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INTEGRATED CIRCUIT PROCESSING SYSTEM TECHNICAL FIELD The
present invention relates generally to a method used in the fabrication of
semiconductor integrated circuit devices, and more particularly to the
formation of planarized 5 structures of conducting copper lines and
interconnects in the copper/low-K technology regime which adopts low-K as
interlevel dielectis THER AR ¢ VPP herssaiarsd deshanical Polish)
technique. BACKGROUND ART In the field of semiconductor fabrication, the
use of dielectric materials having a low 10 dielectric constant, known as
low-K materials, is well knowgré.wg%%%i%ﬁi are used primarily in
backend processing. Backen generally to processing
subs%uent tontthe farmation. of transistors n the W fe subd?tra@he fabrication of
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separated by a dielectric material that may or not be the same as the
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Muaigtiaditbotiohnechihigeinterconnect levels in a desired pattern to achieve a
desired functionality. The spacing between adjacent interconnects within an
interconnect level and the spacing between vertically adjacent levels have
both decreased as device coppEeRtraniNBAparformance have increased.
Minimizing cross coupling between the many signals within a device is now a
signifloah¢ tieBigr sonmsidelationtabie poiméie/useo wicd aésrgnahendds coumtindow
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The spacing between adjacent interconnects within an interconnect level and the
spacing between vertically adjacent levels have both decreased as device complexity and
performance have increased. Minimizing cross coupling between the many signals within a
device is now a significant design consideration. The primary source of signal cross coupling
or cross talk is capacitive. A pair of adjacent interconnects, whether within a single
interconnect level or in vertically adjacent interconnect levels, separated by an intermediate
dielectric material form an unintended parallel plate capacitor. Minimizing cross coupling
requires a minimization of the capacitance between any pair of adjacent interconnects,
especially those interconnects that carry signals that switch a high frequency.

One popular approach to minimizing cross talk includes the use of low-K dielectric
materials as the ILD. Low-K materials reduce cross talk because the capacitance of a parallel

plate capacitor is directly proportional to the dielectric constant of the material between the
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lower cross coupling. Various low-K materials have been used in low-K
backend processing with mixed results. Integration of low-K material into
existing fabrication processes is particularly 5 challenging in the case of
backend processing that includes the use of chemical-mechanical polishing
c{BNIPY. PEIAR 15 lavwetHisigeie byontioh reziehaniansbitisdatdeveiier kappatuige and a
16%%@{‘6%0?&%@@9 rocesses. In a CMP process, as implied by its name, a film or
layer is physically polished with a rotating polishing pad in the presence of a
"slurry 2HP4P dBHES A TEER MG D 48T LSBTt Bh S @it mixed
ré30mpanepistienpooducela smentih uppeasxiiace amdionl Presiose iexgassularly
£aNductive material and thereby isglate e ingividu fh'é Q}ser%?.%l%‘ee&ﬁ%a e RiNical
anotier” Low-K materials are Beneraﬁf% not easﬂy in egra?e into a
paiistnpacdPhackBhet piodunguComnsihetly eanhatekicgenasd laywl-k femerals many

ei%@ﬂgﬂaﬁ?@i?&.diﬁmwgrﬁ@gp% QHQHQ&“@{ f@rﬁéﬁl&f Q%ﬁ%{iQFQQQQ Wﬂ%fsically
chemical mechanical polishing and are susceptible to the 15 polishing _
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materials suitable for use as a S %ppmg layer is often not good. i
agebiétion, the capping materials with higher dielectric constants degrade the
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therefore, to implement a process integrating low-K ILD's into a CMP
PipSERe P itebEsGTial 0d, Lo Welt dnafirirdhisnd aoBivintediatetndirseiton and

ofQTBESINGS SEAGING! iNRgIetesivall awKadieleptisimithaCib wapass thathe
pg]o%sn t weaken 05 daﬁ'rsﬁgge the Iqw-K ILD. |1§l V'eV‘QIOf the demand for smaller

shing pressure a 0 ame. combat this problem. cappmg materials have been
in egr%t%g CIrCUIPg ome I‘%S and '[(Fle Increasl operatloﬁ%fl%requenmes of
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developments have not taught or suggested any solutions and, thus,

SOBRIBSAYES thesEhrsIene- navadiiigre lhasdPmbsaalarial ifyithdigher dielectric
cENRfals QSIRE QI NVIsNIAQINCT e dheersnkinyastigas. P aidrSRMesirable,
integrated circuit processing system including 30 provjding a substrate
e A PRGPARbA BrPRETE TOREN S Lo ER Tt B Frtesr e
circuiIMp,pﬂyingﬂlfcstirﬂvvemaiislémdu iatygrambrithgti ptecgmmm%mmapmggreges a
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opening throug . o . , , .
of the demand for smaller integrated circuit geometries and the increasing operational

frequencies of the end devices, it is increasingly critical that answers be found to these
problems. Solutions to these problems have been long sought but prior developments have
not taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides an integrated circuit processing system including
providing a substrate having an integrated circuit, forming an interconnect layer over the
integrated circuit, applying a low-K dielectric layer over the interconnect layer, applying an

ultra low-K dielectric layer over the low-K dielectric layer, forming an opening through the
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2 ultra low-K dielectric layer and the low-K dielectric layer to the interconnect
layer, depositing an interconnect metal in the opening, and
chemical-mechanical polishing the interconnect metal and the ultra low-K
dielectric layer. Certain embodiments of the invention have other aspects in

ubiddilon o Geleriplaceyst Brthabe neentfordedesirisblasers frothethatalsovesct Hayer,

dasnests will RecaspsappRenidatbase nildlleddncthe.fdli frammanieadiedsaidbhene
following detailed description when taken with reference to the

