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| NTEGRATED CI RCUI T SYSTEM USI NG DUAL DANMASCENE
PROCESS TECHNI CAL FI ELD The present invention rel ates
generally to sem conductor technol ogy and nore 5
specifically to dual damascene interconnects in

sem condu ure of
i nt egr at eﬁ@ﬁ?’w&wlﬁﬁéwwgﬁéﬁ‘ces such
as the transistor pAMASAED PRRPCESSt ed in and on a
sem conduct or substrate or wafer, they nust be
connected, or "wired", together to performthe desired
circuit functions. Thls i nterconnection 10 process is
general l'y called " metEOHNEAHEL NG i s performed
usi ng a nunber of different photolithographic,
d€po giréseon inantion ewtal gprevalbs s@ ssetmicondectoe tedhnblagy sand more
ﬁt§ the nS| stors wi re/  channels to the contacts,
specifically W@cmﬁ‘fqnﬁﬁctf HeseapconduteTSaher e there are
nDre than one | evel of channels. There are a nunber
of different nmetalization techniques, but generally, a

device 15 diel ectrigatROURNDIERYSI ted over the
transi stors, openings are formed through the device

gié"[eegcﬁl“ a‘f‘"ﬁ% Y gnq ate cucﬁlrtsls : aﬁfe? rth(l; limcﬁ Idgelﬂsde 1cde such as the

openi gs are ed Wlt conducti've

transisidth Bavd Beefnofaﬁh@d@éﬂ BCAf ol B seRoh@edioY sﬁh@@crzﬁ@'of QafdrN@ey must be
S|ngle damascene” or "single inlaid' process, the

connegted,at Wiied btogatkerto perforahindesisedsairgnit Sungtions.t Feis interconnection

d iti t l.
proces{ 8 Wb fil Fiaf siritlalidelibst S8 3 BeioFARP wifld fep Ry of Gierent
photolhtﬁb{%ﬁ}l)h@ adpositioh, Shd Perh@Ved prodebsel tb Scrédi®cBfithct Qoahe transistors,

i t hogr aphi ¢ processing step which involves

wire/ dequusls tto e coriratsranidngas wgyonwmeedingaiid chaenedd whengrthersfare more

hot Si S and an ani sotropic etching step through
thanofl?]gevgla‘f cg ﬁ]g phot oresi st to provi de openings to the

CPRdrGhr$ -2 AEbaNSE AiBFeRt mbSlibRR &Eﬁﬂl&lﬁ@, buf gbhdrally, a device
channel dielectric l'ayer is formed over the first

dielecirisalape] issdeppsitedly ever ﬂiﬁéragsmim:s, openifigs gte tohnmad dhrough the device
eCt(IiIC|a er .i.s ﬁn oxi de nat er.i gF such

dieleoli ey i FesieDy Fnefiens Pk BT 1) G coPURET A fillrd with o

conduéh%‘&éthﬁ% forebhtags. si licon nitride (SiN), so the two
| ayers can be selectively etched. The first channel

dlnebm:ttmlmquayalledstheh &Gingle bjapwscane” farr ‘t‘mmle inlaid” process, the
forma ‘imr%%to Lgﬁgﬁ%@g&gk@ﬁ%ﬁ Sﬁie?ﬁgo%éc%{] %t?aﬂ gpst cha%n]s;losrtop 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 layer is of an oxide material, such as silicon oxide (Si(0;), 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.
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1 An optional thin adhesion |ayer is deposited on the
first channel dielectric |ayer over the entire
sem conductor wafer and lines the first channel

openi t.o. e . . 1 on  of b | .
GATRR Gt BB AR BB o B I R e taver over
the ertidy e¢micdfitichft Wafrodhd 128 fthd first ehai@tBbpehitiph t6endikdd @6dEAdhesion
, titanium (Ti), or tantalum (Ta). 5 H gh

of sué\égmﬂf dopasitedrnatarigl tosthe Hirgis diclqetip layeli fFhesaglhesion layer is

Si t hrou i.el ectr.l t.eri such as silicon
amet%%ualéi% ngag&yﬂ &ga}n&)lﬁnétﬁ (frg%ﬁ%}“qa@%\ conductive
b g gt epnAiREvERA UfiGalsS BRIH afidopplrt fCU)N diffidsel EsRYItBERGh dielectric
circuits. To prevent diffusion, a diffusion barrier is

matergdpaishtas gilicon oxidles. ddnedifbwionaparesulion acesmduetivednildup end cause

nat eri.al.s,. the dj f.fusion. barrier.layver i conposed. o .
short i 8 bt SRl toRT T DR, Ry Ny QLR s Jeposied
on th8i idhiesiBn (137Y) . Fof dopp&St@liucthP mhtefihide tH\iffustddVB¥@ler layer is

these nitride conpounds have relatively poor adhesion

compesgd cfppateriala guch e$ dantalwinynitridgh(TaMNoctitansa nitgdé {Tidcer tungsten
1S ey are problematic. For sinplicity, the adhesion
mmd%mmbar rier layers are sonetines collectively

r efoRicv@d theasititle’ BRpbRIds ARYCIlHRES PoorFAdheSIBRAUSCEQper and

c
material s, such as copper and copper "al | oys, which are
relativibpligh ebegtrivp] resiStapbest thep last problematis.e &dr sispdicity,ghe adhesion and

