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PCT/ US98/,04560 | NTEGRATI ON OF LOW K POLYMERS | NTO

| NTERLEVEL 5 Dl ELECTRI CS USI NG CONTROLLED ELECTRON- BEAM RADI ATI ON
CROSS RERmgHSEEIsA RELATED APPLI CATI ON Thi s appl i cRCTaISI® V45605 t he
benefit of U S. provisional applicationserial nunber 60/ 041, 104,
filed March 24, 1997 (pending) which is incorporated herein by 10

ref erence. BACKGROUND OF THE | NVENTI ON

FI ELD OF THE | NVENTI ON 15 The present invention relates to the
preparation of substrates used in the manuf acture of integrated
circuits. Mre particularly, the invention relates to spin- on

| ow di el ectric constant (lowk) polymer filnms on sem conductor substrates.

The invention prOmmwm@?wwa@ommm@qmmkmmew ng of

Spi n- on lowk polynmer filns and for retaining the |ow dielectric
constagt of sDIELBECTRICS USINGLONFTROLLERELECERGNBBAMBADIAGIEN | i nes on
sem conductor substrates, utilizing el ectron beamradiation in

i ntegration of |owk polyrrer films into interlevel dielectric
(ILD) layers of sem cqﬂg@ ?;% . q mgl ON OF THE PRI OR
ART 25 A conti 8 NCETORELATED APP y is the .

formation of Thistapglicdtidf claims the beneﬁ?ﬂ'dfdﬂSIprbbi@onﬁMppHcdmmbml wamnderand f ast er
circuits thereon. Such ultral arge sc I ntegration _has resulted
in a conti nué@04hPhifiled Marchgds 1994 @w&&g)whmhw&omﬁp@heremby that a
| ar ge_nunber_q@f devices are made available on a single chip. Wth alimted
chip &0 face ?grécc the interconnect density typically expands above the
substrate 3 0 ina multi-level arrangenent and the devices have to be

I nt erconnect ed across these nultiple | evels. The interconnects
nmust be el ectrically insBACKGROUMNDOETHE INVENTION
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Ic

FIELD OF THE INVENTION

15 The present invention relates to the preparationof substrates used in the
manufacture of integrated circuits. More particularly, the invention relates to spin-
on low dielectric constant (low-k) polymer films on semiconductor substrates.
The invention provides a method for achieving non-etchback processing of spin-
on low-k polymer films and for retaining the low dielectric constant of spin-on

20 polymer films in areas between metal lines on semiconductor substrates, utilizing
electron beam radiation in integration of low-k polymer films into interlevel

dielectric (ILD) layers of semiconductor devices.

DESCRIPTION OF THE PRIOR ART

25 A continuing trend in semiconductor technology is the formation of integrated
circuit (IC) chips having more and faster circuits therepn. Such ultralarge scale
integration has resulted in a continued shrinkage of feature sizes with the result
that a large number of devices are made available on a single chip. With a limited
chip surface area, the interconnect density typically expands above the substrate

30 "in a multi-level arrangement and the devices have to be interconnected across
these multiple levels. The interconnects must be electrically insulated from each-
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ot her except where designed to make contact. Usually electrical insulation
requires depositing dielectric filnms onto a surface, for exanple using a

CVvD or sgi nni ng-on process. The shrinkage in integrated circuit
desi gn ' ul¥Q /4329 si nul taneousl y reduced the wiring BSHESP8/04368se
have made the signal 5 propagation delay in the interconnects an

appreci able fraction of the total cycle time. The notivation to

m nim ze signal delay has driven ex}ensi\ve studi.es t.0 . 1-...develop a

| ow diel ectric CBﬁH éfﬁeptw_ Welgf“ﬁﬁ? 'r‘ﬁrﬁ?l.(et??é‘%acga_ Suﬁgyﬁgegglcg_gmis‘ﬁlfﬁ?rf evel
dielectric in 'DEe%,taF]r@é 8hositingHidledtiOXil A8 BRfoA  dutfac8 For dhBnpTBLSIhE BICYD drow- k
materials used in e LD layer are based on thermally cured spin-on
organic or 10  spinningeongancess.pThy stminkagé\in integyated bzewt desigrkrubesthasi al s have
the desirable | ow dielectric constant, the integration, processes
associ ated with sHaganeeyshsregpeed the wiring Pﬁﬂ?rp% e?’é}ﬁedmégggﬁ sgglire an

et chback process I | - Qi ek i Lhg a
conventiondl che R&%&#&Y/%g%ér%& ﬁgg irﬁ%ﬁé@?&{: }soarr% a(p 8{755 ﬁ]fﬁ&&idn of tﬁ%g% 3 P"?llb on,
the dielectric cegpfel arie mbtivation 1o hehimike yigaalrdethy Ims-divpo bxtensivd sthdies ts 15
not stable and is prone to increase upon exposure to either high

t enper at ur e developa o diedectiic ¢onstast dpwddgeaitialshat can beaiseskasdnterlpeel

envi ronment s such. as oxyge . sma used i n-phot or esi L ripping.
These dr avbacks. AUGHTG FonRRrR prapt @ penutiEtins” TRANARES R | Dher
films are often pelatfduded ih BRITLD BYE} 418 basedn tHESSalB G Re@Spin-on organic bOW
density, susceptibility to noisture absorption, poor thermal stabrlity and

20 sues cept idmrgartiy polymexs, gélthgighsthesei lodticmdtepiel sdeave tre deshrablefawre, t he
i nt egration of ) . many thermally cured spin-an l.owk, polyners into
ILD layers is coﬁltﬂlﬁn%ﬁﬂm%t’ e mtegf?%/%‘hplioﬁiﬁﬁ??@"%{ﬁt&pﬂ‘ghtggseﬁ%é’é% st eps

such as etchback aph LR tchbackPr6eRS (8l FweddBY5daBPing the MBNY
thermal ly cured Icg@gk&bgﬂlég?nsr pglr? %%?gasaecgqiéuri ng aﬂgr gceess
i ntegration and idielecttidkiyer hsing & colnendiona chemioal vapor opidetdepbsitiom(CVD). In

conpletely 25 . degraded upon conpleting the fabricatiqon Qf the final
sem conduct or de@Aditien, the dielectric constant RLEIARY thermady aP&edtI%WEi%@cfxm brgs is
pol yrmer diel ectri . |01 e4.G ' I i ncl ude
conposi ti olﬁgs as gg%tg‘t?lﬁagﬁéﬁ étohgios{ng'ﬁagegr i Rated e to eithet hg%g‘%%‘#’ 3%& g‘%g

et hers, sil sesquicazdimested irtimeial Gegsition, bxangvidaivelenoirbwaments gadhi a5 oxygen

pol ymer dielectrics and articles produced therefromare disclosed in U.S.

patents 30 pipsmesised in phptarssiststpping, Thessgdrawbacks asspsiated with theymally

t51hl791 188; 5, 250’c§%¥l}1§gin—on pglé/mer %x%ggteocﬁ%n rRlatelio Wér ifthikiCteatlessudh ak N al |
ese cases, the TI arerdeposite

2 WD 98/ 43384 density, susceptibility to moisture absorption, poor thermal stability and

20 susceptibility to oxygen plasma-induced oxidation. Therefore, the integration of
many thermally cured spin-on low-k polymers into ILD layers ié complex and
often requires additional process steps such as etchback and capping. The
dielectric constant of many thermally cured low-k polymers is increased during
process integration and thus their low-k characteristics are partially or completely

25 degraded upon completing the fabrication of the final semiconductor devices. It is
known in the art to use organic polymer dielectrics as the IC interconnect
insulator. Such include compositions as polyarylene ethers, fluorinated
polyarylene ethers, silsesquioxanes and siloxanes. Examples of other organic
polymer dielectrics and articles produced therefrom are disclosed in U.S. patents

30 5,145,936; 5,108,840; 5,115,082;5,114,780; 5,155,175; 5,179,188; 5,250,667,
5,235,044; 5,173,542; and 5,270,453. In all these cases,. the films are deposited
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by spin-coating onto a sem conductor substrate and then subjected to a full

t hermal cure. 5 SUMVARY OF THE

| NVENTI ON wo 98/43204 The invention provides a process for forrgdgyésnsseo
dielectric filmon a substrate whi ch conprises applying ang cfryi ng
a polyneric, dielectric conposition |ayer onto a substrate and .

exposing the dried layer to el ectron beam radi ati on under

condi tions suffi chehpiniceafiig bhdld nfistrRiutde subsehRGha ither] Apfictednd afir ei n
the 10 exposing forns a rel atively nore hardened topnost portion of
the diel ectric | athermal cure. and a relatively | ess hardened underlying
portion of the dielectric |ayer. The invention also provides a
process as above and further conprising the steps, before el ectron
beam exposing, of applying a | ayer of a photoresist onto the at 15

| east partially solidified dielectric layer on the substrate, inmagew se

exposi ng and devel opi ng t he SIMMARYE Ot THEYNVENITIOMNr eby renove a
portion of the photoresist | ayer fromthe dielectric | ayer and

| eavi ng a porti onThe inveatipn prayidesiaqrosess for fpryging a dielectric fiimiona fibghralgt 1 ¢

| ayer; wherein th r . L€l ri e | "

portion of the phglpg‘:?leésqngénstreg%%ﬁkﬁﬁgsgﬁ *@Hégﬁ’%fﬁ%&f P%Y%cg%e(tf&?%os&oﬁl&g}é% to
less 2 0 el echhtera fidstiate addl akpoding tha drikd BayBitot el€dtronltash ralliacibs usiddrayer
corresponding to the renmoved portion of the photoresist |ayer.

It has now been drewditiensesifficiant topertinllysare the diedgctrielayen andswhereigrthe
dielectric filns . used ig IIC I nt Er on%fct pr.ocessi ng,, are i ri)ved
when t hose2fi | ms &FROSUE fogm§iaragvely more hardengtopmostporiion oy b diglegtyic layer
radiation treat Mgk Whas: FAFRAS fkdbfecuddiRy | poftifFof the dielectric lajBius, for
exanpl e, the invention provides i1 nproved net gﬁs for achieving non-

et chback process for spin-on lowk dielectrics using controlled el ectron
beam raq_ihati on Bro esses., The inventjon al rovi des. i nproved

. 0
met hods for € inyspiEbR 8{SP RECYfies AIPHOEFS g Abp 5 8 JERLRr COMBFBIng the,HEps,
rocess environne . @%I- : c
(F:) onstant of cert apﬁfog@p?l%&gﬂl ?%a\?v-ﬂ ExPpogaggfrér yiflge lm? H ?rghﬁl?%ér%bsg gﬂ'Jg g‘r;]% éfol | ed
el ectron beam r adieast partigltyseilifiedidieleciricdaydron thed substrate, imagewise exposing and

3 WD 98/ 43294 ) . . .
developing the photoresist layer to thereby remove a portion of the photoresist

layer from the dielectric layer and leaving a portion of the photoresist remaining
on the dielectric layer; wherein the part of the dielectric layer underlying the
portion of the photoresist remaining on the dielectric layer is exposed to less

20 electron beam radiation than the part of the dielectric layer corresponding to the

removed portion of the photoresist layer.