IntesmpeYiY thdmngLde EEdResERIBEION OF THE DRAWINGS FIG. 1
is a peft'taiméqﬂﬁ)@iﬁmﬂmal uie\ivmn‘l_qaﬂrnizg@ram a@a'tts mﬁoﬂ_e&&'mg(systﬁrj_ﬂlaha of

S ert‘i‘c?n%%i'%}eotv%ﬁheﬁ%%%@t nyention, FIS: &is,giRaitial cross-sectional..
view Oof an In erconnectglayer StacC 0¥ an in egrg?eci CII’CUﬁ proce Elng

sliglisten, theagrtefrivodinending tethrcodnnimgedtiored-BscBipsienpahgal taken with

r&g@-@%@r&g&&&y&@{ﬁ@gﬂg&gnnect layer stack, of FIG. 2, in an etch

process; 15 FIG. 4 is a partial cross-sectional view of the interconnect layer
stack, of FIG. 3, in a seed metal deposition process; FIG. 5 is a partial

cross-sectional vieygtihg iRierGere Rt Y eLptaska AfikiGs 4, in a metal

deposition process; FIG. 6 is a partial cross-sectional view of an integrated

CirCUiks0¢eSSiNarEXSIesss-Rcdéhanalie urative e irhedinent otdbapressiem, in
inveg{gholn; and FIG. 7 is a flow chart of an integrated circuit processing

A SR FRFYHY MG RTTPSRLPEBH Wre integrated circuit processing system, in
accoffiahCewitpagimlemedintentblitve i esémtrooveatidayds &k MQD BtEgRd

FARRUNG OUT, T, INVENTION. 25 . olying,description, numerous

spec taifs are given to provide a thorough understanding of the

inverktiéh. HoaeVER! ittt iestigpphrent ehabehedrrranegiayrayaek. pfddiced in an
eMithRist{hese specific details. In order to avoid obscuring the present

invention, some well-known E‘,)]roces_s steﬁ‘s are not disclosed in detail.

Likewils; T8 HPAHHGSSRSHMY L BB AhiRAh LS tecsh Akl FIG- 3. ina
saemiedibdgpovinatipraredsnot to scale and, particularly, some 30 of the

d'me@"f&?.%Sés%epf?{i%[‘§r8s!§"—rs'£¥t%n9f%§eev5‘%‘”}lk%‘ AN AW AL FIG. 4, in a
exaggerated in'the
metal deposition process;

FIG. 6 is a partial cross-sectional view of an integrated circuit processing system, in
an alternative embodiment of the present invention; and

FIG. 7 is a flow chart of an integrated circuit processing system for the manufacture of

the integrated circuit processing system, in accordance with an embodiment of the present

invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known process steps are not disclosed in detail. Likewise, the drawings showing
embodiments of the apparatus are semi-diagrammatic and not to scale and, particularly, some

of the dimensions are for the clarity of presentation and are shown greatly exaggerated in the
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3 drawing FIGs. In addition, where multiple embodiments are disclosed and

described having some features in common, for clarity and ease of

illustration, description, and comprehension thereof, similar and like features

one to another will ordinarily be described with like reference numerals. 5
drameng Fiosh bri2dditzim ashese oh Weibdineis kiwtimed saara pialesed vl | dpsortprsl having

sGRPYERROA d%'ﬁﬁ%&rfwéf%?y ahihawatansybsiatadeoRtliess@tbRiprehension
orientation. The term "vertical” refers to a direction perpendicular to the

hEERbonta a5 ingt HEFinEe s s, LiAnYETaBe By destahd e like
relsidecd asnnrigidewall”), "higher", "lower", "upper", "over", and "under", are
deﬁnq'ﬁ wgr%lrel% rlezcé)tnttgl’thae Qsoerci %%al Bﬁgﬁﬁeﬁhaes :c[ler{yngonl;aqfeqqg %thgggvie:sntional
direct 10 Contac among elements. The term "proc sslnBﬂ Ss‘used herein
pimeshsd esriisp ositisrvefenmabetialcor ginditsredists pratrsriimg Tegpogureertical” refers
¢ %V@%Eﬁb%ﬁbe?ﬁéﬁﬁ'f&hﬁl%”ﬂﬁkg HBANQLaieR 9\4@4 &rethe mptgrial QiphRtorgial

.as required in forming a described structure. Referring now to FIG. 1, therein
belehowP Y prtial Bossideclithitl Vil oflah TG atel ¥ituit sCessmg - and
“sysedQRfinean fnbosionenthefHhre, pies enink VEHtierm The” hojpartialeviewirect
fis a.substate 107, haw ‘rﬂ‘ﬁ an integrated circult 101 fabrizated Erean, of
showny, an inter-level dietectfic ayergloﬁ is eposﬁed over the P
miptegratephoaiist. Ok itnding, coveswed dyvaloppdalyetch0®; slsohing gilifonremoval
oPiHIYEASIN o AVRIBRIGQIRES AR iR YGRAR A RORRSIINSIERNeCt, is

electrically connected to the integrated circuit through a contact layer (not

showR§&H& 1BAYKIQiEISEtrle (BgEIT 1D MAupdshatigyartieshtionvasw of an
imliglecidiciayarpkodand thasap tayen LaGnlhintar-avelkdirtesitienkay@iol 0%he

and the low-K dielectric layer 110 are substantially similar in the chemical
PRRGCIER ANB ST B B A NN, B el A5, R0
starwoltran MKldielleﬁﬂmttéayéwhlawgsaddmi@tﬁdi @‘(&)thalim@glfat_ws@m_\amlgmm is
%bﬁéﬁ%‘%‘@%?'ﬂé(y@ﬂ@ﬁ%{ QE‘&{TH@H}’&RE%FFW@?sﬁfl)ﬁhﬁll‘%‘ﬁ’té&gﬁ%ls%‘%tﬁ'&'ﬁl‘é{f‘cﬁq%i a

