;e3det,Frx6 Tt>1 rc' rrUsOWNV gs~9 WO 021o0; 81-tS LAYERED DI ELECTRI C P
NANOPOROUS MATERI AL AND METHODS OF PRODUCI NG SAME Fi el d of The Inventilon®/
aterial s.ydlag ,{SII_FJ d of the invention is nanoporous m Bacﬂ;cf/hgqlﬁgsgghe size
o f functional elements in integrated circuits decreases, conplexity and
terconnectivity increases. To accommpdate the grow ng demand of

I nterconnections in mnodern integrated circuits, on-chip interconnections

have been devel opEAYERED DIRIEE CTRIEN ANCPGROUSAMIATERNSLSt of multiple
| ayers of metallic conductor lines dded in a | ow dielectric constant

material . The diel ect riANRMETHADS QERRODBENNGAAMEYe as a ve i nportant
I nfl uence on the performance of an integrated circuit. Materials h rY havin
| ow dielectric constants (i.e., below 2.5) are desirable bec ow
faster 8 si al velocity and shorter cycle tines. In general mmummmmlml c
, const ant Fian ef Tht snwpntiduce ca acitive effects in integrated circylfs, Which
frequently leads to less cross talk re P between conductor |ines, and

allows for |ower voltages to drive integrated cucuits. Low dllﬁlmﬂlﬂm"mm"mmm

C.

const ant mat edhafiglded hejavenign acraseporoys aatesalsdoni nant |y i nor
I norgani ¢ oxi des often have dielectric constants between 2.5 and «4gghi ch 0

g ridst probl emati ¢ when device features in integrated circuits
are snal apl?o(\f Hgdto . O anic polyners include epoxy networks, cyanate

ester resins, polyarylene ethers, 1 ~mg and polyi m des. Epoxy networks
frequently shawtiith ssabfduiagasitdnyenid Bhndeatalaliicuits denskentomplexdpand 3. 8 -
4.5. Cyanate ester resins have relatively low dielectric constants between
a proxi nife@eqnngctiyity increases o acepramodatp dhe grewins dsmand (o Interseneplonsifi t i ng

thei 1 P bl joreBled o B8 oRRHipRRINRRHEEREs FRIBesn BAKBRERRATENY

advant ageous properti
interconnections generally consist of multiple layers of metallic conductor lines

embedded in a low dielectric constant material. The dielectric cdnstant in such material
has a very important influence on the performance of an integrated circuit. Materials
having low dielectric constants (i.e., below 2.5) are desirable because they allow faster
signal velocity and shorter cycle times. In general, low dielectric constant materials
reduce capacitive effects in integrated circuits, which frequently leads to less cross talk

between conductor lines, and allows for lower voltages to drive integrated circuits.

Low dielectric constant materials can be characterized as predominantly inorganic
or organic. Inorganic oxides often have dielectric constants between 2.5 and 4, which
tends to become problematic when device features in integrated circuits are smaller than
1 um. Organic polymers include epoxy networks, cyanate ester resins, polyarylene ethers,
and polyimides. Epoxy networks frequently show disadvantageously higﬁ dielectric
constants at about 3.8 - 4.5. Cyanate ester resins have relatively low dielectric constants
between approximately 2.5 - 3.7, but tend to be rather brittle, thereby limiting their
utility. Polyimides and polyarylene ethers have shown many advantageous properties
including high thermal stability, ease of processing, low stress, low dielectric constant
and high resistance, and such polymers are therefore frequently used as alternative low

dielectric constant polymers.

With respect to other properties, desirable dielectrics should also be free from
moisture and out-gassing problems, have suitable adhesive and gap-filling qualities, and
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i ncluding high thermal stability, ease of processing, |ow stress, |ow
dielectric constant d hi resistance, and such polyners are therefore
frequentl«mﬂh§@&@§ alternative | ow an gh dielectric constgpi ReiMe8ys. Wth
respect to other properties, desirable dielectrics should also be free from
i sture and out-gassing probl ens, have suitabl e adhesive and gap-filling
qualities, and no | WO 02/ 0581-4s PCT/ US011~88(>9 have suitable

di mensi omave sti@blel dimgnsienahstalsilityrtewnmls theymbl aygling tetdhingy pnd ey RopRcgssescesses

i.e., chemcal,. hani cal , | ishj ., Preferred diel ectri houl d al
have o Vet udeniigllaseeranspe Fhivel dhierad firBeren oo Fafrahguig " * 0
f bl 4 | | | tri
Const ant (P T ) B BB G 1 ¢t el

wi t h desi gned-in nanoporosity. Since air has a dielectric constant of about

1.0, a mpj or dgMeldeinand for medirinds Kdvengdiielb@dt comstano kesteathanck.5 hamlepor thas

"materials down towards a theoretical limit, of 1. Seveéal approaches are
known i ndevaiopmentioddiefesksic materiale Witk flsHgHedni8 HRRPRATPSIYs: mic?l@f‘)'@ﬁ? fig U.S. Pat.

Somondt I SER0 SR BPIPRRN 1 A roPeod Btn rengEhe g eEE UEsuR oF 0K OLCE!

09/ 544, 5@4nopRctisARtéRASdown Rivaedsattie@stcat imitagdh eSevent agprbachesdre ng
nanoporous naterials. In these applications, it i.s disclosed that

. .

dt X
nanopor oksowate theartfor fabripasing Asnoroseusaaigrials, éaalyling He-£2h 2v3¥¢’ Wack bones

wWith reactiv oups, Us i ro Lkl ng; p Strands having
backboneéssP?ngog%%gZ@}goaé@ﬂf"hk % hggn%igr(ﬂs%gdé??ﬁ%é%s;eb%ér@{n@) from stabl e,
pol ynmer i gntiedibbAd, SeSAINARAS0NEIE, 16; 09844, 7YE 09r5a4[72 3] 091544,604; had used f or

addi ng t hernol abi l e groups or for crosslinking; d) by depositing cyclic
ol i goner §942041 kaibs sddatse aproadhes fhaalrisatingeangpeneys makerialse |In¢hese i goners in a

lymer, and crossl.inking t | to f ] . and
by a1 g *aPresieey i RS BB i s e g s B L0 BolEREs P07 D
used {0 hilinoRaBohAaw Ml drbufudichn RSBIIGHE, b Bont péigiRildandgncount er ed

in fabricating and processi ng harioporous nmaterials. Anong ot her things,

i ncr easi havihj®agkbonasi thyt doegrosstinkedousing g stectuses; afigenemlistapleabout 30% i n’
t he known nanoporous nmaterials) tends to cause materials to be

h
weak and PPlymssicderaplateStraps gy 1ng seactiy s SOppg inat ¢ §$"sg$gq%u§gwgc appl i cati ons.
[ . . : S e
o apset&e?@ﬁ%éxlﬁéﬁ‘éﬁ?éfﬂ{ hﬁsﬁ%&?gpé)ﬁcgepﬁ%u@%g*dﬁg otipemetsl dikd gisteadeli tives

to the sta at cou S e portions with other
t her most ablie deelck] iadlading iy @hlic pliguiees ing polymereand criosslmking the pelymer
di el ectric network. However, the porous nmaterial, even f(e)after E,r@oess-l i nki ng)

can | ose torfasmemerosslinked rolyyner; ard @ity usmgasiissplvaplenbasede foom a PPYBhat er i al

w Il be unable to survive during integration of the dielectric filmto a

clioult A S0p ABSI0LANS IRLER! ALy cHRINALLE G OSRdAKbRBIeniRe | 0

mechani cal st aving external support by additional coupled

Nanopor oggqhdil cacouhitered VR fABACERE avd ROILsEINPhandidBAS riSerRes.cAunofg GBS 301
i ssued to Kondo et al. (June | 9973&('} Kondo") descri bes &q?.lfti -l ayered
gl ass sullingsinsréasingtee perpoity bevendea-¢ritical %ﬁﬁﬂ%’%‘dﬁ’ﬁ?‘i‘ githEi rst ayer o

f relatiyely dense crystalline gla | of a
second, X‘E?‘&P DERIRPTUS ?a&)é??g tﬁaés%ﬁggﬂégg%ewe%ﬁg ﬁ%&yéﬁk‘éphgr}'%@ei n
Kondo i Sc&§§ k?%ﬁp&&n@ir@’é-ﬁ?er&ﬂdb&di@ licBidre! Qallapst c&NGE preagiedstopport to
t he individual porous glrass’| ayers. Kondo, however, teaches that the

cheni cal scmedegiet bpaddifig ¢rosslinkingraidditivestathe sating aweerial ageouple t he

T - e o b oot St Sufer TebhhofiSont BSHohs Herky Fré8lotnh BBk highe"
single-layer dielectric network. However, the porous material, even after cross-linking,
can lose mechanical strength as the porosity increases, and the material will be unable to
survive during integration of the dielectric film to a circuit. Also, the porous material,
even after cross-linking, can lose mechanical strength by not having external support by

additional coupled nanoporous layers.




Therefore, there is a need to provide nmethods and conpositions to produce
| ayered dielectric materials conprising various nanoporous |low dielectric
mat er i al syphabssGan conbine porosity with thermal and strupgpiady@ydoabi lity
and exenplary gap-filling properties. Summary of the Invention In
accordance wth the present invention, conpositions and nethods are

i ded | ich d | ow djel ectri ‘ ! terial i
D oduced t hatUs Bl 85T net Kon sl b8 aPR Y GrORRey RERtB{Rerei n ¢ ne
first : %@?i-lﬁe?@a&%ﬁétﬁ%iﬂ a %swa%ﬁe%ns@arlﬁ el&apﬂsihgm&stnw& aposing the

first nanopor ous; and an additional layer partially

j uxt aposengvélpdessecoyschllimysass, sihdwichgdkbaraesh mlodeyars pLasegpnd, hddajpyady ent
“invention are fornmed using nangporous, matefials. .a) deposi.ting a first
| ayer orPosousgiassy 3}1%?Tﬁ)ge’&éb‘dg}ﬁ&eﬁ@%a%”éégbkamloa?g¥s’g’%1eéitqoj%ﬁ‘3<vt‘%eposes t he
Cfirst | ; t . fofdus dMast Py6lsERbgddyanopor osi ty
in the ?aﬁ%‘r?“g%er’fy@ 55%%6@?‘?‘1 %‘35%‘?“1 %lggr?ﬁgiggﬂ?ddi ticonal T ayer t hat
parti al |nswieyut eacksshd: e chembvaticdmyyaition Biehd matstial thytdformusgach payeoofl | y be
treated to create nanoporosity in the layer. In rgferred enmbodi nents, at
| east orthe omulti-yered glass substipe ruiskbeideniisa fé’rﬂ"F’é’lqt&r #%&ni ¢ nanopor ous
material. In yet other preferred enbodi nents) each | ayer conprises
nanopor ous erial . .ln. t ' dayer of wres
or other el g‘gﬁl}%ér{?rlg’ %’8%1)%%‘&% stgfbgoﬁéﬁg?égg%@%ﬁgﬁﬁﬁgﬁgtur%ﬁte | ayer and

the firghydr@y@klectic mad¥Rial2ddiptibings aREUY NiGChérod 8BGO vler irio msatariyl edias
features, aspects and advantages of the present invention wll becone nore

) ¢ / P € )
appar entcaf combing@orasity siriberael and sscye durabtlits Andex el g d i odi nent s
of the invention, along with the acconpanying drawi ngs in which |ike
numer al SPREPPSsent 1i ke conponents. Brief Description of the Draw ngs

Summary of the Invention

In accordance with the present invention, compositions and methods are provided
in which a layered low dielectric constant nanoporous material is produced that
comprises a first layer juxtéposing a substrate, wherein the first layer may be continuous
or nanoporous; a second layer juxtaposing the first layer and is nanoporous; and an

additional layer partially juxtaposing the second layer.

The layered dielectrics of the present invention are formed using nanoporous
materials by a) depositing a first layer on a substrate; b) depositing a second layer that
juxtaposes the first layer; c) treating the second layered material to create nanoporosity in
the layer; and d) depositing at least one additional layer that partially juxtgposes the

second layer. The first layer can optionally be treated to create nanoporosity in the layer.

