;| } e3egNdl 4$6 TNAI Ol NTEGRATED CI RCUI T W TH S| MULTANEOUS FABRI CATI ON OF DUAL

DAMASCENE VI A AND TRENCH TECHNI CAL FI ELD The present invention rel ates
generally to integrated circuits and nore specifically to 5 form ng dual
damascene interconnects 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
transi stors HWEEE&%TEP%IRCQHEWH%&M@E EOYS E%&MAT&N&F and TVs.

However, the rapid devebmﬁtmgk%@%gég%%' to require such

integrated circuits, has 1 ncrease : plications such as
real -time 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 |arge-scale integrated
circuit technol ogy. The demand TBCHMICALIKIEED onal ity requires a trenendous
increase in the nunber of 15 transistors to be integrated onto a single

i ntegrated cThepiesent iaventidinredatesegeneratly toliniepatedgeitchis and a®roépecifRally to

t ransi stoorsq@dégr havi nlg | ar ger Pi e sj zeg. As the sizes of the transistors
decreas MNEAUALAMASCRNS IEGOBREEY Y sFRIcEPIpaRy levices wrintegrates@icHEs-nunber  of
i nterconnections within the integrated circuit chip. As the nunber of

i nt erconnections increases, the anmobunt of area on the sem conductor die

occupi ed by the 20 interconnectjo e s relatively large and may of fset
t he savi ngs nmade by reducing t@éﬁ?&%@fr ansistors. A |long sought
goal in the sem conductor industry for very large-scale integrated circuits
has been to Héagraed gchitnisehnnlegy haydweer progressingriepidiie do i haspiint avteee

m ni nmu S: | i.de optinmum perforpance and econony. 25
I n addi n@&ﬁ&%@?ﬁ% I%géréﬁ!é%ﬁ{éé %tv ?Ig%\s{ﬁugfogrtgénﬁﬁqr? Bléer ?Sgﬁ%{ﬂ P55 BEO %Seg% of

i nt er coevllephoress raalic, maguUIved Heyaves nthe hpid tevelamnee tof| teelemlcbiss, tWiSchi as
whi ch connect different |levels. 1 At .the present tine, the vias are
forted feRLE S teexpted girquits,diag ingreasgd st agrapiilyr Apelications sushaaspealttisng f r om
early b sLar t i : | HaRR n I J- c Jhis is
called Th E%}I Igi%gimre E@ﬂ"ﬁam é%?&gr ivng p?fg%e ’s%@o@gﬂm%g%ﬁ@(?eaﬁhe?ﬁa \S/tgl{1

coat i ngappliBAR@F areodenmintivgrhighey apded, greatenfimgtionatityyahé eveal momirepidadvamety used

to fill.the vias. As technol o devel ops, |low dielectric constant

i nt er | eWelPHI2ETaE i‘EteﬁE?eé]r‘i"éPg%%}’@g]Pg&ui red to reduce capacitance problens
bet ween t he ﬁgé%rl t.oget her _interconnections in the smaller integrated
circuits. Ho nandpfor mpfe dinetigpality equanss adrrmepdoay ingregse lude nymder efrs i n

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.

23 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.



the via-first manufacturing process. One of the process problens is that of
resi st poi soning during the dual damascene |0 trench maski ng. Were the
phot oresi st is poisoned, the dual damascene trench nask from which the
trenches patterned are not well defined and the photoresist above the vias
are not fully developed. This neans that the interconnects nmay not be
connect ed or At Hieriaesent tirae the viag awdforned fiest argksa vindiibser s appligeto paotdcttthe

cheon car Ty Farifinn $af broRuATER vultBhg Sl Qam05aP BRATSS 1R GR, i

cl eani ngallednific Vivea-fitst! mantfacliriiB\prédes® oo ami-wTesVd abithgs TBAGE)] Bft he
dielectrjc constant of the |ow dielectric constant material. This is

especi aFTBEr OFgRaIG QS ingTgpmae Tatarial, arq enmmprly ssed fodilbthestiasnt filnms. A still
further process problemas sizes continue to shrink is that it becones nore
and frore di f A8 deshnology addvielope losbdislectnin comsitant fintede BARtElEetric materiagnwdre er

vias w Vi a-fli . [ ss. . Ihis further, cayses .proble i.n

it o SO 10 e e e BRETER bettoS T SIET (RURE SR T psf e

appr opr smblerigginatedtoicaitd) e6wever fthe 1A dighbtrNed1@tant AR kR chdeProbemt iench
bef ore hreakthrough of the photoresist. Solutions to these probl ens have
been | oﬁ&vé%ﬁéﬁﬁﬂanbf?@mﬁaﬁﬁr@ﬁﬁﬁal ly as long el uded those skilled in the art.
z5 DI SCLOSURE OF THE | NVENTI ON The present invention provides an integrated
ci rcui t manuPae ofithe grasesshirablahisdh thatcifugeist prisaning dyring tesdyal demasasge a

oy 80 ERA R Rind, SRR i bR peBone Kt cnl NPt feib gk G g

first vishichn@eimegches phitemedadle g wellyd@fined andiigplidtdresislabote AR vigpaaing in
the masking. | a 30 and sinultaneously form ng a second via opening in a

