WO 2004/ 068551 PCT/ US2004/ 002126 PATTERNI NG LAYERS
COVWPRI SED OF SPI N-ON CERAM C FI LM5 CROSS REFERENCE TO
WOREOADESSAPPLI CATI ON [ 0001] The present i nventPOIUS2004/002126

clainms the benefit of U S. provisional patent
application 60/443,361 filed January 29, 2003 the
whol e contents and di sclosure of which is

i ncorporated by reference as is fully set forth
herein. BACKGROUND OF THE I NVENTION Field of the

I nvention [0002] The present invention relates to the

utili zapAPPERNING BAVERSAYGHMPRISEDRGE 5PN CER/NIFC FILMS
Mor e pa?t‘mra‘rwrmw—

| ayer gRiosS RERERERCETS REDAPE %fcﬁlrdﬁturesthat

are part of rntegrated circul | ectronic

devi cB8011Two prihewrssendyvanticngdama the honefitiof BicS. b;ovislmnsl patent

i nven [ F n f

s f a%}%p@lgatlgg Gg)lﬁlﬁ%gpﬁleﬁ J&%§ﬁ9 ‘QOC?@ thd @Eolg %n rﬂdac%cfosure of
bas edwpich dciseorp@atyd by sybérence eaitsifully seﬁ’éﬂhﬁrdrelrt h e uni que

chem cal conpositions of the ceram c |ayers provides
substantial chem cal contrast between typical |ayers

t hat BACKARROUSD OF HOE ANVENTAGdd pr ocesses.

Backggo ¢ 0003] The utilization of hardmask

patt 1t 8904 buried etch stops is commonly

used [f0002]t he f athe pfbaént ﬁmfeﬂfonl’felhﬁk tol thé BHIeANREE  ceramic layers as
structgges t hat ulq g g;%ﬁed circuits and
m cr oANETTEAYEs- cP dieularly, itfgiafes {85 plisgromdc lgyes to
ofte nprodilﬁﬂ lmidta& %tél@énnfe&t%trﬁét&éﬁﬁlﬁif até patt bff ihie@ated '&n@tilts and
these | a JFirst, they should be definable

p

et chi l’ﬁﬁf %E%@g deviges. §wo Drimaptadyantagss a@tpémd%bwﬁ%s pwention.
use Ofirst,ithdRBERANE 6f tHBSdFSmic @d}@rsh@i’a@ﬂ&&‘m% bdd ISEE%PEMy any

provi de chem cal contrast to other ers so G

st r uctolierbagedprpeess § 8- BHn Geding a Seagnd, sg%@mqpe qhraiealapyapositions
be r egiuhd @ehnki® 1R6rs E)?(ﬁﬁc&ts Mstah@al ROREQTERRE be&@g}éﬁrtgucal layers
steps, such as oxidizin asmas, reducing plasna

aci d|tbat\ﬁéftappbﬁi%%héloébaseﬂﬂ?mcem be needed in cases

where misalignnment of patterning |layers occur. Third,
they nmust exhibit thermal stability so that they can

wi t hsBagkarownHaArt processes that require el evated

Lenpep@isyr e Pr9fesRiAbon FFdisk B%Xnﬂheﬁge& Wd &g Bn stops is

commonly used for the fabrication of metal interconnect structures, that are part of

mtegrated circuits and microelectronic devices. A number of attributes are often
required for the succe’ssful utilization of these layers. First, they should be definable
by dry etching processes (e.g., reactive ion etch) with tjne use of lithographic masks
and have compositions that provide chemical contrast to other layers so that
structures can be easily generated. Second, they may be required to be resistant to
photoresist rework steps, such as oxidizing plasmas, reducing plasmas, acidic wet
baths, etc., that may be needed in cases where misalignment of patterning layers
occur. Third, they must exhibit thermal stability so that they can withstand other
processes that require elevated temperature processing. Fourth, they need sufficient
adhesion to adjacent layers in order to withstand planarizing steps and other
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adhesion to adjacent layers in order to wthstand

pl anari zi ng steps and other 1 WD 2004/ 068551
wEOAEES04/ 002126 processes that produce strBPCEUSIN04/002126

the interconnect structure. Depending on their

pl acenent and use, they may be required to either be

renmovabl e with reasonable chem cal mechani cal

pol i shHfRysEdhabpradaeesiregsyondbe ipterepanest struspire.alependlipg on their

chem ' Al : I -1

Cont ol L Ay R OIS KL LR Pt Rl Sonabie

di el edtemical pogtwnzal plishisg ((MP) retes prseoredie - stop layienfoniemical

[ - it | . and
bor f opPRfizaI iRt ARG s, A8 X EReR ) GE R0 Hreonser,
qui ckstamthre; detdigédtectanstentsrmsicye. loy G06d¢r t3 yphieadd rysistance-

har dmask .patt erni | ayers and puried etchstops are

i el cappr R ) dng e BrES tsp R ed By b isald ve

vapor prdepsbieih amuicC¥hy) canétfectied abg@r.met hods. Al t hough
these processes allow the deposition of filnms having a
variety of conpositions including silicon oxides,

si | i cpoogar bi dgspicsily, hi@hasid faktbidf layesd dnld DBAed etchstops are
carbonitrides, etc., they often involve cost I%q

manuf GEEUFPTRyStERs fhat aR derogiieddy chemiselgaon depesi@on & ViR gnd
tine CRRAMEIRGIS. WihSYRBh&EESRSess@RMbH R deBBsi®dn cHRIIAS AfVing a
di el ectrics have _been ﬁqr oposed. However, "‘these cases
have Y&l 95 compesitiops jrchidinggilicen oxifless eifjeAnoxehides, silicon nitrides,
Si | OXZRSH cadBRicORfc, iy i oSy '

primaril yc?Jased on _cs’i I'i"con- g?(’)@gg]r? %%/r?%uhg%bﬁg@ls&gd can be
THE | MREENFTINERSIF o5 mer¢ringuning.e ht some cassh.aipplication efspamorc
strucy; [ d t ilizedq. .
1 Raec 00 BEATEIRLO0 HIRNG, Besc ARk MR RS Lypied o
i n arsjlseqriospnses] dlokanssiand déer rebted cbémidirieg thatvrg primplg tased on

mcr { plication specific integrated
ci rcas?ltfcgﬁ?%%?&gnd menory storage. The utilization
of ceramic patterning layers, which provide ease in

pr ocess(i,'. REAR ﬁ\}M reworkablity, and

chem~=a L,uuil{urt?il etV Jr er patterning |ayers, are
advarfpa@ous aFhistesntiorerdlates toeerbiia siuthiregand @sdcsssiigdnethods
?le: IO 4 %tgue%%ﬁl%gi 1?1ttheo &arﬂfacltl{]rg gf i%%?c%%r%ct gt}urcgl%s%%l% oyle(rll inaany

microelectronic device including: high speed microprocessors, application specific
integrated circuits (ASICs), and memory storage. The utilization of ceramic
patterning layers, which provide ease in processing, thermal stability, reworkablity,
and chemical contrast between other patterning layers, are advantageous as they
reduce manufacturing costs and allow the generation of interconnect structures in a

reliable manner.

[0006] In the first embodiment of this invention, structures having patterned
ceramic layers on a substrate are described. The substrate in the first embodiment
includes at least one layer that is intended for patterning. This layer is comprised of

either metal or dielectric and may be either a uniform film or a patterned film.
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[0006] In the first enbodi ment of this invention,

structures having patterned ceramc |layers on a
wQaiwsessse are descri bed. The substrate in theP€T/S1004/002126

enbodi ment includes at | east one layer that is

intended for patterning. This |ayer is conprised of

either netal or dielectric and nay be either a uniform

fi | mndedymathivlepierdthe spbsiratp cyyapixgeaf 0 853 ne conducting metal

PCT/ L@ f"fo%gdl(%lathe Hﬂ) &5&%1/1%% mb§trzlt9 er doffprisin t ]Ieast one

substrate’ conprises of at’ least one conductl ng nefa

f eat unsailating layedsumoutdieg the beidueting, metaltfbatirhe Thelnstlatatgdayer may

further conprising at |east one, .insulatj | ayer

sur r YOG HAeR Bt repfisos Bp G opi Fbotip, Tob, and latera

I nsul satthdeg. ThyRibstiady/map ﬂrrmew’mdlpﬁg@ataéasﬂ cﬁla%bndmﬁﬁxae barrier layer

conducting netal feature at its bottom .top,

| at eriBmedh eattone iEtagy Bepen the pay e e e Ghgtipasgone

at | eRsiuclfe meRDNfEttd. TBe BahtihAion baine bt 1eds® bR nAtAE metal

| east one interface between the insulating |ayer and

the deatisaad thsipsulaging hyes; My hegergatef dytogpe muthlevel interconnect
conbigppii on of the at |east one conducting netal

feature and the insulating |layers, may be repeated to
forma multilevel interconnect stack. [0007] The

str UC{b?Uﬁ may bfe QRS mAy B¢ bde%PR sﬂi@%f&/afép%?dhﬂhé‘g

m croel eCtroni c devices, a ceramc chip carrier, an

or garmigroglpipordadlavices, a cgragliaehp carti¢rsay gganic ¢up Fdrtien a glass