In preferred embodiments, at least one of the layers comprises a substantially
organic nanoporous material. In yet other preferred embodiments, each layer comprises

nanoporous material.

In yet other preferred embodiments, a layer of wires or other electronic

components is situated between the substrate layer and the first layer.
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Fig. 1 shows a cross-sectional view of a preferred enbodinent. Fig. 2 shows
a cross-sectional view of a preferred enbodinent. Fig. 3 shows a
cross-sec\g,'gq,rmlg yiew of a preferred enbodiment. Fig. 4 shews dofilsepchart of
a preferre ?fmd for producing | ayered nanoporous dielectric materi als.
Detailed Description In Figures 1 and 2) described in greater detail bel ow,

a |l ayered stack, 100 jncludes a substrate 110, first |ayer,. a second
nanopor ous | éﬁi“éﬁo“ighﬂ,"“é’rfga%s’e?dﬁqcfsi BaAvaniasss o?%_pr ?Sﬁnt)lpé?r{enrogléﬁh

enbodi mégéo%ile e %pratseht ka¥8he 8wl deRRE s SHof6H ol PR férital enthdingdrither a
conti nuous Tayer non-vol atil e conponent 128 (Figure 1) or voids 125 and
a non- veF geiiheertioApalomNwit B2 acEirgpunging)drawWings Sewhiol likaypemendoepigsinay er ed
stack 100 includes voids 135 and non-vol atile conponent 138. The additi onal
| ayer 14RecempeRfited stack 100 may incl ude voids 145 and non-vol atile
conmponent 148. As used herein, the term "nanoporous |ayer" refers to any
" suitabl I l:e]. | ial (i.e. < 3.0) that is conposed of a

pl ural i rie 59"[‘ L&%Hh%ﬂ@ﬁﬁ“s atile conponent. As used herein) the term
"substantially" nmeans a desired conponent is present in a |ayer at a weight

percent anmouig.drshatver ctdseseddibbel vawsf 2 ptefgredimbodimenttpl at ed herein may
conprise any desirable substantially solid nmaterial. Particularly desirable

substrate | ayers would conprise filnms | ass,, ceram pl astic, netal or
coated net al ¥ WS dSTase seriaalivagw of?lg eé?égref’ibd)%gﬂg%di ments, the
substrate conprises a silicon or germanium arsenide die or wafer surface, a
packagi ng surd ] (¥ mb&imeriti ckel or gold pl ated
4 WO W2/ 0~ﬁgﬁ%@%¥?ﬁgﬁi}%§ggvlrl'eevggfpfgﬁgfmg%(%pper surface such as found
inacircuit board or package interconnect trace, a via-wall or stiffener
interface (" @oppleshbwsadlondbart obnpieteredmathed fot pragdueingdpysead ieRPAOer

oxi des) ) a pol ynmer-based packagi ng or board interface such as found in a
pol yi m diclessriematerials. package, |ead or other netal alloy sol der ball

surface, glass and pol yners such as polym m de, BT, and FR4. In nore

pr ef err?ﬁtg hi¥ERkdn the substrate conprises a material comon in the
packagi Tt board industries such as silicon, copper, glass, or
suitabl e polynmer. The first layer 120 can be desi qned to satisfy several
desi gn goal s In Figireas and@pddscnigddn graater deaildetomn g layeeedsiaski 108t e 110,
provi di ng support for a second nanoporous |ayer 130, fiLhli gaps

(" gap- f indludes'ajsubsteaim bl Qap fiast lager b%%érsecéanaaa}‘ r%“siéff%c}hénﬁ‘@ ituated on the
substrat e,.110,,,a oy di Pt B0 1 réd Ethe pout

di el ect ﬁ&%‘ﬁﬁﬁélé?ﬁgll%'a%eﬁ eiefte @Prgg%gg{ﬁl%gﬁ’pnﬁﬁgtfe q%yﬁgm e Vol atile
conponentcldd eftherd d\@ntihiidids 14y2Yy 6f noh2¢blstile compsrene t2& (Figurech)de voids 125

acconmpdat e the design goals of the first layer 120, The non-vo ile
conponentd 3 28noelntibecaepmpercl?8dFigyre ahi The serendjarsrd 3n gﬂyﬁréﬁ 85?8% i{) ic

ds. f . cont ' | ,
pol yar y e oAbsa 35 s GRS T Eafi R a3s ThOMAUR AEn ATIBIEREY .
organo ”‘Efaﬂg :1 PG Y TRAINDid 4 SUSE nBAlvE(atil@inionent la8ane) ,

pol y(vi ny oxane) and poly(trit'luoropropylsiloxane). Exanples of

contenpl ated i norgani c compounds include refractory ce ic materials, such
as silicon niAsusdd heir, thedarmpnanpperpeelayern aefess|to e@hﬂeféﬁ@%&dﬁwc

non-vol ati| e GOMMONGNY o2 SoiB¥sed o € pluliiley SFvSHPHAPhARVbMRO! Yo i C

component. As used herein, the term “substantially” means a desired component is

present in a layer at a weight percent amount greater than 5 1%.

Substrates 110 contemplated herein may comprise any desirable substantially
solid material. Particularly desirable substrate layers would cdmpﬁse films, glass,
ceramic, plastic, metal or coated metal, or composite material. In preferred
embodiments, the substrate comprises a silicon or germanium arsenide die or wafer

surface, a packaging surface such as found in a copper, silver, nickel or gold plated
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material, substantially nonomeric material or a m xture of both polyners
and nononers depending on the desired final dielectric conposition, desired
el ectricgloRbphE ties, and desired use of the dielectricpppyGi@be It 1S
further contenplated that non-volatile conponent 128 nay Be conposed of
anor phous, cross-linked, crystalline, or branched polyners. Preferred

conponentifameN®Boppet flrtdce sedR AN in h2Frcdik Bo£rd @aPackape interesmepar t | y
because of their ready availability and ease of use. More preferred

conponerntase,af vimalhosistfferies intenfase féaoppars Sncpdss eprpidarations 06 YA CPPRED pol yner s
because of the abovenentione roperties alo i [Malels -durability
and pol Y& FORRSF 8XYSE za?)o}y"\ﬁbg@%d e%ﬁ@%lﬂg ob%r?)wt%&d%ggégﬁlg&igg% vol atile
conmponeny,; e'Wa?ﬁ BhSOpdcREsLIHad oF BMer SikfaliSlloy sBfler Bill S@d@e, glaners”, such
as thosre%ej(l)ﬁgierrp %t ed Pr? L%S. ASpI i cation I\?g 09/ ~4~0~8 whgl% IS

i ncor porpatyaterhiarchias polymimsdee BT} aret KR4, Thienoreprefemedyembedimentsrtte or " cage
" mononer' refers to:ra nolecule having,at least L.Q at. Lr ed such that
at Ieastsuwt%q%@e%ﬁwfeé‘ﬁl GQIBRR HEEF gact%mg[an%}rgulgg%ﬁugﬁsqgieﬁ ng system
The bri - Iy : gprise one or nore heteroatons, and
may be g?@‘nﬁ%@pé&?’?%ﬁgs’?ﬁ%‘% d,y‘gr unsat urated. Contenpl ated cage
structures include fullerenes, and crown ethers having at |east one bridge.
For exanpl e, The fastaagent 20earde dHsimedtossatsfly sesosi siesign gdals, alyas st ruct ure,
whi | e a napht hal ene or an arfomatic Zﬂ)r ocognpoundq{{ﬁé)e not consi dered a cage
st r uct ursBoaidRY adr REREHISIRE BYRsEalgef PrRTPYIGHS SHRRYLCE 22°K Mt hal ene or an
aromati ¢ _spir . qr, Qvitdddp ofHee eREHSIGE. The first
| ayer -1?63%§8%g e?;fgg, @H%gﬁsgf%ﬁc%%%ﬂ%@%é al orolg vvieth the non volatile
conponenrbmbasentsTitiatdloatthd subsoagp @ 0@ nind P idiag abedditiesadand sometineest i r st | ayer

120 for several reasons, including solvatio OL the non-volatile nponent
| 28, cr aliff¢rent diglestoe WteI@BIaMﬁoﬁt’éGPi“ﬁﬁlPB‘Fedﬁg%&‘ ¢ Ry Alatle compangt lggdi ng
deposi ti of the fiRst : i

conponeift teishaferdanser Bl e MRRAhE theleeidhBpa bt il

or ganonﬁ%@k 126 Dhe hHOVAlale GomBbray | EScdnhirtconipesadod fatrgdriiz,dnorgdniacdesi r ed
tenperature, and nay al so conprise any suitable pure or m xture of polar
and non-opganametadiipmprmdainds. Expmplees of eanitemplaigd REgHLE COmMPOUpds 3¢ | e conponent

126 ' hanol | ide, b ,
oyl onerpaliaernaal<Ds e holsBaaonrEl Bpnlkndt Al giues 20T
CONMPONEn o} 4 AP IR Ginelude sélpmkmy@n?%e)t; Fl;],owﬁmnmemﬂe and

acetone. Tn even. nore preferred énbodi frents, the volatile conponent 126
conpri seslyériflustaprapytsdilonatepr Exanplanof confempiatedinorganit earepawnds ingbidause of
their availability, |lowctoxicjty,. and ease .of use. .The term"pure" wth
respect IeERCETY CW%@af‘?B‘ﬁlﬁoWéhl%S%‘B?ﬂ %‘ﬁfﬂ%aflgﬁmh%’%’inﬁgﬁ’eagﬁssmcﬁgt t he
conpone&l;“g at has a constant conposition. For exanple, pure water is
conpose olely of H2O. As used herein, the term"m xture" neans that
conponent that is not pure, including salt water. The term "polar" neans
t hat char act €tesiohoobitilecomponent 128anaycalsooinclude suistantpldppelymanc unequal

charge distribution at one pojnt of or aI.otrlllgeft e m)llecul e qr corgxPound. The
t er m " noretesial asubstantiahly monemezisanaterial of & mixtugsof pogh polyne JLOgHCTS
886

i st ri bUFPaI I o ifeg HnaF ASROBIITOkBHIGH SRHER, A loretine il
vol at i | geiaddne @Nthe dledtiy matsMal. i s & fartherapprenipldted thapeorceslatdge of the first
component 128 may be composed of amorphous, cross'-linked, crystalline, or branched
polymers. Preferred components of non-volatile component 128 are organic polymers
partly because of their ready availability and ease of use. More preferred components of
non-volatile component 128 are organic, cross-linked polymers because of the above-

mentioned properties along with increased durability and polymer strength.



| ayer 120 that woul d provide a desirable viscosity of the non-volatile
conponent 128 and the volatile conponent 126. In preferred enbodi nents, the
vol atile comppagit |26 conprises that part of the first |gyppsdizdsdohat is
slightly noré than is necessary to solvate the non-vol atile conponent 128.
In nmore preferred enbodi nents, the volatile conponent 126 conprises that
part of the fi.r | hat, 5 eces H it he.non-vol atil e
conmponent 12é[l.he'sf%8 ‘{%Za(rﬂr’lﬁ &Og’?%)ég ilr‘?'ﬁi%%%"a%%elﬁgpée t%ggggbr{%{é%gsgﬁ?gﬁﬂi ch at
| east t wWeordbRieps Y bieh, as@liost Wontaplaie@ s UK. Agpplioanipnivd exus4505amdighoisned
together by a chemcal interaction. Such interactions may occur .in nany
di f f er ercorparated iharein i ivgnfishhekliecdermbicage BEHEAITE NPT 388 MONGRRAL fe6HS of
" hydr ogen_bonds dro bi c)~ hydrophi L] i.Qni r i

i nt er act? 831.0(??3}?%%'1“}%@ e;aStrf% aetaéﬂf 5’? pnlgﬁé g"’rwgctﬁl éﬁle?riég/&laeﬁg@ggggc l%‘ﬁ%’ct erized
- by an atohRRst twhaiFRedre Ay 8 inaalsysan MEed iriize REI/OE TR g Wkralthey and i tsel f
or between two or nore nolecules. The phrase "dielectric constant” neans a
di el ect chmpdenenearimeredeigenatansaand mpp-be aronptiGpartially sagyated far wi se
inconsistent wiith context,. It is cont | at.ed that .the v f- 1h
di el ect PsAMUady gﬂ’ﬂte’@f’ﬁfeﬁieca?? ?tglthr%f)}g?elrl}g%@’tulersenieséggdf hog‘ﬁn %k%@h ‘ﬁm% ;F)r eferred
embodi Maky oddBideR! 1 RbmpREaridahafihnd 6r SRS isicBndieged hlage 2.5, and in
still nore preferred enbodi nents, the value of the dielectric constant is
| ess t hamudufd, whde asiephthaere an an htomatiospirdapoipdtindrazeoot sonsodereda cagewhi ch a

mass is replaced with a gas.. e.conposition of the gas is generally not
criti caStrueheE ﬁ@ﬁﬁ?%@?%%gini‘tm?gﬁfé%eeq %ﬁpﬁ{;‘éﬁveﬁgﬁﬁ aﬁ’égglg and m xtures
t her eof _.i i i i sthat the first layer 120 may
conpri sgplggb%ﬁbggﬁiggéhé%ha&%iohioﬁggkggmn%%%gggonti nuous and voi dfree. Voi ds

