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Modern integrated circuits use conductive
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interconnections to connect the individual devices on a chip
or to send or receive signals external to the chip. Popular
types of interconnection include aluminum alloy
interconnections and copper interconnections.

One significant difference between aluminum and copper
interconnections is the rate of oxidation of the metals.
Pure aluminum is oxidized to aluminum oxide in the presence
of oxygen. However, aluminum has a fairly low diffusion
coefficient for oxygen in aluminum oxide, such that as soon
as the” aluminum oxide is formed, the pure metal (Al)
underneath the aluminum oxide layer does not redct with
oxygen. The reaction between aluminum and oxygen is

described as a self-limiting oxidation reaction.



copper interconnections is a damascene process. |In a danmascene pr%geAsP&m&
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i nterconnection. Avia my be in the dielectric beneath the trench with a
conductive material in the via to couple the interconnection to underlying
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an etch, pr|8 eﬁf*? p 588s§es quﬁl F8“thEt the etch stops at the underlying

Si 3. Wen the bhenghdcessherelOredorin §hte2conMBcOid®d a8 7 i AR 13002
PCT/ US00/ 4U108 di el ectric above the via, prior art processes require that

t he etch no€oppabveéntRecoNdRLtagpssed bydameseere Arrcessi | i thh t2o etch the
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oxidize the interconnection. Accordingly, damascene
processes typically employ a thin hard mask or barrier layer
of Si;Ng directly over the copper interconnection to protect
the copper from oxidation during oxygen ashing in the
formation of a subsequent level interconnection. In general,
the Si;N; hard mask layer is very thin, for example, roughly
10% of the thickness of the dielectric layer. Thus, when,
for example, the via is cut through the oxide by way of an

etch, prior art processes require that the etch stops at the

underlying SisNy;. When the trench is then formed in the



dielectric E{%gri al and stopping at the hard mask |ayer in accor dahd ARRi 203
an_enbodi me 8% i nvention. Figure 4 shows the substrat e PGIUSOP/APIE8 1
after the further processing step of cleaning the substrate to renove the
phot or esi st sk _in_accordance,w {h_an dipent _of the invention. Figure
B ohows the SUBSPFAFACor TR Gurlu1var: Pt HRpob ¢ i e S (TNl Mt Dol
in the via ighaceecHanee WehidvantgebodineekpeketinByi tNenyign angdet he step
of rendering the sacrificial material Insensitive to a photo-reaction.

Fi gure 6 shoabifh&ystbsetghe tdf Figueerditag¢neh ame miesanvwy Ihwssurface of
the substrate _and _retaining sacrificjal terial .in the via,i cor.dance
W th an enbodFAFeSr SERES RSOREF Ok S Bhret Srgiat Ae bt o R yur e
1 after the kyigherawocessidg ic@RrOhwagt.t erning a masking material over
the dielectric material in accordance with an enbodi nent of the invention.
Fi gure 8 shows t h&@hagbdisr Meedeld Esgar precasserpra peidwhaiiet ysefodssiith st ep
of opening a_,trench _in_the dielec%ric material in accordance w.th an

embodi ment  of 2PABFRTeREPSRSSEPguFRE PhThe” %é%%s‘ter eSS Sre 1 after
the further prgeesstfgnst 8 etchespybpgidiveymaterial patterned for the
trench and the sacrificial material in accordance with an enbodi nent of the
i nvention. Figure 10 shows the substrate of Figure 1 after the further
processi ng step of extending th i rd.mask material to
expose the copper inter connecti%’.’{‘&u’Ia[g,fgnaut‘r@%\%%?ﬁggn enbodi ment of the
invention. Figurepl@Beshews oithecshbal aheiRte Fhahie-diH iy die10ddd t herp
processing step of depositing a copper nmaterial in 4 WO 01/01480 2 2 APR
2002 PCT/ USO0h#0a6Betheofr shehmahtlogi agd opdw hsc iald malterdrilzith@tt he copper

with the dielectric materi al i@ agcogdance with an .enbodi.r{ent %f
comprises a property thdt 1s generally insensitive to a

photo-reaction is formed in a via through a dielectric
material to a masking material over a conductive material. A
trench is formed in the dielectric material over the via and

the sacrificial material is removed from the via.

BRIYF DESCRIPTION QF THE DRAWINGS

Figure 1 illustrates a cross-sectional side view of a
portion of an integrated circuit substrate showing an
interconnection insulated by a dielectric material, a hard
mask directly overlying the interconnection and a dielectric
material overlying the hard mask in accordance with an
embodiment of the invention.

Figure 2 shows the substrate of Figure 1 after the
further processing step of patterning a photoresist mask over
the giélectric material in accordance with an embodiment of
the invention.

Figure 3 shows the substrate of Figure 1 after the

further processing step of opening a via through the
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in one aspemoonm4a)nethod of ~ form ng an interconnection. Thect/osenoiegn | S
useful in one enbodinent in protecting underlying interconnections during
the formati on of subsequent or higher |evel interconnections. The invention
al so al | evi alissl edter Iumate e luandalsitopipa ngt e ther herdr instsikc S alyetrwéen a
dielectric materi and. .an und%é % har? ggsk.incorgorated to protect an
under | yi ng |?ﬁ%ﬁ?§%ﬂﬁ§ﬁ%%) §Y¢ %B PcORMEBERBR -t hat ni ght be
used as part of arﬂ@ﬁﬁ§@@nﬁxn&pQ%@ssuEE%rb@éeB&I@ﬂg%&beilék%%ﬂﬂyﬁ% concern
by incorporating a second masking material or a sacrificial material in the
via over a harthmskerdaessiing saepepf phetonegi shematbstabtesed trempatt ern,
for exanple, a via or trench in a dielectric, be reaned wi t hout
concern of RUPANPEET AiTdERISF 1g ESBBEPaPﬁFeW&éHnéetFHHO rlGRteSt1 e
illustrate a fdualidpescene process for formng an interconnection over an
under |l yi ng copper I nterconnection. A typical integrated circuit may have,

for exanpl e,Ffqure dr ﬁhons|thEesubﬁneeteonflﬁygnseoﬂ bfhes degpbsiniugated
form one and anot her. hy dlelecérlc terial . gures 1-11 illustrate, for
t§rdé

exanmpl e, thed S ond F BeViBnhBCPFERTAAPER YAthi @8 over and
to be el ect rdgald hRNRECGd EQvénE'éBﬁt ahft @ﬁ&OBEEFtb?”réﬂlﬁ% g lt*\ It
is to be appreciated that the method of the invention may be uséed ftor each
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Figure 1 |IIustrates a 4 ﬁéjse%&ﬁonal side view of a portion of an