2GR 6Lf,  spr v

the first enbodinment of this invention, structures

havi gﬂo singl ¢ RARLLLNGHICH R TS dAAlmdl ?f A8 ehBGH-

The singte patterned ceramc 1ayer nay act as a

si nglsgudtares havauggka sihgle pdtensd cemshicdxyamptealesfribbd e Thé singlt
enbodi rent . of t.his invention, styucture Vi ng a

ol us sl Btk s PR e sindl B R Sl buppple of o
cl ustfastethbbdinenneskis mvyntemrgracseesbbviag a biaasted putierned ceramic

siligon cantainij diel ect,riecs having two di inct ..

oht ¢ dirs e e SR e ek oSy o o bl g sitcon

| ay Ie robﬁt()jain@ig&liﬁﬂ?oa@@ daving lﬂ?W(S dilxsdce pdt?mah af &ch bﬁﬂﬁ;@&ﬁlbb&iments,
utilized to define at east one ature in,the,.

unde rtﬁ%ﬁ%mg PELY Freadagsy ona suisEpte st dageen be gfilized to define at
[ 0009¢ast shettbegurt it thel ubdeilyle@tradturediBy dn dtei prosdaadispnt  of
this invention, structures having a patterned buried
etch stop are described. The buried etch stop

[0009] In the third example of the first embodiment of this invention,

structures having a patterned buried etch stop are described. The buried etch stop
contributes to defining the line and via levels of an interconnect structure and
facilitates the generation of interconnect structures. This structure is comprised of a
patterned film stack comprised of at least one dielectric layer on top of a buried etch
stop, where the pattern is identical to each of these layers, and where the patterned

film stack is placed on top of a substrate.



contributes to defining the line and via |levels of an

i nterconnect structure and facilitates the generation
w@Roosnesssconnect structures. This structure i SPCT/US2004/002126

conprised of a patterned film stack conprised of at

| east one dielectric layer on top of a buried etch

stop, where the pattern is identical to each of these

| ayer £01@hd whdpndhg ﬂq@né@mbe@imat offthis inventioka insthpd tcgederate

on t oR, :
oot oRssdiafRl p‘?‘brgq{’%%)s éf H QBRI dscrivod A polimes
this PWV@‘mllC(m@CUESOHEtdh@deQdOD gsmmbﬁ selvehtaand RBesdd onto a substrate,
patte Jo rs i.ed. escri be
ﬁe{vl Ct 1%¥te0618 r;lf&]rln (ilaérg A %t it S gqurpﬂucg aqﬂm The

S ui t abcblpmsmt p’tEtEHrarﬂlﬁ qbre@m@diﬁﬁmam t@vart&ibﬁ)taf@faﬁnc pdiRMiaBR layer by
at | east IS . te ed for

Lt oF HSTe propes iliSing Gegt AR piogm irradiation, ion

pr ec efrfiatioR) iegdidtHa fwithi dltfﬁvicﬁet@tﬁ%ﬁﬁhﬁﬁ light ScaDRBh dﬁfﬂlscprocess
patternab) e | ayer by, any suitable process inclu

t her PEWHEEP PW(jera@JrCé’E%"Pﬁﬂr BaasPsstipk gt rigid, insabble matﬂx
irradiation, irradiation with ultraviol et and/or

vi si bl'e Ilght etc this process, the

pol yn€PHH prec eArPe?HP%aSﬁrl%gWB patfpaying lagers the airainistpatternable layer
ri gi dmay PSPtidhle b?ﬁ%hrog?ép}uc tfdiddes 'ﬁﬂﬁl\x)ngﬁ tlé%rt amgﬁ%§ dry

patterning |layer, the ceramc patterna

be pattelepiaeassdsykiomntp gieaph FOdI?mé@hﬂnﬁ é}ﬂ?@graplnn gamam imtct ﬂhe ceramic

art) r (

art) PECRRbEREG: SfeRlilo p A BRGRS A ROl hrbliSsing steps

cer aripey inplide arapatificn Olféy:efr steps alpag evithtothea cpambely ned processes

cera [

i nclu e‘x);lal1 1irl emp? etﬁlqg ?%%H%Pﬂl ‘ cg)élg&g ?t gdﬁ 59 Al ornlglc\];\(ﬁ e?a M%IP?] dgvices. The

conmugskamig peiterpng bgegeay bekmitivad dsn cliseredritbrdnmisijener at e

i nterconnect structures for mcroel ectronic devices.

The ceramc patterning layer may be utilized as a

cl ust[6PEd hard mslied ds@MbaAdd d%pipétb;e dhmrmbwﬁeﬁﬁbleﬂ@ar is
atterna ener%ted

e, chas A7 sl Fhel s YR e e e Gpectic v s

dl el ahdmr dpplibdyres the&erahllftqmtta@mﬂb efei) Where e fli@pat@mable layer
pattern bl.e the cerami c patternable | ayer,

Pt L SHOPRE Ao S Frltele BFGT Befnd Pufuhing cgnventional

t hen mmgtr@hmaﬁdu&hrpgocegmepmt Tiikried bich KR NHMH i§ cRRsically
etch oce burled etch stop, which is

%ggs Thﬁ
chemi TR Trogy oF QiEle icassR RS 6 D tPes a8yicHap layer, where
pl acele &th 6Be Bikletiric $6N R8n %p@fo%%n'a%ﬁﬁolla%%sﬁmn and

dictates the depth of etch in the structure.

[0013] The polymeric preceramic precursor is a polymer molecule that is
soluble in an organic solvent, can be applied as a coating by a solvent based process,
and contains silicon. The polymeric preceramic precursor can also be a mixture of
two or more polymeric components and can have any chain architecture. The
polymeric preceramic precursor may be comprised of a polymer where the backbone

is primarily comprised of Si-N and/or Si-C bonds. The polymeric preceramic
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the etch of the dielectric |ayers can be perforned in

a controllable fashion and dictates the depth of etch
WO pootloessst ruct ure. [ 0013] The pol ymeric precerBoi/TS2004/002126

precursor is a polynmer nolecule that is soluble in an

organi ¢ solvent, can be applied as a coating by a

sol vent based process, and contains silicon. The

pol ynerecwspreaycheanaiected fremisysioms avingasilzon e halingt polyk@azanes,

fot i t .
O Sy S PRI S OTRRTFEL 3 B L o

pr ecupslgsilonapndepsipeaidsetna] paysiolybediindiey, end he

backbone .. is. primarily copprised of Si-N and/or_ Si-C

bonds POHECHBIVIAERPE THeaeBMmSHP BeAcTgipyC RIRSAFOBBSE e comprised of a
PCT/ Up0é/ W24 &6 badkibBsd !k $EmaiB¥oRBristdlof eL@ BohdsOM example of
systengﬁhaV|ng,S|I|cqn.|nclud|ng: pol ysi | azanes,

pol ycHPisB4s nodysdlglcariedipaidesasi | azane, pol ysi | anes,

pol ysi | acar bosi | anes, pol ysil oxazanes,

pol ycar bosi | azanes, polysilylcarbodiinides, and

pol ysi%atlar bosiTha palyawric Preecrpoioymesniser iyapplisddyiaoy solvent based
Pr eCUfS0lss PR g r & ;
Pk bone s Pt ORI 1RE Rt rocP Py MIE! i o sotuton
exanpbighopolymericiredesangio pyesiuisyr te gervod hisi cdeting, W& & 4prious