. deposited on the barrier la and.lines.the barrier
barricf Y@ af Soplmicl Cpletiy i TR o ot A el Ly hedoiy,

e k8L Lo RMBof Matdrits, ShELhE %Qf);%riaﬁg d%bﬁéi’eaﬁﬁ)ys,ayvﬂi%ﬁsﬁ@ﬁeposited by
such as el ectroless, physical vapor, and chem cal

electroplporg, despeblayemis depesitgd e the bamiso fayer atvblisesatie bayier layér in the
irst conduct or materi al igﬁehectro |.at ed on ths seed
first chapne} opgringstp pet 4sip slgcfiode ord ﬁ‘qshectr@%%tmgdg?cer*ﬁe Facpsses such as

d li.al ; :
electrGI8RS glfb"ral X £lahalchanfat {h@gﬁ%ﬁﬁsfﬂ%}i%{él 0es gégroxlt BRCREPlayer.

I nt egr d ‘are 20 of ectively re red to

ad filsecanipdior atermd isceledtrplaiedsautis seed 1ayer arad fills the first channel
.current-carryin ortio ft channel s. A )
openigic i pst Rt cagteria) andsiic @?egﬁ%rae_agﬁﬁﬁb Reqeggptegral, and are
often BAIREEy ket AP TR orRUERETHE wieh Biccbl s BERELfent-carrying

portioh lo€ tHei chatnethannel dielectric |ayer so the materials

and | ayers are coplanar wth the dielectric |ayer. The
chrehsaiigal-gneshanieal 29 asielanatization (ME) prcess in Rigngised fp remove

e S GHRAIEI G BLERLE e 9 R B o
dielectrivelaf/ér st the neanerdls amds lagrerdsi anéiboplanse rwith theidielectric 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
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call ed 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

. Il ed the "dual damascene", or "dyal inlaid" .or S
verticglfy, sERare o SRR A IFEPAMET ¢ oY g TiPHlas Pt AEDY taver and
interc@ifiREledlbly YacO¥igd. a conpl eted singl e danascene process

series of first channels. Effectively, two | evels of

chbainatial stfp efchel dualolampscaseipsoassy startowithithe deftosigion of a thin via

separ at.ed nes .are, separ.at ed .an interl. [
stop Iaéfie Pxéegtﬂ%i @%t a}_"‘ﬁjlelﬁ %ﬁlegﬁg cth ezﬁlggeﬁ 021{1% 1%% ﬁ?sn%ot already been
deposiéd as aﬂaﬁfgihgiiiﬂeﬁ' THe®Ra Qfopt i&?erdi!eladn_ SHBRBERPer PIBEIE 36 subject to
starts wth the deposition of a thin via stop layer
photolithegraphie frpeessing hismged phatodesish anfli anstotropimneteliing steps to provide
.dielectric.layer if it has not alyeady been 5
openitigs o B s peRiETE s PR IRt Pil s op | ayer is an
eAGha &feRRRtrlANRS iWVIrBBd boerSHOIRAGop 19y N AledlH, WheR 1Be DiaGielectric

processi ng using a photoresist and ani sotropic etching
layer stafpan oxide mmpéribd, sush enistlipont axiddydhd viasstow beyend & nitiitle such as
- hot.oresi st .is . then stripped. Vi Lelectric | ayer .
siticof B RRfTie P 1S 57 0% Bt v Py i i et over i then
subjecY t@ el BRdthlitho %ﬂaﬁhﬁg bro@sObsiffa gﬁbtg?esﬁ?hﬁf LBhing $HpE tPform the
silicon oxide, The via stop layer is a nitride, such

pattermef theOvias. | Thegphotdresistde thepastrigpedt wm ¢tely stop 1ayaen bbtsveen the via and
selectively etched, The via dielectri¢c |ayer is.then .
the segngj<Bepnel GBRIRS Y b ABHARY SFSBNABNPED edblutadiuingpracess being
used. Photoresi st and etching steps to formthe pattern of
the vias. The photoresist is then stripped. An etch
sAgpcdndychanied tisbetrid lagenis foraed overthe simabieldetdb dayee| Again, where
openi.n be . opti onal, dependi ng ypon the_, ) X
the 33%&%@@@%& YES'S ohap gyt ed%@anéiw_c}wéw&wa oFidgnthg|via stop
[ [ . 3 e [ e :
layer {5 £ RRA, SBoh B Slichd AFE"D Bk frd P in ST ctohed. The
second ahetnel slicliéctan loydrde thet aenbjett, tes duthenspimitdlithamapine gegeess and
the via stq layer is a njtride, such as siljcon

etchingsfepp g sy izpps xnrpasrernd ehaneleandeyia OpeRiags methg matiemn of the
seconc;lr glﬁfnll}glt@ %ﬂ@ﬂle%n 'ﬁeﬁgb@r&' bd then Q}ﬁg ed, S then subj ect

er photolithographi c proce and etching
shapsptidal shimatdhaivadaydrys depositaiaanthd sedoad RBinr@hdiclecaic layer and
. openings, in the pattern of the 20 second channels and
lines the,gecondyghanpeland il HaeBPMALS s t hen stripped. An

