| NTEGRATED CIRCU T W TH SI MULTANEOUS FABRI CATI ON OF DUAL DAMASCENE VI A AND
TRENCH TECHNI CAL FI ELD The present invention relates generally to
integrated circuits and nore specifically to 5 form ng dual damascene
i nterconnects for sem conductor devices in integrated circuits. BACKGROUND
ART Integrated circuit technol ogy has been progressing rapidly to the point
where integrated circuits incorporating over a mllion transistors are
possi bl e i NINTEGRATEDCCIREYIT R ITHBIMUEE TANIOUS, FABRITXTIONoO®Ver, the

rapi d devel opment of technol ogies, which 10 require such integrated
circuits, has incr easeﬁﬁ%’sg}m%pmq %3@% such as real -tine
graphics, high-definition television, virtual reality, and other scientific
and industrial applications are demandi ng hi gher speed, greater
functionality, and even nore rapid advances in very |large-scale integrated

circuit technol ogy. The demand TRoHNWAL FIEIghi onal ity requires a trenmendous
increase in the nunber of 15 transistors to be integrated onto a single

i ntegrated g i b s i i Ard.pkl g i :

trangl ot or s il srt v Rucl pistcl BEARMICRIGGRILT Bt and nf 7 sfcificfy o, oy o1
decs easemingdual dambscemyintarcnmaste fordemsdonyguctendaviees irintegrated elagiitag nunber of
i nterconnections within the integrated circuit chip. As the nunber of

i nterconnections increases, the amobunt of area on the sem conductor die
occupi ed by the 20 interconnections becones relatively |arge and may of f set
t he savi ngs made by reduci ng tBACKSIR@UDD AR transi stors. A | ong sought
goal in the sem conductor industry for very |arge-scale integrated

circuits hamtdeged t @rcathteREo10EY I HIW Mbedi€ progPdsSink SrabRily | Bt BHeC POIME Ch&RBS
because m nimum area |layouts typically provide optinmum performance and
economptegraed girgeth ncerporatiagayst Aunthléon BEnsistens sire peysibly insighepredects asl ti pl e
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ar eo f oreemde budisintegndedicivéuitsf hdslin&tied ijwst ap plpidig. Applicaiods sudhhas real-time
graphics, high-definition television, virtual reality, and other scientific and industrial
applications are demanding higher speed, greater functionality, and even more rapid advances

in very large-scale integrated circuit technology.

The demand for more functionality requires a tremendous increase in the number of
15  transistors to be integrated onto a single integrated circuit chip. This requires shrinking the

sizes of the transistors and/or having larger die sizes.

As the sizes of the transistors decrease, the resulting increased density requires an
increasing number of interconnections within the integrated circuit chip. As the number of
interconnections increases, the amount of area on the semiconductor die occupied by the

20  interconnections becomes relatively large and may offset the savings made by reducing the

size of the transistors.

A long sought goal in the semiconductor industry for very large-scale integrated
circuits has been to achieve minimum area layouts for interconnections because minimum

area layouts typically provide optimum performance and economy.

25 In addition, as the number of transistors proliferate, multiple levels of
interconnections are required between the interconnect lines and the vias which connect

different levels.



via bottom fromearly breakthrough while the dual damascene trench is being
etched. This is called the "via-first" manufacturing process. Bottom
anti-reflective coatings (BARC), of either organic or inorganic material,
are comonly used to fill the vias. 5 As technol ogy devel ops, | ow
dielectric constant interlevel dielectric materials are required to reduce
capaci t ance Aptioopresant hisicywhe vidshee firmse firdt agd b ved fill Blepicappiied to pidsect thet he

smal ler inte ted circuits weye the low dielectric. constant materials
cause p[iOMte tioM R eaflmé’f?ﬁkgﬂw%whﬁ%%ﬂa&qu@ﬂﬁsm@éw beingeeteled; H'énwocess
probl e hat,_af+F d 3 gﬂ@t ench
maski ngguﬁg{reeﬂ{l?}g}séhg?&grﬁgagﬁﬁn ?@bg%f)sﬁ%tggn taﬂﬁr ual damasggeg@ tren mask
from ehlhglorgdnic erieongheis npetrialy ave dommenhyoisedwd fill def viamed and t he photoresi st

above the vias are not fully devel oped. This nmeans that the interconnects

nmaysnot be eeneeatobakyodevelipsndow tdiclactrid edhgagdins@lcvble dichgirk! anteialssaei gher
and the || k&l I hood of failure jis higher. Another of the process problens is
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the dielectric constant of the [ow dielectric constant nateri
especi #d wiatfirstendnofactypmgquecess.t ra- | ow di el ectric constant filns. A stil I
further process problemas sizes continue to shrink is that it beconmes nore

and nore diohtiofuhé p'i'cﬁ:eﬁmjilioblﬁﬁ'lsr Bhtiat ofafedisy poidoding AuBARthd dhdl dadiascamel | er
vias wth the via-fjrst process. This _further causes problens in
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i nt egraf’ egLSP ‘Eesﬁﬁ‘ﬁfﬁ‘zﬁé’fgl}efﬁ@i%tl‘]ﬁ-g@%% alqrmﬁh_]‘&gg provi di ng a base,
forming a first conductor, fornming a first barrier layer, formng a first
di el ectric PagEIr ohihe PIoRPRS goRlerns dk ity chemieally rﬂlféedm?fﬁd@p PEACERES; il§el udi ng
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porous ultra-low dielectric constant films.

A still further process problem as sizes continue to shrink is that it becomes more and

more difficult to achieve robust and void-free BARC fill for smaller vias with the via-first

20 process. This further causes problems in maintaining an acceptable process window during
via masking with an appropriate resist thickness; i.e., having enough time to form the trench

before breakthrough of the photoresist.