It has now been discovered that the properties of certain spin-on dielectric films
used in IC interconnect processing are improved when those films are cured with

25 a controlled electron beam radiation treatment when compared to a thermal cure.
Thus, for example, the invention provides improved methods for achieving non-
etchback process for spin-on low-k dielectrics using controlled electron beam
radiation processes. The invention also provides improved methods for
protecting the underlying dielectric layer from process environment induced

30 degradation, particularly dielectric constant of certain spin-on low-k polymer
films using a controlled electron beam radiation process. The invention also

3



provi des inproved nethods for retaining the intrinsic dielectric constant
for spin- on polynmer filnms in areas such as in betvveen net al Iines
using controll ed el ectron beam radi ati on process.

has been dVOS8(#3%d that if a freshly deposited spin-on di eIEETfPP??’W"ﬁom is
exposed to an el ectron beamradi ation under relati ve I ow ener gy condi ti ons,
subsequent to standard hotplate treatnents, then a "skin" is fornmed as the

out er | ayer,,of. the f. ich by
the el ectron beakfovides lmpm"FegdPé{H’A‘,gsrf ﬁ%‘ tgﬁﬁgggglgg ketl%qné ¥° &m ﬁﬁ-tsﬁﬂ
regul ated by the g Ip%?}rﬁ%lﬁﬁ@ﬂh?eﬁs such as iRbefveRen reatsl l&lesluﬁﬁmbltdhﬂélléd@edtﬂoﬁe
duration of exposure,” and the integrated (total) el ectron beam

dosage del i ver ed beamtradiafion procdisus, the filmcan be only lightly

cured such that a thin skin of nom nally 500-6000 angstrons can be forned,

depending on the interlayer dielectric thickness. A continuum of extents of
cure fog ' 85 ld¥el 4S8 filR |

seni conduct’or procié%goefﬁhdmgoﬁ%&&%tm atlg% l&%)rl e curee In V\llhl (I:Sh a skin

is formed sinul t&HStF@st&hU ankleotton bﬁn@ﬁ‘ddxﬂibrﬂinder relative lotemetgyveodiitioas;t ri c
constant of the film attainment of a hardened, oxidation

resi stant outer |sabs9qumt te slandard hotpiatg tieptiments é@qncﬁn“s(kfn”dﬁ Soraned asthaoufgren

conpared to the ect n Lon t he
ilm & of R MEF B had b B sy ket by ol 80T
| ayer can be Con\fﬁdxhﬁ&x 2TRe thicknk & oF thi¥®sKin3 chi'Bé tesRldted/¥ the eldterofibedmct ri ¢
| ayer on the top of netals is significantly nodified and thus

sonme of itso pr opemeigydevels,éndieding theiing idurationpf exposure, and dhecintpaeatediitotal)

abeor pt 1 on' and | GHSEOR RS AR AT A B 1 APbFER Sty BBV and

oxygen pl asma envégé%mﬁm adigl skﬁPéfJ?orfﬁﬂQny%BG@QMaﬁs%ﬁfsscaﬁ%@ fighedchi eved

25 wi t hout ation. The un ying dielectric layer, particularly
in between- dependingbalthd inteclayerditlattnic thicknésst Aicosfimnughn of extents of cure
properties such as Io dielectric constant. The dified to

| ayer protects t er thedd msm§ &%Ih?cﬁdﬁ’?‘étag%ﬂ)’éW usRd) 1 prpaicon uctorproceg <A

Praperti es; o1 { haelde!oHeR B hRAAI 4 Guhs Rbfmed ifiRlafbolbly Biads fRAREA FUI ©

and oxygen asma exposure

4 the low Hielevndd dsm:staﬁﬂbﬁmerﬁim attdininknt offavieardened, oxidation

non- et chback dielectric process can enpl oyed whi ch_elim nates
the problem of pdrHsANAUE eww&hﬁﬁlmee}%mmlmlzaﬂon of procgsy e when n g

car bon- cont ai ni ng, | %%h{: Qle{;tggn %éa?xl’x?':{ idtion eﬁﬁf@ofﬂﬁ%@%x%&?&f&

| ayers. In this pro ric layer i1nt regi on ere
photoresist 5 thjth thla:prmgs) tiseoregiagldtbmddentousdielettéic l@gr om bmcddverted)p of

netal lines, wll .

20 into two distinctive layers. The dielectric layer on the top of metals is
significantly modified and thus some of its properties have been significantly
changed. This layer has such excellent properties as low or no moisture
absorption and low or no degradation upon exposure to high temperature and
oxygen plasma environments, and thus a non-etchback process can be achieved

25 without degradation. The underlying dielectric layer, particularly in between-
metal lines, retains its intrinsic dielectric properties such as low dielectric
constant. The modified top layer protects the underlying dielectric layer and thus
the properties of the underlying dielectric is not affected by high temperature and

oxygen plasma exposure.

30



sel ectively nodified by controlled el ectron-beamradiation. In this case

t he : control |l ed e-beam curing depth is dependent hon t he remai ni ng
dielectri j SsS on top of nmetal lines. Wth t

the via pgyiv??g?%ﬁcan be essentially el i m nat ed m?#@”?ﬁgz&%g
dielectric between netal lines and the dielectric in interlevel 10

netal lines retain a intrinsically |Iow dielectric constant.

BRI EF DESCRI PTI O\ £dothierlenP3aith¥eas thelitvention, &£ hgﬁue&hﬁadksdxé‘le%ﬂ%@ée'sézcan be
represent ati onof one enbodi nentof the invention show ng

non- et chback pr oereployedwhigh dbmnaﬂemvhd@rpblle;xmfrlmlmmgp mm&bytesduel ectron
beam curin ur e schemati c_repres nt at I on

of anot her enbod egpd caons W@Eﬂf}l&%r@%‘“ n th§P( eichthrpugh
process for spi npgp-sl eNsss gf&t‘%‘?&&l‘ggﬁé H‘ﬁle%ﬁkcelﬁ%ér th th%regmn wheri Fgﬁaﬁuo?&zﬁeam

curing of a dlele tric und r enov portions oresis

Fi gure 3a shows kasbeendecdlopedthat inethmfdyomﬂﬂtop&fﬁiewl lmegnti%m cured and
fully e-beam cur ed hx) rogen_ sil sesqui oxane pol yner filnms. 25
y

Figure 3b shows M‘thé@be@?ﬁiléieé ﬁ&ﬁ’t’@léﬁq gleqtranchapnttadiagiony dn dieease the

di f f
i gure 4 shows vEtslisd e BAn Mibe dpliis BbngdcnCr RS sEnA T SRER e biskogss
30 t hi cknesgn foy ofiietaPEIRE. Wits BESRHRYAMIhE MdFoiSoNPALEANE dsCenially Ous

e- beam exposure condi tions.
5 PCTI US9 8¢1@m31@trd while the dielectric betyiger nital dinoswend-the iclgetric irintartevel

h |1 dh I olymer filnms after
tex;(gtr)rsnjr eyilcuzfgo ‘[‘%&ﬁ? S nsz’?ﬂ}l{%gglgb’g“[@ﬂef@%ﬁ?&&ﬁ@% [err]C for 30

~ minutes

BRIEF DESCRIPTION OF THE DRAWINGS

15 Figure 1 is a schematic representation of one embodiment of the invention showing
a non-etchback process for spin-on low-k polymers using controlled electron beam

curing.

Figure 2 is a schematic representation of another embodiment of the invention
20 showing a non-etchback process for spin-on low-k polymers using selective

electron beam curing of a dielectric under removed portions of a photoresist layer.

Figure 3a shows FTIR spectra of thermally cured, partially e-beam cured and fully

e-beam cured hydrogen silsesquioxane polymer films.

25
Figure 3b shows FTIR spectra of partially e-beam cured hydrogen silsesquioxane
polymer films at different e-beam doses.
Figure 4 shows wet etch rates in BOE (50:1) as a function of depth of film

30 thickness for hydrogen silsesquioxane films subjected to various e-beam exposure

conditions.



respectively. 5 Figure 5b shows FTIR spectra for partially e-beam
cured hydrogen sil sesqui oxane polynmer filnms after exposure to 400
[err] C, 450 [ggf 500 [err]C and 600 [err]C for 30 m nutes

respecti velt§ 2%4 Fi gure 6a shows FTIR spectra for thBEHEFI&4EEH ed
met hyl sil sesqui oxane pol yner filnms before and after oxygen plasm
exposure. Figure 6b shows FTIR spectra for partially e-beam -
cured (partial e-beamcure 1) met hyl sil sesqui oxane polyner filns
before and after oxygen plasma exposure. 15 Figure 6¢c shows FTIR
spectra for part 'F?%/dré! SESW'HT’}%QC&%&H?E Qﬁ%@hﬁ%ge@ilsesqumxane met hyl

si | sesqui oxane polymer fil re and after” oxyge asnma _exposure.

20 polETeAfilinDa i SRPbRiF ONHOOF CT KD ?lE{EQBIQREﬁdeCDIbeQTmmutes

A first enbodinment of the invention fornms a dielectric filmon a substrate
by appl VESRECEY- dryi ng a pol yneric, dielectric conposition |ayer
onto a substrate. The dried layer. is then exposed to el ectron beam
radi ati on dnder conditions sufficient to partially cure the

dielectric layer B5b BRdweF TR ?febta‘@fdf pﬁﬁfaﬂyfé%“edﬁﬂ@ﬂecﬂ@dro%en sil$egipiiBsdne

portion of the dielectric |ayer fornms on art of the layer and a
relatively | ess [palyaesiédmgafieraxppsige rotQl @9463 Erfé)Qi’Ceand&Oﬂl € fordfomirutgsns
under the f the | ayer. Typically the dielectric
conposi ti ons arerEFBB‘&B’gg' onto wafer substrates, which are 30 to be
processed into an I C or another m croel ectronic device. Suit-able planar
substrates for the present invention non-exclusively include seni conduct or
6 10 Figure 6arshavs BETIR spectna fos thpainially ourad sethyd sil{eSuisyane polymeon
and conp05|t|ons ni n silicon such as crystalline silicon,
pol ysi | i con, F‘E‘H&E}g@’r?‘} T OXYgen plasgpa exposure. silicon, and silicon
di oxi de (Si 02) and m xtures thereof, which nay or may not have a
circuit pattern on their surface.