The p ' ] r kS anpl.ied by an

col ven e s EprR RN E R SR Bl Bss) BRI Sy G o
bas e dadhesicesembtevrind@stitthation agentf caa bs addetlit®this sofutivh & improve
pol y i C m recursor.to generate this
coatF%%?ﬁﬁﬁéﬁégéggf%ﬁ§yﬁP§§ﬁP@h§oIvents sui table for
coating can be used. In addition, additives such as

adhesj promoters and aptistriati.on. agents. can pe
adde dfoﬁ gﬂt hi s ;@F GE P8I WE-“PWE ey tah gieanyesiad %ﬁ’a‘ B itm
coat i egnpaisad dfttlys pal@a@Egiresspinic pr[eaﬂifﬁlf coﬂpﬁsﬁsﬁfff@ g}lféon based
G o PRBH Pt g abe oS FOEeEoC B0 S 190 weigh
conpriosfis). Ofhedefirlié fRrd@siertr ni¥ghe tioddlinRétandSnsoluble to organic
thernall stahle to tenperatures of about 300C (<1%

egtés @7@%@1

wei ghlY Y- PhfeceEnia RRterag lausrnaydpeirasjutnt ieprogssses used

Cr 0S sib IrdvhH (i) derh ke batRhRd ipRoteFedidiNh fers, MMNER By etches based on
Preferably, the ceram c _patternin ayer may be

r esi SHETHES BEfeRsidEe s Nes 88 He, ey sy wn(hir.wél%ys thesigpfy and wet

pat t efidedsuRhat 845@8 hsd bdsRY%BhSons NCl Udi ng dry etches
based on

[0016] The ceramic patterning layer, may have a dielectric constant that is
less than about 3.3, preferably less than about 2.8, and most preferably about 2.6.
The ceramic patterning layer, may also contain porosity that further reduces the
dielectric constant. When porosity is introduced to the ceramic patterning layer the
dielectric constant can be reduced to less than about 2.6, most preferably to about
1.6. The pores may be generated by the removal of a sacrificial moiety that may be
polymeric. The pores may also be generated by a process that involves the
elimination of a high boiling point solvent. The pores may have a size scale of about

0.5 nm to about 20 nm and may have a closed cell morphology.

5



pl asmas generated from 02, N2, Ar, He, Ne, H2, or

conbi nations thereof, and wet etches such as acidic
w@pa4loesssc sol utions. [0016] The ceram c patt ePei/N§2004/002126

| ayer, may have a dielectric constant that is |ess

than about 3.3, preferably |less than about 2.8, and

nost preferably about 2.6. The ceram c patterning

| ayer, may also contain porosity that further reduces

t he ' ctri n nt .. Wie orosity I.s introduced

to t hgjogjéfam Cc%]g;% f’ré}rn?ci 5 e’l‘né'lygrel?%f f‘?émc&?’/sgfi gocl?rf’i&‘tceapattemed
const esthmicdayebby argdueess lhIDvdrI]lﬁﬁ thetaftdfchaddgthos?. tBat iﬁ%ﬁging optical
preferably to.about. 1.6, T ores na gener at e )
byt iRpehgba R tegaphy. PETrhclys i goh Fd RGBS subsiae in
pol yn®hict the 3ROSR lapdr $PuthiRe DG &S rdiasR layer or buried
process that involves the elimnation of a hi

_high'
boi | i FEhsHR pver &gy Huther ingfyde arsiraatenal Jayrpspanpsisiog %@l@m wetal, or
of abgMicordudink wihtdral, APRAwrA] ik ANd May have a cl osed

cel | norphol ogy. 5 WD 2004/ 068551 PCT/ US2004/ 002126

[0017] The ceramic patterning |ayer is processed to

pr odugR@y mtﬁ&pﬁo;@ %ﬂnﬁgk@b@fq@ any process

knownTn The art inclu . - i nvol vi ng

opt i cO18]l i t hodfigaphyis ai seatic shawihg g rmptepcticand a structure having
" eact} ol Bkl ReraliEia ok e BYRRggDSt rate i vhich

t he cera%n patterning 1ayer is utilized as either a
hardmask | ayer or buried etchstop |ayer may further

inclu ny ma L ad .| r_conmpri.sing dielectric .
net al @6 %)93 ys e m&r%eg%lgta%%%emr?%? gﬁ‘?"‘é‘?% a grg SEREVAR O & Strpggure having
art . BRIiEFeORBCRICP TeraiN cQkyeT EhDRAYINGS [ 0018] Figure 1

is a schematic showing a cross section of a structure
having a single patterned ceramc |ayer of the

i nvenVdz0]. [ 00 189guréB ger €hdmitk showidp@rtdss SechOvd A @rudiure having
Cross, St cting ofd a s%ructure having a clustered

pat t SHFEFIELPYIRICIPSB: of the invention. [0020]

Figure 3 is a schematic show ng a cross section of a

stru havi a patterned buried etch stop. [0021]
Fi guf[@blélﬁi s a ’%H@rﬁa]ts 2 Scheaii ﬁtﬁ’wén&fegf‘é?@il?ezdéﬁeth‘é{tﬁé@m the

t o f ahventiepatiefhv@ BéchvR 1@ erned ceram c | ayer.

[0022] Figures 5(a) and 5(b), show compositional depth profiles as

determined by Auger depth profiling before and after exposure to oxygen plasma.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] The structures, methods, and compositions relating to the inventive

patterned ceramic layers of the present invention will now be discussed in greater
detail referring to the drawings accompanying the present invention. It is noted that
in the accompanying drawings, like and corresponding elements are referred to by

like reference numbers.



[0022] Figures 5(a) and 5(b), show conpositional depth
profiles as determ ned by Auger depth profiling
whedosnessand after exposure to oxygen plasma. PCT/US2004/002126
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0023] The
structures, nethods, and conpositions relating to the
inventive patterned ceramc |layers of the present
i nventQ08tl wi | | Thewatikned estamde bters magbe atikized agleittar b hardmask or
referyi | i.ng the present :
| mvent bR b SR o TR R R bo wsedin
dr awi argsmickdekestramic devirer Ghip osedifitiee witterred tGaric GayeLfoersdde
to by. . like reference nunbers. .6 WD 2004/068551 X .
PCT/ U AREG S THAo] GO0 P o oTE bR 4 HBGeEO N R L b 4 dpelnding
may bsinglt dhmzseeheamd @idl demasderltairobeiel. Bir dublWan8sed Sibcessing,
stop i ch enable the L‘%R%s%?st' on of jnterconnects )
that THR" ETESQECPsered, PR tsed eMheqatierpprbceramic

use ofilnt ey RBiNelahidREbsE 6N apPlokin a1 E 5 ntnQ- ST COptionally, adhesion
i nterconnect structures can_be perforned in any nanner

k nownPTPRofeREmaYy be plagefl ginnggr bath igpracaneidhepatiemash geraris film.
damascene processes. For dual damascene processing,

either a single or clustered hardmask schene may be

used. (098 pat t &efratngledigwe !, the finw erayppleaf thedirstisimbrdismst

of apRERALBEbMreRofbMing 2 3018 Byl Plra| LR1

pronot ers s?may be plog}ge(in%\t o%e gf%ﬁagalﬂ%}({%ﬁngggggggan

t he pededyipg spbsisate hiving ¢nepr mofefiias]thaRafegnteided td loe patterned.

Figure 1, the first exanple of the first enbodi nent

i ncludes a structure conprising a single |ayer of

pat t PP cer arfhe inftéreamnent stwetura H0,endyydongprisedfsbulaple levels 1000

havi h [ ] t e Jd.ntend o..pe.

pat t oragEnR Bl T LU0 S R TOEE b hiGiepsgpnest

conprstwetucef mapuintiugd entieviel met) R turest 38 rtkeat eracdisel thnoegh the

i ncl vi.-a | evel. 0 and line |level 1200. The .

i nt e?sg%%tﬁgecatnd%%atyr i lﬁ‘éle‘éfg‘ﬁéy" I%ﬁéf%%n?g%m ?‘r‘?@s SRy ytionally

f eat ﬁmewns The h?idutth@vmtﬂ éeahfiréslium@hiniﬂg&neltﬁﬂaﬁmlﬁf Ate Gurﬁﬂﬂ4 ded by

may e i.nt ces with a linin tal. barrjer 34 as

conv ecﬁ\i?comn%\ Iq{?e %15‘%893!‘?.5 mq}h%w& 6%853%‘5&“93 YFEF%(FI 4‘@8‘%“&? sand an

and |dpribimg capEbaatierayfer fidd 36 EheSidl6iddde the Divie level 1200 include the

dielectrics.,. The djielectrics.in the via |evel. include
Taigiedfiedt hgnice]

a vi aledgsl digegtia df prdangptiongd o prechminel polishing pipp kyer 41.
| ay erOgtioh#illy3 6 dielda@ictichls@ptliyet $7 ndy bbBlabddtRtveaN fle vied@fel

i ncl h
c l'él?tﬁecttdce 32 and line level dielectric 31.