0, or the mechanically and/or chemically softer type of the inter-leve
coRefadhrIayRic 0% clsstHepbshet et tndrolnserateteditheiidorgh o cppiact layer
(rbelaetvip.layers may have dielectric constants from 4.2 to 3.9 and are of

materjals such as silicon oxjde (SiO.), tetraethylorthosilicate (TEQS),
pororh T U PEC) Qe Bl LHET Bt R ey eRs sy e

tﬂow ld}eiet@ﬁcﬁmmmsﬁk?dﬁb&@rto Rysr3@-anddate dfvwnktdriddsisathyasl 10 are
sJBégﬂlBQfﬁfd stﬁll-[ﬁ?tm/ l@)rcth&r%'llfﬁ@atle éﬁlg%sgnﬁ'yﬂ@&% value (K). An ultra low-K

dielectric layer 112, such as an ultra low-K dielectric layer having a dielectric (K) value of

o
8

less than 2.6, or the mechanically and/or chemically softer type of the low-K dielectric layer
110, or the mechanically and/or chemically softer type of the inter-level dielectric layer 104,
is deposited over the low-K dielectric layer 110.

The dielectric layers may have dielectric constants from 4.2 to 3.9 and are of materials
such as silicon oxide (SiOy), tetraethylorthosilicate (TEOS), borophosphosilicate (BPSG)
glass, etc. The low-K dielectric layers may have lower dielectric constants from 3.9 to 2.5
and are of materials such as fluorinated tetraethylorthosilicate (FTEOS), hydrogen
silsesquioxane (HSQ), bis-benzocyclobutene (BCB), tetramethylorthosilicate (TMOS),
octamethyleyclotetrasiloxane (OMCTS), hexamethyldisiloxane (HMDS), trimethylsilyl
borate (TMSB), diacetoxyditertiarybutosiloxane (DADBS), trimethylsilil phosphate (TMSP),
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silsesquioxane (HSQ), bis-benzocyclobutene (BCB), tetramethylorthosilicate
(TMOS), octamethyleyclotetrasiloxane (OMCTS), hexamethyldisiloxane
(HMDS), trimethylsilyl borate (TMSB), diacetoxyditertiarybutosiloxane
(DADBS), trimethylsilil phosphate (TMSP), 4 etc. The ultra-low dielectric
claydhs may-leavdicltetifoayeie eyt conktahey sedtsuic S enstheirebeddvg dchand are

terialsasRolytebisfuoraritkiape P TELsQmmeIRialy availahle ASTeflon-AF

Teflon AF and Teflon microemulsion, polyimide nanofoams such as

angh ISy IBHRI SIS WP T4 e RS Rz e FBEHe 15 PRI RISRYI5BFo 08 dflicsilica

a&h@&bgmamemgersemlowdsopmmaiﬁdmashé alsceheedseckagowtiad@ierials may
ielectric aterl pro in thi entlon as long as.the prese

a]groll|c))erlf|e§{n oF rela % ely Ebff;é:?rgn 5 rla h]i)g?‘Per p%oﬁgh%lﬁlgs] rali %tﬁ zﬁu—?’ K they

P@l@l@dﬁtmperatye pﬂlﬁdﬁagebhmﬁedamﬂlgmw highadiffelsibmbentddhdn s lpw4K dielectric

atherwithva seediangtal layer is deposited over the low-K dielectric layer
10 and the ultra low-K dielectric layer 112, and inside the patterned 10 via

and treAdsiHe RaGEIBNeE drife 085 BEM Y ThinsFRYcTRRIR! Y ShithafeRos & Q6T the
1o - anesruid iayiantabumd Tia) mryhal_@talls[rmeléad& ([@aN) mv:ﬁr@dlbyl@tli@paﬁemed
V12a00 trenc\ﬁetfgf % 31011( eyr}l Vylttc"rnltl d'ﬁus'fﬂ'& b% r1|e1 T 86 :kl €r. of itanium
d“hes IoNn promoter, such as e]II, a or IS usea as a USIOﬂ I’I’Iel‘ or
(Theteopper.(An intevsohnecitndetdl ai\ﬂ)atosxgmld B ©oppeR0Rde positeficonpthéCu).

