WO 03/ 021661 PCT/ US02/ 25909 3. The process of
claim1, wherein formng the second netal |ayer (40) further conprises
formng the second netal |ayer (40) to have a thickness of between 50 and
2000 angstroms. 5 4. The process of claim1, wherein form ng the second

metal | aygr (@hﬁgﬂ?ﬁ aRe6t cRARPY| Whersindosatingdhessetohaymetato) over
of el

t he surface ectric Iayer (20) and the recessed first 10 neta

layer (30); renm )lfuﬁﬂhetrfm EFivEs fetaing theseced)d owetdldayefr  the
recess (205) in he f| st nmetal layer (30) to self-align a periphery of

the second net af40)iehave4dthickresseof betweert 50rend 2G40 engstromsr (30) ;
15 and planari zing the second netal |ayer (40) to be coplanar wth the
surfacg of the dielectric layer (20). 5. A process for formng a
sem conduct or device structure
4.  The process of claim 1, wherein forming the second metal
layer (40) comprises:
depositing the second metal layer (40) over the surface
of the dielectric layer (20) and the recessed first
10 metal layer (30);
removing all of the second metal layer (40) outside of
the recess (205) in the first metal layer (30) to
self-align a periphery of the second metal layer
(40) to a periphery of the first metal layer (30);
15 and
planarizing the second metal layer (40) to be coplanar

with the surface of the dielectric layer (20).

5. A process for forming a semiconductor device structure
20 comprising:
providing a semiconductor substrate (10);
forming a first dielectric layer (20) over the
semiconductor substrate (10);
forming a recess (205) in the first dielectric layer (20);
25 forming a first metal layer (30) in the recess (205), the
first metal layer (30) comprising copper;
recessing the first metal layer (30); and
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20 conprising: providing a sem conductor substrate (10); formng a first

dielectric layer (20) over the sem conductor substrate (10); formng a

recess (290)3iozueshe first dielectric layer (20); 25 formpag/esot/2398t net al

| ayer (30) in the recess (205), the first nmetal |layer (30) conprising

copper; recessing the first netal |ayer (30); and -17 WO 03/021661

PCT/ US02/ 25909 form ng a second netal |ayer (40) over the first netal

| ayer (30), the sec [ VEUbia fisstaxiedal i on
JetriipicPa qekdid iGhaligled (40) Gvehirie

barrier for the fir ayer _
layer (30), the second metal layer (40) being a
conductive oxidation barrier for the first metal

layer (30).
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