| ayer ufidlrdevs %%%ts kAhig meppe that he) infercoinsetsi ey A0Sk epreeted ve hisperrinag
thr Oughd&%%gﬁééﬁe%sikt%@é is ﬂligﬁlgf éh&tﬂ@likélﬁ%rod.‘é?@‘ﬁfm{ {%gltiél:ﬁﬁkl ng |ayer and

si mul t ane ormng a t via opening in ano ayer under the

maski ng | ayey, h th r Lnchuding.r ving the first barrier

| ayer using #H%%f: Iﬁ?r evé)r gc‘;&%é’%&ﬁ%“‘% e eh%je%é%%{'grﬁialt%g?sgtvba POFRYRE Hench

and1a VvphotorBigt §ttip) wogcledigng, rsadchia Alldwhith 1Bay hRo Whiife @ GRREHHIOEhdnge fil9r m a

trench and,vja conductor _in contact with the first conductor. This nethod

r esul t s thendiglegisic opgtantapiReher oy dielsetrichegnsiant mageriali tFhis is, pspeeiphy trugrfet esss,

as wel | yas. elia1Batdi Qc&i@@?rl%faﬁ’l?ﬁﬁﬁé.”g steps related to the post-via, i.e.,
em ca

phot o-resist strip/c resist strip, final inspection critical

8 e, (ot e Al ek PR R0

i nvent i alereviifficlieeoashidppabesttant woidBs€ BRRC Ifi@iofor Rndaller iaé withotke aid-gadi ng
of the follow ng detailed description when taken in conjunction with the

accEhpaRipery: drias ST CBRFERTODIESERPPIRIGIRINRE THECERRNNESCEs @indow dudng| ose
up of ag;, rﬂésﬁﬂfga\}vﬁﬁi aft 'af)}?ﬂdbltiatla DL %Qﬂfe%é; i.re.eﬁfagﬂlg%fnogéh liRk &g rf(%neﬁile Gleh&i! t

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



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 forma via opening therein; FIG 3 is the structure of FIG
2 after processing with the via photoresist renoved and a trench
photoresi st deposited; 20 FIG 4 is the structure of FIG 3 after

t r ansf ef@AERS Bhecond Fengh eperting thuniighy thenthasking flayestandi ia teelayergunder Ghe 5 | s

t he struct E . et ching sinultaneously for trench
and vi o R 16er BhE suBine oy ML st A9 oBeie of SRS vk bl dnd

ci r cui t naskiag et alhematiod fafhdrigcindiag esthoviny e fi®NbarfibQaydr uistnpathe ltiis®- up
of an altfernate interconnect for an integrated circuit in accordance with
the predErPepigent ithhmapiiog layer to formiastiensh aadvi vapg: Wiiag ity trepchend the

DI 0C£S SLOwH o B M Ror' b 18Hm Yi:nOP EHA Wk coductbr {3 coedc? wifGns HH GhHaG ! F1 &
8 after transterence of the first via opening Fo R Br ever hardnas [ayer;
FI G 10This méthodbtesuits inraevaid-filet BARC difilt fer smellerwads woifth & via-fiisapbesspasestlbt ;

FIG 11 is,.the .structure of FIG 10 with the first trench openjng used to
forma SREUMIPAENE (s, PFPCEis HEPS el Sheomrtriia dtaslboNHIest siip(emira

st ruct Ugdispripl ff’na.l]iﬁsr_p%f‘,ﬁ&{ oG] HERGNRN @icb#]%é-ﬁﬁp&m/&h%-@ﬂle&bﬁ backlhfa 13
is the structure of FIG 12 after renoval of the second hardmask; FIG 14

i s a viempifyingtequogsisefled. i nt erconnect for an integrated circuit in
accordance with the present invention; and to FIGS. 15A and 15B is a
simpdified fThunatmivarand efditibeal advantapes bf theereenisianéntionwakittieosme BiySferVDE FOR

CARRYI NG OUT. . THE.| NVENTI.ON The present jnvention proyides, a sche for

si mul ta%ﬁ%é@ﬁ%ﬂ‘?%%#oﬁ adﬁ@?ngjaﬁ%c%’ﬂ@”g’cgr ?I&rde SCRAHIR Wh"ébgiﬁ'i‘ Htess,
t he dualkofaiewss S e dc@Rbahyifpathvifgd abricated within one run of etching.
Because via fill is avoided,” potential reactions between the 15 dielectric
film the via filmmaterial, and the photoresist are prevented, and resist
poi soning is not of a concern. Conpared to the current via-first technique,

t he thickness of photorggiEtDESCRIPTIEASOFATTE DRA WiRQr t ance and a thi nner
phot oresi st may be used. Processing steps related to the post-viai.e.,

phot or esi st Fff&)')lp{s %h:%ge ‘E@ ! of aft ?ﬁtgérat%[‘l rc-irguit Ht&@&nﬂegtsr@gﬁﬁl'o? On %t!eér!a@:ﬁ Icirouit

di mensi on (

15 inthe 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;

FI1G. 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;



