;e3e3,,-/]|0t] 262T3hWD 001 75979 PCT/ US00/ 15733 PROCESS OF USI NG SI LOXANE

DI ELECTRIC FILM5 I N THE | NTEGRATI ON OF ORGANI C DI ELECTRIC FILMS I N -
ELECTRONI C Rlg\o/sk% * cooool * BACKGROUND COF THE | NVENTI ON Fpet@isfisishe

I nventi on The present invention relates to cured, dual |ayered dielectric
films and to a process for their production. Mre particularly, the
invention pertains to dual |ayered dielectric filns in which a |ower |ayer

conpri ses a ndARGCESTOR L&NG@EHQOK@M%@QHE&T&CTMS@NJ%M@&AE@N@E/er
conprises an organi c) !IIGR?D I re useful in
t he manuf acture of mcroelec r%(r?ﬁc gg%@ggﬁﬁﬁggﬁl egra?fcg'%m rcuits
(1Cs). of the Related Art A continuing trend in the field of
sem con mmm“mlmmmgy is the forrrati on of 15 integrated circuit chips

havi ng nor e «gaebif ast er circui e scale integration
has resulted in a continued quﬁﬁ%ﬁﬁQ with the result that
a |large nugber of devices are available on a single chlp Wth alimted
chip surfaCe area, the interconnect density typically expands above the

chi p substrat glelldqoﬂhmk/%ﬂtwhevel arrangenent and so the devices have to be

i nt erconnecte multiple levels. 20 The interconnects nust be
electrically éwege&q{eﬂvénﬁe FAGN as.Je&rdum@% I SRR IARRE ArfcdiBe

cont act . Usua ctrical insulation requires eposi ting | ectrlcfllms
onto a surfacguexrlptodusummeipmmhbrlnﬁhe mmrospmneduaééayn@ddre@cu@éﬂmk in

t he electronic uct or. fi el [ ing to
silicon waferéd anghgf%wcr%%grcom ponents Sﬂ‘t§§ Eong%?a]gg‘)lasa%f) 0 Lnt% Q@éjrface
of substrao0 eslayacboﬁxphusdnekmicrsmcdna:muamldmtom sﬁoad'ﬂmsereaxsefduﬁtlws on

I C s. Such coatl S ca sed as, protective Ia ?{ggrl evel dielectric
| ayers, doped™df ‘EB"FI" E“qr %Li%‘i”?m[cdjeglf ast‘f“ﬁﬁ@ FB?“’ Sdevi ces,

capaci tor and capacitor |ike devices, rrul tilayer devices, 3-D devi ces)
silicon on insulator devices, coatings for superconductors, and the Ilike.

30 1 WO 00hHéRBipfoléFtnd RAeked AA33 As nentioned above, sen conduct or
devices often have nmultiple arrays of patterned interconnect |evels that
serve to el ecArdontiruing toamd|i theifield afiseuibndictoc technoddgyriehe ortriatien éfor mi ng an
i ntegrate cir ui t these nterco ) h ve en
separatediby ot ed PRnERT e bR A e g BB
formed using mlr@mmﬁhasvxamuw epasmtihbeshnkagt asmtuershamwaﬁ thearedultithpi @S .
However, as t SIZ%FOf ci.rcuit el nts a such

el enents decr 1R deipssars avalla a%aa'flglfé@f’r &}R wgfe ﬁf“P&f“ EG@esi | i con

oxide filns hag m@f@&ﬂs&ct@em@b}ﬂmyleﬂpa@ﬂgiﬂfové ﬂxel@hl?\éhﬂé&aﬁ ih @Weiti-tvell ectric
constant than that of silicon oxide, dielectric filns 10 fornmed from

si | oxane base¥Tagemels angd w the deyifen §ave ta &f intereangectedAgEass hesqmpltialedeyels.

si |l oxane %4l nms do provide lower dielectric constants than silicon oxide
films it has been found that typically the dielectric constants of such
films are |inThesdterconndotsgausbbe elpgsricatiynmsublted fRnOeagh otherexcept. whttealesigrrdect r i ¢

constant of SEG G n%cte or'i{acqt[llsrlllgl fél%{{(mcal ?néuﬂu&m% ]%:F%F]E osf’%l%é(a elé@g'l%rfﬁmls gnt% a\M th

|OM/pOMBr consu 1 Oon,
surface. Itis known in the art that siloxane resins are useful in the electronic and

semiconductor fields to provide a dielectric coating to silicon wafers and other

25 components. Such coatings protect the surface of substrates and form dielectric layers
between electric conductors on IC’s. Such coatings can be used as protective layers,
interlevel dielectric layers, doped dielectric layers to produce transistor like devices,
capacitor and capacitor like devices, multilayer devices, 3-D devices, silicon on insulator

devices, coatings for superconductors, and the like.
30
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1 Srequired. As IC dinensions continue to shrink, this factor increases in
i mportance.” As a result,. siloxane_.based. resin.materials that can provide

i nsul ati ng wobémsewi th dielectric constants bel ow 3.0 are pewysodessy abl e.
Furthernore, it vvoul d be desirable to have a sil oxane based resin which

have a high r 5| st o crackl A

t hi cknesses o é’beﬁ e"&)‘“ln gﬁ‘P’i cgev%lg 8§mwﬂlc?re ar%gggt&?a‘tegﬁd I n
addition, in ﬁrhec&meduwclmat@éwmmaﬁicﬁny emlandlemuemr,culselehem&hus or SiON
are conventional ly used as hard s or etch sto Fe inte rati&)n of

| ow k or gani c [qsan “T‘i‘fgrafffiﬁﬁf"éh thePats1fts 1{“ﬁ’(§§ eORS P‘H%‘ﬁ have
rel atively hi ghgslen\Rutitig Gi21ederld)filme BPALGBchn\Wxide ﬂlﬁ’ﬁbﬁlﬁ&aﬁin@ cfxérblﬁﬂ vapot- 0) .
This invention describes the use of |ow k, 25 siloxane basedeﬁ) yner filns
in the inté&gr denositioppr plasinaenbarngd teshmipypasstHowsties agthesigs of pigcuir fs\aad

diel ectric cogsts . The
di fferent che%c%s%@‘l}gf&ﬁr e mgﬁ?gicg%g&g@\ée MVQMW%% &s‘lﬂg%“r%gg‘?‘é P&
non-silicon cwclhanlrcnmgxldeghmlms;bedomvarmoblaqw re di fferent etch chem' stries.
Etch chem stries used for 30 low k non-silicon containing organic polyner
films typically do not etch sil oxane based polynmers, Si02, or SiN

di el ectrics. f 084 tBan tRA R FSHRET G hd UR1eR I Higym
damascene or gmﬁ&gghagghg%elo‘g%hen%cgm?%lxtggtléaﬂtr eth|§1{rﬁes &ﬁa aeg!ln gl,hﬂgi N or
2 WD 00759 8mRCioinS{I044bE BERd Besii atecheeoming widiy sebdooweénsr, avhilamich pol ymer
to act as an h. s mask.,.t.0 RaLt e h

| ayers have h?g‘ﬁca?(e ﬁ‘”f) ‘Bsp r((wéedlog)er%ﬁce}c ret g{amtﬂ\(ha% lﬁggf’ ;zl\(/lgﬁggsl?% -Bugl ng | ow
k organic pol foued ﬂxabtypimeﬂsnﬂaaﬁteadctﬂclcnﬂstantslﬁ‘ snch flmsawe kmied oxlaoseobased

organi ¢ polyner m.a rTF conventio or SINS

1
P P Hiakimaly LT br Sl e G R AR s hng iy Bl el an

capaci t ances. inoet@httadter WReré [T2s With @60 p&Wer consiiipkiod) crodsealkDariRsiEna] detiylapat
si | oxane fI|mIS spun onto either baked or cured filns of a non-silicon

cont ai ni ng> | owarired. st dimensiqns gpntipye taghgpk.dhis fagipr dRcgeasesdn &BPATBASE: A xane
filmis used [ 9{ddihstatih ik SlRBEREHC S| O
SiON or SIiN |ﬁe§lg?32ﬁag?bﬁggpﬁsﬁlt%gﬁ%?{tgn tegﬁ p des al|ln§ Udsl ng subt I’gCtl ve
al um num andcahatants below h@mted'aarldedmbusliwﬂenmrcaewge@ beQENehRYO Ve BHE

| NVENTI ON 15 T. veniion provi such as a
mi cr oel ect roni'c n&%lne\r/l?ageedt 1Pchwg’oa 1%’ sgeS% aﬁg oﬁacﬁ?@gﬁ&i} ?%%%%%WDOSI tion
filmon a subﬁinhedmtmalucésseeenwpr@eﬁata]ymr}msmlabﬁmm.@pmtcmgfuatcg or
substantially non-silicon containing organic polyner; and b) a second
di el ectri @ conposition filmon the first di electric film which second 20
O o P gl B o AP IE i SN s PG se] ected from

the group con
conventionally used as hardmasks or etch stops for the integration of low k organic films.

The problem with using these films is that they have relatively high k values (> 4.0)
compared with the organic films (<3.0). This invention describes the use of low k,
25  siloxane based polymer films in the integration of low k organic films. This allows the

effective dielectric constant to be lower than if conventional films are used.

The different chemical structure of siloxane based polymers compared to non-silicon
containing organic polymers require different etch chemistries. Etch chemistries used for
30 low k non-silicon containing organic polymer films typically do not etch siloxane based
polymers, SiO,, or SiN dielectrics. Integration of organic polymers into subtractive
aluminum, damascene or dual damascene schemes typically requires that a SiO;, SiN or

2



(HSIO- s]"[RRSIO sIm(Ho a-~ 0siO~.s - 1.8]n (R0.4-1.0-5101.5 - ~.elm 25
(Hp_~,p-SIAd.s-20]n(R-S10~ 5] m (H510 5] x(R-510,, 5] Y(SI Q2] Z wherein the 'sum
of n and mwoopotsh® sumor x, y and z is fromabout 8 to ASIHSIGEIE and m
and y are sel ected such that carbon containing substituents are present in
an amount of d;easlaldidR phe&idn Mo oldRhie pP9merdlact BRA R Sof bPhdfdmhsk t6€l ect ed
from substituted and 38 unsubstituted straight chain and branched al kyl
groups, cycl ceitrp vigsrand frenchey; Fhescluesdhayn el k yaes @rhfd apd Eadyee the oups, ~ and

m xtures ther v : ; i wH RS O, s]m

" [ i osi G veResf GR o el R b e B P TR S
5 wher ei n t hesiloxanediasad oagadicrpolynel rroamaten singlat to caveatiorBDBI.a StOMNoF 8iN

sel ected such..t hat the carbon,cont ai ni,n sti.tuent is .present in an

oot o 3 g a bR AR sEPR L) bt SHARChEARE drBeBRERCT | RTT ¢),
[ Si02] Z; wherein the sumof x) y and z is from about 8 to about 5000 and y
is selected such that 10 the carbon containjng substi tuggéii S present in an

anount of abodfeortnaV tee Wy FHionadugher low Qreaig SPRIFR SHOXang SEMRAPr om

substituted apeUngtPstdutddtfifls 8f 4 AdidfiticontahBinfidow kAnghast bk The BigR8PS,
cycl oal kyl groups, substituted and unsubstituted aryl groups, and m xtures

t her eof . 15 Thw orgapisrropient stlipxape fitmvs wied asansteicseporfadiardmasks sigilag tel el ectri ¢
coating a rQHE, q; : i : i LG i Ari ses .
(2 1 orm g ATPHBMSHE. oMl S ife Wrthfl Gl CortRL Rl ElbenTe

conpri ses a rabnsinhmcan dasascangdndgiuel dagiabeshapriocasbdsy non-sil i con cont ai ni ng
organic polyner; and b) form ng a second dielectric conposition filmon the
first dielectric film which second 20 dielectric conposition conprises a
pol ymer having a structure selected fromthe group consisting of I and I1:
I, [HSIO.s]~IRSi0~.5m[Ha.a-~.0SIO~.s- [.8)n[~.4-1 0-S10~- s - i.alm25
[Ho-, 0-Si O s-z.0~n[R-Si O-. s]SUMMARYSOEITHR WVENTION s] y[ Si 02] Z , wherein
the sumof n and m or the sumor x, y and z is fromabout 8 to about 5000,

and m andsy ame isehted mdvidesdditlbatic cakddanbiatisatidsagnistdeRtirdnicddvicear e
present in an anmount of |ess than about 40 Mdl e percent; and wherein R is
sel ect ed froMHYULOMANSESd and 30 unsubstituted straight chain and branched

al kyl groups,acy/fidsOdiblkdttic S5rapsaitibn $ih oh iatstbs@@te which comprises a non-silicon
containing or substantially non-silicon containing organic polymer; and
b) a second dielectric composition film on the first dielectric film, which second
20  dielectric composition comprises a polymer having a structure selected from the group

consisting of I and II:
1

[H-Si0y 5]a[R-SiO1 s)m s

[Ho 41 081015 1.8]n[Ro.4-1.0-5101.5 - 1.8]m s
25 [Hp.1.0-Si01.520]n[R-SiO1 5)m ,

[H-Si0, 5]x[R-Si0, 5],[Si02], >

wherein the sum of n and m, or the sum or x, y and z is from about 8 to about 5000, and
m and y are selected such that carbon containing substituents are present in an amount of
less than about 40 Mole percent; and wherein R, is selected from substituted and

30 unsubstituted straight chain and branched alkyl groups, cycloalkyl groups, substituted

and unsubstituted aryl groups, and mixtures thereof;

3



4 WD 00/75979 PCT/ USO0I 15733 and unsubstituted aryl groups, and m xtures
thereof; IlI'. [HSIO- SJ~ [RSiO-,sJm, [Ho a-~ 0SiQ, s ~.s]o [Ro a-t

OS~0O~. S- 1. Y @pdrrshtdo- ~. 0Si O~ s-z.0dr, [RSIO.s] m, wherei nedinesosnsms! n and
mis fromabout 8 to about 5000 and mis sel ected such that the carbon

cont ai ni ng SLH)stituent is present in an anount of from about 40 Ml e
percent or gréater; and [HSIQ.s]x [RSiOl.s]y [SiOz]Z;, 10 wherein the sum
of X, y and zus®,LJ,eRsi@hout 8 to about 5000 and y is sel ected such that the
carbon containing substituent is preSent in an anount of about 40 Mle % or
great er; and [HheBiO sk, [Rv4368i0¢iadh, f rom substituted and unsubstituted
strai ght chain and branched al kyl groups, cycloal kyl groups, substituted
and unsubst i {Ht-ex8iQuspbl (RYGpsly and mi xtures thereof. 15 The invention
further provides,a, process for producing a mcroel ectronic device i ch
conpri ses? (ét‘)hel‘ea}‘r]i‘Fﬁﬂ“&?FP? 'E“gfr%‘i"é‘é?‘f‘%é°lag1%r$8%“3 %Eﬁg??tﬁ‘g)@%;&,\ﬂ‘e
conprises a REBsPEdtARRg SHRERAERN NSt HURSLRA! o 8B4 MbkParceMrai ni ng
organi c polyner; (b) formng a second dielectric |ayer on the first

di el ectric | &peater; aphi ch second dielectric 20 conposition conprises a

pol ymer havi a st Lure l.ected fromthe group consisting oflandll: I.
[HSi O-. s]n[ &g@?z@]xgﬁbﬁ Flo[is?]?’osi 0i.s - ~s][Ro.a-i 0-SiO~.s - ~.s]m25
[Ho. ~ 0- Si O~ §.oi - S : i,0 - S -S| in the
sum of n and m %)n?tki%fgn §t%jy0§1h?1£ 5‘_"‘3#@% g%ﬁékﬁllg?nsg%%éylgéﬁ%ogégou E‘l 00, and
m and y dPe sl catboedogaiomgtshisstituear i presamn it @i amawyt sildbsuti40Ndole $6 ar gegperesent

From subst ] t AFCHERE "6 B oP 7SSy et Pt n s RS St e P elFa oht
chai n and br axghgeups| dg¢loalkiyDepeps, supstitort kid wisibitinged SYRGoips drddniaeks

unsubsti tuted ar¥l groups, and m xtures thereof; Il. [HSIOl.s]n [RSSO.s]m
thereol.