ORR AR Lo AR LAEED B0 e
the se@hdchainehopbninpe avid theopgNi 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.
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A barrier layer is then deposited on the adhesion
| ayer and |lines the adhesion |layer in the second
channel openings and the vias. 25 Again, for conductor
mat eri al s such as copper and copper alloys, a seed

it ed t,h
Wheng ¥ BlesfsERE oL bRaoE R et G G ana " Sende aver
and théidasl da&@@@@%&@ﬁ@@g ?[etéaat erial is electroplated on
the seed layer and fills the second channel openings

ambe layer maybe Pwessedtlﬁﬂﬂm deredecement pladdited! tevels efrolwmmels and

R A E MR o Y

formel F¥€din dgl@ ah@ 01618 16RO R S Bvias %vlmfl?ﬁk‘eazoll@dtﬁ/'él)‘ referred to

_ placed over the second channels as a final layer, it
as“lntegcom;eqt@d a "cappi ng Iayer and the dual damascene
cessed

|.et Th b
TREREE PoHE RIS i Ao ARG B GirR] QMPoiEh el and
dlelecﬁﬂfjgapvﬁlii§te9é/ %fpldally us@finVthe YadtalB Rt oRLPrbédds ?orI (%‘xﬁ&ﬁ&opﬁmetals such

singl'e and dual damascene structures can
as alumdgruns.i ¢ elimneition bf inetad efch\steips isoimpointanias| the smnhcmchstor industry
erred to

moves! Py BB (A 1 pifer aaelifitoRantigF st as geper, which are very

dificdeimrsgene techni ques elimnates netal etch and
dielectric gap fill steps typically used in the
nEtoml hirgliabiltp perspestss, dur of thednest eriticad tasdas is adlu dea-damascene

alumi num _The elimnatiaon of netal etch steps is
(DD) istigteath thgo byt %m%eow%&h&fe FrRgastely levelsipests i dhn typical

manuﬁhtﬂﬂh% gE}L{eﬁ\l:v% a‘fﬁr 6 1%@% df {h'eq{hdgﬂﬁﬁ% rﬁétacl co%ﬁﬁaor it will

as co are very cult to e
undergceh imab clebn prq@essstp eahnvepolmmerscﬁndtdﬁbernmhnnas ganeated durmg etch.

eas | -damascene, (DD) structure is th
Theregisr %Mlﬁfun{i??@o 23 BRICESSt TS S ERI2TE b SPHEieE and Rydragen (F)
f
reactl\;e%]ﬁ% g?an S%Ee for. H{n})rglgfr'] gl%rret i ?Icl:eé% dggt 8(%41(?@\5’513011 Sdnq_ gu plating.

Theseymelelegn peocasses atcedasighed te semdve Ceoride andleyoheresidaesd(if any) from
her %Itl es generat ed during etch. Thereafter,

the vig éotml | InpirifeiepicPre-Cleap xull sesylian increasedviggesiiange gisAuqeyjeld and
s RSO IggAGET, (12) oot ve presean ot (g
GDn phabdtheghand] e gerpdsbrecipaner jre-chas pescesy lRadbawilowsast th@critical
dlmengl%IqD(C%)%l% tf?é( Imdeteal %diuectto(i‘h atgdegcl)n%gnelﬁlat(els ftheaa}a/l)suitegv%lls 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
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the via bottom Insufficient pre-clean will result in

i ncreased via resistance, reduced yield and 20

degraded interconnect reliability. On the other hand,

an aggressive sputter pre-cl ean process | eads to | oss
the criti

metal 3 e ¢ SfeVaRePrios 1 TRRR OBt s LAver el fsteoniasing of ghe metal,

which! fds@0Rime FARE SinNreSBiBRntdgs. barri er metal |ayer and
the inter-nmetal dielectric (IMD) |ayer, and forns

v8plgtiong to theseoproblsmsdove been bmgtSIoeghtr tait pribs d@vqlcaammtwhave not

taugh‘férggl%g% pr ot%ﬁls es h v;a@#ggo L o 25 sﬁg}@e@ﬂsj]a%ve ng tuded

ﬂmmeggngpﬁ”hghgorrne CU oxi de and etch resrdues whi ch
all have very different etch chemstries. It also
reacts wWth constituents of a lowk | MD |ayer |eading
to loss of CD and increased k value. Thus, the
extendi bi | ity JPISEHONRE OSpUHEENVENTTORaCt i ve
pre-clean processes for future interconnect
afh¢ peAaentdneentidon Ppuedddsamaintegrat@Dcitdugt @Et@ﬂﬂfh&ﬂmcludes providing a
solution, referred to as a barrier first_approach

semicaudustor sHbstsfehaing A sepicopductersdayiceupvided therspny eddipstilielectric
layer {s"fSnH&P %&@é%éﬁﬂ&%a%w?@&&h g FLRE '&H&\]Pct&r Q0L ¥ LFRM in the
tom ﬁ Yy renoveg