Solutions to these problems have been long sought, but have equally as long eluded
those skilled in the art.

25 DISCLOSURE OF THE INVENTION

The present invention provides an integrated circuit manufacturing method which
includes providing a base, forming a first conductor, forming a first barrier layer, forming a
first dielectric layer, and forming a masking layer. The method further including forming a
first via opening in the masking layer, forming a first trench opening in the masking layer,

30 and simultaneously forming a second via opening in a layer under the masking layer, and



2 formng a second trench opening through the masking |layer and in the

| ayer under the masking |layer and sinmultaneously formng a third via
opening in another |ayer under the nasking |layer. The nmethod further
including renoving the first barrier layer using the third via opening and
the masking layer to forma trench and a via, and filling the trench and

the 5 Yirghitg tahscRokd HHER Operifig ftRrolli the eERingNEyM and AN 1er Rd&OIN:aCt
with the first conductor. This nethod results in a void-free BARC fill for
smal | emagking loyer nd spmpltanepusly dpweias ¢ third via|qpeniag ia| angtheadayey under the
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vi a- f i kla @teamghmmdkhe angking ilaget itd formga traechpandcesia, fhdMlingGhd hendbaidethand
addi ti opal . advant a(ﬁes otj the present invention will becone apparent to

t hose ¥i& Vitkd SoRdyqier tariprm Adfansh Aad fichePnClon & FRAtrWYiHYthefral gamgductor.
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ci r cui &s ichingratiogribe procespimgn steps aglated tte ghea pest-via, ricali photd-besish stripéclieniitdl al

st ages_of nuf.act.uring in.accardance w t he .nresent | ntjon; FI 21s
e ot FRbt P> GRarnesecdon P dBeRes: SCh. e, SRt wedtl b ®8%% anth 2 vi a
openi ngip i@l fie prb&ess AowS the structure of FIG 2 after processing with

the via photoresi'st renmoved and a trench photoresist deposited; 20 FIG 4

is;4he stru fonb Gt ianaf I g ikng and
tnadfTrst TPy AN ant aignd og i 4207 URIERRL 0Eydcn) T BLGRE Bp AR 9O,
et chi nthese skillled e chesary ffoor pereaditg efithe fodlogiing detaifiddGiesbripiiorawhempdken el

i nterconnect. re iotrl11 of the integrated circuit in accordance with 25 the

pr esenfOIRYLIOR VB the pecompanying dEAWIRES: |n of an alternate interconnect for an
integrated circuit in accordance wth the present invention; FIG 8 is a
view of a via photoresist after processing to forma first via opening;

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a close up of an integrated circuit interconnect region of an integrated circuit
15 in the initial stages of manufacturing in accordance with the present invention;

FIG. 2 is the structure of FIG. 1 after processing of a via photoresist to form a via

opening therein;

FIG. 3 is the structure of FIG. 2 after processing with the via photoresist removed and

a trench photoresist deposited;
20 FIG. 4 is the structure of FIG. 3 after transference the first trench opening and the first
via opening;
FIG. 5 is the structure of FIG. 4 after further etching simultaneously forms a trench
and via;

FIG. 6 is a completed interconnect region of the integrated circuit in accordance with

25  the present invention;

FIG. 7 is a close-up of an alternate interconnect for an integrated circuit in accordance

with the present invention;

FIG. 8 is a view of a via photoresist after processing to form a first via opening;



3 FIG 9 is the structure of FIG 8 after transference of the first via
opening to a bi-level hardmask layer; FIG 10 is the structure of FIG 8
after renoval of the via photoresist; FIG 11 is the structure of FIG 10
with the first trench opening used to forma second 5 trench opening in

t he second hardmask; FIG 12 is the structure of FIG 11 after the renoval
of the trenghGphitiae Sichire of FIG 8 dferitfanbfafensé bEgleUlrst o ofdufing th WilbaA
renoval of the second hardnask; FIG 14 is a view of the conpleted

i nt er cbaEwek fayetan integrated circuit in accordance with the present
invention; and 10 FIGs. 15A and 15B is a sinplified flow chart of the

met hod of t &G pk(sis gt stiuatuenof PG 8 dBEsknvBERORVEARRKIMNGIOUT THE | NVENTI ON
The present invention provides a schene for sinmultaneous fabrication of
dual danmas&#hel Isis thicttoucase o¥WWHKh Hohele therfostassich openidg aseddafmrsc eseconda and
trench _is fabrijcated vvitdg%?g one run of etching. Because via fill is

avor delfenghtreptngan thesseondyiaedg en the 15 dielectric film the via film
material, and the photoresist _are prevented, and resist poisoning is not
of a concer KIG.Agnis Mestruciire olF I A affer (e semeyad of thedrenrlyplotorepist; t hi ckness of
photoresist is of least critical inportance and a thinner photoresist may
be used. Pr8¥esk iathesttmpgiire ef BiCed2ager temovplosfithey segond bardmpsiot or esi st
strip/chemcal resist strip, final inspection critical dinmension (FICD), 20
via-fill, ahtihord isieaddw bf thetcompleterkinteaccmnedtifon aainegraeticicondrialatcopdancessi ng
flowis.gsi IifiFf\d. Further, a process is available in which there is no
m ddl ewét?‘ctﬂgg’ieﬁﬁl et APE | ayer and a dual hardmask is used as an
anti-refl ective coati n% and hardmask per etch. This avoids using the full
fil® or BAREIGYdRAFRENSBAmasERlied flow ehaghafihs wsthof t thequessut igvertion; zat i on.
In this situation, a thinner photoresist is used for better process control
as the etch 25 process relies nore on the hardmask for patterning.
Referring nowto FIG 1, therein is shown a close up of an integrated
circuit interconnBEPT MGPEFQR ARR YNNG QEITH MENTE@H in the initial
stages of manufacturing in accordance with the present invention. The

i nt egr at ed dhe cpresent G0vemsion apriosisles 120 2cheme Hommimultaneous fabrication of dual

damascene structures. With these process, the dual damascene via and trench is fabricated
within one run of etching. Because via fill is avoided, potential reactions between the
15  dielectric film, the via film material, and the photoresist are prevented, and resist poisoning is

not of a concern.

