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Abstract: Novel uses of dianondoi d-containing materials in t Fedyly 208P of

m croel ectronics are disclosed. Enbodi nents include, but are not limted
to, thermally conductive filnms in integrated circuit packagi ng, |ow k
dielectr'8 %ﬁéers inintegrated circuit nulti |evel interconnects,
thernan@ & et i ve adhesive fil ns, thermal |y conductngu?ﬁ@Wfﬁln

t hernoel ectric cooling devices, passivation fllns for integrated circuit

devices (1Cs), and f pgondoi ds enpl oyed .in t he
present invention QﬁggjEg?g@?ggﬁgi&ﬁﬁggigg% anDnd0|ds as well as the
new y provi ded higher dia substltuted and unsubstituted

di a- nondoi ds. The hi gher di anondoi ds incl.ude tetranmantane, pentanmantane,
hexamant ane, hept amant ane, octanantane, nonanant ane, dentamantane, and
undecanant ane. The di anondoi d- contalnlno material nay be fabricated as a

di anondoi d- cont ai ni ng BAGKEROUND ¢ R ANVENIION, | ning sintered ceramc, a
~cdi-anmondoi-d ceram ¢ conposite;, a CVD dlanond0|d film- a sel f-assenbl ed

di anondoid film and a dianondoi d-fullerene conposite. 19 July 2005 WO
02/ 058139 PCT/ Wse p0ihs O&eDiofMONDO D- CONTAI NI NG MATERI ALS I N _

M CRCELECTRONI CS BACKGROUND OF THE I NVENTION Field of the Invention
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5  microelectronics packaging, passivation films for integrated circuit devices (ICs), low-k

dielectric layers in multilevel interconnects, thermally conductive films, including adhesive

films, thermoelectric cooling devices, and field emission cathodes.
State of the Art

{00002] Carbon-containing materials offer a variety of potential uses in
10  microelectronics. As an element, carbon displays a variety of different structures, some
crystalline, some amorphous, and some having regions of both, but each form having a

distinct and potentially useful set of properties.

{00603 A review of carbon’s structure-property relationships has been presented by S.
Prawer in a chapter titled “The Wonderful World of Carbon,” in Physics of Novel Materials
- 15 {World Scientific, Singapore, 1999), pp. 2.05-2.34. Prawer suggests the two most important
| parameters that may be used to predict the properties of a carbon-containing material are,
first, the ratio of sp2 to sp” bonding in a material, and second, microstructure, including the

crystallite size of the material, i.e. the size of its individual grains.

[00004] FElemental carbon has the electronic structure 1322822p2,'where the outer shell
20 2sand 2p electrons have the ability to hybridize according to two different schemes. The so-
called sp® hybridization comprises four idéntical o bonds arranged in a tetrahedral manner.
The so-called sp*-hybridization comprises three trigonal (as well as planar) o bonds with an
unhybridized p electron occupying a w orbital in a bond oriented perpendicular to the plane
of the 5 bonds. At the “extremes” of crystalline morphology are diamond and gfaphite. In

25  diamond, the carbon atoms are tetrahedrally bonded with sp’-hybridization. Graphite
_ 1.
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sp2-hybridj zed atons, where the shegts i . .
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hi ghly symetrical spherical and rod-shaped structures called "fullerenes”
and 5" ndsen wiseecessfidlespectivel y. 5 [000051 Dianond is an exceptional materi al
because it scores highest (or |lowest, depending on one's point of view) in

a nunbgpodife i T hekRPls 16 YBLRF-L QRanRhd BlRP@idd dsmidibtapopdéppsition (CVDhe har dest
mat er i SP @n%wn, but B{ist Has t he hi%gest t her mal conduﬁcftivi ts)r/tgof any
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its verdegitt despiabiidiped Hohdslasd thais dishlaying maghof the charactenstics of diamond.
20  To describe such films the term “diamond-like carbon” (DLC) was coined, although this
term has no precise definition in the hterature. In “The Wonderful World of Carbon,”
Prawer teaches that since most diamond-like materials display a mixture of bonding types,
the proportioh of carbon atoms which are four-fold coordinated (or sp>-hybridized) is a
measure of the “diamond-like” content of the material. Unhybridized p electrons associated
25  with spz-hybridization form 7 bonds in these materials, where the © bonded electrons are
| predominantly delocalized. This gives rise to the enhanced electrical conductivity of
materials with sp’ bonding, such as graphite. In contrast, sp’-hybridization results in the
extremely hard, electrically insulating and transparent characteristics of diamond. The
hydrogen content of a diamond-like material will be directly related to the type of bonding it
30  has. In diamond-like materials the bandgap gets larger as the hydrogen content increases,

and hardness often decreases. Not surprisingly, the loss of hydrogen from a diamond-like



el ectrical breakdown strength, and very high electron and hole nobhilities.
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carbon filmresults in an increase in electrical activity and the |oss of
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- general ly accepted that the term"di anond-|i ke carbon” may be used to
descr i PEndp nefverkeshawingshad-sange grdcging Pighis lignited toone 9tMaARCA8He denot ed as

" af hboR€e s j A0 | he surface
e L o S B R
becaugeaycanigjrtse Bt4s Sofndhmewherod parbhoronmgs. dypicaldy, terednmiinspcomiait ofit ed wit h

2o o e GhET Lt b8 o0 R, B SRR ol diain o SR R IERBNE S, (o
t he spRto(sgradiphistersathatgoeviehigiie fdrination dilianglnlgbohydrigeainopetitegsftarCa: GH is to
Pr evenc}epend primarily on the fraction of atoms having the sp’, or diamond-like configuration.
20 Unlike CVD diamond, there is no hydrogen in ta-C to passivatc the surface and to prevént
graphite-like structures from forming. The fact that graphite regions do not appear to form is
attributed to the existence of isolated sp” bonding pairs and to compressive stresses that build

up within the bulk of the material.

[00609] The microstructure of a diamond and/or diamond-like material further

25  determines its propetties, to some degree because the microstructure influences the type of
bonding content. As discussed in “Microstructure and grain boundaries of
ultrananocrystalline diamond films” by D. M. Gruen, in Properties, Growth and
Applications of Diamond, edited by M. H. Nazaré and A. J. Neves (Inspec, London, 2001),
pp. 307-312, recently efférts have been made to synthesize diamond having crystallite sizes

30  inthe “nano” range rather than the “micro” range, with the result that grain boundary
chemistries may differ dramatically from those observed in the bl-llk. Nanocrystalline

. diamond films have grain sizes in the three to five nanometer range, and it has been reported
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[00012] Ceo fullerene is described by Dresslehaus as a “rolled up” graphine sheet

20  forming a closed shell (where the term “graphine” means a single layer of crystalline
graphite). Twenty of the 32 faces on the regular truncated icosahedron are hgxagons, with
the remaining 12 being pentagons. Every carbon atom in the Cgo fullerene sits on an
equivalent lattice site, aithough the three bonds emanating from each atom are not
equivalent. The four valence electrons of each carbon atom are involved in covalent

25 bondiﬁg, so that two of the three bonds on the pentagon perimeter are electron-poor single
bonds, and one bond between two hexagons is an electron-rich double bond. A fullerene
such as Cgg is further stabilized by the Kekulé structure of alternating single and double

bonds around the hexagonal face.

[00013] Dresslehaus et al. further teach that, electronically, the Ceo fullerene molecule
30  has 60 r electrons, one T electronic state for each carbon atom. Since the highest occupted

molecular orbital is fufly occupied and the lowest un-occupied molecular orbital is

4
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tabl e sumrmarj zes, a few of the

L aehapfer by SHiviqnair il

fuller i‘ﬁm‘?ﬁb0lgé)pmfaﬂlogi,mﬂgné-ﬁﬂ{g:@b%ﬂn@@méé EilsE®in Modern Tribology
Handbook, Vol. Two, B. Bhushan, Ed. (CRC Press, Boca Raton, 2001), and p. 28 of *
“Deposition of Diamond-Like Superhard Materials,” by W, Kulisch, (SpringerVerlag, New

Diamondoids are bridged-ring cycloalkanes that comprise adamantane, diamantane,

tnamantane, and the tetramers, pentamers, hexamers, heptamers, octamers; nonamers,

i 3.7

] decane), adamantane having the

stoichiometric formula C gHjs, in which various adamantane units are face-fused to form

larger structures. These adamantane units are essentially subunits of dtamondoids. The

compounds have a “diamondoid” topology in that their carbon atom arrangements are

superimposable on a fragment of an FCC (face centered cubic) diamond lattice.

Diamondoids are highly unusual forms of carbon because while they are

hydrocarbons, with molecular sizes ranging in general from about 0.2 to 20 nm (averaged in

York, 1999).
15  [00016]

decamers, etc., of adamantane (tricyclo[3.3.1.
20

[00017}
25

-3-.

various directions), they simultaneously display the electronic properties of an

A form of carbon not discussed extensively in the literature are “diamondoids.”
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ul t ran@ﬁl&a ﬁ)t; Q\l’allh@@ dBhREBSEs. S%?néﬁ(ﬂﬁ&ﬁﬁe?%ﬂ&t&mﬂ&ydﬁﬁ%t%f assemble into a
van solid, possibly in a repeat’i ng array with each di anondoi d

asse nbtnangnnamesamg!wbstﬁmtgd tramantanes have been studied, and only a single tetramantane

15  has been synthesized. The remaining diamondoids are provided for the first time by the
inventors, and are described in their co-pending U.S. Provisional Patent Applications Nos.
60/262,842, filed January 19, 2001; 60/300,148, filed June 21, 2001; 60/307,063, filed July
20, 2001; 60/312,563, filed August 15, 2001; 60/317,546, filed September 5, 2001;
60/323,883, filed September 20, 2001; 60/334,929, filed December 4, 2001; and 60/334,938,

20 filed December 4, 2001, incorporated herein in their entirety by reference. Applicants
further incorporate herein by reference, in their entirety, the non-provisional épplications
sharing these titles which were filed on December 12, 2001. The diamondoids that are the
subject of these co-pending applications have not been made available for study in the past,
and to the inventors’ knowledge they have never been used before in 2 microelectronics

25  application.
SUMMARY OF THE INVENTION

{00020] Fribodiments are directed toward novel uses of

30 diamondoid-containing materials in the field of microelectronics. Diamondoids are bridged-
ring cycloalkanes. They comprise adamantane, diamantane, and tnamantane, as well as the
tetramers, pentamers, hexamers, heptamers, bctamers, nonamers, decamers, etc., of

adamantane (tricyclo[3.3.l.13'7] decane), in which various adamantane units are face-fused to
-6- _



orientation. The solid results from cohesive dispersive forces between

adj acent G-H -groups, the forces nore comonly seen in normal al kanes. 5
[000181 I n dianmond nanocrystallites the carbon atons are enjd Igiv\2005

spa- hybri di zed, but because of the small size of the dianondoids, only a
small fraction of the carbon atons are bonded exclusively to other carbon
atons. The nmpjority have at | east one hydrogen nearest neighbor. Thus, the
majority of the carbon atons of a dianondoi d occupy surface sites (or near
surface sitg [ . r antly

di fferent eﬁ%%gggéga %u&§8%1% ug&%agg%gpﬁkﬁéggﬁgﬂﬁ%%@G%?gkgq%%bg

di anondoi ds a@mr@nm@n@caretmpmesabhm@éi‘agmmd #oFP ¢ diappwhlettics. eEne [ 000191 To

the inventor t he
only readil y&g%dgllﬂ%ﬁglg% q%g%p%ﬂﬁgdégw g?rr%;ﬁl?%gﬁgésjﬁﬁgq]gﬁl t ut eg{:ﬁt

di amant anes {IC) P@qk&iwﬂca\hbéleleandlayemmmteg@@d cirevitanatiteh eterdravertheen st udi ed,
and only a ﬁieﬂgélfg ch‘?&ur ﬂn?s ﬁl%xénﬁl? dﬁ%meffﬁﬁé ﬂ&ﬁeméi%%séd?”a' ni-ng

~di-anrpndoi-ds- ar e rOVI or t e fir nventors, and -are-
descri bed i thenhf@lqcmc@o?i@tgdmgssmaswaﬁpmﬁingﬂfcmaileg@ml emultﬁpptqscratlmm Nos.

o0/ 307, 063, "V SR DEM B i et gt Brferios il
60/ 317, 546, vpen 1e@u$efpmgnme¢r nre @mgﬂdowoﬁ@ﬁﬂmteﬂéﬂsl é'@e Sepordvder 20, 2001;
601 334, 929, s RRRRADSAy e AAAL: 2SO AR R3fins R0 L RRGBTDET 4

2001, incorporate erern err en Iret
further inceeoriag enﬂq@detrmnigya ¢igﬁ@1denﬂcceranncncompeme, aaﬂ‘thrdemlgondtmh@lm and

non- pr ovi si a ¥ o ' iled on
becenber 122 8RRl Rhanta s D ARAES uliht BRI, EindRde,
co-pending éppbn@aiﬁﬂm&mh@ve0ﬂ6$ been nade available for study in the past,
and to the inventors' know edge they have never been used before in a

m croel ectronics 25 application. SUMVARY OF THE | NVENTI ON 1000201

Enbodi nents are #ia #ustaspect, dwardem dwehtionpesvidss aﬂ@nnhllammhhcﬁiwmahfoni ng
materials i ' . [ . [ [ - r|ng
cycloalkaneQMhQﬁg@kgggﬁ@%?gkgggﬁgn%%%%?Cﬁ?%%ﬁ%?%ﬁgqgcg lgé?%%%% ane

wel | as t hecommismgrekanongadt aner s, hexaners, heptaners, octaners, nonaners,
decaners, etc., of adanmantane (tricyclo[33.1.13'7] decane), in mhich

vari ous adamantane units are face-fused to -6 19 July 2005 form/l arger
structures. The bounyounddspebiathe peesait anverioipdividepolosglymataril Hertelectiigilly car bon
atomarr angﬁ%%ﬁh@fn?er&%&[zb%? gtpci Sas¥t af’i‘mftég"ﬁ‘a%?cﬂlculp ftheeig'w li%%ttg'lalam) nd

| atti ce.

comprlsmg a lower diamondoid-containing polymerized material wherein the lower

diamondoid is triamantane.

In a third aspect, the present invention provides a low-k material for electrically
isolating the interconnection lines and vias of an integrated circuit, the low-k material
comprising a diamondoid-containing polymerized material, the diamondoid-containing
portion of the material comprising a mixture of lower and higher diamondoids wherein the
lower diamondoid is selected from the group consisting of adamantane, diamantane, and
triamantane, and wherein the higher diamondoid is sclected from the group consisting of
tetramantane, pentamantane, hexamantane, heptamantane, octamantane, nonamantane,

decamantane, and undecamantane.

