| NTEGRATED Cl RCUI T SYSTEM USI NG DUAL DAMASCENE PROCESS

TECHNI CAL FI ELD The present invention rel ates

generally to sem conductor technol ogy and nore

specifically to dual damascene interconnects in

seni conduptPESR BRENGRANDIARY STENNES IRG U g&t.ur e of

integrated circuits, after the individual devices such

as the transistor ®PAMM P PRAM-ES8t ed in and on a

sem conduct or substrate or wafer, they nust be

connected, or "wired", together to performthe desired

circuit functions. TRi$j rC tion process is

generally call ed "netaIPpyg?Hbﬁ@ﬁg%d is perforned

usi ng a nunber of djfferent hot ol i.t hagr aphi

dEffo I EeB IEREOR STV 83}66%&%596%0% BePb teifplqgsand moro
speciffcgi(lj)g Redlal ANRASLRY StercdMnb&d H}%ﬁﬁé@ﬂdﬁc%& the contacts,

and vias I nterconnecting the channels where there are

nore than one | evel of channels. There are a nunber

of different nmetalization techniques, but generally, a

device dielectric IB¥EKGROUEPosRTed over the

transi stors, openings are formed through the device

direlRClnbheradtapess davstate@ difcansi e rthé WRdIbidamISd@nets such as the

gates, and the openings are filled with a conductive
transishess dlve bednofahviewed dcaml on a sen@ondwdier spstrgalor ediferhey must be

conne(ftgﬁli,Elt“l\%)%wggﬁlggft? ?’é‘lfo%kgﬁlﬁgficrals alllé:l(ljl{t Sfﬁ)(r}ﬁ%[%ﬁgts Eglts r111(1eterconnection

procesdERASHELAP @fled® “hittdMidaibst a8DaNDSHoSAQP ubiAY &f n@WBEr of different
the device dielectric layer. The first channel stop '

photolithygmpliis, depositioh, stdperhaved proveseh toscreaipjcentactstto the transistors,

) hot al i t hographi ¢ processing ste i ch inyol yes o
wire! BEBBER (7 i SRR Er g CHPOL T PO Spnghesyere more
than ofle RROL A shsls. and an ani sotropic etching step through
the patterned photoresist to provide openings to the

comractrs.a Thebphof ciffsbst mewmlizdien stchiigpesd.bu generslly, a device
.. channel  dielectric layer is forned over the fiqst .
dlelec‘gwaﬁﬁ%q ’SS@(@BSqteéinY‘?r %éft}é{s&swés, gPepIags Afg, fygjed through the device
icloc|cElagt fdin ! k3 YhncRBNO XA BB G Bk opRHHRs 8% filled with
mebcgkl%ggn&%ﬁ?ggm?@?ggsnghenf??s?a channe (gﬁopéfayeﬁ Fs“ﬂ ¢
conduativd thetadie, fosucbntasssi | i con nitride (SIN), so the two

| ayers can be selectively etched. The first chanpel
direpag tieshniqusy saliads thep eHin@lg nyasrascqng™ 1 ¢ ¢ Hagle inlaid™ process, the

formaﬁéﬁﬁ? éfﬁhg Egﬁ%é?ﬂ%%sgsﬁ%sgxgﬁ? ?]hetatﬁgosgg(t%? é f?% “’2‘%‘ fP} cﬁﬁmfepsrtgb layer over
the device dielectric layer. The first channel stop layer is an etch stop layer which is subject
to a photolithographic processing step which involves deposition, patterning, exposure, and
development of a photoresist, and an anisotropic etching step through the patterned
photoresist to provide openings to the contacts. The photoresist is then stripped.

A first channel dielectric layer is formed over the first channel stop layer. Where the
first channel dielectric laver is of an oxide material, such as silicon oxide (SiO;), the first
channel stop layer is a nitride, such as silicon nitride (SiN), so the two layers can be
selectively etched.  The first channel dielectric layer is then subject to further

photolithographic process and etching steps to form first channel openings in the pattern of

the first channels. The photoresist is then stripped.




the first channels. The photoresist is then stripped.
1 An optional thin adhesion |ayer is deposited on the
first channel dielectric |ayer over the entire
sem conductor wafer and lines the first channe
ORERLNGRI tidn @tibdsien BoadisarkhesicOmn thE fisuRseaeedlcdttric layer over
deposited material to the first channel dielectric
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a meta® gl a¥ tlh{g'é@H gWR dii@h®ret {Ti§; or FRELIh s, such as silicon
oxide. This fusion can result in a conductive
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on thaiatihéstten (afieN) , Far copregseceductni tndteteals, Vi, dllffumvebamer layer is
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IHUKM%QQQpey are problematic. For sinplicity, the adhesi on
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I rst annel openings to act as an
eF(&Cdolhdd@mf oitetihi, ehdcty ogipat and cppspm adloys, mectea&ed;eposﬂed by
such as electroless 8(gh S|cal va and che

electraplaiae, YepodAYa dhdapesitas el hodHERo Vet e élaen]wayérr laygy in the
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er ~an Irst channe
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integral, and are often collectively referred t
t Adirslowaduster matsrial igredestigptatadsasy g seslelaper and ﬁlls the ﬁ1st channel
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often QIRERESy teSertdian ad si@tcdnuien®ie whtheistidstile ORRUCEFent-carrying
material, the seed | ayer, and the barrier |ayer above

