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

WO 03/ 021661 PCT/ US02/ 25909 )
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 offred@ensgnikKnodrproblemeiwithwding cosvenes anelebir R l'ts in a
Cc

10 capacitor with high linearity and hi gh capacitance, and whi

al | evi at es mategrialfinchederadverse affects eheded bg peer mechanialand one of
the capacitor electrodes. WO 03/021661 PCT/ US02/ 25909 Bri ef Description of

the Drawi nghemined stabiiyitofitinecaopperisurfadeisandtaithanintesaciioresafpl e and
not by limtation in which like references indicate simlar elenments, and
in which: thecoppen with the sapacitaradisleeitici matetiaie (eigincoppesem conduct or
devi ceogvith_ sem conduct or device and a dielectric 10 |ayer as can be
used t o f oCTESIANN capacitor in accordance with one enbodi nent of the

pr esent inventig_n. FILG 2 illustrates theMﬁ%i ce of FIG 1 after form ng an
openi ng and dep quﬁk@r% aineqd gxists fofya capasitemsirugtyre wich

enbodi nent . of, the present invention. 15 .FIG, 3. illustrates the device of
FIG 2 afté’ﬂdb’ﬂhﬁ%%?%i(ﬁgc@%efﬁsr%tca&a(a 0r|%J¢é>IFQ¢\eé@dMlglt!§hﬂbevmth one

embodi ment ¢2hyitAfoR' ¢ Be ebfi§ ThtSrated 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.



FIG 4 illustrates the device of FIG 3 after etching the first netal

| ayer to forma recess in accordance with one enbodi nent 20 of the present
i nvent i orwwOMB@21661 i | | ustrates the device of FIG 4 after aepaso2/2iege 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.
WD 03/ 021661 PCT/ US02/ 25909 FIG 7 illustrates the device of FIG 6 after
formng the capacitor dielectric layer, the third netal layer, and an etch
stop layer in accordance with one enbodi nent of the present invention.

FIG 8 illustrates the deBrieéDesciigtion off they Ditapdngsi ng a first 5

phot oresi st |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 %I.ec_tri c layer in accordance with one enbodinent of the
present ingBRtIMOWNIGR: F G 11 i1l ustrates the device of FIG 10 after

formng the  copfcty gl Ags! M oFbSS! e Ya FORRR bPO (he MM capeci to

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.



accordance wth one enbodi nent of the present invention. Skilled artisans
appreciate that elenments in the figures are illustrated for sinplicity and
clarity awo odarsenot necessarily been 20 drawn to scal e. PEarusexaivpd e, the
di rensions of sone of the elenments in the figures my be exaggerated
relative to other elenents to help inprove the understanding of the

enbodi ments of the present invention. 25 WD 03/021661 PCT/ US02/ 25909

Det ai | ed Descri flGory ilflustratedrihe device of fdGedB afterdforapingi thence of M M
capacitor structures, the use of netal oxide materials as the capacitor

di el ect ri ccapagiior dipiectric layer; the beird metal ayareand ancelet: atap .

Ceneral ly, such netal oxides have dielectric co s}ggts greater than

alpproxi gat layerin. aceardance Wil one embgdipent fxingpresant nvantirn.

t , th . desi r abl i di ' ' i bl
Chtert ace bet nebls. Ehilustesiedne dedios ot EIGnt AitelodeBrsmGrg: bistar s, Mor e
10 j ficall t.h dhesij ti bet th ' di el [
and the ol BROIGLRSISF IAYEHIN aRABdRAGE oiEh &S ETiRoUEE AT 54 de 't 1 m can”

undesi rabl y_i ncr citor |eakage. By form ng a conductive oxidation
barrier Iaé@?SéBFﬁiﬁﬁéﬁﬁﬁ'the copper electrode 30 and the netal oxide 50 in

capaci t ance dent! Gy SMGBHARS e QB8R OF I, 4 AEFIPaLeRinY B 20 P2 5o
o et BT g he A P BRI o RS e VoI SXT Ly L he
the copper opRsEINIAVIZESpaditdr A EceBrdance 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