In a fourth aspect, the present invention provides a low-k material for electrically
isolating the interconnection lines and vias of an integrated circuit, the low-k material

comprising a diamondoid-containing material selected from the group consisting of a



enbodi nents include, but are not limted to, thermally conductive filns in
integrated circuit (1C) packaging, lowk dielectric layers in integrated
circuit multilevel interconnects, thermally conductive adhgginyg 2obsns,
thermal |y conductive filns in (Pel tier-based) thernoelectric coOoling

devi ces, passivation filnms for integrated circuit devices, dielectric

| ayers i n SRAM and DRAM capacitors, and field em ssion cathodes, each
application based upon incorporating one or nore di anondoi d-contai ni ng
g M ANBNRBkfE ORI LR ELL R bl LARKLE! SRS 2

di anondoi d- cont ai ni ng po “a ‘i‘ano | ning ered ceranmc, a
di anondoi d (ﬁeﬂtﬂmﬂ@lr@m\tﬁm@dbﬁdlamowmsmndﬁ@hddcmbmtqdlbmsel‘éwdemfdy sehfigmssenbl ed
di anondoi d film Di anondoi d-containing materials further include

di anondoi d-ful | erene conposites. In a first aspect, the present invention
provi des a t her ndh b {ifth espeiché preseneinesntian provides a feaidemisgoen datholeadimpdissgi pat ed
by an integr adtla%gmg&acw t, the thermally conductive material conprising a
~di-amondoi d.-~l1n-a second aspect ‘the present i nvention provides a |lowk - -
mat eri al for electrically isolating the interconnection |lines and vias of
an integrated ci [ hSing. o

di anondoi d- cont allﬁﬂ%\&mag o ? f%&%%élpl?gﬁov@/ﬁﬂé%@%é%ég\%\e\éﬁémg}pgﬁ%%doi dis
t ri amant ane.adllamoadmﬁwwr@nasg)eetmalt he present invention provides a | owk
material for electrically isolating the interconnection |ines and vias of
an integrated circuit, the lowk material conprising a

di anondoi d- cont aihniangevmhyamct zibd presedlr inabntion hwodd@anortd] @missioh adevicag

portion of er r C i ghe,

di anondoi dstcgﬁ Brei n(:{) Cg@g&)v(ce%‘)%dﬁ glﬁg g& 1l é{llrdgldscg tag%%aﬁ lgr%r%q %Q fg?‘é‘%ﬂé
consi sting @fectaeﬂanahﬂrane sudmcartémmeadlemominnﬁ-comainamdﬁaram oppasie vileelilement t he
hi gher di angy ddg h!a Se?e zﬁﬁlm{y less St QUL @z %f!lcStlate%c»snmnedg%acen B tane,

ane a

pent anant ane, hexamant ane "B&t
decanant ane theatadhocim dedampiatb ameng 4 phcapﬁmcdnhcmmm 3 s1tkhe? tp«: seailidte faoment i on

provides a rjal lectricall ol |n erc nectlon
i nes and V|lt %\é&a@ E}‘S Anaanogeé)tom? %cl%rotrzl ualnt()ppcié}'ne Sl?e Oﬁﬁ ﬂ eartfi' arve ocrafprl sing a

di anondoi d- eah{di mpngemsmmdy iferd susplbfmgtaem)tMMMdlffhenogrb@menmwmm mgl e a -7
19 July 200%,, 51{ anondoi d- cont ai ni ng ceram ¢, a di anondoi d- cont ai ni ng

cerami c conmposite, a CVD dianond film nucl eat ed by di anondoids, and a film

deposited by self-assenbly techniques. In a fifth aspect, the present

i nvention provi d%?arfaeiéﬂtﬁ“ laté%ecthg %fleg&t ?n%%xﬂ%g%m%%ép b innse.th%g of producing electron
emission from a field emission device, the method comprising the steps of: a) providing a
cathode adjacent to an anode of the field emission device, the cathode comprising a
diamondoid-containing filament and a filament electrode; and b) applying a potential

difference between the filament electrode of the cathode and the anode.

In a ninth aspect, the present invention provides a capacitor having a dielectric layer
positioned between a first electrode and a second electrode, wherein the dielectric layer
comprises a lower diamondoid-containing polymerized material, and wherein the lower

diamondoid is triamantane.

In a tenth aspect, the present invention provides a capacitor having a dielectric layer
positioned between a first electrode and a second electrode, wherein the dielectric layer
comprises a lower diamondoid-containing material selected from the group consisting of a
lower diamondoid-containing sintered ceramic, a lower diamondoid ceramic composite, and

a self-assembled lower diamondoid flm.

-{a-



a dianondoid. In a sixth aspect, the present invention provides a field
em ssion cathode conprising a dianpndoid-containing material. In a seventh
aspect, the present invention provides a field em ssion dev1§gu|qmnpr|5|ng
(a) a cathode conprising a dianondoid-containing filanent and a fllanent
el ectrode, wherein a surface of the dianondoi d-containing filament opposite
the filanment electrode has an electron affinity |Iess than about 3 eV; (b)
a faceplate positioned adjacent to the cathode, the faceplate having a
phosphor escent cqati 08,8 4 e; (c)
an anode positi one%Il on an g%eaog{%tpeésgﬂ&%geo%%#@eg%%g%h ‘?1%%1 ﬁlﬁfgaggt hode;
and (d) a pém&rp@mppﬁybﬂWﬁmsuﬁptykﬁgﬂaap@@em@mémkdmﬁkewéﬂegtb@ﬂmbgnCthe
anode and t gg%g i.ght he present invention provides
a met hod of pro u |H%Qeségyggﬁﬁﬁg@fggggﬁgg&gﬁga field em ssion device, the
met hod conprising the steps of . a) prOV|d|ng a cathode adjacent to an
anode of the fiel devi ol - .
~di-amondoi-d- contaﬁﬁ?ﬁgaﬁ m;ﬁ% 9 aﬂlpﬁ? ﬂ%%ﬁ gﬁ&g%iﬂ 1%’%§mggﬁfyrng~a-
potential  diverf pesétivped b@wwelemﬁtShelettrddamedna se¢oeétekegmreieowh¢rhle thatislsdec and t he
anode. In a; S y aP Ci: havi ng
a d|eIectrlCQ%Q§£FQ§%§§%?¥%§§ggggt§§éﬁhg%?ﬁégﬁgef%§¥?%§zlgﬁﬁqgﬁsg?%%d
el ectrode, veoeinds, eiretbeclower diamprdoid dosmbicied efsona theogepp consisting of
di anondoi d- &L R %%? r [
di anondoi d %gﬁ%gkghantaﬁéxg%&ha e%@h?ah@g@?%ﬂqﬁ¥H%%%§% ‘ﬂﬁﬁég Fgﬁd
provi des a dmpatict geuphennsinigngaotlieshwaritariec pbrdanemtang) deiktrhaptrad, baptaveeiana fir st
el ectrode an 0 r r ectric layer conprises a
| ower dlannng a- %%ﬁ@%?ﬁ%%%gﬁgggwiﬁggag nggi E%@%]the group consi sting of
a |ower dlanDnd0|d containing sintered ceramc, a |ower dianondoid ceramc
conposite, and §%ﬁe oSS tetqe P‘éé%}'i uﬂ}ef?t%%g&&’xé&sfah'lﬁ@e 4Ra %gcd%(!lexuchOS In
an el eventh aspect e prese vention pr es a ca aC|tor aving a
dielectric mayemw@bxadmmm@mewMMﬂmgmeHdst el ectrode and a second
el ectrode, wherein the dielectric |ayer conprises a higher
di anondoi d-containing material. In a twelfth aspect, the present invention
provi des a capacm!@mnhamﬁhg%ﬁﬁdﬂmhﬁﬁtmﬁcwmﬁ@yﬂpﬁﬂusimﬁbmédfbaﬁmégnma first
electrode angin SECANGAIRERIE (WHEE B McNE: Jlurlathihe 1aver is a

di anondoi d- €ontal ni ng material conprising re o ower and hi gher

In a fifteenth aspect, the present invention provides a method of nucleating the
egrowth of a diamond film, wherein the film is nucleated with a diamondoid selected from
the group consisting of a lower diamondoid, a higher diamondoid, and a mixture of a lower

and a higher diamondoid.
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di anondoi ds, wherein the | ower dianondoid is selected fromthe group
consi sting of adamantane, di amantane, and triamantane, and wherein the
hi gher di anmondoid is selected fromthe group consisting of tetranantane,
pent amant ane, hexamant ane, heptamantane, octanmantane, nonamani@ogly 2005
decamant ane, and undecamantane. In a thirteenth aspect, the present
i nvention provides an integrated circuit device passivated by a
di anondoi d-containing material. In a fourteenth aspect, the present
i nvention provides a nethod of nucleating the growh of a dianond film
wherein the filmis MRIEFDEICRIFHON OEBHEDIRAWINGS fi fteenth aspect, the
present invention provides a nethod of nucleating the growh of a dianond
film wherein the filmis nucleated with a dianondoid selected from the
group coosiist i NgiQf | @nbaxrnailgineRneal slocas Nbwhekrcl dmmbtaiids maybe a ni xture
of a lower and a higher dianondoid. -7b 19 July 2005 BRI EF DEgCRIPTICN OF
THE DRAWHRES! fromotraleym gedstodspRrsasieddniog Hs?fr‘h@t‘?aft“é‘éh%‘ BFPREaLds | ow
-~mhere|qnghgggggghgﬁoaa%mggsmﬁﬁ&gﬁgted ‘from petrol eum feedst ocks;--pr ocessed-
into a useful form and then incorporated into a speC|f|c m croel ectronics
application; 1000221 FIGS. 2A-Cillustrate exenplary p gnEL terials
t hat rml?‘)@?él f abFleB2uC iHysiexamplatIdgnericong s thatFIP@’ OBONfAstrate the
vari et Vg of gt .68:81. mensi onal shapes avail abl e anong the highly symretrica
396 nDIechar wel gt hexamant anes; [000241 FIG 2E illustrates the variety
of three-dinensional shapes avallable anong enantionmers of the chiral 396
mol ecul I&ﬁﬂ%l ghtFIG Saithsrainths vafigp o Pbiceriimsnsiqmal $hapes ayatlghle eorsibe vari et y
of car attac nol ecul e, and how attachnents
to diff ? qggﬂﬁggg“ExPEPW%g%ﬁ%§%g§ﬁﬁ?§1n cross-linked materials of
vari abl e r|g|d|ty, [000261 FIGS 21 Killustrate the manner in which a
pent angf6eadg nafI@eZE)mmamt@dh@ varigty of thrss-dimankievial phdpgaeyailbblerantongt , i n each

case, the varlou di.a %% st al C }anes are substantially
paral | e‘?“a“‘*f’cm%o Tl g 3 ‘B?/"é%@f%ﬁ“ﬁ&’?“ 892100506
{06025] FIGS. 2F-H illustrates thc variety of carbon attachment sites on a decamantane

molecule, and how attachments to different sites in a polymer may result in cross-linked

materials of variable rigidity;

{00026} FIGS. 2I-K illustrate the manner in which a pentamantane may be onented ina
cross-linked polymer such that, in each case, the various diamond crystal lattice planes are

substantially parallel;

7c



[00027] FIGS. 2L-Millustrate an exenplary chiral polyners prepared from
enantiomers of [123] tetranantane; [00028] FIG 2N ill ustratEsJyly290%) 4

- pentanmantane. [00029] FIG 3Aillustrates in schematic forma process flow

by whi chV8%H#8R0i ds' 5 may be sintered into ceranic-| Pk&URR%%al s and

i anron ST o SER AN ARaEE “bin Py oBB O TRp T r at o6 an

exenpl ahantipmes 0splizdDtefr@@sdtdie; i N wWhi ch a di anondoi d- containing filmmy be
synt hesi zed usi ng chem cal vapor deposition (CVD) techniques, including

t he us f _the di anpndoi ds ' nt ane and hi gher to nucleate a filmgrown
10 "coﬁqu’?ﬁ]i onalfay <Ny “W@ét@&’%p?@@ﬂ?ﬂt%es; [00032] FIG 5A illustrates
an exenpl ary di anondoi d-containing filmthat nay be fabricated by .
sel f - agwony) y tEICHBAqUGSatel Q0QBShatkl 6xm 5Brdctds stv it whick dahwhdadids der i ved

| i nker conprising a decamantane; the |inker which may conprise a |inear
br i dgi AGY BasPteFEiniosamate-fikgmasnas andierane cOmBES and” 15 el ectro-opti cat
~—devi-ces; [00034] FI'G 5C illustrates a chel ate-derived |I'inker conprising a

nonamafoase; t haG. BB Ri@kafRh CRMticTemPa 8 MRAINRBSHRRIy dafanflghstg unit for
connecting nol ecul ar electronic and electro-optical devices; (00035] FIGS.

"B6A-C illustrate _an exenplary heat transfer ap{gl fcation,.in iich a 20
t her mal4%93Hond G AGIusRs AhereBPlary BaresFias rexrenfeehiga a diamondoa i on from an

I nt egr adiglnink Ff hiay be k{nihdsPzed uGROMERTEP D& or RERLi DL IEVD) @RABGLesFI GS. 7A-B
illustrate an exenpl ary heat transfer application in which a ,
di anonasludingdie wse of Hyg adpigp triasnagtapelanichigher fenyelgalea Bongoeni ve film in
this c her.d ' . ether, the two objects being naintained
at i(?macgﬁﬂygnglrgggr%bp?gH‘La\églggt}}rlgfs&?nﬁ&lg&‘ZS situation where rapid heat flow -
bet ween the two objects is desired; [00037] FIG 8 illustrates an exenpl ary,
heat t{0#632ler HIP! bsallusomties pmexstriptdny diamdindordeoshidingdHinghatiomry beat erial is

used ip,a thernoel ectric. cooler (or Peltier-based device); -8 19 July 2005
WO 02/%&5&%@(‘?‘? USFII00E6- 4660381 FIG 9 is a schematic a cross-section
of a typical integrated circuit, in this case a conplenentary netal oxide
sem copiddzijor (FKINOS} ildeuwbiesa cheldterdenat linkerwhewpasingl h daunchotade;glont ai ni ng

mat eri al.s be used .as |.owk.di.electric |layers i.n back-end
Tinker \r;r.%%h may comprise a Imear L(ncggmg unit for cormeél[mg molecu?ar e{(ectromc and

15  electro-optical devices;

[00034] FIG. 5C illustrates a chelate-derived linker comprising a nonamantane; the
. linker may comprise a two-dimensional bridging unit for connecting molecular electronic

and electro-optical devices;

[00035] FIGS. 6A-C illustrate an exemplary heat transfer application, in which a
20  thermally-conducting film and/or fiber facilitates heat dissipation from an integrated circuit

(IC) to a conventional heat sink;

{00036] FIGS. 7A-B illustrate an exemplary heat transfer application in which a
diamondoid-containing material is used as a thermally-conductive film, in this case adhering,
two objects together, the two objects being maintained at two different temperatures in a

25  gituation where rapid heat flow between the two objects is desired,;

[00037] FIG. 8 illustrates an exemplary heat transfer application, in which a

diamondoid-containing material is used in 2 thermoelectric cooler (or Peltier-based device);