Figure 6b shows FTIR spectra for partially e-beam cured (partial e-beam cure 1)

methyl silsesquioxane polymer films before and after oxygen plasma exposure.
15 '
Figure 6¢ shows FTIR spectra for partially e-beam cured (partial e-beam cure 2)

methy] silsesquioxane polymer films before and after oxygen plasma exposure.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A first embodiment of the invention forms a dielectric film on a substrate by

applying and drying a polymeric, dielectric composition layer onto a substrate.
The dried layer is then exposed to electron beam radiation under conditions
sufficient to partially cure the dielectric layer such that a relatively more hardened
25 topmost portion of the dielectric layer forms on a top part of the layer and a
relatively less hardened underlying portion of the dielectric layer forms under the

top of the layer.

Typically the dielectric compositions are applied onto wafer substrates, which are
30 to be processed into an IC or another microelectronic device. Suitable planar

substrates for the present invention non-exclusively include semiconductor

6



5 Aliquid dielectric layer, preferably a spin-on glass in a
sui tabl e solvent is applied to the substrate surface under

anbi ent. condiggisgdg. The dielectric |ayer may CONPr pEEPSH/04560

si | sesqui oxane pol yner, a siloxane polyner, a polyarylene ether, a
fluorinated pol yaryl ene ether, polyneric dielectric -materials or mxtures

t hereof. 10 Polymeric dielectric materials useful for the invention
i ncl ude hydr ogengiatepiatsrsash as gallium arseslidec(Garay,silidon dndrovupsitiohiStétaining
1.5)x0Oy]l n, hydrogensil sesqui oxanes whi ch haye the formul a

(HSiderr] )n aﬁb oy sich s gavstAllingsilisen; palyisiliconaanaonpheus glieen, gaitaxial

and [ (151 O [ o1 11 3eppoappp By GhOP it pRhced bbleck Vi dng ndfece.

pol yner fornmul aepavea @RQpattefnorptheittsudtce. y=1 to about 3, z= 15 about
6 to about 20, n=1to about 4,000, and each R is independently H Cl to C8

al kyl or Ckerr]6 to C[err] aryI The wei ght average nol ecul ar wei ght may
range from atg ut 220, 00 In the preferred

g oot 1 r anddisid GiiGeisi Jayer, prerSably e Berpn el i 2 BOGLR SLtoh s applicd
| | ht
o erormtt yron d)&leg‘f"rom a oufé‘zlgo to %I'ggyﬁ%g8nsl edlefétrféggyerl\r@d')ﬁ

preferably, n ranges

nol ecul ar wei ght carhpfises msibesqtiokdnOpélytner, atxi)lukarﬁﬁpcﬂ%er lds;mﬂydryla@é yther, &

W t hin t he context of this inventign nonexclusively include

hydr ogensi | oxanefluorinated polyamyieae stherpal yeemc dislestric mptegialss mixtussa theteafane,
hydr ogenet, pyl si | 95 erencﬁleérctncm te %fl ggﬁpﬁr?&iéﬁ lu%)flé}rrllcﬁude hydrogensiloxanes

hydr ogenbutyl si | oxan OOERF

hydr ogenphenyl si vbichRve medbﬁﬂ\ﬂa pesiol, §)x0qﬁa%@g@@ﬂsesaéoxanes which have the
hydrogenethyIS|Isequ|oxane hydrogenpropy | sesqui oxane,

hydr ogenbut y! si | ﬁegwlﬁ e 5)oHAndrhyeonrgancstioxapes Whiciskaviedhe fremated
ydr oor ganos: | ox KEEEO DRSS AEE S BSERSL, HTGI510, A OURSIPy At ene

ethers and m xt Urﬁﬁea&ﬂ%f ﬁﬁEe ﬁél?mer formulae, era%&r 6 Rthbolde2d '-&J—IQBQB&ItCB 7=
pol ynmers include pol yi m des, uori nat ed nonf’l uori nat ed

pol ymers, 16n par gbay |6ao about@0; nat exlabond 4@@&;‘ Andmach& isdndependently H, C, to Cy

I | et h I h FLARE f Al | I
IF)(r)ICy( arylethers) aﬁ‘{:f" btoecll; 2% T%e%vetiél?tcéggraargrg molecular vcegglllt-,ma)1 reaggsé g_na

and copol ymer's Mkl AR0DELEA120M00! I R4 AR N il fide B Of

use in his invention are comre avail | I gnal
I nc. under the 100 to about 8Gpiehting Anmhgiuéars&aght]uff?ﬂmabmltm toabputnent i s

preferably presen unt of fromabout 10 %to, about 30 %

by wei ght of the# é’gﬂ@oﬁp"?? B’F?ferﬂ\b%P ganggs from abayt 25Q 19 2heut §5¢,¥ielding 2 om about
15 %t t 30 t
oo o b; agl ;ht O?'Ié%eﬁ:gﬂé (?r%%pé tB?ﬁjoﬁ{ Ay 14 'b@ﬂ‘t@?&#% 36, 000, Usef%xlI %oéyré%}sgvlm u

cont ai ns a sol vetite comerbefiahis 1mmpbnﬁomchtsxdegaﬁéluamhydrogensxloxane§oI vent .

Sui t abl e sol ventﬁ cPon excl usjvely_include water and organic saolvents in
ydrogensilsesquioxané, hydrogenmethylsiloxane, hydrogenethylsiloxane,

hydrogenpropylsiloxane, hydrogenbutylsiloxane, hydrogentert-butylsiloxane,
hydrogenphenylsiloxane, hydrogenmethylsilsesquioxane,

25 hydrogenethylsilsesquioxane, hydrogenpropylsilsesquioxane,
hydrogenbutylsilsesquioxane, hydrogentert-butylsilsesquioxane and
hydrogenphenylsilsesquioxane and mixtures thereof. The hydroorganosiloxanes,
polyarylene ethers, fluorinated polyarylene ethers and mixtures thereof are
preferred. Useful organic polymers include polyimides, fluorinated and

30 nonfluorinated polymers, in particular fluorinated and nonfluorinated
poly(arylethers) available under the tradename FLARE™ from AlliedSignal Inc.,
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e e o i AN -

10 an amount sufficient to forma uniformsolution or dispersion of the

dielectric mat eri al . Exanpl es of useful |inear solvents
nonexcl usi veleq%“'éﬁél ude decanet hyl t et rasi | oxane,
1, 3- di oct YWOSBHHt hyl di si | oxane, octamet hyl trisil oxane, PCT/US98/04560

pent anmet hyl di si | oxane, hexanet hyl di si | oxane, _

1,1, 3,3,5, 5-hexanet hyl tri si | oxane, 1,1,3 , 3-tetranet hyl di sil oxane,
1 ,3-bis-(trinet ' = rohin Gl lpSi als suitable fi ;

bi s(trinethylsil g‘%‘;‘g@t"t%?%ﬁs|’%’%‘§‘f9§nﬁu Egs‘%tgfl'i%%ﬁ%?g‘?‘?xoaég)mr?éﬁaﬁ Shlane r sein
decanet hyl t et r astlioiasstionl adeomimmrbinllp andikbld HomrelliedSigndl 18¢.3ndeiSthe

hept anet hyl tri si | oxane, hexaeth*ldisiloxane, hept anet hyl tri si |l oxane and
1,1, 3, 3- tradestame Aeqngtasy |- dTke polymarcompanept is preférablypresentdnan; ¢

sol vents nonexcl usi vel bhgl ude e L : niask | o

hexaet hyl cycl ot r %opg&cﬁr’?éo,m gbopit 10 % f?e%gﬁﬁf(ﬁ%ab@&%F%w&gb?g@naé%%dn Khiore

1,3, 5, 7- t elgr anet Bydfeprsd 1ah@d s & POUBES % to about 30 % and most preferably from about
pent anet hyl cycl opent asi | oxane, oct anet hyl cycl ot etrasi | oxane,

met hyl hydr ocycl 037 Poseatest 35 % eweighhef the ¢@hposBiaD) 3-5, 1, 3,5, 7-
tetraethyl cyclotetrasiloxane and 1 ,3,5,7-tetranethylcyclotetrasil oxane. It

has been found that blends of the solvents of this invention are
particul arlypref %E‘égm?bﬁﬁgnméng?xﬁ iﬁlsasf)lgEﬁ'?cBﬂlp%HQﬂcQ}nﬁﬂﬁﬁg feadtoneb! € 1O
fine tune the evaporatron rate o ? e conpositron on a substrate.

The sol vent conpesiesit. Saitghlekslvedts soperdasivelyindlbde water ahd organic solvents in
conposition in an anount of from about70 %to about 90 % by wei ght of the
conposi ti &8 nor &ngrenat sifigiept tgfomm anifonn splugon op dispersionof ke dplsetric

(r:):‘)rerfpg;?? : )c/)n. 30 materia{cl.r %%%Bfé'ﬂtof aéeﬁ%) ﬁr%a??oqyéné ﬁor?&éa%s%iygi%luaé the 8

The diel ectric mat@irhathylteashiexaapl 3 AbdtfltdtmeinIatilotes, oitanabyivesiloxans)|
spi n- -coating, dip coating, sprac%{l_ng, or meni scus coating_mnet hods
which are wel | - pentamethyldigidawane rhexhmethyldisikxane, doh8 3rig>-hexamhylpistipsanced.

The thi ckness of ,t,h ielectric. film e bst.rat vary
dependi ng on the lalréa%ftr%tfletﬁ"ﬂﬁﬁﬁﬂ&xﬁ‘?eeIléél?lfi(h"r?%gi(fsa%xﬁﬂ’id"'f‘%tﬁﬁgﬁ%/’fagﬁ’ to
the substrate, buisiiritRétEklioxy)stylsatel BRES léiPdi%%nEm?m&@Ut 500 A

to about 50,000 A, and preferably from about Z000 to about 12000 A. The

amount of di el ecide¢améthyiteteasdgpane cdbdecametbylpentasitaxane,nlals133ad.$5f r om about 1
m to bout 10.nl.,, and preferabl.y from abou N, to abouyt m .