125 are typically spherical, but nmay alternatively or additionally have any
sui t abl e shafe firstdhyedil 2@Qymiay barhpuise al vobeilé eompatiest blaabng wethghdean-shapes. |t

is also contenplated that_voids |25 may have any apprapr,j aLe di ameter. It
i s furt Neltlssomnepent 2d.  Hgvolatily %%Rons@ﬁg’eﬁ&a?gépi%m F%@ﬁh@é‘?r Wi th

adj acent [ r. t It 1S kL k4 b of
connect é%ygérr%%%%élﬁmg%gg’égﬁéﬁ?g %%%gﬁfggﬁ pﬁrl&gf@rkgg?;c/gﬁ éﬂé&gmﬁ%g;\m&egmter of
| ess t hahvdids 23 apai ﬁﬁing@lﬁdemmnefaﬁd/abiiyingai\tﬁo&itiﬂn of the fie@lmyes| as

PCT/LJSA /.188(i 9 nean dianeter of |ess than 100 nanoneters, and still nore
pr ef er abnip theagubsirateddf. dhawelesle compprans 12¢aay SOMABFHI WHADIE PRI A  yr t her

contenpl ated that voids |25 be uni.for - di W t hin
the fi rgpxqugﬁ,%{]org%c_:, qr%angnﬁpg?%qﬂg%gg%glggﬁélﬁ? ,&?a\;’}%‘éds itélbzgg?gfg%l 4 y

di sper s efhpiritiiteNatdaf bl8 borhftiRrand S6tabNaAneP 6 Mgithse dPpokeiafld non-polgener al  as
contenpl at'ed herein, may be created by heating or otherw se curing the
conbi natompowfdst frepretireediembodioreptsn thetvolatite componpet HOrRASIPAISES Walebponent 128
in order .to drive qoff or evaporate, part of or the entire volatile component
126. LeSHRNIGPRRAAGIACGIORE DTS O st €°“§Efbehc¥f§°1'f°ﬁ8§°enec%9paglr§ lr‘ft sﬂ'l &6%t ai ni ng
silicon | diBbat 1t e6fpSicht £26 compiiaks dater dRKdnog o5i ze
silica, pg&és}#%%inﬁdg@g‘l}tk’gﬁes}/?gesqui I(§xane) ocf fpl?gosri n:r( HF, | érlc?mEIF& CHZFa. Z
and CZHefslohesanorei andxcéetenariniemtremere frefewed embodimgnt, the velapilé s 6, and z is

an integer between 0 and 3) from an organi ¢ conponent in the |ayer.where
voi ds afempergnt A3 @Weéﬁﬁxﬂeﬁﬁ“@tﬂaagﬁ'@ﬁ’dg?? .C’Eﬂgd\?vf?tﬂn‘?'ﬁﬁcaf‘%/? ek | ayer
120) th e . I J3Qsgan be designed to satisfy several
desi gn g}%‘l%?ﬁgbdgﬁ]p%g?%?i(ﬁ?mﬁﬁ%%uppggt for the first layer 120 and the
addi tional |ayer 140, while maintaining a high degree of porosity) however,
its primary [The e puse twitiprespectie aay of thecbmpenantsitaiternplgted hereglh degr ee of
porosity. The non-volatile conponent |38 of, .the_second,|ayer 130. can be

sel ect etneans hatibe comparend ibkpsacopsantsomppEtieny ForRGEmple 8 M43 S goal s of
“th | i b i
€ Sec?grgxgos%ﬁ%élei]}f%f %‘453 eA?QsQFYlQJe ,;ﬂeggr%?gﬂng{&gr?e E'Fe;é.ﬁsr ﬁﬁyccﬁﬁvﬁ%eﬁ | s€

mat eri a rml ar se nateri a non- atile

. conponeRy not p8re, ifetidirh €@ waar Jasitam ‘QoiEhineansthatwhgmotenstiabfd ¢ conpounds,
as well as mxtures of these materials and pol yners, nonomners. and/ or cage

st r uct umsieculeenpompound thebereatesanainegual sharga AistibyEAp ot ARRPUREPIN!| i cat es,
I i t d d t,ak i {e i1l t n/: f i
compoundne i BAECHa, SopPane. Ik arm sfpel cRelE ittt ARRCS L || 0 0N ©

branched adamanti ne structures, and pol yesters. Exanples of contenpl ated
organonetal | i ¢ conpounds i ncl ude pol y(di net hyl si | oxane),

pol y(vi nyl si |l oxane) and poly(trifluogppropylsionane). The second | ayer 130
may conprise a plurality of voids I35 simlar in sone respects to the first
| ayer 120. Voids 135 are typically spherical, but may alternatively or

addi tionally have any suitable shape, including tubular, lanellar,

di scoidal, or other shapes. It is also contenplated that voids 135 nay have

o, o o,



WO 02/0581-1S PCT/US(11/~88C1 further contenplated that at Least some voids
135 may connect with adjacent voids 135 to create a structure with a
significagy, i of connected or "open" porosity. Voidspd3pshy F@rably
have a nmean dianeter of less than 1 mcroneter, and nore preferably have a
mean di anmeter of |ess than |00 nanoneters, and still nore preferably have a
mean di afigfe@ile 8f cdriSdunt it cAedted an @AMl @hdrge Histribditibal bt SiRpotdifermbag ed t hat
voids 135 nmay be uniformy or randomy dispersed within the second | ayer
130. In the ékr@@oélnb@myrrent, voids 135 are uniformy dispersed within

t he second | ayer 130. As with the non-vol atile conponents of the first and

second | ayer the nonvol at i | onponent f th LLlon r 140
- can be compostt i fiEREh el BoTRE AT 7 aftieved BER IR P
dependi ngyepn20 Bt dR8id R6viat k deditabRd visosithesf @8 ngeabitileoaiiohed 128 and
cont enpl at ed organi ¢ conpounds are pol yethers) pol yaryl ene ethers,

" adanant ithevelalile compenenyl 2k chieptefstradrambodimestsy e tvaladite compopienti ldés or

pol yesters. Ex | es af, cont |.ated i.nqrgani c c ounds include silicate
b A U HPESeSa il Uy BV aP 0t DIeAn I S P eBB RS FRc! ude

pol y(di ngd htl-941b@R2BEbondd@ 1 Y.V INHbRI r¥REEmBSEments, the volatile component
poly(trifluoropropylsiloxane). The non-volatile conponent 148 may al so

i ncl ude 1B6tchmpdkasrtbatpadiod thedfrstieyss . 120 that ¢s dagesshmyrto solvatertipd morevblatiat t he
non-vol atil e coqggnent i 48 may be conposed of anorphous, cross-1inked)
cryst al IPR@ONGY 1pf-anched pol yners. Preferred conponents of the non-volatile
conponent 148 are organic polymers. Mre preferred conponents of the
non-vol ati | e 14RANeRssshAdngr REQE BADBLess iPWhichialledd thBlnydIBiuges, 45 Wi th the
first layer 120 and especially the second |ayer 130, the additional |ayer
140 may teopprtione ofia pingmadledufe, afe joaied sogedier by hehemicdkintetsstionsfuehabl y have a

mean di aneter of less than 1 picroneter, d re preferably have a nean
di anet eﬂntewcqlwgn%mu&@mwﬁ%r@@r‘wsawaﬁ@mgﬁg% B QS ASP¥RIEH n(ﬁ’ave a mean

di anet er, | : 1Sy 3 at the
vor ds. LA huloRRE ni BRI IO RE e, erprile drfPe ARRCARE Eddals

| ayer 14Qrthérore, pisiE@ildrastefatiod mapalso bk RRardabtized byanait teastrtehponatyy di sper sed
within the additional |ayer 140. The additional |ayer 140 may al so conprise
t he nonPhuiieal cprnesipmbateaen a melechlstand diselfiprbeiNesnavo,orRee mEieqMEsds 145, I n
preferred enbodi nents, the process of formng a void-free additional |ayer

140 woul d be wh: LT h : |

(121 o8l - POHP By Bt EPA Tk oh Sl BRACE S ATRRALARE O ML | 1 (e
under | yid'p GH) QRREDStEerBdedhécsishint aalcbmgxt. leissunemphaedthat ak valogof he voi ds
with a thin layer of nonvol atile conponent |48. The techni que of applying

an i nf i therdieleefric canssant ofthetfirst layanAeP 15 lessithan 304 e prefrsted ambgdimentent

Application,Serdal No. 09/420042) and iLs incorpqr i ifs entirety

her ei n. E%V@I‘berﬁléﬁ? die i 0By _@%\tﬁf‘ s%@ﬂ?l%af%&@ég}gfﬁ%ggr%fg#éeé nare simlar in
SOME I egRBBHitnchE, tHRAIUMIFEkE diSlceteis chhdiafl id Bsséhan 2.Bat . No. 5,874,516 to
Burgoyne et al. (Feb. 1999), incorporated herein by reference, and may be

used in substantially the same manner as set forth in that patent. For
exanpl e) it iAs usethhernipl the ecbrd feqid? meamsrajeniime imwhich amagsaicreplaced i al s

descri bed, hereij may be. enpl.qyed i.n fabricafi | ectroni ¢ .chips, chips,
and nmul MO %?Sn:gl&‘f%é","s’it‘ﬁflé’f lsdgeélF’é’@Y ﬁoé??gﬁﬁg?éﬁﬁﬁre%n%%gﬁslgﬁgs, and as
a subst Irlafild1§ Plhde JAQRTHE nfk tubds tRéBSk, Wchidil 20k thScontdiR ¥ Ethat Fi | B or
coat i nggﬁg‘%etrﬁlgﬁorgghﬁec anc? I nor gar?i c maf erci alng descri lggd hpgr ei nacan be

f or med the first laydrd 20 meaylvoinpuiss a plurdlitp of v@iday2her, maypbarcantiandusgpandvordast i ng,
with spi.n coating_being preferred. PrefeFred.s?I

a ven .arﬁ g et hoxyet hyl
ether, &gel YAERARAS A typigall IS ay Jitemalvely o eeHon2LY GRRAN zene,
- N-met hyl,; L di: o [ | &: Oﬁ@ﬂi L Rt cetam de,
met hyl !‘r’%lg%tfje{s&f’bg élgbgner,lt’ E&b%ﬁ?ﬁ%@%@% hé}ﬁé et ’edg%t%ew#é%tp %%r?%?ﬂgianone, y
- but yr okatérapRtedanst vaidstias esaytHaee anf appfopriatadibmetet. hie icfusthemng t hi ckness i's

‘ between about 0.1 to about 15 microns. As a dg‘glaﬁctric %terlager, the film
t hi cknesentemplaiedithatiat leastsemeviquls 125 may,coREect Xiigictiared VoIl 1gP 4t ysed t o

enhance lJmar.: i d 85 » j: i onal l'y known
in the 6%@#@ “gh ?Qiigl&]lgl% %chf%#gotug{ (gtﬁﬁto I ézcggg&l £ ?gnrrﬁ %gtl?'r m%’sg{gspi gnents,

pl asti Cpreférably havd Affeandiametsn df lesethan § enicfonane] i orrprefersbcimpati bl e

pol ymers can be blended in to give a desired property. Adhesion pronoters
can al so be used. Such pronoters are-typified by hexamethyidisilazane,

whi ch can be used to interact with avail abl e hydroxyl functionality that
may be present on a surface, such as silicon dioxide, that was exposed to
noi sture or humdity. Polynmers for mcroel ectronic applications desirably
contain low | evels (generally less than 1 ppm preferably |ess than 10 ppb)




WO 02/ CSBI . 1s PCT/USOL/ -t8869 Further, the material in the first |layer 120
w Il be continuous and generally not nanoporous when there are wires or

ot her el aghl@RidGa£0oNponent s situated betlveen the substraperiifyapd the
first layer 120. The wires, conductive devices, or electronic conponents
300 can be nmade from netals or another appropriate conductive materi al .