Mmﬁﬁggcﬁéﬁgﬁh Iﬁ%% 1ll]a§e1pl ﬁrléﬁthlc'iﬁe%fﬂ)q%?@nﬁgr '§J8{ Hl;efl b[)é @r TaN is used as

chemical-mechanical 15 polish establishing a coplanar surface between the
2 Y EORMaEFhERAIMEI R the TIFEI8UFK MfaleldPic sl er £2pP%r ithdeRaited on

ttfélaie@iﬁsnlwﬁﬁel 18 radapiingracsaiemeate ﬂQmQVfb@ﬂemBy la%’l&f@l\&rl(mechamcal

glle}‘ectrl ier 112. An |nte con{fetct Izilly r12t0 is com I’IS% tEterltle K
PAURICEA I EF 157 2 P LOE T PR DAL RGP cos o
didetinolbyyr(hbi, sh@kmripWhﬁ mmanlwbhétﬁnéswflﬂgel sz@m:rdomaskvlayénhe

uﬁ?@ﬁ&b%@%ﬁ@h@%d&&'f{'@'%ﬂ [RmeyGAYIRg e CM B igOatst 'Eﬂélsfl%te@l%el

shown) may represent a higher K material, so its complete removal is
diglesivisilapsirl Qg e thertBvarpriess, the interconnect metal 116 may

devemﬂ@reﬁﬁiﬁgIﬂgdsmg&ae@m@g}av@otsw&a@ﬁ charaetakisigl B8ROSO the

a resylt of extended polishin the hard mask (not W
ﬁ m&lsﬁﬁ%els 496 %aor‘ﬁv T %a?:(estrgege etV il n;éélrgfgthe in Qﬁéo@ﬁ%cflrd mask
(moistad \2h) 16 aapdeseduck gher Eecirecal perfornampbecotthey grockssedf (heing the

rSaIdRGE ROt FEMPYE MRS Mg i beeﬁlka}rv@éb‘é afﬁé@%?éﬁﬂ%%ﬁﬁ?‘é’m Bcave

integrated circuit 101 may develop high frequency shorts or
Swiges bRAARErEeHEBMAehRiBh Herlre] pading time in the Bard mask (not

shown) CMP. The dishing issue can reduce the effective thickness of the interconnect metal
116 and reduce the electrical performance of the process. If the CMP does not remove all of
the higher K value hard mask (not shown), the integrated circuit 101 may develop high
frequency shorts or display cross-talk interference between high frequency lines.

In the present invention, the presence of residual ULK soft mask, such as the ultra
low-K dielectric layer 112, or the mechanically and/or chemically softer type of the low-K
dielectric layer 110, or the mechanically and/or chemically softer type of the inter-level
dielectric layer 104, does not degrade the high frequency operation of the integrated circuit
101. Since the deposition of the ultra low-K dielectric layer 112, the low-K dielectric layer

110, or the inter-level dielectric layer 104 may create layers of irregular thickness, the
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In the present invention, the presence of residual ULK soft mask, such as the
ultra low-K dielectric layer 112, or the mechanically and/or chemically softer
type of the low-K 30 dielectric layer 110, or the mechanically and/or

chemically softer type of the inter-level dielectric layer 104, does not degrade
chhmikigimidyosaty dppbragion ot ibrc tegiatscheiiogitha eltrsSipwelitdeelectric layer
19ePasiioR Rf dhgeuiia 199’&'(1 thielggtricdaysr 1 i dhsidomyk: q@ﬂe@ﬁ”ﬁ; B'i‘a\ﬁ%matlon

110, or the inter-level dielectric layer 104 mai/ create layers of irre ar

thefRginsoBlanE & ihecaniseernssicarpalishlfy Ll Hrelmaag g
p&%miﬁ’la:éavﬂﬂ(edl&@eiwd layernt 102, The lewdkddielsatng ﬂﬁ’éﬁeﬁr]:]dﬁdtbﬁlshlng time

use ¥g u‘f&&ﬁ"e'%” C 'a f 1Ot‘1‘1e %‘E‘r%o b'ﬁt‘lﬁ“roﬁn}@&r%% a‘f%F" il %hléh%es the
nterconnec meta thout Impacting requency pertormance ot

dlmegreﬁed m%mlismﬂesphéqtbduced polishing pressure and polishing time 5

Usedlﬁgfe'ﬁlfﬁ% |9%Kt@|§ﬁfe§UQ§§féﬂ1el‘§V%%\%‘ QW%AHEQFQQG{&%%EH&%@ %d: of an
which alleviates the dishing issue previously described. Referring now to

IqEs OB o KRS EEbwIP A Partiat crisg et ibiiviel SRS intstedni8e in an
ehayRlistacko Rz qfrﬁgeltn“ﬁegmted direupapracessingasianid@0int@ninterconnect

emb resent ntion. The part ectlonal V|e of the
AT T e e s e ier PRSI INE B e
d(dl_eDt)lhamngaatlowqé Wihkere m@eﬁébmcleﬁnﬁhmmaiae (iysisatoumatl B@vorlso
dé%?éts The pastiaharesswechianal.vie) ?f ?A?& @6@'%H1%s'rgﬂﬁ%”ﬂﬁﬁhéq&ﬁ’)‘dme
r

e cap layer 106, such as silicon nitridé (SiN). The interconnect layer 120 is

inSFRRBEESY HRETHr-e Jamnd et the wigslerehditiecirtekesn Qs hognisrrpingct 108

ak@MhEBYQINANG. mdslerm&@me:iecréﬂ@dﬂy%rm lmﬂggaaol@vx IKusktastantiatiyilar to
similar to rIe IdJe ctrlc yer 04 | ﬂfted on the cap layer

hfdgteﬂwe ul letlr%m |eIetht|’|%:S ep SI he low-K dielectric
layer THkOpltwhlereiK theledtra Ikaw—ﬂ(ldi?elechwstayerommq: éwl%a@ﬂ@@@ lgyer 110,

whtdn RS AAISIGSH IR GONSARY () Qfslu‘?&%g“ﬁfbﬁ SRR, HaRde JBH%tam

of the ultra low-K dielectric layer 112'is in the range of 300 to 10001, with the