In the preferr ed%eptameghylmsgmi ﬁ%q?t%yfﬁ%ﬁx%ihagmeg}}%gﬁl?)gng ﬁﬂﬁlllolnf’%' t he
upper surface the.®ilsphéR&isliCkane. Exgﬁ?fé@B?gggult@ch@%ﬂex&@hﬂnéﬁﬁﬁﬂa‘eﬂ“e?-

Preferably, the dielecCtri'c is applie rom solution which is
central ly appli edndlade decasethyloyaiopentasildxaee, lepagthyloyconrisilaxaneg

wheel at speeds rangin etween about _5 and ut 6000.rpm preferably
from o 0% benaBylsstibtiotmesder Lo am teTes o 0. 60
seconds, pref er ablya B tasilox3Re h Sitkrastih@ageonds, in order
to spread 't he so?uttl or‘13 vc rﬂ?}pegc?ﬁlo%%gt ,;{icta}get ﬂc?& surlgst rate surface. The
di el ectric | ayer nmthylbyddocyclbsiboxaneberfshd formiuld (GHHSIOMW s, 1,3,5,7- g/ cnB
to about 3 g/cnB. ) )
tetracthylcyclotetrasiloxane and 1,3,5,7-tetramethylcyclotetrasiloxane. It has been
found that blends of the solvents of this invention are particularly preferred since by
25 forming such blends one is able to fine tune the evaporationrate of the composition
on a substrate. The solvent component is preferably presentin the overall
compositionin an amount of from about 70 % to about 90 % by weight of the
composition, more preferably from about 70 % to about 85 % and most preferably
from about 75 % to about 83 % by weight of the composition.
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After the dielectric material is applied to the substrate, the

di el ectric-substrate conbination is optionally, but preferably
heat ed forwe dgisfdg4and at a tenperature 20 suf ficient topeYAReEes0
solvents present within the dielectric filmand partially cure

the film The desired degree of partial curing nmay be determ ned by one.
skilled in the art w thout undue experimentation. This thermal treatnent
prior to The arel&&m ﬂéﬁﬁﬁ%ﬁy bé agsmmecné SEBstraRs §1d @nveichalb §ithi NY
met hods. Generally, the dielectric coated substrate is heated at
a tenperature of cdating) dipeontitgy sprayirigCor mepcus coatmglmlhod‘samhlpbare]\@ll nor e

f bly f bout , 8 Ct bout 375 bout
Bbout 50 i nut oSO i e afcd |°;92‘f‘$%$ﬁu188§}lnfe‘lf“€% T i@ ppe iclenrc, | ¢

pref erably done ntp#;t it 8P1 1L t
preferred _ ﬁﬂn%nzg%dﬁgg%tt@, he ?éect r%) I's Tl rds?lt 8 13&2 1eatalf'l?(t:)hr%
about 80 [err] C ismppliedito th8Gubserate, Buftylpxcally the thlcknamnhy %geémnﬁlsommahout
two m nutes, then heated at .from about 150 [er qut 250

[err]C for about tozabost5QA0Q A; endiprstarablydrom ﬁb@%@oogﬁdorféat‘b@(’&otﬁmm tine
at from about 189mL3ﬁ{ chc‘hélgctﬂp ﬂﬂﬁld?’az)%hgd E(? The s(xggﬂfaqg 91%' %.8' fisH bggbf 8%? out

t wo 23294
mnutes. The hea&b&dt%trﬂleaﬁd Qrfeférﬁtﬂ%'fffdrﬂhﬁé\ittz Al to/aboP 8 whil K theaprefeselii di fi es
and partially pfanarl zes | ayer. - After the coating is heated,

t he thickness of emhediment, the liquid sndterialgs Spummmamlgsa@ner ounfatdedbe subG@ata t o

about 50,000 A, preferably from.about abouyt 2 0 A and
nost pref éfably $°(9 18%691%“%‘”’6%“&#‘8‘%%? refgagly, the dti% S 158PP Yied frorm &

An i npor t ant feawgﬁoﬁw 8s béht y gnh& td ReSUPRERe Lxﬁlfth@ﬁ' ﬁﬂquwaﬁ@gal Yy

el ectron eamralatlon conditions s Icient to parti
cure the di el ect wheellagpeeds ranging betwhext ebouttSHo aad pbout6§00 opmpsprfarably fione! y

nore hardened t opyost in _portjion of 10 the dielectric layer and a
relatively |ess éﬁé&t%?’m f‘@‘i’%ﬂ’%ﬁ’l’ AboutSrtogahaut 60 Secongs rably ] TQEn

| ayer. For exanp t e
may have a thi ck%g%ustqg?gg ?@%33%&?“%3@ cg‘d%ogg@fgﬂ%%g&é%{g r nﬁsdr%sst t h
under | yi ngsbal anssbshatersgrfacs The dictecteit 1o/ep prdferalschas Iarﬁeﬁﬁiey 66f36m abbet 1

t opnost ontion of the;dielectric layer is exposed to the electron
beam radi ati on aagmz e abeut 3 g/em®nder | ying portion of the dielectric |ayer
Is essentially not exposed to the electron beam radi ation at all
at the |lowest portion adjacent the substrate. In another case, t he
under | yi ng porti gfier thesdileeteic @htérinlds gpthdabake siegiae, OF dRleassktbstrate
t hr oughout the | ayer. 20 The coated substrate is cured by
exposi ng the sur fembingtion jiopsionaliy, bus preferabhy hertedffor a time and at a temperature

20 sufficient to evaporate solvents present within the dielectric film and partially

cure the film. The desired degree of partial curing may be determined by one
skilled in the art without undue experimentation. This thermal treatment prior to
e-beam exposure is dependent on materials and coating methods. . Generally, the
dielectric coated substrate is heated at a temperature of from about 50 °C to

25 about 450 °C , more preferably from about 80 °C to about 375 °C for about .5 to
about 30 minutes, more preferably from about 1 to about 3 minutes. This is
preferably done on a hot plate but may also be done in an oven. In a preferred
embodiment, the dielectric is first heated at from about 80 °C to about 180 °C for
about 30 seconds to about two minutes, then heated at from about 150 °C to

30 about 250 °C for about 30 seconds to about two minutes, and heated a third time
at from about 180 °C to about 375 °C for from about 30 seconds to about two
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el ectrons. The tenperature at which the el ectron beam exposure i s conducted
w || depend on the desired characteristics of the resulting filmand the

| engt h of desired processing tine. One of ordinary skill in the
art can reX@ BB i i ze the condi tions of exposur ePELUSEY04560
claimed results but the heating tenperature will 25 generally be in
the range of from about 50 [err]C to about 500 [err]C, preferably from ~

about 150 [er ] CfiguROtthe 08 eSiidiror RN, S-AANNUES s ffarmaout 1

to about m nu prefera out m nu about 30
m nutes. |n anot hgttially planarizethio 0flieHEAfter thél€dutingaé hetded el theckaese s or e
rat her than during the e-beam exposure. The pressure during

el ectron beam cureswlting film ranggefrommboubIt Aotojat®up 50,000 Ay preferably £t abawo
torr, and prefer y.fro !y ,maqrr to abo 00 or.r . The
period of el ect r%ﬂbb%a%agbﬁ%aé%q“g %%Saaéﬂggﬁﬁ'& °rﬂﬁga“tt]h%(msﬁrt8ﬁa?‘r‘lt of the

10 5 12.000 feam dosage applied to the substrate and the beam
current density. Ohe o ordinary skill in the art can readily
optim ze the conditions of exposure to get the clainmed results,

but generally the exposure_w |l range fromabout 1 mnute to about
120 minutes, and A5 ERRATEEE feapyrg pf %dﬁ‘fenﬁ‘%ﬁﬂ?teé?"%eoth&l%‘&g layer ta leqteon 5

wi th application £l ‘

m cr ocoul onbs perbgélaggglgh%]hﬁ%gg g@gﬁ%g r“gh@gg’éb‘@?’%&%&@g%ﬁ%ﬁ Qia&ggoo

m crocoul onbs perwieggeiaiite &posihgfonssLetetdtiiely ot Ndraded Wprhbit skingltticopeam
may range fromabout .5 to about 20 KeV. The dose and energy selected wll

be 10 pr opdhe diglestrialayerpadmaielatively desshardened nndeslying pastion ofthesed. The
di el ectric coated.l,0._ . bstrat.e be, exposed,to_ el ect,ron be in
any chamber havi g"*‘%"‘ﬂ%&‘}"(sf%f Cxamiple, gP%EPSW&F%ﬂ” qB%?PBﬁgg'@a#lFﬁtgﬁ%jﬂ%n
to substrates pl aggohdveertBicRnedsdf Fobf SHddE DEGIto about 10,006_&19%&!0&‘&%i{h ime
dielectric coated substrate is placed into a chamber which is

commerci al | y avaiundeilying balaneg being less Srsd ongroaslinked. d oAk casegd®iegopthostnc. |

d the .t "ElL ect Cure" . . Th i i pl f
ey e BeR e e oL The AT el
in U S Patgent N%H@ﬂyiﬁﬁQgﬂtioycﬁ"’thé"@i'eféhtricqlayer is essentidlfriﬁrﬁelft E%&E@@o hﬁre@éc‘?ﬁo}ﬂy

reference. This systemhas a |large area el'ectron sou capabl e of
exposi ng subst r atbeamupdiation? Bathatithe Wiveesepation Adjdedrit treadubgtrate hEn another case,

el ectron source is variable energy. The e-beam exposure is preferabl
conduct ed the WF{"I’ Ing-pqrijgn %/Sé‘gﬁﬁ@é 1o g2 ?ds‘%S%tOéGXP?%Fﬁ W%‘PBU p

consi sting hydr oggdayér. O hel ium argon, nitrogen, oxygen, xenon and
their m xtures theregf and preferably argon, hydrogen, oxygen and
m xtures thereof. The selection of the process gas is mainly

dependent on mat ure 1 shows a schenmatjc

ial s, O Fi '
repr esent &% onof e@#“ri’é‘ﬁﬂéﬂ?%ﬁ ’SP“{‘?‘?I@% s¥pesing gie yuface of thegubifatpytoz flux of
non- et chbackpr oCegRthAL, PRl AnfRrdt @Y ak WRRIMHE ERcHSH B&ark Q%d’sg}el i§donducted

will depend on the desired characteristics of the resulting film and the length of
desired processing time. One of ordinary skill in the art can readily optimize the
conditions of exposure to get the claimed results but the heating temperature will
25 generally be in the range of from about 50 °C to about 500 °C, preferably from
about 150 °C to about 400 °C. Heating may be conducted from about 1 to about
360 minutes, preferably from about 3 minutes to about 30 minutes. In another
embodiment, such heating may be done before rather than during the e-beam
exposure. The pressure during electron beam curing will range from about 0.1
30 mtorr to about 100 torr, and preferably from about 1 mtorr to about 100 mtorr.
The period of electron beam exposure will be dependent upon the strength of the

10



el ectron beamcuring. There is shown a chem cally vapor deposited oxi de

| ayer 2 whi ch covers netal conductors 4 on a substrate
di el ectri cvmbgﬁgg“ i's spin coated onto the oxide andp
dried. The polyner is exposed to e-beamradiation wher el n e

e-beam penetration is controlled to be approximately.equal to the 30
thi ckness 8 of the dielectric filmon top of the nmetal conductors. The

underlyi ng beam dosage applied to the substrate and the beam current densityl Dne of
region 7 receive little or no e-beam exposure. The dotted |line represents
t he i ntogdiharyeskild inviherart dangeadi imize the conditions Dhexpasure torggbibeant

par anmet er anong ot her .par rs fo sai d e-.heam c

processes is ele ?Wﬁdﬁﬁﬁ:@éﬁﬁwrﬁn}'i}w PSR sra%geefgcerp(gﬂogtelammute to
penetration bout 1%%&&&@%&9&% hBIS fEdth laBOutdeRtdhd td Aot bb Mindies
desired e-beam Ct?rlmrl\g epth r@gpendg on the thi cknesus o?ﬂm

di el ectric il m ritlnappitation bfian EIeptrmi bearh dbsd ofrabsut 500 to about 2B80% hown in
Figure 1. If the filmdensity is known, the re|ationship between_ e-

beam penet r at i on TiSFRARuiasb Sdl%é&‘ﬂﬁréﬁm’ ricferepbyrfromabowe. 0 trahonb 080 or di ng