i ntegrated circuittEHistd WS ther EMPREFRAS SffFﬁQPréoﬁpéﬁqeﬁtéP@onnect|on
ine 110 T Ordidl diholictleQlirlea Baber LAk 1085cCopRebabNteEaoRagEtion |ine 110
is, for exanple, upl ed to an underlying eV|ce or devices rmed in and
on a sem corsuntidii cdwlistmagieeiaThéndtkkevini tnmateordbncs, wiah exanpl e, Si 02
formed by a tetrgethyl t505|llcate TECS) or plasma enhanced chem cal
vapor deposﬁ?#ﬁﬁifpﬁévﬁfr§ Gr ¢BYVePhiPHi s exanpl e, dielectric layer 100 and
copper Interconn%q e HQREe ehanaﬁbgeqat£N8%l¥' d-the pleangriged
dielectric |layer 100/ copper interconnection line 110 1s first mask | ayer
120. First dh&kdeay@morzasseQVSSeplqfopetaepemng asmaskisg ontkaieilebves
prevent oxidatio f copper interconnection line 110. In one enbodlnent
ot sk ISyer e36t1Z MaFEF Lot LI AEGRERFPFEEL LS BUFTBPOSTPIERT
oxynitride (FlXNYGFhtioht. iS to be appreciated that other dielectric

mat eri als, including organic polyners, nmay be suitable for first mask |ayer
120. ~,"""" In t vegexam8 ehwwsrehéissbsnaskelaﬁefigﬁﬁeii SIE3MR4 mheSixhkCZ
the material_is deposited, exagg % chem cal vapor d gOSIt& g

to a SU|tabﬁ@qFﬁeEkR§§§eéﬁlQBpFBi? fePpe b@gnﬁ1F6€ﬂﬁ§klEo§E dielect

I nt er connectys0R dilane 1 110 cdurHRA-8 URSEJUEAT o RHSAE RENEL EPSthal 3NGeaRdoml XNYQZ
general ly have chem cal properties, including dielectric constants, that
tend to |ncreaseEh@@r@aﬁa§hpaﬁcehbesueenanEepéoﬁmgcteoh pifnes abhe

i ntegrated n_anoun t han or gqua

? r glts Accord g % 9 3

to 100 nm i§I§ ﬁérEFP§e58b8gl? %ptS pF%T@Xf”%oBB%r ?E?E?é nRBEEEER®Fi ne
110 but not dg whaceephahl ¥nlnEheasgct e 6apaChE8BECaDEi BB cordance

i nt erconnection 6 WO 01101480 2 2 APR 2002 PCTI USO0/ 40108 lines. For the
remai nder ofwitthi andesbrdpmeoh, oéntkexabhpyentiofirst mask |ayer 120 of Si3Ng

material wll be _descri in irst _mas ayer 120 is dielectric
| ayer 130. Di eIeéPﬂPEelgﬁethgﬁ g gBL gfaﬁﬁl8§ h % r 2BEEYDHSr ned
Si 02 depOS'E%Qt%@ragEBb8§§§ﬁ§ QéeﬁpQEOékH@EQLM 1t990vﬂg1tﬁbeugﬁlekeeﬁ§raf
dielectric |ayer depend, in part, on S|ze characteri Stics and

scal i ng consﬁ@&rmamemsaﬂototheodee|tbe Chpgedlehéerconneayepn130 IS

deposited and fornmed, the material | anarjzed,.for exanple with a
cheni cal mecR&TPEERNGEI FSRD ﬂﬁx?mb%gl@ﬁg ? BeghP¥eRLIONA pattern. or

second mask Iaye@l%ﬁqelqopahbagneﬁeogsﬁsngE@CBE'9lba¥@r1139te§eeﬂed mask
| ayer 140 is, for éxanple, a photo-inageable material such as a
photore3|stqutpeslprmeepbongresethffdepexaUphg,a|soppen oaterthé snrface
of dielectric |ayer 130 generally across the wafer. A mask or reticle is
then used to expose a portion of the photoresist to a light source. In this
cask, the reticle or mask defines an area4for via or opening 145 over
dielectric layer 130. Once the photoresist nmaterial of second mask | ayer
190 is exposed to light, the exposed naterial is renmoved in a conventional
manner such as for exanple, by a developer, and the substrate is baked to
harden the remai ni ng photoresist. The process | eaves second nask | ayer 190
of photoresi st having an opening 195 over dielectric |ayer 130.



Asshown in_Fi ‘ﬁure 3, once second mask layer 190 is patterned, an %{Zc‘H’M{JUZ
is used to BEHNY 150 through dielectric layer 130. An et cF4&HUS84¢Bsen
t hat does not substantially react or disrupt underlying first mask | ayer

120. In the case_ of Si dielectric layer 130, for, exanple, overly;j a
S 3NA Tirst FRSKETRREr 3% VAF SO AN I TEGER oOF Heoohe )

2002 etchant tho §ELosit ¥EL nBEhi a3 02n VAEOOMdaSaDS)a0N | 2 | YmiSd &thdige A BN
is, for exanple, a C4FB etch chemi stry. One objective of the via etch is to
etch the vi atharoogéntiehectric layer 130 and stop the etching prior to

etching through Si3N4 first mask layer 120. It is to be appreciated that
sohe of the Si3N4 material of first mask |ayer 120 may be etched away

during the via etch, hoWﬁILé@%@é@ﬁIﬁJq&{?doﬁ?mﬁ@niﬁ_@ﬁ@gléﬁ that enough
Si3Nd material remains overlying and protecting COpper | ntéerconnection |line
110. Once vi a 150The bDpeemdidmroehtels eircone caspger 180a meghpdtdLrn or
second mask |l ayer 190 is renpoved fromthe surface of dieleé¢tric |ayer 130.

In the exanpfF8rMHRY 2% i W IRETUMETrl YecomtPSradk/ $Hy " 14D ¥t i st
the materi al | q{%g&% Pﬁ.@ PO
oxygen ashi nS : %\thﬁ?lﬁltfegﬂ?{)?rn%w%hv\e a'%: eanf% e%rkast nown |&n%t e acélgrlrrxg%/

al so be usedthe fermvelanyf esimheduarar tox|leisghdNextevals dhwewcommeda gilores 5,
sacrificial nmaterial 160 is introduced over dielectric layer 13d and in via

150. In one ERBOHIVEMEIORAYIT T LAVIANST e I LhetRreatithif qtch
capabl e of upj i 4l Vi a%; SRR VA Vi ! ter |ess
than 0.25 m gir%ﬁésgé%#%ih%é;%e od%nmén?léﬁzﬁﬁﬁccﬁ%én%%??%ﬁ 160 is also
ei t her generahdigrinsmnshdid/endsk dnocapxidtecead teipupteacke genenddr)ying
insensitive to a devel opnment step such as a photoreaction. In other words,

once i ntrodutBECTFPRRSLYRN PG i FGRRRT pUtt§HPHIeSake? 1 Hed ol myteRsl
160 should n h i ! i d XS iSna materi al
that is i nsoP%%(ﬁeg?gﬁ% %foogtggasét}@dsec\{/geﬁg%rrééuﬁsﬁ g:lg]ofure trgt:’f?%ht,
particul arl yalighiateyitigla acmeedengdgih incdimordtimayiol stcdM masigeng One
suitable material for sacrificial material 160 is heat-treated Egggaizrtci ve