20 via-fill, and/or via-fill etch back, are elim nated and overal l
processing flowis sinplified. Further, a process is available in which
there is no mddle etch stop dielectric layer and a dual hardnmask is used
as an anti-reflective coating and hardnask per etch. This avoids using the
full fill or BARC etch back schene that is conventionally used as

pl anari zat i oKIG) histth¢ sirusituraaof Fih, 8 afterliansferenphaf the Esst via oeningead aftddevebt t er
processh&%%aggta as the etch 25 process relies nore on the hardnask for
patterning. Re arr| ng nowto FIG 1, therein is shown a close up of an

i ntegrated ci i t. i.nterconne gion of an integrated circuit 100 in the
i ni tigal st ag iégllfo ‘ﬁgmm?ﬁ%dg%ﬁﬁmﬁk@% Vi phptergsissent i nvent i on.
The integrat f circuit 100 has_a base 102 which may 4 consi st of a
substrate coﬁ @i Hi isdhe siaiaire pbFIS. dAavitaibe dinss tenel epeninguded ye farmow sacondhe

trangi s%ﬁ&@%g?ﬂmﬁom(ﬁnésﬁe base 102 in a trench in a further
yer “(not s

dielectric | own In a trosssection) is a first conductor 104.
The first co 04.1sS._co b furthe ielectri.c 5 l.ayer, which
can be an et gﬁd}l?t o%ﬂ‘?easérélf’t,%u%%f\sflﬁggg 5%6%3? éer’??VPLfP %SFFP‘g‘rpI}(’é%?JSt{OG. Above
second barr BIOT e MeSTeALoR 12 SBtumav B TP R dmad s o second
dielectric | ?Yq\?r 112 covefed by flchap dielectric |ayer, designated as a
third barri ef1§-adf 2a¥iaw o E‘@&E‘fnp i igterconpeqt don andniegratesoritciian aeterdageat ed

as a' MaglihiBe prRY¥EE inkifiod; Sn@’ r anged over the third barrier layer 114 to
allow to accurate processing of a via mask or a via photoresist 118

t hereon. The A [ d ibh_herein is.defined as a pl ane
parzﬁ;l lel to 11__'—“(25{-g‘gﬁ\%ﬁ#?%ﬁ%ggﬁpglﬁiggglr%wsc&lla%‘tao gleorpetk‘ﬂ%o s PrESEH IYSUIRP g ess
of its orientation. The term"vertical" refers to a direction perpendi cul ar
to the horizontal as just defined. Terns, such as "on", "above", "bel ow',
"side" (as in "sideg\ﬁ‘% p =h B PR o | V7= T "under", are 15
defined with respect Fl(;l\%gre)Ehmérﬁ?%n% aﬁ%lje?ﬂf]%eﬁveﬁ ocessi ng" as used
herei n includes deposi.tion of material or photoresist, patterning

exposur e, degﬁ“? (ﬂWPEH Inyenipg r@?‘“@?%é’nisﬂtj’,meag‘&f/ éllmlﬁ@H‘W| ?B(B‘Fc%tﬁﬁl fhtdel al or
phot or egirhidscétfe StARHIrESAWith hesdhrbesd, MEImAI BaAhsSilUHL URE- [ wto
FIG 2, therein is shown the seltqi'r) ucture of FIG S1 a?fter prngﬁgﬁsﬂ%t%o t he
vi a photithissprg rum ®f tetching: mBecausa Gpdill ny avdidedsi poterifiab redctiophbtioreesited 118

is en .t f . irst via ning 120 in the ski,ng.l ayer 116 which
ex p?)sts]es dl#%gg]tchfﬁpd e£1$p§erp I?%%/nea‘ri’ af%ﬁ.ﬁe %‘ﬁgref;lﬁtraﬁ? Hbevﬁ?tg@f%‘g ,rgsé§ PRESRNEAS t he
openi ngnétafaicogedpi.ocesses herein, can be perforned by a nunber of different
processes, such as an anisotropic wet or dry etch. Referring nowto FIG 3,
therein is sQepatedo Ihé Yehett &/ifbird GhnZudl IR hRkAGE ST bGidd via
phot or esi st ﬁfgpof FIG 2is relm)l\rled_ gﬁd?qua’trench phot reg%%gfggfﬁ%gt
deposi t efdficalr fapartange lang liothinnes platoresizt ingy freorsed.s dtotessihg stepa rélited tto tthieench
openi ng, 124. over fd, ia.opening 120. At this step,..only t r.ench
phot or e%?]sgtv Sy Rhé%g??%ar}éjcfic\fﬁg}mfaﬁéesﬁt gtélgsgpﬂd?sr’?& ne t‘r‘fgl fimen 10’(‘/&2[05;)ﬁeni ng
12020 s viadhipagdor viedilbgith BN clithifedtéd arfhh ovieRY fbekskisio TOAMNS sfng\ﬁifﬂi.r ucture

of FIG 3 after transference of 30 the first trench opening 124 and the
first via openiteg ol 3Rcefs iFailable AMwEEThAY 1PhoGRaa