Vi a wever ese selectlv

first divbattridriap@n s stap Cayerisdomas dwed thefirki@nbadtod @fre. A seedral dielectric
at the via sidewalls prior to deposition of the seed
layer s fpepedapiver dhestop é%)’l%t Arpannel pd arda are formpd #hthsgseand dielectric

layer cthndl e e Yia i e{hgggcnonfitd\felgc%qg ?qafnfns%re §Pelt %feal%gls A Barrier metal

ese prob ong sou

layer ii&ié@bﬂ%ﬁ&ﬁﬁﬁwhﬁé’ chahatl aridagigRia BY the %E@ﬁﬁtcﬁéie@tﬁy layer. The barrier
solutions and, thus, solutions to these problens have

metal |layeg i Iselgesivelss eichesk &oak hel Taaitam, of ke iatin e Stielestirtaer, and a

s TS L 358 LG B 53 g et nd e

via to e&m&pme dedoat conigtorabe thavd MGt ébnﬂﬁ&bﬁ@d}é uctor device
provi ded thereon. A first dielectric layer is forned

ovhe ptehelt deventon gryidss fmwm@ed pifyitsysiensin which wet cleaning

con r..core | n.the rst.die
the i UEA Gl s G W b B ket bt S B E 3 sgmdcor
core, &1 tBe bAyriRf ARAM 1P LRTHE kfop 1hydY @fe dt&hdd QIR thetifiont Hfthe via after
stop layer. A channel and a via are fornmed in the

wet ckecmgdhdrceaer@ﬂ rang the aje thergne reshging edontaneinaie inithe jvin between

g t he second dielectric layer are wet cleaned. A barrier
condughor o188 aver is deposited to |ine the channel and the

VE@rtdifl ehibBdBRHENE tHe &IVeRidH KavedVIRY adVdi8add il hdfition 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;
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nmetal layer is selectively etched fromthe bottom of
the via in the dielectric |ayer, and a 15 second
conductor core is fornmed over the barrier nmetal |ayer
to fill the second channel and the via to connect the

FEEeHis BRI G ATRIG? Aot Blsebigl) reapE Epofir il e and
the se8tRIl il At Mpdr fidn® &Y bogtond d¥ahstiannel and the via

is perfornmed while the via is closed to contact with
t HKE)H issthecwmginee of FIG o3 eften frmatien lof rar jeeondheanglucton gere in the
t t la are etched fromthe bottom of the

Secon@?@“ﬁ?f"é‘?@%%%“%gl eani ng the channel and the via

t PR SN afRAKISHaRD TGRSt ST Sresdht iR@nt¥dA bet ween

conductor cores. Certain enbodi ments of the invention

have ot her advantages in addition to or in place of

t hose nentioned above. The advantages w Il becone

appar ent BEBTMi@BE ERR |[GARRY NG QU RTHE IVGENZIONadi ng

of the follow ng detail ed description when taken with

r Fherteme €‘hodzdhal” A5 uselc onyienin nig defmed ngs a phdEmparallel to the

DESCRIE;IO\lO:TH WNGS FIG 1is a . . .
conveptional plage of sirface\nf @wwaier ar wibsirateggwdlsss ofjidy erigniationn The term
o ird . ) ChuLe. i : .
vertilh, REFEE, BhfodAdenfhaicIRRN BEkzph AT RAIAE bl such as
“on”, lat@k e 'beewtSisided (usGh “sidbwill’) gthighet’g“1dvargroverB, dndGunder”, are

is the structure of FIG 2 after selectively renoving
definedyathyespackio the betizanta) @kangnd  t he second channel

di rd » tyhe. VI A 3 4 .

LB el 45l QRO gt o oL e,
pattergiafd egio8ires degelopnéme etchBip0 Rikagihg@n Aal/onrembied of &ie Matbrial or

5 FIG 5 s a flowchart of a system of the present )
photofeiyiesst fegriredmsirrmem dexribpRsdse Ol e ‘fomEng’] enesed herein
. " [ LY as L TN ef i ned.as
ol Srd U0 09 b AR50 R oo o
proceR3ts for Y@heifig RiversWlads) @idestruca@ay dl ess of its

orientation. The term_ "vertical" refers to a

dRelseingorrh & PEndi, dagrein is shewie atrsessseefionpl wigwj afst semiconductor
systel‘n.fi1 z{)(:’j gtei%(l g;:%irngg’latgissga%\%a ?nﬁ%’%fac P% Hé?c%fgr(zi\é{el%dv\gpﬁ ?ﬁe?p\é'vss(gpt. i’nvention.
The séidondiRede Gysterd 160 haefitshead Ydcbhd ERaREET0R And 184 connected by a via

hori zont al pl ane.
106. The first and second 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
dielectric layer 116 are sequentially: the first channel stop layer 114, the first channel
dielectric layer 108, a via stop layer 120, the via diclectric layer 112, a second channel stop

layer 111, the second channel dielectric layer 110, and a next channel stop layer 114.
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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