[0027] Referring to Figure 2, a second example of the first embodiment
includes a structure comprising a bilayer of patterned ceramic film comprised of two
different silicon containing dielectrics that are generated from polymeric preceramic
precursors, having two distinct patterns on an underlying substrate having one or
more films that are intended to be patterned. In this example, the bilayer serves as a
clustered hardmask that comprises of a second hardmask layer 63 formed on top of a

first hardmask layer 62.



line level dielectric 31 and an optional chemni cal

mechani cal polishing stop layer 41. Optionally, a
waele@imesssi c etch stop |ayer 37 may be pl aced bPCTES2904/002126

the via level dielectric 32 and line |level dielectric

31. [0027] Referring to Figure 2, a second exanple of

the first enbodi nent includes a structure conprising

a bi | B8] of pReferingth Heurafi third bxangdeni the it @hbdddBent

di ffeE@gﬁdqsgé i ét&% 001, fng'a'% %‘1%%?@ ﬂa%tg@&%?@%@rﬁ‘im 64 that

genera yneric
havi ngerves@as aibmuedmtdh s}ﬁi]ihaﬁfngﬁammdaiymgﬁﬁlbﬁtfa}fé o havmg one or more

subst avi.n films that are intended

o bel Bt Aeattnge o R padeRiesnd o s e segeip g0 having
as a ond disdors AlinsBAtARRSHteinb@t conprises of a second
hardmask | ayer 63 forned on top of a first hardnmask

| ayer 62. 7 WD 2004/ 068551 PCT/ US2004/ 002126 [0028]

Ref erpoopg t o FiThehBdedlyin® shbiafd IQW%BﬁpﬁgedtotP Gt [bdsk 51{[6 dielectric
enbodi ment.  conprises a structure including a sin

| ay er OrgRety dasier e dPBEmaR serfidel ifﬁ @4 cz@slqaln whish m\dméecasv igpresent at
bur i efle gpgehnsd Qlﬁf'ﬂgvth@@lele@tﬁc | & (‘é%gﬁ%h{ q&ﬁwﬁ% Qe art

havi ng one or nore [ s tha
pat t eifplading: aP@Y%WeWePQIW}’Iﬂ@? ffﬂﬂelfﬁ“rlpslb’ﬁlmluﬂsepolj%ﬂﬁbsquloxanes or

havi ng,, @8 dﬂg{os e Selgéthgﬁavggg;ﬁ gorrr(ﬁ)og?igﬁ S ge&foy BS(E-05S v<

The underl trate F] 8¢
one OQ&|OéO’YfE@@a0@5<XfE® 8] 04 wy @8, ()eﬂ5<a1<F Q.ﬁ)mwmwﬁ+y+z—1. The

2t CREBabREE IR dBlfihala fetaBP0 i Sur R e

any d-@<esl.Bi C<vkidR0.05rx4h Oay+0.8,i0rsSkud. &g)r vtwtx-+ty+z=1. In the

pol rylene eth ol an
Dol y St i LA B EU vabifidsudan s ctyete. e
haV| ngetalhwecmapo&npmsarat Bhst mmmnom@r aluthifdbrs, c¥pper, gold,
. 8, q %‘ﬁ X< O.S,H%,F O<al§< 0.8, 0.05< z< 0,
f or V¥ Mx%f-ldfu—Y S 0% emﬁgﬂfo i apdegyive stisirpte 19gQ may include
al t ermatoehﬁiqmdmwecohh@tmﬂmeﬁbési on Si VNWCXOyHZ, where

0. 05<v<0. 8, 0<w<0.9, 0.05<x<0.8, 0<y<0.8, 0.05<z<0.8
for v+w+x+y+z=l. In the case in which a netal |ayer

is fqoomey at tRefetPROaIPOIFiSHE f,a8 eheRhsd dT8 sﬁigpzslﬁlﬁe@hgrdmask

P S e S R oy o oot i

of t hesbdislétdb 32 of ke 167l fel¥ird 3 1 SHP R dré1 & trb R CntiBYnnect
I ncl ug'gcture. In the case of a clustered hardmask, referring to Figure 2, the first

hardmask layer 62 and second hardmask layer 63 are used to define the via level

dielectrics 32 and line level dielectrics 31 in any manner known in the art.

[0031] In the case of the third example, referring to Figure 3, where the
ceramic patterning layer serves as a buried etch stop 64, an overlaying film structure
including a line level dielectric 31 is formed atop the ceramic patterning layer and
includes the same pattern. Optionally, one or more hard mask layers and/or a
chemical mechanical polishing stop layer 41 may be formed atop the line level

dielectric 31. The buried etch stop 64 may be located between the via level dielectric
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m croel ectronic interconnects and devi ces. [0030]
Referring back to Figure 1, In the case of a single

wo ayenessar dnask (first exanpl e), the hardnmaskPtrBYs20065002126
may conprise of a pattern that defines the via |evel
dielectric 32 or line level dielectric 31 in a
m croel ectronic interconnect structure. In the case

of a32bkudkinerlevy] Highedivigs R1. Flettawied pigh step £ gy be 2 spipjea dielectric.

firs

ar o (L BRSBTS gy P oV

| i ne demsitdd dieledtac haviingsth donmposiing SknGHervovare .05 1re0.8, 0<
art. [Q n cas [ 2, .

et ot g A e 23R RO PR Y Bl AT e, I buged e
| ayektop a{aya&oansvea:hbummlﬁﬂnehanscmfﬁéwhmo O%erdoay 0+1g<0.9,

LTSkt b, ) 05 40 oy e, Level S SELELS 2 o0

i ncl Udese Eb&aﬁﬁfﬁiﬁ&ﬂﬂg&i}@r mmuﬁecabtbystopaeetemsmoreest five times
hard nask | a m cal .nmechani cal

e
ol | SKIGheR B el st SBr i AFRRE RPD[P Kaer e level
| evelgieiddirlzgctric 31. The buried etch stop 64 may be
| ocated between the via level dielectric 8 WO
2004/ 068551 PCT/ US2004/ 002126 32 and line |evel
di el egishj S 3lpor ISR RUNIRHinRINE I'thesstl@aﬂld(iﬂle RYechR @2 and 31) may

spi n-on dlelectrlc The buried etch stop 64 may
pol y & paxlawek diploptyis knesesigthoshineludipe: pelyarnggpss, polyarylene ethers,

d e P Km%gﬁ%e%‘lﬁoﬂsﬁk&qﬁgﬂn@sg of gigr @@ﬁgﬁﬁé@d}decmt&) Iéavmg the

0.05
o 8, c@apapitiod BNGx0F%, wherg 095£ f 034+ (0E W% 9P5<FRA.8, 0<y< 0.3,

Si VIV\IS@QO%F& 8 f\tj\siwer ejt%xlogjls ?BQ 21\5%8& o cﬁ%@&ﬁé {nté;g QMo Bave a

0<y <@oiBposftiodSeamusiBg SNy Lkly whepeL]. 05<Vﬁ@8mﬁw<@c9 8106+x<0.8,
St oPg gy ed?%)() Ogtg%jédj %%}% vkl Q]-f PRl s{h%?ﬁlrer}gayl ﬁ%’oel{aVe %1'? 8verlaymg

buri e etche | eas Ive
t han filtheirbdture oh mpeifﬂmh mteda;ter dmleemcfﬂmt salvep agh ch@mcalmhamcal

e PP EtEatamicha: T LA atibing Atk e o pe

and 3fip-ofmy a dS/E) &’p}bsﬂdﬂ\&d&eoﬂte@ue}mﬁipoﬂysﬁm polytilsesqaiokanes, or

ool y 7 BB ERe B oER i 48 B0 SR Lot where 00s< v

deposig, ed w@HOEQ emisKixe 0hR vk @g 0t8he 05€ 2P BFoit v-evx+y+z=1. The

gl \8/ c XV, gfmca?p(%lsgmg stop layer may ]Tave theocog:lposolﬁcc))n5 Siy waOsz,

where 0. 05<v<0 8, 0<w<0.9, 0.05<x<0.8, 0<y<0.8, 0.05<z<0.8 for v+wx+y+z=1.