portiog pBtheicharnelshannel  di el ectric Iayer so the naterials

G BFiE BTP Rl i B 15 R Bl B o Bemove
the filkNBoddut®t witamnethdbieiél and aNEbatRr gfeMabbee tHer ffst channel
channel's. Wien a thin dielectric | ayer is placed over

dielectrigdaydr sgtthe hatemelssaraislagers iapeatoplange pithi the jdselectric layer. The CMP
process leaves the first conductor “inlaid” in the first channel dielectric layer to form the first
channels. When a thin dielectric layer is placed over the first channels as a final layer, it is
called a "capping” layer and the single damascene process is completed. When the layer is
processed further for placement of additional channels over it, the layer is a via stop layer.

In another technique called the “dual damascene” or “dual inlaid” process, vias and
channels are formed at the same time, generally over a completed single damascene process

series of first channels. Effectively, two levels of channels of conductor materials in




called a "capping" layer and the single damascene
process is conpleted. Wien the |layer is processed
further for placenent of additional channels over it,
the layer is a via stop layer. In another technique
verticallgl kgdhrdthe plaual agargscaae "byoran” tualayen| delddtripr d€egslayer and
vias and channels are forned at the sane tine,
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ect to further photolithographic process using a
used. photoreS|st and etching steps to formthe pattern of

the vi hot oresi st .is then strj An etch |
s%éscq@féﬁmtfif* HEG R S ovprBe LLBeEtEhdnRb) Agin, where
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acturing protess being use secon nnel
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sthepstionn! iipafainadarirys furnteterbitg sedran r«thlnn&h @ue cic layer and
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the seapid ishatnchpperangs apil dheopeni ngs.

Again, for conductor materials such as copper and copper alloys, a seed layer is
deposited on the barrier layer and lines the barrier layer in the second channel openings and
the vias.

A second conductor material is electroplated on the seed layer and fills the second
channel openings and the vias.

A CMP process is then used to remove the second conductor material, the seed layer,

and the barrier layer above the second channel dielectric layer to form the second channels.




A barrier layer is then deposited on the adhesion
| ayer and |lines the adhesion layer ill the second
channel openings and the vias. Again, for conductor
mat eri al s such as copper and copper alloys, a seed
When h@yer id faccdepesihtaccond chhendiasyd Bnalllayeerit anallbd adsapphe” layer
barrier layer in the second channel openings and the
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barrier |ayer above the second channel dielectric

formed ﬁy@rngtl@am o tiphre tes els oh gharmglsniidsviasy wdnarg cpBgedivelygeterred to
¢ | aced Jgver t he second channels as a final |ayer, it

as "IntBICOMGCISay 4 " cappi ng" | ayer and the dual danascene

PTREQSE dfsthe AMIeLed . duiheahayRhc TBANRReP 0BRSS metal etch and
further for placenment of additional |levels of channels
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(DD) SR AUm thghﬁat@)lﬂ TenR R Qherteldl n‘?ét‘ghie%lgﬂﬁeéts In the typical

I mportant as the sem conductor Industry noves from
manufadtomi g sequeide) af‘te& dtches isrepalddi pathi omdenitieg naitd, comdedtor, it will
as co per whi ch are verX dlfflcult to etch. Fro Wéa'
undergog) WEbYIEH PropER 4p EURT (P OLYHErs gnd fher BRYitgs; gengigfed during etch.

There%{)etﬁtqg %112 fuﬂ§%g \‘E/litéigga HE36 &heh a Qp)al gf%tél\r/(é‘f} yﬂu%tel 8nd Hﬁ%rﬁ%en {(H2)

ere two netal s ‘meet .
reactivieyjpe-cRbn prant dohuidnng the fueie epctdf Ce mddl‘t&apwmaon and Cu plating.
opened to the under|y metal conductor, it
These @rﬁj@lﬁab PEPCHESES éqeék@ﬁlga%gce%w@ FeRbide aﬁ@l%%ﬁ%ldﬁ?ﬁo(if any) from

the v1a?l§£%§r}.llg%#é%%%g§%—g%% Al ﬁ%uﬂ Y zﬁgeag&ﬁaa wsﬂ'ﬂﬁ{c%atfehl%e 1eld and

egas process, sucn as an ar

degradepiitb@bn@getrdiyeitiogen (H?) reactive pre-clean prlor to
formation of the barrier netal, Cu seed dep03|t|on and
Cn Pheaethpighandieagergspre SPUR [ppeloas easesy leadsdsilemed thecritical

dlmensmrr;nf(\fﬁ) Ofl P n%tedl %&gdu%{& har{deg‘ongﬂﬁ%at(eg ttheaayx)mdze(?v%m leading to poor

adhesion between the barrier metal layer and the inter-metal dielectric (IMD) layer, and forms
voids at the bottom corners of the via. Also, reactive pre-clean processes have limitations
such as their reactivity with a wide range of contaminants such as carbon, fluorine, Cu oxide
and etch residues which all have very different etch chemistries. It also reacts with
constituents of a low-k IMD layer leading to loss of CD and increased k value. Thus, the
extendibility of existing sputter and reactive pre-clean processes for future interconnect
applications is questionable.