85 i, deneacl et Sohats lve LERMa e ot 13, around o

condu@fo? WioRd ,13@w”r1§e B&ond RBTTR! 0% £RMYeNiBA06%re AbRREd using a dual
processes for formng layers, filns, and structures.

damadRefiee etqhng povessotoRtch the nekteclwmnneli stopHeyen H4, the second channel

dicleci Efireh e iePEoh SRS Aa L e PR Vi gleaisa@er 112, The
seconél"'ch@nﬁeh andP RS 613l 1 6”81‘?(1%} R wet &Q%ji‘&ﬁ@v‘e Softdrfithnts and

0 has first and secon channe S 1 2 and 104
res1ducdaﬁhémthd elohing pioac0 THFGbotitne of ithestiaalld eamondlosed to the first
channel and 104 are respectively disposed in
cond “F§°F§?reéﬁ118n§ Wk Clgndresesti ¢ | ayers 108 and 110. The

\élkg%o newtP k. of tﬁ Sin S8 CREC RN ftlﬂ'g%f% I B aﬁF:r further

Ina via dielectric layer ortion
procedsing ifliacemdmha withl thd @ﬂaselﬁ 11d\|'®pomeA pone &afalnt 3(1‘)2 xshalleaﬁ'ely applied
p layer 114 and.is .on a device dlelec¥r|c | aye

to the iRl e isgeongreshannel Jiandsthe yén 18kovin pamiee neiAirfayer 204 is
formell nsu'i:ﬂ%s bfﬁ SitonCol ! sEfthéds Of ltl?eyv% éé'Qhé 0819 a%%]lelt 1%4 and the

an operative seniconductor device ndt
upperBﬁ}fﬁc&&é'ﬂtﬂécﬁk}d&Mﬁnﬂd&ﬂ&ﬁﬁch@eﬁ he first Channel 102
with a sem conductor device gate 118 enbedded in_the

dRefeEgnginey detille 3 dyrapinais shown dhe sirucsis afaller @ affg\aglectively

remO\{u;?tl‘E: a%n fa?#a?g{ Fgﬁ: glrlé%l‘ié’ se]c%ﬁd @#ll ! Sf&{é o ﬁ:#ayé(r lltohﬁom the

bottorlio€ Itlee Viai 106| apter bathér, métallla?eISI@paﬂcﬁmerwd.%p l&ee 120 @re removed
dielectric layer 112, a second channel stop 30 |ayer

from the pottem of thecvind 0¢ HeiRg é|selaf:té‘fee%@lvng:moassé B04.1 §incg the @ttom of the

via ld%ef%t L}%ﬁ@t{] DE lthes ey coﬁgl?crforlcjlo%% %—E Stagt ol ' r Iﬁlﬁﬁn %%gilig%]ts are re-

es a barrier a er

deposiadicb gidhe bagiurddetDiayeP 204 13 Qhe The sﬁ@ﬁﬂlbd ﬂﬁfb’b‘j}ﬂ%ﬂuclﬁ)ﬁ reliability
and the via 106 are forned using a dual damascene

“ﬁmﬁ@ﬁéﬁﬁﬁgﬂﬁmﬁﬁégﬁfﬁéu@t@ﬂﬁmﬁ@mﬁéxt channel stop |ayer

Rt EpaT REP O PR E ds YT Bl Gorh P 1P bl Frrgon of o

second 8yfuctbt 2ore 41® ih thesRbAld ehmnbie] 0404t th8®iavi 0&. 18 Barrier metal flash
undergo a wet clean process to renove contani nants and

layer 4@&ksisdiganedsuchyys biialepesitiomdn phosesord cimnneh b4 and dfc vind06. A
et Y AR B B S R D B UM B B g
402, dnldethel ddniscts Merl !t ARhSAs™ 06! W RrRikd fh Ghe JednbiethalbltHAT 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
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processing in accordance with the present invention. A
pore sealant 202 is selectively applied 10 to the
sidewal I s of the second channel 104 and the via 106. A
barrier nmetal |ayer 204 is forned, such as by

seniof BRIk B Bl OE oS Rl el apRE ekl 8 b son
formn@%ﬁ aee hl&ﬂcﬁﬁ@ﬁwﬂ dver Y 8émicBadRidr sﬁgstfa@éf\intaom&é@ 043 forming a first
erein is shown the structure of FIG 2 after

condustor eotei inghg firgt eimimttn@lac'hlembab}ode sO0eetoanirigay siop 204t avet the first

e Secon e di.electri 110 fro
conduf pBFEA HgiE DPa oo & rond iRl araov o st darezinge block
510; tbifingl AclRhRf dnd%E¥ia 3t aleasre@or[@ﬁ'ielé@ﬁllcflﬁﬁéﬂﬁ REHIOX $19wRE cleaning
the via 106 using a selective etching process 300.
the ch@inet end the viroint tbersezbnd Hielectriclayddén ablan:béﬂ érdepositihg a barrier metal