15  The invention also provides a process for forming a dielectric coating on a substrate,
such as a microelectronic device, which comprises
(a) forming a first dielectric composition film on a substrate which comprises a non-
silicon containing or substantially non-silicon containing organic polymer; and
b) forming a second dielectric composition film on the first dielectric film, which second
20  dielectric composition comprises a polymer having a structure selected from the group
consisting of [ and II:
L

[H-SiO.5)n[R-SiOy s]m ,
[Ho 41081015 1.8]n[Ro.410-SiO1 5. 1.8]m ,

25 [Ho.10-8i01 52.0]Ja[R-SiO 5]m ,
[H-SiO 5]x[R-Si0; 5),[Si02), ,
wherein the sum of n and m, or the sum or x, y and z is from about 8 to about 5000, and
m and y are selected such that carbon containing substituents are present in an amount of
less than about 40 Mole percent; and wherein R, is selected from substituted and

30  unsubstituted straight chain and branched alkyl groups, cycloalkyl groups, substituted
4



5 [Ho4-1 0Si01 s-t.a]r, [RO4-1 OS~OL 5-1.8]m[HO1.0S101.5-2.0-n [RSIiA.s]m
wherein the sumof n and mis fromabout 8 to about 5000 and mis Sel ected
such that twWeowason contai ni ng substituent is present inPGHUSIHMETR of from
about 40 Mol e percent or greater; and 10 [HSIO.s]X [RSIA,s]ly [Si Oz] Z;
wherein the syn@bubbituded 3R groups ahd ARnEBOMEret; t 0 about 5000 and y is

sel ected such that the carbon containing substituent is present in an
amount of abolit 40 Mole % or greater; and wherein R, is selected from
substituted and unsubstituted strai ght chain and branched al kyl groups,

cycl oal kyl grBip@, sldBEHdistut ed and unsubstituted aryl groups, and nixtures
1 S thereof; é{C) i gevﬂci%aglerni ng the dielectric layers to formvias in
t he di el ect rilCor-aferss-é i0 t?‘t%f‘]t"he substrate; ' (d) depositing a netal

into the W al yand..gnt 0 urface of the second cured dielectric |ayer;
0 B TR sh

20 (e) renovi the top surface of the second cured

diel ectric | ayRdrein fHeQumdf anhd ais Hotrl dbokitld th ABEut BOOY ArEH iskeRERE Sifch thadthe
produci ng a mcroel ectroni c device which conprises: (a) applying a first
di el ectric | aspehongpntanimgsubssitueat is prossné ip BGmoUNsefdrom shoyt 4;‘?0 \Bio rcppf or
contai ni ng or gﬂ%sﬁg@nti ally non-silicon containing organic polyner; (b)
appl ying a setond dielectric |layer onto the first dielectric |layer, which
second di el equsi@, §,9RPITRisL [SIO,EONpPri ses a pol ymer having a structure
selected fromthe group consisting of I and Il: I. 30

[ H Si A, s]0' [ Rvigirédh the]sum of k HOamtl-Zlis G8m-ebof 8-to 1b@it APFWand-ylis Geléctel] sBch that 8l m s 6
WO 001 75979 PCT1US00/ 15733 .~ NSO~ s 7. 0)r s S " .
(S0 o] x[ FRgRras PR gibtinicnhis piedint s Shdpnb T o AP MUPe 3 oF Bt o
X, Yy and z i Sanfif«bBieiiRUs sedected fedao siibstitd2A andundubstianel ytrathecimél mdtbeshcledc h

t hat carbon cqntainin uhstituents are present in an anount of 5 | ess than
bbout 40 Mol itk peap Svelimiobireren mitted S pebutited Bl EaHS, FORSH S

unsubsti t ut edpgtgrai ght chai n and branched al kyl groups, cycl oal kyl groups,
substituted and unsubstituted aryl groups, and m xtures thereof; Il. [HS O-
s]" (RSIO- s]~" 10 [Ho a_i.0SiO~.s-i.a]~ [R0,4-1.0510~.5-1.8)m. [Ho-~

0Si O, . s- X150) "THe Bbiefdionsthfthestpeda@des atphessfon prbdutirngradnictdeRcirérddde@wihich t 0
about 5000 and m,is sel ected such that the carbon contai ning substituent is
present in arf°BRBMSt of from about 40 Mol e percent or greater; and 15

[HSI 01 s]x [ R fokmisg ¥ fitsBlie¥ekic 15Y2L6:8h Subkthfe FHIEh @bmyriseY a aBklsificdns from about
8 to about 5000 and y is selected _such that )
containing or substantially non-silicon containing organic polymer;

(b) forming a second dielectric layer on the first dielectric layer, which second dielectric
20  composition comprises a polymer having a structure selected from the group consisting

of I and II:

L

[H-Si0; 5)s[R-SiO) 5)m )

[Ho.4-1.08104 5 -1 8]n[Ro.4-1 0-8101. 5. 1.8]m '
25 [Ho-10-Si0 5.2 0)n[R-Si0y 5]m ,

[H-S10, 5]x[R-SiO; 5},[Si0;], ,

wherein the sum of n and m, or the sum or x, y and z is from about 8 to about 5000, and

m and y are selected such that carbon containing substituents are present in an amount of

less than about 40 Mole percent; and wherein R, is selected from substituted and



t he carbon contai ning substituent is present in an anount of about 40 Ml e
% or greateéer; and wherein R, is selected fromsubstituted and unsubstituted
strai ght chalf branched al kyl groups, cycloal kyl grougsyusseizsis t ut ed
and unsubstttuted aryl groups, and m xtures 20 thereof; (c) img ew se

patterning the second di.electric Jayer to formtrenches in the dielectric

| ayers extendP S?‘Bte? ﬁEa'gl?trcg?mGPd"ég‘g'F?i Bﬁyla%}%‘fp,s’ ‘(yagz’aﬁ%ﬁag ss%‘%ﬁﬁ't"f’%r ni ng
the first di gh@gddubginkiay i ér@té;fss)ir{@ﬂiixﬁllresitﬁbré&f,e first dielectric |ayer
extending to the substrate; 25 (e) depositing a netal into the vias,
trenches andIbnto a top surface of the second dielectric |ayer; (f)
renoving the netal fromthe top surface of the second dielectric layer. 7
WO 00/ 75979 BESYQTls0RPIO37133 DETAI LED, DESCRI PTI ON OF THE | NVENTI ON The first
step in cgnd ting,éhe process of the present invention is to forma
dielectri ciﬁb"o@‘c 1meloRo st e whi ch conpri ses one or nore polyners

sel ected from,the.Qro isting of poly(arylene ether), a fluorinated
pol y(aryl eneTie{‘f"l‘i)e?(?';s'zuﬁggrlg)z'gf"bons, benzocycl obut ene, pol yi ni des and
fluorinated RALMIIIESSN of HEnPMAS frbRlaBouTBYo SEUHP5OFandsGERAMEE Sith tHERine! | al s
such as gallium arseni de, germanium |ithium niobate, silicon and

conposi t i ons carben edntAivgs sybisiien ispresentia asjamouwref dermaberiAf Meleysicentior ne
silicon, polysillcgg, anorphous silicon, epitaxial silicon, and 10 silicon
di oxi de, dop si’l'icon dioxide, silicon nitride, and polysilicon, netals
such as abun‘{HSIiKDLSLPREi@h,HFISiOQIP,Der, and al unmi num copper mni xtures, ceranics,
polynmeric resins, Goup Il1/V conpounds and conbi nati ons thereof. Lines may
opti onal | y bevhemintheswsubsx.rvand zssifrfmabout Bhe ahaun 86800 andenis grietedstch thate
typically 15 forned by wel |l known .Jithographic techni ng, may be
conposed of _hetatian coRiguEBRER s pieranEAP fpunf O Pp B S8 (TRl

mat eri al s f oeand WRerkin/Rg $s deleeled @@nbdubstiated sdd undabitifiitdd strdight ¢hainaind bianehedr | de,
tantalumnitrjde, alum pum_ alum num all ga/ds cop,?er copgqer al | Q¥s,

tantal um tuﬁ%&t%ﬂupan%yc@?lkwb%ﬂum sttpted and wnsukstingtedangd grofns, &g Yifduct or s
or insul gasor ghepfor;an i ntegrated circuit. Such are typically closely
separated fromone another 20 at distances preferably of from about 20

m cromet ers & imagewisepaitermnisg diedielpstyic layerpioionn vias imihe distestrisdaysrs | ess, and
nmost preferapy, £fe b phels. 0.05 to about 1 micrometer. The dielectric
conposition may c rise any of a wide variety of non-silicon containing

di el ectric f&Hdepayitimgtagndtallintowls G5 aad entesl thp kurfase of the sdvendieured dieledtge i n t he
formati on of , 25 mcroel ectronic devices. The dielectric |ayer may

nonexcl usi vel®¥ ncl ude pol y(aryl ene ether), a fluorinated poly(aryl ene

et her), £0uo(®)eandiisthe hrtat emchoby safee opk ¢tddhd esred bidlcbirid ddyienat ed

pol yi m des. Fluorinated and nonfl uorinated poly(aryl ethers) avail abl e under
t he tradename FLARETM $om Al liedSignal Inc., and copol yner m xtures

The invention still further provides a process for producing a microelectronic device
which comprises:
(a) applying a first dielectric layer onto a substrate which comprises a non-silicon

25  containing or substantially non-silicon containing organic polymer;
(b) applying a second dielectric layer onto the first dielectric layer, which second
dielectric composition comprises a polymer having a structure selected from the group
consisting of I and I:
L

30 [H-SiO, 5],[R-SiOy 5]m ,
[Ho.4-1.0Si01 5 - 1.8]n[R0.4-1.0-S101 5. 1.8]m ,



t hereof. The dielectric conposition may conprise a preforned poly(aryl ene
ether) or 30 fluorinated poly(aryl ene ether) polyner or pre-polynmers ina
nononeri c swateerrsde WO 001 75979 PCT/ US00115733 ol i goner i pcsusabesarny be
formed on the substrate with subsequent polynerization. Suitable

pol y(aryl ene hek r i inated poly(arylene ethers) are known in the
art from U S.ﬁ%k‘a Sﬁ(%’égﬁl,“qisg'?fﬁ]%; 5,114,780 and 5, 115, 082. Preferred

pol y(aryl ene @8, sh[resiD, k], i$omj}pat ed ,pol y(aryl ene ethers) are disclosed in
U S. patent application serial nunber 081990, 157 filed Decenber 12, |997
whi ch is i ncowpesiatirGuiifaiand BY of B CERBER; y dnalz)k Foslesoardo hbdue5000akR0
polyi m des are commercjally available from DuPont. Fluorocarbons are

commer ci al | y B¥a{ ¥ 415 selestedbiHchiipb prrban o taini Resub S MRS ATRPTFN} BN SMopRted Asahi
Cheni cal s sundggs thdhCbbhtAIMAR BN ORd WBRAHPR VS QbR LibsGRBABRE al | Y

avai |l abl e form Dow Chem cal s"under the tradenane BCB. O her useful polyners
10 incl ude pamyihstiategrsiraight chaipandrbrapehet lalkybgraipsatpctoatkybgrovysysibstitstednder t he
tradenane Al ; e in the dielectric conposition
in a pure or paﬁgg{l;qsggtg&egh%&géoﬁﬁ;gpf%&%ﬁ&atﬁ%mé@l vents) or it may be present
in a solutioqgwhere it is mxed with solvents. Wen solvents are present,
the polyner is preferably present in an anpunt of from about 1 %to about
50 % by wei gHHS®, s, [iRSikMrer, nore preferably from about 3 15 to about 20
% The solvent conponent is preferably present in an anount of from about
50 to abd@ 4Ho9%dO0merlytRos0bSiOhersdh el ectric conposition, nore preferably
from about 8 tOS§§OUt iﬁ Y% Suitable solvents nonexcl usively include
aprotic solv He-50580 0k %‘éé-F]i"c ket ones i ncl udi ng cycl opent anone,

cycl ohexanon I X i ] sy

/2l Kyl pyrr oRygfoLS 8 SEKBFRARAAT, Rk AR SARRRGH S0Py S BAE NP

car bon at ons cachnul codtayiog ekbstitpent ps/present ol anamepntaridrom abbutrddsMolk peeardt.or Once
formed, the di el ectric conmposition is deposited onto a suitable substrate

to t hereby fﬁeﬁe&aﬁglyrrer | ayer on the substrate. Deposition nay be

conduct eqsvi ‘fligf@ﬂ‘éﬁmii@??]'y [Sgg'ﬂp’-coati ng, dip coating, roller coating,
sprayi ng, chem cal vapor ‘deposition nethods, or neniscus coating nethods
whi ch are welwheteitotha sir of X6/ aati &z.is HithAbAABLtH Blgout SO0MREH yis icted 86bh thite 25

t hi ckness of the polyner, |ayer. on the substrate maiy var% dependi ng on the
deposi tion pRSRtGR&OHAHIng sPbstivertis presqrb In M amquppeieheyt #OMele Seorereptsss may
range from abgivh&eR KOid R1e8 Wom2bRte EanARRutR iR Rl ReH: Jh&_ﬁ%@ﬁx%élﬁaooo o
to about 12000 O The anmount of dielectric conposition applied to the

subst rat e naplkybgrgumsy ¢yeloalkyl groupspqubstijutad and unspbsiifutedsany] gprups.cand plixtufes om
about 2 B teppleut 8 m. In the preferred embodiment, the liquid 30
dielectric conposition is spun onto the upper surface the substrate

accor di ng t o(Rimwegewissipatierninp thiegaeond didlestria laysryg formh érepables/imshe dielpetrici s
applied by c . RY . l..auid dielectric conposition to the
substrate anga%r%g%"je%{dlpﬁgﬁit%%ﬁg%%ggﬁ %@&%ﬁ’e on a rotating wheel 9 WO