phot or esi st . "EFgTH & PLHoORETT daterigl Gin it o2 PYER

PC '/ USO0/ 49108 Whex e \photior 8 ST o ridtcdl &5 LOWARN . OMAl L DO d Yatrern,
photoresist, I's spun-coated on the surface of dielectric |layer 130 and
fills via 150cr Rosinple, photicr esi siremsclyeneraldielssrsiid vendy be gtamoved
exposure, as described above with reference to Figure 2. After coating of
t he phot or esFSEINL 731FELR sqi'blsc{lr%ﬂtrég i S Y P T PR phot or esi st
material. Thepheadoddsatimnt is, for exanple, on the order of 150-200C In
addition to curing the photoresist, the heat treatnent perfornms a second
function in this Enrrodésrehtll inlivstrate gendual |ganasckens phecehotesi st
material insensitive to.%seohotoreat;:.ti on in theé_g{;s nce of |ight exposure,
e.g., WIightExPeste AP Il iVET S hedtSTreattl P or esi st

ot her suit ablge RS SidPr SRS Bl i ddprdala | 60-dwct uiley dyak, for
phot oresi st or photoresist materiial with no photo-active conpound, i.e.,
phot or esi st exammple Ofowiqm e el gtk eptrnrorest isin | ye sy onat résleadt h

|'i ght-absorbin roperties. Upon exposure to light, including Wlight, the
dye i n Che dyBe DG AL o AT SRGHIE 46 GHELE T o M3S G e | ght
a region neagjdhe SUREN O 1A1s Rk DOrd 0N i mPaC I fHE | B roidd B850 adf 160 i n

via 150 (relative to dielectric |ayer 100/ copper interconnection |ine 110)
to inhibit asetend-istdamedtdnye ldyaheophisicaver opedtyodiethe majority
of the dyed otoresist and thereby rendering a plug of photoresi st
mterialin BISCIEE S L e A ¢ o B AR T TR st
is comerciallyeavaid abl & d nm kg Dikan Kagno e Jadanbd The txd erial may
be spun on the surface of dielectric |layer 130 and cured by a conventi onal
heat treatmennvertisominay h® ovesds fmay drchutintiezstbrimzctphen olapdstor dsine.
(i.e., wthout a photo-active conpound), such as DP-Resin, commercially
avai |l abl e from Tokyo Chka 9 WO O1/01480 2 2 APR 2002 PCT/ US00/ 40108
Kogyo. Absent a photo-active conpound, subsequent exposure to |ight,
including Wlight, will not change the physical properties of the conpound
as an etch-resistant plug material of via $50.




Figure 6 shows the substrate after the processing step of controll ed ! APR 2002
removal of Y2W (%48 al material 160 fromthe surface of di el EETAISBOFH %S
130. In the enbodi nent, where sacrificial material 160 is a photoresist,
the controlled reppval o g?gt oresist material fromthe surface of _

dielectric layer 138YhEy.belaREbhpFFShBd“GSPRGSERtY P ifQshE €5.2
oxygen aski hNs T, noe PO reval : IS
t he surfacerlg%r%?%#g%??% Ilg%?%%%d ?ﬁfguﬂ%y%%%%%&%%y an \ggthlagjtr@l% va\i/et
cl ean step aSiksiowoppethentetcdémneetdor hivye rELD diratmeuhriin ciededtriane

enmbodi nent, sacrifici a{)l material 160 serves the objective of protecting
first mask IBREFTA2D AP ngCPREHsLYLRREORFRFEIQ Fidie hddhpise, P8rm a
trench pattefp f.01ca SYBSEOY inter Ld ofsli e, (oY HoTHTo] VA ;
sacrificial mat err9;|[ea'l 16 doe?&%\ot nee 9??%0%#%&% of‘flAI vl:yaeglééf:mgtdl rr
further, sacandicha sahecordudtOr stavsdrans . | Med el iz ladrsdquanteetiad, such
as a subsequent tench etch of dielectric layer 130 around via 150. Thus, in

certain situati ¥ $XaRRYL heS Heaihumes Y reRre 28ty Lt PERNBEILAERTEE i al
mat eri al 160 iS_.i ' h I r.if.i ci rial
160 i s phot o?léés?és)t ,&;‘31 %%%%&on]érg?aéﬁeeé pﬁrc’)%?éegs)ll 3{% gjreﬁ%%lltﬁ‘ o\glll glpfggbﬁay be
removed by casiddwli NOIh hetiet € hevarhbl é hed Dxygey it asfRe o i1.08. andvebppski Ng)
after the endpoint of the surface of dielectric |ayer 130 is reached.

Fi gure 6 shovixtarr@mReleen stldp are thkamriwrA of the invention wherein a

portion of sacrifigci ery al ' ve romvia, 150. i s _also 10
WO 01/ 01480 2 2 A‘lﬁ%‘g%ﬁgﬁédﬁ’}%s%%%ﬁﬁéé‘?ggb%fl%%‘bfle%ilaatyeed‘ Shoac{/fc%p%earnot her
embodi nent, isaesiddrinedt i e¥imd 160 i$ ADEspPaid st ned dro 100npl eieky hakk
via 1S0. In such an enbodi nent, a portion of sacrificial material 160 woul d

not need to IRYSRrRRECTRS exHhPRE 3P 0\ - ISy o3t HFrrEegute 12 is a
graphical r o) f e C |l e i . t synface . qf
dielectric %egfeq—g%gé)%ln oé)%lor%/ihoaf h‘g@l&é%[ alrg’ce‘%te%&{)]ieglég@ rjl‘aﬁlgngtlfgr's. I$h8ne

hei ght of samswbdddicieait ot ofdalmald0 Yo)at | VEO tis thea asuwd age saflidbal ectric
| ayer 130 is conpared to the asking tine in seconds beyond the endpoi nt
(i.e., beyord-%H¢&ur$ida) oPrdpléEppi eXVayEF1Id80)SithOthi s FrbbditeRRe a

POt O esi St diipld {4268 A% PR LS sh JALE a0 ARd e gubggrate s
exposed to an oxygen/ nitrogen plasnma m xed under 1Tow ténperature’condition
(about 200Cdgemiotmyleghats I ey i e Kot fRNtEor e dsewnbaenrpeagedr e duri ng
ash process hel ps control the PR renoval process. Thus, according to one

[

embodi nent 3f2&-he"I"nvention, sacrificial material 160 may be formed with a

control |l ed height;i i . t ] N i Qvelr: Lir mask
| ayer 120) based Iol{nrtol%//éerae- as BI J(Fleeé.‘g}?%r?hﬂsggrgnrﬁ‘{egr]% f%ég}\?\njtgjtﬁ nl?swg’rfléé‘ aén%l
Waf er - t owaf iy Mad],aliHe tnawdritdie iweidpdoonftsdheridsd axamplet, ebyakhém@ced a

via may be s'é&)ni ficantly reduce conpared to the performance obtained by

d
using a | ondk %\P@Hﬁ’_psJﬁrléﬁbsqu)ort%ﬁnﬁﬂléatéﬁcé%“ieﬁscP§I material 160
is formed ag .Jj]‘?r%ﬂél%']]%olsﬂf?n RAHLND Pri&@fc@ﬁﬁﬁ%'ﬁibﬂyﬂ?%g?lbs

patterned ové Ielectri ayer 130 to patteéern a trench in oxide

Fi gure 7 shaasiped tetbsemsdntorettdhing netsdpd aye3iN{Oapat $ 5MN0d garesrally
dielectric lLayer 130 in such a way as to | eave an area 175 exposed for
trench patt &dYiehnghemiGal MpeFhisesn Gichudingysligliestads SORSAPRES002