layer ot RS Spbipete fubbsreiad Bricetie My 1 &blogls 4 slectvely

etchin %leeﬁalﬁ%@ttal )& dn aRi HR0R! diShd mrtﬁg&‘iaeeﬂw layer in a block
%

eltability concerns due to the presence of
518; adntoamingaatsscondOcdRdiigor cog ovew tho baEtriGr mdktalt lhgereuonﬁlil she second

sho the structure of FIG 3 after forpmtion of a .
channglzad he 13 406RHEF (6 SRR EORIICIRGOR e ShRTEhSupton ey in a block
520, and the via 106. A barrier netal flash |l|ayer 402 is

formed, such as by deposition, in the second channel
1D14v&rruhstdnﬂnod1merﬂﬁ@:he Alfﬁlmhﬁbarﬂeethybmwe ol @ 1dast one of tantalum

f.or ned, i call epositjo ocess, over
(Ta), BE‘PW%I( ﬁeg'&gstﬁm My tﬂ&“c‘i‘g pdﬂtﬂldﬂ@ ﬁﬁmf&awa} %@%KTIN), bi-layers
thereo?, .uﬁlla %‘ﬁleg(’)f, dn]ﬁ 'tﬂerE TSR laﬁ]&@gﬁﬁ&e ghl%tap&,fof materials
Via 3 typically ting

sing an e ‘ectroc

of at 164sCBhe pf 0@11;135(@1@ BoldrAluhesilvecEyy), dtuyd lﬂl&treo“f aral eompHfids thereof
A chem caI nmechani cal plaparization (CVMP) praocess is

with OBE OF B1ore8 t thg apayeglempgts. UEB% pondugtor sergs B tqgéavlthout seed layers are
o coghEHEH BBy URPOL 4 A GABRGH 1 D 0, i

thereoﬁ,midmm@umtdsrthﬁedsfes may be forned over the second
conductor . 30 core as re%w red in a particul ar

i hbegheledsc clayensi aredeldiplectief mpterialy psly 89 stiean gxide (SiO,),
L v e e

constaits’ foiint 4.3 \t6 3eob v idivtdctitke Sortaay dibtldvgri@matérials such as fluorinated
sem conduct or _substrate havi ng a sem conduct or device

tetracthylgythepalicatt (FdEPIN lwdmgéeksmiquwmp n{#gQh bisrhanzocyclobutene
(BCBg 'F]{/@f% éﬂg&m%n ﬁ{orthsqﬁ?attSe (ﬁﬁ?gﬁgﬂo%%e%eg ?o%&trzt%#gxeln%),aHMDS

(hexarhbthgldistlogARt ri C Is@Br i N athinetlylsH9B; for Bbfag)a St OPDADBS
| ayer over the first
(diacetoxyditertiarybutosiloxane), 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, pelimide nanofoams, silica aerogels, silica xerogels, and
mesoporous silica.

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

{SixNy) or silicon oxynitride (SiON).



conductor core in a block 508; formng a second
dielectric |layer over the stop layer in a block 5 510;
form ng a channel and a via in the second dielectric

| ayer in a block 512; wet cleaning the channel and

via in the ond dielectric.layer i.n a black 514;

1614 1R R e - gpeyunElon pil 4 el etanode, it s
to be %ﬁdergttssd \Vhat ﬁlﬁh}l H?erﬁﬁﬁz%ﬁ‘ dmgﬂﬁbﬁtfdr{s' Gnd %xx%dne vﬁllbﬁ@%arent to
516; selectivel’'y etching the barrier nmetal |ayer from
those sthecbm therarbin kighs of lenafogegoing descriptizine cAccocdlhgyert i$ mtended to

1 d f d d
ermbrage, & sy v PTORyRHPRS e or RO B il 3 G firetoope and
equlvﬁé}ﬂs to'? ehY¥ i ificlhfeC eRRREL AR em§t@é%g 'h‘iith‘éﬂmi'lac $@" toe@ 6r SBown in the

first conductor core in | ock I n vari ous
accon@ainpdg demtisgs ard® ok ihfegqueted ilban rllmlrathm)eadmoa{lemuhg adnse.
| 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
15 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 compounds
thereof. The dielectric layers are of dielectric
materials such as silicon oxide (SiQO), 20
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 si |l sesqui oxane (HSQ, bis-benzocycl obutene
(BCB), TMOS (tetranethylorthosilicate), OVCTS
(oct anet hyl eycl ot et rasi | oxane), HVDS
(hexanet hyl di si | oxane), SOB (trinethylsilyl borate),
DADBS 25 (di acetoxyditertiarybutosil oxane), 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 able Tefl on- AF, Teflon
m croemnul si on, polim de nanofoans, silica aerogels,
silica xerogels, and nesoporous silica. 30 The stop
| ayers and cappi ng | ayers (where used) are of
materials such as silicon nitride (Si.N) or silicon
oxynitride (Si ON).