{/g ig 5 the %ﬂfbc%ﬂfb%ﬂs%r@&uirg lchlo%ﬂbgacceleratmgfoltage of the @%cﬁg%gﬁg/ d)
is the range of eh®Cianpe Sronhatidue .31t aoueb0 Ked, Iy doie afdl ehergRRelected wilk b‘él Im
15 density (g/cnferr]) and V[err] is accelerating voltage or electron

energy (KeV). proportionaglidothecthicknpss qféhaﬁlmsutcrbqoprbe@smbnme bentrinunoated

depth and el ectron

t abl duct
series of peri r?quEa%? %yfbﬁeexgg%egitpie&ecﬁgpgggxg?m any GHonBer ﬁ%ﬁ&g %cﬁ’:“?aﬂé?gnt
l evel s of e-beampp@kmE electth bearﬁl ra@fh@ioﬁ@%‘ﬁﬁstﬁfes? 1ReaMAGACIAPRHefRdt O the

dielectric filmwll depend on t desired characteri'stics of the
resulting film Gmimdiment; thealicldctsie soltad substratd isqiladed into a chambeeWwhiehtis f or

Oreater e beam dSSBTFTEiALY VNP Fogt Birchbn Nadiner A wohot Abie Siapeiice GPAT ¢ o
non e- ot e t he
desired depth of tﬁ&%@éhﬁd Q@T&%e tolg%a ﬁhéfg{é;%gg e@%&g%@@%ﬁ;@%ﬂ@@
Ther ef or e,1% he archaricteristies dfwahich asedescribed in U.S. PatehsNumbei £0085,d78,0n1teh is

sel ected by condycting a series of experinents involving vari ous
anount s of doses D¢RIBPrafedchegeinby agf eée%’éa'ﬁh'é SESeR hag edarge area elscygaseurce

dl el ectric laver ahalieb?Bkgosiii substhe@s 6 16 200t Mithet! AGRHbAIASHR oM

electron source is variable energy. The e-beam exposure is preferably conducted
while in the presence of a gas selected from the group consisting hydrogen,

20 helium, argon, nitrogen, oxygen, xenon and their mixtures thereof, and preferably
argon, hydrogen, oxygen and mixtures thereof. The selection of the process gas

is mainly dependent on materials.

Figure 1 shows a schematic representationof one embodiment of the invention

25 showing a non-etchback process for spin-on low-k polymers using controlled
electron beam curing. There is shown a chemically vapor deposited oxide layer 2
which covers metal conductors 4 on a substrate. A dielectric polymer is spin coated
onto the oxide and baked until dried. The polymer is exposed to e-beam radiation
wherein the e-beam penetration is controlled to be approximatelyequal to the

30 thickness 8 of the dielectric film on top of the metal conductors. The underlying
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to about 4.0, depending on the selected polynmer materials. Preferably the

30 dielectric constant of the relatively nore hardened topnost portion

of the dielectric layer is different fromthe dielectric constant

of the rel WOBHPPY ess PCT/US98/04560

12 WO 98/ 43294 har dened under!lying portion of the

dielectric layer. The | ess exposed or non- ‘exposed underlying

portion of the dielectric,]| ,y?r preferably will _retain its

intrinsic diel ectl'%l@nz&?@tv&ﬁ’ttt,e?frnoi & beaay eXpasures The Aetigd lingsepissentsthe one may

t hereafter furt hqr he@ébei\gé‘en%e‘%lﬁ&&és! c layer under conditions sufficient to
e

tert

renmove 5 ctron beam exposure induced by-products after the
el ectron beam exposure. Such nmay be done at a tenperature of from
about 50 [err]C to about 500 [err]C for from about 1 mnute to

about 360 mi nut esThepnest émpertant parametes apwngothes paranfetesifentbe said e-beam curingsQ
[err] C to about 425_%err.4§ for from about, 3 (rﬁrlijnut es tP ﬁbog)t 60 m.nut es

10 The i nvEROTESHFS 4 S5 RArRernRhich detenmmes siesiioR PEuR PEPTEANOR; ng
of a |ow degﬂxt@lﬁxg%ﬁé the eem% ddhth bPHRATRL The dbgtedd-bédm _&Md@t &P i si ng

appl ying and dryin ielectric polyner conposition to'the
surface of a senidepeniisondhe thidksiessxifahddielectyic film retained om thedtbp wE mietal dimes, A
photoresist is appljed to_the dielecfri ol yner conposition and
exposed to acti piaéSF%‘amﬂ Fl@ﬁreahdﬁa*_&/é\r%_é@fwﬁgﬁnmggww%ﬂ}%fﬁwm t hat
15 the porti Gd%m%fpe%‘t‘?atfb*ﬂ%g{hg@k 8- e%rc%ﬁkg ne@ggmﬁmmm 45 b:alng dones
on the device I's exposed and renoved. stbstrate 1's then

subj ected i® el eah¢ Grubepiation as followitigadi ation, thus fully curing only that

portion of the dielectric filmthat is directly above the netal
lines. Finally the remaining photoresist is renoved using

conventi onal photor ié&oaag/i )zgi ng processes. Figure 2(a) (b) (c) show
a 20 chem cal ?ggv por 8 pbsited oxide 2 which covers net conductors
4 on a substrate. A dielectric polyner is spin coated onto the
oxi de and baked until dried. Figure 2(a) shows photoresist 10

applied to the divhereR;iis theorygeoef elentions in the maserial (1m) or Grun ggngeskis filmd

d I dj ) onad h th h i
he.phot or ot - SR WEERa e i Sitiinep et STRE B i e Dy posea 1o

e- 25 beamy@gévat, tRO relktRnShib hetvHea eObed &irir 'pﬂﬁgﬁi"élﬁﬁrdrﬁéﬂﬁygﬁcaiucr‘

that the e-beam . penetration is controlled to area 8 of the
di el ectric fil m de estapligfeditlysconducting a series of experitheotsdos thempeeifie nitdrjal shows

the structure after, es.heam gxposure and subsequent strippi ng anway
of the entire phdF@F%@?@feg}Ey&S.°¥?%§aﬁﬂ8Wyi ng regions 6 have |

received little or no e-beam exposure. Then vias 12 are fornmed in the usual
way to 3 0 formthe structure shown in Figure 2(c). Here the renaining
phot or esi s2o al so The amount of e-beam dose applied to the dielectric film will depend on the3

desired characteristics of the resulting film. Greater e-beam doses have beneficial
effect for those films susceptible to moisture absorption and oxidation. However,
greater e-beam dose will result in gradual transition from e-beam cured to non e-
beam cured and thus the electron beam penetrate beyond the desired depth of the

25 film due to secondary e-beam scattering. Therefore, the amount of e-beam dose
is also preferred to be selected by conducting a series of experiments involving
various amounts.of doses under the desired e-beam energy level. The exposed
dielectric layer preferably has a dielectric constant in the range of from about 2.6
to about 4.0, depending on the selected polymer materials. Preferably the

30 dielectric constant of the relatively more hardened topmost portion of the
dielectric layer is different from the dielectric constant of the relatively less

12



WO 98/ 43294 functions as a mask to prevent electrons from

penetrating deeply into the dielectric region 6. Line 5

appr oxi matwe dghgzeal ect ron beam penetration depth profile. PCT/US98/04560
Sui tabl e positive photoresi st conpositions and nethods of thelir uSe are
described, 5 for exanples in United States Patent Nos. 3,666, 473;
4,115,128 and 4,173, 470. These include water insoluble, aqueous
al kal i -sol ubl e r gaidefied oeduryeg partibn bf BlRtdielectric layer. T8O$dsk exSoseBbLhbR S-
Upon i magew se exposure of desired portions exposed to actinic

radiation, the phkxpaesedsinderlying periivarcfdhedictectricsleyenpreferably wilkretaipdtsed ar eas

f th ti t her.ef. b | ubl e _t t h d . Thi
T0 ¢ G 11 or oBERHA SURTHT FPRyPHE LR Yenk By HRRERTEPBE TR the |

phot oresi st coat kQiedtfer further heat tHE dfliete R MGer V\%\‘Imlég c{nﬂ:ﬂtimtfﬁaﬁxg tb ferhg¥E" Sed

in an al kal i ne devel opi ng sol ution e unexposed areas are
| ar gel y unaf f ect elkctrohbsamp reaplosursipdacezblsy-prodactselfieethe electron beapadxposure.on

the substrate. The phot ﬁ{ge i st coating protects the ageas 6 from e-beam
exposure. 15 Such may EbdtsrgPedce offrem agowsdtndt &aatqut 9RO (g for from

illustrate the i ty .

EXAVPLE 1 20 2600t fflfute to gbout 360 miputes, preferably at = temperatie of frgm about
(substrates) werg500®@hbdat 425 “Cofoy Goki vt 35RInkte3 28 hba\d 60irhidutes

sol ution conprising a hydrogen sil sesqui oxane polynmer and a m xture of

organic solvents. The coated wafers were subjected-to successive
hot pl ate treat ts of . .1 m nut.e 150 r] C foll.owe 1

m nute at 80 [g&?'lfgx%opiaﬁgmr?w%esrﬁ m&‘f*@d%f Q%eég{)ac]k prof"éf‘r“ﬁ@?a%@ coat ed
wafers were thenJpIReEEBorstari TtBinfGAl DA eBER R b A RERES ing BfeAM
exposure tool (Elect I‘OI‘lCcl’JI‘e 3(1)[ err| frofcn El ect roogﬁb\ﬁ s’?%n‘fp?%inﬁﬁf‘? dgfmg%

Al | i edSi gnal I ncdjelentde pokyoredicomposition teetheisnrfadecoflasEnscdndutive solosttaccthavadiger s
wer e rem)v&'d .fr?.mtng %I ectron beamt ool czf\nd characterized in the
fol | owi ng aspect §onductive lineg, aphotoresists,appiiedde thy diplegigicqohgmercompaskion; on
of e-beam energy 5 . : ' T, s VS| nd
wet et ching ratea?ﬂ?:{g&sﬁ&ﬁ %n?%fagkar%%g?%ggé ’vé‘lgp @dﬁla{&ﬁ? ﬁéﬁ%@ g’ﬁgg%&g?%agam
ener gy andse- beathedmertion dfitle phoperesisteitiectinpabsasiomdactiigometal lines on the device

14 is exposed and removed. The substrate is then subjected to electron beam
radiation, thus fully curing only that portion of the dielectric film that is directly
above the metal lines. Finally the remaining photoresist is removed using
conventional photoresist stripping processes. Figure 2(a) (b) and (c) show a

20 chemically vapor deposited oxide 2 which covers metal conductors 4 on a substrate.