20 el ectrode of the M M capacitor includes the conductive oxidation

barrier layer 40 and the copper electrode 30. In a preferred enbodinent,

t he conduwoims®2wKi dati on barrier layer 40 is tantal um ni tPCTdso2/2590%ant al um
oxi de or hafni um oxi de capacitor dielectric can then. be deposited w thout
the formation of a copper oxide |ayer. 25 Consequently, the final capacitor
structure can have high capacitance, |ow | eakage, and stable interfaces
and be easily formed. One enbodi nent of the invention using a conductive
oxi dation barrier layer will be described in regards to the figures. WO
03/ 021661 PCT/ US02/ 2590Detaied Deagciiptiontofaiwe %rawvinam of a seni conduct or
device as it undergoes a series of processing steps to forma MM
capacitor in ack@idareaseithe carrea@twa@atofiM\b@hcapamtmrﬁrucﬁufes; thely,

FIG 1 illustrates a dielectric, |ayer 20 fornmed overlying, a sem conductor
5 subst r at ¢19® Of IMetalpxide malesials @sthe capasiiasdietedircisdesiable 10 i s
silicon., Hoywever, other sem conductor materials c be used uch as

gal | | umSar S de thelr Bigh disleiie consients.  Generalipi suehmeta Wdeks ¢ 10

e
for purposes, of nder st andi ng.the present inventiaon,  an understandi ng of
these doviogn oY PG IEL B gliek i Conplt Aerita8 g RBDBET ust r at cc.
e S o ekl B e VBB ARbI IR R, (D)
and ban be fitvedctt§i§s drid SBb¥dqlenth'8Bpoditet! M&RLtAS! ore

10 specifically, the adhesion properties between the capacitor

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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To formthe structure of FIG 2, the dielectric layer 20 is patterned and
etched to form an opening 200, sonetines referred to as a trench or
recess. AvDimsmeionet al | ayer 30 is fornmed over the 20 di el ecoriso2tzayer 20
and within the opening, preferably by depositing the el ectrode nmateri al
using PVD, CVD, electroplating conbinations of these, or the like. In a
preferred enbodinent the first netal |ayer 30 conprises copper. For

exanple. the flERbsmaLA jlibstrate Apepiokf eapAiicoNduTIOr dBviceaiper

alloy. In one 25 enbodi nent, t rst metal layer 30 is predom nately

copper . Thﬁnd_@?ga%ﬂ%géﬁe@éﬁpf@éesgmgostsm;@ fored aMiMd ¢afacidybin at oni ¢

| ayer depositio ), electroplating, conbinations of the above or the

|i ke. Furthecord&nce Weth thetpregient inveeticd Moresspeeificalls MGi08/ 021661
PCT/ US02/ 25909 fornmed of nultiple materials. For instance in copper inlaid

met al | i zat j|lostetberedielettric 1@ypeh 20sformed overbdng @ Isemitandgeior  barri er
conprising tantalumor tantalumnitride. Shown in FIG 3 is the

sem cosducsabstrete dd.atn er prefereed embogiments sesmiconductosgsbsiaie f or m
the first netal |layer 30, which is a damascene structure. The first metal
| ayer 30 c#0 isesili@onanehlomwefy%hemlmoéénawla&ca@rbw

et ch-back, such as a wet or dry etch process, O(@th? Idﬁe. | f. thle first
metal | aysucBms gapiimsaksenide ang siicann-dasy@tas($@ont TWPICEYhi ng of

the adi acontibsHeserH) Ball eLiH: ai mEarARaVA iSSPt ARVEnY | ar ge aroas of
" TR s casBMGORHUROF exiods (Siehiae M BatiderSemicoRblicte, e =t et A
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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Shown in FIG 4 portions of the first netal layer 30 are 15 renoved to form
a recess 205 within the opening 200 to formthe first nmetal layer 30. In
ot her worwe,03hwef i rst netal [ayer 30 is recessed. The r @Ceas020H0€xt ends
bel ow t he uppernost portions of the trench 200. In accordance with one
speci fic-enbodinent, the recess 205 is fornmed using a reactive ion etch
(RIE) process or 20 a wet etch process which renoves portions of the first

metal | ayghrmy %qéﬁu!tﬂ:ggclﬁbt@ﬁgrggxi:@qﬁgtaﬁcé ith iooppearr ieddiel than it

removes portions el ectric layer 20. Typically, the recess 205 is

bet ween appeexiiFaki)ry sERchie0P@ fressty iseften lived witha diffusippr oxi mat el y
1/4 to 1/3 the depth of the opening 200. The 25 anpunt of recess 205 is

det er m nedyigmheotiprisingsiantalurnrentamtaluef nitrisiebsequent |y formed bot t om
electrode as will be explained l|ater. In one enbodinent, the recess 205 is
formed using a ShowrinEa. 3 is the semicandyctordaviceraff@eh a spin-etch
process, the WO 03/021661 PCT/ US02/ 25909 semni conduct or deﬁ' ce ié pl aced on
a chucB, rplemarizing thestirsidnetal layes-3G 0o fopm thelirsthmeda r @Pspensed

onto the sem conductor device. The etch process is typicall 0-60
seconds i rwhighnis andamascene struaturest bpeifirst Wﬁ@il'ﬂﬁ&%’ﬁ@%@é@)y as