One proposed solution, referred to as a barrier first approach, skips the pre-clean
processes by selectively removing the deposited barrier metal and contaminants only from the

via bottom. However, these selectively removed contaminants are re-deposited on the barrier




the via bottom Insufficient pre-clean will result in
i ncreased via resistance, reduced yield and degraded
i nterconnect reliability. On the other hand, an
aggressi ve sputter pre-clean process |eads to |oss of
metal hthBe ¢1al didesallls palioMensd@RiticeY taf sebd eryordial cl&dREIEhO LS the metal,
and contam nates the via sidewalls |eading to poor
“Ch@dﬁéS}P'@ﬁ o dranesrs el ilbacenernset al | ayer and t he
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taughtRiren LA RPSAESAS Al ehdsl BbILAbHORSthesHFldbREst Nl long eluded
reactrvity with a wi de range of contam nants such as
those skaltddan thef 4rtiori ne, Cu oxi de and etch residues which
all have very different etch chem stries. It also
reacts with constituents of a | owk IND | ayer | eading
to loss of CD S , the
extendibility gﬂgg;ﬁgﬁﬁﬂaggéh?¥z$9§ﬁ' reactive

pre-cl ean processes for future |nterconnec%
aBlpﬂ Presgf grentian grRvidss sdpiegratehergitonsisadheioingudenproviding a
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ed
first dl@kﬂqtr@r%ﬂmnflsstaw éﬁyﬁ!eLSé@mfé. vt therfirptronester @re. 45 agopd dielectric
layer 1 i§ X tforme c?}\rlvgdlgl > chlhgn d Qlﬁg qRﬁ% ' ! 'f%ﬂnmgcf 111ht|P18 sg'(%%g dielectric

yer an i'ng of

layer. SIQﬂE:h@rﬁndl B@d ﬁl@m&a [neﬂhb 3dont tdyel6@NE BIyBSare Hat Ul%hlﬁﬂs A Bamcr metal
t hese probl ens have been | ong sought but prior

layer ig eivms@pmd@c iz ehanpel arldatbg frta o ths @gwﬁt%@e%y 1ayel The barrier
metal ‘?zg/ﬁb lSeiS %cégfgpyi ﬁtgpeds grﬂnl h%fj‘tl)(gﬁm% Iﬂ’g ﬂtéE%:] gl%le (@ cr and a
secondl 68RALAYENL GNfoThed Br&sBa barkidy 8Btal Ql@/etpt'qu tﬂ@§eo@ﬁd channel and the
integrated circuit systemthat includes providing a
via to s@miceidhe sspod carbistor goes thalvd gyt @ptsieﬂptmw\@luct or deV| ce
p@léci, pl‘f:fe]cglt ilgvlﬁleglh 81&)&/{%'5 fglu%gltnfc&{agw 81hcant s%ﬁcpslp whzch Wc%l cleaning
the ch&:ﬁ'@ﬂé‘&f Bk veis Gf)eff%llfl&f ﬂﬁi@e e iR cidsed %I C(ﬁh't&t &6th rtlh&ﬁrst conductor
l'ayer. A stop layer is fornmed over the first conductor
core, apdrtke barisegotud 1zdfﬁre$:€k:tﬂw |StDp Ly @re ¢tsheﬁid‘rcrmdaechnemm tiethe via after
tap layer. A chan via are forned in
et oo SRR 2Tt SR D T e b
uﬂﬂuagpcég§ond dielectric layer are wet cleaned. A barrier
| ayer is deposited to line the channel and the
VCa'tam] eimbedisenond thie elvectien kaveayken .adFimagsant adslition to or in place

of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a semiconductor system at an intermediate stage of
manufacture in accordance with the present invention;

FIG. 2 is the structure of FIG. 1 after deposition of a barrier metal layer;




nmetal layer is selectively etched fromthe bottom of
the via in the dielectric |ayer, and a second
conductor core is formed over the barrier netal |ayer
to fill the second channel and the via to connect the

SEERdiscRnguehat ot BI@. 1 eftérhelctiivay raondug tierhaeddanctdhayer and
present invention provides for an integrated circuit
ﬂwse@y@ﬂeﬁmwhcmhwgﬁﬂﬁevfbmeﬂwﬁwgmnﬂﬁéheh@nne| and the vi a

tEICP e4’ 15 {he s% \Aﬂ%ﬁf 8f tFlf'(? y! a%(n %omta Sed taosc%(%g 9 umﬁor cgte in the

efli cond Cor €, barrler

Samn@agmhaemg&gpvgayﬁy are etched fromthe bottontof the
via after wet cleaning the channel and the via

t FT. Sby adledudiatiop fectrstami oA dit presant tiyentiga bet ween
conductor cores. Certain enbodi nents of the invention
have ot her advantages in addition to or in place of

t hose " Qne
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Cross-secti ona Vi ew of a sem COﬂ Ct or system at

vmﬁ¢ﬁﬂﬁfﬁ®djaﬁEaSkaqmqﬁhdmﬁﬁﬁufﬁ@ﬂMhEmumzﬁgﬁﬂkﬂﬁﬂﬁ@ Werirls, such as
present invention; FIG i's the structure of FIG
labﬁff? roeepbs Btdeofmsan “aidpusly |)erhl$itet al lvgyer ovg Ang “ugder”, are

deﬁned%w lbl%SpSGC[ Hﬁ%é‘pg 17oc1ntﬁ fne2 after sel ectively removing
the barrier

and the second channel

dired egtr feodeasieg” hy @i&itl’ft@e@@ﬁd[mms(lfepbhﬁow bAmabdri@ of phStoresist,
the structure of FIG 3 after formati on of a second

patterpipgd genosuree geeetppmenie ctobinge rdeasingn mafl/oangmprd of she mmwgerial or