A dielectric polymer is spin coated onto the oxide and baked until dried. Figure
2(a) shows photoresist 10 applied to the dielectric polymer composition and
exposed and developed in a conventional way such that the removed portions of
the photoresist are over the metal conductors 4. The polymer is exposed to e-

25 beam radiation where the photoresistis imagewise removed such that the e-beam
penetration is controlled to area 8 of the dielectric film on top of the metal
conductors. Figure2(b) shows the structure after e-beam exposure and subsequent
stripping away of the entire photoresistlayer. The underlying regions 6 have
received little or no e-beam exposure. Then vias 12 are formed in the usual way to

30 form the structure shown in Figure 2(c). Here the remaining photoresistalso

13



verify partial e-beam curing approach (partial e-beam curing neans that
under such a condition electron beam penetration is restricted to a certain
depth of the filmwhich is | ess than the total fil mthicknesse and its
dependenceW@Psd3¥dam energy and e- beam dose. PCT/US98/04560

functions as a mask to prevent electrons from penetrating deeply into the dielectric

region 6. Line 5 approximatesthe electron beam penetrationdepth profile.

Suitable positive photoresist compositions and methods of their use are described,
5 for examples in United States Patent Nos. 3,666,473; 4,1 15,128 and 4,173,470.

These include water insoluble, aqueous alkali-soluble resins together with light-
sensitive materials. Upon imagewise exposure of desired portions exposed to
actinic radiation, the photoresist is rendered alkali soluble and the exposed areas
of the coating therefore become more soluble than the unexposéd areas. This

10 difference in solubility rates causes the exposed areas of the photoresist coating to
be dissolved when the substrate is immersed in an alkaline developing solution
while the unexposed areas are largely unaffected, thus producing a positive relief
pattern on the substrate. The photoresist coating protects the areas 6 from e-beam
exposure.

1s

The following non-limiting examples serve to illustrate the invention.
EXAMPLE 1

20 Partial E-Beam Curing:
Silicon wafers (substrates) were coated using conventional spin-coating with a
solution comprising a hydrogen silsesquioxane polymer and a mixture of organic
solvents. The coated wafers were subjected to successive hot plate treatments of
1 minute at 150 °C followed by 1 minute at 180 °C and finally 1 minute at 275

25 °C. The coated wafers were then exposed to an electron beam in an electron
beam exposure tool (ElectronCure 30™ from Electron Vision, a unit of
AlliedSignal Inc.) under conditions given in the Table 1. The coated wafers were
removed from the electron beam tool and characterized in the following aspects
such as retention of Si-H bonding as a function of e-beam energy and e-beam

30 dose using a FTIR analysis method and wet etching rate through film thickness as
a function of e-beam energy and e-beam dose. This experiment was designed to

14



15 TABLE 1

E- Beam Exposure Condi tions Fil m Characteristics Wafer Thermal Energy Dose
Tenp. Curr 04 Si-H Wet Etch Rate | D Treat nen (KeV) [Perr/!]JC/ cm
([err]C) (m) Gas Retent through the Film t Prior CT/US)8/04560
Dept h to E- (9 Beam 1
Bake and Ther mal Cure as a control 2 Bake 3
3000 250 15 Ar @ity §lrtiaYétbenuringaBproach (partial e-beam curing means that under

rapi dly I ncreases from
filmdepth such a condition electron beam penetration is restricted to a certain ddpthubf 00
/rA\épi d?y Bake ﬁl?n thc?xoi(s) les% 0an tht:3L ?otaAirf%(r)nnth?c?mesgg Emg Et(s: ge;gg[dgpqﬁgneqigggn from
filmdepth . . about 1000
A 4 Bake Bk y%ngo%beai%gose. 15 Argon 22 Uniform

t hr oughout §he : entire

t hi ckness of the film
5 Bake 8 3000 250 15 Argon 27 Uniform .

t hr oughout the ‘ entire

t hi ckness of the film
6 Bake 8 7500 250 15 Argon 10 Uniform

t hr oughout the
t hi ckness

entire
of the film

15



Bake: 1 mnute at 150 [err]C for 1 mnute and then at 180 [err]C for 1
mnute at 275 [err]C. Thermal Cure: 30 minutes at 400 [err]C under
at mospheric¢ pressure with nitrogen flow of 15 liters per mnute
16 . WO98/43204 The Si-H peak at a wavenunber of abouFC'Q@éS"’%f‘err]
.~ from FTIR spectra is a characteristic peak for the hydrogen
' silsesqui oxané pol ymer. Electron beam exposure can deconpose the
"~ Si-H bonding and drive the hydrogen to di mﬁ fromthe
polymer film Also, electron beam exposur densify the polynmer 5
film This will nodify the hydrogen sil sesqui oxane filmto becone nore
simlar to silicon di-Berm&Expepagdionfitiony cHilm Cdarasterisieur es as
wel | as in physi caVafpr Gfhermadl &nergy Dose Temp.Thwereptavmab.r Sitll on Wie Btoh Rafe
ener gi zed el ect r ondD( oTre@men (ReNyp¥/cms (B€pefnisht Gen Reteat through the Filmner gy
| evel of electrons and thdormmaterial 2density, and for a gi venDemherial the
el ectron penetration depblE-i s exclusively dependent ¢(%)the energy |evel of

| O el ectrons. In mehmrence to the results given in Table 1 and
- Figures 3(a), 3 (b) and ' 4. The retention of Si-H bonding for
; e- beam exposure at energy of 3 KeVis as hi gh as 56-69% of the
" thermal ly-cured film BRedgRfing that the el ectron penetration

: depth was nuch | ess th {Tﬁﬁ filmthickness (about 1/3 of the film
i thickness). However, fﬁ:r e e-beam energy of 5.5 and 8 KeV, the peak of
Si-H 15 bondi ng n significantly reduced, indicating the entire

| ayer of the polymer contro filmwas exposed to the el ectron beam Al so,
as shown in Figure 3, fd¥ake-pedm 3000 250 ebépodigan £9 3 Webetch rate wet
etching rate is relatively uniformup to filmthickness rapidly of about

1000 A, and then it dramatically increases with the dept Hn@kadebohi | m
t hi ckness. This also indicates that the topnost 1000 A tfﬁlﬁ{(m | ayer of

this film20 is harder than the rest part of the il B oothe filns
exposed to hi gher eger he te r he entire
th:ockness i's ?el ati 3e| 3313[‘”1](%]: or m I%SOgddfﬁ g% bh (wlgxﬁ?&% G y seen
that the influence of e-beam dose on the e- beam curing dé ¥'s not
as significant as the e-beam energy. mcreases from
film depth
about 1000 A.
4 Bake 5.5 5000 250 15 Argon 22 Uniform -
throughout the
entire thickness
of the film
5 Bake 8 3000 250 15 Argon 27 Uniform
throughout the
entire thickness
: of the film
6 Bake 8 7500 250 15 Argon 10 Uniform
throughout the
entire thickness
of the film

Bake: 1 minute at 150 °C for 1 minute and then at 180 °C for 1 minute at
275 °C. Thermal Cure: 30 minutes at 400 °C under atmospheric pressure

with nitrogen flow of 15 liters per minute.

16




17 WD 98/ 43294 EXAMPLE 2

Thermal Stability Silicon wafers were coated using conventi onal
spi n- coat i ngowsMipoa solution 5 conprising a hydrogen Spd56SsskisSes2NE
pol ymer and a mi xture of organic solvent. The coated wafers were
. subj ected to successive hot plate treatnents of 1 mnute at 150
[err]C followed by 1 mnute at 180 [err]C and finally 1 mnute at 275
[err]C. Then, The Si-Hi peak evavevenumiter sf asout 2269 amit feshmiFTIR speersigtas, one
for thermal cure as a control (refer to as thernmal cure) and the

ot her one for parFhaﬁc‘@‘%tpl"@ﬁf%éléﬁﬁ)@ﬁ?&en(ﬁ*’éFﬂuqu@nF 9°1Ym3r-a§ geiron bgame - beam

cure). The coat ed r I

cured in a horizof ufahnggée@&sgw ?)Fég’fng agggn\r??rtﬁ }@édra%edletP dtlﬁ%eo

at mospheric pr essab& bt pblyfier Fidee AlEd, @¥cttbn bRarhiekPosur® Rill AbmNifyahe phniepat ed
wafers in the other group were exposed to el ectron beam under "a condition

of sparti filmc G'hisrmll(@ﬂbf)g@le hsdmvn Sﬂxbsemosmmﬁlpetori}e@bmﬁ[mm]s;mﬂar
Tenperature: 250

C d nbi ent
Then, one wafer f L%rqr ‘1e°é'\:41‘ oY &%‘%’é‘ Cefiical S&“‘gkﬁﬁgga" eﬁ(?%f-%ﬁ p“{’ﬂe?g"%?nd
600 [err] C, respegjl gﬁ{é{vanfn?ﬁeﬁﬂ offbiby i‘%@d B (6§ gtrfi'ﬂ : er%e) is depeBHérﬂ%‘ﬁethe

under atnospheric pressure wth nitro ow of m nut e

and then filmthi edergy k,vebdfralednageaxaiﬁeliﬂ'dt&mirahh;d'é)ean&\l&lsﬂ gmﬂdmteﬁ:ﬂl ﬂﬁ:

t hese wafers to evaluate thernmal stability (Si-H bond retention
and film shri nkagelfctrompenstyation depth 15 exsl uaWélkqlmndm omghg enezgy level of

10 electrons. In reference to the results given in Table 1 and Figures 3(a), 3 (b) and
4. The retention of Si-H bonding for e-beam exposure at energy of 3 KeV is as
high as 56-69% of the thermally-cured film, indicating that the electron
penetration depth was much less than the film thickness (about 1/3 of the film
thickness). However, for the e-beam energy of 5.5 and 8 KeV, the peak of Si-H

15 bonding has been significantly reduced, indicating the entire layer of the polymer
film was exposed to the electron beam. Also, as shown in Figure 4, for e-beam
exposure at 3 KeV, the wet etching rate is relatively uniform up to film thickness
of about 1000 A, and then it dramatically increases with the depth of the film
thickness. This also indicates that the topmost 1000 A thickness layer of this film

20 is harder than the rest part of the film. For the films exposed to higher energy, the
wet etch rate throughout the entire thickness is relatively uniform. In addition, it
is clearly seen that the influence of e-beam dose on the e-beam curing depth is not

as significant as the e-beam energy.