Compared to the current via-first technique, the thickness of photoresist is of least
critical importance and a thinner photoresist may be used. Processing steps related to the
post-via i.e., photoresist strip/chemical resist strip, final inspection critical dimension (FICD),

20  via-fill, and/or via-fill etch back, are eliminated and overall processing flow is simplified.

Further, a process is available in which there is no middle etch stop dielectric layer
and a dual hardmask is used as an anti-reflective coating and hardmask per etch. This avoids

using the full fill or BARC etch back scheme that is conventionally used as planarization.

In this situation, a thinner photoresist is used for better process control as the etch

25  process relies more on the hardmask for patterning.

Referring now to FIG. 1, therein is shown a close up of an integrated circuit
interconnect region of an integrated circuit 100 in the initial stages of manufacturing in

accordance with the present invention. The integrated circuit 100 has a base 102 which may



4 consist of a substrate containing transistors and various dielectric

| ayers over the transistors (not shown). Above the base 102 in a trench in
a further dielectric layer (not shown in a cross- section) is a first
conductor 104. The first conductor 104 is covered by a further dielectric
5 layer, which can be an etch stop |layer, designated as a first barrier

| ayer ddisist Abasabdtiee Edntghinghadnkisfis hiay @4rictQlidlsctac ldyes o Sheeehisistorsay er
108 covered by a second barrier layer 110. Above the second barrier |ayer

110 i s(ngtd d dielectric layer 112 covered by a cap dielectric |ayer,
designated as a third barrier layer 114. A sacrificial antireflective
coating, débpyntiedensad 03 inmskenv ineay &prthen diel¢ctric layan (red shoen in ecross r d
barrier_ l.aywer 114 to all o 10.,aceur at ro si ng of via sk .or .a via
oot or ssstiG° o el T PRCHES Bty Bir 157 T8 By H iR Hiepiifier | ne
as 2 plagse whdhodan®e dnGetéh@op t3ay detibened ad ARE batiies 1EAD®. OAbdeahdase 102,

regardless of its orientation. The term "vertical" refers to a direction
per penbRragr layer 196tina fing diclentriaayers] 08 povergd by gesgeonflchapier laygeA1&s " on”,
"above", "below', "side" (as in "sidewall"), "higher", "lower", "over", and
"under", ar abousthdestianddantierHayesddfas atsecandali¢lestiie dayenll 1D bavesed Bhe capr m
"processing. as used herein i,ncludes deposjiiqn of..naferi r phot oresi st,
oot ¢ o elsathea e Ade Ol  PHEHPAREs (POTLL o R Sinsple OBl of ¢ e
mat er i adsigatedPirok Qﬁa%ﬁin?t lagér TRS)JUL I@fngel b@irnthBGhidd GRS I IRRE BIYr tCAIWWE -
Referring nowto FIG_ 2, therein is shown the structure of FIG 1 after

pr dt e saschptoprocegingod apviamasioioy Wa phetoresst { 1S thefeena vi a openi ng t herein.

The via photoresist 118 is then used to forma first via opening 120 in
t he maski ngThayerm hérimhitallh asxpeslesn thierein Hb rdéfined rasea playeparalight to The s

formn rocess, ,as nost .of t openi f or m,n ocesses herej can be

per f or FEQ© 'Sllonfi‘?r?!!ﬂ%e?r Blfrfacffef?%ﬁ"gnﬁas r elsrg%a.gc,lle&g ltﬁsoré‘??%aéwpsotrﬂgﬁ%nwet or
dry et efertidaef Rfdrk Aa BRYEtOR petfendiRulal REMBINBrikSntSINR YWt ldBEnGE TGt RicRhs FI G 2
after processing with 25 the via photoresist 118 of FIG 2 is renoved and

a trenc prboue’eShadew™ J5ide’s (agdp osiileveall”), Tihegher's Elogter phovaT.cnidsunde?, drg
proces gﬁ 1.0 i s ening 124 over the first via opening
120. A?_ elhgx_ﬂisht g%%e&oﬁltgéb%ﬁe%?‘%g %:aﬁlg'phpt oresist 122 is affected by the
ProcessiNY. the firm “ptrgc%ssfirlxgr”szgs 1\1/s|e3 h%Pe?r? Ii#cgud%g Odell)gsit%}lcgfa 1'111%%1@1%11 or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or

photoresist as required in forming a described structure.

Referring now to FIG. 2, therein is shown the structure of FIG. 1 after processing of

20  the via photoresist 118 to form a via opening therein. The via photoresist 118 is then used to
form a first via opening 120 in the masking layer 116 which exposes the third barrier layer

114. This forming process, as most of the opening forming processes herein, can be

performed by a number of different processes, such as an anisotropic wet or dry etch.

Referring now to FIG. 3, therein is shown the structure of FIG. 2 after processing with
25  the via photoresist 118 of FIG. 2 is removed and a trench photoresist 122 is deposited. The
trench photoresist 122 is processed to form a first trench opening 124 over the first via
opening 120. At this step, only the trench photoresist 122 is affected by the processing; i.e.,

the first via opening 120 is unchanged.