5 1s.afl m1chart of.,.a m he . RLESent o
thf’ﬁeﬁ\%e%% TegRTC RSP R FeX E%hﬁ%‘fck\é cﬁ‘t" £ﬁ4§ RIVEReF gused herein
includE §rdRESR "shEH iaZ ARpMitin@SrosRd, bhildag ebi’(brrh:@ai@%d;ﬁl@iﬁm%s or other

a plane parallel to the convent i onal pl ane or surface

processes r eafreng iyersfblotss @ttcbstrmtag@r dless of its

tatl
ke GBI D BTl Shifkin ¥ ShomE Hissed St Sis® ofet semiconductor
systen(j *Ff)(b Hte(g'r mtre%ﬁ@mtessl#@% cﬁsmanu%turc nﬁg&tﬂﬁtanc @ﬁh% present invention.

(as in"sidewall™), "higher", "lower", "over
The sqmtdortdmtm systerarl@0 h(aefusmenid wicbhd ph@m@btl()@@nﬁh@él connected by a via
106. ?ﬁ)cr hrzs? thlda lsecglllc? Channels 102 and 104 are respectively disposed in first and second
dielectric layers 108 and 110. The via 106 is a part of the second channel 104 and is disposed
in a via dielectric layer 112,

A portion of the first channel 102 is disposed in a first channel stop layer 114 and is
on a device dielectric layer 116. Generally, metal contacts (not shown) are formed in the
device dielectric layer 116 to connect to an operative semiconductor device (not shown).
This is represented by the contact of the first channel 102 with a semiconductor device gate
118 embedded in the device dielectric layer 116. The various layers above the device
diclectric layer 116 are sequentially: the first channel stop layer [14, the first channel

dielectric layer 108, a via stop layer 120, the via dielectric layer 112, a second channel stop

layer 111, the second channel dielectric layer 110, and a next channel stop layer 1 14.



The term "processi ng" as used herein includes

deposition of material or photoresist, patterning,

exposure, devel opnment, etching, cleaning, and/or

renoval of the material or photoresist as required in

f DifgTfiRg chaeles AR bi@diudty ydiauie. lafdre]l teennd 'af @ednlngt 1a8 around a

used herein __includes processes such as depositing
Londugtpbwpwg 13y uiTihgi ﬁ:@ond: I"rb‘?ﬁ”@bl [ p@ WY HE rﬁhhgl 06 0’,}{ e 69%@(1 using a dual

c tu
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reSIdueé g%ﬁg? éc b 5ltnéagr}d%eségc d Ch%q{'gt gl}e V1 Sg'glggl%ﬁlsc osed t? the first

conduétgzc@eduﬁﬁ)glth@rv@et&%@@%deyﬁl y di Sposed in first and
second dielectric |ayers 108 and 110. The via 106 is

aRpfgiingofowhie EKcondthsreinrnielshoos hadstiustuge @éo@é‘d I jafierg further
via.dielectric orti
proceqiiifarcorier Sitbn pieadtin eaba et 28 i3 testpaly applicd
to thelswev@lﬂg df She 9fofd dBMAGE 104 IN@CHE ivEa 1@ A bdBicr metal layer 204 is
Generally, metal contacts (not shown) are forned in
formed hwach deby depoditiohemt tfue(sutfagree of ez o0& dhnscond dhaanel 104, and the

@ rati.ve sen1q$nd%§tor ev ce (not shown). This is
upper piEERE e HEcE By THEIT Sihe first channel 102
V\Réﬂ%nﬁ] SEN GONIEC BOkL LN 1§ %h&% &he ddGrehgdeied o 5‘&51 h@lectively

devi ce dlelectrlc [ayer 116. The various | ayers above
xemowmtmmm@r melizkelaget ﬁﬁ)-ﬁt ahczhyl&r seZI:{hﬁd ahanskdgbretricalalgr: 1 ltthigom the
st ch%nnel st.op I rst chann

e
botorgog et 0] e@@rb%% heal, ﬂdﬁels%(i)%al}cg iy 5GP [£¥56 199 gre removed
from ﬁ%& ?bt%iﬁ ok el Y €66 %913% ale &W@clﬁ :ﬂ%ﬁ%@éss%bgp Sirlc@ﬂﬁ:r bottom of the

e second c |e ectr l'ayer
via 10tektopzhahnekhestiop cbﬁd/@ltorl&#e at Tiie sfaige Shmﬂhamm)lntahﬁﬁmts are re-