The optional buried etch stop 37, in the first and second example, may include a
dielectric such as: polyarylenes, polyarylene ethers, polysiloxanes,
polysilsesquioxanes, or any CVD deposited dielectric having the composition
SiyNyCxOyH,, where 0.05< v< 0.8, 0< w< 0.9, 0.05<x< 0.8, 0<y< 0.8, 0.05<z< 0.8
for v+w+x+y+z=1. The optional buried etch stop 37 may alternatively have the
composition Si,NyCxO,H;, where 0.05<v<0.8, 0<w<0.9, 0.05<x<0.8, 0<y<0.8,
0.05<2<0.8 for v+w-+x+y+z=1.



0.05< z< 0.8 for v+wx+y+z=1. The via and |line

dielectric may al so have a conposition conprising
WEROMMWREE HZ, where 0. 05<v<0. 8, 0<w<0.9, 0.05<rRDUB2004/002126

0<y<0. 8, 0.05<z<0.8 for v+wx+y+z=1. The structure may

al so have an overlaying filmstructure on top of the

interlayer dielectric that serves as a chem cal

nmechd®i38hl  poRefeming ép Bigwis 4 agpethod for proguciag appigeaned ceramic
mech epg'de&%é@elytﬁkgseéémn&b%xﬁﬁenm% 4, a SRR prRlerdhic
CVD deposited dielectric such as pol y3|foxanes

pol yprdcemerysidisxadrrddn apprganinyolgwd deposited diel ectric
havi ng the conposition Si VNWCXOYHZ, where 0.05< v<

0.8, 0< w 0.9, 0.05< x< 0.8, 0<y< 0.8, 0.05< z< 0.8

for \[GQB#}( +y +z =fb.opfibwenl stej @ ncdhesimaghanoteab appdied shifortlge substrate

stop | na osition Si

aher &gt G gigRoE of B pEORBAD LI BmE b | BE edbesion

0. 05 f:ﬂﬁﬁbt& thadf beMrssidtoo tyahct adheﬁb@b@ﬁé&xﬂhaéerm |petﬂerﬁilng fayer and

stop 7, EWthe first and second exanple, may include

a 8?? Ssuch as: pol yaryl enes, polyaryl ene

ethers pol ysi | oxanes, pol ysil sesqui oxanes, or any
eposited dielectric having the conposition

S VNI e o eny Bieod ppref b § deptge pelymerio

0. 8, pBsteMmiCpBourddr ORT af tndbrQingls@strmWeNitibtkZsolventBi8ed

optlonal buried etch stop 37 may alternatively have

t he 2BURRFGET IFBHe: SPMAETESY XY GiRER® Sepnpmatinggatgl dip coating. This
0<V"<Qol%nt%a&§§§;\§%c%’ma% ﬁg}é 1 to 9 sithagie thaBisf eﬁﬁer smooth or is one
VHAWHX+y+z=1 51 PCT/ US2004/ 0021
[ 0038at Resptaing 4 prifermed fpggrehys In the hgferraee, ﬂ@rcoatpr@dh%ﬁrwgﬁﬁmay
p at t Zi'iﬂﬁ@ %ébg "a@d‘;?&nan&@ﬁa% hap e?m‘éi GSEFARE T RS oftdRaIR B8R ved

ol yneric preceramc
p r ec adlasion |psomntgsmua¢é,dh¢ siomprgaates map begagate tp Geddin
In o I
one o FHEERE BB o NSRRI K UL s
pol yrigs ofchpscdwion amiteinpg de rodoneric Pecrdiiesonsor ph sivoitiewnl
may he 0 G,
T BB PUAGE AEEL BEIBR 8R! e e
3, a psmncan prebaatant [84TPIS0R Cthei sgerifeed moetydie pcsadrtﬁc_iah polymeric
gngg}?a%eltli%l th%{JcFe%r%r as?nt@ & ! %g:o ecg.gar & nf'xtabyproducggj ﬁlrajt it helled from

the film during conversion of the polymenc preceramic precursor into the ceramic

patterning layer.

[0036] In optional step 4, an adhesion promoter may be applied after the
application of the polymeric preceramic precursor. The adhesion promoter may be
optionally used to enhance adhesion between the ceramic patterning layer and

adjacent layers.

[0037] In step 5, the polymeric preceramic precursor film is converted into a
ceramic patterning layer. The conversion of the polymeric preceramic precursor

into the ceramic patterning layer may be through the use of one or a combination of
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approaches include: spin coating, spray coating, scan

coating, and dip coating. This solvent based approach
worey4loe8sappl i ed to a substrate that is either BODUS10040002126

is one that contains a patterned topography. In the

| atter case, the coating that results may fill the

gaps and planarize the uppernpst surface. |f the

opt i i buitablei psecsssiaejuding weesmalruppg plctpn jradigiey jon iffadiation,

adN e} Ao R OHR Y BEGF COBICSiEh FiRGe frbldos nfiy 86 bB8GEimed

during coati ng. The hesl on pronot er y conprise o

| ess lmﬂa*rma"bmmsPhi% ofhetihert stolosplietss neornckidsindtpgemargon,

poly AR
o prltEeRSEREL A ol BERLS Bieof, ARELIHLELA, e BRC
sol utpr@ﬂraﬂﬁﬂirm Deefgnit bettenpng layertiychgrme@wriagi temperatures in excess

pory irre SRR el e ko8 PRt B,

\é\EI g mroﬂﬁﬂlﬁﬁgﬂﬁ&lﬁnﬁ?ﬁtnﬁﬁ bectiﬁ dipehg el cdnverion bfithefpblymeric
uring conversion of t o meri c_preceram G

or e (FSERTIRPECHTHS .0F & T L
I'n oplh@nRl préth&Pr ¢ usedtha RSN Bro@fd%f@ia@rsegfagét&lﬁ film interfaces

applied after the application_of the ynerlc
pr ec SERS BigfoarapigpproceshVBgEdizeg SEﬁ“&%@% 2olymere maferial,

opt i QRAJslty nid$ 86 géRrflANARE S0 h 8t QRELRch B&lm% oint
ceramcC patternl ng |a er an tjﬁgcent |a ers

I n stselyen; wheye tt}ﬁ@ﬁcywé}ai polpperiemaierial degradas rag%rs e?‘Pfflﬁfl .fr@m the
convefij,ed into a ceramc patterning layer. The
conversion of the polyneric preceramc precursor into
the ceram c patterning | ayer may be through the use of

one E{jg%%éz;’g’gizﬁ%dpﬁ&a?@t % tﬂ%cﬁa@%ﬁ gl@ﬁé@}m lizd after the

PCT/ | any s )l e process 1 nclhuding:
t her rahvegsior ofghe pdlguerrcquederandel preeiren inth gie deraracipateingnsg layer.

1 g A0 e bRV LS o R oo Bl EorbnPatterning layer
proidbir iy enliadst oS

These ‘processes nay under 1 nert

at nosphedjecsnt Iifs.i nert atnnspheres may i ncl ude

ni trogen, argon, helium hydrogen, and conbi nati ons

t hereof. When converting the polynmeric preceramc

i nt 0 [8039gr am clnptidexd viep §, ddditienalliyyetsvedividctrivuayengor hardmask

t emperat urg_‘s% tﬁ e felz {.hﬁa IQVtS 30 ne beencu%:'c%tamw

or of P35 Y50 G PP s SRR O ppReletic

Cr 0s $irdciksbn@tdeeianit patrnible lo@e.ur during t he

conversion of the polyneric
[0040] In step 8, the ceramic patterning layer is patterned to create a
patterned ceramic layer. The patterned ceramic layer has a thickness of about 5nm
to about 300 nm. This may involve any process known in the art including
lithographic processes that involve depositing a photoresist and/or antireflective
coating on top of the substrate having a ceramic patterning layer, applying dry etch
processes to pattern the ceramic patterning layer to produce a patterned ceramic
layer, and cleaning processes used to eliminate undesirable residues and/or

byproducts. The dry etch may be performed by exposing the ceramic patterning
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preceram c precursor to the ceramc patterning |ayer

If the optional codissolved adhesion pronoter is
wais@d/o68She adhesi on pronoter may segregate to PCT/IS2004/002126

interfaces during this conversion process. \Wen

utilizing sacrificial polymeric material, porosity

may be generated from an approach that utilizes a high .