Referring now to FIG. 4, therein is shown the structure of FIG. 3 after transference of
30  the first trench opening 124 and the first via opening 120 of FIG. 3. An etching process



Referring nowto FIG 4, therein is shown the structure of FIG 3 after

transference of 30 the first trench opening 124 and the first via opening
120 of FIG 3. An etching process 5 forns a second trench opening 128 in
t he masking | ayer 116 and a second via opening 130 sinultaneously in the
third barrier layer 114 and the second dielectric |ayer 112. At this step,

the seg@th Hadcohe trehéty 8peninld1 28 thBendskingdaparinbemd! 23R6nd ¥4 df}iéhm%sﬂa@t ch
stop layers. Thus, the second barrier |ayer 110 and the area of the third

bar ri esimgipagoushiarthe thirdtharrics deyen 114 andtie spronr diglactdc b t he second vi a

opening 130 are exposed. Referring nowto FIG 5, therein is shown the
structur e ofAt fthiS step, dfet secotidbathier laye lhl(hgnd ﬂwrhlmddaamgrieerﬂﬂ ach as kehsecond

dlelect e 12, and in.the h|r | a Itane usly, a
i o 1oniopday@ Rl IndRond pieiey el 11 Bod I e Blefe prlel SetshttRlr £ | o

layer Hdsecddll ddiRhlopers 12@3@@&%&@%&%% rﬁﬁgemﬁaﬁe@ﬁpaseench openi ng 128

of FIG 4 and the via 34 is patterned by the second via opening 130 of

G 4 1t NekmiBendOte ¢1G1 s théSinROkitw Hlsrub iR SEICED AP HONRP bithink22

will also be reduced in thickness by the etching process. Referring now to
FI G 6 forntsea elench 432 howhe aemdmwbddmlm:mr dénaek in ﬂmgihmd luﬂmemhyen hi@gr at ed

circui ccord he.present. i nventi rther

proces?“ﬂ aneﬁ'és %eaeﬁlaal:'}g'l 18#8 mttggriﬁﬁo‘ggleftﬁ&q?ﬁgli%ﬁ tkj‘? éﬁ‘?ﬁd %r esi st
122 of |dyefsi1h, the masking layer 116, the exposed portlon of the second
barrier layer 110, and the exposed portion of the first barrier layer 106.

Thgotrench 42 y@fth {521V aﬁteﬂn%é 7 thEls nﬁ AR oBERRA fmk 'o?‘#IGM‘é@& vyl @ and

trench conductor 136 ich i1s I'n con uctlvec ntadt with the first
conductIM islattertd bmetscqmndund apaning 13thef FiGa %mlﬂ Wlllématmtmbatdhxstmmtm as
wel | the sur f of,. t.he co er 112, have been

ol anar I ﬁpg?'aﬁswﬁff?p HLUSE be IS0 n SRSt by R PGsser 1 od ot he
top surface .anot her e r | ayers of |nte onnects coul d. be pl aced
over the t 036 ipg oW 19 ellf 123’ 5 ﬁgerﬁla\A}St Hopnc CfrmP{eFf‘élr wisiconaeetwgionoicthgse up
of an t Rt 8H 6P d

o cor doeBaf et 160 GO0 it the el LML £\ Lo it Bidels has
bagg Zbeen_/\hnpihmmtyd tonghete the remsinhss fratch ploodrasisti 1R of BIGIi 5tthe saskidg

varl Ou?aygll' ﬂ()e, %er éX%OSCd portion of the second barrier layer 110, and the exposed portion of the

first barrier layer 106.

The trench 132 and the via 134 of FIG. 5 have been filled in with a via and trench

conductor 136 which is in conductive contact with the first conductor 104.

20 The top surface of the via and trench conductor 136, as well as the top surface of the
second dielectric layer 112, have been planarized for further processing. A cap layer could
be deposited on the top surface, or another layer or layers of interconnects could be placed

over the top surface.

Referring now to FIG. 7, therein is shown a close up of an alternate interconnect for
25  an integrated circuit 200 in accordance with the present invention. The integrated circuit 200
has a base 202 which may consist of a substrate containing transistors and various dielectric

layers (not shown).

Above the base 202 in a trench in a further dielectric layer (not shown) is a first
conductor 204. The first conductor 204 is covered by a further dielectric layer, which can be
30  an etch stop layer, designated as a first barrier layer 206.



| ayers (not shown). Above the base 202 in a trench in a further dielectric
| ayer (not shown) is a first conductor 204. The first conductor 204 is
covered by a further dielectric |ayer, which can be 30 an etch stop |ayer,
designated as a first barrier |ayer 206. 6 Above the first barrier |ayer
206 is a first dielectric layer 208. The first dielectric layer 208 may be
a | ow di el eahbl & tHeanstaRicr @& ks NaMt BRlR 1BY&P0R] ThERRBERRLHNGRT 3- 9.
It could also be an ultra-l'ow dielectric constant material having a

di el ec2p$ maydestlantdielaetae consam mepteriah having ¢ dkdeqine oenstans urdeti3dl. elt could

he. 11 Pop oian it PYEpIHER SREA TR fpal bl 90T St BT O

desi gnalse®e psrowssecond hardmask 212, is deposited on the first hardmask
210 to forma bi-level hardmask layer, designated as a masking layer or a
bi -sevel handaRgkiribttoRERRMEE 1298, Hgﬁg}ﬂted 8V ehirdl AaARREK 2284 Rpssithd
photoresi st 216. 10 Referring nowto Fl 8, therein is shown the via

phot or esitke fipst @ickéctuie layen2@ks ichg dielectfio top barfinaskt layer depgmiteryad 8edondr ei n.