trench openin 1%8 |8n_the1 r?aslki ne | ayer 1161and a sgc%é%hdgt\g{sg%é%éﬁf%ggg%

si mul t amlcm@ua? hpgdmagle ist ksed ds baanti-saflebtiveecoatind andHartimesls perach. ditds eadidg ¢

| ayer | t second barrier |layer 110 and the.thjrd barrier
| ayer i‘ﬁnga@ fgghgtozﬁ%%ﬁgﬁgﬁ %c?‘en?ﬁ@?,t 1%??8"%%@8 B laisé’ianﬁ%?é‘l‘milo and
the area of the.thjird barri.er |ayer under 5 {he second trench opening 128
around t he s]télctg’ffdﬂ aﬁ"%p"emr Pgétoé‘?sé“ % Hﬁf?e%?.r %Qg?rePfPF‘?ﬁﬁ Q8tok & theGics,

t hegsei NproBess KB nidi€ o Mk dih&k Ibr fdtlemiffg af ter further etching forms a

trench 132 in the second dielectric layef 112 and in the third barrier
layer 114. Spopdlh@NeQWsSioY vl i .S d..n the first dielectri.c
| ayer 108 aﬁ% tllr-{en%secongy Ea(?r ;r’e?h%rgliéefrs %gmg clost P Offan integrated” ircuit

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



10 The trench 132 is patterned by the second trench opening 128 of FIG 4
and the via 134 is patterned by the second via opening 130 of FIG 4. It
will be noted at this point that the trench photoresist 122 will also be
reduced in thickness by the etching process. Referring nowto FIG 6,
therein is shown a conpleted interconnect region of the integrated circuit
100 i n eowsot dfincebstiatdcdritdning emasistoruNdridns dildonid RgErsafveh tRreaesmrhas 15
been HTEIIPE nted to renove the remaining trench photoresist 122 of FIG 5,
t he mas gqvﬂ'ﬁer 116, the exposed portion of the second barrier |layer 110,
and the exposed portion of the first barrier |layer 106. The trench 132 and
the via 134 6poyg the base 072 ipaciench | ip edfurthendiclectriolageraindt shawc i eenasct or

136 whi by 4 ' NtaGte W b rst conductor. 104..20 The top
surfac eg%ltlblt?)hfg TLV{}%P an % t\rég r% g% (;[21 (Iél c}. Hé\ﬂt %):ﬁ d&%@r f[%f{s 1sm%qu:reg;byt % g'-‘rgl‘gb d??ﬁﬁfrécc e of

t he Sechuyek, sihdhemt bieanlezghestopl [aer, Hesignabrleas PfiRnbdrtigcidydrane! WHRe khe first
processbé}ﬂgvg cal@ I.a-%fr go | d.be deposited on the top surface, or another

| ayer o ¥ 196 15 1 gt big layerdi 9B gopaed by e secand darrien dayenpl G ur f ace.
Referring nowto FIG 7, therein is shown a close up of an alternate

i nt er connect APeYe s seeond hamiar dexes 140 icay FQCOBQ@IﬁIWﬁé@EWmdh}%@wetdrb}{eheap

present gi.QUeRtLAN. 3dhE it - -1 G 0 has a.base .2 ich may
consi st of a sibst crléalét ategn§% ﬁlﬁrﬁgba?f?éﬁléfért 1(2)1%5 gﬁ&“@%‘f@oﬂﬂ%ﬁéﬁgﬂ’?%@gi ayers
(not  shdesignateAbmsve nidskinpasger2DIb, i) agrafigednever ithe ghitdbhfef 18lieel188tth1 ichayer
(not_shown) is a fij rs% conductor 204, The first conductor 204 is covered by
a Ut n¥FPUGHPTRETSFING Of 3y masiir &g Beteresisol litheteem stop | ayer, designated
as a first barrier |ayer 206. 6 Above the first barrier layer 206 is a
first dielecth dermayborizminl” pyeuserr i heiedt éetdefived ayer 208 paplitieton thow

di el ect Ld keSSt t el Jrayl hel.ectnlc constant under 3.9 It
coul d al soelg[e an%u %p(g- ovf/l%éi el e(%p?dlsg @ghg?gda%fpesﬁa?tgﬂ? ﬁneﬁﬁl\%}%‘g —gﬁ%i?eéTnect ric
const antvertitdEt reRrStoandiracsion pegendieulpotoatis hobzohtdliag jige BsfitedD Tlehaisher simask

| ayer, gdesignated,as a, first hardmask 210 is deposited on the first

di )él ect Elqni”l I Eﬂé\e(r?l f&%"gngélges%jqaéﬁrégg‘?qs"@uf’b6%?’3’@81@2;”&1?@@?”:@é@ f‘g‘n’btl ”Zdreas a
secpnd Mn@mﬁxrg%cttbihéjﬁéi&%{a??lag& the first hardmask 210 to form a

bi -1evel hardmask 'l ayer, designated as a masking |ayer or a bi-level

216 10 Ref or tmBuer sl st pRRAElnchRECRES ohor o BBl o 1
af t er ppattesseg, ngkpbsuré,odenchorinanst etvhiagopleniing 2dBort Rex®iah.of HBE haeridths i rst
Vi a opeqjr ng 218 ex osgs he.sec(gqu_hardnask 21 2. Referring nowto FIG 9,