i ncludes a barrier |ayer 116 and a see
deposttb@hdha bIEERADEALIYELPAY FAGhE THe b@@%ﬁ% t Eﬁ%ﬁn"@ﬂu%w reliability

concc:ﬁ}@ %UE ey 9@3(1.190% o Scl{ &gﬁ%ﬂmgﬁg ng a dual damascene

rng p POCEss 16 & e next channel stop |ayer

1&4’50(&1@&1(8}6&01‘1@ chamneh is élhcﬁ?lfieﬁlbrstrocﬂu&y@ﬁ FI§31Q,afeh@rmation of a
second channel stop | ayer and the via dielectric

secondl ayreducm pore T indr gisaing ﬁbmél [Qgnanck the W H610 barieemegdal flash
layer t?% Oém? ugllé)gg %ﬁ%e@?s;Lg MY §hé g&togﬁncﬁﬁﬂ go r?gmd t}}e ‘flﬁ 106. A

process

metal bbcdl 14Q6 408 ”ﬁfdﬂﬁc@' QpR6ll{ By ta lepdsiticit proc@pdiet Me Haaie? metal flash
during the wet cl ean process. Referring nowto FIG 2,

402, ardethei sonilectemowialt srchsay Gat iy Erored Hnghe seendeghappgltandr the via

typically using an electrochemical plating (ECP) process to form the second conductor core
400.

A chemical mechanical planarization (CMP) process is performed to level the upper
surface of the structure, and the upper surface is capped with a cap dielectric layer 406.
Additional dielectric layers and conductor cores may be formed over the second conductor
core as required in a particular integrated circuit design.

Referring now to FIG. 5, therein is shown a flow chart of an integrated circuit system

500 of the present invention. The integrated circuit system 500 includes providing a



processing in accordance with the present invention. A
pore sealant 202 is selectively applied to the
sidewal | s of the second channel 104 and the via 106. A
barrier nmetal l|ayer 204 is formed, such as by

semiclRPoSi tsubyatOnatihg aswehiiacesicof debiee \prévidQb therdva Beg debk 502;

channel 104, and the upper surface of the second

founuwawr@éfiielﬂc@}cel@xcﬂ el tgg, éqamicpqécfl,@pqa ﬁﬂ@hﬁﬁ:\,\yntad’) k@043 forming a first

condu& f chjtqu éﬁ ﬁﬂ?‘ﬁ%lécﬂ?c ﬁa&%luﬁtéjf)l%slggOﬁg%P%lbgf get&; %adlir over the first

condu&tbﬁcéi@@x@l@ld‘chajlﬂl@efm xﬁi:@ eedcohCdicRyeic 1140 oﬁ/t‘:xoﬂme k1@ layer in a block
bottom of the via 106. The barrier nEtaI | ayer 204 and

510; femeingiachsnesp andyeia upthearceondedipipedic laycom & RPdiol i MichFleaning

the chztgﬁ?% %mf‘ Iililé Qfga 1tlﬁstf1?r$e8?nq§ ﬁrle?e% Vlg}i(%%rgr lsjl%%lr() gﬁ]g dae ?)gsiflﬁfga barrier metal

layer thillngtthe oRhAe 1 BOKe @ttht @écﬁm&&i@@@:ﬁm g@iuinﬂ a block 516; selectively
contami nants are re- deposited on the barrier netal

etching &yaebamz@u‘nqm loyes figna thei hodtwal ¢fghe prensigyin rt]@jcd;@ieﬂ@ic layer in a block
concern esenc

| L abi d
518, a@gnﬁogﬁi%%tsgcon e@&??%ﬂ‘g%%&\,\?v%hlﬁ %1[‘1‘121 n}eﬁaéolgyeﬁuto fill the second

chann@RAWAhd 118 16 ESHRERE s@onfr bbadudioabbRrto tRr et d@udbr dore in a block
second conductor core 400 in the second channel 104
520. and the via 106. A barrier metal flash |ayer 402 |s
BVt g e e R PirdClS S B SR <hg Ohe of tantalum
(Ta), {) Qh g (TH yﬁl'nﬁs% YW*}}’ ta"f\tﬂﬁﬁ Ch?tit {deQTaRs 08888 m ANSde t’h@) bi-layers
arrier meta and t he conduct or met
thereo§ Lad:lbyasle@af ang cﬁmpmmﬂsnhei‘edﬂfé Hecoetlagérafmbire aum:ﬁ)takmof materials

of at 1ispus EF EEPReL D, BT 4ALbY Boliict 7S v, asbEbrppodnts thercot
with ol %Fhfo% of e I%?eve?ém @nahh %&{dugﬂa% CEARY #tﬂr&%%ut Seed layers are

perforned to e upper surface o
of conglictuc inateialsamtiattlbeat uppef as usppac €Cu)s alvapmed (WY, lrokl, sidyer, alloys
dielectric | ayer 406 Addi tional dielectric layers
thereof pgd comOetshgettes may be formed over the second

Cﬂ?ed U(ﬁ%igén ic 0915483 r&f %15199[1 ik nm@teﬁ@lg E!%'ﬂl 9%1 §1]n(§0(f,lg ro%cf?:d (810},