8 Wil e 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
art in light of the aforegoing description.
Accordingly, it is intended to enbrace all such
alternatives, nodifications, and variations that fal
THE INVENTIONELAIMEP I8Nnd 5 equi val ents of the included
claims. All matters hithertofore set forth or shown in
the agﬁﬁﬂnﬂQﬁm@gmggaMAngs are to be interpreted in an
illustrative and non-limting sense. 9 THE | NVENTI ON
arayifing ajsgnicpndystorsubrigtedsiing aﬁewgoonélﬂw d¢vigg pepvided thereon;
BAGEAME NieHHORYLANE: MRYRZRERILERAGNE! OF Covt o
provi ded thereon; orm ng Irst dielectric |ayer
dbanmghéhs@nmhmnmuoknnﬂﬁﬂhﬂﬂhéﬁﬂncﬁqmmlng a first

nducto ore inth irst dielectric layer; formng

g{”f}ﬁ alskﬂpg?y%\?‘é‘fr t@%ﬁm{ ‘fqnél'“’t%‘f?ﬁ‘act or core; forning a
sfefRing adt@n dididctrid lBY@ovaMas stbﬁ@aa/@ﬁ op layer; formng a
channel and a via in the second el ectric | ayer a

and
tTREMpE 2 chpgnredand 3 vimia the second diglrstria layeragd dhe wgtclosed to the first

cleanbggmkﬂgcgg@nnel and the via in the second
dielectric layer; depositing a barrier nmetal layer in
twies clehaing gic ciauhel bl thi aia in thehrecarelabeleotds hlbract r | C

il R BRI 5 B ot S v

ieRtally btchihg YRitarddt Gndidl ifen ndthe @ﬁ)?flﬂyeﬁ GothUE BHttdIR bethe via in
over the barrier metal layer to fill the second

channdhe diglgefric fayes;iaBd t o connect the second conduct or

GBffink @ §e&§hdf éoﬁﬁﬁct&o(fﬂiiéj St Q" thE Bhier ﬁxeta-f Sungil Qhea&cond channel

clained in claim1 wherein depositing the second

di el e@nd the viaipenonnegt the segpnd lconducton worgite thedirsticonductor core.
constant material. 3. The nmethod as clained in claiml

viher eiThefmethdchgs ¢lmenefliin staim i dwsereio nidpesitirgube second diebstric layer

terial of 2 | east one of copper,
uses mhﬁgr%ﬁ?}wﬁ}e?egfg}fiocongtﬁ%?t ‘onpounds thereof, and
C3(.)nb| teln(lje odt lia1me¢fl in claim 1 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.

4. The method 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 method 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 layer.

10



4. The method as clainmed in claim1l, further

conprising: formng a pore sealant over the sidewalls

of channel and the via in the second dielectric

| ayer. 5. The nethod as clainmed in claim1, wherein

form ng the second conductor core further conprises:

depositing a barrier netal flash |ayer over the

barrier nmetal layer; formng a netal seed |ayer over

tdie baryd REthiBhaklalhISih LAKLI,; whRGEn HRARL r&gchannel and a via in the

conductor netal over the netal seed l'ayef. 10 6. The
secondwditlrgric dayerisgh addalidamascgngprocespher ei n f or mi ng a

channel and a via in the second dielectric |ayer uses

a/. dual Th¢anetbataselgmed gsdainyl, Wmeeimrwami@hnm tb¢ dliampel and the via is

claim.1l,. where t C i n and the via
perforgied Wil Fora® Sl B coaSOM e T cGRRRRE cofnt ace wi t 1

e fi nductor core. 8. A nethod conpri si ng:

H£OVI §@ﬁ?€8ﬁ%uctor substrate having a

%ﬁmlﬁfﬁg dts@ﬁl%n@t&wrcsabm&\hadm@ alseRicoAictoridevidt Beviled thereon;

first |electr|c | ayer over the sem cqnductor

dapring aist ddeiqlgy e ovFr Be SERIRRALCEF SESHRSI n the first
Eial‘ﬁgtarﬂr& cbfiftor cofe@h M Tstidl bQRc él?&er over the first

conductor core; formng a second efectric | ayer

doeming hetoptlayer bagréhe ﬁnsmqmdncgompocﬂannel and a via in

pe second diel ect Ji m%qL d the via closed to the
FTRES 488178 8!%‘?" F‘-‘éer et 8%%ﬁyﬁg the channel and

tfﬁﬂnﬁdg a dhénddhand &Gl tHé edcefd ietechritylayervdit e Viaeisskdpo the first

| ayer is resent; depositing a barrier netal |ayer to

l'i ne FH@&@EEHW§F and the via in the second dielectric

|\t Rlcanig HRCeHaUA ¥n@ HE Vil ¢ B SedoRl dichicniBlafdlr \ii}ﬁ)éeche &0 layer is

the stop layer fromthe bottomof the via in

di el epresent; | ayer only after wet cleaning the channe

?ﬂego%tgr?gr Y%’amn}é?ng alfl%;c/: ng%g Fhlsélec[ del%g g_gec‘tgg in G &cSnd bielectric

layer;

selectively etching the barrier metal layer and the stop layer from the bottom of the via in
the dielectric layer only after wet cleaning the channel and the via;

then forming a second conductor core over the barrier metal layer to fill the second
channel and the via to connect the second conductor core to the first conductor

core.

9. The method as claimed in claim 8, wherein depositing the second dielectric layer

uses an ultra-low dielectric constant material.