001 75979 PCT(d)stifgebbséPattarhing thedfitst dicleytiyérite formbaastin 5 dirétdieddeaitila@@00 rpm
preferably from about 1500 to about 4000 rpm for about 5 to about 60
seconds, pre?’étFré{%'f%/mfﬁFe UBKeat 10 to about 30 seconds, in order to spread
the sol uRs on(eydepvsiting @ hfetad irftd Bie Vil Sthdndh@ ahdl bABGRop sUPRCOSH (NREoddaY er
preferably has a density of fromabout 1 g/cnB to about 3 g/cnB. In one
embodi ment ofieleRECIANGBNt i on, the first dielectric conposition filmis

appl i ed 10 t ierddlphiR Retdl bt HeGsh su?fife 5%95&5&51 cﬁ?\g&qglagér.el ectric :
conposition filmis applied to the cured first dielectriT conposition film
and then cured. In another enbodi nent of the invention the first dielectric
conposition filmis applied to the substrate and then the 10 second
dielectric conposition filmis applied to the first dielectric conposition
filmand then both filnms are cured together. Curing nmay be done by any
means known in the art. Typically the dielectrics are cured by heating to
increase its nol ecul ar weight. The heating may be conducted by

7



15 conventional neans such as heating on a hot plate in air or in an inert
at nosphere, or it may occur in a furnace or oven in air, or in an inert

at nospher e, worgoi749797ay occur in a vacuum furnace or vacuunPov@®seny73s he
application of heat for a sufficient time and at a sufficient tenperature
to cure the dielectric filnms. Heating is preferably conducted at a
tenperature of from about 200C to about 600C and nor e preferably from
about 350C 20 to about 45DET ) ¥4 3F INMOMer f or ned from
about 1 minute to about 360 nlnutes and nDre referably fron1about 2 to
about 60 mi nufB&ATSEER Bieanduptipgbe grasesof Fhecpges\%myn‘ﬁenwﬁé(a fopp adided®on beam
exposure or _ DyorfRRstof altbshiiehic doniibes ot 6Hmde dolfnerOltioctdatiomie case it s
nol ecul ar wei ght. The anmount of exposure may range from about 100 mJ/cnR to
about 300 $nl/ gregp carisisting eﬂmad:)t(arwkpnmyexm@ fiyopnatedipalyaplane ethon), fectonrt@Bs,i n any
chanber havin for pr |d| eam radi ation to substrates
pl aced t herei genzﬁ’cgsg’gﬁtg%ﬁ ypo&éj(r{]lge e u8ﬂgane ?y"%aﬂ )er 1s used which provides
an | arge area el ectron source. Sui tabl e el ectron beam chanbers are
comercially i r : Al | gnal Inc.,
under the trag}é@éﬁl‘g%@t Fe%@ﬁ&%@@ﬁd&@hg&ﬁ??%(g:{lﬂgtaségélg c?;lgsg?lg% ion and

per formance cpamatitny lithiunesiobdte, silichn dmi/ctanﬂ)osanenschestamn@qun sBch 4. sBlcoPat ent
5,003,178, the di s.%l osur& .of .}M‘li ch S expressi ory% i neor orae}{t d. ]leg el

r ef er ence. Th%“?%ﬂb%kd?ﬂ?kn%?’?%%P°V%6Fwo%“%85 s SISO Spikaxl sficen ap ranges
from about0 20&li¢éoh ddAdd, déied Gilico® Hidx e Sfildon hitsdd, amrpcamwonmetarsauamm 400C.
The electron 10 . WO 00/ 75979 PCT/ US0Q/ 15733 beam ener Qref erably from
about | to ab¥HTINYE KERIUT,CAPRAS,A0d luiBym/GeRPef ma%tra%aaer?fvﬂgcsm WBTIHeSIRS: KeV.
The dose of ebg&brmcdnﬁ,ogﬁ&faga@Q‘Inym%n\gmo@bout 500 to about 50, 000

pC/ cnZ and nore preferably from about 3,000 to about 20.000 ~C/cnR. The gas
anbient in the electron beamtool can be any of the foll ow ng gases:
nitrogen, oxy , f t hese
Gasea " The. ol anes sy phARAS onthoeul ok B0E IRABE SRR, & TpEHI 0",
and nore pY ef forméd lyy\fvelbmoeb{mdijhO@niﬁn taﬁmﬂuegmdnm,y b‘Ercemeiﬁdmﬂ agietdlaot ri c

| ayer conprise er havi. a r G LU havi ng
tho st ruct ur eonod B Fan BV TRes SebE Rk a8 o s IS Ba ich
substi t uent s aitriieptitesiamtnitride, aﬂltﬂﬂiﬁlﬁiﬁ'ldé}faldnﬁﬁlﬁn,tdll&ﬁlnmbmut)yséfGop)ﬁi' eopper cent .

These polyners, are described nore fully n U S. patent application serial
Sunber " 00] 044alesh BANB R Siic oyl (Hhesddien BrBE SORNBE: by
reference. | NndQnefsGARs Ritephdidd difBit RR %féttyméh\l’l? Rlck QY sepalAREIE oROANIRF S
having the structure with the 15 fornmul ae SiA.sJ~LR- Si O-. sJn,

[ Ho. a- ~. 049 0i atglistanpesgyrefprably of fropr abows-20gnicrometersor less, more preferably from about
[Ho-i.0-Si O-. ?ﬂxzcr&}lagl%r%]ganﬁms{}!ﬁlé§l'a@ry o?]ﬁ’&h&'bgll@“ 05 to\dboht Ficrafeihier ei n
the sumof n and m or the sumor x, yand z is fromabout 8 to about 5000,

and mand y are selected such that carbon containing substituents are

present in an_a nt .of |ess than about 40 per.cen is selected
From subst i ¢ UTSISIFRIG SSRASSIIPT A GOBPHES awpv w&ﬁeﬁ%ﬁnot?%{h%hw “QRieiping

groups, cycl ogiklkdthic SrRtHRThatSHRSWhikh bR GvelNGowh SRS bit forad irfthY ForBlagetist, and
m xtures thereof. The specific nple percent of carbon containing 25

substit ueht s Mmisregleciiprie Aeyicess Thetslielpaimi¢ loyesmaymenexstusinely igludet ar t i ng
materials. In a preferred enbodi nents the nole percent of carbon containing

substituents jehy(inYlehdnéiiIRioRbattd ol arylene ether), fluorocarbons, benzocyclobutene,

polyimides and fluorinated polyimides. Fluorinated and nonfluorinated poly(arylethers)

available under the tradename FLARE™ from AlliedSignal Inc., and copolymer mixtures
thereof. The dielectric composition may comprise a preformed poly(arylene ether) or

30 fluorinated poly(arylene ether) polymer or pre-polymers in a monomeric state or



about 15 nol e percent to about 25 nole percent. |In another enbodi nent of
the invention, one nay use polyners having the structure Il 30 which are of
hi gh or ganiwgggsepnt where the carbon containi ng substi t usRiseaIIPr esent
in 11 WO 001 75979 PCTI US00/ 15733 an anount of about 40 nol e percent or

nore. These p ners are describ fully.in U S tent l'ication
serial number® ?'éé‘r Stgggmygff ‘f@?gﬁ %tratfg%g‘ suﬁ?q%eﬁ“ W%Zgﬁ%gr at ed
herei n by refsitaie poly@ugénelreiess) bhBudrinatet bal§(ahleretdtikesy afe]kow iR t@eax5hﬂin5

.~ 2 Si O~
Lo 2 e o1 S rrstet b TS h ATl St AR R P MO S OO | <

sel ected suchubAadted B BtheR)4ra REIBEEdSH PSS, phidRHophcatibh &8 MunitRr N
anount of frorlrlt abofj my@%{) er}(:ent or greaterp %pio l[ HSi 0~ u5] xr

[RSi 0,,5]y [ 9R@2D.257 W?érlhqcﬁntqﬁézsk?ﬁ?@mqb is ipcemeratedihgrefybyiretatsoes: 8 to about
5000 and y i g, %ﬁ%&ﬁ%f% natE@gtgytHg?esgig R GERPVAILIe {;Atﬂﬁdpbhte”t s

present in an unt of out greater; and wherein Ris
selected f rolﬁllmmdmtbonuaredommdrcmlﬂymbatabtem&wanPmﬂmgdﬁrt}tchadcnamu(T efipmpched

| kyl : | |. titut d bsti t.ut ed
and i i ur os TEEY KB GOFic A ENED e RS Be A O DR B B g
substi t uent s av4iladleffof€ DoRITHeMmidalRaind&ithOtrafendrheBEBD OMies usdfulPoBiiersny

mat eri al s Pol yners in accordance with structures | and Il have a polyner
backbone 18 m%%m&nawwﬁatmmamva&ﬁweSfey’déweat%er thetradSARRSSt " wi t h

previously k')@%!}ﬁ Qﬁd'lﬁﬁérlrﬁ’&&ad}%rés@ﬁ'lﬁlﬁre RS otnpRbitiblif dPuPS G Head stifenNt | ON

have essenti al ydroxyl” or al koxy groups 20 bonded to backbone silicon
atons. Rat hefnot E&&W ‘Slith rysalvarteyAr if mayshediresentrin agolutien wherg @ ismixed witht i oned

backbone, oxY 880, OWfen L MRIAESARL thelsRH QAR B oAl Ohofhugf OuPS 2

defined in t rogen groups
directly t o lﬁamldbomtel %itd atrog'rﬁ(b%(bwelght ct)ﬂﬂee mynymnore tpmfmrltl)eﬂom labaut 3 %

| engt hen nﬁofi{ﬁsﬁl %(4051 1> av0|ngls refg%] prE se Ei ?Egtlnfapclélt]éﬁt of

organohy r| d sl oXane po r SEIPGETOR
i nvention is%itohancod ‘Valw@agmaﬂfﬁﬁ didlbcﬁfc&:\dbmpbﬁﬂlqn, hbfe\meféralgwﬁﬁmlabanao%

pol ymers. Furthernore, sipce silicon- arb opnds are |ess reactive than
silicon hydr Bbaé’ﬁ“@grzlssmfagé sgiyenty nqnexelu Sb‘fe%t ‘HS PEANG BORIETERYER 2SEWelife pol yner

sol utions i Nk@6keR iRMAGR Yéibpentaléne, EVERRELMOnd, SycRMBRAERna SydsvdasRd t o
previ ously known hydri dosil oxane resins. In sone enbodi nents, the polyne

backbone co nFX?F‘Pr&?‘ldG’hs‘icb agNatiglpyeekidineng whereiyhe alkd growp g §om d fpbeutd o o nI y
very | owphevelboriorhe afd N¥ clBl?e&?llﬂWohéigone MR i Qbufes Herool O RMYed W33

noieties in the polyrrer I's al so ensures that no unwanted chain
| engt heni ng gtglaytmcmzla@almn ipide¢posidrsicanto 2 snitgble gubstrate to thexgby fomm aipelyawer ext ended

shelf life. E@% é&u% s?tgon %b%%%ﬁ(cﬂf:{ed e L) ne(mgnatl gqlﬁéozltﬁg d&%t hree

oxygen at ons |es pol'ymer bac one I'n gen and
or gani ¢ noi etoatisg, réller coatmg, spraymg, chemlca] vapor deposition methods, or meniscus

coating methods which are well-known in the art. Spin coating is most preferred. The

25  thickness of the polymer layer on the substrate may vary depending on the deposition
procedure and parameter setup, but typically the thickness may range from about 500 @
to about 50,000 @, and preferably from about 2000 @ to about 12000 @. The amount of
dielectric composition applied to the substrate may vary from about 1 ml to about 10 ml,
and preferably from about 2 mi to about 8 ml. In the preferred embodiment, the liquid

30 dielectric composition is spun onto the upper surface the substrate according to known
spin techniques. Preferably, the polymer layer is applied by centrally applying the liquid

dielectric composition to the substrate and then spinning the substrate on a rotating wheel

9



Synt hesi s of the organohydri dosil oxane polyners of this invention may be by
a dual phase solvent systemusing a catalyst. For exanple, starting
materials may be trichlorosilane and an organotri chl orosi AGs ei t her
an al kyl orweo(lpl‘mé?'ﬂ?l substituted trichlorosilane. The rel alil ve 0?’2%305 of the
trichlorosilane and the organotrichlorosilane 10 determ ne the nole percent
car bon- cont ai aisprgdsahging framrabguti Q0 tchabopOpRepm, Prefeyabby isom abquh&SMtteuct ur es |

and |1 may be i XJ i t

or ganotri hal oag P\Etgﬁgé %%&%&?%@r@ﬂ%%g%oﬁ%%Eegé}%t(’)]&%%%‘ ar?lggt?l Srt% ?boé'(t)3rr%i ni ng
t he m xture wetdnds inloaler phprad thelsvlatién evenlylacioacthe detstrixe sirfae rthe-pobyies

sol vent and pol ar | vent; 15 ding a catakyst to the;dual phase sol vent
and tri hal osﬁf‘%{’ﬁ@”fﬁ’;‘ﬁhp@,aqﬁﬂﬂ@’ %891 %Pﬂb] %Clﬁ'ugﬂ ;;bBHta%@cW‘eact ion mxture;
reacting tshe dual phase reaction m xture to produce an

or ganohydri dosi | oxane; and recovering the organohydri dosil oxane fromthe
non- pol ar porlpoanermbodiment @ e ipysatien. dhs) firgkielesas etmposdan fim isAPPESddp shemy

i ncl ude washi gigsf ey (ReREGhiLaE LaRaRRioh ith KIBKReAYnd OW

nol ecul ar wei g ?&Ebeg?gggggﬁgm%éﬂ%%gtloﬁ%ting t he g?gano%%%%iﬁggiloxane
product to t heredfirstelicdentiid gonpoeeitipn Gbiuiand therceureld. Ny ancthereimbodiment afdhgyht . The
cat al yst may .be a transfer cat.alyst includin o} ot Limited to,
ot rabut yI amiBTee Rt CRre i ropeRy i Tim e CRot R Siieaftds M AST o her
enbodi ments tseeonddistdcyid confpositiSwiiintlispppised t6 dediryisdicledriccdongBsifob filnh &id 4200
or AnberlitetL-§;66 jon excgfnge resin (Rohm and Haas Conpany,