Lool as ¢ Hplasirized &y, ohRENGab ek aREA SIAEHUREHGME). SIBHORCIN the.
Cayer 30 [SuGhgRA Wk andeatscesh of Madkes Tufs rstifBid! Lo "Tosos
o Coml R30I peilenetf it iy B bititen 16 MeipsiitoPaRiAAG St =
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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spin-etch process after formng the first metal |ayer 30 as opposed to
first planarizing the first nmetal |ayer 30 and then etching it. In this
enbodi nerwQ osloziéemf er rotati on speed, etchant chem stry, &od/uSer/zdvent

di spensation distribution are additionally optim zed to 15 control the
uniformty and planarization properties of the etching process. After
formng the recess 205, a conductive oxidation barrier |ayer 40 is forned

by PVD, CymitehdBlbest Hekice idplacd@en alciick pratated atepspeed obns of t he

above or t as shown I n G 5. 20 The conductive oxlidation barrier

layer 40 i$0gerPPeODahryahd tie etchidrcdispended Grebeitig i c | ayer 20 and the

recessed first netal |ayer 30. The conductive oxidation barrier |ayer 40

can be anysamifieohductdhdevice. Sde etels processrisaypicallyd0a6@ barrier |ayer
to the underlying first nmetal |ayer 30. Materials that are both good 25

oxi dat i on gedohdsrinedutatiens The @eteal etch step isitypicadlypielloiwved Raat al um
titanium platinum iridium alum num ruthenium tungsten, tantalum
nitridg t10<30 second ispin-rinse step lUsiey deinaizedwatenis tehaameve
oxidation barrier layer 40 is a netal or netal SEI@% V\DOB/&ZlGG

PCT/ US02/ 2pamsessitoobasiber spisr-eteh.t d hesetohart IRAEMRAGYeN0. I1n a

preferred enbodi nent, the conductive, oxidation bgiri er bagr_er 40 fills the
recess 205dependseontthe eomposition: afinefirst meiaklayer e Of or subsequent

| ayer 1o soxagiaieoll iR rsbrieteh Ao ss SOPRERIIE SR R8T necessary

o conpl et GPPIA fCidRS BB AR NGB FIGhE Tesauth GEnE B aiPnSINBLEP e ayer

40 Sho1 d bet h,iéftkernatively, 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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enough to serve as both an oxidation and netal diffusion barrier 10 |ayer
to the first nmetal layer 30. In addition, the conductive oxidation barrier
| ayer 40 wbagloglicbe t hi n enough as to not substantially i RcTamez239%he

resi stance of the subsequently conpleted MM capacitor and the resistance
of interconnects that nmay be forned near the M M capacitor on the

sem conductor 15 substrate. In addition, the conductive oxidation barrier

| ayer 40 _ahgléantay folinPedannasiing deddnd MRofE!IByeRl4pSed f or the first

netal |ayer 30 and the subsequently forned capaci electric |ayer.

Shown in Fpfefdiréd grhbotimertndhetcundigstive oxidatioAbareaerdyerngot he

conductive oxidation barrier fayer 40. In one enbodi nent, the conductive

oxi dati on filis therrecess 208 insordewicefornewt substatiaig planas suzficd o

self-align a periphery of the conductive oxidation barrier layer 40 to a
periphery ftor sheséquent fomatidmpéomp/imgxﬁlm.hbteme,dth@ conguptivee t he
first metal layer 25 30 can be used. |f polished, it is desirable for the
top sur¥ acexidatiaméattiedlayerés &0 000 Aagstromisdyethieknessbe
substantial|y coplapnar with the top of the dielectric |ayer 20. The

abi lity of HOwever|if imnej neerssant ordbe fixst metaklayerB0andfeads on the
WO 03/021661 PCT/ US02/ 25909 bopo_gr ?phy of the surface of the first netal

| ayer 30 a€PBAUCHVR oxgidation paress layer 4adocempletely il the apemiagor ocess.