t her ei nPTOOTEHHAR TeaLed i {PEminec? disciibed sStYClis- or transf erence of the first
via opening 218 of FIG 8 to the bi-level hardmask 214 to forma second via
openi ng 15 23ferriiggwmnto K. 2o ghsirin hnshavasthe stractaredoft FE. fli afest phaesbiresed 210,

whigh i v ing. 220 the fi
G nc ik iRt GRS fo £hHEe SUDMNE BRI R GERTER 3h Bt il
st r uct ufoemaf fifst Ga dpeningzei20rie iy alaskifig 14yer Vi 6 whldt @fpesdsshe ikl Birild @yerd. A

trench @gotgresi st .222 has been depgsjted aon the second hardmask 212 and
processed t d o fHFUNg Pregess rasnmnslope ke greming fomeing cereerssesi hereipesamde220 20

remai nspe"rﬂ%?m%ﬁ?a nmﬁemﬁ%ﬂgroéés : ,Ssu%ﬂ y. 8(]Jr:tl'o e w%tlortcigilgﬁg.h 14 occur

in a continuous sequence whi ch "si mul taneous a tren and a vi a.

Referring n - El Tl 1.4 - 0 he str use.of FIG. 10.with

the first t%%r%ﬁmgggwm tééi IQZQ’%%@H%%@%%@% S%H%P%roglstﬁ 12389 ng‘ée&mf‘%“ﬁgr m a

secsnd the eiagthoapesistrid 82FFIGN2 IS rdnnered @80 adrdnah %ﬁ@t&&s&ﬂ- 222 § depbligReonl v,
ird via opening 228 in the

th [ [ 220 i dtof t
HESsC R NN CRCNE SRS T N
of the Jﬁeﬁl‘%g 1har yagk S%?Oﬁnggeﬁéﬁepf%)ﬁﬂel@%st\/lb? iggﬁggt&pb)%é% ﬁg{%ﬁ%he third

via opening 228 exposes a portion of Irs arrrer "SeTife first
bar ri erth¢ fissevia2@eniagd 20 ieeurfcharggedhar dmask 210 act as etch stop layers. 7

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



Referrlng now to FIG 12, therein is shown the structure of FIG 11 after
the renoval of the trench phot oresi st 222. The second trench opening 226
and the third via opening 228 are unchanged fromFIG 11. Referring nowto
FIG 13, therein is shown the structure of FIG 12 after the renoval 5 of
t he second hardmask 212 of FIG 12. The renoval of the second hardmask 2|2

uses t héoraseosdond each @eenien@stia thomakians 18R N1 R34 b*%é&hhﬁhné Bﬁeﬁ‘mg %30
har dmask. 210 and mto&g&éfl rst dielectric l'ayer 208. Simultaneou

third viEwae ip St grienbwer P Hrasdghe sasend flielsctrisdayardd2) ayer 206 to
form in cooperatl on with the third via opening 228, a forth via opening
232. 10 | n FAGthig steps the seeandchard@Oiagerdl 18 andathgpbrd hg‘r@ﬂ?ayar é14 ha'vm etch

partial [y, f 0 d contJj nui.ng, f or.mati on process.
The sel L$P lﬁ{tyd'gﬂ‘&\’/\eﬁ%ns ?é{lhe]?l et a%%{:nﬁ aﬁféﬂ %t'P?é“? ¥¢r under

di el £ct thecetomdarenZlD8peairg 1H8Hosnl msaécohaelatd;ﬁﬂﬁqg 138Qrc@poliy. formed to a
controll ed depth without etching through the first barrier |ayer 206.

Ref erri ng noRefetri fow &AFIG. B HRbdIn ksSshpRAWAe Eth?ct&efxﬁ'ﬁéeﬂ B GHEQVAGE r‘(i)%]f or

the 15 | ntegrated circuit 200 in accordance with resent 1 nventi
bl anket f&ME R Harchy E¥n ihher secaed) dickeotminiayer A2 ahdrlstthbnahldirﬁ)am&l@earidéiet ch

Lrench S30oianep Sy, K813 55 Rtfleq 13 Bif BB 108° Wt Ao BT ssioh Bien

vi a andlayereH®h conductor 234 which is in conductive contact with the first
conductor 204. 20 The top surface of the via and trench conductor 234, as

wel to as the Tiptrenth§ Boss Phrdrhed bi 15 sedbd B6hHdH &pelnﬁl\gefzbsz&gﬂ@%%d e

pl anari zed for further processing. A cap |layer “could eposi ted on I he
top surt3fcis pafierngd by fes cha%Vlad:pen@gehSQ thfFIGnﬂerItwdhb@neted (auﬂnls painpihac ed

i of et o BT B o S B o B B EeRP aFOBE uch
mat eri al s asps xi de, silicon oxynitride, etc. The