10. The method 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 method as claimed in claim 8, further comprising;
forming a pore sealant over the sidewalls of the channel and the via in the second

dielectric layer.

11



channel and the via to connect the second conduct or
core to the first conductor core. 9. The nethod as
claimed in claima8, wherein depositing the second
dielectric layer wuses an ultra-low dielectric
constant material. 10. The nethod as clained in claim
8, wherein formng the first and second conductor
cores deposits a material of at |east one of copper,

alum e m@Bbd as Slat&S in AAFPOURHSreint RELER the @%nd conductor core
conbi nations thereof. 11. The nethod as ¢l ained in

ﬁHMWWEMﬁﬁﬁ further conpr|5|ng form ng a pore seal ant

ia in the

BSI ﬁile;ﬁgy@ﬂalsﬂ %@Fo%?ﬁ%%%rq%%etéﬁ o}o[r as cl ai med

| fbrrﬁinglaﬂm@al swiela@rrmvéxcthabmet metabRashnayeganduct or core
further c ri ses Siti barrier nmetal flash
1§QEW38§8WHEHE“ﬁ§FP|@Hg E$g#§&ewr form ng a netal

seed l.ayer r the barrier netal flash |ayer; and
i ngte etgwga%fﬂ&rm%maq laigy, &y Whefginferming sae@almeé;ﬁeii a via in the
second]ﬁclca—the leﬂ?@f 1262 @8l GhAbdRfle pfac&sal m 8, wherein form ng

a channel” and a via in the. second dielectric |ayer

USES aa Ghidhod mgﬁ% PSS EREnts 142 (a %Bﬂ&ﬂn% Qr ﬁrst al}]% a second

reduci ng contamn In a vlia connectlng a first
conductos@resinl an odegteted orcuitpe@sprisingan i ntegrated circuit,

C I Si Lo form ton l.ayer over the first
3§%§@E?SE%Q%$%?VQQ%?ﬁFE §W§Péf5%tr|c | ayer over the
%ﬁﬂnh%}d@ﬁl@cﬁﬁ@l&?&r@eﬁtﬁesMp@ayieﬂ the dielectric layer
and in the st op 5lyer closed to the first conductor

[

clopeing s via e dif digletirie 1R anhin e sipdaw closed 1q the fgt?tcfﬁnductor
1 | ayer coredepositing a barrier metal layer to line the
% via; seléctively etching the barrier netal |ayer and
nﬂéCknmpgﬂuyeauﬂhenﬁxheebﬁﬁmeﬁm@@wxme viain the

GeBhiftd d Garki¥BliaRlb o HEL mE L G2NI N the via

selectively etching the barrier metal layer and the stop layer from the bottom of the via in
the dielectric layer after wet cleaning the via;

then forming a second conductor core over the barrier metal layer to fill the via to connect

the second conductor core to the first conductor core.

15.  The method as claimed in claim 14, wherein depositing the dielectric layer uses

an ultra-low dielectric constant material.

16.  The method for reducing contaminants as claimed in claim 14, wherein the first
and second conductor cores comprise a material of at least one of copper, aluminum, gold, silver,

compounds thereof, and combinations thercof.

17.  The method for reducing contaminants as claimed in claim 14, further
comprising;

forming a pore sealant over the sidewalls of the via.

12



then form ng a second conductor core over the barrier
nmetal layer to fill the via to connect the second
conductor core to the first conductor core. 15. The
method as clained in claim14, wherein depositing the
dielectric layer uses an ultra-low dielectric
constant material. 16. The nethod for reducing
contam nants as clainmed in claim 14, wherein the first
argd s egRNchARAd ST QEdRMEE Tor@MRahRe a8 HBRLRAI 8l HinPl14, further
| east one of copper, alum num gold, silver,
comprisipounds t hereof, and conbi nations thereof. 17. The
@Lmrgagﬁarﬁ&%&mmﬁ PREAND Y Ande i 4R 11 CLal
er conprisin rmng a pore sedl ant over
tﬂmmag d evetd! Isseddhydr loeenth@barrid?mdt8l flakh éayertahéd f or

duC|n nt am n nts s cl ai in claim114, further
ﬁﬁ?gg ﬂﬂPCH% OV @ﬁ%?gﬂ”ﬁ%tal flash Iayer
over the barrie aJ Iayer formn a net al. seed
I&yer ﬂvemefbﬂfé T, Fedune RS 5 pd iny elpimg fh pyhegein wet
cleanirfy theREMHD ind Blcdia QY BérfidrRed VAR the %%dislcﬁ)éga to %tac?l%ﬁth the first
net hod for reducing contam nants as clained in claim
conductar, cofgher ei n wet cl eaning the channel and the via is
for n h t.h .
élwr st '[rh%grﬁ gﬂd tgur‘ }e(tc;lgm}{é @(3@5511%?]19[5 gg%l%i%‘l&%?%?l%l% XVI \%rl}]eééln ?ormmg
the viado rHeali¢laarié lyesused advat damasceheproeckd, wherein form ng

the via in the dielectric | ayer uses a dual danmascene
process. 13
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