to the coBlit | D8 CardaenuR BAPAeN bayier yad0aiuiabe thies - o
substanti aghy, bk {3 88R7e W'BOH arf oXidation Ahd et ditdbion 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-



prevents nano-scal e oxidation of the underlying copper electrode and
nano-scal e diffusion of copper atons into subsequently deposited .

di el ectriwomawersbnl s, either of which woul d degrade capa®crarsot/eskage if
it occurred. 10 A capacitor dielectric layer 50, a third netal |ayer 60 and
an etch stop layer (ESL) 70 are respectively deposited over the _
sem conduct or substrate 10, as shown in FIG 7. The capacitor dielectric

| ayer 50 istoga;graghgacbrhé summte)oftthe fﬂ%ﬂ‘#ﬁéfal\lﬁyeiag(ﬁaftb?ﬁohﬁ‘fﬁger | ayer

40 by using atom c layer 15 deposition conbi nativns of the
above or tthel fdcesgRO5RINd4he seledtivity. otﬂ?eﬁ)@@ééséorHéhelee@“C llayer 50
¢

preferably conprises a netal oxide that has h linearity (e.g. a

nor mal i zed srapathtsiurtace oithetfirs métaMaP/eaISO/ah@iSa Hihnsdl&Ltivatyt 1o per

mllion uni ts of voltage), such as tantalum oxi de and haf ni um oXi de.
However, fdhe Q@nduahvelomdatlombamner layenhdl@hateé aissiralylerep be | ess

criti cal oth net al oxi des such as zirconi um oxi de, al um num oxi de,

bari um? st 1 S am 'ﬁi”Vaﬁ%‘NalOBBFPnCHJ@\E& omdaﬁnmmtbarﬁmlayesm maé ble t
suitable. The third nmetal |ayer, 60 is forned over the capacitor ielectric
| ayer 50 pMﬁé’%ﬁsmmﬁgaﬁ/mlGaﬂO& okthe srwlarhisg coppeat electigdevD, ALD,

nmbi natj ons thereo Id be sed The third netal layer 60 will form
?Lecgecgﬂga(q '5891%6@ l6$'otnn@ coppatialemsiata ﬁUbS@ﬂUQﬁiYOM\Bd of any

i tri de. Ved%ﬁ#t@ﬁ#@w% 8l5: GG ebieBouoLd degracopper
al um num %Iazﬁécqu leta%%%t ﬁqt BBBBYPea&' ons of the above, and the |ike.

10 A capacitor dielectric layer 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-



In one enbodinent, the third netal |ayer 60 conprises nitrogen and either
tantalumor titanium (in the formof titanium5 nitride or tantalum
nitride) . woDfo3ntmset hird nmetal |ayer 60 is copper, it nay PeTdss22aae to
forma second oxidation barrier |ayer, such as the material used for the
oxi dation barrier layer 40, between the third netal |ayer 60 and the
capacitor dielectric layer 50. However, there may not be an adhesion

pr obl em dugridigraceppherxaflahirmml platincen} tngstierecorisinations of ther med
after depositing the nmetal oxide and thus, the copper el ectrode is not

exposed t oahoveiandithe likevi ronment. The ESL layer 70 is al so deposited
using PVD, CVD, ALD, or conbinations thereof. As will becone apparent

bel ow, the ESL 1A dreyemiBodimentsthes thind anetaklayer G eompesest chi ng a

| ater deposited an interlayer dielectric (I1LD. ESL layer 70 can also
serve as anﬂaogemandf@lthetténtag.szeoatltaram (60 thedormeohbtaniungsL | ayer 70
can serve as an antireflective coating (ARC) to . inprove optical properties
dur i ng Subsdigigenor japialuin Hi’tb@l@hy”ibedi'tb@ﬂl%tﬁl layiea6pristeppREar dibodi nent
the ESL layer 70 is silicon _ nitride or aluninun16itnidF, or alternatively

t ant al um ofnay ke degirabledoderara secend-oxgation Barieklayer, SUGESES| ayer 70
third net aine apefetal tsed fos The oxisRURT batHar Bsbn e otBicty) 1€ sare or
U 1erent BRRGSRRIR! 1t St e PPl TleIORR (Rput S SRR, e
using the $aifs midy Y1454 Y 88hesion 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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PCT/ US02/ 25909 process to inprove process control and throughput in

| ar ge-vol ume manufacturing environnents. Turning to FIG 8, a first

phot or esiwD iBAywr1 80 i s deposited and patterned in order PCa/ESOTbsoohe ESL
| ayer 70 and the third netal 5 layer 60. After etching the ESL | ayer 70
and the third netal |ayer 60, a top (capacitor) electrode 65 (or second
el ectrode 65) is forned, as shown in FIG 9. The first photoresist |ayer