boi | i #@’ epigiafeactiggplpwng whighmag hevee fomeinathd eigatic moiety and may

pol y hiGi [ Fo el ' xgel | romthe

fil mn%%’g%’%g]g S IF’ﬁéo?ot lon 2?@?2%%‘* %flﬁeﬁ%aaﬁggéﬁh

pronoter is applied after the conversion of the

pol y 461 prec ' I € or_i.nt.o the ceramc

pat 1 ef4ELP] Sy er ubioRt S5 TR et GetyP oot ibearhegemoved
adhes toingretafteenpbsues o etchPravesdiist @it dgnlieyflemifdyer. The etch
adj acg&tc SISlager S. &)0039%al I .n ogti onal step 7, additiona

| ayer BOSFSSEHR BIAE 0P PY @ Wehsteh Rrogsss ajchmayinvolve tas useiphgcig bases,
f or nesnd/@l drginicnglvels. SOOI the@bmbALof MRS btGnd/or

precer recursor_into a ceramc patternable

an%mﬁ% '?e u‘é .
| ayer “HoAHTC PaY &g Repfogned yiie Aty gick thebmew inwplyg plaspesr
i s” pagdreratidndaidERESR o thelBlSHRHRS), RS EA@“}:&, NAKS "apd e,

patterned ceramc |ayer has a thickneSs o about’ 5nm

to about 300 nm This may involve any process known in

t he ap4zincl udifihe chdetWR @ Pétfér&ﬁg&gﬁl?ﬁquetr Rab bh WRMGt a

depos] ting a photoresist and/or antire ctive

coat i tHjte8 ﬁtchégpdﬁ lqapfeong diskecirigtleyehmay hecatedemsnthe ceramic

pat t efdeRble 3%EF pricRP) e ishod Ty esses. t.o. .

pattellgrn the_gaé’r%a%l c%tter |.ngSl%%%g?se%hg%r%%ﬁlg%al ielectric

pat t pYRE) Wil birpagternpdiipean ideptical cnapaerito the peorssesmalsie thyer.

to elimnate undesirable residues and/or byproducts.

The dr%etch may be performed by exposing the ceramc

patt dPfdilg 11 MPLOGYR GG8HE braeEFe G200 dbPRRY Béappliay &F

to a Jigafrdd L.eh may.have a.fluorinated :

o gart i 46 AR UET IS Bt 15(es505: Thipgloaning

f ol | gwsnigyolGHBPsIGRHES suiderate anorg@iR solfedB4dduedid@icids, aqueous

phot [.Si ] r..antirefl ective coating may then be

r erm\?[%gés’ %%%ricﬁg(g‘éﬁmg?’t@é?osgi?ﬁ%Eeﬁ?tévetp SBfEh processing

of the ceramc patterning layer. The etch processing

g?yagls%égl?f ga\;\gél’lee }t)a%:lgrn gcgfgnsil% lz\ll\}@r Icl:‘llgly E?Xselcl ?(y c?elﬁ\ég eitﬂg? vi%slgvel
dielectric 32 or line level dielectric 31 in microelectronic interconnects. Subsequent

metallization and planarization steps, known in the art, can be employed to produce

a microelectronic interconnect structure.

[0045] The solution containing the polymeric preceramic precursor can
contain an organic solvent. The organic solvent may be one or a combination of the
following: propylene glycol methyl ether acetate (PGMEA), propylene glycol
methyl ether (PGME), toluene, xylenes, anisole, mesitylene, butyrolactone,
cyclohexanone, hexanones, ethyl lactate, and heptanones. The concentration of the

polymeric preceramic precursor in solution may be from about 1.0 wt% to about
40.0 wt%.
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and/ or organic solvents. Alternatively, the renoval of

phot orei sist and/or antireflective nmay be perforned
waigingesssdry etch that may invol ve plasnmas gePeT/asmd4/002126

fromat |east one of the following: 02, N2, Ar, He,

Ne, H2, and CO2. [0042] In the case where the

patterned ceramc layer is to be utilized at a buried

etch stop, at |east one dielectric |ayer may be coated

ont o cer am . I d : .

pat ¢ QPR C" Pl RS R BERk i, B £hotflrt material hat

di el eohtains siliceyand(nedy heicoinphizedpé thedoltydng: npdysilazdaes, i cal

manner,to,the ceram.G.. e I !

oot 1 bR ECh AT AR A AR, R lrcarboll,

appl ipatysilfcarbddiimidal golysiiyxazama doddarvosibzares, anémai ni ng
from ok’h?r ro.i:?gsses Thi.s cl eani ngg rmi(y1 i nvol ve ta il
ex poPPHGIAHD ORI o {1° ROD BT I ARFCLr LT RIERTRCT Mgy (L 2 partia
acid &om@gﬁ@omlssﬂo}aaaﬁ %ﬁd/o%dﬂl@@qﬁﬁkdnbc The Hdlyhelsc prevepdsiv pcursor
to reactive asnes.. 441 T atferned ceramc, ..

| aye rmquﬁggﬂélgﬁcgo’&agﬁ ngs %qngﬁc&o tﬁﬁ %Paf'ngti?éﬁ’one mcluding,

di el eglifids; vidgl, Qllyll Alkékyl @M@ land hlﬁglle%bﬁﬂs.c TR pélmeric preceramic

m croel ectronic 1 nterconnects. Subsequent

et alPFeHERT BAY Aavg agnelpralar Yaishbbrtuecapdl apd LRAQ09G) &/mgle, may be
art, JORmhdReyRIPHAXeA 05901?99916@1( cpolPnfel, @8 h 96l e blend, and may

i nterconnect structure. ]10045] The sol ution contaj ning

t he pevyspribeingradeamnelydingdiveaoretvarked demebidnanddendrimeric.
Or gam %%nlm\égg %{eﬁégﬁ%cgf&%&bpmw hNERlve TN e AR ofsiloxane

conbi nat’i [ ow ng:” propyl ene gl ycol nethyl

et herand/oesilsesguioR@vEnyctulsr dhy beliiactt peeramigpragyisorgpsighave a
( ng%fnggﬁh%eﬂﬁﬁwé%l 8BNS Bere DVSR! B3, 0285 6 Y] Efax<0.8, 05 y<03,

but yrol'actone,  ‘cyclt'othexanone, ~hexXanores,” ethy
| act &G5< zHB foe ptahotieeg=1. Thes pobmeasictprestiagyic precurioe may also have
pol yner.i .ec ' rLec i lUL. f

Bboutt ol ARG Pl haeD <G8 3, SRR b0
PCT/ US%68240.8024 26w+k6048]. Teepofymherivemrdcerapriepresuasor may be a
precursor is.a polyneric. naterial that nt ai

B T Ot PR i TR e b s SRS b

pol ygolyaigihegdidocqrbdsylemer bosi | anes, pol ysil asil azane,

pol ysi | anes, polysilacarbosil anes,

pol ysi | yl car bodi i m des, pol ysil oxazanes,

pol yqes479si | azAfesconddision of the polymeric preceramic precursor film into the

ceramic patterning layer, the ceramic patterning layer may have a composition of
SiyNyCxOyH,, where 0.1<v< 0.9, 0<w< 0.5, 0.05<x<0.9,0<y<0.5,0.0552<0.8
for v+wx+y+z=1. Alternatively, the ceramic patterning layer may have the
composition Si,NyCxOyH, where 0.1<v<0.9, 0<w<0.5, 0.05<x<0.9, 0<y<0.5,
0.05<2<0.8 for v+w+x+y+z=1. An example of a preferred composition is v=0.18
+/- 0.03, w =0.16 +/- 0.03, x =0.17 +/- 0.03 , y =0.01 +/- 0.03, and z = 0.48 +/- 0.03.

[0048] Optionally, additives that improve adhesion quality or coating quality
such as adhesion promoters and antistriation agents may be codissolved in solution.