Cl rcul errlng now to erelrn 1s

tetr aetEﬂ@Vtﬂoﬂhédt@WT@@ﬁ)t whoispittsdghat €BPSGY celids, syt evith  dielectric
500 of the present invention. The integrated circuit
constagipstreth $00¢0 |3r§t Py dtﬁl@\l}ri@ FoRftaat dickesti comtpigtsoruch as fluorinated

tetraetﬁﬁ%ﬁhgsaﬁgatp ﬁ grggﬂ‘&g Edy‘fste %U18%¥ bcgiggfwbgs nzocyclobutcnc

reon in a blo ornmn el"ec

(BCB) amosav@framh@ymﬁbﬁnwwct@zmcslsbﬁictmee11yiayoaotbdr@ﬂl§xaﬂ@§l HMDS
orming a first conductor core in the first

(hexamgtbyldistlpkanedayer i BOB bl ock(tBosthylsdihi ng abstasp, | ayer DADBS
(diace%\z/{?/criitéraz?ry{)tiltggﬁoxane), SOP (trimethylsilil phosphate), etc. with dielectric
constants below 3.9 to 2.5. Ultra-low dielectric constant dielectric materials, having
dielectric constants below 2.5 and which are available include commercially available Teflon-
AF, Teflon microemulsion, polimide nanofoams, silica aerogels, silica xerogels, and
mesoporous silica.

The stop layers and capping layers (where used) are of materials such as silicon nitride

(SixN,) or silicon oxynitride (S1ON).




conductor core in a block 508; form ng a second
dielectric |layer over the stop layer in a block 510;
form ng a channel and a via in the second dielectric
| ayer in a block 512; wet cleaning the channel and
tWailvita indcitha [se6ediiddieberinrdogjunayar with aaspbtioekbeSildode, it is
siting a barrier netal |ayer to |line the channe
to be amgptetth@d Wiah manyt Hergbivenhdnedi8raens e a«yeﬁttonﬁ wll H?eoﬁwalcnt to

those %Zédo%f g%lltrtl 1% gﬁé g 6 éanE}fn 1%50111%(&?1‘3)1{1%?}(90 ; rcioElefaé if 13 uﬁ)ended to

embra® 8¢ kucld hfiernaiebsf RIOEIMALinsS @6 NErGQMAUGHOFalC AfitRir0 th%r scope and
the barrier netal | ayer to fill the second channe

equwaémls phehyiiaclvdedcdamect Alhanaben hdhetrfdise s@r fosthr er ﬁhﬁwn in the
e.first.conducto

accomiiyi SIS AHE PGS oh Tt preara ey By cob it gt gitte
| east one of tantalum (Ta), titanium (Ti), tungsten
(W, tantalumnitride (TaN), titaniumnitride (Ti N),
bi -1ayers thereof, alloys thereof, and conpounds
thereof. The seed | ayers (where used) are of materials
of at |east one of copper (Cu), gold (Au), silver
(Ag), alloys thereof, and conpounds thereof wth one
or nore of the above el enents. The conductor cores
wth or without seed | ayers are of conductor
materials of at |east one of as copper (Cu), alum num
(Al'), gold, silver, alloys thereof, and conmpounds
thereof. The dielectric layers are of dielectric
materials such as silicon oxide (SiQ),
tetraethylorthosilicate (TEQS), borophosphosilicate
(BPSG glass, etc. with dielectric constants from4.2
to 3.9 or low dielectric constant dielectric materials
such as fluorinated tetraethylorthosilicate (FTEQS)
hydr ogen sil sesqui oxane (HSQ, bis-bencocycl obutene
(BCB), TMOS (tetranethylorthosilicate), OVCTS
(oct anet hyl eycl ot et rasi | oxane), HVDS
(hexanet hyl di si | oxane), SOB (trinethylsilyl borate),
DADBS (di acetoxyditcrtiarybutosil oxanc), SOP
(trinmethylsilil phosphate), etc. with dielectric
constants below 3.9 to 2.5. Utra-low dielectric
constant dielectric materials, having dielectric
constants below 2.5 and which are avail abl e include
commercially avail abl e Tefl on- AF, Teflon
m croemnul si on, polim de nanofoans, silica aerogels,
silica xerogels, and nesoporous silica. The stop
| ayers and cappi ng | ayers (where used) are of
materials such as silicon nitride (Si,N) or silicon
oxynitride (Si ON).



8 Wiile the invention has been described in
conjunction with a specific best node, it is to be
understood that many alternatives, nodifications, and
variations wll be apparent to those skilled in the
ThE INVENTTTORtCIOfIMIbB [8f or egoi ng descri pti on.
Accordingly, it is intended to enbrace all such
ai' ter nﬁﬁ hxﬁ@éateﬁ%ﬁbxﬁlt %%Eén?@&mﬁﬁsﬂﬁ‘ variations that fall
t hi he Scope and ~ equi val ents of the included
qirawdmg aMeimicmtdieto s sibistrite hpvoihg nesesietonflortehlegrece phawuded thereon,