80 s remyebeys 1 IMProeepRicass Senaol il UYL RifargBg]te © FI G

10, an ILD 90 is deposited over the 10 sem conduct®or’ su . ﬁ second

phot or esi stmeaydacidingsenvieonsidrsid. and patterned in order to etch the ILD
|l ayer 90 to form via openings, which are filled with netal to'form

conductive vi as TumtingstooRGi 8, &l firstighotbresisttiages8Gis depositertl to etch
the via openings stnoe%i‘ ng on and exposing portions of the ESL layer 75 15
(where pregdid patiRrnedin apder toretdhdhecESLeldyare70%hd thedhirdametapt h

serve as iTterne | ate etch stoghl agers. Since the thickness of the portion

of the PLDlayat Békeldtareishiag St layren 7b@nd thedhind metal lyearhe top

el ectrode is, substanti all, ess than the thickness of the portion of the
|LD to be &Sth% Opioﬁﬁaﬁl{w& as}eatrgdec@‘ér(oﬁgseronnd iedectrodecBsy is oxi dat i on
barrier layer 40,, the ESL, |ayer_ 75 should not be conpletely etched using
the first dnEmed:3s shawi '@r@é-e%- ﬁme rehpbpteersist lEyaB0ise after
deeper . vi selBYpltrer BRHETIHuUSIG BOSMETHIGSH TtHOs. | ayer 40 - Thus.
22 e Trt ChaTUTiAY RS, 102 D ) Y Gepbeli By et ane
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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Next, the etch chemstry is switched to a second chem stry for etching the
exposed portions of the capacitor dielectric layer -12 WO 03/021661

PCT/ US02/\269302661 and the ESL | ayer 75 to conpletely formCrhsove:oopeni ngs
and expose underlying conductive portions. Although the process uses two
different etch chem stries, the etching of the via openings can occur in
the sanme tool and even the sane chanber for inproved 5 throughput and

manuf act ur 50 4 te ES. lafer TP comblctelylformithel viedopeningdiand a

openings, a 'conductive material is formed™within the via openings in order

to formce 'Mﬁd‘ér@fmgkfbnd‘u@w'@?drﬂon§ Althoejh the fprocess ugesi ng to
an

formcontacts to the top el ectrode 6 d conductive 10 oxidation barrier

layer 40 . two differemb@ichehiemisivies, the etehing raftha wid epenimgsiozdl | y

mechani cal | y polished back to form conductive vias 110. The resulting MM
capaci t or siceun ihthel Sami thaksanteevenithetsaymecthambeghtor irapeavadince t han
previously proposed 15 structures because it uses netal oxide materials for
t he prifmr $hraughpit anddnaradfadtaringteificieneys di sadvant age of a poor
interface between the netal oxjde and the, copper electrode. Due to a
conpat i bl e i nt eAsasbown 1 RlG.ut b, afienieuningdaeMiarPR@RINGSFent i nvention
has i nproved | eakage character,istics. .ln addition, the 20 MM structure has
a hi gh |i né@nauctbe matertaldsifaree thfﬂatgee\éla QB@nHPg%'ﬂ&fgﬁfﬁ‘sQi de

Capaci t or s Toith Gendigtiiedfap - & saraidor is FSfnetn 6 Uig™ o P
opening to form contacts to the top electrode 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-



hi gh-frequency (>1 Ghz) RF circuits, for m xed-signal anal og and

filtering. In addition, the need to use a photolithographic step to 25
pattern tWeosordocti ve oxi dation barrier layer 40 is eli mpPoatusd22®ince t he
conductive oxidation barrier layer 40 is self-aligned. The enbodi nent
described as shown in the figures is a MM capacitor wherein the top

el ectrode 65 is snaller in size conpared -13 WO 03/ 021661 PCT/ US02/ 25909 to

the and fi;tﬂtthéféﬁd firgy pietal I?Vér gonand idorrlgesiivegxddabian barriet ayer 40

whi ch together forma bottom (Ctapacitor) electrode. In another enbodi nent,

the top el ggyede 6Rhich tbgethver formd bettorofpapeditor) electrodst hetal |ayer