Form ng_t.he fi.rst. via openi ng 218 exppse e _sgcond. . har kK 212.
ot or £ PRGMRSH21 3 ie adbof AN the e TAERTRR J1BCo2BRACE i oGt PG ey o
t ransf gégitedds a rhikidg [§dr of bdi-dpRMh&AEmAdS820f FIG 8 to the bi-level
har dmask 214 to forma second via opening 15 220 in both the second

har dmask 21Begadgheli R thd BiSbvdl ALAIRRSK 224 & 2 VR pRboRG]st 8662 Via mask.  The

second vi a opening 220 exposes the tfirst dielectric layer 208. Referring

thed' Vi & pharrabe B EIG, BN NRGHE UL ph Blortara1 B oBbf Flock SRR ©
deposi fedh ofirdthvéa spaingd? 1 $éhechinm s Fofdiag ahe fipst otessathgt 2 & exposas the s&dondr ench
openi nagﬁ{?ﬂ%.g]fgg%e second via opening 220 20 remains the sane. The

subseq shown in FIGs. 11 through 14 occur in a continuous
sequence which simultaneously forns a trench and a via. Referring nowto

FIG 11, th8eEmng Bowpilo-théhaseindtshavn Ge strueturend RI: B aftretransfasenceof ench
OPen! Néheafd Vifl oblifing 5 PNGFRIRN B BRESDbvA HardRRR 218 ¢ R AseREEP R opbARE"

openi ng
15 220 in both the second hardmask 212 and the first hardmask 210, which act as a via mask.

The second via opening 220 exposes the first dielectric layer 208.

Referring now to FIG. 10, therein is shown the structure of FIG. 8 after removal of the
via photoresist 216 of FIG. 9. A trench photoresist 222 has been deposited on the second
hardmask 212 and processed to form a first trench opening 224. The second via opening 220

20 remains the same.

The subsequent steps shown in FIGs. 11 through 14 occur in a continuous sequence

which simultaneously forms a trench and a via.

Referring now to FIG. 11, therein is shown the structure of FIG. 10 with the first
trench opening 224 in the trench photoresist 222 used to form a second trench opening 226 in
25 the second hardmask 212. Simultaneously, the second via opening 220 is used to form a third

via opening 228 in the first dielectric layer 208.

The second trench opening 226 exposes a portion of the first hardmask 210 around the
third via opening 228 and the third via opening 228 exposes a portion of the first barrier layer
206. The first barrier layer 206 and the first hardmask 210 act as etch stop layers.



25 the second hardmask 212. Sinul taneously, the second via opening 220 is
used to forma third via opening 228 in the first dielectric |ayer 208.
The second trench opening 226 exposes a portion of the first hardmask 210
around the third via opening 228 and the third via opening 228 exposes a
portion of the first barrier |ayer 206. The first barrier |layer 206 and

the first h @gemé nédh Qo 2, ﬁ?tﬁér?ﬁ iRRvd MY Sfrfcture ﬁqfxatﬁh@gep@}evr%xﬁmfdﬁ 12,

therein is shown The structure o I%iﬁG 11 after the renpva e trench
phot or eSihsttred2l2 phatheesise22hdThe egvohd tach opend @62 26nahdt the thitd vid opesing2@88i ng

228 are unchanged f FIG 11. Referring nowto FIG 13, therein is shown
t he stﬁ?&?ﬁﬁ@%&%@@é%fter the renoval 5 of the second hardmask 212 of

FIG 12. The renoval of e second .hardmask 212 uses the econd trench
openi ng to REFHRE Pﬁ"@r‘i‘&ﬁ}g-Bﬁ”tthﬁr‘?}Hgﬁs W&*ﬁ@?%‘&rﬁrﬁi@k@fﬁ% reReRlt he

first ofhlQeddd &rﬂ,gx&r 21208 rre. ! tﬁ{é%ﬂx%b%lboé{tgg s‘%éa'h& PadtinhsRPEH QG He8 1S

ext ended through t first Dbarrier layer orm 1 n cooperation with

t he t hsgodnd it@ndpeprnitg @28rm a tfaach B3 laonghethie fyst Ha8dnask@ 10renElito the firdthe
trench,230 and a vi.a Qpenin 32 are. shown.partjally for t 0, sho t he
o1l ¢ SRR vt 25n RGP i B S b e Hhas beleBiel Bradpght st ' ne
first Bawiel Bfver 26 & fodHBineedpkiafoh Wifhl the kiakE®6ialdpeni gms 2@ t1a0i8 Jdpeifig SO
that the trench 230 can be formed to a controlled depth w thout etclgn ng

t hrougB33.he first barrier |layer 206. Referring nowto FIG 14, thereinis

shown the conpleted interconnect for the 15 integrated circuit 200 in
aceor dance W FIG.t15ethertemen 230 aud atviopenfigil ¥ndre shewe pattiaky ferered tpehdvor ned

to remgve.the first hardmask 210 and etch roygh. the first_barrier. |ayer
206+ otecmiateats i TR (P B rons. THE RHRCH DeREPHEC B1% DSH ng
232 of | KbGoeldnd Ry GireBsedttit 1684r 208 WellioRsd/ indt MBdrentk 856 RarC RO HREQ o 234
which i$§ in conductive contact with the first conductor 204. 20 The top

sur f aceordfollef depthavithetit eteling threeghothe fiost bagier layst 3.1 as the top surface of

the first dielectric layer 208, have been planarized for further

processi ng. Referdmg nayeto ¢dl d4beherelepissitbent the tdmspltiep imteréomnect for thaot her

| a){se ' Pnrteglrgt%g rc?rcgift 2|08t1'g ra%gc?r g:t%eswftl? %g px%es'e tligggﬁ:liog.v e}r{ blt %t tetoc hsalé rl:fegl(l:e'
performed to remove the first hardmask 210 and etch through the first barrier layer 206 to

complete the via opening 232.