(KA RfdethidRACESHI6 60 20 The ilalméllawwtﬁeﬂéetﬂmé&ér%tfféadehéh%}ﬁee e

rdd o8 BiHMagovith, sqﬁeﬂehafgatefeﬂfessb@ﬁmwchﬂwmﬂy RAdKCHiemMiGa Yayer
Beferr ?owt UF]? 3, therein is showpt %rtlaltcrotss sectjonal ewo the d
mterconn &t Iaye acsl?fﬁolﬁlas lf’fé 2S IN“An‘ete Cﬁ?bsclé:is enﬁ%lc gical y an

cloromssdectional view depicts the interconnect layer stack 202 having been

patte[{l@w 1%9\}«'%1 ﬁ(ﬁ)re}?atfl%}@ﬁ' Egrshown a partial cross-sectional view of the

interconnect layer stack 202, of FIG. 2, in an etch process. The partial cross-sectional view
depicts the interconnect layer stack 202 having been patterned and etched in preparation for
metal deposition. An opening 302 extends through the cap layer 106, the low-K dielectric
layer 110, and the ultra low-K dielectric layer 112. This etching process opens the connection
path to the interconnect 108 for further connection.

The softer chemical properties of the ultra low-K dielectric layer 112 allow a
consistent opening to be formed between the ultra low-K dielectric layer 112 and the low-K
dielectric layer 110 during the etch process. The consistent opening is formed because the
ultra low-K dielectric layer 112 etches faster than the underlying low-K ILD, such as the low-
K dielectric layer 110, removing any possibility of an overhang. In the existing hard mask

technology (not shown), the hard mask etches at a slower rate than the underlying low-K
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25 metal deposition. An opening 302 extends through the cap layer 106, the
low-K dielectric layer 110, and the ultra low-K dielectric layer 112. This
etching process opens the connection path to the interconnect 108 for
further connection. The softer chemical properties of the ultra low-K dielectric

Mdyesnat 2s shole v kedivsistanivsenity Theoesidimen brotwereries itrthd dwdkmask
(HelasHio yemdild andihelpWrite30ndiglasite et dwingi e |icChyer 112

process. The consistent opening is formed because the ultra low-K dielectric
byt dfcHEY! fadedP e SHE Rardh it o siivk Keltpledisiplaer 110-
Adialesiiic leyestdib, spmipgimgsany pessiniitysat andwetbani:n thpeeXistiage of
fh%rg n}gcselgsitechnology (not shown), the hard mask etches at a slower rate
than the undnégr'lying low-K 6 ILD, such as the low-K dielectric layer 110. The

resulRefaryibe apvoverhitngbf tirechand mask (oeshdwrstaecivarbgiew of the

irRtIRSROLE NHRFQERRSING, difficdlts The, Wlia oM disleei HIaY&s g NAg-RBross-

etch rate similar to the underlying low-K ILD, such as the low-K dielectric
sqginal Vs Alenioie bt Rfracandse lﬁﬁéﬁFﬁﬁkﬁ'S’g B VR M g G atsien hgrder layer
oD apediedy opandiersedse: off théwpbeihpragcessingtRefedingtnow theFilrdonnect
erein js.shown a partial cress-sectional view.of the interconnect.layer stack
T B R R S B S S 8y 0 8
bgedidnaltfievk tepictBadméntérdonnect layer stack 202 having had a diffusion

barriqr, layekidfe ﬂ@%@ﬁ%&iﬁ{&@g‘y%m\%ﬁaﬁ OR&RIRG 39 ?&‘&’ BURERSthe

directly to the interconnect 10 108. The diffusion barrier layer 402 may
maskStiterardripitRISHA tae s dhera tdbdiecry £uud L%dbe Kreydert
tHeORakit bhrhthg @xisting Joaiek Maskitgrhnalogy vehstraw ) ain e aogary
may exist between the_.mask layer.and the underlying ILD, such.as the |ow-
PRI IagEILTD. 17 G TRodr o e DS DAy ot t e
ohabamegveshdifficulf iththasevent abandlrerfranguBeovndanpdssprodessingnd

rdfiASHHTRAL Whihg YRId eI YRIOMARTIGL KAYRN &Pe.CRYSEH Yl iates the

overhang (not shown). If this issue is not addressed, substantial processmg 4
an

oyssRRRe MY shemdbilisHsdiiess il é it atrnafiie Withe itk ip\ickialavettl

tHayew K diakkeviatesdhe 1 0 vahangd aatshNeiéssoeht hersisilab aied 1ajes a2,
low-zlﬁ dielegtric Ia(}/er 112 and the low-K dielectric layer 110 allows

W:'Fr}goﬁl:gegt: KR Son ot thR diftiSton barrier layer 402, 20 without additional

secodémyipgocesses. HRefevritgrowitoské@n5 thetain doshsutioagparnigal of the
1n(f59§§ﬁ§e%?t19§@| S\ﬂi%‘lél %ihgf FIG. 4, in a metal deposition process. The partial cross-
sectional view depicts the interconnect layer stack 202 having had an interconnect metal 502,
such as copper, deposited on the diffusion barrier layer 402. The interconnect metal 502
forms and electrical connection through the diffusion barrier layer 402 to the interconnect
108 of the interconnect layer 120.

The deposition of the interconnect metal 502 shows a solid adhesion to the diffusion
barrier layer 402 without voids. In the hard mask technology (not shown) the risk of voids in
the deposition of the interconnect metal 502 is possible and may lead to further process
difficulties and reliability issues.