Sui t abl encartdidrsetar & led3akan HlOatMomstetshaid illemord prdferablytHavels nwad f Dbl ock of
the Periodic Chart of the Elenents, along with those elenents that have

met al - | id@mgeRfdessithan 10npnamgterssilt (sdumhes santgapltad thah vords 12Semyts ei n, the

phrase "d- ' ns., & | event s t hat ere S, f Ll t he 3d,
a, s, AR iR SRR LG B e e 1o PG R Bt s e
herei n, voh® 1RB8Sehifdmb} dispersedBaftn tHRAES 18jeetBNt s that have el ectrons
filling the 4f and Sf orbitals surroundi ng the nucleus of the el enent,

. including the | anthanides and the actinides. Preferred netals include.
titani um si INa@eporogibhen woldse uigsaeral #f cortemplatedhbereipamay beseatgd bixi num

chromu i . d il .un I [j ronet hi um
ana ¢ horuetoRisisd Butle e e binali T EF DAt URBRRUE 25 3Rt ool PTcon.
copper , voiaikedompnaht 1281 oftfet & driiel ofEér e¥Apbritd PE lof Br thiRatiredfopdtRé red nmetal s
include alum num titanium silicon, copper and nickel. The term"netal"

al so i nebmgencrnill Royksachagah inasganic compuasnt sush agthase cempenants wotAIUBE t es,
metal polyner co sj.tes,. a |1 as of her tal .conposites. In Figure 4,
Goscr i hatitph (T BERERlite e St stitans L efl diFed Bamhte Bl R SRty | ayer ed
Nanopor Qlises4lliSk e} 6 Fudkk §HFAER, NPIPCH IS afCOAS L I WHeréin ki i6 84 idtégepr 120 onto
a substrat gémlllo $10); depggrﬂ;n“g a secﬁa Iayie}? 30 (r)n'?())( 1t he f?%ést | ayer
120 ( 20p¢tweer Qtandid, £ ke ik &yardedis mtirgegenbeth@on 0 ang B pfiomeanpwgosd ty (30); and
depositing at |east one additjonal, |layer 140 onto the secand |ayer 130
(40) . ThMpoRea} in thy layeryhere A8 areclss s BAY BiSP oA AHBRRYTaNE- 110 by any

sui tabl e method. Contenpl ated nethods include spinning the first layer |20
anto the subslsilifind Host 148} L30)hel dfodd dafbodrdliyek 490 @M Be bligerRipst rate 110,
dripping the tirst layer "120 onto the substrate 110, or pouring the first

| ayer >sd#f3fiogeiveral dasighudoatsy sitch ag pfhviding suppoe ffarthe firse iyed 1 2feaid, the he fi r st

| ayer 120 .i.s rolled or spun.onto the substrate 110. It is _contenplated that

the fir3ddifienal fayen s ahulp enaipspigumigiateh degasn OlPorasiii ROV Vsh dts SRMERA ped

deposi t eqci . : b - t adeposits (<
1 ¢ RAREDER S Roki VAR A AR Iy A BF Foroy T MVl

st and- at@fgortaP s dfRhesRoid BYeCB0tcanBt sdledled in o¥drQz 4ddoGimedak(ihe USCL/ - 4880
The second | ayer 130 and additional |ayer 140 can be deposited directly

ont o t hpreviously menjiened Yesigmeoalsyt the scednddayes d 3o dTheeeruwelatileicampensnst hods

d i b f he fir I 120, - i ; 148 of
he. addri e Sybbhisme RS sl | s EGERs JONEHBRs P SRUBRRE T 1P
r enovededhipdRehNE28, Mchidpch mbaakic 1BaklY, cRdYgahtinb@l coffpoRNad, aoWBRaat US Or

met hods. It is contenplated that removal can include spinning off excess
non- vol mixthees o6 thessmaterikls 8nd polymierss mogomérs and/oreagesunciurgsaxamplessrfponent

148 with i at. I t. Syitabl Ol t i I .
oyl oheSuGHAIRIEd FBHHLS cRBNE e tliselts Gruepaies o gRb QB SRS S of vent s.
It is furidieh ﬁ&QIﬁ?!?ﬂ%xZﬁl t ffear}gaz%s {qﬁﬁ@ummemae BSlySryfeas SRR Po ki | ©

conponent 148, an e no need for “a nonvolat’i|l e conponent

r enoval adatreptandmaleaitshemarched addreanineagectires,yand pobestersd dxamplds cfuggest or

inply that there is necessarily any. exces n-vol.atil e conponent 148.
LYy contemplate organometaishsc comp%un symclu epoﬁy@gnethylm oxang), P

poly(vinylsiloxane) and poly(trifluoropropylsiloxane).

The second layer 130 may comprise a plurality of voids 135 similar in some
respects to the first layer 120. Voids 135 are typically spherical, but may alternatively or
additionally have any suitable shape, including tubular, lamellar, discoidal, or other

shapes. It is also contemplated that voids 135 may have any appropriate diameter. It is



The vol atil e conponent 146 can be renoved fromthe additional |ayer 140 by
any suitable renoval procedure, including heat and/or pressure. In

preferre i.pents, the volatile conponent 146 can be heat i ng
t he addiswgﬁ2@g$g§er 140 or the | ayered stack 100. In nnrgégE§ é??%a

enbodi nents, the volatile conmponent 146 is renoved by heating the

addi ti ong@lthé@deaferiftile®thal At GedsPMRT LIS %km%gébr{nect&vi@iiﬁdimr esids 1BheNnt  at

at nospheric pressure. In other preferred enbodi nents, the volatile
conponendredtd 6 sirsctureny thealsipyifibaa tinngnttdfeoankitad araper 'Bpspsity4 Y aids 13ayer ed

the phr REPAEIEE ROSEHE BT eYdore B o Ry or SLEE PRl PREEES Ual b
~ T over t hag /6 0nmakrosiPRahas100ARnIedrd 8FEsMI mbReprafitatehaatameaner i c

pressure” nmeans that pressure that has a value of 760 atnpbspheres. As used
~ herein, dihaeehofiss tgabkmnmemeters. riomsmarthér avegmplatbdthabveids dhheay be hat

contai ns pure gases, including nitrogen, i r argon;,or m xed gases,

i ncl udi ngifermly orfandogyiy dispersgdaw ithin glee %ﬁﬂ“cggy?fﬂggd%ﬂ&pf‘%gmﬁ nal form before

or after - e i L ~ {348 f¥p0om t he addi ti onal
Muﬁﬁrﬁlﬁﬁd@f@ drl ?@?Arngg?gﬂngé}?éﬁ withid thSsdcBRPMGE: 300

| ayer 1 0 Inpre odinents the layefed stack 100 is cured
usi ng heat, many ot her nethods are contenpl ated, inc! udi ng, catal yzed and

uncat al yzed s fishshe roarvalsfile gompansB ol e, ishand ey adi I thaRY- ~ and base

catal ysis, .radical c s, eati onlc- QR Mt 12 WO
a1 bt -0 pta PR ineE kA IheasfBrsl s | A BREORp SRR i
st ruct Ur@nfyplied & dEREHHEM pretNosly dpeadin@dn tikdibsiredstnaturnlbatidesignst ar t er s,
such as ammoni unpersul fate) and addition of acid or base. Uncatal yzed

met hods goatsl Baamplppo§ coatemplated ongaris sompounss asgpRlyethens il ery pesagthers,

subat nospheri ¢, atpospheric, o uper - at nospheri ¢ .pressur.e, npl es Exanpl e
1 Five WWWWP%%&%W‘[&%WBF Sﬁr‘h&gﬂ?%lpgﬁ%&éﬁ%r%plgge I'Spensed onto a
silicon RUB i dWindro3SE BB owes §Adudd silléte HPAVimbfAtes ERQRtgesat O
RPM an fids drabhees BT ST P o S Tayor o then baked at 80C,
150C) and c3h@planed arganometalliecenpdunds oichulegd [gimstinlstpxane)400C f or 30
mnutes in nitrogen. Thjs procedure wa regeat ed to prepare three coated
waf er s: BRly(inylsexane) andpqaly %"%PQMI?I aBYntaining 9.6 w % pol yaryl ene
ether, 6.4 w %colloidal silica and 84 w % cycl ohexanone can be used to
forma | ow diEieahrvolatidé componend 148ayey alominelukle beth galyrnerslang eonphugts. i s

approxi matel y 8000 Angstrons in thickness and in the form of g Ei lin. 'The
filin caklis ﬁmheb@onwmg@reéthaw@mQWOMCfmonfn AmaY BaedmRHtac €lired at 400C

for 60 mnutes in nitrogen. e -cure fili ' BCE 50:1
sol uti orf“‘?%?ﬁ‘?é’sn?rﬂifflgg@?’ocwsé P/ee%? ﬁlteang%dl coﬁ %&? t g@%‘?ﬁ‘%@%gg%g}‘e t he

si lica ipnlRMUecompdiint U8 £ 8igaficHolymdren Morepreforedsompbyentydfthe et her.
The refractive index of the post-etch filin is about 1.474 with a thickness
of appr monratlaily caspmenntist aro arganitheros-kakedPelyEneEdnst ant of the structural
| ayer is about 2.06. Three wafers, A, B and C, were prepared as descri bed

above in thi SAWRH%&?J‘?H%%M%QEM_ edpRSLIYAR seduayed30ahoaddti&east i an Five
a Y’

stud pull tester manufacture Quad group. The cured, coated wafer is

first priaged4ethayeomerissa pluzlipofeidsit4fi Fhervoidsi ki@ prefpeablibiiavglaungadum on t he
surface of the structural material. The Iaﬁ’ﬁrgd st ack s cut into mul tiple
pi eces ohamefstef lgsstham} micromatep #nd moge preferably hpve 4 mgan \é\fagmte erofsss epoxy
coating N j ; aPt@ces. Studs,

whi ch artgﬁf%@a%ﬁ%ﬁggr%ﬂ%%ag}ogg% Iscr(g)fgﬁb%ﬁ%\%qt‘ﬁ%ﬁﬁlgﬁg%ﬂgﬂgﬁﬁn, wer e

at t achedhahembtess, fIt isfuderchmtempRitedthatche vdide 1 4fhmiay by upifamdy of ssdopilece and

the stud were then 13 . WD 0210881-t~ PCTI USO]1/ ~88@& cl i&ﬁeijﬁi%get her by
a metal disgepsedrithin the additiondl layst £40. la e nraterrsd gmbgdimant the vy mbl ed