The trench 230 and the via opening 232 of FIG. 14 have been filled in with a via and

trench conductor 234 which is in conductive contact with the first conductor 204,

20 The top surface of the via and trench conductor 234, as well as the top surface of the
first dielectric layer 208, have been planarized for further processing. A cap layer could be
deposited on the top surface, or another layer or layers of interconnects could be placed over

the top surface.

The conductors are a metal such as copper. The dielectric barrier layers and masking

25  layers herein can be such materials as silicon nitride, silicon oxide, silicon oxynitride, etc.
The dielectric layers herein can be such materials as fluorine doped silicon oxide, carbon
doped silicon oxide, spin-on coated low dielectric constant material, spin-on coated porous

low dielectric constant material, etc.

Referring now to FIGs. 15A and 15B, therein is shown a simplified flow chart of a
30 method 300 of the present invention. The method 300 includes: (in FIG. 15A) a step 302 of

providing a base: a step 304 of forming a first conductor; a step 306 forming a first barrier



The conductors are a netal such as copper. The dielectric barrier |ayers
and masking 25 layers herein can be such materials as silicon nitride,
silicon oxide, silicon oxynitride, etc. The dielectric |ayers herein can
be such materials as fluorine doped silicon oxide, carbon doped silicon
oxi de, spin-on coated |ow dielectric constant material, spin-on coated

POr OUS layef W cEht@hREtih H@qﬁﬂ)wbtemrfo@hingea FirstREERERICNEYHOW §t6p Bl Gof 15A
and 15B, therein is shown a sinplified flow chart of a %0 met hod 300 of

t he pr éyeneg pavaskingolayerTastapel ool Dowingne fidedr opening-inghe ragsking lsyerp 2302 of

provi di " f r.m AW c [ t .

P o5 5F RS PR AR o S B R0

f or m ngecand ivissdpetingl ie atiayee vhdytahe naaslising ayds @ sodp 3 fosionging asesdidigerdchyer; a
steg 312 of ng&ggﬂggg %%%%é V#; opealngéhgdthe n%fklgg Iayg{; %ﬂ steg 314
of 1 or AP¥ERA e Perifg 3R ¥h NGy B, MASHNE| HYFE #&H8ousl y
form ng; i Al i t i ng: | ; tep
326 of AptaRERRT kAP By ofefng B Mol 8fer AR RS Mk MR 2 9B P
the | ages ofi mlmtivri]nglﬁienﬁzskbarggﬁ my?r uséllrgith;_sthh'dl :vﬁeaqmmi@ gaidf tbuerﬂ:ﬁ%irg Ieperrtd vi a
openi ng i n another |ayer under e i ayer; step . of renoving
Che t 1 fatn n BRRotuind o aud f b 120 et inee D SHBPA ShHa Hib A RS Tbayer
to fOkdhPa kERMCAdIMAAAUEDE inddddtRt SR Pe3RQt @indhdibt. i ng the trench and the
via with a conductor to forma trench and via conductor in contact with
the,first c 3 il i L On [ [
cons Unct 1 on i trg invedtoatHis ok REc PR {ifuREn WERY AREHORENbEe 1tis,
al t er nad by emderswodd fthatahamn slterastives.amiodificationsyvahd vheatagmp avidinbe tpparéiase

skilled in the art in |ight of the aforegoing, description. Accordjngly, it
s i nt st atlen s ateis St o oG oMot R oRUaE oS TrRed to

vari at bRBsck Rt such! diteatiPed) ddBHSARAS AR0yarBibhy HafHIP vﬁﬂﬂﬁ g sa&gé ydgd
claims. Al matters hithertofore set forth or shown 1n the 15 acconpanying

dr awi ngguinglents wfbtheiintludet etadnis.i nAHnmiattére Stithattofpee aetdfartnof ishowin g thense. 9

IIH E%L:\I%;/CECI%WWI O\Iyi?g I I\\{VEEIE)%SL% F?:LE‘? ﬁée'nrgltetle%qn [d131 Ql?dstr?a{iverrz?n r];o%- Erg{tin%gsenasg. I ntegrated



provi ding a base [102] [202]; formng a first conductor [104] [204] on the
base [ 1Q#d mr¢BRITIoNMANIED 1Kt rst barrier |ayer [106] [206] over the first
conductor [104] [204]; formng a first dielectric layer [108] [208] over
the first barrier layer [106] [206]; form ng at |east one masking | ayer
[116] [214] lover A hecthiod s{30fi] eb€comnufattaging hr OBYegrfted Stirculitord®lg [200]i r st
vi a openin .F_ll_ZO] [218] in the at |east one masking |layer [116] [214];
form né(’%lpI‘qFl Bt trench opening [124] [226] in the at |east one masking

| ayer [116] pr({‘zdiﬁkaa,agk[lqumgpeousl y formng a second via opening [130]
[220] in at |east one layer under the at |east one masking |ayer [116]