The concentration of additives in solutions may be less than about 1.0 wt%. The
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pol ysi | acar bosi | azanes. The pol ynmeric preceramc

precursor may contain a partial conponent of sil oxane
W@r@406855i | sesqui oxane. The pol ymeri c precer amPCT/US2004/002126

precursor nmay have pendant functional groups bonded

to the chain backbone including, hydrido, vinyl,

al lyl, alkoxy, silyl, and al kyl groups. The pol yneric

pr ec edbesion premeteiis sdectadeionh the grauprrohssting af SigeRgmthere L is

bet ween 500 and 10000000
romopgrybFoR e A8 U PR Epr ey fopy eeige. gikos,
pol y Refbokey, @ntines Antbgemsy andisselentyd Ghaithe @vohédnsisting & hydrido,

including |jnear, networked ranched, .an . )
ona i el i P By pRERRRTT ef Aussicosrompgyy may be
al Iso heRMEetRy] Diilldzhied, viﬁﬁﬂﬁ@ét%ﬁ?sﬂﬂfel, Sinineprepytringdlistxsilane, and

si | sesqui oxane structure. The pol yneric preceramc

pr ec i frimethonysilage o The anisfHanqn a@ﬁgtg?@’ !ﬁﬁé&@}}ﬁz ,ag%ﬁ @rle/O of the
0. 1< o¥ritifn Sontdfin¥hePoBmelle BRTerdimicthrébursd THE aftisdiation agent may

0.05< z< 0.8 for v+mﬁx+¥fz:1” The pol yneric preceramc
pr ec (e sglzaddg Peadyes fHemg ot high BRFRIBNYt i on of Si VNWCXOYHZ,
where 0. 1<v<0.8, 0<w<0.8, 0.05<x<0.8, 0<y<0. 3,

0. 05<z<0. 8, and v+wx+y+z=1. The ?olyneric preceramc
precuPSl may Bbe splutissicomipiamgdheBAlYMITIEI PE¢CREIA RrecUrsor, may

( Ki | ve i . . . o

pol yarPyTrES L AP LI poRRy e Qpiem, including sacrfivial

of t Ipelypwiriy mertérialsghas degrade intogew splesvlar Weight iyntodugthiand/or high

ceram G. pat ' r r ami . j

ay S 0isEROLE AR WBXR ool ] ARy BRHRE Lol BUSE e

0. 9, pokynwsicPreserathidfyecuxsor fit®the Qeramic @itEning 19%x The sBerdicial

for vtwx+y+z=1. Al ternatively.. ramn ttexning

| ayer ol e e AR ool Rl ol 5L

0. 1<ysB(Sryefles)yp0lybestets),Gbiyxmbthesrylatey)sfoliacryiedh pakElRols),

for v+ywax+y+z=1. exanpl e .of a preferred conposition

is v P‘_’gf(raf%‘)ées-zmndé’.ég@‘}@ﬁ%&?% +/- 0.03, x=0.17 +/ -

0.03,y=0.01,+/- 0.03, and z = 0.48 +/- 0.03. [0048]

Opt i y, additives that ippro dhesi on qual j t r

coat ﬁﬁ@goh]ual i t yoleEiEe aeUey ﬁ@?‘b‘%ﬁﬁfﬁ%@éﬁ’é’n&@p& proflés as

?Il_ Et | lefelBink®By Aﬁ@éitd?ptﬁgiabfmﬁg Befdiesema |aft&da_xj:>c5'suﬁeﬁb ukjé)gaﬂ plasma is
e concentratjon of additives in solutiqns e

| ess Shewmh Hhoiglatiye gpnggmrrionse ilém{lv%éﬁ?f"g’ééé%n%g various elements

PCT/ {dR208¢hQ93 mpio@m?ﬁtke@ Al TROEBA dépth 6@l RChRGlatd Qg the

the group consisting of Si XLyRZ, where L is
%tch rgte which was abgut 10 nm/min¥1te. "The data ?ndicates that the ceramic

patternable layer generated from a polysilazane polymeric preceramic precursor is
resistant to the oxygen plasma exposure (which simulates removal of a photoresist)
and has only a slight modification in its composition at the uppermost surface. From
these results, it is determined that the ceramic patternable layer can withstand typical

photoresist rework steps that remove photoresist and/or antireflective coating layers.

[0051] While the present invention has been particularly shown and
described with respect to preferred embodiments thereof, it will be understood by

those skilled in the art that the foregoing and other changes in forms and details may

14



sel ected fromthe group consisting of hydroxy,

met hoxy, ethoxy, acetoxy, alkoxy, carboxy, am nes,
whadoagessst and R is selected fromthe group copGI/BEB81004002126

of hydrido, nethyl, ethyl, vinyl, and phenyl (any

al kyl or aryl). The adhesion pronoter may be:

hexanmet hyl di sil azane, vinyltriacetoxysil ane,

ani ndpmmdy Mﬂlplﬁéiﬁpﬁé@%ﬁq’%ﬁ@,sl’% and qy:pp@cpf the present invention. It is
tri ' : i hadd :

t e BB T el IR ARG RF LOARRL TRK Bl @800 and
pol y rietwils dpredradilbisipted brishll witlthdghesvops ofrtheanperded claims.
agent may be utilized to produce filnms of high
uniformty. [0049] The solution containing the

pol ymeric preceram c precursor, may also contain

noi eti es that produce porosity in the system

i ncluding sacrificial polyneric nmaterials that
degrade into | ow nol ecul ar wei ght byproducts and/ or
high boiling point solvents that are expelled from
the filmduring the conversion of the polyneric
preceram c precursor into the ceram c patterning

| ayer. The sacrificial polyneric material maybe one
of, a conbination of, or a copolynmer of.

pol y(stryenes), poly(esters), poly(nethacryl ates),
poly(acryl ates), poly(glycols), poly(amdes), and

pol y(nor bornenes). [0050] Referring to Figures 5(a)
and 5(b), conpositional depth profiles as determ ned
by Auger depth profiling before and after exposure to
oxygen plasma is shown. The relative concentrations
of signals corresponding to the various elenents are
shown as a function of sputter tinme. The film depth
can be calculated using the etch rate which was about
10 nmminute. The data indicates that the ceramc
patternabl e | ayer generated from a pol ysil azane

pol ynmeric preceram c precursor is resistant to the
oxygen plasma exposure (which sinulates renoval of a
photoresist) and has only a slight nodification in
its conposition at the uppernost surface. From these
results, it is determined that the ceram c patternable
| ayer can withstand typical photoresist rework steps
that renove photoresist and/or antireflective coating
| ayers. [0051] Wile the present invention has been
particularly shown and described wth respect to
preferred enbodi nents thereof, it wll be understood
by those skilled in the art that the foregoing and

ot her changes in forns and details may
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14 WD 2004/ 068551 PCT/ US2004/ 002126 be made wi t hout
departing fromthe spirit and scope of the present

WO poogfsssen. It is therefore intended that theP@F/ESm®04/002126
invention not be limted to the exact fornms and
details described and illustrated, but fall within the
scope of the appended clains. 15 WO 2004/ 068551
PCT/ (H8d45 MEDWHAT |1S CLAIMED IS 1. A nethod for
forming ahar ek rGomRy d sidihsk dRpsdidd.ng at | east one
pol ymeric preceramc precursor filmatop a substrate )
havi rigpositingat kst oompolymguiq precesmmie Prachigorsngten a subgizate having
one p [ receram c precursor filminto at | east
one caglr%%%{:lefagyrér, said at | east one ceramc |ayer
havi ng a comeeasigtshidnt Bhst o poliic, DGePmic wheewreordilmh<nty at least
0.9, 0< w< 0.5, 0.05<.x< 0,9 0<.y< P 5 0 05<.2< Q8
For WRRSRApIE R B o rppl B i oo dmPefon
sai d AN o, Ghere 08KaRI 009, 08 weT 0.5, QuaEster M9, g yall. 8 015< 2< 0.8
| east, one ceram c | ayer to expose one or nore regions
of 9 WWIRdETFing substrate, where a remaining
regi on of gsaiish ApdRilel phdoBsikistdpahi dt eastphoteabidayay,
at | east one patterned cerani c,Igégrrt{)getchi ng sai d one

t

or nore eRpEERESsUYPURRSHPRELHARIS ¥Rose eneopmore regions of

et hadidQhd&iyahdRubs e Wkid aSahSinsi Redi 6108 fRaid AR yBifSsubdirate is
| east one |li'ne |evel dielectric |ayer and at | east

one \irefeqted /ey atdeast aempitengdppmic Byetthe net hod of claim

1 wherei F‘e&ﬁh& s3i%Re 8) mOk egﬁﬁ&ﬂeﬁi‘oﬂ%f §4d she@dty.meri c.
preceram c precursor filmi'ncludes applying a solution

of said polyneric preceranmic precursor dissolved in

an organi Gfgé U MRALE MRS Ghe@intafdl UBHafe RRIPYER at leSst one line
sel ected romthe group consisting of: propylene

gl ycdbvelrdieleptricdasise andees dapsttone ip ielectyie dyel- ene gl ycol
net hyl ether (PGVE), toluene, xylenes, anisole,

nmesityl ene, butyrol actone, cycl ohexanone, hexanones,

et hyl3.1 ac(The eyettivdpif alaivm & yheteineidistapa) P Hdepositing said polymeric

preceramic precursor film includes applying a solution of said polymeric preceramic
precursor dissolved in an organic solvent, where said organic solvent is selected
from the group consisting of: propylene glycol methyl ether acetate (PGMEA),
propylene glycol methyl ether (PGME), toluene, xylenes, anisole, mesitylene,
butyrolactone, cyclohexanone, hexanones, ethyl lactate, heptanones or combinations

thereof.