dielectric la %Fn(:gﬁrg?"gl : rﬂgg 5 316 | coSn e s
Vers it Fdn OpelgiR 4s SEQWH pagompleted [nfgicpprect s¢gien of fiecon
oxi de, masghoed GieRed] G0 in £RBrdaXéIRith TR Bredéh GRRhGEn. AWadiRl @&hrﬂr§ce§§)9§st ant

mat eri al spi n-on coated porous |ow dielectric constant materia
Ref Br r i PRGN riBRIareentadds, remmae Abei Tepsaning Heeneh m’thQI%hbMZ af §ilGpbij fheadadkimpw

char Ohog. 18 FELDARI000h A BESHE SO TR0 200 1 s

conductﬁnstbzansxtleyeraﬁ)ﬁ formng a first barrier 8 | ayer; (continued in FIG
15B) a step 308 forming a first dielectric layer; a step 310 of formng a

maski ng | ayeThe Rerthe323hd tAé viL174 BUFRG.f4 hisde Mded fﬁ%%rwmﬁ ] v&ﬁgnd’fﬁé g
| ayer; a step 314 of formn (gla first trench opening in th ing layer,

and si nePrdusienlia \yhlp]@ i iggneictive 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 anetch stop layer, designated as a first barrier layer 206.



second via opening in a |layer under the nmasking | ayer; a step 316 of
formng a second trench 5 opening through the masking layer and in the

| ayer under the masking |ayer and sinmultaneously formng a third via
opening in another |ayer under the masking |ayer; a step 318 of renoving
the first barrier layer using the third via opening and the masking | ayer
to form a tr&here tiadirs barrier layen 286 istacfirsdiglectficllayet 208 Thedirstrdielettriatuyet he

ia wit . a h, and vi a. conduct or j t with th
st canfnl B4I0R GO Mstnl bEIAM Ao il SRt T B0 1 id o
with a apeobehhaltkelstv diEldéric iconstat hiatdiR] Hndes & HRAZ i\ @hnstaRWhdet 2 SaRdtiyes,

nodi fi ca}l ns, and variations will be apparent to those skilled in the art
in |ightSBPCPREUES or egoi ng description. Accordingly, it is intended to
enbrace all such alternatives, nodifications, and variations that fall
withfn the séopelestig hoffomkardmask layert designatidiasediiet hindmasiaP10, intiemsied

hi t hert . in.the. 1 cc i ng,dtraw ngs are tp be
't er pr o o (¢ el lephs ML el o r R a o e isend o
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[ 200] cggfpri sing: providing a base [102] [202]; 5 formng a first conductor
[ 104] [ Seragnatsd Wﬁ&@lﬁﬂ%ﬂa@z@ﬂhﬂf@ﬁ?ﬁ 4a first barrier layer [106]
[206] over the first conductor [104] [204]; forming a first dielectric

| ayer [108] Psepsjtedorihettideve] hardmigsie 214eis al vaay photpresis]216206] ; form ng a
maski ng | ayer [116] [214] over the first dielectric layer [I108] [208];
for# ng a fi ReermngnopéntHg §, 1R0%in[ig $83wn thet tie phetstesisy2 1 Guyfer frddsding & 4] ;

10 form.ng a-first trench opening.[124 226J in the king | ayer [116]
(214y AR A B b ORI, “EOSERL Al Gobviagemng T B50pors 28 sepnc

| ayer uhdematiheiaraski ng |ayer [116] [214]; forming a second trench [132]

[ 230] opening through the masking layer [116] [214] and in the | ayer under

e ol 19 Restfind hohblo PRI iRk SdGnl bl Shuckii6 Pick s BRENAGrelchaddr | 220)

and simultaneously formng a Vi a openi ng in ano | ayer
under t He firsiswia apening /248 ¢l FIG 8[te@ fhe] bideveharimesls 2 bbtucforina sepedi vig opehB]

220] ; j he first barri I 106 0 i.ng the third vyi
opett ng Tag o sbofeckid Boranh off TS ot PekmpS 240, g e vprroinbn
[132] [ 2BO%econdivia o Eﬁn%l@ékxp’@eit%@?&étd?él‘&tﬁé1a!yéﬂ"‘ﬂ)8'§ he trench [132] [230]
and the via [134] [232] wth a conductor to forma trench and via conductor

[136] [234] RErRant Rt i) 1bIerlld 5 W SR ChREntc RG] 88k refron i ot NOC
[300] as claimed in claiml wherein: formng the maskihg | ayer f’ 14]

i ncl ude¥iacgdgssesist g 6fafrdEG. &ndA gench ghbvaraish 8R2 hp2 bédn ddpofizddn Vet secodie
second Ha%ﬁr%gﬁ«:sflja%ldzﬂroc%\és%rd t(t) oemifli%usstt trrell?crhdor})aeﬁljég[ﬁ%p ]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.