[ 214] ; f or nifergning 8 &ied sanducks dh0411294] qnabebass1&9R11802]hr ough t he at |eas|t one
Ki I . i I I . the at | east
e o bt Sy bR 198) B B OB Y Bloal AR 0 21 L

and si nul t afieeisg y firdt dieléonge Byedi108] [208] epe Hefirs{ Baddér 1k 8] 06]M2@5]0t her

| ayer under the at |east one  naski ng | ayer [116] [214] using the second

vi a openi ng forming af leasy) one wagking devien &l ¥al 24 4loaverithe firdydislestmpdayer 20881 usi ng
the third via op?ﬂ;ggg [134] [228] and the at |east one masking |layer [116]
[214] to forma trench [132] [230] and a via [134] [232]; and filling the
trench [ 132ForinEB894% fiast aria dpeninigd 1P A]32] 8][iR Bl atuedshomee mas;]kﬁhgr:]nagx:fr [t Dtii]f[mctﬂvéI a t

t h d,.vi onduct or .[ 136 jnh.confact with the first c ctor
[58210 [282] fornijng s F%%Ol{@&% ﬁﬁ] B35 dh & e e mapking ver 1 biak ng

t he masking | aye ' ot { {5 S
[210] [213] wit [2144 4 ig%%*ﬁ‘g?%@ﬁﬁfﬁzdlﬁo%dvgﬁ%g? ﬁ@??’fﬁq%@gﬁgﬁ%ﬁlo];
form ng the firsonglayeopwsler thy af kag]onemedskisgdayenf Mic) §2 t4e fihrst vihadopggio]ng
218] in th f.irst _and .sec sks. 0 2]..3. The t

be ol af med TR R e ERER RS PP eRine hieh T3 Pl opS TaKindRYos
depositing first [pref [3pAand ihaid iRk ohe 1fkr uhdekdhe W febsttone nsfkRRdafdr dmask
[212] over the first hardmask [210]; and formng the first trench ‘opening
[ 226] includes fotiflngl4lhesing ﬁzrstetn@whdwnmgg[lgé_’e@%] and simultaneously

forming a third via opening [134] [228] in another layer under the at least one

masking layer [116] [214] using the second via opening [130] [220];

removing the first barrier layer [106] [206] using the third via opening [134] [228]
and the at least one masking layer [116] [214] to form a trench [132] [230] and
avia [134] [232]; and

filling the trench [132] [230] and the via [134] [232] with a conductor to form a trench
and via conductor [136] [234] in contact with the first conductor [104] [204].

2. The method [300] as claimed in claim 1 wherein:

forming the masking layer [214] includes depositing first and second hardmasks [210]
[212] with the second hardmask [212] over the first hardmask [210];

forming the first via opening [218] includes forming the first via opening [218] in the
first and second hardmasks [210] [212].

3. The method [300] as claimed in claim 1 wherein:

forming the masking layer [214] includes depositing first and second hardmasks [210]
{212] with the second hardmask [212] over the first hardmask [210]; and

forming the first trench opening [226] includes forming the first trench opening [226]
in the second hardmask [212].
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in the second hardmask [212]. 10 4. The nethod [300] as clained in claiml

wherein: formng the masking |ayer [214] includes depositing first and
second hardmasks [210] [212] with the second hardmask [212] over the first
har dmask [ 240]4 1 i r g [226] includes formng the
first trenc%’dg%%@%nggg%F%S?ﬁﬁﬁﬁ%ﬁggﬁgﬂhgﬁggggask [212]; and form ng the
second vi a dpexihg the[i@ddfing lagdrydbs] ificndésrdgpoditing firss tind/se@onplartdimgsis3283] i n
the first hardna 21 and using th irst via_opening [218] to formthe
second via openi igl%]?? _thFﬁe‘ioﬂélhf‘%’%"’tsﬁt[é]@!]é’(‘f?rrt#‘%ﬁr%géﬁd”'{a%@l.ok. The net hod
[300] as cl ghmdo e fbetkdich opBRRETIV6] ﬁmﬁaee%ﬁlﬁ%fm%ﬂgmlc?ngm&gJfgis]

ks | th”the 'second

i ncludes depositing first and second hardnmas 10] [212
hardmask [212] ovethetsheondihagdmiskii{@tdisind 210]; forming the second trench

[ 230] openi i.ncl.udes form ng .th cond.trench 3 openin ough the
FErot har draSmiins 5 sesont iR Sprung 720 o s dbRriBerGs Bt yROBFI A E Hang
form ng the thirehe tisst tRRIMAE [228Bhnd RShEARS Hrﬁrﬂhnq;eﬁihg sy & ¥/ gReni ng
[228] in the first barrier layer [206] using the second via opening [220]
in the diel ectri secongyirogenow] (226] imthe fissdirdertfi@beer 288k ained in claim 1
additionally conprising: formng a second barrier layer [110] over the
first diel ebtrThe methed [J0D08} claivhal imiabgymal whereind di el ectric | ayer [112] over

t he second harr.ier, | ayer [,110] ar mi third.barrjer |ayer 1 ver
the second gt iifinespe i3l hdhiR Geriteont bid o ditimade i) oy e:
[116] forms the m!uaﬂlthax&bn&hai@ha@ygmlq bPerlthé fitht BAifdasi [210RYer [114];
formng the second via opening [130] [220] fornms the second via opening

[130] [220] forming e sdepnd tisaeh (230] lopguing [indudes Hamningehe ecaond triineh ¢2301i ¢
lt ?gﬁ(r:h[ [11:2))]2]’ ]E ggg"})grgné H}?Ol?@ct?lg %rsstrh%pcf;ntl]as{g[flzd] aL‘x?l?ﬂ? ]theo S 3i@%c{11%rlgj§ert[p(?8]second
[208]; and

forming the third via opening [228] includes forming the third via opening [228] in
the first barrier layer [206] using the second via opening [220] in the dielectric
layer [208].