" pieces werg cured in,an.oven ak...l hours. After curing the epoxy,

t he stud*,mf?’é@fy‘ﬁfpeeéséd&ﬁ%‘%@é’%ﬁ%‘&%@%@p&/‘é‘ge gl ued together. The end of the

stud was then inserted into the Quad group, Sebastian Five, stud pull

‘tester. PulliTip ddditiveablayer 449 mayalsosompaise themonritolatile ﬁ@%‘é’éﬁ’tﬁlﬁé@a i ece

broke. Naxinmum, t i eved, | i ' t
Caken” ads PHERRiEN B P OIS 10 Bt ol FOfS CipRibisdd e £2) | 1°°
| east t %i&’-iﬁ%ﬁ%&difié&rﬂé%’exsm%& pRlSed 8 ShFkate The 18t abliod hhndpor@i~t h

reported Is the nean value of the nmeasurenents. The stud pull strength of
wafer A is about 2

9



Kpsi. Wafer Ais not infiltrated. About S nL of 4 wt % pol yarytene et her
solution in cycl ohexanone is dispensed onto the post-etch filmof Wafer B
descri bedyghoygd nfiltrated but no top layer]. The waf erscppsf spen at 200
RPM f or S?léegsagsé(fnds and then stopped. Once the polyaryl ene ether sol ution
has rested on top of the f Imfor 15 seconds, the layered stack is spun at

appr oxi Naf&liy o3P AMbrcéMHeirehdtR of BleNiniolyifs fihopaRal materfdl botoating

cycl ohexanone i s dispensed onto the filmand then a second spin at 2000 RPM
i s used thesurfmsecaftiining¢hexadswith eshin layer af spivalagisacompoopry #Si dWe The

infiltrated.and rinsed | a ed stack is then ba n_hot, . t
| 201 D00, SRS g e Gedes D pds PER P B D Bl R L et
©infi |trﬁ$ﬁ1itcg§é€§i&fzh NéO@MQ@O@HE&ﬂis%coﬂmﬁeaint@&ltﬂf@l_tgl%@ﬁl. thus forming the

final i ow dielectric structural |ayer. e dielectric constant
of the infiltrated layer. was 2.12 with a, efractive.ir]de.x of 1.494 an

: d
" fi1'mthi cknesEhedRsubod ingtagnigmaeHalhdescaRedfr Tt 26 W 'POR RIS EREE By (SEI\/)
showed tpgh t%@{he}s '99(% H‘[fj'rsl &’5% opg,SZ@,?%to%r SpheQh af (EetS i bomL ural | ayer.
puall streng ROt “warer S Kpsi .

The stucf wa fer C was processed in the
sane nanAgsrp@ateddicadin By ffaende, itbinay beuseddh slbstaatislietheisame nxnegr asas
omtted. The dielectric constant of this filmwas 2.2 wirh. a refractive

2
i ndex ofsetlfoghin thREpptartaFoLexampity a8 coHemplated Shat ftha FEanIc ARH IN9E$BIfs i | m of
bout 1 S00.Angstr. f | ayar d pul |
cbout, 1 S0P ARHRITED Sl R AU A B Thge s P

PCT/ USf Ihi 886 MM &! inRrlager diEleRets gratectios acitings,tdnd as anebsmmnniarcimsit \af er C

in Exanple 1, except that the first filmlayer, the continuous polyaryl ene
et her, wesrdser puetsdsiiriagiboarde Mergavesufilms«r cazitigs obtheiorganic,ansd BOWANS: r uct ur e

br ocas s CRERT AGRF B araneenee Srtne tar i putERiolR R RSB RR Vo cea

in i nteqhak cgféaﬁﬁr&é, WEhWB[Ec JAtRE BERE PrefétrddN PREMYSIveliiaes 2 Bthomgethylocessed
in a nmanner ent 1 cal

to the procedure used to process Wafer C I n Exanple
1. \Mf eretlfery@yslohexaness egcloperdanvmaytetuene entene,ahlarebenzengy Nowethyt e used to

d Waf D of Ex I . \\af d | . Lm |
e or G RERBUROEH AN ABEHDHBmaTIde, N-HBRR e Cha DTy A e ner

| ayer vas L eRlaGed eﬁ}ér,%eéy%%ﬁ)gﬁ-bﬂ%xﬁm%gqy AGR16A8%, bAY Bix@esthdrbgion ni tride

using a que. nal'ysi's of er F showed that the fine
al um nu rmyﬁdag& thE EGate gk RN eds Rttehestnabant MY td bogel S/miatsns. tstahdielbettic n
structure. S

anal ysis of wafers E and G showed .
interlayer, the film thickness is typically less than 2 microns. Additives can also be used
to enhance or impart p.articular target properties, as is conventionally kno§vn in the
polymer art, including stabilizers, flame retardants, pigments, plasticizers, surfactants,
and the like. Compatible or non-compatible polymers can be blended in to give a desired
property. Adhesion promoters can also be used. Such promoters are typified by
hexamethyidisilazane, which can be used to interact with available hydro?cyl functionality
that may be bresent ona surfacé, such as silicon dioxide, that was exposed to moisture or A
humidity. Polymers for microelectronic applications desirably contain low levels

(generally less than 1 ppm, preferably less than 10 ppb) of ionic impurities, particularly

for dielectric interlayers.

In Figure 3, wires or other appropriate conductive devices 300 may be placed in
between the substrate 110 and the first layer of materials 120. In this instance, the
material in the layer directly above the wire layer will act as a protective layer of

minimum thickness between the wires and also as a support for any additional layer.
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that the alumnumwres were left in tact. Exanple 4 Five nL of 4 w. % of

an adanmant ane- based conpound, in cycl ohexanone is dispensed onto a silicon

waf er) fovbowestifsy 3 seconds spread at 150 RPM 50 secondgcpisf/ L& and 60
seconds at 2000 RPM The first filmlayer is then, baked at 80C, 1 SOC, and

250C for, ope mnute each, followed by curing at 400C for 30 minutes in

ni troge ."“Q‘H’i the maderd i the fiess lavep B2 will becqptinpeusantigeneralipasted wafers: H, |,

and J. (ala i .cont aj, ni 9.6 Wt % polyarylepne ether) 6.4 wt %
col 1 of bRt M ahetl GRS ot Ak MopprBE SRiie T BBt M 1 o
di el ect pittraferiUOtand te fraMgfer0ppa first filmlayer that is approxinmately
8000 Angstrons in thickness and in the formof a film The filmcan then be
" baked at 150igOOlZSOC or. 1 m.nute (Ieach and cured at 400C for 60 mnutes in
ni trogen. ThePHBEES CORACHYY devicss Welestrepnssomprrentdbenbegnadafrom for 15
WO 02/ 08156 ai 633 ] te,: 1l.lca. ter .
" etching, >98% ogﬁie‘t]ipggﬁniaca |g§crt§'1ermw\r/gé , l'aggqﬁ%%%gtgiss{]&% coﬁeF?W % a por ous
pol yar ythehare ét thed-Wbckeqmdfcbibakedfehe/ Potadi: Chasof theElenddits, diclg®EtH fhoseonst ant
of the Eatruct rgb | ayer s about 1.92. Wafers H, | and J were treated in
this neHRBFIS Rakhayg %ﬁ?lrmﬁeé%??%» BSHAS EHlieen ard SRIMANTAh a4 s hsed Hereip, st ud
pul I t ’ . .coat fer is first
P ocesend s ab ook HEds Bos PRl bk B S BF BP0 T 68 ¢ ne

sur f acebddrbithie setoundingrtid nwdus of &le. eldthent] A¥eE@ThdrtiACHe PRfsEUkplopk® Mul tiple
pi eces of about a 1 cmx 1 cmeach. A ceram c backing plate wth epoxy

coat i ngnies thase stemeatsitkat haee ¢leqicons fillingrthe dfiang Yeorbitals hetquadinggheces. St uds,

whi ch ' i t t he,.ti he pin,
At achaeleebpthe Bl RO SRR o e iSibioR Preliredmats "Bl cce and
t he st lifclués ftahiber siticomREshlt, eefieh aickRy, zﬁxcpvmhnﬂ,iammimh% chbRfigdure is

called the stud assenbly. The assenbl ed pieces were cured In an oven at
130C f dMatmup, geld, silvier, dungsteni mglybenuop osyym; premsthiutn, areisthopirmcda@ad backi ng
pl ate ued, t.oget her. . The.end of.the stud was then inserted into the
Quad gﬁ%%?%@gééstlpéﬂé#%fnuﬂ et Is’lF@%CQPPerPE‘FE?InE;la?‘%‘FEeg%S applied to
the st @hvethi hudgd@n aSaRIMHe RekeRinfe s RIcRIE al VB aﬁfé{;f? Leved, in
Kpsi, recorded dur i ng tﬂfseljet eset vvasstecl enaa%{%?%rgy{s%u EP{CQQ’%&ghgﬁh of the
fil m f end nickel. Jihederm “Tygpalt alsbynclades laHaws, meeal/mpitd compbsines) megpeci nen are
tested. The stud Pull S reir;'%tseh reported is _the nean value of the

measur EFBAYSCOMBASIES ME13) RPIYISE FURRASHED S Wet @s ofher meta) omposikpsi . Wafer His
not infiltrated. About 5 nmL of 4 wt % pol yaryl ene ether solution in

cycl ohexanone is dispensed onto the post-etch filmof Wafer | descri bed

above [infi [1 Figueedrescrived iwprehty é4thil balbw, ¥pfefirfediRéBod BEiProdlicin®0 RPM for
five s?cor‘lags and then stopped., Once the pol yaryl ene ether solutTon has
r est ed 'QYAreE Ganeporeusdisleqtiicymasrials somprisasdiepositieg & fgsslaygr E2Gweikoas spun at

vl oncraed 198RS, bt Sloch B TG AR FRunft b ednledting ot 2000 rou

I s usethetlayetedfigteHill 100 he pREGESSOrb S/ (30); Bndd§dsiting @b leatt MRGHAHLAN: The
infiltrated and rinsed Igyere sta?lk( i)s theﬁﬂgakgd on hot p?lalt es at

150/ 208yesl€ angr thesecond fayer 1 ¥b@h).t o renmove the cycl ohexanone. The
infiltrated material is then cured at 400C for 60 m nutes, thus formng the

final infil ’fﬁeaﬁx%?la&é’r"Yzﬂic%': & Eié;;o%itg& onts El%ﬂ!%ltraleayl%rby alng suitablg\get % . 8l ~s
Contemplated methods include spinning the first layer 120 onto the substrate 110, rolling
the first layer 120 onto the substrate 110, dripping the first layer 120 onto the substrate
110, or pouring the first layer 120 onto the substrate 110. In a preferred embodiment, the
first layer 120 is rolled or spun onto the substrate 110. It is contemplated that the first
layer 120 can be deposited in any suitably sized or shaped deposit. Especially
contemplated depositions are thin-film type deposits (< 1 mm); however, other

depositions including thick-film (> 1 mm), or stand-alone deposits are also contemplated.
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PCT/ USO01/ ~8839 The dielectric constant of the infiltrated | ayer was 2.12
with a refractive index of 1.494 and a fil mthickness of about 7800