8-



-nonanaH

|
|

mul til evel interconnection processing, and as passivation |layers protecting
the top surface of 5 the IC, and [000391 FIG 10 |IIustratéé’§@M@99 |caIIy
a cross-section of a field em ssion cathode, illustrating where a

di anondoi d or di anondoi d-containing naterial nay be used as a cold cathode

filament,, advant age of the negative el ectron af{jinjty,0f a
di anondoi dgé}%che DETAI LED DESCRI PTI ON OF THE | I\NEI\H%&I‘/(?&[OBOMM

Accor dyjagad|0 erieds @Ecgeﬂm HGosp! rs&st%ﬂtofh AR irEratdi @RRidRkgs cace i sol ated
from an approprlate feedstock, and then fabricated into a material that is
Speci fﬁeomldcmaltarparﬂtal@uidalsemncmmebe&M@ﬁi) é@’l@pﬂluﬁ@ammerel n the foll ow ng
di scussi I nd f descri ption of
how hﬁela%gmﬂ) %{@ntalg In énra\éga'laF I%’b%tuts ségﬁ] léfcﬁa et PAQLIQ\{F% FX% @r ecovery

di ano ndmltd&ehiagerdmﬁn@noﬂ ps)s&dmg,rﬁnd appzhsgniamm lasermp@m@dngélemﬂusfacmfd ot her 15
forgs qﬁ glaﬁnnd0|d containing materials, depending on the application in

h f5d e be used. Definition of di anondoi ds [ 000411 The term

—"di-anondoi ds" -refers to substituted and unsubstituted caged -conpounds of-
t he adpieesgjane Her i@ﬁluktméswdﬂlangmaﬂ@mbﬁmecticﬂi ca"mﬁmmssimrr ¢agtvlof ane, 20

t et ranant ane, pentanantane exa nt ane, hept amant an aman ne,
@gfﬁémg Y iamaendord gy ?f#éﬁgta‘"a}%nﬁtﬁ"éa |mayde “iS asamoi@ al |

| SOMer ggsue f%?ern? > QUSRI En b R AR negathR Q1L AR 2HTGS ohauﬁm@ndcda aupengoi d”
t opol ogy, which neans their carbon atom arrangenent S Superi nposabl e on a

fragment of an FCC dianond |attice. Substituted di anondoids conprise from
| to 10 and preferably | 10 4 t | kyl substituents. 25
Di amondoi ds i ncl udRETPSLEP Qﬁm&ﬁﬁﬂgﬁgﬁEiW’?&H@amndoi ds," as these
terms are defined herein, as well as m xtures of any conbi nation of |ower

ango hi give40)di anopreRimiso embs&l%at&.ome pi@ERNineare:t, ditinmisidoid ssolféers to
adamant ane, di amantane and triamantane and any and/ or a:l unsubstituted

and suBemiap aprsapiin fegdtackeand hendabriratednte 2 malerakthaf itee Of #i amant ane.

These ) oM&fiar HiaBPRYRIntsSEPRIRGN TR (R BNoRA, gmnﬁoﬁ RAmAoRBiiRkid ¥e and are
readi |y synthesized, distinguishing themfrom "higher dianondoids." -9 19

July 20ed, \ighl o DRI SCcripGIA &Y HEBDBY bo o4 8ared fremipsirpleurh ifepdatocks.

di anon ref ers n n ut ed

et r ananpane B dElorsBiod ey BRIl e bbb il O PVt el
pebhd anﬁ:nhaﬁfeimmmlommm;mhpmauayala,nﬁpmd:@ dn the bgytlichtinnad vdm;dh theysarbsd i t ut ed

hexanmpt ang

Definition of diamondoids

[00041] The term “diamondoids” refers to substituted and unsubstituted caged
compounds of the adamantane series including adamantane, diamantane, triamantane,

20 tetramantane, pentamantane, hexamantane, heptamantane, octamantane, nonamantane,
decamantane, undecamantane, and the like, including all isomers and stereoisomers thereof.
The compounds have a “diamondoid” topology, which means their carbon atom arrangement
is superimposable on a fragment of an FCC diamond lattice. Substituted diamondoids '
comprise from 1 to 10 and preferably 1 to 4 independently-selected alkyl substituents.

25  Diamondoids include “lower diamondoids” and “higher diamondoids,” as these terms are

defined herein, as well as mixtures of any combination of lower and higher diamondoids.

{00042] The term “lower diamondoids refers to adamantane, diamantane and
triamantane and any and/or all unsubstituted and substituted derivatives of adamantane, -
diamantane and triamantane. These lower diamondoid components show no isomers or

30 - chirality and are readily synthesized, distinguishing them from “higher diamondoids.”
9.




conponents; to any and/or all substituted and unsubstituted heptamant ane
conponents; to 5 any and/or all substituted and unsubstitut et? HHy 28t ane
conponents: to any and/or all substituted and unsubstituted nonamant ane
.conponeit@! 2?%“elny and/ or aII substituted and unsubst FEUEE Yeanmant ane

componggss) L0 v ANdLoL. gl SHARH LHLSH ADGHISHRAR bLEdy undecamant ane

conpon es 0 I'soners and stereoi soners
of tet uﬂd‘ﬁamtaﬂa@tetr@ﬁiﬁhtaxmtr@ﬁ@antdawmmﬁaneu sm‘usp'ammnd angbsigatednant ane,
nonamant ane, 10 decanant ane,

ndeca 0044 Adamant ane
cheni sPFYARAYaNsSORPPRARISe\RERY B %‘%‘ S“%E‘F“ fm ?“S"'?Jﬁ‘ uted e

Consequghs&enlf tolalf aﬁa/&mn@dwuque%; Gt futdd R PlamB@Mae (V(Qﬂlponeﬁls pp. 277-300
(1964). [ Adanantane is the smallest nember of the dianondoi d series and:

may> beamm}@éﬁtﬁﬂ@f*b%@t@ and jupyybaliteigd ecemyaiang (e ElH (B ARy 209 4t ane
cont ai E\%e shitPeaSHR 'ﬂ.ﬁélfb?tltutgtﬁ h%ﬁﬁﬂf&%xﬂé&?nm aﬁfﬁr{d%faaﬂtsﬁﬂﬁltﬁtg&mnd and soon.

Wi |l e re1s only one isoneric adamant ane, di amant ane, and

- t-r i-amantsibgituteh demantend @upodérits; efp @mand@mnﬁrssbscﬁltqd@tﬂﬂalnﬂmmﬁ@d( t wo--of - whi ch
represen nant| oneric ur, differen s of

LD e i A o il R L rmigtifes of (R bV LSRG BRPSLRLEHALS Of

-1 ncr eagectrittideNféitdnyanting, hleez&ﬁihtad&; peimanenbeictaafantahe, dnamanatel d seri es,
pent amant ane, hexanmant ane, heptamant ane, 20 oct amant ane, nonamant ane,

det@naA¢canantaps, and yrdseumpntangamant ane, which is commercially available, has
been studied extensively. The studies have been directed toward a nunber

of ar ef{ﬁm HUCh- AGarhRIBRRLAMETY RasHedPidvielkd by FIACK] @@Blin 2addnemianand t he
properties of adamantane-containing nateri af(s For instan the follow ng

pat ent Sonsequenses afdhePiamondaid pvetuten et fehvah 84PRbani -0 01p 1954 Patent No.
25 3, 4%&&%@%@&%%@?5&5@%&@%@& &&neﬁdomah@?m hiPER Mbk@RBE aidamant anes;

U. S. Patent teaches a pol yam de pol yner forns from '
al kyl asiaglamagarteys:hlhm qubynit). mammmommt\@ solunity,3namprfanestbees, t he f or mati on

of .t her bI e resin 0 nt ane Vi U. S. Patent
Nolg 6, 5@%’“@%‘ Bb@pgsqweﬁg{li?ﬁg 1%°n a-f mf)rygrlg‘% #o?gt If‘éﬁzﬁm%nﬂh@ variety of
adamanganran@e, lau@tﬂavtaﬁtane%a\e&@&eét&& dii ferenn idonasd of téthaenanitaple étwadifarhieidoi ds,

have recei ved conparatlvely litt attentjon in the sci fic ||terature
Mc Ker vESPIeSentap e“%\?é“ﬁ"e%ﬂ*é‘d PPFe‘f:gfﬁfﬁPtl‘@é?‘éled"fayéﬂ{"i‘"a“gﬁ’tgﬁg‘?rg’l’ff ane in | ow

yi el ds,4siAtnd ohRRAE | PltSumBYl §4 Rk Sble RoRfeBSificretses RN iRy GvitppERaches to - 10
19 July 2005 WO 02/058139 PCT/'US02/ 00506 Large Di anondoi d Hydrocar bons,

Tet r ahbighormentsir of 86 diagppnd@id sergopqniaygmjane; hexagntane, heptamantarie,

20  octamantane, nonamantane, decamantane, etc.

[00045] Adamantane, which is commercially available, has been studied extensively.
“The studies have been directed toward a-number of areas, such as thermodynamib stability,
functibnaiizaﬁon, and the properties of adamantane-containing materials. For instance, the
following patents discuss materials comprising adamantane subunits: U.S. Patent No.

25 3,457,318 teaches the preparation of polymers from alkenyl adamantanes; U.S. Patent No.
3,832,332 teaches a polyamide polyrr;er forms from alkyladamantane diamine; U.S. Patent
No. 5,017,734 discusses the formation of thermalljr stable resins from adamantane
derivatives; and U.S. Patent No. 6,235,851 reports the synthesis and polymerization of 2

variety of adamantane derivatives.

30 [00046] In contrast, the higher diamondoids, have received comparatively little
| attention in the scientific literature. McKervay et al. have reported the synthesis of anti-

tetramantane in low yields using a laborious, multistep proccés in “Synthetic Approaches to
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inventor's know edge, this is the only higher dianondoid that has been
synthesized to date. Lin et al. have suggested the exi st encl® BHY 2008 di d
not isolate, tetramantane, pentamantane, and hexamantane in deep petrol eum
reservoirs in light of mass spectroscopic studies, 5 reported in "Natural
Occurrence of Tetramant ane (C22H28), Pentamantane (C26H32) and Hexamant ane
( C30H36)WPHZ¢858ep Petrol eum Reservoir," Fuel, vol. 74q(YS028¢06 1512-1521

(1995). The possible presencg _of tetramantane an t t ane in pot
‘mat er | RregDigpongdoiddvdroqarbops, o etetiedrofi WoAbatR- 37 &%ﬂf g‘i%ﬁﬁﬂgpq tg%dst ock has

been diRemasethdMedsBaRisEE thalbnlyikihhbl BamolRi®MRE: B0 bedh sphthesiAde dde. [ 00047]

The four tetramantane structures are iso-tetramantane [1(2)3], anti-
t et r ambint ek hpvetgeeated theygistmane] bytsirdnasfsoliie ipiBRpARS PERABALAE3] - with the

et ra : kb fsobteie 3
conventi e BRIERR it s Blouh TRRR o, ARG i JAEBPRARLCI i Cat i on and

No & n ¢ kapbtteindNabira fendrdry el p HEanbengad (CoHle Pesiredtow (Calls)3ud pp.

St by e iR R MM A 2 v

the nD(BBY). afhe pbSitMIpRsdadd 5B irdriBItH6 dh@pentdh@iine 344t nanetiabatrg t hese ni ne,
there.are three pairs of enantioners represented generally b 12(1) 3],

[ 1234] dispiigipgof V\FtaﬁloﬂqifédﬁPWé‘“@ﬁé‘?ﬁdFtﬁ%Wé’ee“dE?ﬂ“éﬁ?ﬁ??ﬁ’ng@% etr%-dilijs nted by
[12(3) $lieniNd 2,434 4030 [ 1212] . There al so exists a pentamantane [1231]
represented by’ the nol ecul ar fornula C25H30 (nol ecul ar wei ght 330). 20

[ 00048] Hexamant anes exist in thirty-nine possible structures with twenty

ei gt HOPHAg e faw) telcanantane sirpafes o Grderamastas (| @B Ivfight 396) and of
th y g [ &alans r i f |
ese, Ja?&f@glﬁﬁ YTk '&%t? §3§rﬁg}l§] 8@%@@%&%& E@\é,ﬁ, WiltehbBlagidaar fornul a

C29H34 (no ar ‘wel g e renaining hexamantane [12312] has
t he nohewelcturt Grithasad@ROHBOdY inetw@odines witke p gbrtveuia) estabbged 9y Baabammant anes

tulated to exist..in. 160 i b { | having 25 th
ol couPel: Ropi gm0 e PP de R Rt even aro

“achi r alver-dradiongol. 39, NS IBTE T 278X All lieir te@ianianiang Haepthafantubkn@sHR7 have the

nmol ecul ar. fornula C33H38 (nol ecul ar wei ght 434), six have the nol ecul ar
{ ol EmelsomareighsPLau T aE e (GhpoIBis)peaHma RS, fibsBrvinn e muethsle « he

mol ecu kcﬁ'ﬁlufanZE@gJﬁ AnSRAMRAVL IR |3@®%§Em\ﬁ_ﬁ% Bl 394 therd 800004 pfilaloamant anes

possess ei ght t he adamant ane subunits and exist with five 30 different
nol ecukrantiopérg epscserpdaencradiy bydi A Pahd b3dd [1213] wathdhe Hee pRINURTDEET f or nul a

e S R RIE PRBME Db orm o

[1231] represented by the molecular formula CysHip (molecular weight 330).

20 - [00048] Hexamantanes exist in thirty-nine possible structures with twenty eight having
the molecular formula CsoHae (molecular weight 396) and of these, six are symmetrical; ten
hexamantanes have the molecular formula CagHs4 (molecular weight 382) and the remaining

hexamantane [12312] has the molecular formula CysHag (molecular weight 342).

[00049] Heptamantanes are postulated to exist in 160 possible structures with 85 having
25 the nioiecular formula CiaHag (molecﬁlar weight 448) and of these, seven are achiral, having

no enantiomers, Of the remaining heptamantanes 67 have the molecular formula Cs3Hag

(molecular weight 434), six have the molecular formula C3,H3s (molecular weight 420) and

the remaining two have the molecular formula C3oHzs (molecular weight 394).