formng the first via opening [218] includes formng the first via opening

[218] in the first and second hardmasks [210] [212]. 3. The nethod [300] as
claimed in claim1l wherein: formng the masking |ayer [214] includes
depositing first and second hardmasks [210] 30 [212] with the second
har dmask [ 212] over the first hardmask [210]; and formng the first trench
openi ng [ 226Refondhgioes t¢ BTG lrﬂgthelminﬁs; s}thhemdmtmpeﬁiMG [Eaﬁe}r thé\rdnieabecond

har dmask thod as cl [ im1l wherei n

f or ni ng % h’g%@g}iipﬁ%tofeéﬂfﬁﬁ%% Selcﬂ’& H ajt% dftﬂfl" g’f‘f% gl OBIuRh 428

har dmas lsge inéfi&Hged &od] Fi@.t1h. t he second hardmask [212] over the first
hardmask [210]; formng the first trench opening [226] includes formng the

f tt h [r2d2] t he
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d 220 fi di el t . e net ho
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hardmask [212] over the first hardrrasde ormng t seco trench

[230] opamienlpyrn2igelornoinntaegeration with @ﬂnrdemm{nﬁﬁg)]zz&paefwﬂngm opotigh t he

first hggdmask [210] and in the first dielectric layer [108] [208]; and 15
form ng ? ie third via opening [228] i ncludes forming the third via opening

22 he, f] t 206J th nd a_openi ng [ 220]
[ The. di ol ol FIG 1Pafrtenshafd Sid b Hreonsaingom 2| Boohomspr b iadmen @ e 1
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first dielectric layer [108]; 20 formng a second dielectric |ayer 12]
over t héaysed¥nendyhe firsdiglespee [qyen 208 sremignsp that the tdn¢fe?30 ean beafpemed tblaa]

Cayer [ by Tpd et SHBeh g Ry bE Fi P SERAIY i T barr i or layer
[114]; Referring now to FIG. 14, therein is shown the completed interconnect for the
15  integrated circuit 200 in accordance with the present invention. A blanket etch has been

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



25 form ng the second via opening [130] [220] forns the second via opening
(130] [220] in the third barrier layer [114] and the second dielectric
| ayer [112]; form ng the second trench [132) [230] opening forns the second
trench [132] [230J opening in the third barrier layer [114] and the second
dielectric layer [112] and the sinultaneously formng the third via opening
[ 134] [ koeil: (ontimsed fie F30. (16B) d stéma 309 doinmigg [a1 84} didadiic ilayer;he sepchlifdof
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first béorm arenchyed vialk®6fludt@G6converwitththeffirstsondwnatuct or [ 104] [ 204] ;
formng a first dielectric layer [108] [208] over the first barrier |ayer
[ 106] [ 206] ; Wihdlenhafvantiomshs ibged dsseribddlihGdonfudtddn @itBra spbefit begmdliegltectric
| ayer [10 %+§%§] . form ng vi a_ mask (5},118] [ 210, 212]. over_t he maski ng

| ayer [©1 pod Sent mpany; #lipraatives, dpodifigatiggenandy varisions (il de appateRk to
maski ng : ] [ l1idiks ' : 1:1.18] i t he
via nastk”"ié{%%}l*dﬁ%‘?’é%%%%h S ol MErcfb e TRSCHIRAT ysphindhyt iy AR B9
maski ngetnbraee aJlisieh ajterbalivesf oradifimgtians, iand tvatisgorshthep el withinl®é|scp@2amd i n

t he masking,l ayer. [ 116 14] . usi ng.the 25 trench mask 22 222 d

si mul taﬁ%‘ﬂg@? 5 rth‘? ﬁﬂ‘llb\é‘%eﬁ Vi I&B@Tﬁr“h&“h | *Z‘*Zoﬁc’['t}‘no as %}m gﬂ%er

t heisvaskicoshph@ifig diabifds dr@drle iklﬁ:iz-;ﬂﬂtea head iRBEatheBndRBRI RS hd $Qke [ 218] ;
renmoving the trench mask [122] [222]; form ng a second trench [132] [230]
openi ng through the masking layer [116] (214] 30 and in the layer under the
maski ng | ayer [116] [214] using the first trench opening [124] [226] and
sinmultaneously formng a third via opening [134] 12 [ 228] in anot her

| ayer under the masking |ayer [116] [214] using the second via opening
[130] [220]; renoving the first barrier layer [106] [206] using the third
via opening [134] [228J and the masking | ayer [116] [214] to forma trench
[132] [230] and a via [134] 5 [232]; and filling the trench [132] [230] and
the via [134] [232] with a conductor to forma trench [132] [230] and via

[ 134] conductor in contact with the first conductor [104] [204].




13 . Al Uu. AUu. AUu. Al qY. A  g<. A" g<. A| Uu. AUY. AqY. AUY. Aqu. A] Uu. Aq<4Rb" pp%*. | |

3 d

} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cal ca]ca]ca] ca]ca]ca]ca]calca]cald

svWh" QG._} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] cAHEANOVAINHGCEAIMEIR H:ca] ca] ca] ca!l _AJ1?[ +TSB! Q'"" ##W} xsni d_Z] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
ca] ca] ca] caj ca] cq! WU . +e, Ex--Q U/ d0o0x122)334566

]8T9]9W]: }x]sni %I_Z} c‘g] \@Aiﬁtﬁbéj] c[gf)@%(’}aﬂdgf“gag cg‘]’céﬁ%%%]afcj?g] ggf%lgl] @g?]ca[]zgglj caj ca

| ca] ca] esrhgrdiga] ca] ca] ca] ca] ca] ca] ca] ca! :; <] <<=L==[ >>>???k @GAWAASBBBL CC<DDD