Angstrormw(ﬁ?/ggg@isng El ectron M croscopy (SEM showed thatp¢figsd, /448 NO
inFltratin~ layer on top of the structural layer. The stud pull strength of

wafer | was 6_Kpsi. Wafer rocessed in the sane manner as wafer |
except that tﬂlfi?wddhﬁiéﬁ%ﬁ@iﬁq enak tayer 1< an it depasited Hisedlyednee thei ¢

const antrrdf laddd 190 bl ) YRRnFe ehibd el (BG!H B MEX RN e 38 Feee SEM

anal ysi s sho t a continuous, on°p Angst rons
was on tlayerdf0t he nanopor ous Iayer The stud pull strength of wafer J was 9
Kpsi. Exanple S Wafer K was prepared in exactly the sane nmanner as Wafer J
" in Exanple 4, except that the first filmlayer, the continuous

adamant ane- bd’s‘é}b‘?"@%ﬁ?ﬂéﬂﬂﬁlatk}m@we@!e%sifﬁwddmmablﬂw I¥0Ichn eneregt h of t he

conpl et : T 0 fers L d Mwere
‘ seggr at gﬁ@%@bé@égl gcfmnéﬁ%b rlgg’tovg‘?hﬂ@qg? W?rﬁﬁﬁﬁa@f ?Q ?‘B}éi%‘ﬂg t ypi cal
of t hoseerdoefl apparatns Omathees. gt fsQ:Bhfe?n [at&ethal RhRPEIaR St MER S padi RS 6
alum numw res/lines, nornmally call gaps, ranged fromabout 0.1 to >1.0

m cron. SXeRss n@m«ynhatlbfcomenmtuﬁ% m!rmnstnglsp(fffmcw naps/obdtideicondpaheni b4Son. Wafer L
was progessed in the s fer Gi.n 3. Wafer was
processe ﬁﬁwziplqéc’p?&%eg ﬁgﬂh\é@{%@%\ﬁ/&mﬁiéws maé%@ﬁe {;ﬁLﬁieﬁ{@ne amsoEVI

adanmant gd18erfRas@er GIRANED MRHPHSRE shifemb.a ther in
the for rrul%tl on of the secondpﬁglgefbaﬁrgktﬁgs ad F?@S%M?t%g%@ %h waf er s

ver e exarymetbbyx@iEvonevaaile companent 143)end dneibere wall pelny meed &r atrva- second
| ayer fi I EF t he ﬂg{)s bet en the aJ] um numw res/lines. Wafer M showed t hat

a1l gap¥° oot remaval FieRs AS st Rerain e PERS AN CXBFFE] 8R%INPLT i | | ed. On
the Ot hesagian imPRei: chork ARALAGLALINY L iE: RALYALNE QR SENFT Rt er i al di d

not fill gaps S | er than about m cron. ~S Exanple 7
PCT/ US41/ - 18869 Fl ve nL of 4 wt. % of an adamanti ne-based conpound) in
cycl ohex anon@hé goldiilsgempenem M4®can I detmooed hadheahe addiliormMagebysBbeagonds
spread atﬁﬁ% RPM_ 50 seconds at 0 RPM and 60 seconds at 2000 RPM The
first fiRPleFsPvlPregsdprepingivdingthegipnd/or preyeure o fuprefsgred embogimeents.nut e each,

foll Ov‘egxe%laﬁ% &d?:%o%tentzllg%gaﬁ BL re%rQngh rwth%ﬁlﬂﬂhp 5&{1891%1 layer 140 or the

layered stack 100. In more preferred embodiments, the volatile component 146 is
removed by heating the additional layer 140 or the layered stack 100 in a gaseous
environment at atmospheric pressure. In other preferred embodiments, the volatile
component 146 is removed by heating the additional layer 140 or layered stack in a
gaseous environment at sub-atmospheric pressure. As used herein, the phrase “sub-
atmospheric pressure” means that pressure that has a value lower than 760 atmospheres.
As used herein, the phrase “atmosphéric pressure” means that pressure that has a value of
760 atmospheres. As used herein, the phrase “gaseous environment” means that
environment that contains pure gases, including nitrogen, helium, or argon; or mixed
gases, including air.
The layered stack 100 can be cured to its final form before or after any excess

additional component 148 is re’moved from the additional layer 140. Although in

| preferred embodiments the layered stack 100 is cured using heat, many other methods are
contemplated, including catalyzed and uncatalyzed methods. Catalyzed methods may

include general acid- and base catalysis, radical catalysis, cationic- and anionic catalysis,
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This procedure was repeated to prepare three coated wafers: N, O and P. A
spi nning solution containing 9.6 wt % of the adamanti ne-based conpound, 6.4
w % col | Qp93)ssiid 1 ca and 84 wt % cycl ohexanone can be uspgrjQif@kdw a | ow
dielectric structural layer on a first filmlayer that is approxi nately
8000 Angstrons in thickness and in the formof a film The filmcan then be
baked at G J gmﬁ‘e%‘e EPBe Mm@ B¢ Uirrfliationput es i n
ni t rogen. ﬁ%@%ﬁ%ﬁépﬁaﬁﬁﬁ’:gﬁb e et gﬂggqrvﬁh)eBCE 50: 1§:sql ution for 3

M nut es idditi@neMadichiestaiers, sech adfanenordumopérsu) fate; 989mddition of agi¢ pehases r enmpved,
and the &ost-etch filmjis a porous adamanti ne-ba wth a

ed. compaun

t hi cknesYneAtalypas Batheds B Yrde amicakrys? rpé?ﬁé?re?r?feap(??légl?&c}i E&@nstant of the
" structural, | a ! F : e prepared and desi gnat ed

as N, O ﬁwalﬁs%heﬂéiﬁ%?%ﬁh&t%éu p%ﬁgﬁﬁhg? geéwﬁgl ng a Sebastian Five stud
pull tester manufactured by Quad group. The cured, coated wafer is first
" processed to deposit a dense, 1-micron thick layer of alumi numon the
surface of the structural material. The | ayered stack was cut into nultiple
pi eces oExamples a 1 cmx 1 cmeach. A ceranic backing plate with epoxy
coating was attached to the non-infiltrated side of the test pieces. Studs)
whi ch are metgL(aE': ﬂslvm'th epoxy coating on the tip of the pin, were
attached to t ¢ of the test piece. The backing plate, test piece and
the stud were then clipped together by a netal clip. This procedure is
called the stud assenbly. The assenbl ed pieces were cured in an oven at
130C for 2 hoBive.mbbf€wtcpoharidne epoiycycldhexanond is dispansed @@ 3ari d backi ng
pl ate were glued together. The end of, t s _then d t hnto the
Quad gr osificomsyaestipHewed Re3 SO0 ﬁsmafiafggq @Mé@%ﬁ% SHt0 ?\3%?93% ied to
the stub_unti/ j : | AH0PQ 1FNQ] dhddsOPEY&d, in
Kpsi , rei%?%i%saat?@g?%gﬁf@%egrss?ﬁ%?y?g E}genggﬁ%‘c%]e st%’d pull strength of the
filmforoidminued ech, follgwed By byringadt 406’ for 86 mipites iwsnifrpgen. aThiseci men are
tested. The stud pull strength reported |8 WO 02/ -4S PCT/ USO1/ ~88® i s

t he meanpweatdige wias rapeatae osprepare three coptrd Walge: dyiB 28¢ Length of wafer Nis
about 2 Kpsi. Wafer Nis not infiltrated. About 5 nL of 4 w % pol yaryl ene

ether solution in cyc Y IWSRe! @Qrz@ BQstos ediediddti | m of
Wafer 0 descr ;&bsgmxﬁ%%;)gﬁﬁﬁﬂc?ﬁﬁﬁgfgggﬁﬁlﬁ% toégk%é@ég’fé], The wafers were
spun at 200, BRIM4 @t o dy¢pheesonesatiecused enfosmaplpedlielertde strhetugablayar 91 ene
ether solution has rested on top of the filmfor. 15 secand , Jdhe l.ayered
stack i sa $ipssilmtlayep radid approximatelyFHORAMEstreme tqué"%sﬁiaﬁ imgledomyofapout 9
mL of cygl ohexanone is dispense } Ts) +n at
2000 RPN?‘L% ﬁ'g%g?rpﬁa‘? ﬁ\‘?ggeg’?elfedtagéggé@)elgg;@rde@n | nﬁgggg?%ﬁc%gﬁgqgtgfg ation.
The i nfikfraat i | TivRiseehrs fidleah be tlebed with OB AOHcolytbatfes at
150/ 200l E(%ggﬂﬁ%}&g%e&#?%ﬁge eacksl to renove Etzhe cycl ghexanone. TEe

i nfiltradesnmes e fealove thetsiléna. AftendtchingqpPR%e 06 thealiceif fRIarvedy $ormng the

final infiltrated Jow dielectric structural. | i.ele LG €onst ant
of the i RPstiet @Hlﬂ%}’é‘?“ﬁﬁ&@’aﬂl@? et 10 Fotro i e BEE B A En BY

ANgSt I Oy, ,1pG 3H7! ith fﬁﬁ&&éé&’bf'!hﬁrb?ﬁ&&él 786 Nhgsthne dTHd diélcttie constas no
infiltrating ayer on top of the structural |ayer. The stud pull strength
of waf er oheagubutéd fyer Wabeut 206,1Rhree waferss 4¢ BiandhavesepiepaAAder as wafer O
except that the cyclohexanone rinse step was omtted. The dielectric
const ant described abaveimihip®anness  SEM anal ysi s showed that a conti nuous)
non-porous filmof about 1500 Angstrons was on top of the nanoporous |ayer.
The stud pul | st 2@ M\ﬁﬁ%@ Kpsiian B¥estpdliGedteve L of 4 wt. %
of an adamant ﬁ%gﬁg‘gg%sg%npo&%‘ft&}n C cFoheiaénnone ispgi spensed onto a
silicon wah@fcnked bpoest froui Thoaned; copedwifats AB0pRPMsedD depegihas at 0

" RPM and 60 seconds at 20(fO,RPM The first filmlayer is the ked at
80C, 150@gnsentrniena thigk layproflyminamen the syrégae sgli(r“’@’ﬁ?li ﬁ%ﬂ?- %ﬁc for 30

LSS e o s ALGREHERAEFoA e  BitPa e coat o

backing plate with epoxy coating was attached to the non-infiltrated side of the test

pieces. Studs, which are metal pins with epoxy coating on the tip of the pin, were

attached to the film of the test piece. The backing plate, test piece and the stud were then
13 . |



PCT/ USU1/ . 188C9 A spinning solution containing 9.6 w % an adamanti ne- based
conpound, 6.4 wt colloidal silica and 84 w % cycl ohexanone can be used to
fotTn a | ' gtric structural layer on a first filml gyershinaked S
appr oxi m&gog}og%gb Angstrons in thickness and in the form o? a ?fkl(}n The
filmcan then be baked at 1 ~0/200/2~0C for | mnute each and cured at 400C
for 60 n&lﬂi(g;%@%ge&eiqb?EW%TcliJh?hiB%GCeGWeﬁs Edllemusdtudessehbiiedhei t h BOE 50: 1
solution for 3 mnutes to renove the silica. After etching, >98% of the
silica issserebiod pitcemwerecheedposn oedrcdt 18DIGfdrS houpsorAlier catagthsieppey.Bbg ed
conpound | ayer.. The post-etch filmhas a thicknes f, appr oxi ely 7800
Angst ron%‘.“iﬁ?éptﬁc% P E‘gég?fgfvﬁFﬁng?onﬁE&‘E“f ?ﬁl’?ﬁﬁ‘?aﬂ?“fea@‘gc{wﬁsst sbout 1.97.
~ Three v iy 2B HveSstud pRllUektubl1h e KrcVRes fpNeHCt ed

usi ng %@g%%gﬁgﬁhggﬁg@gﬁu% Spggﬁ%%a?estéfc’ umfﬁuf act ur eoll %y Quad 2(\(Efjry(gup. The
_ cured, ctoahestubahelthe sssbinbkd ppece beskee Maoomaeposngthacbienss in Epsti cron t hi ck

| ayer of alum numon the surface of the tructurgl ﬁx&xerﬂ %Ié .The | ayered

stack werscerded fyring thatas pritakercasdle siud pyl srength o the,ilm fERIIALRIACE- A cer ani ¢
backi ng 4| a R ' t 08 08 Rabdbhi thbated side
of the tg%l’[‘éag%y\g%‘e‘%?f%? ﬁfscgé)\%elng% pﬁ@%‘@r@%iﬁ%?n?ﬁtﬁpepoxy °coae? ing on the
tip of tigenhdban VBlicofahé Rehrterents. MEhe sthdrpuif sttdngth edvafpd Adeabolh2 backi ng
plate, test piece and the stud were then clipped together by a netal clip.
Thi s pr dépduMafesAganatéefitraigdst ud assenbly. The assenbl ed pieces were cured
in an oven at 130C for 2 hours. After curing the epoxy, the stud, test