Phi | adel phi a,thsAeth Binsegeeired RS i ¢ films formed in accordance with the
present invention advantageously provide |ow dielectric constants,
typically less than 2.7. Additionally, dielectric filnms in accordance with
t he organohydri dosi |l gxane conpositions qof this _inyention exhjbit thermal
Stabi | ity pertHBEFIY e dpee by arcarineyndr therit, 1 RE8%58 Bts@_r’@mﬂicgwﬁde (O
or greater. lyyhektfhgRé BlcRialeith ROBQTHRRNt. The BenaighRsy &Qaﬁ@c&umg noi ety R may
be a 30 substituted or unsubstituted straight chain and branched al kyl
groups halfe ropvsnhenralmeam sueh srdieatingansdiort platcdy aidl I ansinert Amosphses, exig| oal kyl
groups' may h t nﬁ%% tut ed and
unsubstitutegmg?%ﬁggégﬁgg&ﬁgzéa?ﬁgg?ﬁgéggpgkﬁggg}%ﬂ?q%gﬁ %%%%$%979

PCTI US001157 3@cuin fuamape osvaciign oeonchypheszppiibasion oRhea form saffieyant gmeepd atR
includes but js not limied to t byl .. .chl or hyl_ a hyl ups,
srratght chaitsgt spRmenEe Pt Mot abh TR Rt iR 8 e ey
and hexyl gr aetfyseratiie@f o dbsute2003CIodbikt\H00WT, ahd moRR prefetabiyedronbatiout 35000t
limted tq cyclopenty] cl ohexyl, chl orogycl ghexyl and cycl ohept

groups; viler €0 B9 4% Carfﬁ‘(s ]betaB’Eﬁ)‘% pﬁf?‘%tl)’ Hﬁfg‘{m’ﬁgg’of%ab%‘tl ‘F‘?‘e‘/f'fettgab‘?"é%ﬁ%enyl ,
benzyl , naphtfijthtes, bfid MbredrefcRENZH0m HoBtPEo abblit 60 minuke Wpdendlyerd, that the

speci fic carbon content of any specific organohxyridosiloxane resin, in
accor dance wiSRectries ayhe hter i eleptiondbenml tKPOYFF GTOYVERROSHISIte 2gtin{q ghpsuch

or ganot ri hal QgiuNVAEIE 39 ircReality hlBduidr RRIME! TR EnSInebf dxPOsubPhY fafbSr&HP! Oyed.
Thus, for any R group sgl ected, a resjn in accordance wth the 10 present

i nventi on hawbeit 180 sdichdite et 20mHem’s dbe diclegeistmayrhesapased tp dgrtranbeams of

| ess t hanycab %t qr . St : Mole %is

provi ded rﬁ1§or qﬂg?yshgéyp +r‘?1§ Y%lg gt%er%éé. %gﬁ\? la’tlrcll fn gcz%hrgf' ?9 ?&S%g%h?lﬁr@?\stﬁémﬁ%s accor dance
Wi th the pregied thenemn tHrefrablyearpeiécyror beanh ehambgr & wsedywhicls providesiarclarget h a

pol ymer backbone, enconpassi_n | ternate silicon and oxygep at . oln

barticul ar,  GERIEERIBHRS. SHUbIRSIerD hErS CRTRRATE CoBRaF Bk valsble fome
backbone oXy @dtuah Yisor, 8 uhi® biA 1128SigAR IR TRAHrARCHadedfifhe TETtBdnTue ™. The
Essentially all additional silicon bonds are only to hydrogen and the

or gani ¢ subsPrintiplss of operatien aphpepleanance charsrgerisrieseffuch 4ayicq aresigsorided in

essenti aldpy ROS LKA, Pfs, Heibiibs Gt BFRAiR N GEL) ilipshfaGeRid bron at ons
and crosslinking reactions are suppressed. In preparing the polyners, a

n>i xture of téferenegdibe tempechtiny df the elsttramwam(exposurd preferablyrsnges fremeabdut2 0

met hyl tri chl [ ins~added_t.0o ] Xt ur bon

ol vent ol canar e AMRARECARGR Gl P o BpsF Bt ¥tbe, theialngh
separated, the solution is dried and themoevaporated to | eave a white
solid. This solid is slurried in hydrocarbon solvent to renove nononer and
t hen evaporated to | eave desired product that can be formulated in a

sui tabl e solvent for use as a spin-on polymer. The nol ecul ar wei ght (Mwy) of
t he product 25 produced can be varied from about 400 and 200, 000 atom c
mass units (amu) depending on the reaction conditions. It has been found
that materials with a Mv of from about 5,000 to about 60,000 anu are
desirable. It has al so been found that materials with a Mv of from about
10, 000 to about 50,000 anu are somewhat nore desirable and materials with a

Y r - I NN NSNS 2 I AN NN N o = .



30 The polynmer of the upper level dielectric material is dispersed in a

sui tabl e conpati bl e solvent and applied onto the |Iower |evel dielectric.

Sui t abl e soveentsImonpositions 14 WO 001 75979 PCT/ US00/ ICAABW/ 3B ude t hose
whi ch have a boiling point of about 120 C or |ess, preferably about 100 C
or less. Sui tb%%%n&?ﬂﬁ pY&QE@ab1y oyabs @ VRRboR BOIRRY! huldRor@ PRE&EDIY Fokbbut

i ncl ude net hanol anol, n-propanol, isopropanol, n-butanol, propyl
acetate and ritRebeusd0Kie¥y ey dosophelections kmraferplly hetyrenahont 300ite gbayiy| vent
conposi tions ' i j [Walelpr=Yex readily
det erm ned b;%g?g%sngiaﬁ?g%?%é\rp{eﬁgwaﬁb%r@ég’ggﬁ?edg?‘g |2‘saqj8rgglftzcrngg?}§/p%rs esent
in an anount apbidnt rthatleciton bearfidod caltmLany 908k ifiollowdiggasesohitopen, oxyeeml| |

bl cnd, nore preferably from about 15 .% to apout 80 9%.an S referably
From abou? . 4G 9ioBBE A SEPRE Py rupiaige S e s otk HsclRabeaM frEhC

pol ymer. 10 Toyerefepdb®y fréhh abRE 1l td sbolPARAQAnd adre PEef@iHlY frof dbouttshe abaated
substrates via the conventional coating nethods nentioned above. The

t hi ckness of e dielectric fil mon the substrate may vary dependi ng on the
amount of liquid dielectric that is applied to the substrate, but typically
the thickness may range from about 500 O to about 50,000 O, and preferably
fromabout 1000 O to _about 12U00 QO The anount. of dielectric liquid applied
to the 15 sul&¢pecend digleetiis layer ogipriggsaurelymsrihayins aBigture borl{- Poliactyr ef er abl y
from aboyp 2pHing the3BRtire B arlof 1dwlorzhific Bofdre Wherd uREAARN ERbhiningRGbsitpisd
material is spun onto the surface the lower level dielectric according to
si m | ar techafequessntdn an ppewnt abless thaedboubdmole pereeritilhess pdymers aigsef ul in a
si ngl e damas l,as: i e

G oleot r o T eRnoRl BG83 e MRt 3Ty taF 0dihed SEC Bk Mt

phot or esi st @988, whicinis inchmpocdaal hekay by mferasat ed substrate may be i magew se
patterned and the renoved of portions of the dielectrics formvia cavities
t hr ough bot hlbgccprdancgiwithdbe pregent inyention, sjg¥sne pplymersharing the struptiireryath the| |
known i njsheegpligych as by coating the top of the upper dielectric |ayer
with a photoresist, inmgew se exposing to actinic radiation 25 such as

t hrough a su{H-SOE]MRSKO, Qlevel opi ng the photoresi st and etching away
portions of both of the dielectric layers to formvial. The photoresi st
conposi ti on My 1b8GesishiRes-108iGisngler negative working and are general ly
comercially vaiéﬁbl e Sgl aE)I e positive working photoresists are well
known in t helBio d“f?MR' b(&'ﬁ m se an 0- qui none di azi de radi ation
sensitizes. Q: Q- ¢ ROhe, di.azi de sensitizers include the o-quinone-4-or-5
30 sul fonyl - di §%(|9'd’2"@§|&2'8iygé§eﬁ]’i n U’S. Patents Nos. 2,797,213; 3,106, 465;
3,148,983, 3 . X 0, a3, (85, 825 8 . - gui none
di azi des§%r ewégg{??ﬁpgf“gf %%r%.g%?)ﬁg% nsé%rdég(f gnc?zr}g[f% egéuﬁ?/;f?eaﬁ) X&?@% ’G‘ﬁ‘iﬁje,
aqueous al kamiand ysod selected suchah ichrbbh eontdining WhsientS &Y€ PreiR€il in ksDamcuint Q3

bi ndi ng resi ich j referably .a novol ak. Suitahl e posjtive .

phot odi el ect EFSct\ﬁhFrégq"HLfar‘ﬁ%k? pB’ée’gb%’dF ﬁ%ﬁf\(@&?ﬂm‘gf%‘r@ ang g‘?su Suyied straight, o
the trade naghaiPindAanchdadkyl $epd1bA gfoRpd) QitRtiuesd 208 unRBRitited bl New
Jersey. The photoresist is then i mgew se exposed to actinjc¢c radiation such

as |ight in &REPSyprd mixgireshereefy THE spectic mele paresd of caghoyfeniginingne 5 spectrum

through g5 MagostitQéntSis 3 MUYt MO rafibSF iHeQthoBRR BT sthrlRg AateRRI! ﬁ%rbéﬁga or
X-ray radiation. Actinic radiation may be in the formof i1 ncoherent |ight

or coherent ¢mbpsdimerttypthe motansraent oficgthon consainiag ubstituenty fsdn theoergeedfrom i s t hen
i mgew se deé’b%hppfxﬂofé?hﬁ&\t% mgfp&glespg{%ﬁnt) such as an aqueous al kal i ne
alTy thep i's ;

solution. Option hot or esi st eated to cure the inmage portions
t hereof and thereafter devel oped to renpbve the noni mage portions and 10
define a via mask. Next the photoresist is conpletely renoved fromthe

di el ectri c In another embodiment of the invention, one may use polymers having the structure II

30  which are of high organic content where the carbon containing substituents are present in
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surface and the inside walls of the vias by plasma etching. Plasma
generators which .are .capabl e .of are described in U S. patents 5,174,856 and
5, 200, 031. wend/7sbt9e vias are filled with a conductive netBCT/USMAST3¥ il | s the
vias in area and also foans 15 a |layer on top of the hardened upper

di el ectric. SyiahRBhrABOA4E MolChHEiat & ke MHEse ﬁdl}lﬂ%r&‘h‘x@‘d@éérﬂwmo&%ﬁﬁm

copper alloys, tantalum tungsten) titaniumor other netal typically
enpl oyed in {Uh8. atankrernlisationfserial nBEFTRYG4408, fHled Maresh 20THOSnwhish ismay~ be

appl i ed by sqg&g;ogﬁpcﬁhé;ﬁg%g VAROTG, pa%ltﬁéf? RSPt tering, evaporation,

el ectroplatin The t hi ckness ‘he net al | ayer is preferably
from about 3([9@1@,(;] IR&D,3f), Angstroms. Typically the nmetal is applied by
first formng a barrier metal seedi ng layer on the walls of the vias and on
the top disel dHb4.i. 0810/ Eheh [Rhe hidangde of the nmetal is applied. The barrier
nmetal serves to prevent diffusion of the conductive netal into the
dielectric Idﬁer@glOBazro}m[E&Q‘relnal may be) for exanple, a nitride such Ti,

TaN or Ti N. xt .the net rom er di el ctrlc I

R chem o bcsin (b8 sHE oF B 4P TS PO ARG hous S0 B R IRy e e R A B
are wel | knowarbbﬂc&hﬁnﬁgfsubsmemhapéemda RN TR AToLE40 RS peftehioras a
polish stop. These steps nay be repeated to provide a series of suitable

| ayers and c@FaisEtande pat hs over one anot her on the substrate. The

i nventi og is also usef Hﬁjbﬂ aﬁlﬁ"'@ cene process. The first |ower
non-silicddn 30 contain e Pfi]b ting is forned on a substrate and
cured. The t efbﬁ%ﬁxgﬁmﬁ%f,;&:lnﬁ%éﬁQ}nea'bSEttsrt'o%$ ﬁ@obﬁ}@?&&%@ﬁgﬂth an
upper layer of a high or w organi ¢ content ? Icon“contalning dielectric
and cured. Trevwtes canteinirtzesnbsrtiormtad pmelttmearsmndorthbeute@thdpb % 6r greAN;