PCT/ US00/ 40198, ! Ridhth B9 | A8l el 1hd Sad s (AP e ReANIHREE bR L OL IR

lines and integrated circuits. Accordingly, a thin amount,
e.g., less than or equal to 100 nm, is generally deposited to
protect copper interconnection line 110 but not to

unacceptably increase the capacitance between interconnection



descri bed above with respect to second mask | ayer 140. In the enbo@i?rdRRt2002
‘wher e thirdworskidsayer 170 is a positive photoresist, the phg&piesd siiod S
coated over dielectric layer 130. A nask or reticle is then used to expose
a portion of the photoresist to a |ight source. The exposed portion defines
a trench ovetipea. 1580rThbacexpmeaddpor of obhi siciestesiptiiar.e@noexample of

ificial material 160, B i ficial ial 160.is g N
Thensi 1 ve FAESEMOEbr SAYEFoRLOeaE, PF 1A TP CRELAN HF hoBe | S TRALING bot 2 by
the exposure to, bHoereXamel &irak %bkgmb%/éQUm@;i§3&Ié]fécC€ﬁ|c el I al30l60

is insensitive either in that it does not contain any photo-active
conponent s oPidischeia Leyered3Of o5, eRanpteample heatTEQGSH dmAECVPatfe rimes!

sensitivity fo.a photoreaction. Alternatively, a photoresist ntaining a
| i ght - absor bPh? &%‘e‘?‘isel.“‘g‘.g 52 Ry %ﬁm} e%‘% sat%Prr?éS}mBéeggeil 8§8saferi t TReal
material 160¢h}AkhbLs éfbegleﬁ%ai:_riép%‘?/ét 9D30 exPOS W, eth:l,d‘?.gn' Be ran ghch

pattern for a subsequent trench in dielectric layer 130, th

| i ght - absor bs hge dykanbsbebssangs\Wahdghtabing kéorys sdratfiionisalf omatéei al 160.
Thus, a trench patterpin tep to pattern of or esi st, mask over

ol ectri o 199ERCa50. GRPE AOETEFBREFi LAHEF ol FEntOSRaR i Fro PR FRFERFa
160. Once thind mRekriayels1g9ahari 2Edesr t& 00N 80 b of QhERI kA -
dielectric layer 130. Trench 180 is patterned to a depth suitable for a
conductive imeenzohoattpohishn one enbodi nent, for exanple, trench 180 has
a depth of approxj matelg 508 nm . Agai n, thg preci se di nensions of trench
180 wi |l vary dep&fdiFng SnSthE"scal 628 Eher i it B 3t WF T FECong B sk
formed. In the cases@f;dighesbrhea! aver dB80 &b A% 1 MR04391488.2 24APR
2002 PCT/ US00/40108 Si Oz, a suitable etchant to formtrench 180 is, for
exanpl e CqFeh&&k Aktaperhlébentst £9r Byamplber poreidty isegeabilel abteatiedi al

160 in via 150 underlétibnggfi rst masg }Iﬁa . 120 is prot.ected durin he
cer

er
trench etch ueSeribed RB3 .reFf‘sEo_n RS b L ¥ RRA TR Sicer | PhgSFRIBt-mask
layer 120 (syghs@sn 9FfceXREPLEr £ SESNSs | RVETdc i & NeipRMed 3pagatblabh e
etchant may be chosen for the trench etch w thout concern for selectivity
bet ween di el 2ct93s thgevalgd. anll hasktomusktilaherisl 2henAcseddkngkypoae a

sui tabl e etchant. can_be_chosen _based on ot her. paraneters, for exanple, the
etch rate, tR?FVEITi% IE%%SPB?t?ﬁ%SJe?%hEO & c.l_‘ﬁ]achﬁo_éJrézesho&E Fﬁésggﬁﬂerate
after the subseeMMcPé 0SLSHAHE SEEMEE deMDMNFdNivid RSkpbaysy 146.
Figure 9 also shows the substrate after the step of renoving sacrificial

mat eri al 1600ven dkpbetrriandereyi hilfi r@ucemdle IrhasorezdstBpatacorporati ng
sacrificial rraterg' al _ 160 én vif iSO t he co$cerr5.ts.q§{1t ”‘%tepri or art of

removi ng undse?‘ffli dn?? th MR f y3e$ TR itnog TEHceh cR*BPE%I | evi at ed.
Accordingl y,mseefidi ci ol rembeedaln 160cosveel 8iiLd mdnheaneuerbadi FBRt, to
have a low etch rate during trench etch. In one enbodi nent, sacrificial

mat eri al 160e%aP ki rly maskeveyepen7(2rg chaacirfttoradeedissbakhdstal handrg

t he sinul tangous_renpval of rifigcial terial 16Q and third sk _|ayer
170, "1 thr SR TP Tay i Pt aned ot eafafestior
third mask | pygsr 1140 ahfl seetofésiot wabaid aln ey hasr epeyed by, for
exanpl e, an oxygen ashing. Since first mask layer 120 overlies copper

i nt er connectdbleGtele ntayer 1580 copper interconnection line 13 . 2 2 APR
2002 WO 01/01480 £C¥#§Qg/?01g§§ur&1§)’| L Of eé:c'gr%j farsq(mlgmega&hsn.gy the
presence of oxygen during The oxygen ashi ng Step. Ce sAcrificraf- mteri al

160 is renovestdd@iBy) aardSccRant is used to open via 150 through
dieleééric layer 130. An etchant is chosen that does not
substantially react or disrupt underlying first mask layer
120. 1In the case of a Si0; dielectric layer 130, for

example, overlying a Si3N, first mask layer 120, a suitable



subsequent etch may be used to renove the exposed Si3N4 material of? 7iAPRQ002
‘mask | ayer W98"0%8%pyi ng exposed first nmask |ayer 120 in vi anUUS@k%B es
under | yi ng copper interconnection 110 as shown in Figure 10. A suitable
etchant tor ve first . r f. ~Si is. for ex | a CF4/ oz
etch chem ste?CyC. ai’f et{osesfgges%l%ﬁé’%égdgﬂ"fz‘gi (rgléoéo%g%?o?htse‘?%%ﬁanrg{g??g%\y110,
Figure 11 shawhite substirsgt & af te&aniple, subgenient cHpraeegssd gy St ephof
depositing copper material 190 in trench 180 and via 150. The deposition
precedes vi Ry aBriventdfortdie darasEehe 1pr 88esschOnbe voppehreuebrial 190 is