[00050] Octamantanes possess eight of the adamantane subunits and exist with five
30 different molecular weights. Among the octamantanes, 18 have the molecular formula

Cs4Hjz (molecular weight 446). Octamantanes also have the molecular formula C3gHayy
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(ol ecul ar wei ght 500); C37H42 (nol ecul ar wei ght 486); C36H40 (nol ecul ar

wei ght 472), and C33H36 (nol ecul ar wei ght 432). [00051) Non Y2R83 exi st
within six famlies of different nolecular weights having the follow ng
mol ecul aWOfyP®I%s: C42H48 (nol ecul ar wei ght 552), CA1HAG/(sepboseul ar wei ght
5 538), C40H44 (ol ecul ar wei ght 524, C38H42 t(ﬂg{ul ecul ar wei ght 498), C37H40
(ol ecUPglecHi eht 289% Cably: Calebr prish A8 o ol (grodecalen yreighbigs 2pd
Decanmait, g et Wiidnpusy)f am lies of seven different nol ecul ar. weights.
Anong the decamant anes, there is a single decamantane having the nol ecul ar

formul a C35H36 (nol ecul ar wei ght 456) which is structurally conpact in
rel ati PP t heNoramantangs @%w&ﬂ%@wheﬁﬁ diffarent mepdecaina vekhts hesi| | es have

t he nol : : S\0ei : (. nol ecul ar
i e e ML
e 1 ;Ca r mghktu :
Undecaq,%[é{h m)%' &t ﬁ i t hi n fam h{ of eight di fferznt nol ecul ar wei ghts.
15 - AnDNg ﬁe dATE e Rhaolesslar Kele ‘g@%two undecanmant anes-havi ng-the -

nol ecul ar fornmula C39H40 (nol ecul ar wei ght 508) which are structurally
conpaciflion?]r el aPéc@mannt bastotiikin famildecfuenat diffesent Mbkcohhetightndecamant ane

famliegs have fhe | ecyl ar. fornmul as C41H4 noJ ecul| ar i ght 534); C42H44
(ol ecU&F" g\\ftb“"l %Pﬁm%%e?ﬂ %%'%&éﬁ‘ﬂ?r&?@i&%‘ﬁttﬁ%@gLeFulatvgglg\gﬁ (ol ecul ar
wei ght C&OR) (mdlébadd Ae(ghoh 53 whivh iveth@ikalf2hipa6A8 ididd Bl igcsthar wei ght 20

642%\/; and C50H56_( nol ecul ar wei %ht_656). 0054] FIG |1 shows a process
f1 % i fecameptaresd Thp odendasammianedamilicphavedhamolsclapfoamrgs Grlys:be ext ract ed

[ 1O PEhdIBL ANl 54 00K ol Pholdluflr REBR: St ) CLAGIIRRL LB sTdpef ul Tormin

a step 12, an n 1"ncor por ated 1 nt ecl fi'c mcroeleCtroni’cs

appl i catblar(maldrolan wyihe Wi Gulds (mefeerlaneegmfide); ahd C3sHa2 Gndlsmlaat i on of

di armng,gilgﬂtst@%zgm petrol eum f eedst ocks [ 00055] Feedstocks that contain
recovera anounts of higher dianondoids include, for exanple, natural
gas condensates and refinery streans resulting from cracking,

di sti | 10805Xn, ddidengnataeesseyithinfintihes dfielght difarent moleanlhywgpkter r ed

feedst pcks griginate fro the Norphlet Formati.on .in the | f of Mexico and
e L eBe Bl B et e 4 SRR e BN (S TSP fauta
PCT/ USOZHQ0{fech QP Qoht J028 wichardsiuotlaiycomipaitin tasan DaRRMd i ons of | ower
di armndc()il ds (often_as .

undecamantanes. The other undecamantane families have the molecular formulas C4;Hy:

(molecular weight 534); C4;Has (nolecular weight 548); CysHyg (molecular weight 588);

CacHso (molecular weight 602); CygHsz (molecular weight 628); CagHsq (molecular weight

20 642); and CsoHss (molecular weight 656).

[00054] FIG. 1 shows a process flow illustrated in schematic form, wherein
diamondoids may be extracted from petroleum feedstocks 10 in a step 11, processed into a
useful form in a step 12, and then incorporated into a specific microelectronics application

shown generally at reference numeral 13.

25 Isol_atibn of diamondoids from getroleilm feedstocks

[00055] Feedstocks that contain recoverable amounts of higher diamondoids include,
for example, natural gas condensates and refinery streams resulting from cracking,
distillation, coking processes, and the like. Particularly preferred feedstocks originate from

the Norphlet Formation in the Gulf of Mexico and the LeDuc Formation in Canada.
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much as about two thirds) and | ower but S|gn|f|cant anounts of hi her
di anondoi ds (often as nuch as about 0.3 to 0.5 percent by\&ﬁfﬂl 005he

processi ng of such feedstocks to renove non-di anondoids and to separate
hi gher and | ower di anondoids (if desired) can be carried 5 out using, by
way of exanple only, size separation techniques such as nenbranes,

nol ecul ¥f0 Y45 EJes, "etc., evaporation and ther mal sepaFEFBﬁ%”%PW%er under

nor mal educed u tractors ctr stat arators,

MR BRI e e W T e

[ 00057 haubh Ry BHEI 166 ChiRBPAcabiv@buNBRENIAchnt ¥ROGAd dHhigiRe Hﬁdﬂﬁd(ﬂdss(bﬁbﬂ &t i on of
the feedstock. 10 This can renove | ow boil.ing, non-di anondoi d conponents.

It can™&Fls#s abapidybiodhs apa BY weishi Tﬁ‘eoﬂﬁé?es%lﬂ%loﬁﬁ“@hé?ﬁ HPARIHEBIYE conponent s
havi ngpdy- @i‘&:‘nbh&b@ds&% s eeﬁjséé- htgﬂmnhhaberqﬁanm@mdb l(&hssﬁre@bl (ﬁHB@@'Qth s) sel ected

for isolation. In eith i nstance, the lower cuts wl enriched in
| ower @Iultalﬁmadm wity afiedatpiosoniyi SidersgpaseiontteohBiques %}ﬁbmmbmemp&mlar

-Ohsti L | ,n S es?or?t?onoﬁﬁrﬂ?eélggt EP% a%grg\éltﬁle? RGN Sh R SHEedudd 'pH%&rEse hperatur e

Tange o

Fovi I'nrt i'solation o e Identified
hi gher e:draammdettdastaﬁheepamcss, cvyeuanhatarreclemnatogmdhj, nweliihginbsepardioanondoi ds or
t he dlggﬁg ﬁﬁd of interest, are retained and may require further
purifi ® O her nmethods for the renoval of contam nants and further
purification of an enriched dianondoid fraction can additionally include
t he f o[doosﬁ]ng NQ Plefdiictiiseygraaion rathed typidall@ incheladatiilaion béhh fitcdstosk.

a t|on ei ther under nornml or .reduced pressur,e, sublimation,

§/§ Phis SHTEBRYE @wrm%a?lhgaﬁvo porpogEntEe SPLAIR RO YSHPHPS | | | ation,

fixed ando\tér%aih#gﬁ& dlz{rﬁ'@ﬂbﬁrcémp&%té%deﬁﬁﬁﬁiﬂé@om@&@k ibh¥Pthhd dfhe [ 00058] The
renoval of non-dianondoi ds may al so include a pyrolysis step either prior

~or subblgbgrdimmandoid{s} ﬁﬁilqﬁqt@tfPUﬁOlatFﬁ}lr dn giglies irjstaneg, ﬂ@f'?"é@tqufﬁév ik¥ehod to renove

ny 00 BIRANARIONS iarfoflh AIBHR fyG ATRERSNSnbE A hG LECAMgton |t 1 S

ef f ect eating t under vacuum condi tions In an
i nert edrbespbeted to provide Eemaecm ke tafnpanatulr@asge afboigtesB39 Q@videghel nost

pr er abl .t .at grature.in t.he r 410 t. rolysis is
of § it b ST FERu iR T cufhien drecaithed FEhiE S hY o

t enper dihsbdoidsr ittt aBdildid dtegéradaratetdi@@sd abgutqul@ findtiee piifidayionei ght  of

t he non-di anpndoi d_conponents that wer t he. f eed terial prior to

pyr ol ySther meghpds {gF b sgragyal,of “@@&?Ptsé‘ﬂgﬁiﬁ%ﬁp‘ﬁg’ﬁ%ﬂo "'Wé‘?b@ﬁt and 30 even

mor e PhigheAdd ¥adon hﬁ@é&au&%@%&ﬁ&@ th@Yolqu%ﬁonﬁfmﬁ dispiondoi ds are
thermal |y degraded. -13 uly 200 /05813 PCT USQO2/ 00506
separation techniques, evaporation either under normal or reduced pressure, sublimation,
20  crystallization, chromatography, well head separators, flash distillation, fixed and fluid bed

reactors, reduced pressure, and the like.

[00058] The removal of non-diamondoids may also include a pyrolysis step either prior
or subsequent to distillation. Pyrolysis is an effective method to remove hydrocarbonaceous,
non-diamondoid components from the feedstock. 1t is effected by heating the feedstock

25 under vacuum conditions, or in an inert atmosphere, to a temperature of at least about 390°C,
and most preferably to a temperature in the range of about 410 to 450°C. -Pyrolysis‘ is
continued for a sufficient length of time, and at a sufficiently high temperature, to thermally
degrade at least about 10 percent by weight of the non-diamondoid components that were in
the feed material prior to pyrolysis. More preferably at least about 50 percent by weight, and

30  even more preferably at least 90 percent by weight of the non-diamondoids are thermally

degraded.
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[ 000591 While pyrolysis is preferred in one enbodi ment, it is not always
necessary to facilitate the recovery, isolation or purificat%4Hydpos

di anondoi ds. Ot her separation nethods may allow for the concentration of
di anondoWV89WE e sufficiently high given certain feedS"dER¥*Sch t hat
‘direct purification nmethods such as chromatography including 5 preparative
gas chil¢9abbgr aphylepmehlysisghpiséarted imerreombioduednt 1ok noha wargpesyary to
crystallization, fractiopal subl.iation. i e di anondoi ds.
o060 iRk BesdveRt LpRR ALY 0 IRaRs BA% {Baiadth bl -

puri f i ealyiatiowdbr théeoncemiagon af dinfayndeddsde b seficibmlypligl goven sataact ed

di anondoi ds for use jn the _conpositions. enployed in this..invention. Such
purifi g?@?%?#ﬁ%ﬁh%?‘dﬂ@%‘ H“ﬁgF?H?_é ‘E‘?ﬁ?‘lﬂiﬁﬁl‘%’garszwt%ap@? 9’%‘%“&4’?? zation, thermal
di f fuSipRpataBeOPsAHRatkPPpRY aRd hidh ?gnfoza{aa&r Bfsd MRo@GEMBhAl | | zation, size
separation, and the |iKke. .I‘éor instance, in one_process, the recovered

f eedst eeitallzaderfieetiondl sublimating hay Yeowpdly iselae diageadoigs.ocedur es: 1) gravity
~colum-chromat ography using silver nitrate inpregnated silica gel; 2) - -
t wo- cokamgoPr PRI dEEaiS@Rkibh BF Yyr8RSisARGAIROBEAB MR afiGiPd ke

di anondoi ds; 3) crystallization to@pr ovide crystals of the highly
concentatgriztimdy berdesded Wprovidsselagdaliamendoids famsain thecyrpisis®si s to use

single i ple : liquid ¢ . | i i gh perfornmance
1 qai acBRIoB b GuRlof uch Bititeatiph RERLARE SN chiiHailiy) 27 RS Lhove.
mulidi pkesatizangs thatrhdl diffifsfoartermhiqned, ecid efiting progyssbe rewrgsal lizafion,t seer

processi ng using these _nethods all ow for re refined separations which can
Pead SRR e T Fopm e Eoun Bifc s B rooua s et R tTIas 1 or
proces ﬂieﬂ&lcﬁﬁiﬁ%ﬁ&d}ﬁdﬁﬁl pracaidtai 1) b gheoldipiRngabgapisoResiilveaieatar e set

forth in U S. Provisional Patent Application No. 60/262,842 filed January
19, 206wPregnated spicg ek Rhivercobyr prepapiY s eatlkprganshrogprosmphy igispliced June 21,

) ihs; L l . hi ceRtth I} i. ; d |
2001 (d)f%%n i ﬁgﬁ\é@kﬁm to hAVRRARN d1GAL mgnglgwen G430 4iBRRadid ed July

20, 20 These IcationS are hereln inc orated by reference in their
entirety. 25 Materials preparation [00063] The term"materials preparation”
as lLiiseP0861ki n Anfpbergative pprcotsas tpasse single of ardiple pdup digiiddoi ds of i nt er est

as the i sol at. . ; i hemdqt o
_ ?(ﬁ{’n% t t . .
di amn&?@ﬁgﬁ?gﬁﬁﬁﬁﬁglkﬁé E gr S gé}%h%g&&ﬁgr?}hgéérg@?)gc% r ofr%}ec appl i cati ons.
These preavedsdsof inmyesi. el abdee, nhdtipde columhs wah ddferat sdecduvoird magde t he
pol yneri a%j OE? of derivatized anclg) O#ndgo‘rgi vat i é_ed di anondoi S t he
Sint or P SribrRRsRRTSIEHg TRoR At s A s mate EEneh PraRlPAT R G o ¢ e
t he usga@to slbdeRAGCIINGEraRmPosditbon precursor in conventional CVvD -14 19
July 2005 .
20 [00062] Detailed methods for processing feedstocks to obtain higher diamondoid
-compositions are set forth in U.S. Provisional Patent Application No. 60/262,842 filed
January 19, 2001; U.S. Provisional Patent Application No. 60/300,148 filed June 21, 2001;
and U.S. Provisional Patent Application No. 60/307,063 filed July 20, 2001. These

applications are herein incorporated by reference in their entirety.