001 75979 PCT/ J .0l i hi hpi_ques
usi ng a phot 3? ‘gg’ggsr% %718% 1%%4? (|§ gﬁ% s\?ﬁ%ﬁté&\?\%%?@?@ﬂeﬁs@? %g?mgag{l gl%‘zi(gshegn etch
stop. The undikyl gtomss, éyctcmﬂcyd'gzehlﬁctuﬁsmutedmd unsabdtinged q:rybgtouisdarmmxhtwesal by
repeati n thMrg 1uence tof ?‘ﬁ éa? otor s: st %ﬁﬁly r l%orti on,

i magew s 5 gﬁF fﬁ%@‘ﬁ“ ° REERNPLG 5“%"6‘ Tige %\s&f“ o AEME  enches
but 5 havi ngrﬂlmmmﬁungloamhﬁgma%ﬁaw devel opi ng the phot or esi st and
etching away portions of the lower dielectric |ayer, vial are formed. Next
the vias and trenches are filled with a conductive netal which also fornms a
| ayer on t op Pefymiehin Aédoedanediwitlp sieuchitescl A6 [ HaGe h pylfher Bdekbonk RRcomplasgsingl ayer
is renoved such as g chem cal nechani cal qpollshl n‘%:] or an etch fl?ka by

t echni ques. THREM#EF d oxpesn ataray. Jp contpasy wihpreyieysly known osganosifpxage, n” and a
10 m croel ectésai] polHfert 6£thé Pesint ﬁweﬂilvﬂ Ha®é Lsoditialy RORYdréH e'! bNAkEXyHRIpES Serve
toillustrate the invention. EXAMPLE 1 15 Preparation of 20 Ml e Percent
Met hyl hy@Pi dbended fopaskbons sl ptgmiss Radr, \ﬁ%sfllcf”? glgmyjnadditiogtgthece condenser
and a Stirregy &&ﬁe&ﬁsﬁmaaﬁgﬂgoﬁggﬂwoﬁlﬁgbamee%n??@%&egenW%nM?ﬁ ina

water bath set at 25 C urged w and during the
reacti on NZ geyphisolsfinedindbsforhelag. olpydfactnne onluﬂmdmselrandma groupisA@petly

scrubber. 60 0 nL of
20 othanol . ¥eouette SEaFL Gy R bivkhet By SHEL AAAAA R U Bk ind s o
and stirri ngiswsidsd. a‘fltblﬁdqueﬁﬂy nite( heh hife df(drga)lohbfdnﬂdssIllﬁh&xﬁrp@Qﬂrﬂ@mum’iﬂ ml7

mL( 0. 145 methyl trichl orosi | ane mol % | t.ri or osi | ane)
wer e conﬁ?geach’b‘;d%‘i%‘elf thf, PrEenE Y ey Ip énh(a?fﬂd§s PR HY fo °vé?‘fS§' “Ras added
to the Mortogrghh@8bxaaY pPgies! Nﬁueﬁn&’dmc@hm@bwbarsorﬂ&ﬁds defiésoeattitRahat a set
rate of 8.0 RPM Cal chated addition rate was 2.5 25 nL/mn. After addition

was conpl et esilican hydrqgag bopds. thesheiflifeaf %Prgmympsﬂeemppmemummrfner ed by
yacuum v OvakoriaMliak iR fiflclridei6 bntlalocd R UGHPRL dtfo PhekuslySaloh! on vas added

to a separatory ower aqueous scarded. The
upper | ayer hedsiddsiloxanegesins. Msgngémhedmmmte.dhﬁ miyrecrré)aé@oﬁ@corgolﬁlahon is8ol uti on

was filtered b aeuum t 2f||t aper nabu hner
funnel . {))I uf"‘f‘%ﬁo mé\?ﬁd%?cggﬂqﬁ%gﬁ eamo chilY ‘P%V?%VF% e\%aﬁd‘r'eaf mllmét 60 C.
Yield was 25.2g of white solid. Mv was rreasured by GPC as 26,014 AMJU with a
pol ydi spersity of 13.68. 17 12



WO 001 75979 EXAMPLE 2 Preparation of 80 Ml e Percent Methyl hydridosil oxane
PCT/ US00/ 15733 A 1L jacketed reactor equipped with a nitrogen inlet, dry

i ce condens¥P 0%797% nechanical 5 stirrer was charged w thP U3hexanes,
80 nL ethanol, 25 nL water and 61.3g Anberjet 4200 catal yst. The m xture
was equi | i br aheidtidsdn tHe. polyier WIhik alib krisiited Ghabiho wiviantedichainli@gtheginpat h) . A

m xture of trichlorosilane 14.3 b, 0.142 Ml) an | trichl orosil ane
(66.7 ni, O. mzy"%‘gﬂlaﬁ&&adn fﬁuw%reﬁ@%& Bran g i_eﬂge%a?gg‘im@s#ﬁ*ﬁﬁembunp over
a period of 3foHioRtHePlymeP RbodIRb &it leANthAe dxPEenStdrid) QVGidGEstboRdkd thxane was
10 punped through the I'ines for 10 m nutes. e reaction was stirred for 23

hours, then fidiymesdackbrpoingidahydresenand orgafic mpigties. The filtered sol uti on was
pl aced inﬁ separatory funnel and the water/ethanol |ayer renoved. The
remai ni ng "hexane sol ution was dried over 4~4 nol ecul ar sieves (170g} for 5h

and then filt - | T sing a
rotary evapor@thg{réﬁ%. gffg?ggagoﬂ\%ﬁﬂ%hé%aﬁé BOIBlIrﬂgré&gtﬁ@ggenﬁﬁg%ay?ggggg%#l el d. The
GPC of this phastuotventsyétemaningd ctalygtoFyséxampleestattiap datetiglsgaaydea My of

11,885 with a_.pqglydispersity of 6,5. EXAMPLE. 3 A thin film of

pol y(aryl ene tgﬁﬁg%fﬁaﬁgIa';‘/‘i‘?é}‘yr%mfw}%é%fﬁmfwg’rﬁ“h%iap ia@%ﬂm\ﬂﬁiaﬂj S‘t?éf?tﬁﬁda 20
conventional tsph1BroSif@t] THe feRENOTGUE S the iriRhlofuildireGAA tHeldgganbifiehlbtoksilane S
subjected to a hot plate bake at_ a tenperature of 150 Cfor 2 min. The film
t hi cknesslOaf tdsterming thegnelapergers G PARKEIYNIRS Shhsdiyeds jnsthe RGN  ange of 8000

to 10000 ~. Thermal curing is carried out at 425 C for one hour in a
hori zontal furnace with NZ flow at atnospheric pressure. Athin filmof the

pol ymer of BExgyiphés df thesthRiub®Rd aRO IS HRPtephRl BY, BliLing bk BELtor &Y aY ¥Rt oS NY 2
25 conventional™ spin-coating techni c1ue. After spin-coating, the filmis

subj ect ed t o cagdmotrihplositane prddeydrdotahalesilaas tfomea rxtusocambining themintureThe il m
thickness af “ifh 4 Jﬂngf BRSO GREn %hldgﬂb&ﬁ RHGRHGEr éeﬂch&nhﬁg)og]aﬁﬁ'&%nilf 8000

to 10000 . $. currng Is carried out a for on our 1 a
hori zont al5 f addiage catalyst tdihefdualphate salvemtspt giliatosijanessintuee, 1RO ploxaling £ 4 18

WO 001 75979 PCT/ US00/ 15733 . A thin fil.m of ol y(aryl.ene et her ol ymer is
forned on a Ajua{sﬁldﬁecrﬁ???%fné’ft“ﬁsfeﬁ‘amﬁ ﬂheocﬁ\?%ﬁ}a?eorﬁ%ﬁ("og XS fonaget%chni que.
Af ter spi n- c @aganbiydridbsilokdnemandTeconbiirpathe crghohgdriddisiddahe frbmbtiee rin-pdlar

tenperature of 150 _C for mn, The filmthickness after the spinning and
baki ng pr ocedgB®©nf Sierﬁi“i‘lkl’i‘aﬁeafﬁaémﬂ’s‘%dg}‘{'%°“f TRy may "fﬁ‘é‘?er?ﬁa}smé‘ Meng i's

carried out abcodeérled brghibhy@iosiliahe totemoVtdnly 1o iridlechldf WaigRt spkdics, Md f | ow at
at nospheric pressure. Athin filmof the polyner of Exanple 2 is formed on

the pol y(r yifatonstingthy ofganahydridasiipxage arodbstye tereBn lassifyithe. Rredict aegording
2T emper ai ur & SR8 AP, Tl e R B e A R BedE ning and
baki ng pr ocedignitedita tétrabuthlammeoniym ciflor8G0d benzyldoethylamiioniumedhlaridei by i s
carried out Bther embodiments the catalyst is a solid phase catalyst, such as Amberjet 4200 or

Amberlite I-6766 ion exchange resin (Rohm and Haas Company, Philadelphia, PA).

25  Such dielectric films formed in accordance with the present invention advantageously
provide low dielectric constants, typically less than 2.7. Additionally, dielectric films in
accordance with the organohydridosiloxane compositions of this invention exhibit
thermal stability permitting cure temperatures of about 425 degrees Centigrade (°C) or
greater. In the preferred embodiment, the carbon containing moiety R may be a

30  substituted or unsubstituted straight chain and branched alkyl groups have 1 to about 20
carbons; substituted and unsubstituted cycloalkyl groups may have from about 4 to about
10 carbons and the substituted and unsubstituted aryl groups have from about 6 to about

13



10 425 C for one hour in a horizontal furnace with N2 flow at atnospheric
pressure. EXAMPLE 5 Two_thin filnms of..poly(aryl ene ether) polyner were
formed on swa2érsemn Si wafer 15 substrate by spin coating PoFalsed/gass. After
deposition the filnms were baked on a series of hotplates at 150 C, 200 C
and 250 C for, quently
pl aced in a ho??&?g{iﬁ al tr?urnéggﬁgf‘;‘g%%k%i@})?%%ﬁ?mﬂ%\sﬁg?}s’g‘tﬁﬁ%@g et(rai C
pressur e and nithyl,| chlereretbylsind ethyhgouns) stmrghsd}ain ankibrapehedprémill, 2owi ng thi S

o ymer 111 menbiSHE ButyhpoB heS At aRy abr's SR #SHto ke sl R e
t hi ckness of mdnﬁieeuﬁtednétllinmm:scﬁlo%ntﬂ EyoloheXyd, diloradidioh&g/l tCeyeREeptill m was

6354 .~ (+/- 190 A hsequently a thi ayer the polymer from Exanple 2
was deposPt e&"‘t&‘ﬁsﬁtﬁ‘ﬁﬁeﬁlﬁ%’oﬁ"é‘@%gdﬁ“‘é %LV%%“W"@&&W@&QY#L@‘Z%Chm que.

After deposi thh 1211 &RASH P'Hu&l‘i‘b@ﬁ’ﬂd)éﬁﬁf d2Ratsh SifideirBorP e ON a
series of hot pllsm'g)és gvt 150 %“g?o‘%o C and 350 ° oraton% nlute %n each

hot pl ate. Al lof iy smsmﬁepmamhyé@ég;émahyrq@inammrdme withthipinventionuis@ace at 42S
C for 1 hour her mal
crosslinki ng ﬁm%ﬂgﬁ?ﬁﬁ' esg{lggfﬁﬁﬁwﬁ%ﬁ%%&s?@r}ypgé\égag e%ﬂ ‘%arfnﬁ% and the
OYF.” yi ng Exmmﬁﬁﬁls&rr]rnm»cdeﬁhﬁs;, fdﬂ‘ﬁnyﬂ&l’g&uﬁf&&lﬁuéd’,d reummandidnfa@}vabﬁfet rﬁscopl C
xposed 1B REHR M REIOTLRY e sfien oAt plieg iy 1t # 2ttt he

t hi ckness of tianabpalap Mély befoe 2 @ips € kthuchirk Bhd i€t Ao RXP BGREVIddd fonStybaer mal
excursion to_425 C was 6310 ~ (+/-182 A, The thickness of the 19 WO

001 75979 PCTFlﬁGB‘P?PS’?‘QE“’BS&WEFYe embegiments in gepordance Wit dhePrERIt PETHIPRAE et her)
films were 128@ners(tlibing lljeag%\i sﬁ'ﬂgufk%ﬁ‘l £pdl er bhckbone &E&Hﬁ&glhggitéfnaté EXAMPLE

6 The coated substrates of [es 3 an are spin coated with AZ-P4620
phot or esi st SHligen mdanxwmatw ﬂgpampuinr G#Chfk@ﬁlmow silieon atgmvis hondedtoahlgashaked.

The piot 95 es ke Baaud b FRARMLSE RS B Bt Bl AHAELAR, 4T 0UO"

a mask. i oresl St usin ueous a
solution to eddivaml silieonmtoniseagenlyos hjrdn@nandithé@igana sabsnnantmﬂ“hus,\/ las are

then f d by, etching. Next. th ot | et df th
el ot e ks Ul gk el WP Sl RSB T 0
pl asma chanbey badkbong sdicby ftbmd kndér6&liflking fattiont b swp;fresrsed Sn'phepariig theed in a

solvent to renpve post etch metal residues. A deionjzed water rinse
fol l ows. ThePQyRerssa mixture phtheSrgenis apg hudridosilanes,-gomchlotesiianedandar ri er net al

and W CVBy Vi geftiylttichidiogilané) i§ adde@o shﬁ&hﬁ%lfcmgaarwd%hbsﬁkdlﬁéhe%%h&%aon
beam exposed | ayer and the nmetal patterning process is repeated. 20
water. The mixture is filtered, the water is separated, the solution is dried and then

evaporated to leave a white solid. This solid is slurried in hydrocarbon solvent to remove
monomer and then evaporated to leave desired product that can be formulated in a
suitable solvent for use as a spin-on polymer. The molecular weight (Mw) of the product
25  produced can be varied from about 400 and 200,000 atomic mass units (amu) depending
on the reaction conditions. It has been found that materials with a Mw of from about
5,000 to about 60,000 amu are desirable. It has also been found that materials with a Mw
of from about 10,000 to about 50,000 amu are somewhat more desirable and materials

with a Mw of from about 20,000 to about 40,000 amu are most desirable.
30

The polymer of the upper level dielectric material is dispersed in a suitable compatible

solvent and applied onto the lower level dielectric. Suitable solvent compositions
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WO OO T59T9 EXAMPLE 7 PCT/ USOQ 15T33 A |l ower dielectric thin filmof a
poly(arylene ether) polymer is forned on a 4" silicon wafer using a

convent i onawo9gTse7coat i ng techni que. After spin-coating, RGEUSPATHS s
subjected to a hot-plate bake at a tenperature of 150 C for 2 mn. The film

thi ckness af tigéndd@ostRiHIEH RGe aB6iLRAKIACOMLORAIE €S of Rss, Preteiddly AdgL1 00f°c8000
to 10000 A. Thermal curing is earned out at 425 C for. one hour in a

hori zontal f URfAEEeSYitabls high Yalgsiitagolvent compositpm penexplpd vy ingludametianly
di el ectric t highnbi, %ﬂ&@i andINRoRGpaBE h-bRfan5iX BroBY @cdtate Snd ANIREs meresheomer

poly(aryl ene et her er’ using a conventional spin-coating technique.
After spi n- coslativgly high eofhtlllltmsolserﬁ Qbmpaesiteas which armo:rwh@hlewmm cthera