t he . acc n draMAn are to be i reted in an
'fjf;i”ﬁ‘é} afo % 'éﬁ%l‘ hBIEL PYSH é‘? ?%nlg%‘ﬁ@étor r}’PPIEI[)i NVENTI ON
GALNER Hrst co:l'nt{uéar &b ?rgﬁq@tfﬁ?c KLEGH TaySy St em

conprising: providing a sem cond uctoy Substrate having
doasmpaangueyarovdethe destpoadidadcotder eon; formng a

first dielectric Iai;r over the sen1conductor
dapanggrsecondutipierigc saver P hoHeREYS: core in the first

gégﬁla%gt FanGnd @G & vid QR 09024 a&%gtrgﬁéfegcover the first

{or core; formng a seco tric layer
ové&rcldafheshephdnaylemd thd @uamhﬂ@ ec@fiatisiedtriahgdeq via in
the second dielectric |ayer; wet cleaning the channe
alvgositieg ¢ barrien niavd e i bnefhel chertal end Wé’rla indf@p sgionr eelectric
a barﬁkqg nmetal layer to |ine the channel and the via
in the™Setond dielectric | ayer; selectively etching

tRR ALY e@hidEtha batrity @ffetaflri@jfertfftﬁ?ﬂ Bt B 0bf thb &idinathle Miclectric
the dielectric layer; and form ng a second conductor

core dexar: @ﬁb barrier netal layer to fill the second

TRPENEs RE% (P G taihE o BBl G RE R HAOREREGa chann
Ci I CUidndSNS{iand asnieb@hBBetohd c6hd@ictdr o8 iR) fist conductor core.
depositing the second dielectric |ayer uses an

u tra-twi gl d’ﬁ! £heg LdGit Cs?ﬁg&a*ﬁt cl é%lr %1allann?’ { wﬂﬁcm depositing the

integrate Greouit system as c in cl
secondMielcetrio 1isey nhasgintutes-faw éklecan:obosemmtnﬂatemnd uct or cores
deposits a material of at |east one of copper,

a.um npkg i8rsled cREdiV Sstent QEBRUNES i N8IE0fwheddfl forming the first
conbi nations thereof.
and second conductor cores deposits a material of at least one of copper, aluminum, gold,

silver, compounds thereof, and combinations thereof.

4, The integrated circuit system as claimed in claim 1, further comprising:
forming a pore sealant over the sidewalls of channel and the via in the second

dielectric layer.

5. The integrated circuit system as claimed in claim 1, wherein forming the
second conductor core further comprises:

depositing a barrier metal flash layer over the barrier metal layer;

forming a metal seed layer over the barrier metal flash layer; and

forming a conductor metal over the metal seed Iayer.

6. The integrated circuit system as claimed in claim 1, wherein forming a channel

and a via in the second dielectric layer uses a dual damascene process.
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4. The integrated circuit systemas clainmed in claim

1, further conprising: formng a pore sealant over

the sidewal | s of channel and the via in the second
dielectric layer. 5. The integrated circuit systen1as

ct.ai methé migirabdneiteuinggreai bs tlammdig dhien 1 setania wet cleaning the
conductor core further conprises: dep03|t|n a barrier

channgteand] the |viisty pealpanedydiletthe vigap clased ﬁ%pglptqa;ta\yvélg the first conductor

core.

formng a netal seed |ayer over the barrier netal
flash layer; and formng a conductor netal over the

t al %eed laéﬁ 6. The |ntegrated circuit system as
ai me@iHeRE AU GRERPHNPEHAR g a channel  and a

Vﬂn%vfdﬂ}gt DE&nFEGRAG A b@dsﬁ Qtterha%nhaays%fnlééﬁﬁﬁct@r QM&le provided thereon;
damascene process. . The I'ntegrated circuit system
afrialmy anfddt dieleclrai lmyei pvwhbe sinm covetuctlr salmtiate; t he

channel and the via is perforped while the via is

clopsEe & @fstcmdaetpl GaTe 1 {%ﬁéj YO RIEE or  core. .

. Y, t&qué|3|ng providing a
Q@%?g%ﬁ%%@%%gmghggyiéygiﬁggg%g a sem conduct or device
pfopmirgecsebhet ¢ekctriclloferbng the §top $yedi el ectric | ayer
over  the sen1conductor substrate; formng a first
clonaine: orhapesland g vitie the sesondifliefestriclpyer} ayer:  formi ng

[ { . f.ofm .
S oiflct pPL Vo, P REREN o gl Saver' PRI 9 5B ey
a chan@@km@ﬂ@ a via in the second dielectric Iayer
wet cl eaning the channel and the via in the se
dilepogiging jadayiasy epctplpyas te Hae gte(yﬂ,mplgg} apd tlpeswmlégr@ﬁ@cond dielectric
dep05|ﬁlgg a barrier netal layer to |line the channe
and thé”¥ia in the second dielectric | ayer;

s@ll@eitblvetahiel eBibRgict iRt alet ald ekl lhay &onaid bbhem of the via
stop layer fromthe bottomof the via in the

di el ectrthedickybic loyirpnbfafier wirkeleatiogitiernganisb b
tﬂqgn g{)}%} f\{%ra %?%FL$1%§P1 %1%fols’vreef ?ﬁ?l%é:rglgrdlg]%{&?ﬁayel [oeRVEE second

channel and the via to connect the second conductor core to the first conductor

Core.