[ db j I o : h
neertod i ni o Pie a4 WEUEpPiflect AR HALgor B E0ReRnob I8 EpUMSIY, 16"

force wasnt@pflgoRdett® filhf W& Biaéschibédsborsfifittteetl putenaoplayted. Thxi mum
strength achieved, in Kpsi, recorded duri n%Vt he test was taken as the stud

pul | st reafgtsrwat spireat20) RPN fortfivgtseennds and igpisioppeq:, Onge the Aelyamyisiepi eces

froma speci nen are tested. The st.ud S ngt. h s the nean
Vel e of HEHSORBahRsaRt o1 o g AR Sb 10 SR RORR AR g 40 (T 2
Kpsi . bR 1y00 RN spiNReHY stép, AbodT9 AL W cHel6Hexaibne is
adanan:/\ibgr@?%@gg lcorrgcgl% Es%?&'??oﬁ in cy? ohexanone izéd_i spensed onto the
post - et odisgenked @fto Weffim dRddbsca sebend shoae2(00RENtis useddo buse efdtheop | ayer] .
The wafers were spun at 200 RPMfo&, “Vfﬁ secongds a g t hen stko ed. Once the
adanant | ¥EHASTH LD FRIB GRRICTIPETAIP BN ThE P HHEAFR AR RnIeGp TG 5T P or 15
seconds, t ' j xahéed, t he
spi nni ngbag(? (284,1 ﬂé@é}lgtgsgt 1%1_%}(2(99 ﬁzé??fj%@?gﬁgﬂ%‘gﬁéﬁ’gﬁ%ﬁg@@gﬁ% he film and
then a sTaeidilZfed méteRaDid/thdSdrdd £@0010 KOIG0-Bia@es,shunfoanir@0BOORRAM i s used
to rinse off the excess resin in a spin coater operation. The infiltrated
and ri ndafiltragddpwieledtug stractyrabldy@aked on hot plates at 150/ 200/ 250C f or
one mnute each to renove the cycl ohexanone. The infiltrated material is

Lnen cur ed Aty d0RGLAL o8 BEhETnaNg 14 WS 1ol Ptk iy af d | ow

dielectric structura ectric constant of the infiltrated

| ayer wegs4ds 8f1 vl thackinedstafQbomt e 800 davgstedms. . IxAnimgElectfon|Mictdscegyness  of
about 7800 Angstrons. Scanni ng El'ectron Mcrosc?tgy (SEM, showe t there
s

] th
was no i(SEM)tshawed ghat theee wasna igfltesting fayes on trpr fithe struefutl laygie Fﬁ‘a‘%pull
strength waf er R 6 _Kpsi .. Wafer S was processed in the sanme manner as
waf er Rpé‘ﬁ‘fcsérﬁf‘gt?‘l?ﬁtwa\l?%?vg ?Eﬁ’é&(anone rinse step was omtted. The
dielectric constant of this filmwas 2.0. SEM anal ysis showed that a

continuous, NWAfRQ RaSproédstrdih tiditie hatfer Anwafer Braxcomshathd op of the
nanoporous |ayer. The stud pull strength of wafer S was 9 Kpsj,. Thus,

speci f i ccyslohexkinoperissestep wppomistadi he distectrigconsiantefiis Sy st BI04 s have
b di d. |t | d ent . id in th t
Phat mrsragne g oA o AR Hond RS baub SRRl et 00, &

’

W thout ARAT $00ndsHBHs WaS oh ?ﬁ&ﬁtké’ﬁarﬁﬁ@?&:ﬁq@ei‘!e’rﬁé ftud Emesmgﬁﬂsﬂ ve subj ect

matter, therefore,”"1s not to restricted except in the spirit of the

" appendedwafeaCiveas INKpstover, in interpreting both the specification and the
claims, all ternms should be interpreted in the broadest possible manner
consistent with the context. In particular, the terns "conprises" and
"conprising"” should be interpreted as referring to el enents) conponents, or
steps in a non-exclusive manner, indicating that the referenced el enents,
conponents, or steps nmay be present, or utilized, or conbined with other

el ements, conponents, or steps that afge not expressly referenced.



21 WO U2/ 0S81-1~ CLAIMS 1. A layered | ow dielectric constant nanoporous

material conprising: a first layer juxtaposing a substrate;

PCT/ Llsoym;@,g%ﬁ second | ayer that is nanoporous and j Ux¢ppesigset he

first |ayer an additional |ayer partially juxtaposing the second

| ayer. 2. The material of claim1, wherein the |ow dielectric constant

mat eri al has Exd@' hegtric constant no nore than 2.5. 3. The material of

claiml1, wherein e first layer substantially conprises a continuous,

non-porous polyner. 4. The material of claim3, wherein the polymer is

organic 5. The materlal of claim4, wherein the polynmer conprises

pol yaryl ene e¥ader D avasmaqﬁﬁfrmaaﬂymcsemalmﬁna}er%\é@ & infexamplest, | ayer
SubSt ant | Al by GORP LS 8 TaleL AT RSL AT AIAEL! b ndaclARGRE! 1 Of

claim®é6 rern erial From gr oup consi sting

. of silicand pull birétfsth 6f the 66fplexy Birbéthdavasa@Kpsii | i con carbide. $. The
material of claim1, wherein~the first layer substantially conprises a

nanoporous nmaterial. 9. The material of claiml, wherein the first |ayer

substantial l'y corrpri ses an adanmant ane- based conpound. . 10. The material of
claim1l, V\:herEI n E; second | ayer substantially conprises ‘a nanopor ous
pol ymer. 22 /OS8l.|s

Three silicon wafers that had been separately processed to incorporate fine
aluminum wire structures typical of that used in integrated circuits were processed in
three ways. Wafer E was processed in a manner identical to the procedure used to
process Wafer C in Example 1. Wafer F was processed in a manner identical to the
procedure used to produce Wafer D of Example 2. Wafer G was processed in a manner
similar to Wafer C except that the first step of depositing the polyaryleﬁe ether layer was
replaced by depositing a 500 Angstroms layer of silicon nitride using a CVD technique.

SEM analysis of Wafer F showed that the fine aluminum wires were severely
etched leaving large voids in the film structure. SEM analysis of wafers E and G showed

that the aluminum wires were left in tact.

Example 4

Five mL of 4 wt. % of an adgmantane-based compound, in cyclohexanone is
dispensed onto a silicon wafer, followed by 3 seconds spread at 150 RPM, 50 seconds at
0 RPM, and 60 seconds at 2000 RPM. The first film layer is then baked at 80°C, 150°C,
and 250°C for one minute each, followed by curing at 400°C for 30 minutes in nitrogen.

This procedure was repeated to prepare three coated wafers: H, I, and J.

A spinning solution co?taining 9.6 wt % polyarylene ether, 6.4 wt % colloidal
silica and 84 wt % cyclohexanone can be used to form a low dielectric structural layer on
a first film layer that is approximately 8000 Angstroms in thickness and in the form of a
ﬁﬁn. The film can then be baked at 150/200/250°C for 1 minute each and cured at 400°C

for 60 minutes in nitrogen. The post-cure film can be etched with BOE 50:1 solution for

15 .



PCT/ USOL/ . 188 11. The material of claim10, wherein the polyner conprises
at | east one of a polyarylene ether or an adamanti ne-based conpound. 12.
The mat er\j‘,?l 2ds1¢d @im 1, wherein the additional |ayer conpgt/pss /88690 ~anic
conmpound. 3 ‘Ighe material of claim12, wherein the organic conpound
substantially conprises at | east one of a polyarylene ether or an

adamant i Ben;RaRS e eRIBYE Wtdkilidkt A AD R IR O, 0P theGiidalTy demoMae £idnhé he
nanoporous naterial conprises voids having a nmean di aneter of |ess than 100

nanolrret epsst-eldh filfthis arpreysi pollyaoflers ethanof apgdrokintaraly 78¢hpngsioms. dbeayer of

metal wre between the. substrate and the first,l.a 16. The material of

~claim 15)11‘3\1/993?“9‘?%”‘@%0%‘5? styuciurgldayerds ahgnt I'h%'o&vs?fe%?fj’f‘ﬂ‘gj Wﬁfeetﬁn%d 'Bf claim
15, V‘hergi'i.{mtaﬂﬁarmt al wire is alum numor copper. 18. A nethod of producing

a layered low di el ectric constant nanoporous material conprising:

_depositing a first layer on a substrate; depositing at |east part of a
second | ayer @drstadpulf testswad apdugted using 2 Hepastian Kuwe omd publyestert o create

nanoporosity; and deposjting at | east part of. addi tional, | aye th
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e
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attached to the film of the test piece. The backing plate, test piece and the stud were then
clipped together by a metal clip. This procedure is called the stud assembly. The
assembled pieces were cured in an oven at 130°C for 2 hours. After curing the epoxy, the
stud, test piece and backing plate were glued together. The end of the stud was then
inserted into the Quad group, Sebastian Five, stud pull tester. Pulling force was applied
to the stub until the assembled piece broke. Maximum strength achieved, in Kpsi,
recorded during the test was taken as the stud pull strength of the film for that piece.
Typically, at least ten pieces from a specimen are tested. The stud pull strength reported
is the mean value of tl.ne measurements. The stud pull strength of wafer H is about 2

Kpsi. Wafer H is not infiltrated.

About 5 mL of 4 wt % polyarylene ether solution in cyclohexanone is dispensed
onto the post-etch film of Wafer I described above [infiltrated but no top layer]. The
wafers were spun at 200 RPM for five seconds and then stopped. Once the polyarylene
ether solution has rested on top of the film for 15 seconds, the layered stack is spun at
approximately 2000 RPM. After the spinning step, about 9 mL of cyclohexanone is
dispensed onto the film and then a second spin at 2000 RPM is used to rinse off the
excess resin in a spin coater operation. The infiltrated and rinsed layered stack is then
baked on hot plates at 150/200/250°C for one minute each to remove the cyclohexanone.
The infiltrated material is then cured at 400°C for 60 minutes, thus forming the final

infiltrated low dielectric structural layer.
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than 100 manoneters. 22 The nethod of claim 18, wherein the | ow dielectric
constant structural |layer has a dielectric constant no nore than 2.5, the
first laXﬁéoE/?ﬁmsi ses polyarylene ether, the second | ayerpEpifij«ges a

pol yaryl ené ‘et her containing voids having a nean dianeter of |ess than 100
manoneters and said additional |ayer conprises a polyarylene ether. 23 The
met hod of cl afyR diflecit@bflidht bRl M8 18R Whe2 FORAIANefaLEGhERRYS | ayer
has a dielectric constant no nore than 2.5, the first |ayer conprises an
adamant i nesbases fitw tyicknesk, oftaheut 800 Magtagres. Svenming Edsstran pictasesdyene et her
cont ai ni ng_voi ds having a nean dianeter of |ess than 10Q.manongeters and

sai d addﬁs(%l\@’r‘élpwleﬁm thesmas Roafilifating Jayer miop ot tie %B‘F%%Q?’?ﬁe ?fﬂ-ﬁ or an
adamant i g : The method of claim 18, wherein the | ow

di el ectr%rggiﬁ@towgﬁg%grﬁﬁpﬁ a dielectric constant no nore than 2.5, the

first layer conprises a refractory ceramic material, the second |ayer .
" conprises an Wagariwaspodoessed ircthatsama nmagnerais dafdrd eikegpt thatthen di amet er  of

| h 100 , dith ditj [ i )
SUbat ant MeldhgxaOGARRES 1o YARATISS, Thr gl RGangHal SRS VG it & he | ow
di el ectr| g@a@re%ﬁa&ro%‘1.§ﬂy%’m}?%§a|1§sri§g§héﬁwts GRRAN oA RRUs TN 2. 5, the

first Id? onpri'ses’'silicon n the second | ayer conpri ses

pol yar yl gt e300eAn&a6indiviis b topod ftie havvpogus layen Tici sanbpdl strehgtheds t han 100
manoneters, and the additional |ayer conprises at |east one of a

pol yar yl wafer Ewhep Kpsi.an adamant i ne- based conpound. 26. The nethod of claim
18) wherein the low dielectric structural |ayer has a dielectric constant
no nore than 2.5, the first layer conprises silicon nitride, the second

| ayer conprises an adanmanti ne-based conpound contai ni ng voi ds having a nean
di aneter z4 g 8% 0~81~i PCT/USO1 /.18869 of |ess than 100 nanoneters,
and the addi tTona ayer conprises at |east one of a polyaryl ene ether or
an adamant ane- based conmpound. 27. The nethod of claim 18, wherein the

nanoporosity is created by | eaching an inorganic _conppnent from an organic
conponent i n Wardewanprepargdin exagtly thy sae f3BREr 3f v@?tg}) fdn%‘,a‘%"e?’ei n the

: ! . £5% airn 26 Wher ei
the. | nor GEAHCRTaRpSRLAER 1456 iedopliRts afitp B MR Miyunfl S4UAD, el ™
col | oi dajepsiitddCarheatddynickuehdth Qﬁﬂle&miﬁlr_ﬁletabdu'udmré wesi8 Bipsiosi ze silica, a

si | oxane, "and a sil sesqui oxane. 30. e nmethod of claim25, wherein the
i norgani ¢ conponent conprises fluorine.