deposited in,vi.a 150 and tre 180, _th bstrate may_be_planati
accordi ng todlcec}ne\f:gjatrﬁ]icon%lyegaﬁgs&cgﬁg 5%8§e§§?n Efzé&ﬂﬁi éﬁé?rt %Of SF%Eggg.
subsequent |ameludmtgnapNEedt Ol skl G y00e8s streps dast Hdepphavia tdd h
respect to Figures 1-11 may then be repeated for a subsequent

i nt er connectih@t |soye off thenh&ipNedwtienidetad Ifdd tes@msiptlianer tIkD imdxent i on
is described with.reference to specific_enbodinents thereof. Lt. will, .
nowever . be RITRHIEA RAE  SPFGE REGI FEearFohs BRUCERANGEEonES BeohaHad
thereto w t hUinAdgRAAddNG S kot Bachgpadeln sMaddr iand seehRt Pfoddi@ ying
invention as set forth in the clains. The specification and draw ngs are,
accor di ngl y,and fetesfandedoppeaninkteasenaecvéonat hee Lh8n a restrictive
sense. 14 Z 2 R 2002 1. .net had conprising.,.introduci a .
Shot osensi ti ve saENS 1l SHarar CRENER ARG PROPRASEIRC R dren BYeri ¢ 3fut ¥Pal
the via for Rt ketiesn e ag8koflalbxei1dbel ectehevent ekbal taBdsarFBEKI Ng
material over a conductive material; rendezing a portion of the

phot osensi t iafe digdreidtirgicall ayetreABAl- | Asehbit fyampdeawphhoeovieapeEtenn or

formng a trench jn the.dielectric material over the via; and_after formng
the trench, YRRV A Yhd SRSt G4BnaPt PvEPSROEFRF Srat BT aloF FORFCHESY BS .
The nmet hod dferdvadidnthroMi@r ai Roalkak ibRRNLOENeHEH phesRBOlesSENSi bkygen
sacrificial material in the via, rendering a portion of the photosensitive
sacrificial amdtieyd)al Atsdhdist peénto a8 phRot 6leencsiep. as. kFaenpgnfhdheoprt
claim 2, wherein.the b%hOt o%ensi ti %evsacri ficial rr?t eri gl. ﬁogpri ses

phot or esi st ,maa?'ncfltst?e rend&ri ﬁé’ 6F"PHe SHXt 5%3?’@?’?' vB2Eadrrfrcial material

insensitive to antal orRAGHA GAMPLighee 8XPesthrdribeaphphereskhit 160 heat .
4. The nmethod of claim?2, wherein the EhOt osensitive sacrificial materi al

i s a phot or égitsrodmeed I erodAglE6RTSE LRFCPhdBOsandi tnveisaébPti cfal one

mat eri al conpri ses: coating.the.photoresi r.a surface. .
dielectric na"fbeorqﬁéqen%hd siarcf(ﬁiltl evi 2; m%)%sgélg%g%ﬁelgu%s?‘rag Jé—‘lgljd gﬂgﬁf tPcient

t enper at ur e dapaRAdIf anpFokmey @hllhagpbabolesist i(BSENSi Vi¥ehhoiAg
phot o-reaction; and renoving the photoresist fromthe surface of the
di el ectric rdEdatEr l@ssTRé2reChdd BLCEPAFMr 4, IRhEhéPneRRediBABYal of the

hot i st i.al. f ' ' T i
Phe. photor e B it e, s gl 6870 506 L0CG PLARECLERE S0TD" L E8ns EEROS! N0

oxygen/ ni tr agemr aapamidr egebeinyr ngan. géneThElyeti hsdnsf telrai avla wherein
t he photosensitive saczificial material is photoresist _conprising a |ight
absor bi ng neleelaPmentd ste® s¥CRodsf ar PReECEBARELSBs: In other words,

once introduced in via 150, a significant portion of
sacrificial material 160 should not change its chemical
properties. One example is a material that is insoluble in
photoresist developer upon exposure to light, particularly
light having a wavelength in the ultraviolet (UV) range.
One suitable material for sacrificial material 160 is

heat-treated positive photoresist. Figure 5 shows an example



-15 2 2 APR 2002 prior to the formation of the trench, depositing?a APR 2002
phot osensi t ywso1nAsdéi Ng material over the surface of the diel @ethiBoso108
mat eri al; and subjecting the photosensitive nasking material to a |ight
source to expose an area in the masking material for the trench. 8. The

rethod of ol shuld: pHleLeLs: Lite JOHITL] o le e OLORESII] Ve MG i

materi al conprises® coatin otosensitive sacrificia erial over
surface of the gpehe€bstsd & effiedlsurtiatd &W0\HiRQ e AN 1@V edf 1IE and
photosensitive sacrificial material fromthe via to establish a height of

t he phot osen§itiseviactd?i ciRasitdiveg iRllotarasistyils graeredd ymskisigive
material. 9._The.nethod of claim8) wherei he re al__of ortion of the
phot osensi ti bR gé%p{f?%?%?urr%’t énl a_es_(:cgrﬁ)brelagea;b:?vee_t (\:'th“}%g rﬁgf(fndpcae ti%e
sufficient tp;gepaVE. t Ner PhOLQSANSIH i0fe tHACIHHItErdls ifse, alakldflalf r aind he
surface of the dielectric material. 10. In an integrated circuit device

i ncl udi ng a $ubstrane eisomatyd o9 caneetthed pifotforesilisy magesoid-- The

i nterconnectjon_conprising:. formng a sacrificial material,i VA hr ough
a dielectri cf’ﬁ@f _e??g‘?trf‘%n ’n%(slénorfg%ﬁft"g 1%l Bver'g ﬁ’édﬁrr ?tf ilaétogrzcdooﬁ ecti on;
rendering a pRrii@it fbnte Sacidd itHealphBldaldAlsd, N@RsS helate tr@atment
photo-reaction; formng a trench in the dielectric material over the via;
after form ngerfermns excecorchiungf idne igadhiifs emplodsmearti, alinf rihat e vi a;
extending the via through,the nasking material: and _depositing.a cqonductive
materi al | n_?‘ﬁ ?5?%11}11]: _ %rs_hett o@hé’_fqo(ﬁeasl tl(ﬁrfat\ﬁr{é‘ragi ﬁn!’sgr?cfel%llﬁ' aopoarti on
of the sacriphéteteci®t &6 aln it HddeR e @@ IRRMOH@RIGIrR) QCEUrS Bfter
formng the sacrificial material in the via 12. The nethod of claim 11,
wherein the saghtfexpesurmteri al conprises photoresist, and rendering a

portion o the sagr! [hoAl IREN A REISIIE 40 AR {80t Gh
suitable materials for sacrificial material 160 include dyed
photoresist or photoresist material with no photo-active
compound, i.e., photoresist resin. One suitable dyed
photoresist is a dye material with light-absorbing
properties. Upon exposure to light, including UV light, the
dye in the dyed photoresist material will absorb a majority
of the light in a region near the superior or top portion of
sacrificial material 160 in via 150 (relative to dielectric
layer 100/copper interconnection line 110) to inhibit a
photo-reactive change of the physical property of the
majority of the dyed photoresist and thereby rendering a plug
of photoresist material in via 150 after the exposure step.
One type of dyed photoresist is commercially available from
Tokyo Ohka Kogyo of Japan. The material may be spun on the
surface of dielectric layer 130 and cured by a conventional
heat treatment. A similar process may be utilized for
photoresist resin (i.e., without a photo-active compound),

such as DP-Resin, commercially available from Tokyo Ohka



2 2 APR 200Z 13. (Three Tinmes Anended) The nethod of claim 10, wherll APR B8l
sacrificial woati@r4gal is a photoresist and the method conpri sesrisoakiiog the
phot oresi st over a surface of the dielectric material; exposing the
photoresist to a sufficient tenperature to render a porn on of the

phot oresi st Kaggosi t Rbeetio a photo-geadivieorpmpodnd enovb sequidrer phaiasias St
fromthe surface of the dielectric material .and in the via to establish a
hei ght of thEOSéEGFFiCFQFlHQ%BEiHV LAghke Vidlolek EhMenIRsKihPhmticalal .