E\ EESFF<GG xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca

] ca] ca] ca] ca])f@é{]@?ﬂ%hﬂ%&i%][ ca] ca] ca] cal GEH HH |, 112331 KKLI LLNKNpNNNNN; O

PP . ' |
| PR R o i ) st aehin] epbgel e o ool ool ol o
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Joal cal cal ca} cal cal cal Ga cal Ga).o7] ks SaLeal 6al ealeet A Bosy
fffx nj - -
) cajoa] oa] 22‘?%“5‘%1“%%] _ca‘%gﬁﬁgjﬁ%g%‘ﬁ%ﬁfﬁgi%%? @%?ﬁ%@??l calcalcale
#109EES! () - <fr@s 4 firsppiaopening it fhip mesking AEVATE #1098 () - #7#10%
& ()-'OGMA0% ()-L7#109& () - . . .
TH10oog: () - A TSGR oRsming B (7261 Ry h6oagns Jaygs Gl dR Y 4L nd
0% ()-$%40%& ( éimultajleohlslgr forming a second via opening 13%[220] in a layer under the
aB! 8109%& () - <7T#109& ()-|5%0%& ()-3410%& ()-17#10% ()-! CO7#10%E& ()- | ~
13~ @9%0%& ()- wosgre layewid16bigadl;) - 1 6#10%gg& ()- 10 10 10c<V10%&' ()-3 d

Tovt: () - o g | SHDH8 bl |2 R0 Bt dhuorsh e mmasging oA - <g
10%9& () -6s10%& fnd S iR%gEer( yndédh di-m@king layer [116] [214] using the first trench

10%& ()-)10%& () - 10%9& () -y&AQ%g& () - 10%9& ()-! 6#S#10% / & ().-"aVK
!01 & g%)g) 1892518%%5?5 ?@gj‘dé&ye%fgun% ta:ge:)ouésijsf#foxorn%g é 2chjrd6vi?1# op()enqulllggL[lg?fl] avke

1 35#10%9& () - c1: Y& blotleridy@&inalr HEARKR: LIS A988514) using the second
via opening [130] [220];
removing the first barrier layer [106] [206] using the third via opening [134] [228]
and the masking layer [116] [214] to form a trench [132] [230] and a via [134]
20 [2321; 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]
25 [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]
30 [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].

10
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10C<810%& () - ! STHDQYEw{th ite] BEIHAMardmhask, cg@gz J&/%’&hé)thst hardmask [210];
, TH109&' () - c| WWA0%& () - ###WS98&' dEC 10Z940%1& () -! QYA0%& () -1 % Y%L0Y& ()-!
%10%& () - 7#1fuging)the figst frgneh gpepingdRg lgeéudq;lfwm%/&@ st rench ppgging ) [226]

T#109&! () - ! 1vZ9A.0Y & ()-O T+ e, , E--zX9EC

10° 8‘3/&(()‘)3/& (3/ =1 6pﬁ%2ﬁz@9ﬁé’%ﬁﬁl%ﬁﬁ \(/‘)3/&00/& ()-F° V0% ()-F!' N vI84.0
U8 ()------ 1§0the Secbll 746l OS6RirE) [20OMLDARIEY FortMbOUE, ft-i4-apKgd [218]L01 10
10) <s 109 () dOoOxl‘V 2

2
109&' ()-! 7109& ()thﬂl }d]@é@}a%k) IZI&MGW&WI%M@O@%‘}%%@M form 8s, 55662

X9~_= second v1ao gning [22 Oé\m the first d1electrzc layer [208 J
10" p5vo%4.0%& () - F! @ 5v‘V<i0 & (%- FIGv.voydOov&k () - vy 0% ()-!8|]"' Z940%& ()

10 10) <s 10%& ?5‘GSWTI%%?L%@}%?@%%M?@W%% s ()7 #10% 0-6 10
17409 () - HomdOb& maypkifrg 1% A1} In8KA@Od oiting first and second hardmasks [210]
[212] with the second hardmask [212] over the first hardmask [210];
forming the second trench [230] opening includes forming the second trench [230]
opening through the first hardmask [210] and in the first dielectric layer [108]}

[208]; and
15 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];
20 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];
25 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
30 third via opening [134] [228] in the second barrier layer [110] and first
dielectric layer [108] [208].
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[226].

10. A method [300] of manufacturing an integrated circuit [100] [200]
comprising:
providing a base [102] [202];
15 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 a masking layer [116] [214] over the first dielectric layer [108] [208];
forming a via mask [118] [210,212] over the masking layer [116] [214];
20 forming a first via opening [120] [218] in the 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 masking layer [116] [214];
forming a first trench opening [124] [226] in the masking layer [116] [214] using the
25 trench mask [122] [222] and simultaneously forming a second via opening
[130] [220] in a layer under the 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]
30 and in the layer under the masking layer [116] [214] using the first trench
opening [124] [226] and simultaneously forming a third via opening [134]
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