25  Materials preparation

{00063} The term “materials preparation” as used herein refers to processes that take
the diamondoids of interest as they are isolated from feedstocks, and fabricate them into
diamondoid-containing materials for use in microelectronic applications. These processes
may include the derivatization of diamondoids, the polymerization of derivatized and

30  underivatized diamondoids, the sintering of diamondoid components into ceramics and

. ceramic composites, the use of diamondoids as a carbon precursor in conventional CVD
-14-



Nurmber 60/ 334’939, “entit

WD 02/ 058139 PCT/ US02/ 00506 t echni qgues, incl ud| ng the use of the

di anmondoi ds tri amant ane and hi gher to nucleate a dianond filhJul¥i2f@5 -
conventional CVD techni ques (such as thermal CVD, |aser CVD,
pl asma- enhanced or plasma-assisted CVD, el ectron beam CvD, and the like),
and sel fy,3s680R! y techniques involving di anondoi ds. (%&0064 NEt hods of
form ng dianondoi d derivatives, and techniques for poI'§/ Pre®
deriva [ | on. Seri al
tdcARdudl RORRAL I Sse B e ﬁ'ﬁ%ﬁﬁ%ﬁgérﬁﬁn%ng ;Eﬁfgﬁ%‘ttg?rlg% étg bori vati yes.
by Shedggwod ﬁirmusmmcmmyntﬁnaﬂ@ﬁ]) techmn@bsmbbm thMmaEﬁN[aduser CNDed Decenber 4,
2001, rated herei repce n 0 [ 00065] To
fabric %g%%flgér%er e Fan(t:‘%n a]i)heﬁ?lcgm[c]h andc%lﬁélﬁ(e)f CK? Ltl either as
part oﬁssbdnblyrm:lhn]qml1wm\hhgdmhlandmdsor as S|de gr oups or branches off of the
mai n chain, one first synthesizes a derivatized di anondoi d nol ecul e, that

isto a di n havi n ast . one funct rroup.substituting
-------one§ of- ﬁﬁqeﬂor i gb?[gg?&j g‘? %édobcl(ge MINETRCS “esgtjﬁbﬁgqlﬂ% there are
two Waﬁﬂivafnﬁalﬁﬁdnwmdsﬂgm&ﬁlsieha’i Ursayatbe apisirdtidoS @RI Nuaﬂahxz@/mghar 15

di anondoi ija nucl eophi lic (SN1-ty d% and el.ectrophilic (SE2-ty

subst i tRtte np?lé‘&?ﬁzia fgddigh T&D‘E%‘B]d"@ efivaynss DY 2BenagAs ity FWéEt éh]generatl on
of hi ghey R&Heﬁﬁ@@@!s&y?@éd@é‘c@&b&ﬂﬁQOOIWEH&Hco?H&%t%SIH%?n't}ﬁr;"ef‘c?&u%emﬁsh various
nucl eophiles. Since tertiary (bridgehead) carbons of “higher di anondoids

are cofi¥itefgr ably nore reactive then secondary carbons under SN | reaction
conditions, substitution at a tertiary carbon is favored. 20 [00067]

SER Y RROSSACT I RNAAKO i A IRGLEARNY dim R (M, Qfindt oS H bONd via

a five-coordinate carbocation I nternediate t wo r’raj or reaction
pat hwagat eftthe mampolymeria skrdn,fooas sitegrbupsor benelds pé“.tqfdm rofinlthghemedi anondoi ds,

i gher 41 SHGRRT R HETRRT nUbERa il s Rso ARrRnRt gl =

di anonidastdse unetichaingoqf subitiutilSine veths atikingl Hydtopene d&:ﬁdlﬁﬁlssfeﬁ fin 215t
functi on i zi ng hi gher di.anbndoi ds. These internedi ates are_used in, for
exanpl %Pp ie4ion. tese ALoHig Maiqyreaclipn seqHences thaldeay. keused b dergtizaisher and

aryd at digmonddadst mRESphift (ALUGH) dhd @Eétropi?ﬂil@mé?at%é?@u&ftltlmog hekiiglisamondoi ds s
favored at bri dgehead (tertiary) carbons, brom nated derivatives nmay be

substltué‘se? at secondaré carbons as well. For the |latter case, when :
synt hel0PQ64l s g Sdtwe rgach e tpeivathe §%&ﬁ'ﬁ&9§h‘85‘?rlﬁ’b%%0ndaldfqaé@c?‘t&’é}ﬁcaI schenme

i's of toRick SsQuesty 8ttt WARQERs bG5S, tﬂﬁcert@ﬁﬁw @ndg&% ¥doflesCr i bed

above may be preferred in sone enbodi nents of the i nvention, many
ot her Highes ﬂiam@nﬁmdmy@lslﬂagabb/e’nmarmyvdjbeu,@edlda;}a@.rbons under Sni

.reaction conditions, substitution at a tertiary carbon is favored.

20 . [00067) Se2-type reactions involve an electrophilic substitution of a C-H bond via a
five-coordinate carbocation intermediate. Of the two major reaction pathways that may be
used for the functionalization qf higher diamondoids, the Syl-type may be more widely
utilized for generating a variety of higher diamondoid derivatives. Mono and multi-
brominated higher diamondoids are some of the most versatile intermediates for

25  functionalizing higher diamondoids. These intermediates are used in, for example, the
Koch-Haaf, Ritter, and Friedel-Crafts alkylation and arylation reactions. Although direct
bromination of higher diamondoids is favored at bridgehead (tertiary) carbons, brominated
derivatives may be substituted at secondary carbons as well. For the latter case, when

synthesis is generally desired at secondary carbons, a free radical scheme is often employed.

30 {00068] Although the reaction pathways described above may be preferred in some '

embodiments of the present invention, many other reaction pathways may certainly be used ;
-15- :



19 July 2005 WD 02/058139 PCT/ US02/ 00- 506 as wel|l to functionalize a

hi gher di anondoi d. These reaction sequences may be used to 1}5%-!3{!!18@05
derivati zed di anondoi ds having a variety of functional groups, such that
the derVO4eNFE® nay incl ude di am)nd0| ds that are hal oé’g?‘i’&@ 0#% h el enents
ot her than br at ed di anondoi ds, nitrated

o oo B Rtz e et ohest e St e B R s

et heny |y R ﬂhrﬁa@ibd%ﬂﬁondaﬂaglhmgrwa@dtydifmmdmi@&upS&echTmbetﬁe 2 of the
co-pendi ng application ' Pol%/rrerlza | e Hi gher Di anondoi d Deriyvatives" for a

| i sti ngleavativgempy welpds dgmonpdaidsythal af%‘ﬁi!%ﬁﬁ%#ﬂﬂb@l%?‘@%ﬂ'é @thepthan fregpne,
di amondgi s, ﬂuLQQQQﬁ%xa%dadmgb% nifedBhhodidtl RRBARG dighbdBidsyes having

substituents capab entering 1nto polyneriZabl € reacti ons, my be
subjsec tcen!botxiatscildnaaioh@mse atbtnymett@ﬂdondoGhsarsiw@hnatqct)dltimwdqbbl )Sﬁe?fsb lar e

pr oduc PZ to é%ﬁhg’ ;%Pg ﬁ&% Ilcatx%e Il,)t’e ne m%z%?e Mn%r %DP&[HOHE(EI? r&ﬂ%ﬁ%@ Tior '{1 ﬁn d the

pol ymeri meri zed W

~-nondi amamcgnﬂixerﬁpﬂaf}euumtmganmmmm al?ﬁﬂhydtrmmglaa‘ndmmanSmﬂypl cally carried out
using one of the followng nethods: free radl cal poI ymerization, cationic,

O o AP Y Rb e BB PSRBTl IR Bl

react i @Agriag Ritd\SdlymknavR réddtibREmay be su&jec{eﬁ@@Zlﬁ]abErre&tlbﬁﬁbrﬁi&lonp@ho}ﬂer i zation
may occur spontaneously %on t he absorption of an ade(guate anount of

hedf, at palymersere proggied. bhe pal xgheréﬁ@vagr ?l&ﬁ?%{warﬁ or HSIEPRAYVIGTS. Hwever |
this p%&m&%&mBlaﬂ{cﬂ&&aaemumm%%% Zed MBUBhSaRbnddid-r ee r adi cal

initiator per oxi des, azo conpounds, Lew s acids, and
or ganonemtalhinganmmag&ntblynﬁneélmaﬂtmﬁhllﬂcarp@i Wﬁlﬂﬁ an¢ @ﬂhmloww ei t her

non- der | eriya BIE As a result of-
t he pol y\r(rifnf)rdiv’zaelr%irr%ca(rii af e%ﬁa%%gcc%v {Q,lt.)@ﬂﬂg’il,g ormeg'n%{at ween di anondoid -
Monome pslyssitidndatiodn. theeddream}nﬁtmcdagtf&emmm patitnigfaniohe pulynrerzhtdns, of t he

pol ymer. | ot her enbodi nent the fupctional groups conprising
suﬂgti %H‘E}gcoé‘ae‘la?a‘éﬁ'hrﬁﬁﬁ‘ﬂﬁﬁeﬁﬁg ?)%?S?ﬁg??‘ie such that the di anondoi ds end .

up being attached to the main chain as side 25 groups. D anondoid havi ng

nor e t igon7one f BiRe rddiidpol gieritatied ﬁa?@@ﬁbb@nﬂfnc@fs@ﬁ@ohithfd@b@@pu@ob&meri c
chai ns together. [000711 For _catjonic, polymnerizatjon oni ¢ cat al yst

cat
may be 2B adeauats apBRi Beatpdtraviglgldighh qr highiengngy zaduation %P'ga Ef E OVY&fs aci d
cat al yg;s gol?]'rl%aﬁ%n Pﬂfc% id énhgﬂc'é@ﬁ* ciga1BRHo@ 467 IR radibAIGRItiAGE, d&h aEhese

pol ymeri z on reacllons are usua conducted in solution at | ow 30
t enper acwoxides, aggcompounds, Lewis acids, and organometalhc reagents. Free radical
20  polymerization may use cither non-derivatized or derivatized higher diamondoid monomers.
As a result of the polymerization reaction a covalent bond is formed between diamondoid
‘monomers such that the diamondoid becomes part of the main chain of the polymer. In
another embodiment, the fanctional groups comprising substituents on a diamondoid may
polymerize such that the diamondoids end up being attached to the main chain as side

25  groups. Diamondoid having more than one functional group are capable of cross-linking

polymeric chains together.

[00071] For cationic polymerization, a cationic catalyst may be used to promote the
reaction. Suitable catalysts are Lewis acid catalysts, such as boron trifluoride and aluminum
trichloride. These polymen’zatioﬁ reactions are usually conducted in solution at low-

30 temperature.
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19 My 2005 WO 02/058139 PCT/ US02/ 00506 [00072] In anionic pol ynerizations,

t he derivatized di anondoi d nononers are typically subjected%-6:/a288%F ong
nucl eophi lic agent. Such nucl eophiles include, but are not limted to,
Gignard reagents and ot her organonetal lic conmpounds. Anionic

pol ymer ions are often facilitated by the renoval nd oxygen
fromth(lg&cfléezé?%| dn nedium 5 [ 00073] Pol ycondensati on rPgTéq@%/ﬁsogccur when

e nJB6b10n2 1 bR Bl S lonsn%d&%hg?t&gﬁ'e il hohl3oct 4RGLbiENA)  or oup of

anot h r exarrp? one dianondoid reacting wth a
car boxgbjected @i mlstgmg mpclacfphamalgher Sufﬁimun:ienghnwn gt dg gbult awlmgbmlted to, ot her
wor ds, .one di anond conde of her. en_th fung%honal group

of  t HauFF Eeagegtsfngﬁ tte’é%rlg%mﬁl?é q@%b%?qogn@%&f“%’gc BAYAFet lO'I]S “amAe, or thiol

gr oup, fad@ilehtddhs themeioh Advakd agr SYRedfomhie: SeadAthdduna suitable el ectr oph| | e
such as a carboxylic acid or epoxide group. Exanples of higher

di anondoj d- cont ai ni %@l %mers t hat rrgé forrre Vi a gol ycondensati on
react i QRS nc| @85%‘5%9 PR FECUGS YA HEY 1%, t'BB‘? FERSE "©[00074] Exenplary -
di anongahshdefitoabes Reth B ﬁﬁ'iﬁ%lbhﬂ ngrédpr&f afbtBert for Ugdnigt ad ansthigomi ocal Iy in
FI GS. 2A-2C. Referring to di anondoi d- cont aining polynmer is 15

shown yeskanindgidgeaciogwithi éiiféms)ﬁ’é apid gyorerof apeipen Kamingaarpwifitke®ononer s
201, et Udrds %%ﬁ%@di?%%ﬁ%%%ﬂ & bin SRIRATERYR ERlicAANES 0. | The

di anon MoNofrer s may conprise any nenber  of the higher
d| armrtﬁe)ﬁd;t sersuiable emm@p’aulﬂalnbas{ almrzdaglhl ammwegrathwhmne, anf e feostanelnt | i nkage

) a bo on. at arbon at ons

Ab( %(eger grs'é&%’f etkﬁ;i}m? csé{ Hert O(JJ‘P( ggn\%cg%gﬁ %ggllaigogg ated anot her

Way, tEﬁnﬁile%@ﬂ@ﬁéxdﬁam&hdbh&oﬁﬁimﬁ@ﬁdlma’@ﬂiannﬁyBe tirmed¢wiay | i nked such that
t here are no i ntervening carbon atons that are not part of a di anondoid
nucl eelycgrdsasation seacpps 'éﬁ‘?d}?ﬂﬁﬁtérssi?fﬂmﬁ“fiﬁs aT"(Rf@%’? A ternatively, two

adj acent di anondoi ds maybe coval ently |inked through carbon atons that are

not neaberss ( PExtmplary NlemERIRPENMIGHE Psymefic Ainidwes ilbbtrdthe two 25
di anpndoi dz Such g (r:}i)val ent |i nkag:e Ps shown schematically in FIG 2A at

r ef er essbematiggibeindilGB oEA-2(s Refesangstodd a%ﬁed'a‘a‘é‘}d&lfje?ﬂ“t‘ﬂ‘i“& PSS may be
| b de
COpMA eg%lvg & ﬁ&%?@o \JhE QHﬂSbl &c 20@ [8@3“%@‘]{ nhdrf¥Ages2, 306, an anmide

| i nkages an ‘et age 1s In an alternative
enbod|lmcﬂ ;h:algmcammmb@mqvaienuwgd@w@ﬁfém digmemdodenepemersadOly2@&s 220 in

i gher B SHSREBT Y RAUTHELPT e b PER bR REcTRIRR TS 72 ondoi o
nmono n‘ﬁfndecamantane. The covalent linkage 204 comprises a bond between two carbon atoms
where each of carbon atoms of the bond are members of the two adjacent diamondoids.
20  Stated another way, two diamondoids in the polymeric chain are directly linked such that
there are no intervening carbon atoms that are not part of a diamondoid nucieus (dr part of an

adamantane subunit).

[00075] Alternatively, two adjacent diamondoids may be covalently linked through
carbon atoms that are not members (part of the carbon nucleus) of either of the.two

25  diamondoids. Such a covalent linkage is shown schematically in FIG. 2A at reference
numeral 205. As discussed above, adjacent diamondoids may be covalently connected
through, for example, an ester linkages 206, an amide linkages 207, and an ether linkage is
208. ’

[00076] In an alternative embodiment, a diamondoid-containing polymer shown
30  generally at 220 in FIG. 2B comprises a copolymer formed from the monomers ethylene and

a higher diamondoid having at least one ethylene substituent. The diamondoid monomer
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-17 19 July 2005 WO 02/058139 PCT/ US02/ 00506 shown at 221 contains one

substituent ethylene group. The di anondoi d monomer shown at 192y 2 ai ns
two et hyl ene substituents, and could have npre than two SH\&I)&S{OU uents.
Ei t her of0"¥5fH°0f these di anondoi ds may be copol yner i 784U %t hyl ene 223

itsel f§/hr?gk§1 £33 PN TR RBALEhAREHAD, e BAfOhERETIMBmL ol t he

co- pol or subunits ause t I anondoil d nononer 222
has twe2Xsedasidiisttwe rthyfeat yubstiiuziatlaad nmilédhivesnat thac ned subisotuents. Etlies or

particul ar,. nmonpner is capabl e of cross-linkin I ns 224.and chain 225

t oget hg‘?tﬁ Of%‘ﬁﬁﬁﬂm&'fd%ié-“? ' %ﬁf?@?ﬂ%ﬁgﬁhieg‘)’@g%ﬁ gs‘%‘? aHt ti‘&faci ng pol ymers
havi ngmph&R& aitREaOhHBIthd Ra&tion! BAEN BF cbhpelyarRt YIRS dBphigtiededn FI G 2A,
since for the FlI 2A pol yner_the dianpndoid nuclei are positioned wthin

t he maPrrastrdhn diamopdnid Bquenee2e fat W WPYilenbpA¥nPratldmP A duachef Gs. 2A and
2B I's { Ntk fv:—i\rlﬁéulﬂ.c}ﬁ&iome?istc%)dbghgcﬁ{l\%ﬂf)gg—%ﬁng%ﬁaﬁﬁs! 329 BHARADSS 10 ﬁtfelér'. cles, and

I ncl usions ( ustrated as by 1nserting theminto

-~ i-nt er-sPudhi sagossilinkpigderdtiomts capablesd pradukiad pplomprsdralmgehaicriss other than.