15 The Mot hadogls £1 8LMLI3LUNeRRByLAC JLCURVaL AL LIS PN QSR Sha TR o

fromthe sur ectrl conpri ses: exposing resi st
material to afprasnb5016. The met hod of claim 10, wherein the sacrificial

material is photoresist conBr|S|n a light absorbing material, and the
met hod further coRpBPEEs® SPPYE tHet FELRSIREE 8ALEF ERR E?%ﬁﬁﬁﬁlQﬁxﬁﬁﬁﬁn ng

a phot osensi ékV%H@?Biﬂgd{*ﬁ&r%ké‘#OSEEe%aEQ?fEHEEECﬁ%Pm %filgqc?'ﬁ%%{ t%e

material; an J ecting ensitive mas to a |1

source to expasfaed arfediebetbeignikiyag ngleri ah tiog drtddineiod). waareThe
met hod of ckaim 10, wherein the_formation of the sacrificial materi al
conpri ses: coatFhflehalsnererialal 6Anisr raPhaveFeal shr fidte Gsntaed led

diel ectric MBLELLA| oBNdLENPULOG: anBOLLian o ohensaRLIfI Gl e mterial

fromthe via To es € sacrificial eridl” in the via

over the nas#i&Ped®t £Ei ahye&813Crhmap13bbodcafamphasmdmsm;eraei AR n enoval
of a portion of the sacrificial material conprises: etching beyond a tinme
sufficient tBla®RdvESt Ber SAEYFENCRANLIREY eRPaKNPYBM ? K 1A Flace e EhHE

diel eotric rBLeridbe ife AfRUREOEDE ILNOU CONDELSL I0E dioskcr A Z140R 2002

formng a vi hr ough a dr e ric t 0 expose a rat e
over an 130. This may followed by an optional wet clean step as

known in the art to remove any residual particles.

In one embodiment, sacrificial material 160 serves the
objective of protecting first mask layer 120 during a
subsequent etch to, for example, form a trench pattern for a
subsequent interconnection line. Accordingly, sacrificial
material 160 does not need to completely fill via 150. Still
further, sacrificial material 160 should not impede a
subsequent etch, such as a subsequent trench etch of
dielectric layer 130 around wvia 150. Thus, in certain
situations, it may be desirable to remove a portion of
sacrificial material 160 that is in via 150.

In the example where sacrificial material 160 is
photoresist, a portion of the photoresist material in via 150
may be removed by continuing the etch with the oxygen plasma
(i.e., over-ashing) after the endpoint of the surface of
dielectric layer 130 is reached. Figure 6 shows an embodied
step of the method of the invention wherein a portion of

sacrificial material 160 is removed from via 150. It is also

10



interconnection of a substrate; fornming a sacrificial material in th&AGR00
rendering tWOUYHI#EOf i cial material insensitive to a photo-r eRETIUSAIKIOF i ng
atrench in the dielectric material over a portion of the via; after
formng the

rench, removing th acr.ifi_ci material fromthe via;.
ext ending 't hECVPE ERPEEGNERE FrFse. Adekrora: SrPaRimehfl it 1o
conductive ”ﬁb%ék@bli@6bh§thétQFthEQnEHeB@hcoﬂﬁlegbﬁyn?lhpdbfg_fﬂﬁﬂ'“le
wherein the formation of a sacrificial nmaterial conprises: depositing a

sacrificial satereal emhotdhmenita eh@ortampr Pfesaar photbaensatenda mditdl i al |
and after depositin ren erin%ea porti nng%ﬁthe sacrificial materi

|
i nsensitive t'8Y dpﬁ%@o“?@ ctPoff® ZEMOYR oB*dFPtF ai hf 28" %Wﬁﬁ?ﬁé%%qﬁa

sacrifici al g@@g(ial conpri ses photoresist and the rendezing a portion of
the sacrificial material insensitive to a photo-reaction conprises exposing
t he photoresi st t&igusef B& dst at @rp@idtaade repreeadertaopoefi time of t he

phot oresi st insensitive. to phot o-reaction. 22 _The t hod of clai 0,
Rher i n t he GREEFPIAPA NRABE| AFORs ChepRUELRES QF URBETErHy YT HET
absorbing maygzihal 90d hAG:ihENdeHLREnSHEP18000R5AOReEr L he BRENdildHalos
material insensitive to a photo-reaction conprises: subjecting the

phot oresi st secaifightlsomateeislchtChakelahévphovootksi strbbsords sufficient

light to render _a portiqgn of hot or esi st i nsensitive to a subsequent
Dhoto- 1 et Bee18sRe e TRk 035 R e RE st O RS daelag O frs ity |

material filks-LRas begeneh%henghagoe%t i(QNe0f LBGohE ePRY- si2h5a NG, ATEt hod
of claim19, wherein the sacrificial material is a non-photosensitive

phot or esi st . d2BleAtmethddyeanpBiPsi.ngIn- 1Bis emBoARRRO02a coabtiowe i dtayier of
phot oresi st material, aver a substrate surface g@d in a? atterned vi.a;
tAYj #ndet

rendering t hBteoAPEE BRoPBPESFEC ht BRATEF1Phs SPHAGS dact i on

by baki ng; aEQFBQeBhgopQHt9&9§E§Vnﬁﬁ&%bbﬁ| $9sAS hOxEEMPN&e £ MR Wphot or esi st
material fromthe substrate Surface but no? frominside the via; patterning

a trench ovetemherstareandndfitépnf deliong £A6° €Y ehmhphoeones gt tiemoving
photoresist materi al fr of, claim 25, further

8E1t9e via. 26. Ihe gethod ,

conpri sing, &ft&P™&8ki ng 'fie BHot6FESF 8t VAtit PFtht%fveﬂﬁﬁ?ﬁﬁftqﬁ}ps

photoresi st pBherbal theOBR! Pemsyas! g%b@e§5[f afRus ACAE AGrd thd GCLThe he

photoresist material into the via. 27. The nmethod of clai m 25, wherein the

aski ng conpr esbedimensdaéi hheaAngrpg§érrni spogehicial material 160 may be
formed with a controlled height in via 150 (e.g., a
predetermined height over first mask layer 120) based on
over-ashing. In this manner, the within-wafer and wafer-to-
wafer variability of the height of sacrificial material 160
in a via may be significantly reduced, compared to the
performance obtained by using a longer develop process, for
example.