4. The method of claim 3 wherein a solution comprising said preceramic
precursor and solvent further comprises on or more selected from the group
comprising: an adhesion promoter, a sacrificial moiety to produce porosity, an

antistriation agent, or combinations thereof.

5. The method of claim 3 wherein said applying step is selected from the group

consisting of: spin coating, spray coating, scan coating, and dip coating.

16



thereof. 4. The method of claim3 wherein a solution
conprising said preceramc precursor and sol vent

WO mootloesssconpri ses on or nore sel ected from t hECTUS2004/002126
conprising: an adhesion pronoter, a sacrificial noiety
to produce porosity, an antistriation agent, or
conbi nations thereof. 5. The nethod of claim 3 wherein
said applying step is selected fromthe group

o e S AL S s i

PCT/ \gta0f34f @khdfceramic EBlyer coriphiod titfmall caring, bleatren #iadiation, ion

o ec by gaon b ol B o B S ik gy or
Curi RgmbRhE&ishEdedfr r adi ati on, ion irradiation,

irradiation with ultraviolet light, irradiation with
visible light or conbinations thereof. 7. The nethod

of clai m Fni Hetig bt S9RPT fidthBitohipisinh &R s&p ARPPIYihE Bn @dhesion
adhesion pronoter at either prior to application of
sai d PpunetpEat eithes peedp applicatinnad §pid gplymsrip geceramic precursor, after

appl i ab ﬁd:aggn of saﬁlaﬂoﬂzn&‘?ﬂc%b%éﬂa&io%r&ﬁﬁsroﬁ@r Gftdt Gl Ebmf¥rsioddf said
after saird conversi'on of said 'polyneric preceramc

pr ec obyoreric presergmiicpre@rWiingo said ramiglayshe net hod of
claim1l wherein said at | east one patterned ceramc

| ayer conprises a hardmask, where sai d hardnask

def i Bes aThe aethedef cldime] wbercinsaidnileast ohpatteined gpramic layer
dielegtri.c i ' t L at | L s b : .
The nerpase el SRR airfblck Bonseh Sa Tl ilotiPand a line
pat t devebdicleariam wid apsrate dwing siid ewhiagc| ust er ed

har dmask, where said clustered hardnmask conprises a

bil ayer having at |east two distinct patterns and at

| east9. t wo THe sicthod bf dhigl Boherein shiEtaclebslose pal®med heramic layer

nmet hod of. claim 8 erei ceram.c, | ayer . between.said.

Vi o ETBrsSa Pl Bafry e Sy B ERR R Biaver
havi n@viag eOeRosId distincSHavdmEXahtX leashebelistictBedecitic MatBrials.

0< w 0.9, 0.05< x< 0.8, 0<y< 0.8, 0.05< z< 0.8 for
V+wx+y+z=1, is a buried etch stop. 11. The net hod of

cl ai npl WraE giethod af flaiad 8 vasin aaRenPOlayEitetweep b£ia @1addtiel

dielectric and said line level dielectric having a composition Si,NyC,OyH,, where
0.05<v< 0.8, 0<w< 0.9, 0.05< x< 0.8, 0< y< 0.8, 0.05< 2z< 0.8 for v+wHx+y+z=1,

is a buried etch stop.

11.  The method of claim 1 wherein said at least one polymeric preceramic
precursor film has a composition SiyN,CxOyH,, where 0.1< v< 0.8, 0< w< 0.8,

0.05<x< 0.8, 0< y< 0.3, 0.05< z< 0.8 for vtwix+y+z=1.
12. A multilayer interconnect structure for semiconducting devices comprising:

at least one layer of patterned ceramic film having at least one composition

SiyNyCxO,H,, where 0.1<v< 0.9, 0< w< 0.5, 0.05<x< 0.9, 0<y< 0.5, 0.0552< 0.8
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precursor filmhas a conposition Si VNWCXOyHZ, where

0.1< v< 0.8, 0< w 0.8, 0.05< x< 0.8, 0< y< 0.3,
wWO2034685%51 0. 8 for v+wx+y+z=1. 12. A mul til ayePCT/US2004/002126

i nt erconnect structure for sem conducting devices

conprising: at |east one |layer of patterned ceramc

filmhaving at | east one conposition Si vNWXOYHZ,

wher dofvtwerxus+8:19 atop « sustrate bavigg @B<or yuore)lagers,Oxheyesagl @e or

0.05< z<.0.8.17 WO 200 / US2004/ 002126 for

Vg S l%ct?%dﬁ ® %agaﬁééli%ﬁg%é%ﬁ}aggng one or nore

| ayers, where said one or nore |layers includes at

| east. _one tal .layer. 13. The.multi,l.a L nt er connect
St r uddur o 19F ot Tt Ao By PR L o M Se
fil mepms ikesormpriseeadtast two diftdrée sitioén sinkdiingdielectrics having
containing dielectrics havin t di stingc atterns,

{ or mtHG ChEAaYtpSi e doHARE e L Ak Sy e S SEw Y

har driRgdndsRESEr AbPPaAt kdrsiskhaeelmask |ayer. 14. The

mul til ayer interconnect structure of claim13, wherein
said first hardmask |ayer defines a via |evel

di el egt ri gnanfhiRad Reeamet REHTR SKclhidy BY, wihefeld @l firk
line level dielectric. 15. The nultil ayer intercannect

st r udwtneasisfayer definesipyia vel digloptiging saidisstond pardmask layer defines
i ncl ugdes |d.ehReL&et ronic interconnects and

m croel ectronic devices. 16. The nultilayer

i nterconnect structure of claim12, wherein said at

| east, 0ne ' r [

from 1::'158 0 utThE %rlrl:l]tﬁ% %;? g%%g(tgﬁgg d gtrJrlﬁnI}{rg f 107&9%1 gz’ :‘rxumlbltgl aye P bstrate

i nt erisdndes cticretleciminipr istesbnesctsiand kdcrogiprropicrievings. sai d

at | east one patterned ceram c | ayer contains

porosity. 18. A nultilayer interconnect structure

conpriési n@he aultilhyer irgresnnsetlygtatat ef tlamm ) wiereinesait at dpast one

first dielectric. |layer d _a secon i el ' er;
uner et A Bl iR aR Mo o SR S0 S5
conposition Si VNWCXOYHZ, where 0.05< v< 0.8, 0< w

0.9, 05< . x< 0.8, 0< y< 0.8 . 055 7< 8. for .

v +V\er1%y +zApe n?“gtﬂ?)%elr \?ﬁ?ﬁo@ﬁ‘ftﬁﬁ?‘%’r& tOF%Halgf 226 £Yrie Gy i at least
and SgeGat@paiNdrahie lged dohRins paypsity.

18. A multilayer interconnect structure comprising:

a multilayer substrate having at least a first dielectric layer and a second
dielectric layer; where at least one ceramic buried etch stop having a composition
SiyNwCxOyH,, where 0.05< v< 0.8, 0< w< 0.9, 0.05< x< 0.8, 0<y<0.8,0.05<z<0.8
for v+w+x+y+z=1, is between said first dielectric layer and said second dielectric

layer.

19. The multilayer interconnect structure of claim 18, wherein the said f1r§t
dielectric layer is a line level dielectric and said second dielectric layer is a via level

dielectric.
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19. The multilayer interconnect structure of claim18,
wherein the said first dielectric layer is a line

wo enelocsdsel ectri c and said second dielectric | BgBUS2084/802126
via level dielectric. 18 WD 2004/ 068551
PCT/ US2004/ 002126 20. The multilayer interconnect
structure of claim 18 further conprising at | east one
pat t @0ned Toemaltilayeh antateramogct bizmeiturg obadaipol’ fuither comprising at least

Siv XOY) where 0. 1< . < 5 : <
0. 5, gy ungd el Byl Gyt mySth S 0 ks vs
sai d 0.% 0 st @af,6.05k%< 0.9, 0< y< 0.5, 0.05< z< 0.8 for v+w+x+y+z=1, atop said

substrate.
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