D anongqi d-.cont ai ni ng _nater i b ' W th al kali
nmet al s?“’%ﬁ ?(@%’ poe}ér}l?rh&%g%éll%%Tﬁ%h;fqggié%csﬁr &gﬁg'e%@?%%’l re{?flgrq?]g{& [ﬁg{ndAl , Ga, In,
T, V, miMki agepdsifianddowikiiiip the\gaih bledinreA ceoglieatd ofithe/stnfchlessormesiin The rel ati ve

ratj os he nonofuncti gnal di anondoi d oner, the difunctional

di L%nﬁﬁ%tzﬁ'(ﬂ‘i‘éﬁgr‘f’ {?’éﬁalstpr?éflﬁﬁf%‘?ﬁgﬂ%m%%ﬂgg QF'He‘Etﬁ’é’a_Et%eﬁpar“gr y pol ymer of
FIG 2B.RRndfilnsaicd 8 08 813 s} aflelife tREOHICE: i@ ERS of fRMdddragerties with
regard to stiffness, conpactness, and ease of processing. .  [00077] The

exenpl epss-linkied polvanetiel¢tusrsn dbiraondoidppatainipg At gelp 1y beglopgd ipechih FlG 2C
cont ai AgeRE AR MG Mo RO LilalTelh HOALTIRIARAL YRHIAULMERLBIANE, e or oups . -

sel ecte ustrate certain relationshi ps between s$tructure and

pr oper Ti, & Nbj andplar thiiroproae thempalcotluctipiyo pdesired sThef retahive eatienrplthe y pol yner

relate to the processing it has _undergone, ..The . dianhydrid A

(p&/fl onBPP? ?cgmg?léiﬁw&fl?l O@H%Mheaﬁﬁ’?gtimgmfa?ﬂ%d%ﬁl Ie]{lr?ln% et €(lunle(:iaﬂril‘l:vEofI uor enone .
232 ar ghyieid Aemast in Mk exdofstarg Paiyvihet 6f FIG. @Bdhdy\of cige bk adifiyelytode BTDA
(benzophenonet etracar boxyl i ¢ di anhydrjde) shown at 2(?3 gr vi des the

capabi Preducedhe dasiredippertes vaibiiepye tgfingss. euppasiagss: ang gas &fg%fg?ﬁawg&g-f or
crosslinking purposes, and/or for the potential inclusion of nmetallic

noi et i @o77)L 0 R estahﬂhg@o;mr&-@@mwﬂogen@?su&wrpQéﬂaaduiy@t gBeERlpgr i de

(ODPA) shown at 234, and the diam nes oxydianiline (ODA) at 235 and

~'bi sam HeprieribxsegunnE abpalyinpdechiiy dpavaditomrecaentaivie SR Aelpttekiobi 1ty and
- €35@ Ofjyyg li&?ﬁ@trgggﬁl{ssﬁ%gﬁgt%n%rgﬁ%@{um M%Mc?tﬂ%,' hpartdculipHofahed di anhydri des

such as 6 e Introduced to I'ower the overall
di el ecpropatiescrfshesgremplaryt prdymrertrelaiedd the processing it has undergone. The

dianhydride PMDA (pyromellitic dianhydride) shown at 231 and the diamine
‘diaminoﬂuorc_none 232 are introduced into the chain for rigidity. The dianhydride BTDA
(benzophenonetetracarboxylic dianhydride) shown at 233 provides the capability of further

" 25 reaction at the carboxyl site, possibly for crosslinking purposes, and/or for the potential

inclusion of metallic moieties info the material. The dianhydride oxydiphthalic dianhydride
(ODPA) shown at 234, and the diamines oxydianiline (ODA) at 233 and
bisaminophenoxybeniene at 236 may be introduced for chain flexibility and ease of
processing of the material. Additionally, fluorinated dianhydrides such as 6FDA (not

30  shown) may be introduced to lower the overall dielectric constant of the matenal.

[060078] The diamondoid componénts of the exemplary polymer illustrated
schematically in FIG. 2C comprise a pentamantane diamondoid at 266, which is positioned

in the main chain of the polymer, and an octamantane diamondoid at 237, which comprises a
-18- B



[ 000781 The di anondoi d conponents of the exenplary polyner illustrated
schematically in FIG 2C conprise a pentamantane di anondoi d #tJuh68005:hi ch
is positioned in the main chain of the polyner, and an octanant ane

di anondoi d at 237, which conprises a 18 19 July 2005 WD 02/058139

PCT/ US02/ 00106 si de group of the di anondoi d-pol yi m de pol yner at a position
of a di APAEEIA this exenplary case, diam nobenzopheE%ﬂé%”&%%onent. A

di am)ndgi d corTRgnﬁnt 2%8 ma%/(1 bg Lised S a .grogtsél.i nkier\tgnt ent to connect
two adfSEEREP hAF Aemopdydipghimigy BYIKHE 112 MERL OT 4 ieliBYoi § conponent
238 ' maykeh 149788k MBANInPE RS Hen61%) edinpbbatn @f disnaddoidebrismane s nlay be" 5
wherein it serves to separate nmain polyneric chains sinply by steric

hi ndr aked as EaToa-hgorg agepHa cagieht EIAJHREFE Ehalifal %‘}ghﬁawir{%‘%ﬁ?% %hen

di among@indnddidl bdiSionent238 ndlyDePRESRN pred¥Rdas af LBRLEIMRIIER Gl ikt ch may
serve to reduce the overall dielectric constant of the material, since the
di ¥ ecwhérgindbsesteatr septratginpaig pelyineri chajigsingpy byiptene Rindrnece, diodping ¢fs one.
1100079%, The, dhiARBRCARIEENALAL LA Sibhalg sl arPRial il hiaty may be

i ncor porated into & 'dl anondol d- cont ai ni ng material "1 n genéral, and into
pol ymecreate moide 23 % hdidhnmpasetieaa bednge thh avepalbdiviacine tynstdnt weth sdtshiihed

nol ecul.ar structures, and_t.hus. t may..be. attached to each other,

at t ach¥iF%Be die ti“ﬁcﬁlbslt%ﬁffa"éﬁgﬁt ﬁ?g%%aéd%%“ %‘%g@gllfi i ng agents, etc., in a
great variety of ways. The six hexamantanes illustrated in FIG 2D are
exanpl @eond] a hitghéamahidaansdgstdliteh@vghegdianbndpidsy thay nerp be incadpomstedpe, and t he
12 chiral hexampntanes illustrated in FIG 2E are. 15 exanpl es of

entht | Bl PIEmBBI oo BB e SR st LA T JBAEE P Pes of ¢ he

at t achprRBbSaAty 31 WeRaefineddhABmNE ginekodies, aRPthiSthed bR dQidied AN 0 a pol ymer
chain, will also affect the properties of A resulting nmaterials, For

exanpl @her; ptachsk te asenimpelymencham. wicgae Frogh BHORERECEISUTIF + B AMFHUYIFY tertiary
" Dr 1 d9grRERATHE 8k RANManfificd il dtldadh 81612 &t Cranifies ool HigcPatihbndohs ST T onger ,

nore ri gl mat eri al' s than those resul t” frominterconnection

t hr ouginviecongady yyrometooalsshapes adthé | Tehirad Bxafantahesribastatedan FKERF@g t hr ough

te([jéi ary car b?ns ghat .are thensel ves bonded to the highest nunber of
er?éwec?é) gl O?chap%'isgher di anondoi d (nanocrystallite) will provide

the strongest, nost rigid materials, as in FIG 2H [00081] There are other

pr oper fooasojof Hilgherieallariveschail de gebabtrenyf theattachinonts efia tugher25 desi gn new

materials 't(g desirahl e operties. . H gher. di ndqj. ds,, di spl | assi cal
di ano n‘galé‘?\é\és‘l‘_ fo apg@g@ﬁ@a@ﬁ:{ogga? a(W_{ %CFT?L ﬁ)lrggsi‘?c??{eﬁ%aﬁ prﬁﬁ%{ﬁéelssof\f as shown
in Fl G%smﬁ# &hseﬁalanplor?dﬁa&lﬁre, fhb ertéh AHRaHRIof h{ghédighdldopbnti@ nasighne
illustrated in FIG 2N. These hlgher . L .

tertiary “bridge-head” carbons, as illustrated in FIG. 2F, will result in stronger, more ngid

20  materials than those which result from interconnection through secondary carboné, as in FIG.
2G. Furthermore, attachment through tertiary carbons that are themselves bonded to the
highest number of quaternary carbons in a higher diamondoid (nanocrystallite) will provide

the strongest, most rigid materials, as in FIG. 2H.

[00081] There are other properties of higher diamondoids that may be exploited to

25  design new materials with desirable properties. Higher diamondoids display classical
diamond crystal faces such as the (111}, (110), and (100} planes, as shown in FIGS. 21, 2J,
and 2K for the diamondoid [1(2,3)4] pentamantane illustrated in FIG. 2N. These higher
diamondoids may be oriented in materials such as polymers so that the resulting diamond
nanocrystallites may have co-planer diamond faces. The diamondoids with chiral sturcture,

30  may be used to fabricate the exemplary chiral polymers illustrated in FIGS. 2L, ZM. These

" kinds of chiral polymers have potential uses in photonics, and for the integration of photonic

and electronic devices. '
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di anondoi ds"nmay be oriented in materials such as polynmers so that the
resul ting diambnd nanocrystallites may have co-pl aner di anoffWyé@dS The
di anmondoids with chiral structure, 30 may be used to fabricate the

exenpl ar YORIB&® pol yners illustrated in FIGS. 2L, 2M PERESEMInds of
chiral rs._haye potential uses in photonics, and for the integration
of photBIEE ™ o Bhe bR o RyE Se e ST £35S 505 VB (083159

PCT/ USQeé0@RQ81dr BARS AlcrdBectHin PR ik QMY i el dP RAMWEIhSh<lirs ussed above

may be applied to a substrate undergoing m croel ectroni c processing by any
of et BBESORHGECIdME Metrugion, andiy@porpdasedlspesitidat i ng, nol di ng, extrusion, and
vapor phase deposition. [00083] The wei ght of di anondoi ds and substituted

di amn@@daﬁgkas Bnd WBiSh! Ui Bhoribi@s ai duBliRbicd G BBhaAls sNEuRMoH BBhe (Wher e t he
wei ght of the dianondoi d functional groups are included in the dianondoid

por bi oftaiegetit nf ba@obmiso (v hesnthe pveptghé of thodiaaigndaid funcgomdgroupeareent by
wei ght ;_ |

~di-anond6i ds"i's @ er cent g n-anot-her -enbodi ment,

t he pr ppeedtibgnveight. bh aothrdenbislimad, selasitant of ddmdndoidrddisdstitutedt he pol yner

i s abouyt 25 t.g 10 rcent. b 0 wei ght of the total i ght of the

ol yreAteregtigst HBiAds [NeeNrrbRe Eetl Ty s crbatnest RS HR g ar od

di anondoidmohddid ndefibbitutendlanpidoizat i@ PolSARE isfabButsITapes0 pécdat B eri ng, -
‘using processes that typically are used in the ceramcs industry. Ceram cs
haV®  ba&sightief thatogel syeight obhe polmes-n Fundamental s of Ceramics (MGaw Hil |,
New York, 1997y, pp. 2-3. In general, ceramcs nmay be defined as 15 solids

f or med dnosheat | RRoth&itb@Ridde ARE mRY BS §4A & fofthXidMtES didhoidlidifo uignet al lic
el ements such as nitrogen, oxygen, hydrogen, fluorine, and chlorine, and :

" nonmeted plicationrsneni B¢ shapes is distering anapiegesses thairtypisghons usHasHRor us, and
sul fur .. Caf ggﬂgﬁﬁ%g@g&@’ﬁ%%h&%@f@%@g& ?gfw. Haf3Lf iR 2R G YAl ANE, bondi ng.  Many

of the har , efractory, ughest ceramcs are “structures in
whi ch CexadienMcivad iEhb, Weve ¥ork, h2272.5p. EXadp pesradf cecanied mat bedafiaed s are 20

botron ni.tri.de , Ssiligon carbide (SiC), boron carbide.(B4C). silicon
o EE T B Ried B b o el oo u RGBSR SHIRES | kel form
van deguchéahBrogél, bilgzenl hitiréeenCBidkiak Ning GB&HS, An@ NBnEetANEIdRshtdIet ween
adj acent surface carbons and their attached hydrogens, dianondoids may be

der i vatqlfEdingydige sathendipremh shesraenuh phatfur Hegraprs e varyipneessnal i ty on
Lnel v Rd AR5y AR B0 Mafif SAChL RRGDebdOb G2k Viou I COMAGRL LY, Wi LR

25 other ceramc material's. Such sollds nmay be thought” of as behaving in
gener aftrycires ip which covalent bonding predominates. Examples of covalent ceramics are

20  boron nitride (BN), silicon carbide {SiC), boron carbide (B4C), silicon nitride (Si3Ng).

- Although un-derivatized diamondoids will most likely form van der Waals solids with a
certain cohesive energy exerted between adjacent surface carbons and their aitached
hydrogens, diamondoids may be derivatized as discussed above such that they possess
functionality on their surfaces capable of interacting both ionically, and covalently, with

25  other ceramic materials. Such solids may be thought of as behaving in general like a

ceramic, but having small, diamond-like particulate inclusions.