6. The method [300] as claimed in claim 1 additionally comprising:

forming a second barrier layer [110] over the first dielectric layer [108];

forming a second dielectric layer [112] over the second barrier layer [110]

forming a third barrier layer [114] over the second dielectric layer [112]; and

wherein:

forming the masking layer [116] forms the masking layer [116] over the third barrier
layer [114];

forming the second via opening [130] [220] forms the second via opening [130] [220]
in the third barrier layer [114] and the second dielectric layer [112];

forming the second trench [132] [230] opening forms the second trench [132] [230]
opening in the third barrier layer [114] and the second dielectric layer [112]
and the simultaneously forming the third via opening [134] [228] forms the
third via opening [134] [228] in the second barrier layer [110] and first
dielectric layer [108] [208].
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opening in the third barrier layer [114] and the second dielectric |ayer
[112]  and the shidl maB6e\sbo) 4Qumn fheaia 1l dhdlch AR [228]
forms the third via openiLEngm[ls34] [228] In thghgﬂg{glon laélglw[e%@f%%/te(rﬁ%[ 110]
and fi muskingilastes €1 16] £214dymiudes:08] [208]. 11 7. The nethod [300] as cl ai med

in claiml ereln form.ng, t at l.east. on King |ayer [116] [214]

i ncl udes: d S%%Sﬂtfrf%agsagﬂg‘é@lrl?(fqﬁg? 2\l é‘%%f’tﬂ?ﬁ'flﬁ'lretg%zllv‘é(‘f‘?art’l “anti-reflective
coating. 8. The nmethod [300] as clainmed in claim1 including: formng a
via mask [118] [210,212] that includes depositing a photoresist and

br ocessi ng_sherhgb@be 3 of [@lsa{)ngédﬁh%ld?ﬁtltﬁﬁﬂdﬁ% the first via opening

[120] [218]. 9. The netho as claimed 1n claim1l including: formng

a trench madmfing 2 viaekkt[1a8] (2, 20dd sthate prodides ndppasipihgt 0 phetosdsish rehd
processi ng the photoresi st to.form attern for_t first trench ni ng
oy 15561 16 Ptk Bl DiBuroish Rufiii Sepurf gt e Fit oge apeued A ¢

[ 100] [200] conpriging: providing a base [ 102] [202]; formng a first
conductor [104] [204] on the base [102] [202]; forming a first barrier

| ayer [106] of 2BQ] maied [3doga§i;1aﬁﬁedci9f&%ﬁhoﬁm1ﬂla&g]_[2041: formng a first
dielectric layer [108] [208] over the first barrier layer [106] [206];

form ng at HKeasng ondreneskhasy [132¢r[2R2]1 hat[ deUdeso \depoditime fa photocksat emtlr i ¢
| 108 208]; f ) ' Kk 11 10, 212 th t
S G NG RN F M ME T R

the at |east onejmmgki ng |ayer [116] [214] wusing the via mask [ 118]
[ 210, 212]; renoving the via mask [118] [210,212]; formng a trench nask
[ 122] [222] 18ver A hwethod | B9 ohemprufhitwang agrerinfegaaéd [ ccajt; [100] [200]

comprising;

providing a base [102] [202];

forming a first conductor {104] [204] on the base [102] [202];

forming a first barrier layer {106] [206] over the first conductor [104] [204];

forming a first dielectric layer [108] [208] over the first barrier layer [106] [206];

forming at least one masking layer [116] [214] over the first dielectric layer [108]
[208];

forming a via mask [118] [210,212] over the at least one masking layer [116] [214];

forming a first via opening [120] [218] in the at least one masking layer [116] [214]
using the via mask [118] [210,212];

removing the via mask [118][210,212];

forming a trench mask [122] [222] over the at least one masking layer [116] [214];

forming a first trench opening [124] [226] in the at least one masking layer [116]
[214] using the trench mask [122] [222] and simultaneously forming a second
via opening [130] {220] in at least one layer under the at least one masking
layer [116] [214] using the first via opening [120] [218];

removing the trench mask [122] [222];

forming a second trench [132] [230] opening through the masking layer [116] [214]
and in the at least one layer under the at least one masking layer [116] [214]

using the first trench opening [124] {226] and simultaneously forming a third

12



formng a first trench opening [124] [226] in the at |east one masking

| ayer [116] [214] using the trench mask [122] [222] and simultaneously

formng a second via opening [130] [220] in at |east one |ayer under the

at | east on@lmmngg[wﬂ]a&@f?] il ag3th¢rolandr wislien thet dtdedst B¢ nwsking dayer iyl §]120]

[ 218]; renoving tren mask, [.122 2 ; mng a second trench [132]

[ 230] openi ng thi%@él‘fs?ﬁ e apg%fg{lgfl%]% 52%44] and in the at |east

one |ayer upgdgsvihdthedirst A 192 [ 1083 (206 ukid @ﬁelﬂﬁr&@lacﬁ;?eiaﬂ’]g[lyﬂ' ng the first
[124 [ 226] an SI mul t aneous formng athird 12 via

trench openin

openi ng [13@2%ﬂ zzé}hqail%ﬂb@wemaska%hym{déé] EQHé] mfomﬁsﬁewhélﬁs{%@igmﬁayer
[116] [214] usi ia opening [130] [220]; rempving the first
barrier layer | ?%ﬁﬁ?%@?ﬁ;g}%g the third via opening [ 134] [228] and the
at | east onéillimgstke agndha)82] [230Hdnd[tBS Ha [184]f[QBZN with & edduciol R fork23@incRnd  a
via [134] [232]; and filling the trench [132] [230] and_the via [134] [232]
with a conduct or [}321{%tGhagd viaher] cpndystor[ip sontaghpith the firsteondusioaitdr i n
contact with the[jd4|j_st conductor [104] [204]. 13
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