t enper at ur ofl()Cf 8t ni ng
and baki ngfepr%%rgigrg%c “ga getféﬁgeej%‘t%gbﬁtléﬁl%@ﬁé% eso rPa?stQ &P’I ng i s
earned out atprékdf ifcai ﬂﬂo@ﬂ&fﬁbﬁﬂibduﬂl(ﬁ%h@ﬁboﬁﬂ?ﬂ%lbyvallghtaﬁ'&cWVErh]] biénd,| ow at

at nospheri c pressure. pol of EX le 1 fi i in coated with

AZ- P4620 phot™8"é §T°§qrabé3hg°"8 &k%% nﬂﬁh‘@ ab‘f%ggp‘b@idé‘fosf E%ﬁ&f%ﬁ%ﬁ’a"d’éb\ﬁ 8 posed
to ultraviol %oﬁt%dlwg*gggﬁtmf%g,berml BRa&wit e ppliRiepr €si st is then devel oped

usi ng an aqueous al kaline solution to 20 renove the noni mage portions and
define a trench mask. Trenches are then fornmed by etchlng Next the

photoresiﬁsig}&@g&g'dﬁn&k% ﬁﬁ@i@m%afb IR 1fel%o me%ﬁ §u'b§tra§é§ @caiwmmsl

i nsi de wa vias by plas etc Ing 1n a plasma ch er using a

typi cal et chicegfingonéthodsimeentipdedrabos. ’tfhteﬂnqknmeﬂthmdwéccmlﬁmmn thesubstrate/e  post
etch netal residues zed ure

poly(aryl ene he Pﬁdeg(él?ddrégso a8’ %oue ﬁﬁ%utlé Hle%ﬁ?%ﬁlagﬁag?hﬁ%goere S(‘)lesn"taﬁébm

phot or esi st itgpicddlyithecthizkseds may tange frbmmbéutlsm)a topbbytr568,000 mmEpamnmy | . The
photoresist is w se e d to ultraviglet. radi t hy ough a
okt e alfshabons JBIF 1 SpC 000 B ok dmou it o eid il anplto the

pol y(aryligne sabdi@ie)mdyd)pf fronl @6oud N 196 S5us10 inf, ahagfefdﬂ@v)eﬁ&aasomlﬂmoan
aqueous al kaline solution to remgve, t he noni nmage portions and define a via

mask. Vias ar@oyti§anl i theweelered ambodimsat doe IB‘D“dp’BP*fi{'%lﬁsﬁPéﬂ@m@tﬂI’Fe?“ﬁa‘F%‘%r by
et ching. Nextjod {9 RN@ERERS laécforduﬁ%mmhﬂ&hmqﬁ&rse%@e kR Pnbdgbodbel ectric

surface and the inside wal he vias by plasma etching in a plasna
chanber using a typical etching tool. The wafer is then rinsed in a solvent

0 Temove pOs GLAR gl 1o MR 00U TR 0 BTN A AR B il R

dei oni zed water rinse as are e upp d| eI ectric’
thin fil mandomedmﬁedldaamvddyersrbthrﬂl lme(]mmpIimogragmhmbqu@smgy

sputtering of T/T.I bar r.i The Wis. the

chom cal " mecianER soaouligh Tdpey s oarCabiie avin BRERPDE and

the patterni ragd {he eeified bﬁpdnmeameldne&ctﬁwﬂhExa&aﬁnwmbeghmmmoﬂmeat ed

except the po nmer _of Ie 2 is used ins he po| yner of Exanple
L osimilar T diseis s, Sugh wefmedingganaer %’P&‘éﬁ © frhHehef RHCoRtRE theen

particul arly et stcﬁi@&md l%@g%h?h&&feﬁgteﬂfa@e\blgc Hp6disky to aetiridRELGENT S,

it wll be readily appreciate those of ordinary skill in the art that

vari ous @Ranges aaﬁno cmswﬁ@&m&h@wﬁwwthﬁﬁh@wmm@etclu@s)wwmgwmeﬁn t he
spirit and segResfk delrlceRt gﬁlmlvkda C&hb&%sﬁic regﬂ%klln Hl9b£ s?tgxl%'yng

exanpl es have enp oye certaln ectri teri ese” ar
exenpl ary anavorkingorotepative woukihglanseare gendrally comiercially availablet $iitdble pobitive t he

clains be to er ted CIHIS | osed enbodi nent s.
al ternatives ‘J\Aﬂ&%ﬁhg r%Sl%geaerﬁ gﬁ?‘é‘ﬁ‘é a vedsaf%l ALY 95‘?‘8’?1?‘8”3?1& et o.
15 22 radiation sensitizer. The o-quinone diazide sensitizers include the o-quinone-4-or-5-
30 sulfonyl-diazides disclosed in U. S. Patents Nos. 2,797,213; 3,106,465; 3,148,983,
3,130,047, 3,201,329; 3,785,825; and 3,802,885. When o-quinone diazides are used,

preferred binding resins include a water insoluble, aqueous alkaline soluble or swellable

15



WO 001 75979 PCT/ US00/ 15733 WHAT IS CLAIMED I'S: 1. A dielectric coated
substrate which conprises: (a).a first._dielectric conposition filmon a
substrat e wh giwse@npri ses a non-silicon containing or sulstTarso/ed7ssy
non-silicon cont ai ning organic polymer; and S b) a second dielectric
conposi tion fii h | L | ect C
COh‘pOSI tion Cbélrlrp nge s1}1 vshléh lﬁé}efegalﬁyanoJoiaﬁ él{ JPE]S \él%lgg*b o%:cﬁagm?% %#ﬁ%ﬁéﬁrgroup
consi sting ofbelobaurmbd chmmlercxa{lllyi; Br Exanglle) pfkieBiti©tradé mréof A6-P462Q fien Olargant
1.8]n[RO.4-1 S10- 5

[HSi O~ s)x][ %P%@tl%%fﬁgws&%@ ISR ars HEPRHEH T e e I m or x,

y and z is frfimispaittios sich 28ghttin B20GsiblaNAkrdViA& Gr Yn k€ regibRCéfake such t hat
carbon containing substituents are present in an apmount of 15 | ess than

about 40 Nbl éprféwwmwglahw%@r éqannqu byjag elsgirgeheam, fannng uFuY hepmos &-1ay d
unsubsti tut eq, L.tfd;ﬁ' 9% infc hadigti éﬁ c%ﬁﬁqgn@&t{ﬂgéohgfcﬁﬂﬁﬁxt oF YhkRA l@ﬁ{ f&} oups,
substi t ut ed an unsubsti tute gr oups m xt ures ther eof

[ HSi O-. s] ~ [ R3mGpledljgint &6m[aHased T T-he pﬁbtﬁ}eslgt-lsrthgy nm[gé@;sd;-dleveﬁ@e@jusmg 2 s@}aﬁﬂe,

[ Ho-i.0si O-. s m about 8
o about S000oHs fheh & i B el Fitn BRusHHly He phofitisls Iat ARAPO . |

is present | Nhéimageporibntherbs fuiid Axpssfterideviibped tp esm@rithononfmegetpertionaadti 25

[ HSI O . s] SlO s wherein, the of X, i s.from about
8 to about’ 5 grehy %’g 1§@¥ é&rgwt%ﬁéﬁlﬁmgpfefq&re@a%ﬁ%dméFlﬁff iy
substituent isgriideQf@ e ihsideAral BIHP Hlvi oy PRemh eﬁﬁmgtﬁl@srﬂ{o EneRfoRaWIiER arenNd
wherein R, is selected fromsubstituted and unsubstituted straight chain
and br anched <ap3bq of gresissaribed el ga patgnts & (PP and 3290i0Blt ed and unsubsti t ut ed
aryl groups, and m xtures 23 WO 001 75979 PCT/ US00115733 thereof. 2. The
dielectric coated substrate of claim1l wherein the first dielectric

conposi ti on fNdxpthe yiap piefled avithea condurdtive mictab whidh fitls thetvitas iy pese pndcalsesiomns ng of
pon(aryI ne ri nat ed ykene. e ): bons,
benzocycl gbutagEl rel? g(ﬂp OfEhe esdeandupge]p‘?ﬁ%értﬁ%a% Slga%éeolltngt? {%m eléc*el@.["? e
dielectric caahmdurﬁub@}tsr@peroéop@bxaammtamm:mtmgshﬁ titafistnrcbthecmeanal | ses

gal i um arsenld i licon, silicaon mani | i t.hi um ni obate,
conposi ti ons }C}Bfﬁl é(%WP ée‘g‘i“n%ecgﬁnﬁtf‘ﬂi‘ "(f&?ffff’ﬁ‘ﬁ“ﬁ"&afs‘{ g@emeta] may be

applied by such techniques as vapor deposition, sputtering, evaporation, electroplating

and the like. The thickness of the metal layer is preferably from about 3000 to 5000

20  Angstroms. Typically the metal is applied by first forming a barrier metal seeding layer
on the walls of the vias and on the top dielectric. Then the balance of the metal is
applied. The barrier metal serves to prevent diffusion of the conductive metal into the
dielectric layers. Barrier metal may be, for example, a nitride such Ti, TaN or TiN.

Next the metal is removed from the upper dielectric layer such as by chemical

25 mechanical polishing or an etch back by techniques which are well known in the art. The

hardened upper dielectric layer acts as a polish stop. These steps may be repeated to

provide a series of suitable layers and conductive paths over one another on the substrate.

The invention is also useful in a dual damascene process. The first lower non-silicon
30 containing dielectric coating is formed on a substrate and cured. The top of the cured
lower dielectric layer is then coated with an upper layer of a high or low organic content,

silicon containing dielectric and cured. Trenches are then formed in the second dielectric
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10 4. A mcroelectronic device which conprises a dielectric coated

substrat e whi eh-conpnases.—-(a)—-a—fi+rst diel eetric-econpoesttion-fHH mon a =~ --
substrate WWO8MHTSBBNpri ses a non-silicon containing or sulRATAROVETIy
non-silicon containing organic polyner; and b) a second dielectric

conmposi tion flijefbpiel Rfovin ?lﬁftolﬁlh@lrzﬁﬁfcrté&quhksmsmgm phBtoPR RO Inpbsifiofll BheCt i C

conposi tion conprises a havi ng a structure selected fromthe group
con3| st i ng oflO‘V“éi"RicqnllG lach af’tls‘raSPIDem@ml{ [he wederlgngfirst figjgctgc laygrgs taen 5 -

.Bjn[RO. 4
[H— Si O, sj X[ %@-‘glfhyv %Bﬁé%h&%&{meleﬁg? e&seS% %ﬂaﬁé}ly&% §h(@&gs?gttl e sum or
X, y and z |spoftroomnagwsc &pbsngaﬂbmugh 500k hasimg amrmms centeredeorsthe tertches butich
that carb ont ai ni.n bst e in a oun l ess.t han
ot 20 o1 AR BirhShel Hilek AR TeuRloBioR bR bres S 3 s ERB A mori R o0
unsubsti t ut edheSlbW&i didlecutdayen, indrdfoanaihNextahdyihs gulatepches ﬁaymlue(atvhy |a gr oups,
substituted and unsubstijtuted aryl groups, and n}jxtures t her eof ;
[HSi 0, . 5j ~ [ Repdyctiyg wetal Vhigh alse f%@ﬁeﬂaysrwtgr At e ar&ensdagwe@dle?cmcam 24
VIO 001 75979 Nt fhe%%la@]’ay@ﬁg rifovel BRhQg b?]:ﬁgmlcal? nEbinARallpplidinybeintidh the sum

of n and mis from about to about 5000 and mis selected such that the
car bon cont aibaskly tselmeques. Jélﬂbarldsnesruemsmelqcmcdhyeaﬁ%malaprhslp ptaprantbbut 40 Mol e

percent qg 9r r 5] X [RSIi O~ 5]y [Si Oz] Z; wherein the sum of
X, y and z |s"% g‘ﬁ%’% outé'gJe fa;lz‘E;out 5000 and y is selected such that the

carbon contai ni ng substltuent I's present in an anount of about 40 Mdlc % or
greater; and.l.\lﬁ‘/ng %g;l]lmﬁe ecte frong sllg f:t Lut. edrl nd unsubstituted
strai ght chai hd b‘?ga a %W’Iﬁpﬁf f)eﬁY)c ? V 'S lrelgwe g?%’ups, substituted
and unsubstituted aryl groups, and m xtures 10 thereof. 5. The

m croel ectroni c device of claim4 wherej E first dielectric conposition
filmconprises a nmaterial selected f roup consisting of

Denzocy e iSbuPaRa b At HEED R e R o poly1 i des.
A 2L Morton flask was fitted with a dry-ice condenser and a stirrer connected to an
Arrow 1750 motor. Reactor was placed in a water bath set at 25 °C. The flask was
purged with N and during the reaction N; was blown across the top of the condenser into
an NaOH scrubber. 60.25g of Amberjet 4200(Cl) ion exchange resin catalyst, 80 mL of

20  ethanol, 25 mL of water, and 1000 mL of hexanes were added to the flask, and stirring
was started. 58 mL(0.575 mol.) of trichlorosilane and 17 mL(0.145 mol.) of
methyltrichlorosilane (20.1 mol% methyltrichlorosilane) were combined together in an
FEP bottle. This mixture of silanes was added to the Morton flask by peristaltic pump
through a 1/4” Teflon tube at a set rate of 8.0 RPM. Calculated addition rate was 2.5

25 mL/min. After addition was completed, stirring was continued for 185 min. Solution
was filtered by vacuum through a Whatman #4 filter in a buchner funnel. Solution was
added to a separatory funnel and the lower, aqueous layer was discarded. The upper
layer was dried over 171g of 4A molecular sieves for 3.5 hr. Solution was filtered by
vacuum through a Whatman #2 filter paper in a buchner funnel. Solution was evaporated

30 on aBuchi rotary evaporator at 60 °C. Yield was 25.2g of white solid. Mw was
measured by GPC as 26,014 AMU with a polydispersity of 13.68.

17



6. The m croel ectronic device of claim4 wherein the substrate conprises
gal lium arsenide,_germanium silicon) silicon germanium 1ithiumniaobate, _
conposi ti onsoommdya ni ng silicon and conbi nati ons ther eof . PRDUSM0/1893pr OCESS
for formng a dielectric coating on a substrate which conprises (a) formng
a first dielectric conposition filmon a substrate which conprises a
nonsi l i con containing or substantially non-silicon containing organic
polymer; and b) forming a second dielectric conposition filmon the first
dielectric film which second diel ect EXAMBE®s| tion conprises a pol ymer
having a structure sel ected fromthe group 25 consisting of I and I'l: 1.