9. The integrated circuit system as claimed in claim 8, wherein depositing the

second dielectric layer uses an ultra-low dielectric constant material.

10. The integrated circuit system as claimed in claim 8, wherein forming the first

and second conductor cores deposits a material of at least one of copper, aluminum, gold,

silver, compounds thereof, and combinations thereof.

11.  The integrated circuit system as claimed in claim &, further comprising:
forming a pore sealant over the sidewalls of the channel and the via in the second

dielectric layer.

12.  The integrated circuit system as claimed in claim 8, wherein forming the

second conductor core further comprises:

depositing a barrier metal flash layer over the barrier metal layer;

forming a metal seed layer over the barrier metal flash layer; and

It




channel and the via to connect the second conduct or
core to the first conductor core. 9. The integrated
circuit systemas claimed in claima8, wherein
depositing the second dielectric |ayer uses an
uotrhiargl s @b eattal 6ve onshaal sordtaer.al . 10. The
integrated circuit systemas clained in claim S8,

wher ei thd @ldgkAed _&ittﬁmfsifygt%{n asQﬂ%n%@‘i&P@lq?ﬁ ONFHGLRAMORRMES channel
or a

deposits a nmateria | east one of copper,

and a dh untheyegond aliagctrisidyerrses ¢ dnpalandscanh eraess, and
conbi nations thereof. 11. The integrated circuit

Syst em\ agstemaforeetivicheCtaitami8antt i ahed commgiing bk Mgst and a second

form ng a pore sealant over the sidewalls of the
condugthpemiey ingRdnicaatad Gropi, emrserond diel ectric | ayer .

12. _The jnt t Ci ui f .as clained in claim

g%“ﬁﬁ%f@?%J%g%%¥§gﬂ?ﬁé&c?@%%%%“%@%ductor core further

CRIFAMySeHelcHEP Skt bitg ke af dyer, netal flash |ayer over
the barrier netal layer; formng a netal seed | ayer

ofpemingtike varn therdigheettik l9etish | ayer; and It formng a
conduct or tal. gver the al, seed | ayer. 13. The

R eraredhe o e Gl EOE stoRTREE [n ciaim 8,

Wb &tifg h 8hHeR thetul ¢H@3NRLINe BRIz via in the second
dielectric |ayer uses a dual danascene process. 14. A

syestcamely erchingdbe bargiee oyetah tyaamtdsthe stog [syea froorthe betteng o the via

first .and econd conductor cores in an integrated

ci  cui b G GRRFTSIRGT SREr W rir AT B Fayer over -t he

f iRk ForRRE Y CdeB8n € iRiuctol RbAE H\&r 3hd b RE WidtA 1hAY QS AVBLe via to

the stop Tayer; formng the via in the dielectric

| ayer ;conetct theemnombcdnidectei eori to thedirgreesdumte wfe.t he

stop layer; depositing a barrier netal layer to line

the viahe bedetd BLyit 8V hhng ddi@edal tlagh 1ARhdkrdray@ositing the

~and the stop layer fromthe bottomof the via in the

dieleciicd e ppds an ullyefovaflickctnigeonsirelanitadgalt he via; then

form ng a second conductor core over the barrier netal

| Byyer Tloe fyisteln foheedricangt @ntaminants as claimed in claim [4, wherein the first
and second conductor cores comprise a material of at least one of copper, aluminum, gold,

silver, compounds thercof, and combinations thereof.

t7.  The system for reducing contaminants as claimed in claim 14, further
comprising:

forming a pore sealant over the sidewalls of the via.

18.  The system for reducing contaminants as claimed in claim 14, further
comprising:

depositing a barrier metal flash layer over the barrier metal layer;

forming a metal seed layer over the barrier metal flash layer; and

forming a conductor metal over the metal seed layer.

19. The system for reducing contaminants as claimed in claim 14, wherein wet
cleaning the channel and the via is performed while the via is closed to contact with the first

conductor core.
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connect the second conductor core to the first

conductor core. 15. The integrated circuit system as
claimed in claim14, wherein depositing the

dielectric |layer uses an ultra-low dielectric constant
nut.eri @he sijzﬁcmTE‘c& sylstiam foramieauei asgclaontdrim naats 1ds wherein
claimed in claiml4, mhereln the first and second

forminggdhe it B e HrESTIEIMIF NEE o ush§upasaInedFowss| east one of

copper, alum num gold, silver, conmpounds thereof,
and conbi nations thereof. 17. The system for reducing
contam nants as clainmed in claim 14, further
conprising: formng a pore sealant over the sidewalls
of the via. 18. The system for reduci ng contam nants
as clainmed in claim214, further conprising:
depositing a barrier netal flash |ayer over the
barrier metal layer; formng a netal seed |ayer over
the barrier netal flash layer; and formng a
conductor netal over the netal seed layer. 19. The
system for reducing contam nants as clainmed in claim
14, wherein wet cleaning the channel and the via is
performed while the via is closed to contact with the
first conductor core. 12 20. The system for reducing
contam nants as clained in claim14, wherein formng
the via in the dielectric |ayer uses a dual danascene
process. 13
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