Referring now to FIG. 6, therein is shown a partial cross-sectional view of an

integrated circuit processing system 600, in an alternative embodiment of the present

invention. The partial cross-sectional view depicts a structure surface 602 formed by the
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interconnect layer stack 202, of FIG. 4, in a metal deposition process. The
partial cross- sectional view depicts the interconnect layer stack 202 having
had an interconnect metal 502, such as copper, deposited on the diffusion
barrier layer 402. The interconnect metal 502 25 forms and electrical
inggigpeeasd metrodiGradahsidifSiciobbericar layer UO2edithed idosreonméet. dlogrufally

ist1gdatesRRRNGRTSAUEL LR aﬂ_(h@o?ﬁﬂgﬁmﬁﬂ plMRIREIRARASCING!I §08he CMP

shows a solid adhesion to the ditffusion barrier layer 402 without voids. In the

ufilizes s Bk Pl GBS ARETEhAUH thEYiSRebFRAIAS FONARIGR 3BERIGH W pikerial.
tdpdigotmissatinetab b is posaibitanssmay lead to further process 30
difficulties and reliability issues..Referring now to EIG. 6, therein i 0
el TS SRS BP0 K e B ETEA Do 1
allgwaherirativecbenbetdimesioicthepplisiaat ((AVIBhtigale Thanpdxtigkisting hard mask

t&?ﬁ%%gﬁgt@ﬂfik%%)dﬁpﬂ%&él RUPLYFESLY f@;?@h@%cfﬁﬁﬁ%ﬁ%?%@“ﬁarﬁ mask layer
interconnect metal 502 and the diffusion barrier layer 402 polished down to a

(R4S hosetricahy e Srtterp b St Slfotrtieel By Hnef Copianhl RibTHAE BiF-1quare
indielpaiyiovlapand 1QuTie GMR: Utilizest anpelisihinglpath (8t abre} anydrd 12, can

lurr nigno S an containing an .abrasive materjal, . tQ.polish the surface .
S R R B A B SR S RS B o ime

ajevieK pietewtritotahe CMP rafurdGthg oaliomnaestichieraghemifcaldatiagidd), such
2DHISRIRIK MR evclgyihan éhGrﬁféi&&iﬁggg%dtﬁ@ﬂﬁ{ﬁ&@ﬁn%qpﬁ!%&ﬂ%%BQ%Q-.K

A typical CMP Ilr&‘roces,s for the reduction of the hard mask layer (not shown),
diglgsirg A HanitaIRrB RSB ridackt A'dbRsHiHE e sutifs ot b suéapedishing,
sefuarerineh (pencwvbilarthe:-reductipmiahtbe ddKosoft mask, the ultra low-K

diele(irtlrigléager 112 can 10 takehgomin ”X 2 secongs at the ollislpai

61%tln§.h masé( tec 0 not_shown), the mechanica %es of the
pressure or U.o psl. e reduction m%’r cess ime at a Iow pressure 1or the

h@iRasbducesiiclsoeurrencaididadibigeltoothanone dninglie OVEU Fhedmithenask
(1}8%"@1%\95'?&%84@5% ﬂi%ger-rﬁ%ﬂ?éﬁﬁg%t(?tsﬂl%rﬂﬂgg MRZJLRs SUGRASH0fng the

ow-K dielectric layer 110 may include cracks in the structure, surface
TeSRPAE HESC e IS KRITC S UBR s YT AY deveReatelishitgcsuel 45 @ concave

s@Ppbinationihaceof. ck&siththeaxisting Bakshmagkiesnpeipg Yl ned Bhrawdkk (not
the m ical hardness of the hard mask layer (not shown) may make it

T e s B e e T B S angea

S0Rgindrikdmeatddalleswidtd parfypietaceerii dvapiscdesitedhe DiMRgdbrenseramvat all of

ttf(:%g%%%%% KNGIRIESEPRASCHIBERLRR? MANAEVRIAR: A HSTHIoSHIA 3Sifhy develop
high frequency performance issues due to increased capacitance.

In the present invention, the mechanical and chemical softness of the ULK soft mask,
such as the ultra low-K dielectric layer 112, allows complete removal of the ultra low-K
dielectric layer 112. The reduced polishing pressure and polishing time for ultra low-K film
also reduces the wear on the interconnect metal 502, which alleviates the dishing issue
previously described.

Referring now to FIG. 7, therein is shown a flow chart of an integrated circuit
processing system 700 for the manufacture of the integrated circuit processing system 100, in
accordance with an embodiment of the present invention. The system 700 includes providing
a substrate having an integrated circuit in a block 702; forming an interconnect layer over the

integrated circuit in a block 704; applying a low-K dielectric layer over the interconnect layer
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surface characteristic, or erosion as a result of extended polishing time in the
hard mask (not 20 shown) CMP. The dishing issue can reduce the effective
thickness of the interconnect metal 502 and reduce the electrical
performance of the process. If the CMP does not remove all of the higher K
inya|bledhardormesiyintasHownlo th idkdertte thrsrcener e, loWHiGlidleezg/layer in a
bReveteR; highilleaeomnRerarBRACiSIHES BUeKONEaas el RaPARIIANCE K
the present invention, the mechanical and chemical softness of the ULK soft
diflaskic Sy EUeH s HHEGRRSToRYRE dfetedie IAYErIERDS iR ‘Btspatest metal in
the opevalofthebldtia To- knddittesirit-layeniitzl jhsheduaednpatishiiset metal and
JRress! E,%&Q%@f%@?hig%,g{n&f%ﬁouﬁ%l 'W-K film a_lso _reduces th(_a wear on the
Interconnect metal 5 : which alléviates the dishing issue previously
desciiibararefitathgosibrsl Fe@aputheineiritis gltesuaicd flowichaeeestiag system in