Example 6

Two silicon wafers L and M were separately processed to incorporate fine
aluminum wire structures typical of those used in integrated circuits. The distance
between adjacent aluminum wires/lines, normally called gaps, ranged from about 0.1 to -

>1.0 micron. The height of the aluminum structures was about 0.7 micron.

Wafer L was processed in the same way as wafer G in Example 3. Wafer M was
processed in the same manner as wafer L except that the adamantane-based compound

was used in place of the polyarylene ether in the formulation of the second layer and the

additional layer.

Both wafers were examined by SEM to determine if the nanoporous polymer of-
the second layer filled the gaps between the aluminum wires/lines. Wafer M showed that
all gaps, including those less than 0.1 micron were completely filled. On the other hand,
wafer L incorporating the polyarylene ether material did not fill gaps smaller than about

0.25 micron.
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31. The nethod of claim 28, wherein the inorganic conponent is selected
fromthe group consisting of HF) CFa) NF3, CHZF4.Z and CZHXFy, wherein X is
an integgpolshigs 0 and 5, x +y is 6, and z is an intedgpfrpgiagd 0 and
3. 32. Tﬁ&ongﬁhogpof claim 18, wherein the additional layer is fornmed from
a solution containing a volatile conmponent and an organic polyner that is
deposited on e ond layer, allowed to at least partially infiltrate the
second Iayerﬁyl i 9ated to renove the volatile conmponent and to cure the
pol ynmer. 33. The method of claim 30, wherein the additional |ayer conprises
a solution of polyarylene ether dissolved in cycl ohexanone. 25
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backing plate with epoxy coating was attached to the non-infiltrated side of the test
pieces. Studs, which are metal pins With epoxy coating on the tip of the pin, were
attached to the film of the test piece. The backing plate, test piece and the stud were then
clipped together by a metal clip. This procedure is called the stud assembly. The
assembled pieces were cured in an oven at 130°C for 2 hours. After curing the epoxy, the
stud, test piece and backing plate were glued together. The end of the stud was then
inserted into the Quad group, Sebastian Five, stud pull tester. Pulling force was applied
to the stub until the assembled piece broke. Maximum strength achieved, in Kpsi,
recorded during the test was taken as the stud pull strength of the film for that piece.

Typically, at least ten pieces from a specimen are tested. The stud pull strength reported
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approximately 2000 RPM. After the spinning step, about 9 mL of cyclohexanone is
dispensed onto the film and then a second spin at 2000 RPM is used to rinse off the
excess resin in a spin coater operation. The infiltrated and rinsed layered stack is then
baked on hot plates at 150/200/250°C for one minute each to remove the cyclohexanone.
The infiltrated material is then cured at 400°C for 60 minutes, thus forming the final

infiltrated low dielectric structural layer.

The dielectric constant of the infiltrated layer was 1.97 and a film thickness of
about 7800 Angstroms. Scanning Electron Microscopy (SEM) showed that there was no
infiltrating layer on top of the structural layer. The stud pull strength of wafer O was 6

Kpsi.

Wafer P was grocessed in the same manner as wafer O except that the
cyclohexanone rinse step was omitted. The dielectric constant of this film was 2.05.
SEM analysis showed that a continuous, non-porous film of about 1500 Angstroms was

on top of the nanoporous layer. The stud pull strength of wafer P was 9 Kpsi.

Example 8

Five mL of 4 wt. % of an adamantane-based compound, in cyclohexanone is
dispensed onto a silicon wafer, followed by 3 seconds spread at 150 RPM, 50 seconds at
0 RPM, and 60 seconds at 2000 RPM. The first film layer is then baked at 80°C, 150°C,
and 250°C for one minute each, followed by curing at 400°C for 30 minutes in nitrogen.

This procedure was repeated to prepare three coated wafers: Q, R, and S.
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each and cured at 400°C for 60 minutes in nitrogen. The post-cure film can be etched
with BOE 50:1 solution for 3 minutes to remove the silica. After etching, >98% of the
silica is removed, and the post-etch film is a porous adamantane-based compound layer.
The post-etch film has a thickness of approximately 7800 Angstroms. The dielectric

constant of the structural layer is about 1.92. Three wafers were prepared: Q, R and S.

A stud pull test was conducted using a Sebastian Five stud pull tester
manufactured by Quad group. The cured, coated wafer is first processed to deposit a
dense, 1-micron thick layer of aluminum on the surface of the structural material. The
layered stack was cut into multiple pieces of about 2 1 cm x 1 cm each. A ceramic
backing plate with epoxy coating was attached to the non-infiltrated side of the test
pieces. Studs, which are metal pins with epoxy coating on the tip of the pin, were
attached to the film of the test piece. The backing plate, test piece and the stud were then
clipped together by a metal clip. This procedure is called the stud assembly. The
assembled pieces were cured in an oven at 130°C for 2 hours. After curing the epoxy, the
stud, test piece and ba;:king plate were glued together. The end of the stud was then
inserted into the Quad group, Sebastian Five, stud pull tester. Pulling force was applied
to the stub until the assembled piece broke. Maximum strength achieved, in Kpsi;
recorded during the test was taken as the stud pull strength of the film for that piece.
Typically, at least ten pieces from a specimen are tested. The stud pull strength reported
is the mean Avalue of the measurements. The stud pull strength of wafer Q is about 2

Kpsi. Wafer Q is not infiltrated.

About 5 mL of 4 wt % of an adamantane-based compound solution in
cyclohexanone is dispensed onto the post-etch film of Wafer R described above
[infiltrated but no top layer]. The wafers were spun at 200 RPM for five seconds and
then stopped. Once the adamantane-based compound solution has rested on top of the
film for 15 seconds, the layered stack is spun at approximately 2000 RPM. After the

spinning step, about 9 mL of cyclohexanone is dispensed onto the film and then a second
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for 60 minutes, thus forming the final infiltrated low dielectric structural layer.

The dielectric constant of the infiltrated layer was 1.96 with a refractive index of
1.494 and a film thickness of about 7800 Angstroms. Scanning Electron Microscopy
(SEM) showed that there was no infiltrating layer on top of the structural layer. The stud

pull strength of wafer R was 6 Kpsi.

Wafer S was processed in the same manner as wafer R except that the

" cyclohexanone rinse step was omitted. The dielectric constant of this film was 2.0. SEM

analysis showed that a continuous, non-porous film of about 1500 Angstroms was on top

of the nanoporous layer. The stud pull strength of wafer S was 9 Kpsi.

Thus, specific embodiments and applications of layered nanoporous materials
have been disclosed. It should be apparent, however, to those skilled in the art that many
more modifications besides those already described are possible without departing from
the inventive concepts herein. The inventive subject matter, therefore, is not to be
restricted except in the spirit of the appended claims. Moreover, in interpreting both the
specification and the claims, all terms should be interpreted in the broadest possible
manner consistent with the context. In particular, the terms “comprises” and
“comprising” should be interpreted as referring to elements, components, or steps in a
non-exclusive manner, indicating that the referenced elements, components, or .steps may
be present, or utilized, or combined with other elements, components, or steps that are

not expressly referenced.
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R} <bC a first layer juxtaposing a substrate;

a second layer that is nanoporous and juxtaposing the first layer; and
an additional layer partially juxtaposing the second layer.

2. The material of claim 1, wherein the low dielectric constant material has a dielectric

constant no more than 2.5.

3. The material of claim 1, wherein the first layer substantially comprises a continuous,

non-porous polymer.

4. The material of claim 3, wherein the polymer is organic
5. The material of claim 4, wherein the polymer comprises polyarylene ether.
6. The material of claim 1, wherein the first layer substantially comprises a refractory

ceramic material.

7. The material of claim 6, wherein the ceramic material is selected from the group

consisting of silicon nitride, silicon oxynitride, and silicon carbide.

8. The material of claim 1, wherein the first layer substantially comprises a nanoporous

material.
9. The material of claim 1, wherein the first layer substantially comprises an

adamantane-based compound.

10.  The material of claim 1, wherein the second layer substantially comprises a

nanoporous polymer.
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compound.

13.  The material of claim 12, wherein the organic compound substantially comprises at

least one of a polyarylene ether or an adamantane-based compound.

14.  The material of claim 1, wherein the nanoporous material comprises voids having a

mean diameter of less than 100 nanometers.

15.  The material of claim 1, further comprising a layer of metal wire between the

substrate and the first layer.
16. The material of claim 15, wherein the first layer is continuous.
17.  The material of claim 15, wherein the metal wire is aluminum or copper.

18. A method of producing a layered low dielectric constant nanoporous material

comprising:

depositing a ﬁrst. layer on a substrate;

depositing at least part of a second layer on the first layer;

treating the second layer to create nanoporosity; and

depositing at least part of an additional layer on the second layer.
19.  The method of claim 18, wherein the substrate is a silicon wafer.

20.  The method of claim 18, wherein the first layer is treated to create nanoporosity in

the layer.
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than 100 nanometers.

The method of claim 18, wherein the low dielectric constant structural layer has a

s8]
to

dielectric constant no more than 2.5, the first layer comprises polyarylene ether, the
second layer comprises a polyarylene ether containing voids having a mean diameter

of less than 100 nanometers and said additional layer comprises a polyarylene ether.

23 The method of claim 18, wherein the low dielectric constant structural layer has a
dielectric constant no more than 2.5, the first layer comprises an adamantane-based
compound, the second layer comprises a polyarylene ether containing voids having a
mean diameter of less than 100 nanometers and said additional layer comprises at

least one of a polyarylene ether or an adamantane-based compound.

24.  The method of claim 18, wherein the low dielectric structural layer has a dielectric
constant no more than 2.5, the first layer comprises a refractory ceramic material, the
second layer comprises an organic polymer containing voids having a mean diameter
of less than 100 nanometers, and the additional layer comprises a substantially

organic polymer.

25.  The method of claim 18, wherein the low dielectric structural layer has a dielectric
constant no more than 2.5, the first layer comprises silicon nitride, the second layer
comprises polyarylene ether containing voids having a mean diameter of less than
100 nanometers, and the additional layer comprises at least one of a polyarylene ether

or an adamantane-based compound.

- 26.  The method of claim 18,,wherein the low dielectric structural layer has a dielectric
constant no more than 2.5, the first layer comprises silicon nitride, the second layer

comprises an adamantane-based compound containing voids having a mean diameter
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28.  The method of claim 25, wherein the inorganic component comprises silicon.

29.  The method of claim 26, wherein the inorganic component is selected from the group
consisting of a colloidal silica, a fused silica, a'sol-gel derived monosize silica, a

siloxane, and a silsesquioxane.
30.  The method of claim 25, wherein the inorganic component comprises fluorine.

31.  The method of claim 28, wherein the inorganic component is selected from the group
consisting of HF, CF4, NF3, CH,Fa.; and C;H,Fy, wherein x is an integer between 0

and 5, x + y is 6, and z is an integer between 0 and 3.

32.  The method of claim 18, wherein the additional layer is formed from a solution
containing a volatile component and an organic polymer that is deposited on the
second layer, allowed to at least partially infiltrate the second layer, and heated to

remove the volatile component and to cure the polymer.

33.  The method of claim 30, wherein the additional layer comprises a solution of

polyarylene ether dissolved in cyclohexanone.
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