17



18 WD 98/ 43294 TABLE 2

Curi ng Si-H Retention (% Fi I m Shri nkage (%

Met hod 400 [err]C 450 [err]C 500 [err]C 600 err&C
400 [err] CWB884#334 1 C 500 [err]C 600 [err]C ThePREUSIS/R456
55.3 29.5 25.4 0.9 4.0 7.6 11.4 ~ Cure :
Parti al 99.0 89.1 80.6 37.5 0.4 1.1 2.4 9.3 E- Beam
Cure 5 As shown in Table 2 and Eiqyr, E (a), and 5 (b), for
thermal ly-cured film the rete i - H bonds decreases
rapidly with increasing tenperature of thermnal exposure, and the
fil mshrinkage significantly increases with tenperature. However ,

for the partial eTheoal Btabdityi | m the retention of Si-H bonds is nuch

hi gh dth h k h | than the fornmer case. for ven
Thare s e e e oS wiacateg Bine HlgLentbBE ANE ChamE s el ¢ | al

e-beam cur e.si gni Eqrﬁrﬁ-ﬁkﬂ ¥drP%en sﬂs@%]%rﬁl Rs%err BRd mlxﬁ&é@f ot gﬁﬂ‘xc sBivehast

up to 500 [err]C manu pract S pertailning

t o backend proc es’Sheﬂ@atédWaﬂ'efsfmﬁé aubjested tu/@hwedsweshdstqﬂab yreatments of 1 Mirgher
than 450 [err]C. Such an inprovenent in thermal stability of this pol yrrer

filmby partial eatSQmCelofowed by lowinyte 3ézl§0t° © agd dimally éamtnut?eﬁ’iéﬂﬁ fCt dh EB,
manuf act uri ng easmn eoated (A%Iférggkrc steiéara}/ed E, %cgegeg&e fome%a%t% W09 cSRPdL

(refer to as thermal cure) and the other one for partial electron beam cure (refer to

10 as partial e-beam cure). The coated wafers in the thermal cure group were
thermally cured in a horizontal furnace at 400 °C for 30 minutes under
atmospheric pressure with nitrogen flow of 10 liters per minute. The coated
wafers in the other group were exposed to electron beam under a condition of
partial curing (Energy: 3 KeV; Dose: 3000 pC/cmz; Temperature: 250 °C;

15 Current: 15 mA and argon gas ambient). Then, one wafer from each group was
exposed to 400, 450, 500 and 600 °C, respectively, for 30 minutes in horizontal
furnace under atmospheric pressure with nitrogen flow of 10 liters per minute,
and then film thickness, shrinkage and FTIR analyses were conducted on these
wafers to evaluate thermal stability (Si-H bond retention and film shrinkage). The

20 results are shown in Table 2.
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retention of Si-H bonds decreases rapidly with increasing temperature of thermal

exposure, and the film shrinkage significantly increases with temperature.

However, for the partial e-beam cure film, the retention of Si-H bonds is much

higher and the shrinkage is much lower than the former case for given thermal

10

exposure temperature. These results indicate that partial e-beam cure significantly

enhanced the thermal stability, at least up to 500 °C. In current IC manufacturing

practices pertaining to backend processing, the temperature involved is rarely

higher than 450 °C. Such an improvement in thermal stability of this polymer

film by partial e-beam exposure would lead to significant benefit to

1s

19

manufacturing easiness, reliability, yield and hence manufacturing cost.
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E Table 3 and Figures 6 (a) - (c).

20 TABLE 3

i Curing Method CH Si - OH or Film '
Ret enti on ("W%(F:b‘zﬁfl on (% H20 (9% Shrinkage (% TRETTHSP8/0456@
19 17.6 Partial E-Beam 101 .
100 : 0. 10 1. 2 Cure 1 Partial E-Beam

- 102 100 0.13 Cure 2 As

- shown in Table 3 and Figures 6 (a) - (C)—M thermal | y-cured net hyl

si | sesqui oxane filmthe content of Si-C and CGH was significantly reduced
al ong with significant absorption of water and/or silanol, and a
| arge filmshri nk@gﬁgenPlasmaResiﬂanceoxygen pl asma exposure, indicating the

. filmis very susceptible_to oxy p] asma, On f he contrary to
this, for the e- bRAAPR MRS Wrwateédaswggon@nmaal@m-watmg with 38014401 et ai ned

absorpt on. brart YA AHELARH B po PO B A SRk ot s s

. pl asma I 'Ehd Sdatetowafefs wére stibjected to successive hot plate treatments of I mmute

EXAMVPLE 4 ,
at 180 °C followed by 1 minute at 180 °C and finally 1 minute at 250 °C. Then,

the coated wafers were separated into three sets, one for thermal cure as a control
(refer to as thermal cure), and the other two for partial electron beam cure

10 (referred to as partial e-beam cure 1 and partial e-beam cure 2). The coated
wafers in the thermal cure group were thermally cured in a horizontal furnace at
425 °C for 60 minutes under atmospheric pressure with nitrogen flow of 15 liters
per minute. The coated wafers in the partial e-beam cure 1 were exposed to
electron beam under a condition of Energy: 2 KeV; Dose: 3000 pC/em?;

15 Temperature: 250 °C; Current: 15 mA and argon gas ambient. The coated wafers
in the partial e-beam cure 2 were exposed to electron beam under the same
condition as partial e-beam cure 1 except for the energy which was 3 KeV in this
case. Then, all wafers were exposed to oxygen plasma in a Gasonic Aura 1000
stripper tool for 60 seconds under a condition of oxygen flow: 4.5 I/minute;

20 Nitrogen Flow: 0.45 liter/minute; and temperature: about 250 °C. Then, FTIR
analysis for the retention of Si-C (wavenumber ~ 1280 cm™) and C-H
(wavenumber ~ 2970 cm’") bonds, and FTIR analysis for water or silanol (Si-OH)
absorption, and film shrinkage were characterized. The results are shown in

Table 3 and Figures 6 (a) - (c).

20



15 Di el ectric Constant Silicon wafers were coated using

conventional spin-coating with a sol ution conpri si ng either a
met hyl sil sgsedii¥ane pol yner and a mixture of organic {wg%g or
a hydrogen silsesqui oxane pol ymer and a mixture of organic soI vent

The coated wafers were subjected to successive hot plate treatnents

fol | owed by either thermal curing, partial e-beamcuring or ful I

e-beam curing. Table 4 shows t heTe®IdE 8i ons for this experinent

with detailed conditions for bake, thermal cure and e-beam cure.

Al umi num dots with thickness of about 1 m cron and di anmet er of 0.5
: mmwere coated o he 8—6643 : i

21 VIO 98/ 435ouing Méthod -&Jtteri nGFetal HPBQTt i on FUB . The

nmeasured di el ectric constant R@moa(%)&qztmtmn (%) Hz |(%)Ta§1l11‘éﬂl@ge (%)

TABLE 4 5 Theri¥af €are 19mterial 34 Balo.5%y Met hod7@uri ng Met hod

Delectric LD :

Const ant Partial E-Beam  \elQHy| 100 Balfed0  Therkdl cure

2.81 ?i | sesqui oxane 2 Met hyl

Bake) Partial E- B&EHH 2.92 Si | sesqui oxane

Cure 3Partial E-Bear¥tL Y102 100 BaKe) .13 FUIT E_pgam ) 3. 69

Si | sesqui oxane Cure 4 Hydr ogen

Bake[err]) Ther malCuteiRe 2) 2.71 Si | sesqui oxane

5 Hydr ogen. Rake?) Partial FE- Rpam 2 73

Si | sesqui oxane Cure Hydr ogen

Bake?2) Ful | E- il se ane
aire AR RT3 Pl 6 @o(@ ﬁféh? ermaleRst HET e o
1 80[err]C sand lsife&jifiékadb film the conterd o Si-€F ddd-H was mfmﬁcﬁﬂﬁﬁ foducdd AloRpt €
at 1 50[err]Cfollowed by 1 mnute at 1 80[err]C, and m nute at
275 [err]C. with significant absorption of water and/or silanol, and a large film shrinkage
upon oxygen-plasma exposure, indicating the film is very susceptible to oxygen
plasma. On the contrary to this, for the e-beam cured films, both Si-C and C-H
bonds retained 100 % with little film shrinkage and water and/or silanol
10 absorption. Partially electron beam treatment greatly enhanced oxygen plasma

resistance of the film.

EXAMPLE 4
1s
Dielectric Constant
Silicon wafers were coated using conventional spin-coating with a solution
comprising either a methyl silsesquioxane polymer and a mixture of organic
solvent or a hydrogen silsesquioxane polymer and a mixture of organic solvent.
20 The coated wafers were subjected to successive hot plate treatments followed by

either thermal curing, partial e-beam curing or full e-beam curing. Table 4 shows
the conditions for this experiment with detailed conditions for bake, thermal cure
and e-beam cure. Aluminum dots with thickness of about 1 micron and diameter

of 0.5 mm were coated on the top of the coated wafers using a conventional

21



Thermal Cure [err]): 60 mnutes at 425 [err]Cin nitrogen flow of 15 liters

per m nut e. Thermal Cure 2):30 mnutes at 400 [err]Cin
nitrogen flow of 10 liters per m nut e. Partial E-Beam
cure: Ener KO IRE/. Dose: 3000 [err]Ccnierr]; Tenper at ur e; PFCT/US98/04560
250[err]C, Current: 15 mA; and Argon Gas. Ful | E-Beam Cure'):

Energy: 5 KeV; Dose: 8000 [err]C cnR; Tenperature:

22 . : . t | 8053

Ful | E-Beam Cur ezﬁp"l‘:‘ﬁé%){?‘% E"g]dgp %&%thgge?&%%n[egr@%lgtg%%r r i ; égéearrpe gte lll,ll‘ e:
250[ err] C, CurreninTabde 47, and Argon Gas Anbi ent As one can see,
the exposing forns a relatively nore hardened topnost portion of

the dielectric layer and a relatively |ess hardened underlying portion of

t he dielectric layer. Spin-on | owﬂiﬁlggt ric constant (I ow k)
polymer films are 5 applied on sem or substrates and processed
w t hout | os'[gng the | ow dielectric constant feature of the film
utilizing el ectron beamradiation. ) )
Wafer Material Baking Method Curing Method Dielectric
ID Constant
1 Methyl Bake" Thermal Cure V 2.81
Silsesquioxane
2 Methyl Bake! Partial E-Beam - 2.92
Silsesquioxane Cure
3 Methyl Bake" Full E-Beam " 3.69
Silsesquioxane Cure
4 Hydrogen Bake? Thermal Cure ? 2.71
Silsesquioxane
5 Hydrogen Bake? Partial E-Beam 2.73
Silsesquioxane Cure
6 Hydrogen Bake? Full E-Beam ? 3.64
Silsesquioxane Cure

Bake": 1 minute at 180°C followed by 1 minute at 180°C, and 1 minute at
250 °C.