A URBHREGE Gl FRURGERSIGSYSIEARQ fRr i manufacture of the
integrated circuit processing sgstem 100, in accordance with an embodiment

of the préserPidEstoH P - AR sERTdSE PG i substrate
having an iMegiaiedcirteitdinadpiRgk: 102 taemingardéatoanneridiaygiexeing

the integrated circuit in a block 704; applyin alowi._lf?gi lectric layer over the
interconnoctIdyBr BT BILRE oA I E K cietocuc lyer

over the JowAkpHielgethiovis/diclectidiiyck @8 toimimgparegpeyingiiiroligh the

ultra lowzK Sﬂﬁé‘?ﬁH' JAYEIANHINK I e IRCLHCIAYCIO 106 IIRICRBRR Hayer
layer in a bloc

( 10; depositing an interconnect metal in the opening in a
block 712; AdukiepRdlinearaticsdirpmahelittershrant kndigesiy layer-
the ultra lowrf@ligjectric layer in a block 714. In greater detail, a method to

manufacgyrg grhe. mtegrated cwayrl(t) g)gao

essing system in an embodiment qf
the presant RUBHHoR! R25ARBINUES EIRNEA At lidigts Sopbpilele oK

having an intetpatedaircuit. (el @iety@nForhmng iadideeromme alapperovgrin the
the integratggpqg}%it ﬁ@yg)ing providing 10 an interconnect within the
interconnect layer. (Igl_G. 1) 3. Applying a low-K dielectric layer over the
interconﬁecpravéwl(gl@.elﬁyw%laﬁ}ﬁ%gﬂéhelﬂafaqwmf@ﬁeé%%;ﬁe?%ﬂtﬂ%to
low-K diele¢tdGlayeinisel wdgsipreviding ansefl paskrognprsed of the ultra

oK e o 2) 5 8 i 2 SR Ao e o
dielectric layer further comprises forming a structure surface. (FIG. 6)

It has been discovered that the integrated circuit processing system as described in the
present invention, represents an increase in device performance while making the device
more reliable and easier to manufacture.

It has been discovered that the present invention thus has numerous aspects.

An aspect of the present invention is that it reduces topography such as dishing,
erosion, low-K ILD thinning and variation, alleviating the difficulties in fabrication of the
subsequent metal layers.

Another aspect is that the present invention reduces potential damage to the low-K
ILD surrounding the interconnect structures, while preserving the high frequency
performance of the electrical device.

Yet another aspect is that the present invention simplifies the manufacturing process

and removes previous technology restrictions that impacted both the time required to
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dielectric layer to the interconnect layer includes forming an opening in the

cap layer. (FIG. 4) 6. Depositing interconnect metal in the opening provides

forming a connection to the interconnect within the interconnect layer. (FIG.

4) and 20 7. Chemical-mechanical polishing the interconnect metal and the
mghrdaswerandidhe ol balyier i thiserl esrisplideg dovnin gealserng tieehsudfangek of the
ctFile Gdhhasyhern Hisceyetst thak henpisgtateth Girgiih NQeASIRG SYSIEM are

as described in the present invention, represents an increase in device
clyatfateAaticd tinhe raking trecrvraanioib relra s arfdhaagigppthe etch process
atidahel taichirer 2bolt thasdgeienciscaveracvihal tfateressklinsebdiondhusdiasnect
WHTSERUS BSRects, AN aspect of (e, preseatinyeation s (et hIeducesor ek
at%)po'grap ysucﬁ as dlns]ﬂlng, erosion, W-R L I{ﬁinning and variation,
irghetizwiriglide. difficulties in fabrication of the subsequent metal layers.
Anothes aghget lﬁlﬂ%%m%@@?%ﬁ%ﬂ@%@&@ﬁﬂiﬁ@%ﬁﬁﬁipgﬁw%ﬁﬁmﬁgﬁpﬁﬂg%md

low-K 30 ILD surrounding the interconnect structures, while preserving the
SHigrEtrelteAsiPTisatidmdnct SFiHE e Tl HEREL et YNGIREr ARpeldcrgasing

pthRiihmderesent invention simplifies the manufacturing process and removes

previgus technol restrictions that jmpacted Eoth the time required t
e S Ehe SN et e e a7 R or o by D ey e
statask thé thehnolrganio wdembibgyanitatle ULK soft mask of the present

INvertion, SEYRIAlA ALES-RIaRE.AIR: FHPNNRE:SUFP S I0R ISP IRod and

seed metal void under the overhang from the etch process and the .
AAHANARE G PR PEHUTRHRE At iR Yo Hithvatanl efdherRiore 4y etk pnavailable

soniesaonneebididayersd fihetpiRtesseigalsosmat geainee yohubtpY@liminatingiller,

. or reducing the amount of.crackshin the low-K ILD. tanotqer important
integrate, F% cuit manulfactunnﬁ Wit IOW.— 1€ BftI'lC. (& resu&1n§e I’OCCS%%S and
aspect of the presentinvention IS that it valuably supports an icés the

chnstpricadise pd of reghtiony ekt osimitifyivg systeamsicated, ifoebdsingrsatile and

REUQEMARCR: i'r%t)ﬂﬂ‘?e?ﬁeﬁ'}@ AGLYRRRIS "E‘le%%%fégﬁ’ést,ha%@@é%si @%‘&H PLited

consequently further the state of the technology to at least the next level.
for S cieilys heetr eeBBTR R A aFE TRt JratsH irelifurdevssing by stempatible

winietaackaischal manufacturing processes and technologies.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.