[ H S10, 5] n[ R- Bieppratiqmaf 80[Miple Rerceny MathylkydridesilokafleRo. a-i . 0-SiO~ 5 _ | .s]m
[Ho-~ 0-Si01 s_z.0Jn[R-SIO 3]m25 WD 00l 75979 PCT/ US00115733

[ H SI O-. s] x[ RAS1Gckelel r&at o eqhiippedhathel itrdgea istetigficgtondshséh and & niddRaridan or

X, y and z is fromabout 8 to about 5000, and m and are sel ect ed such

that carboh cOTeaRPAP Fgraedpdth LOOR mishexares HOmE sthapel, %u‘?ﬁ‘{ﬁ’itan%? B%ss than

about 40 Mol eAR@ES&R5)0 Sty Wl ShknRRe vaa§eqﬁ§1hﬁ%@ﬁ)rbrmﬁ5%}ﬁ fbcand 5
unsubstituted strai ght chain and branched kyl groups, cycloal kyl groups,

substitut ed afsirculpgngdath)s Atroituse of tnghlwpléanealrﬂd3 mlx®. dlﬂkMOi)wed eof; 11.
[HSI O~. s]r, 0, J ,
[ H~. ~, 0Si O~ Sﬁ?h@fq&%%ﬂéé’@f% I-'\}/&Her el n é/aés%&%eggs trillgéeﬁdtgpu“llsg??egﬁ]a]e{ Cout 8

t o about 5000ptmmiomasemmlce”dﬁmdnmemHJlidna.*omplwonafihesilmeladmtnm thexaa logt | t uent
IS presenf.in_an nount out 40 | e _percent or ter: and

s O o110 el e o it MR  ThE SRR Mo LR ERL, e o,
about 8 to ab@kﬁrecﬁmﬂﬂgﬁlawbﬁtm& #efiles! THe fl6Bd sdnationtWis plarEdiin sepahteiyni Ng
substi t uent |s present in an anmpunt of about 40 Mble % or greater;_ and

wherei n R, i sfusql aed g wateg/sihanp) daver lisfr@aedan@%ﬁ@ﬂﬁ@suhPWéaolmwweéha. n
and branched ek ngQWRS siefif! GROUHRR 1B BirdlgH A fnRffr LD T L ut ed
aryl groups, ar?d mxturesmf3 eﬁg }%8}1 H’E 1 roces%l}gof g aim?7 erein the
first diel ecthqxenasmem)snmmsmglarmtmnwap@ewrm grmzawhm swémmﬂmgc(ﬂ ighn t he
group congd st I er ther)
fl uorocarf)go 5ﬁ%§nzdo§3’cl obu Ijéﬁlesmg %}YIe}rﬁre gg‘”a uél(rggtr?g?aréc{f( 56 y| m 8§

The process of1,885avith a’polidispetsity bN@5subst rat e corrprl ses conprises a rraterl aI
selected 25 fromthe group consisting of gallium arsenide, germani um

| ithiumniobate, silicon, silicon containing conpositions, netals,

(Z:Eram cs, polyneric resins, Goup Il Ié)\{Aw}%oémds and conbi nati ons t hereof.

A thin film of a poly(arylene ether) polymer is formed on a 4” silicon wafer using a

20  conventional spin-coating technique. After spin-coating, the film is subjected to a hot-
plate bake at a temperature of 150 °C for 2 min. The film thickness after the spinning
and baking processes is in the range of 8000 to 10000 A. Thermal curing is carried out at
425 °C for one hour in a horizontal furnace with N, flow at atmospheric pressure. A thin
film of the polymer of Example 1 is formed on the poly(arylene ether) polymer using a

25  conventional spin-coating technique. After spin-coating, the film is subjected to a hot-
plate bake at a temperature of 150 °C for 2 min. The film thickness after the spinning
and baking processes is in the range of 8000 to 10000 A. Thermal curing is carried out at

425 °C for one hour in a horizontal furnace with N, flow at atmospheric pressure.

30 EXAMPLE 4
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WO 00/ 75979 PCT/ US00/ 15733 10. The process of claim7 wherein the first
dielectric composition-filmis applied to-the substrate-and cured, and then
the second W @¥18¥ric conposition filmis applied to the PERUSH/KSTBst
dielectric conposition filmand then cured. 5 11. The process of claim?7

wherei n the fo thed fileH & agRy(ArfleRONRGSpdliAEr i§ forMed 6n AWPplilies waerldmgaubst rat e
and then the second dielectric conposition filmis applied to the first

di el ectric cEAPEEHALIPIR-FQaHNG Feahninien ABST SRIF¢qatias. Shedilp js syplected to ghat-pr gcess

of claim7 Wgﬁ&eaanehme&b&a&r@msgee@m Hin€ BE Girh thidkink Bfdf @e SHASGHAe DY the
10 application of heat for a sufficient tine and at a sufficient

t enper at ur e ted baking nrpesssgs sl in therrangefof BORY. to 180007he Tharmakaswing fs qatrigdiputat

wherein the fi d_second, di el ri ! e i cation
of hoat af a'torm At o ars prSnaERsSe bk B 86 SHiSHhspt ahedfuP poby
process for fitmadithe pglymendvfExaaiptcd is dovined de tieqely(dryiehe eherppolgmerusing)a f or m ng
a first dielectric | ﬁ%/er on a subst rghe whi ch .co rtj ses ab.nog-siﬁ%i con

cont ai ni ng of°REBLMahiPIsFqalng isFhrique; ABRF SPBRANRS B UM ATRIeCES ) ABPE (1)
form ng a segpfthalé 8 Aehpérbruted 250 €O fdr2emin! The dirg tiBdidntdsafteaie spinnihg Ch
second dielectric . 20 conpgsition cor’%)ri ses alfol ymer having a, structure
sel ected froAnd pREINgMERASSEHITID Hheirange of 80004p 40900-A.| Thermplguping is|cariRAd gpiat . 5] m
[Ho a-~ i ° - Ar 1.0 : : .

[Ho_i, o- giﬁoomf 2(?.(f)chr ﬁﬁﬁﬁ%@g‘f% rﬁg x[nElI-lfSalil%‘?e ngt};N%ﬂg}v %??%n]orsrfhéaim ieisu,r ° wherein the
sumof n and m or the sumor x, y and z is fromabout 8 to about 5000, and

mand y are selected such that car bogﬁga@ﬁgi ng substituents are present

in an anount of |ess than about 40 nt; and wherein R, is sel ected
fromsubstituted and 30 unsubstituted straight chain and branched al kyl

groups, cycl gal kyl _gr oups sugsti uted and unsubstitu aryl qgroups, and
o wtres 1 hed Bfin S SRR sat whetkoch Do e of 8 20 ml 8wl
15  substrate by spin coating technique. After deposition the films were baked on a series of
hotplates at 150 °C, 200 °C and 250 °C for one minute on each hotplate. One thin film
was subsequently placed in a horizontal furnace at 425 °C for 1 hour under atmospheric

pressure and N, flow to ensure thermal cross-linking.

20 Following this process film thickness for both cured and uncured poly(arylene ether)
polymer films were measured on a Woollam spectroscopic ellipsometer. The thickness of
the cured film was 6181 A (+/- 73 A) and the uncured film was 6354 A (+/- 190 A).
Subsequently a thin layer the polymer from Example 2 was deposited on both cured and
uncured films by spin coating technique. After deposition, all composite spin on polymer

25  stacks were baked on a series of hotplates at 150°C , 200 °C and 350 °C for one minute
on each hotplate. All films were subsequently placed in a horizontal furnace at 425 °C
for 1 hour under atmospheric pressure and N; flow to ensure thermal crosslinking. The
thickness of both the poly(arylene ether) films and the overlying Example 2 polymer
films were measured on a Woollam spectroscopic ellipsometer. The thickness of the

30  poly(arylene ether) film which was exposed to two thermal excursions to 425 °C was
6182 A (+/-61 A) while the thickness of the poly(arylene ether) film which was exposed
to one thermal excursion to 425 °C was 6310 A (+/-182 A). The thickness of the
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1. [HSIO~ s]n [RSIiOl.s]m[HO4-1 OSI~I 5-1 8]n [~ 4-1 DSI~I 5-1 8]m
[HO1.0S1A'.s-2.0]n [RSIO~.s]m5 wherein.the sumof n and mis from about 8
to about S&@oaseyom i s sel ected such that the carbon contrmisegissasbst it uent
is present in an anount of from about 40 Mol e percent or greater; and

(HS O-.s]x [R3l I X | A r about
5 to abolt SO0 AGa Po Y Bt MR Aot M e Mot 2R (1R
substituent 1315pkédeht A) respastietpunt of about 40 Mble % or greater; and
wherein R, is selected fromsubstituted and unsubstituted straight chain
and branched al kyl groups, cycloal kyl groups, substituted and unsubstituted
aryl groups, and m xtures thereof; (c) inagewi se patterning the dielectric
| ayers to_formvias in the dielectri% anggs 15 extending to the substrate;
(d) depos?ting a netal into the vias a top surface of the second
cured dielectric layer; (e) renmoving the netal fromthe top surface of the
second cured dielectric layer. 20 15. The process of claim 14 wherein the
first diel ecTht eoatedyplstiates ehExamules Joanddrare &pin eoatpgveith AL-P462&photatedistom t he
group consi stj : ) ! d t her),
f|uorocarbon§@982%%%£§éﬁéﬁﬁ¥ﬁ§§$“§%93?#¥ee££%ﬁ35?Pﬁ%§iﬁ@?@ﬁ&%%%§?ﬂ§8§s. 16.
The process wfiagewae axpbdedioadtedvipl¢tradiatemolmongh ofmaske The pHotaresidt isethérop sur f ace

of the 25.dielectrjc.layer is cpnducted by chem cal nechani cal l'i shing or
ot chi g Be i SOREbRLERE s SR lioRta T iR oo LBERRTRI BR: 1 1 c | 2yer
i's reached. definehhéx RESRCVES afifthe Bhhiedlsl endiege i Next the photbfekiseis Cofipleielyl Ses
conprises a material selected frogmthe group cgonsisting of gallium,

arseni de, gefemexedpm the dielgetnn swge and thpinside wags of e Viag BrpRana sy

conposi ti onsy pPRhAHmbELUsHE £SpicARHIRHA. TIRSW TS is HeR HRsdaYlY a 8ivent WP

00/ 75979 PCT/ FJSOO/ 15733 conpounds and conbi nati ons thereof. 18. The process
of clai m 14, royiese peshetchmefabresidupss A deleripesvaterginse fdloysolibe viaissthen i ng: of

al umi numys al jod BUEy ahliR¥Re oFLBPRN bR Riftkal 2hd RLEVD ARER! ¥AR w KRkt en and

titani um

chemical mechanical polished electron beam exposed layer and the metal patterning

process is repeated.
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5 19. The process of claim 14 wherein the first dielectric conmposition film
Is applied to the_substrate and cured, and then_the second dielectric_ _
conposi ti onwbighpzgns applied to the cured first dielectricpeposwasisson film
and then cured. 10 20. The process of claim 14 wherein the first dielectric
conposition filmis applied to the substrate and then the second dielectric
conposition filmis applied to the first dielectric conposition film and
then both filnms are cured. 21. The process of claim 14 wherein the first
and second dielectric filns are cured by the 15 application of heat for a
sufficient tinme and at a sufficient t%&%@ﬁgéﬁﬁe to cure the dielectric
films. 22. A process for producing a mcroelectronic device which

conpri ses: (% applying a first dielectric |layer onto a substrate which
conpri ses Ja ndtevr dictashicabinddimtod p ppligrdenesthisr notimes|is fprmeshong 47 silisan
cont ai ni ng or I ¢ nal " . ' : | € rd er onto the
first diel ect‘;raiﬁ(é:]'l sggce&rc)énﬁllllngé]ﬁ)g%ggg%%g?%P@gﬁcf%:%gSn}ﬁgéﬁ}l%()thgg%?n%r| ses a

pol ynmer havi rybijectsd touchampiatsiedke at admberatare dfd 59 PG dpr Zmis i Bieifihg tlogknessand | 1 :
. 25 [HS O, S R.Si.0~ 5Jm Ho.a.i.05,0-.s.1 8~ 1, 0..S10..S. ~.s]m
Lo 2. o 51 r. A EoEpoipghd PAknerrieet e FLlogpanke o RO FOStOA ZTHRRBR 1 1 ne
sum of n and ditin@fs cafiRd SUMAtARS5 XC fot oAdIRbuE irl $hdriZdMabhiPhtce Sith W, Aa@sk 5000, and
30 m and % are sel ected such that carbon containing substituents are
present iiP arfBABOEHC RIFSSPEss t han about 40 Mol e percent; and wherein R is
selected fromsubstituted and 29 WO 00/ 75979 PCT/ US00115733 unsubsti tuted
strai ght chain and branched al kyl groups, cycloal kyl groups, substituted
and unsubst i tAR ependiglectre gup§im ghide polymerraf Exampledos foriied o fiSipoly(asYlend RSi O~

sIm 5 [Ho. a. 8 Hsihg RlorvEiiohal spittbilmetedtmud) [AHR: L Pooatihe Fna] |
[ RSi 0~. 5] m, reln the sumor A and i rom about to about 0 and m
is sel ected subkcteditata hohplateaaboat adempaatniervd 150 PGS fort2reint The fipn ddeknessi n an

‘["‘gglu Bt g}cl );f { %ﬁ‘éﬁ%‘ﬁim‘}gg Mot GRS peAseAE irHhE BnEL or S04 12 Podo . Oriierrhdl

—

curing is carried out at 425 °C for one hour in a horizontal furnace with N; flow at
atmospheric pressure. The polymer of Example 1 film is spin coated with AZ-P4620
photoresist and baked. The photoresist is then imagewise exposed to ultraviolet radiation
through a mask. The photoresist is then developed using an aqueous alkaline solution to

20  remove the nonimage portions and define a trench mask. Trenches are then formed by
etching. Next the photoresist is completely removed from the dielectric surface and the
inside walls of the vias by plasma etching in a plasma chamber using a typical etching
tool. The wafer is then rinsed in a solvent to remove post etch metal residues. A
deionized water rinse follows. The cured poly(arylene ether) serves as an etch stop.