Bake?: 1 minute at 150°C followed by 1 minute at 180°C, and 1 minute at
275 °C.

Thermal Cure : 60 minutes at 425 °C in nitrogen flow of 15 liters per
minute.

Thermal Cure ?: 30 minutes at 400 °C in nitrogen flow of 10 liters per
minute.

Partial E-Beam Cure: Energy: 2 KeV; Dose: 3000 p.C/cmz; Temperature:
250°C; Current: 15 mA; and Argon Gas.

Full E-Beam Cure": Energy: 5 KeV; Dose: 8000 pC/cmz; Temperature:

22



23 WO 98/ 43294 VWhat is clainmed is: 1. A process
for formng a dielectric filmon a substrate which conpri ses
- appl yi ng awlodsii2eg a pol yneric, dielectric conposition |ayerpciishsdsases
substrate and exposing the dried |ayer to el ectron beamradiation
under conditions 5 sufficient to partially cure the dielectric |ayer
and wherein the exposing forns a rel atively nore hardened topnost
portion of the di400°C Cuerehia\l 8 mAahdoArgehaGasviemmbient | ess . har dened
underlying portion of the dielgctric Iager. _ 2. The ;Erocess of
claim1 wherein tRell &Bpareibure” Enepdysix? &eV:dyese: JoAP HG&em o Temperature:
si | sesqui oxane po . I 3] leo, & [ mde, a polyarylene
ether, alo0 ﬁ%ﬁ“ﬁ%ﬁ%ég%&ﬂ@f‘@ %%%Aé'?lgi)e}{ﬁ m xtures thereof.
3. The process of claim1 wherein the dielectric |ayer has a thickness of
from about 500 to about 50,000 angstrons. 15 4. The
process of clai m Aswhecsi seet the edpesing farins agolativelymmaere hardened tapmiostpyrtion of

har dened topnost portion.of the dielectrigc | r i,s different.fromthe
| dreleceric e! Bedifdusiyentd s Sl foufitrecdfstubeagrinneing ng
] portion of the di glefetd 18ydr2%pin-on low dielectric constant (low-k) polymer films are
5 applied on semiconductor substrates and processed without losing the low

dielectric constant feature of the film, utilizing electron beam radiation.

23
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- thdsina s e e e tnie e C -

5. The process of claim1 wherein the topnost portion of the dielectric
| ayer is 20 exposed to the electron beamradi ati on and the underlying
portion of the di el ectric tayer -irs -not exposed to the el ectron

beam r adi at¥ Q43294 6. The pr ' er ei PGHUSI$0456ct ri ¢
| ayer has a thickness of from C”ﬂﬂﬂ ,! %'m’ out 50, 000 angstrons
and topnost portion of the dielectricdayercZosn s s has a thickness of~

from about 200 t 0 angstrons. 7. The process of
claim1l1 wherein t%@?@%tﬁ?{ rg(?l(é%’ conpri ses a sem conduct or mat eri al .

30 8. The pr.Qx peseestifof forinifgla dleREicTilinth dhbstatkeviticls compssesi on | ayer
conpri ses at | east one pol ymer having a fornula selected fromthe
group consi sting amplying and drying a polymeric, dielectric. composition layer onto a substratg

e T I o ST i) = ©
20, yo1 to Sbout 3ot aRlany it HeligRic by ch a0 Yibref 1o R o o
and each R is i ndejrtivelynhbne Hardefibdtapnasbpazfien of the dielectric layenandi retatively t o
err] aryl. 5 9. .-The process qf glaim ]l wherein the dielectric
g)rrpo]si ti gn I ayerleé%?%#?‘?éémdeﬂymgpom‘mWg'}edg@ﬁc%‘? &E5qui oxane or met hyl

si | sesqui oxane. . T . 1], aj - LSi ng
the step of heati%’gme}%o%ﬁsséf%%?lﬁ Q%f'gfe%%ﬁlégé%tﬁé g?llggc}sﬂé%&%f t‘éllr %ng‘ 53
sufficient to forslisesquiadxanepolymedd dildkhine podymel, & ipelyimiidz] & pblyagylene ether, a

| ayer on the substrate either prior to or during the electron beam

exposi ng. 10 ﬂuorlnaiqdpd?mgn@etbgsordmxmras Wereof.wherein the heating is
conducted at a tenperature of fromabout 25 [err]C to about 500
[err]C for fromabout 1 to about 360 m nutes. 15 12. The process

of claim10 furtherrieoiBedss bdatnh ¢ wHefddS theltéldtfic flyef hasHhiGABRs of from
exposi ng, of applying a |layer of a photoresist onto the at |east partially
solidified about 500 to about 50,000 angstroms.

15 4. The process of claim 1 wherein the dielectric constant of the relatively more
hardened topmost portion of the dielectric layer is different from the dielectric

constant of the relatively less hardened underlying portion of the dielectric layer.

5. The process of claim 1 wherein the topmost portion of the dielectric layer is
20 exposed to the electron beam radiation and the underlying portion of the

dielectric layer is not exposed to the electron beam radiation.

6. The process of claim 1 wherein the dielectric layer has a thickness of from
about 500 to about 50,000 angstroms and topmost portion of the dielectric layer
25 has a thickness of from about 200 to about 10,000 angstroms.

7. The process of claim 1 wherein the substrate comprises a semiconductor

material.

30 8. The process of claim 1 wherein the dielectric composition layer comprises at
least one polymer having a formula selected from the group consisting of

24



dielectric layer on the substrate,. i magewi se exposi ng and devel opi ng the
phot oresi st |ayer to thereby renove aﬁortion of the photoresist |layer from

the 20 “wobghasiric laver and 1 LY

remai ning on the di el ect Mﬁnﬂyﬂmﬁf : Lgepg??bﬂg@%@kw

dielectric layer underlying the portion of. t he phot or esi st B,
remai ning on the dielectric layer is exposed to | ess el ectron beam

radiation than t hRIMI5)£my]£,ﬂ¢51m1§)n§RHSi@15'),@1);@&3@%)’2§§ Rm[‘é)x@{&@h@yln and
h h S 137 The

r enoved ortion of e ot or esi st Iaéer.
24

t
process of cl ai m [EISiRenNPHREH il ewherein Fezhout& poabavg 20 arristosbout 3, z=
bstanti al | i formy h d_diel NGl 1
 Drocees of cf ai m 9% 6PABPZRNRT Lo 000 Bt Ryis Lrdepersten £ il Cao
t he portion of thﬂk?h&tei{st%%%%tarﬁe”ai ning on the dielectric |ayer.

25 e ‘process of claim12 further conprising the
subsequent step of formng a via through the part of the

dielectric | ayer r espondi to.the renpved portion of the

phot or esi st | ayergil@*qwgcgﬁﬁﬂgglaapé.w ereig t eglelecff@.cowwﬁwaé@éegcemp&rsﬁﬁ m 15
wherein the porti HBSEah ' via conprises
an electrically cggdd’géﬁ %’/igsegr(g{?erl g}bfmléﬂ-ﬂz%ﬂléé%ﬁ\ﬂo{%?: The process of claim1l
wherein the el ectron beam exposing i s conducted while in the

presence of a gas_ sel ected from;herfgr oup consisting of hydrogen, [0
helium oxygen, al@okhe pipeessgéplaim dfanhescgmprisingrthe step of heating the dielectric

19 The P1 5055, ol Bl bl k5L 9541 B RATM AR b0y B! o
; 5di ol oc 3?. CThe PIgeEss tHefsubltatdiitheBAbLiobridifing MROS 8&rdH WaBfdiposingayer has
11. The process of claim 10 wherein the heating is conducted at a temperature of
from about 25 °C to about 500 °C for from about 1 to about 360 minutes.
15
* 12. The process of claim 10 further comprising the steps, before electron beam
exposing, of applying a layer of a photoresist onto the at least partially solidified
dielectric layer on the substrate, imagewise exposing and developing the
photoresist layer to thereby remove a portion of the photoresist layer from the
20 dielectric layer and leaving a portion of the photoresist remaining on the
dielectric layer; wherein the part of the dielectric layer underlying the portion of
the photoresist remaining on the dielectric layer is exposed to less electron beam
radiation than the part of the dielectric layer corresponding to the removed
portion of the photoresist layer.
25
13. The process of claim 10 wherein the electron beam exposing forms a

substantially uniformly hardened dielectric layer.

14. The process of claim 12 further comprising the subsequent step of removing

30 the portion of the photoresist remaining on the dielectric layer.

25



constant in the range of from about..2.6..to_about 4.0. 20. The
process of claim|l wherein the di eI eﬂlrlc Ia er has a density of from

about | g/¢nB t out 3 g/cnB. U Juﬂ" process of claim1l
wherein- th@v%?sé%??“gn beam exposing i l ﬂ”uﬁ %‘ﬁ@f‘@%’

| evel of from about .5 KeV to about 20 KeV 22. The process -of
claim1 wherein the eI ectron beam exposing is conducted at an 25

Sa e o oo OH T PReSs et T2 Syt ortistiehe sEfpedtom SEplor Somfiag '

dielectric E%fﬁhe'ybﬁﬂ%h}fe%abéth@ mem&esgbﬁmhg {PtHe MY PedEptibh ON
beam exposure i nduce product's after the el ectron beam
exposure. 30 - of the photoresist layer to the substrate. 26

24. The process of claim 23 wherein the heating is conducted at a
tenperature of fromabout 50 [err]C to about 500 [err]C for from about 1

to about 360 m nuj@sy,e process of claim 15 wherein the portion of the substrate underlying the

via comprises an electrically conductive material.

17. The process of claim 1 wherein the electron beam exposing is conducted
while in the presence of a gas selected from the group consisting of hydrogen,

10 helium, oxygen, argon, nitrogen, xenon and mixtures thereof.

18. The process of claim 1 wherein the electron beam exposing is conducted at a

temperature of from about 25 °C to about 500 °C.

15 19. The process of claim 1 wherein the exposed dielectric layer has a dielectric

constant in the range of from about 2.6 to about 4.0.

20. The process of claim 1 wherein the dielectric layer has a density of from
about 1 g/cm’ to about 3 glem’,

20
21. The process of claim 1 wherein the electron beam exposing is conducted at an

energy level of from about .5 KeV to about 20 KeV.

22. The process of claim 1 wherein the electron beam exposing is conducted at an

25 electron dose of from about 500 pC/sz to about 20,000 pC/sz.

23. The process of claim 1 further comprising the step of heating the dielectric
layer under conditions sufficient to remove electron beam exposure induced by-

products after the electron beam exposure.

30
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24. The process of claim 23 wherein the heating is conducted at a temperature of

from about 50 °C to about 500 °C for from about 1 to about 360 minutes.
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