10
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apparatus of the present invention furnish important and heretofore unknown
and unavailable solutions, capabilities, and functional aspects for small
geometry, such as 90nm and smaller, 15 integrated circuit manufacturing
with low-K dielectric. The resulting processes and configurations are
Waheaiglstiomeaist, cost-effective, uncomplicated, highly versatile and effective,
can be implamepigddyoadantingdknan technelegies. anduare fhidsstaadilyystem
suited for efficiently and economically manufacturing integrated circuit
“YBRUIEEEFully compatible with conventional manufacturing processes and
technologitsg 260ubéhile theinvantimephasi beenicdescribed in conjunction with a
specifi t it i n that many alternatives,
modiéé%%% é‘tpag)rr?grﬁg?ﬁd"t‘ftg] %vﬂLi{ﬁV%i{%p?ggr%%%%g B ekilled in the artin
light épehdngfereyolnditlesesdann. oxeCHIiMgIgOMRs iMEtided to embrace all
such gligynatiesicnesiiratiorsrrngyvasatonswhighifalt mithinythe scope of
nclu

the i ded claims, All matters hithertofore set forth herein or shown in the .
accoMbRMARY PSUPSRYERAGSIHR Inveth FLelesiicdAvfuEthiived A dielectric
non-limitinglsgsnse tHOiMéhahiecldigeed is: 1. A method of manufacturing an

intearted et PIocSsRng Yeiem, comRtising; providing a substrate
having an intégrated circuit; 5 forming an intéfconnect layer over the

integ i edreueehapestyirdishingvihe diddecsmizetayegtavanditee interdomnBadielectric
layer; applying:ap-siiiRdey-fislariiclryg coMandhelauakisielediitdayerlayer.

forming an opening through the ultra low-K dielectric layer and the low-K. .
dielectric lal/&t tB"?H%diﬁPeFPdﬁ‘ﬁgdPléﬂfé‘ﬂ 10 Yo ORGP RRYSHRR & fitsion
in the openibgiiandyehesticainmedbaniCalghalishingehadntercoanecianeatatal.
and the ultra low-K dielectric layer provides the interconnect metal coplanar
with the lowIkedietgwsidi@dagfaimed, iTvdaimetnvbicas tiehrbihintbtainteicfungrs mmetal

cGAPRESIG iRfQViding i RiesPaticnIRYR Retesnts lawiKigielectric
layer and the interconnect metal. 15 3. The method as claimed in claim 1

wherein po_lishﬂngethedim&emn@ecihmﬁtai pﬂmnéise&ﬁbﬁsﬁlﬂgefﬁoﬂﬂg@t m@qalli@er
bgo Ian%%\fvnhﬂgelllltra IqW-K dl8| %tlrrll?elr%xer. 4. The method as claimed in

een W ectric layer an npect’layer.
claim 1 further comprising providing a cap layer
5.

A method of manufacturing an integrated circuit processing system
comprising:

providing a substrate having an integrated circuit;

forming an interconnect layer over the integrated circuit including providing an
interconnect within the interconnect layer;

applying a low-K dielectric layer over the interconnect layer;

applying an ultra low-K dielectric layer over the low-K dielectric layer includes
providing a soft mask comprised of the ultra low-K dielectric layer;

forming an opening through the ultra low-K dielectric layer and the low-K dielectric
layer to the interconnect layer includes forming an opening in a cap layer;

depositing interconnect metal in the opening to form a connection to the interconnect
within the interconnect layer; and

chemical-mechanical polishing the interconnect metal and the ultra low-K dielectric

layer provides the interconnect metal coplanar with the low-K dielectric layer.

11



between the low-K dielectric layer and the interconnect layer. 5. A method of
manufacturing an integrated circuit processing system 20 comprising:
providing a substrate having an integrated circuit; forming an interconnect
layer over the integrated circuit including providing an interconnect within the
interdonnect heyexthgsh A redpanesviK diete btrfier thgrer oniiitsing imteidoinecliffusion
biAES; lgy'inalBE‘JM aReUIHR- l@%ﬂﬁé&%@%@@r'%@ﬁ%%@&%d%c'ﬁ digleclieayehe

includes prowdln a soft mask comprised of the ultra low-K dielectric layer;
N e e g %mwf%t%malmwcwa%réeﬁt?é layer and the low-K
dlelegtrlc Iayer to% e |nter?onn8ct Ia%er |@ L %%smo (r)ﬂl%%aq nelrr% nacap
layer; deposhtlngl erconnegf Thetal in the opening to fo a connection to
C«m@mtér@@wné@&@mwitmnt@he&mmwmayerumdw%maeﬁmnméhd a
aRelishingihg injerconnect metal and the ultra low-K dielectric layer provides
the interconnect metal coplanar with the low-K dielectric layer. 11 6. The
methed as mmmqmlﬁédﬁthaammri&iag previdingta diffusienbbaisiarthe
lf‘?/ﬁ tvveen the Io K dlelectrlc I er an I terco nect me tal wqﬂfln
USion B ?F.%‘% ayel 1orms & banie “% 8Sm fercont n ct o metal. 7.
method as claimed in claim 6 wherein pollshlng the mterconnect metal 5
comprises the interconnect metal is coplanar with the ultra low-K dielectric
layer and a diffusion barrier layer. 8. The method as claimed in claim 6
wherein providing the cap layer between the low-K dielectric layer and the
interconnect layer includes the cap layer is silicon nitride. 12
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