[00085] A process flow for generating the diamondoid-containing ceramic and/or
ceramic composite is shown generally in FIG. 3A. Shown at reference numeral 301 is the
isolation of diamondoids from feedstocks. The isolated diamondoids may then be

30 denivatized with the desired functional groups as discussed above, as shown at 302.
However, in some embodiments, it may not be necessary fo derivatize the diamondoids. At

-303, the diamondoids (which may or may not be derivatized) may be mixed with a
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ceram c, but having small, dianond-1ike particulate inclusions. [00085] A
process flow for generating the di anondoi d-cont ai ni ng cer am19 -AWivR65
ceram c conposite is shown generally in FIG 3A Shown at reference nuneral
301 is the isolation of dianondoids fromfeedstocks. The isol ated

di anondaqy then be 30 derivatized with the desire Lonal groups
as di sc&ggg%ﬁ%ﬁgve, as shown at 302. However, in soneg%{f{ggﬂgfoﬁﬁts, it may -
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1. 3 (Witlvail be higpvarero kkones@BIéd in thei e rhaos aibetiuére nedyrbeianachnd tathty by ref erence.

at t hontianpp PR AnE iR Bpes Kol P el 1T UNGP R LI SO 1A or

“Group- {HafthethelsiBstiddnt @il € dndtc@oS 86 Sivdleldni@udDeusalistd figiedégred | | - be-an - -

el ectron donor. Such el enents are useful if a high degree _of i1onic
char acPEpnicshyaderis desitest aFgampdes s sudhateraanisiasipde FinBr.0e Mg K.B& 2, My, K
Ca, andr femdMvERT HAldek gﬁta%\ﬁ&émﬁqa Ms308 13eh AR IR s LA 130> from

G-oups 1118 to 11B may N Xe ] the di anondoid material s including
al | oy smgfedguditherdtamiondoidobicaalrpichidengsaliois efsudlompials. Nybleractalpsudhag t hei r

al l oys ,ma esi.rabl ince these.materjals are, le o iLble to
ot G e 5, BB oS B0t ARRRITRME p&einli SERSSYSEGRILI © (0 1
and t hetidativhnl 0¥8;nobleayetak sehheCuldidFe, ICoy\Mg W, IV EnpaidTi, sl tadisalbiyeh as Sn,
Al, Sb, In B, Pb, and their allqys, or conyentianal | mel.ting point
sol der S2faY° Bt %&W\M‘?lﬁﬁ“&w&“&?ﬁéﬁ%ﬂ%?ﬂé‘} KN tudn Bl ag@%%&h%ﬁpt i ng

mat er i gl onPatiBnAIownaARE polit solih@s AP FORERU da tHERY dRndRddI&s, B weltlagv th 15
organonetal | i ¢ conmpounds to convey a desired degree of electrical

conducsdmifenduetingtaterialesigh oy Hgné eadbe diapapdqifesey Ypgbthwrstd &iithi ¢ conpounds
mays re : i i ] i j.ds. [000861
The i Q{g&‘b&‘g@;@ﬁ‘ﬁ%%’#ﬁﬁ ‘?, N g‘?{{%g té‘élggﬁelg/dggé SUPEioditiel P%ggf;ﬁg@g@ Q{Ieam ndoi ds with
cer ani wswhog crramiet a@ld thowdersomdalpe céropaveds ingy wagt cofalentmpittefuasticmaldr y

process, suc (igrring or ball mlling, or as a wet process formng a

as. 20 st.
powder el ls“cl’ e nﬁ% or porating a |liquid capable of being evaporated

(such as al cohol, acetone, and water), optionally with the addition of a
bi nder [00086] npr cEke mizmgad Hedusnondlizedadiamshiftnotinhalped diasbadidsovidne anot her .
[ 000871 The mi xture may t hen be s(:!l Qt ered, at eﬁ evatded pressure and
t enper $fATpig and/or metal powders 1s performed by way of example as a dry process, such as
20  stirring or ball milling, or as a wet process forming a powder mixed slurry incorporating a
liquid capable of being evaporated (such as alcohol, acetone, and water), optionally with the

addition of a binder to improve the adhesion of the constituent particles to one another.

© [00087) The mixture may then be sintered at elevated pressure and temperature,

according to processes well known in the art, to yield a ceramic solid and/or ceramic

25  composite. It may be preferable to machine the sintered product into a specific shape at 308,
or the ‘sintcring product at 307 may be formed in a2 mold such that the sintered product has
the desired shape. Prior to sintering, the mixture 306 may be pressed into a green shape 309
although this step is optional. The pressing step 309 is advantageous in some instances in
that it may eliminate the trapping of gases, although it will be noted by one skilled in the art

30 thatin some applications a porosity is desired. The pressing step 309 may also allow soft
metals, such as solders, if present, to ﬂov_v within the system. In some embodiments, the
pressing step 309 may be performed in conjunction with a vacuum applied to any or all of

the mixture to facilitate shaping of the solid, or to remove undesired gaseous byproducts.
21-



according to processes well known in the art, to yield a ceramic solid
and/ or ceramic 25 conposite. It may be preferable to machi ne%hdy 084 er ed
product into a specific shape at 308, or the sinteri ng roduct at 307 may
be for medO%H"% ol d such that the sintered product has C?’Hé‘”ﬂ’@%ﬁ“r ed shape.
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b d th 5 mat | b t h doi d
o B cBiticis PG e PR S 2kt BT =S B0miEF &P b Hachant cal
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di anondoi d aggregates at 322 and 3 may contain functional groups 324 and
325, résilude Figenigal cordurtert| i tate adhesion of the di anmondoid particles to
ceramic particles 326. Alternatively, a binder 327 may be present to

facili F@bg%ladhe?ﬁeod%m%lc cRmRdagy ;tQSZQﬂ{aE/'Hélﬁ&e%%@ i 6heddid shiheS BARM C

particles , In sone cases by form ng Coval ent bonds through functional
gr oups @4, g IRSxamplegeotmsiont BILLor nesting pesheosBBingdle dseanpe dsilage. t o

3285 'rr;éxa rtgglons %Clttill Cal C gpe&tfl o twe[fggtg%% irlb dsh%? Eggﬁ:ﬁ’ 3?@@ gg%?ﬂq@l ly at

processe Fi'c 'shapes an or exanpl e
pr ot r usApagy 886)ccbmlphms by agy aihﬂe twlsudmee kidowgn tnhtke e rsach s forgingd, ace, 15 or
regions 331 that may have.specific active functions. The shaping step 308
(see aBaFHIIBEEINdIE. relATHR cconpl i shed by any of the techniques known in
the art, such as forging, machining, grinding, or stanping. (00090] The
wei ght [oaD9oeli anDTtON¢€lghian diatiohadids Mfd&dbﬁhﬁéﬂ)dildﬁbﬁkﬁ)ldi‘&lsa fineriet bbtheof t he
total wei ght of the ceramc &Wher t he dj anondoi d functi onal

gr oups tosa! avesght phike Gerami Gyhers hf‘d\"’%‘%td’g erdil ?lﬂo neHpRl HORE enbodi ment
range [ RIMe@ROHE dhnbRdodPpStion) may in one embodiment range from about 1 to 99.9

percent by weight. In another embodiment, the content of diamondoids and substituted
diamondoids is about 10 to 99 percent by weight. In another embodiment, the proportion of
diamondoids and substituted diamondoids in the ceramic is about 25 to 95 percent by weight

of the total weight of the ceramic.

25 [00091] Thus far, the present description has focused on polymerization and ceramic
sintering as techniques for forming diamondoids into application specific forms. Two
additional techhiques, chemical vapor deposition (CVD) and self-assembly, will be
discussed next. For instance, conventional methods of synthesizing diamond by plamsa
enhanced chemical vapor deposition (PECVD) techniques are well known in the art, and

30  date back to around the early 1980°s. Although it is not necessary to discuss the specifics of

these methods as they relate to the present invention, one point in particular that should be
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percent by weight. In another enbodi nent, the content of di anondoi ds and
substituted dianondoids is about 10 to 99 percent by wei ght19 July 205 her
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Tri bol egytlisrengreiershancassh carippprepirsh hbisarethadiiffierefiempogiditiondca Rat on,
2001) 0p EihiqdBin s cARELISHRA Hs CORNRYR i SRR Afnylfogtid ikl Adtiepos! L a

nanocrystal line diamond filmusing a Co0 fullerene, "or “'methane, gas carbon
pr ecurssed insEhd. sMuathuiedaigati g2k enistufes orn eorpviaereasmghl useCwbexn paopiygi@bigei n t hat

t hg, deposi ti an-was, conduct.ed | he senc yd ] on used
it eaenni AP ISRR Sl b 2P0RRER S (L ABE LY
nanocrsieattor, alelioe chilladma fighakz kaBspita®riie aitichdd toake thaor) sdedtirathve. To

introduce the C60 fullerene precursor into the reactor, a device called a
" quar t¥ViF aﬁgb&mﬁﬁ a fllrgre ch é‘EPtf%teﬂli’émF‘E%SéFB’chn\ﬂﬁ‘éLFéﬁ?wa'i‘dgg@c’gdevi ce

essenth, 3hdimdBa s, Pléld iBloaResdsiphikes00t to tenperatures between about 550
and 6000C to sublinme the C6o fullerene into the gas phase. (00093] It is

conten[*ﬁl ated that a simlar device nmay be used to subline dianpndoids 15
t

into tIA80Ghs prkis sonderamlated that 2 siylat devirgymayebe ysed (9 gublane digmandsids react or. An

exgP|iglothe éﬁ%ﬁé@:@u&ﬁthﬁhﬁ?ﬂlo inThy e MRk Bla 489 rdabioF ! S efemparyeact or 400
conprises reactor walls 401 enclosing a process space 402. A gas i nlet

t ube 4eBtirds shosa in gerderallyotitbingilGebss repetor AR eomiises rreferyalissiPdce 402, the
B ar e/ AL ShRS TE AT P e0BR T 1 I RAMLEOPIYs s BIFRE D0 oV he
quar t Zprocess space 402, the process gas comprising methane, hydrogen, and optionally an inert
ga's'such as argon. A diamondoid subliming or volatilizing device 404, similar to the quartz
20 transpirator discussed above, may be used to volatilize and inject a diamondoid containing
gas into the reactor 400. The volatilizer 404 may include a means for introducing a carrier
gas such as hydrogen, nitrogen, argon, or an inert gas such as a noble gas other than argon,

and it may contain other carbon precursor gases such as methane, ethane, or ethylene.

[00094] Consistent with conventional CVD reactors, the reactor 400 may have exhaust
25  outlets 405 for removihg process gases from the process space 402; an energy source for
| coupling energy into process space 402 (and striking a plasma from) process gases contained
within process space 402; 2 filament 407 for converting molecular hydrogen to monoatomic
hydrogen; a susceptor 408 onto which a diamondoid containing film 409 is grown; a means
~ 410 for rotating the susceptor 408 for enhancing the sp’~hybridized uniformity of the
30  diamondoid-containing film 409; and a control system 411 for regulating and controlling the
- flow of gases through inlet 403, the amount of power couialed from source 406 into the
processing space 402; and the amount of diamondoids injected into the processing space 402
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and t hhe eolatilizer 454, shzhoenied dgolatijizcthediamandpidsh A prioicegasisngh aspace 402 -23 19

20 transpirator discussed above, may be used to volatilize and inject a
di anondoi d containing gas into the reactor 400. The vol ati 1928y 2606 may
include a nmeans for introducing a carrier gas such as hydrogen, nitrogen,
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402 t Qufel? @bt 70 B ARPR nthilat ik ANl cofveltiam pdeid veaur®ad (whi ch may be
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met hannéésgl?e 1§§r8%s§§ H’g% 1%% ﬁide{g tl[%rge Plglg? |d?g? (ggt?%lgﬁ% fﬂglre o‘fért he di arrtrlt)%doi ds

ent r aibeadcreased byeat leat #n @dergdmagnitwlet he process space 402. The injection of
such di anondoids may facilitate 10 growh of a CvD grown dianond fil m 409

by, .al ,0w carbon atons to .be d 1. t 4 | to 100 or
m%lée JﬁW| metit il ?wc%sgﬁr%iﬁtsf“gggﬁgéﬁ)‘#@gﬁgﬁ f&@&c‘f?éﬁ%‘ﬁ%‘eﬁ?{%% %Ii%gues in which
car bongdasgen gadend “fill ikhéiagoadinagrifliHetween disatondoids, andior frepaiCrregibls rat es  may
be increased by at |east, tw to three ti and. i.n sope epbodi pents, growth
r at es ShagAtergbtipiare e'é@’@ﬁ‘s bRetygen tReRgeregates,p f‘m?)‘fdoﬁ‘zsg?ﬂ tggﬁg.ggi%h{{gw%[ | t
MY DerHng$iHAu09. HacbQeR SEEPALTR MeSynthdis $tBarh &6} BECVDLévaiguesnd/ or
hydrogen gases to "fill' in" dianmond material between di anondoi ds, and/ or

" epaiby'stabdligingrihe spobondetaracsr of hgereyiag dipmapd afacse AEERUSHEPdYr egat es of

difi‘)rm qgf%h%%e 91H:dtaggve§ Wr EARGOd af Bch that hydrogen also controls the size of the

initial nuclei, dissolution of carbon and generation of condensable carbon radicals in the gas

phase, abstraction of hydrogen from hydrocarbons attached to the surface of the growing
diamond film, 'production of vacant sites where sp’ bonded carbon precursors may be
inserted. Hydrogen etches most of the double or sp® bonded carbon from the surface of the
25  growing diamond film, and thus hinders the formation of graphitic and/or amorphous carbon.
Hydrogen also etches away smaller diamond grains and suppresses nucleation.
Conseﬁuently, CVD grown diamond ﬁIms with sufficient hydrogen present leads to diamond
coatings having primarily large grains with highly faceted surfaces. Such films may exhibit
the surface roughness of about 10 percent of the film thickness. In the present embodiment,
30 it may not be as necessary to stabilize the surface of the film, since carbons on the exterior of

a deposited diamondoid are alreadﬁr sp’ stabilized.
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facdli t he i l I ] : line
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ul trananocrystalline dianond. filps" in, Properties, G owh, and
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20  order of magniftude increase in nucleation rate may be provided by the introduction of

sublimed diamondoids into the reactor 400 at the beginning of a CVD deposition process.