Once sacrificial material 160 is formed as desired in

via 150, pattern mask or third mask layer 170 is patterned
over dielectric layer 130 to pattern a trench in oxide 130.
Figure 7 shows pattern mask or third mask layer 170 patterned

over dielectric layer 130 in such a way as to leave an area

175 exposed for trench patterning. A suitable pattern or

11



pl asma nmixture at a substrate tenperature on the order of about 2002 ABBI00A
‘met hod conpMW@GomIy480 nt roduci ' a photo-insensitive materi ak eEeMSA0/40108
substrate surface and in a patterned via; asking the photo-insensitive
material so as to renove the photo-insensitive material from substrate
surface but ndotfd owmsikndiagert héOvia; portexammbea a vhatrmaarst omed and
after formng the .trench, renoyjng the photo-insensitive mater.li fromthe
Vo 20" The SRatToedt SBPAEnISBh PRFPREF COMFTSNaash LS fy 1 ho

phot o-i nsensi tive fpteld @nboeik@ABYRnERE PROLQ-haASENSiJdve TRiLLial from
the substrate surface, asking to recess the photoinsensitive material into
the via. 30. pbise tiwehpiotbresasm 28hewhroedres het askigap ewhvees

i ntroduci ng an xy%en\]nitrogeg Brleasgﬂ mxture at, a substrate tenperature on
the order of 9 366C1ayer ASHet MORENPTT STHY CLoatT sl pHRRAoresi st
materi al COMRLA3ys'ad aa'f.‘:o'ilttjbﬁyb@ ehe | bABt o AOSOL P O dyiRyHAY o fr SIDSTF €
surface and in"a patterned via; and -19 2 2 APR 200Z Tenoving the
sacrificial exipersieal peatdsnt deféneyeat heepdivtavessisia ngiler | Ahd reoprpddesd
substrate surface but not frominside the vi al#gpat,ter ni ng the trench over

the via; andPRFPTf SPfHESEhENt FERRhOVERMAF Y tHEP DIt Giedt st ffut er i al
conpri ses.  PACTETI NG S Bharsabena T1 Vo rerert BB tHe S e £
surface: andaepthitogebleibnenshcri20cidl.MetexiaN 160 is not affected by
| . A(. AU. AL A Ah3. AY. A. Al . A, . A. AF. AYE. A. AS. Ah. Af F dwf O
- ]zt (()j] e [a caff‘g @éF}éc’é]JE]&] 633}68{%{@3&% cH} cﬁ (cj\éﬂv-qg}ﬂ ct™ & cal cra]c: a]calc
a]J ca] c®aV] ca ¥ ]G: A zg) c all c nsitiv i - -
v?upVR~yt 0j e %\qrgzﬁl cg]aga]%gg] cg]gcajgcg] ca] g%ﬁ%%sljtc%]ecae]lcta}iecra]lcna]tchaa]tcal]tca] cnaj
A ' 1=t T Bu@dgangtits or has been
3 ﬂ ;: ’6\1] ca] C? nge]sf)?]\zymalggg}tggiucgizg]a%g] C](;g?:a] caj ,cazl % ca c’\,aL]O%:a% Cai‘ ag cal cal
83{]0::8]3;:2] (é?] 5§§§§F a] EQFCc&F Q]’l QLCQ]’CET 9] & cHt ] BV B ~]5n, LELIVY 7;)0
o) . BN A 3 9 3 al C
a] ca] ca] ca] ca%cg] ?gl]ggafgg]egg}ggé?cgﬁgguf%%f\ida%ﬂ:gcﬁcﬁcﬁcﬁ?cﬁcﬁ%ﬁﬂﬁ???
?0@A.AAABCC;, BAENEBE-EEXEYE8G3J8re (e.g., a dyed photoresist) may be used
LL) LgLLzupkf [ V] ca] g calcalcalcalc i ajca 3:: ,c%] calc cal ca J calcal.,ca] ca
] ca] ca] ca] caFéaFé&]%%ﬂ?éFﬁaj“%&f%éTia? %@U] FLY P%@‘é%%ﬂ%!@ VF V
- XYY Y<Y>YXY¥¥losure to define an etch pattern for a subsequent trench in
[[\*{val gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
fﬂ‘ ]E:g] (>:aU] (ae:}ida]l_@g]taz:a]:cé]awa]:céﬁ@a] thé clai@?’l‘t‘"a_b@nbmgi #f&aa\ﬁhﬁﬁiﬁhﬁjcﬂre{ é]éée]Sf
Xsni .]calcalcal gcal cal] ca]calcalc a ca] cal.calcal]ca]calc
e g e
X ma n A . ] ca
] ca] ca] ca] ca Iagg] gg](igg] (B:g]gga]gca caf?:a] ca]cﬁl(;a] cal ca] ca] cas?ga] calfcal! 4qq6r}gr ris
Fsi srssssf uvideperwiefx¥<yy p&z. gignificantly effect sacrificial material
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formed in dielectric layer 130. Trench 180 is patterned to a

depth suitable for a conductive interconnection. In one
embodj:ment, for example, trench 180 has a depth of
approximately 500 nm. Again, the precise dimensions of
trench 180 will vary depending on the scale of the integrated

circuit to be formed. 1In the case of dielectric layer 130 of
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10%& () - @192'/%%;1()) cc::rcnj Wlt c!aut 4crg'nlc0e=_?{:zn&lf(c?r/& Ooctl\Qty between
dielectric layer 130 and first mask layer 120. Accordingly,
a sqitable etchant can be chosen based on other parameters,
for example, the etch rate, the verticalness. of the etch,
etc.

Figure 9 shows the substrate after the subsequent
processing step of removing third mask layer 170. Figure 9
also shows the substrate after the step of removing
sacrificial material 160 and exposing underlying first mask
layer 120.

By incorporating sacrificial material 160 in via 150,
the concerns of the prior art of removing underlying first
mask layer 120 during trench etch are alleviated.
Accordingly, sacrificial material 160 is selected, in one
embodiment, to have a low etch rate during trench etch. 1In
one embodiment, sacrificial material 160 and third mask layer
170 are each photoresist thus allowing the simultaneous
removal of sacrificial material 160 and third mask layer 170.
In this manner, when third mask layer 170 is also
photoresist, both third mask layer 170 and sacrificial
materiél 160 may be removed by, for example, an oxygen
ashing. Since first mask layer 120 overlies copper

interconnection line in via 150, copper interconnection line
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$1094| 4| & ()% Shis 10%6@10% h& () - M 10%

h& ()-y!|y#10% h b&ce) s@Q¥fHi&iG)- m&@éklal 160 is removed from via 150, a
subsequent etch may be used to remove the exposed Si;N,
material of first mask layer 120. Removing exposed first
mask layer 120 in via 150 exposes underlying copper
interconnection 110 as shown in Figure 10. A suitable
etchant to remove first mask layer 120 of Si;N4 is, for
example, a CF4/0; etch chemistry.