30 and conductive oxidation 5 barrier layer 40 . In this enbodi nent, the
cont act foartdtlaermnbadimmtpﬂheldo‘f)oeiebmdeeﬁaeaerba@vesrsimdres prior to

the formation of the first nmetal [ayer 30 and the conductive oxidation
barrier | agemparéddathe fitst nnetaklayeri3t asshiconduestive oxidatidRver the
conductive oxidation barrier layer 40 , is underneath the first 10 netal
layer 39. bardedilayen40 n larinds eémbadiment; thergpndachirsi®e to conpletely
o ons e A Ton i aHeEA S oo SRR e i o
nmetal |ayer 60. By doing,so the | sadyant a of having a hi.gh.dielectric
const ant nﬁaanaapnle?méélwa%m%tal E@)’@% ra@g%hg GRRHLGHYe gy
s Rk R B R AR PR of BN Sobhgfier 50 O
layers, sUeh 3%r5duéNE BibafiSRASARE e 40 Vi§ urlti¥riSath the first
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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damaged. Such related structures are not explicitly showm in the 20
figures, but are generally always present on-chip as an essential part of
the I C i nwerisomsert circuitry. Al though the enbodi nent de®cmiusez2zabbve i s
in regards to a MMcapacitor, it is possible to use the nethod of
formation in other applications to decrease copper oxidation and inprove
25 adhesion, such as at the last netal |ayer formed on the sem conductor

substrat e. %‘W‘é ' b€V n ' robl e lave e been
descri bed Igllbove\flé\?\f’ts[ p%gﬁ?&@’oﬁggg@%gbgggﬁ!%sngP -14 WO 03/ Oéid“?él

PCT/ US02/ 2?%%@%@1 rhlg deanséd idrsy bathedit} adeantagey or salutionpioobl ens,

and any el enent( that nmhy cause any benefit, advantage, or solution to

occur or bgeelr oriscarme maresgraneuncedt arebpot bodie consirued as ati cal
required, or essential feature or elenent of any or all the 5 clains. As

used her ei priticht reeuired,conpssentiall featuner osefeymendrof any onakith@ari ation
thereof, are intended to cover a non-exclusive i nlg:lnusi on, such that a
process, neldimb. As used hereiapthedeuds feampeises, | seempiisifid; oPrel enent s
does not include only those elenents but may include other e|enents not
expressly anytethesrvaniaionrihereof,jareinie B 6OVREIHPON-EXEILUSINE of
apparatus. _In the foregoing specificati OB, t he.invention haﬁjré)ﬁ%}f
descri bed inalusion,sush thabagpasess weibadnariicle, Qi ahRara ordi nary
skill in the art, appregcjajes that various . nmodjfjcatio n s can be
ade w § hogonaRHseBh St ob elembrisdieesiiatigoluds Bty those"éemants
but may include other elements not expressly listed or inherent o
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. WO 03/021661 CLAI M5 What is clainmed: 5 PCT/US02/25909 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 metal layer (30) further
conpri seswoa3/ogisposi ting the first metal layer (30) over acswmshzzvoof the
dielectric layer (20); and planarizing the first nmetal |layer (30) to forma
damascene structure. -16 WO 03/021661 5 10 15 PCT/US02/25909 3. The process
of claim1, wherein formng the second metal |ayer (40) further conprises
formng the second netal |ayer (40) to have a thickness of between 50 and
2000 angstroms. 4. The process of claim 1, wherein formng the second net al

| ayer (40) Comgég?rod&?aoéf tidlen thevkeesindomting theysecomd) metat t he

surface of the ectric |layer 20 and the recessed first netal |ayer

51 e oy o s secordnes a1
second metal | ai40) td halveta thickersgshef hebdverre50i and %alangsté@rr(sam and
5
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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pl anari zing the second netal |ayer (40) to be coplanar wth the surface of
the dielectric layer (20). 5. A process for formng a sem conductor device
st ruct ur ewO2B/0zwHRPri si ng: providing a sem conduct or subst PETAISOA/LY909
forming a first dielectric |layer (20) over the sem conductor substrate
(10); formng a recess (205) in the first dielectric layer (20); 25
formng a first nmetal layer (30) in the recess (205), the first netal

| ayer (30) conprisin ICath s ) t fivstrme?8) ; and - 17
WO 03/ 021661 PCT/ USO%@@E@éfsgrm ngﬂéggggg?ﬁggmgggé (40) over the

first metal layer (30), o”icgondyeetdl4ayeb¢40y beingamduct i ve
oxi dation barrier for thek:iyé S(?@Re% | ayer (30). ¥ ¢ 91 S
conductive oxidation barrier for the first metal

layer (30).
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