25  Another layer of the photoresist is spin coated on the thin film of polymer from Example
1. The photoresist is then imagewise exposed to ultraviolet radiation through a mask
which allows exposure through the vias down to the exposed poly(arylene ether) layer.
The photoresist is then developed using an aqueous alkaline solution to remove the
nonimage portions and define a via mask. Vias are then formed in the exposed

30  poly(arylene ether) laycr by etching. Next the photoresist is completely removed from the
dielectric surface and the inside walls of the vias by plasma etching in a plasma chamber

using a typical etching tool. The wafer is then rinsed in a solvent to remove post etch
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wherein the sumof x, y and z is from about 8 to about 5000 and y is

sel ected such that_the_carbon _containing substituent_is_present in an
amount of abowd1séd Mole % or greater; and wherein R is Saltamsoegs7y om
substituted and unsubstituted strai ght chain and branched al kyl groups,
cycl oal kyl gr S,..substituted.and uns tituted l.aro and m xtures
15 t hereof; (I%{Bi rﬁ%‘guee\?\;i Bé}edteﬁ’tgfzfe %Wﬁ{lgﬁﬁnste & os“éscgha arcfﬁé%lnefgﬂ?‘fdégﬁ%wpert o form
trenches in tdidediicthécfiin ad teyietes f@xice iihe goly@ryidie cthier)ldyetlbpspaatiingofl ayer ;

(d) inmagew se..patternin he, fi dielectric layer to formyias jn the
first diel ecterr‘ﬁgl‘lltbé?{ﬂ "’gﬁ?i %Wd{vlh(ée{)d‘% it %é;h%ca(l &ECWE@EPQIHSW a
metal into thRckioae clbétRAGRAH eﬁﬁHﬂc@B&é}aﬁdﬂféQzaﬁéﬁiﬁxg?ﬂ)c% if fafeate@cond
dielectric layer; (f) renoving the netal fromthe top surface of the second
dielectri@ layer. 23. The process of claim22 wherein the first dielectric
conposition filmconprises a 25 mat erﬁ'}@[H%hegct ed fromthe group consisting
of poly(arylene ether), a fluorinate | ene ether), fluorocarbons,
benzocycl obut ene, polyim des and fluorinated polyimdes. 24. The process of
cl aim 22 wherein rempving of. metal framthe.top surface.of the second
i ol ectric apameledlie bR BbeRynORLiner SRabR A et HSIRERf B povet o ng
back 30 the rBxtmbledn Silflariregults tiefnatieedunt il the second dielectric Layer is
reached. _30 WO 00/ 75979 PCT/ L1S00/ 15733 25. The process of claim 22
wherein t'fle substrate conprises a material selected fromthe group

consi sting Ofwgifd thé piEket HRBAR haP6cH PR Marl SHonWWiil QbLRBd®EitPlekdr&RE to
silicon containing conpositions, nmetals, ceranmics) polyneric resins, Goup
) ZI I V conpouPeriersedgmbodisnantsnii il he readiby anpreciated by Thnse pf erdimery skill ipthe art 22
wherein the ] | :om. IS 4 . ] AL

al um num al | cq)i%té,%r(l:dcl)%6@%’?852%8%é{dqﬁql%ﬁ&g?g{b%#’?%ﬁ%&?n&b?udn %{1@ ﬁ%ﬁﬁ%%}k{éﬂm um 10
27. The procesdswbe of the mvetionhdn particilarewhile the fategolinpotxamples bavsesipldyed il m

i i h J . d d th h d diel '
comosi t1on Fradl AR kiR et S Gy B BRI BB o 111 m

and then cureall. Itisintended that the claims be to interpreted to cover the disclosed embodiments,

those alternatives which have been discussed above and all equivalents thereto.
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28. The process of claim22 wherein the first dielectric conposition film
is applied to the 15 substrate and.then the second dielectri.c conposition
filmis appwoeerdep t he first dielectric conposition fil m prmusdaesysbot h

films are cured. 29. The process of claim 22 wherein the first and second

dielectric fidymp hED the application of heat for a sufficient tinme
and at a su ffm%%@%re to cure the 20 dielectric filns. 31

LSO (RS g 0 1AL A0S A s

] {upkfa\ W ca](epd ﬁr:s] (hal]ecia]: cah@mbpdﬂmmnaiﬂlbm]maﬂldaqmas]mnw]]wa] ca)calca
] ca] ca] ca] ca] ca % Us]é a
[ X] bn} kuwzt oj (ﬁml?] %{]58 151]? %ﬁ“ f]°6‘a°]’85]"&%“«]°6%{’]’&°aﬁ°b§‘}eéaﬁ"& aJ ca] ca] ca] ca] ca
] cal caU] cal Qi)]a(.‘sac}dha]dibﬂ?e]cﬁ'&]déﬂ]bSﬁil@rﬁiiIﬁﬁb@&]s(ﬁ?st disket@ic film, which second
Fh"m'""" ~yt 0] U] ca] cal ca] ca] ca] cgll] cal cal] ca cal ca] ca]&ar] ca] cal ca] ca] ca]
C a] caU| c a] c aLg]l a&]tla%_fﬂﬂ&[&f]@a]l E%f]’eréﬁeﬁé aelglgasructure selected from the group

"H#) #HHS ST ERiding of 1hdd i ) M) ) ) ) ¥ | / />l @~ytoje ZU cal ca] ca]ca] ca]ca
] ca] caU] ca] ca] calU] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca] ca]ca
]calcaUcal @U W /d////0S1Win11111{2223 44525555
6M/771 88~ xr ’\Y c]a] ca] ca] ca] ca] c”al] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] cal] ca] baﬂﬁgr@] &a) ca] cal] ca] cal} ca] caU] ca 88+999;

; C<<<A5 @> d YeZz
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et ) B s M ST B o)D)
@10% & () -, comprdes W3bCl @' ' 109%& ()-!IL" " 1109 ()-!DL''110%& ()-!S
@10% () - %a) a first dielectric composition film on a substrate which comprises a non-silicon
containing or substantially non-silicon containing organic polymer; and
b) a second dielectric composition film on the first dielectric film, which second
15  dielectric composition comprises a polymer having a structure selected from the group
consisting of I and II:
L
[H-SiOy.s}a[R-S10; 5]m ;
[Ho 4-1 051015 - 1.8]n[R0.4.1.0-S101 5 - 1 8]m ,
20 [Ho.10-SiOy 5.2.0}n[R-SiO) 5]m ,

[H-Si01.5)x[R-810, 5]y[Si0:]. ,
wherein the sum of n and m, or the sum or x, y and z is from about 8 to about 5000, and
m and y are selected such that carbon containing substituents are present in an amount of
less than about 40 Mole percent; and wherein R, is selected from substituted and

25  unsubstituted straight chain and branched alkyl groups, cycloalkyl groups, substituted

and unsubstituted aryl groups, and mixtures thereof;
I

[HSiO1 5]n [RSiO) 5]m

[Ho.4-1.08i01.5.1.8]n [Ro.4-1 08101 5.1.8]m ,
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5. The microelectronic device of claim 4 wherein the first dielectric composition film

comprises a material selected from the group consisting of poly(arylene ether), a
fluorinated poly(arylene ether), fluorocarbons, benzocyclobutene, polyimides and

15  fluorinated polyimides.

6. The microelectronic device of claim 4 wherein the substrate comprises gallium
arsenide, germanium, silicon, silicon germanium, lithium niobate, compositions

containing silicon and combinations thereof.

20 7. A process for forming a dielectric coating on a substrate which comprises
(a) forming a first dielectric composition film on a substrate which comprises a non-
silicon containing or substantially non-silicon containing organic polymer; and
b) forming a second dielectric composition film on the first dielectric film, which second
dielectric composition comprises a polymer having a structure selected from the group
25  consisting of Tand II:
L

[H‘SiO]s]n[R'SiO]j]m »
[Ho.4-1 0510 5 - 1.8}n[Ro.4-1.0-510) 5. 1.8)m ,
[Ho-1 0-Si01 5.2.0]s[R-SiO} 5)m ,
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10, 8102’/&' ()- {Hﬁ?’& [kgg%éj[ O =10 O O
[Ho.4-1.08101.5.1.8]n [R0.4-1.0510 5.1.8]m

10 [Ho.1.08101.5.2.0]n [RSi04 5]
wherein the sum of n and m is from about 8 to about 5000 and m is selected such that the
carbon containing substituent is present in an amount of from about 40 Mole percent or
greater; and
[HSiO, 5]« [RSi0, 5]y [SiO2],;

15  wherein the sum of x, y and z is from about 8 to about 5000 and y is selected such that
the carbon containing substituent is present in an amount of about 40 Mole % or greater;
and wherein R, is selected from substituted and unsubstituted straight chain and branched
alkyl groups, cycloalkyl groups, substituted and unsubstituted aryl groups, and mixtures
thereof.

20 8. The process of claim 7 wherein the first dielectric composition film comprises a
material selected from the group consisting of poly(arylene ether), a fluorinated
poly(arylene ether), fluorocarbons, benzocyclobutene, polyimides and fluorinated

polyimides.

9. The process of claim 7 wherein the substrate comprises comprises a material selected
25  from the group consisting of gallium arsenide, germanium, lithium niobate, silicon,
silicon containing compositions, metals, ceramics, polymeric resins, Group III/'V

compounds and combinations thereof.
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composition film and then both films are cured.

12. The process of claim 7 wherein the first and second dielectric films are cured by the
10  application of heat for a sufficient time and at a sufficient temperature to cure the

dielectric films.

13. The process of claim 12 wherein the first and second dielectric films are cured by the
application of heat at a temperature of from about 200 °C to about 600 °C.
15
14. A process for producing a microelectronic device which comprises:
(a) forming a first dielectric layer on a substrate which comprises a non-silicon
containing or substantially non-silicon containing organic polymer;
(b) forming a second dielectric layer on the first dielectric layer, which second dielectric
20  composition comprises a polymer having a structure selected from the group consisting
ofTand II:
L

[H-Si0; s),[R-Si0; 5)m >
[Ho 4.1 08101 5.1 8]a[Ro 41 0-SiO1.5.1.8]m ,

25 [Ho.10-5101.5.2,0)s[R-SiO).5]m s
[H-Si0; 5]i[R-8i0; 5],[SiO:], ,
wherein the sum of n and m, or the sum or x, y and z is from about 8 to about 5000, and
m and y are selected such that carbon containing substituents are present in an amount of
less than about 40 Mole percent; and wherein R, is selected from substituted and

30  unsubstituted straight chain and branched alkyl groups, cycloalkyl groups, substituted
and unsubstituted aryl groups, and mixtures thereof;
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wherein the sum of X, y and z is from about 8 to about 5000 and y is selected such that

10  the carbon containing substituent is present in an amount of about 40 Mole % or greater;
and wherein R, is selected from substituted and unsubstituted straight chain and branched
alkyl groups, cycloalkyl groups, substituted and unsubstituted aryl groups, and mixtures
thereof;
(c) imagewise patterning the dielectric layers to form vias in the dielectric layers

15  extending to the substrate;
(d) depositing a metal into the vias and onto a top surface of the second cured dielectric
layer;

(e) removing the metal from the top surface of the second cured dielectric layer.

20  15. The process of claim 14 wherein the first dielectric composition film comprises a
material selected from the group consisting of poly(arylene ether), a fluorinated
poly(arylene ether), fluorocarbons, benzocyclobutene, polyimides and fluorinated

polyimides.

16. The process of claim 14 wherein the removing of metal from the top surface of the
25  dielectric layer is conducted by chemical mechanical polishing or etching back the metal

on the top surface until the second dielectric layer is reached.

17. The process of claim 14 wherein the substrate comprises comprises a material
selected from the group consisting of gallium arsenide, germanium, lithium niobate,

30 silicon, silicon containing compositions, metals, ceramics, polymeric resins, Group III/V
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cured first dielectric composition film and then cured.

10  20. The process of claim 14 wherein the first dielectric composition film is applied to the
substrate and then the second dielectric composition film is applied to the first dielectric

composition film and then both films are cured.

21. The process of claim 14 wherein the first and second dielectric films are cured by the
15  application of heat for a sufficient time and at a sufficient temperature to cure the

dielectric films.

22. A process for producing a microelectronic device which comprises:
(a) applying a first dielectric layer onto a substrate which comprises a non-silicon
20  containing or substantially non-silicon containing organic polymer;
(b) applying a second dielectric layer onto the first dielectric layer, which second
dielectric composition comprises a polymer having a structure selected from the group

consisting of I and II:

L

25 [H-8i0 5]s[R-SiO) 5)m ,
[Ho.4-1.08101.5 - 1.8]n[R0.4-1.0-S101.5 - 1.8]m s
[Ho-1.0-Si01.52,0]n[R-SiO1.5]m ,
[H-Si0; s],[R-SiO 5],[Si02). .

wherein the sum of n and m, or the sum or x, y and z is from about & to about 5000, and
30 mand y are selected such that carbon containing substituents are present in an amount of

less than about 40 Mole percent; and wherein R, is selected from substituted and
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alkyl groups, cycloalkyl groups, substituted and unsubstituted aryl groups, and mixtures
15  thereof;
(c) imagewise patterning the second dielectric layer to form trenches in the dielectric
layers extending to the first dielectric layer;
(d) imagewise patterning the first dielectric layer to form vias in the first dielectric layer
extending to the substrate;
20  (e) depositing a metal into the vias, trenches and onto a top surface of the second
dielectric layer;

(f) removing the metal from the top surface of the second dielectric layer.

23. The process of claim 22 wherein the first dielectric composition film comprises a
25  material selected from the group consisting of poly(arylene ether), a fluorinated
poly(arylene ether), fluorocarbons, benzocyclobutene, polyimides and fluorinated

polyimides.

24. The process of claim 22 wherein the removing of metal from the top surface of the
second dielectric layer is conducted by chemical mechanical polishing or etching back

30 the metal on the top surface until the second dielectric layer is reached.
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25. The process of claim 22 wherein the substrate comprises a material selected from the
group consisting of gallium arsenide, germanium, lithium niobate, silicon, silicon
containing compositions, metals, ceramics, polymeric resins, Group III/V compounds

and combinations thereof.

26. The process of claim 22 wherein the metal is selected from the group consisting of

aluminum, aluminum alloys, copper, copper alloys, tantalum, tungsten and titanium.

27. The process of claim 22 wherein the first dielectric composition film is applied to the
substrate and cured, and then the second dielectric composition film is applied to the

cured first dielectric composition film and then cured.

28. The process of claim 22 wherein the first dielectric composition film is applied to the
substrate and then the second dielectric composition film is applied to the first dielectric

composition film and then both films are cured.
29. The process of claim 22 wherein the first and second dielectric films are cured by the

application of heat for a sufficient time and at a sufficient temperature to cure the

dielectric films.
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