. After exposing underlying copper interconnection 110,
Figﬁre 11 shows the substrate after the subsequent processing
step of depositing copper material 190 in trench 180 and via
150. The deposition precedes via a conventional damascene

‘process. Once copper material 190 is deposited in via 150
and trench 180, the substrate may be planarized according to
conventional damascene processing techniques to form a
subsequent level interconnection. The process steps
described above with respect to Figures 1-11 may then be
repeated for a subsequent interconnection layer.

In the preceding detailed description, the invention is
described with reference to specific embodiments thereof. It
will, however, be evident that various modifications and
changes may be made thereto without departing from the
broader spirit and scope of the invention as set forth in the
claims. The specification and drawings are, accordingly, to
be regarded in an illustrative rather than a restrictive

sense.
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via formed between a surface of the dielectric material and a masking material over a conductive

material;

rendering a portion of the photosensitive sacrificial material insensitive to a photo-

reaction;
forming a trench in the dielectric material over the via; and

after forming the trench, removing the photosensitive sacrificial material from the via.

2. The method of claim 1, wherein after introducing the photosensitive sacrificial material in

the via, rendering a portion of the photosensitive sacrificial material insensitive to a photo-

Teaction.

3. The method of claim 2, wherein the photosensitive sacrificial material comprises

photoresist, and the rendering of the photosensitive sacrificial material insensitive to a photo-

reaclion comprises exposing the photoresist to heat.

4, The method of claim 2, wherein the photosensitive sacrificial material is a photoresist and

the formation of the photosensitive sacrificial material comprises:

coating the photoresist over a surface of the dielectric material and in the via;

exposing the substrate to a sufficient temperature to render a portion of the photoresist

insensitive to a photo-reaction; and

removing the photoresist from the surface of the dielectric material.

6. The method of claim 4, wherein the removal of the photoresist material from the surface

of the dielectric comprises:

exposing the photoresist material to a plasma or gas of one of oxygen, hydrogen,
oxygen/nitrogen, and hydrogen/nitrogen.

7. The method of claim 1, wherein the photosensitive sacrificial material is photoresist

comprising a light absorbing material, and the method further comprises:
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surface of the dielectric material; and
subjecting the photosensitive masking material to a light source to expose an area in the

masking material for the trench.

8. The method of claim 1, wherein the formation of the photosensitive sacrificial material
comprises:
coating the photosensitive sacrificial material over a surface of the dielectric materjal; and
removing a portion of the photosensitive sacrificial material from the via to establish a

height of the photosensitive sacrificial material in the via over the masking material.

9. The method of claim 8, wherein the removal of a portion of the photosensitive sacrificial
material comprises:
etching beyond a time sufficient to remove the photosensitive sacrificial material from the

surface of the dielectric matenial.

10.  In anintegrated circuit device including a first interconnection, a method of forming a
second interconnection comprising:

forming a sacrificial material in a via through a dielectric material to a masking material
over the first interconnection;

rendering a portion of the sacrificial material insensitive to a photo-reaction;

forming a trench in the dielectric material over the via;

after forming the trench, removing the sacrificial material from the via;
extending the via through the masking material; and

depositing a conductive material in the via.

11.  The method of claim 10, wherein rendering a portion of the sacrificial material insensitive

to a photo-reaction occurs after forming the sacrificial material in the via.

12.  The method of claim 11, wherein the sacrificial material comprises photoresist, and

rendering a portion of the sacrificial material insensitive to a photo-reaction comprises exposing
the photoresist to heat.
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removing the photoresist from the surface of the dielectric material and in the via to

establish a height of the sacrificial material in the via over the masking material.

15.  The method of claim 13, wherein the removal of the photoresist material from the surface
of the dielectric comprises:

exposing the photoresist material to a plasma.
p g P P

16.  The method of claim 10, wherein the sacrificial material is photoresist comprising a light
absorbing material, and the method further comprises:

prior to the formation of the trench, depositing a photosensitive masking material over the
surface of the dielectric material; and

subjecting the photosensitive masking material to a light source to expose an area in the

masking material for the trench.

17.  The method of claim 10, wherein the formation of the sacrificial material comprises:
coating the sacrificial material over a surface of the dielectric material; and
removing a portion of the sacrificial material from the via to establish a height of the

sacrificial material in the via over the masking material.
18.  The method of claim 17, wherein the removal of a portion of the sacrificial material
comprises:

etching beyond a time sufficient to remove the sacrificial material from the surface of the

dielectric material.

19. A damascene method comprising:
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forming a trench in the dielectric material over a portion of the via;
after forming the trench, removing the sacrificial material from the via;
extending the via through the first masking material; and

depositing a conductive material in the via and the trench.

20.  The method of claim 19, wherein the formation of a sacrificial material comprises:
depositing a sacrificial material in the via that comprises a photosensitive material; and
after depositing, rendering a portion of the sacrificial material insensitive to a photo-

reaction.

21.  The method of claim 20, wherein the sacrificial material comprises photoresist and the
rendering a portion of the sacrificial material insensitive to a photo-reaction comprises exposing
the photoresist to a sufficient temperature to render a portion of the photoresist insensitive to a

photo-reaction.

22.  The method of claim 20, wherein the sacrificial material is a photoresist comprising a
light absorbing material and the rendering step a portion of the sacrificial material insensitive to a
photo-reaction comprises:

subjecting the photoresist to a light source such that the photoresist absorbs sufficient

light to render a portion of the photoresist insensitive to a subsequent photo-reaction.

23.  The method of claim 19, wherein the sacrificial material fills less than the entire portion
of the trench.

24,  The method of claim 19, wherein the sacrificial material is a non-photosensitive

photoresist.

25. A method comprising:
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rendering the coated photoresist material insensitive to a photo-reaction by baking;

ashing the photoresist material so as to remove the photoresist material from the substrate
surface but not from inside the via;

patterning a trench over the via; and

after forming the trench, removing the photoresist material from the via.

26.  The method of claim 25, further comprising, after ashing the photoresist material to
remove the photoresist material from the substrate surface, ashing to recess the photoresist

material into the via.

27.  The method of claim 25, wherein the ashing comprises introducing an oxygen/nitrogen

plasma mixture at a substrate temperature on the order of about 200°C.

28. A method comprising:
introducing a photo-insensitive material over a substrate surface and in a patterned via;
ashing the photo-insensitive material so as to remove the photo-insensitive material from
substrate surface but not from inside the via;
patterning a trench over the via; and

after forming the trench, removing the photo-insensitive material from the via.

29.  The method of claim 28, further comprising, after ashing the photo-insensitive material to
remove the photo-insensitive material from the substrate surface, ashing to recess the photo-

insensitive material into the via.

30.  The method of claim 28, wherein the ashing comprises introducing an oxygen/nitrogen
plasma mixture at a substrate temperature on the order of about 200°C.
31. A method comprising:

coating a photoresist material comprising an ultraviolet light absorption dye over a

substrate surface and in a patterned via; and
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