[00099] It has been pointed out by W. Kulisch in “Depoéition of Diamond-Like
Superhard Materials,” Section 4.2, Nucleation of Diamond (Springer, Berlin, 1999), that the
nucleation of diamond is complicated by thé fact that one must distinguish between carbide-
25  forming substrates {e.g. Si and Mo) and non-carbide forming substrates (Ni and Pt). In the
former case, the diffusion of carbon into the substrate leads to a carbide layer which acts as a
barrier to further carbon diffusion, and an increased carbon concentration on the surface.
The barrier is a necessary but not sufficient condition for the rapid formation of nuclei on the
surface of the substrate. For non-carbide forming substrates, on the other hand, deposition
30  begins with the formation of a graphitic, and generally greater carbon-like layer before any
diamond nuclei can be observed. According to embodiments of the present invention, the
injection of diamondoid containing gases into reactor 400 at the beginning of a CVD

diamond process may render the reaction independent of the nature of the substrate, since the
-25-
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d { t
o B0 RO BLLERL St Phodfifnd AL achiMo 16 Y OB OGR! veen

subst r diaemnddiid ﬁdm@rd%tt)nis twidated witharimgher dasendaiiowigiré fhadighar of carbon into
| eads to a carbide | ayer whi as, a ba rier to further

th t
ca?bzﬁggf"rf’%‘gf] 8RY M S rﬂ%%aé‘sébfmzﬂ&}as‘éﬁe gigﬁ%g?ﬁWI hepip nBaH ¥fe surface. The

- bar ri epctifiaRaite GQHsANMnE Wecdhintablf dnd @hidbmeaat, iicntifponibtheativapi d f or mation
of nuclei on the surface of the substrate. For non-carbide forni ng

subst r feesof anghrompinagiope Vith managoOf $9us thedianapdads wMeptened @96 mat i on of
-a gr applal b€ usANE nBQRRE Bal¥nd fiﬁﬁ’st &bwh 8Y BoRr begseof{ﬁé(&EseP?rf Ah& 1§R¥ ofli amond

nucl ei can be observed. According to enbodinents of the present invention,
t h&0 i rractots, aml thésedimbrdmbolscrenitiaitel fgchyasess viper depasdionor 400 at the
begi nning of a CVD dianond process may render the reaction independent of

the n ag 5)8%[@];) 6t'§% g@tarf aﬁlonﬁéng fnd Jﬂﬁsut@téd d2mdHa 1d52 Q02 fun\éﬂ)@@t/ 38139

PCT/ US articles acting as nuc are so large and
t her rmubyaimgmbfty\eﬁ\m)ﬁbnmbare thdMeﬁghspﬁuhedfarrmdrmdrfuucnbmiigtwpsemstrate is
not prac a net.had of nu romh of a
di armnﬁ’CE“idF‘r%H th?/glla{?(ggd(flﬁgo'%ﬁ]’ eg‘[a?"brhorg °mbo, g PR a(rfiré) tbﬁ%ng i into the
CVD r ep&t@it biweidhe Ine@bthsi dgbodimént dbpasmidnt 6N diphotdids ant rsutmnattdsuer

enbodi nent, 5 dianmondoid filmgrowmh is nucleated wt h Bher dj. anondoi d,

whét e fiRBOoRdQfeis abent Al YDPUcsRRYY WatER i 8 anetermhodimgnt, the, i FHEHPhne,
hexa mﬁiraﬁi'aﬁd01ﬁteﬂﬂi§mtt@5@dlmgmﬁ (IR Y DM GERIN A 8he l@%@ /Rt MRe and

undecamant ane, 1 ncluding conbi nations thereof and conbinations with
tri amafilaFebor25do §6 percentiy vetightondoi ds ment i oned above may be used to
nucl eate di anond filns grown by other types of processes in other types of

depos, {0 G S VB e e R L T i Bondo ds.
as a f dlaummb film fletolsgion tiod aicleatipy batitss, dlmleorﬁviﬁsmalymh(mmem@rmdn@te@\mt(g ht of the
l{ggf& gﬂgt I On@ﬁ’d‘gcrh?’iﬁg'ﬁﬁ 3%18{9{)11 ou% uanggh etnr\]rgtnges%gno Rxgcf% g% R ion), may
assembly in a variety of ways. For example, diamondoid-thiols may self-assemble on
various metal surfaces, as illustrated generally in FIG 5A, where a diamondoid monolayer
501 has self-assembled on a metal layer 502. The diamondoids comprising the monolayer
501 may be either lower diamondoids, higher diamondoids, or both. . If the diamondoids of
25  the monolayer 501 are lower diamondoids, they may be synthesized or isolated from a
suitable feedstock. If the diamondoids comprising monolayer 501 are highér diamondoids,
they may be isolated from a suitable fecdstbck when synthesis is not possible. These
selected diamondoids can then be derivatized, in this example, to form a thiol-diamondoid
503. The thio-diamondoid derivative 503 can then self-assemble, and undergo partial or
30 complete orientation in the process, by bonding to the metal surface 502. In one
embodiment, the metal surface 502 comprises gold or a gold alloy. Alternatively, the
diamondoid layer 501 may self-assemble on the metal layer 502-through alkyl suifide -

groups, an example of which may be represented by the sequence “metal layer 502-S-
A -26-



percent by weight. In another enbodi nent, the content of di anondoi ds and
substituted 15 di anondoids is about 10 to 99 percent by wei giftJuly 80@hot her
enbodi ment, the proportion of dianondoids and substituted di anondoids in
the CVD filmrelative to the total weight of the filmis about 25 to 95

percent oy Wesgfat . [000101] In addition to techniques i\ ndoi ds are
used as prgcurssors for CVD dianond filmdeposition ang@ﬁhngeg‘?’?gn

entiti €s,H,0uammnal d8: TRHa1dhRP PR RIGHBMA, S 4l ROrephleds id LikybY
sel f-assenbly techni ques. Di"anondoi ds and their derivatives can undergo

self as¥®Rbly in a variety of ways. For exanple, dianondoid-thiols may
sel f-assenble on various netal surfaces, as illustrated generally in FIG

5A, whegepiaedi aﬁ%ﬂ‘iﬁgﬂatm%mbﬁ%ﬁ{en%§9i‘an{2)ﬁﬁbi§6r’a{ faggsapas%gm&@_b metal |ayer
d 5 may be e

502. The di anondoi ds conprising the nonol aye i ther | ower
di anondpirasen Yending to edihanpndistratisor tosorhoother lhfertihduding rostbiai disnaklo@5 t he

nonel a . di ampndoi ds.. t he be synthesi zed or isol ated
wfor ogr)n- a¥&{stﬂ|§§%t13%€?le§§§{%c%ﬁ?n °f -‘f%%"%%%ﬁ%dgg S “Eon ]f‘fys?[ﬁbgoﬁ%ﬂgl-ayer’ 501 are-
hi gher ibtisaarehddIdss A, thhdymomipidiaydr$ol it dfdeebandeditb abbe-dimeddsiack when

synthesis i.s no ossi bl e. . These _sel ected di anondoi ds can then _be
dor i val e U ) @L@é&@&}?ﬁﬂ%si e Y4 rhsaadvished bivesrohaBeRdiagyadoidpe

t hi 0- diagers7d Qhdl tid @i dt ddyiel $025 QBw gk ahPasn:38 tHos@gsieih the AN@atinger go parti al
or 30 conplete orientation in the gorocess, by bonding to the netal surface

502. | Rhvdspren-tepgisg phiba dlamopdoiddayen 504 e fredensigmandeidriryes §0480es net a gol d

al kgy. k : Q{'H%IHB | Vi - € on the
ma!tl gl Teggtffhgggﬂj%ﬁﬁ%%ﬁatﬁhgﬁe Igy S u(lr)lg ?%gr g(gtr gﬁ%‘@ éeggggigﬂ)t{eeﬁ%? &@Eidc h may be
r epr eskapiered! vy hohding quainee | Soepsei06loayier nds0diarBendd6l hPerXidhy HyAREen WO

02/ 058 . S02/ 00506 H24-.di.anonpdoi d, " or "netal. |ayer

502- S- '%?ﬁ‘ﬁf‘%ﬁgé’?‘&frﬁw\}(ﬁé’?re Feé‘p*fyéé"é‘ﬁp%“’ %@ tﬁg,ﬁiramgp@%gs_ Sa%”(.‘3‘6102] In an
al t er niatdrogeneobine ino-diamoaddd ayerida) id wiadtesasemy dealdmdaids 80Dheshoye hydr ogen
bonding to.ei.ther a substrate or to sone other |ayer, including another
di amon&B1Y81=4- cont ai ning | ayer, or a non-di anondoi d containing |ayer. In
the exenplary enbodinent illustrated in FIG 5A, the dianondoid | ayer 501

hass hy@#oonsh- bandeditisooa cnaﬁic_ﬁlilpmawm&ssdn%{%ra HionddUEr didiadndolye
di anondoi d | a%er 501 is sandw ched between the non-di anondoid |ayer 504

and t Henfr1ag layeyrapldsebassppblgithpugieclegiisapénintaristionp sEnis Ressibélity isn the art
that tingstrafact 2888 HANEG! 58, Werd D@iatloRIRE b%&%@%e%t:}t@aﬁ If-

non- di anondoi d | ayer 504 does not 10 require the derivatization of the
di amoridigred ¢raihe porsdimiohddid By o gi9A shro @ aertiobfeticlintonantidos §08. In this

- example the diamondoid layer 507 has positive charges and the substrate on which it is
20 aligning has negative charges, but of course this could be reversed, and there could be a

mixture of positive and negative charges on each layer.

[000104] In addition to the examples cited above, a derivatized diamondoid may self-
assemble on a layer having a plurality of functional groups that are complimentary to the
derivatizing groups on the diamondoids. Likewise, derivatized diamondoids may

25  polymerize in a self-assemblying fashion given the complementary nature of functional
groups. In other words, monomers may be induced 1o self-assemble into polymers. The
formation of polymers, like the self-assembling chemical reactions described above, is a
method of locking diamondoids into desired orientations with desired thicknesses. The

polymers can be synthesized directly on a desired substrate.

30 {000105]  Formation of molecular crystals is another means of inducing diamondoids and

their derivatives to self-assemble. Once a particular diamondoid has been isolafed and
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Iayér 501 are bonding to hydroxyl groups 506 on the non-di anondoi d | ayer.
504. Hydrogen bonding could occur, however, between hydroxyl® Jyo2@ on the
di anondqi ds_. 503 and hydrogens on t he non-di anondoi d Iaéer 504, in which
case t he"QPHRBHdoi ds 503 mi ght be derivatized. 15 [008S&FF XN %ddition to
a che f. d- containing
Iayernkﬁﬂf%mﬁgfiggggéﬁbf%ﬁﬁﬁﬁm%gﬁagfggﬁ d@?g? hf ctﬁ@ s. This -
possi briiantoyldmé solvérdtusich as eybicﬁtexad&e Btyoqar)mfg délnditloﬁsﬁsucmaetie temphramendoi d | ayer
507 ha ctrostatlca ned on the non-di Id | ayer 504 '
*hr oug e BEtOTPRiET s Seed oo etttk Bt Brondor o

| ayer B@#talkasn POSIHoME. CiRsyaes raape id iR foab sidoaiceroi dhiikhelst is 20 aligning
has negati ve charges, hut of course this could be reversed, and there could

be & Banéméoafhems%qeﬁ%cca'ﬁmmﬁ%g% galipgelasseablebartlagaonepdhn104] I n
addi ti aan{oﬂdmﬁm?e&aﬁptﬁ%&re&@@ dﬁpau)ﬁm &t 9edikeabhZ ethicisamigded iy sel f-

assenbl e on a layer having a plurality of functional groups that are

—-conpli maptbaggevwnalitehidy onle desieet setistrgtegr oups on t he di anondoi ds. Li kewi-se,

derivatized di anondoi ds may 25 polynerize in a self-assenblying fashion
glven npl ) rds,
nonomnme db%l&éj beﬁ%ﬁ%[ uce oé}gﬁdsj& th‘é%g%%gmgg?goghlgwn%}e lsaltlE}['I'ﬁEaée%énoérﬁipnm| on of
pol ynmenssd tb cd«stmdtaamehétem&dﬁhkcmgxits hemetfeﬂssmﬂacm thagredesepf bed above, is a
met hod_of di amgndoj sired ori tatl wi,t h. de |red

¢ bl Cnadua e ShTRRe g shib e patH 5 Fi0h 8t RORes Mg R
subst ra:tacimpl@@ sh&OLAEE5. EB,rlﬂaﬁm@r[193mvdzmtdeadmmm&tfmcsmnﬁasaﬂmkmer rreans of
|ndu0|n%§g|anond0|ds and heir_ derivatives to self-assenble, Once a

part i cliflr vest-aldiltfor G magzw@ém RSPRAHENCAHACtoPY 25 9 2 3kpGnspgelinkgip 02/ 058139
PCT/ USQit. 00RO (iRkerd Lglﬁgox(@ra@mﬁ&ﬁdn\émg&gn uéscplséd B w. Sk @l & can be grown

by slowly evaporating ~di anondoi d sol vents such ds cycl ohexane. By varying
condi t |$1nl§ﬁsdwlaa§hﬁm§ﬂb’erfﬂékmﬂ¢‘é York, B80 Bopu S81-58nerdeusiteise-and t he speed -
of , sol pze th i I t be

COIIqth " O?ffr[%;sﬁr‘aﬁgaf géser%ﬂl’m ?ts sare- sposg {JF iven Ilgll{a%gég)lr\ée ?Hél%g otf %gﬁ%ﬂ n?ont%gi?ls
dependstngthoes. Léhiﬂltmhaktgslss Bg)romhdmty tensed tbhiesige Snkdriungs tich sebs enbl ed
crystals can.orient the, diamndoid nolecules in a preferred direction or
set of SGFPRIE ity fesiredredey PB8Ytrystals nmay be grown directly on a
desired substrate. [000106] Hi gher di anondoi d derivatives containing two or
nor e cfoabagaion Hiehﬁglﬁ@ﬂdbﬁxonﬂ&&ﬂaﬁdlsu&@iﬂ&éd tiatondgienbherhayhezed | i nker units

that sel f-assenble in the presence
- Tole it ed T

incorporated into a self-assembied film, as a &Lction of the total weight of the film (where

20 the weight of the functional groups are included in the diamondoid portion) may in one
embodiment range from about 1 to 99.99 percent by weight. In another embodiment, the
content of diamondoids and substituted diamondoids is about 10 to 98 percent by weight. In
another embodiment, the proportion of diamondoids and substituted diamondoids in the

ceramic is about 25 to 98 percent by weight of the total weight of the self-assembled film.

25  Aoplications of diamondoid-containing materials to microelectronics

[000108]  These applications include microelectronics packaging, passivation films for
integrated circuit devices (ICs), low-k dielectric layers in multilevel interconnects, thermally
conductive films, including adhesive films, thermoelectric cooling devices, and field

* emission cathodes.

30 [000109]  The process of preparing an integrated circuit (1C) chip for use is called
-packaging. An overview of IC packaging has been presented by T. Tachikawa in a chapter
2. _ _



10 appropriate netal ions to formlong chains of alternating netal ion and
| i nker subunits. An exanple is shown in FIG 5B, in which [191:284 5417 2) 3]
decamant ane functions as a linear linker unit. In FIG SC, [121(2)32(1)3]
nonamant ane functions as a 2-di nmensional linker wunit. Linear |inkers using
only adanent ane have been described by J. W Steed et [%l'mgi 51)00; ‘
"Supernﬁ‘f%?:z(?r’%f?gchen‘istry," (Wley, New York, 2001), pp. g %3. Var i ous
three 15. di mensi I -aS$ [ ' wP3IS NBlvey el Mens) pe W de
range S'i:htﬁeclig Sésﬁmgp)gaﬁ%%ﬁ%l{%%g%?{rﬁgg?%gg@ A%?dt}ii%onal [y, this app)i ggch may be
used t 630886, Ghelpunioss ofUAi gaskaghigchto pedviide desmend Pennicpftadms & e dp,
predeterm ned arrays. [000107] The I fe di i ituted .
di anon86FEEeHAY “ﬂé?ené% prq?%@lg%;,ﬁ%lwgg\é%«li ?ﬁdgﬂgorgdel FB% gggg%gfhggﬂoﬁ%}% as a
functi g chib it Beerded ahteppi@lirc@f ddvives friclude fuheirg log@ ahdheriamegirgassiog t he

functional groups are included in the dianmndoi.d rtio i4.;.one

enbddi Awtesr Bakasipe é?ﬁl%mfrudfﬁ ﬂﬁ@ﬁ@@?@f@%ﬁ‘éﬁ?“ﬁ?&?ﬁ%&j’h@“’Wn%xﬁlr‘%t‘"her

~enbodi '%stelt%o%p&gs@ﬂkﬂfanﬁl b&YIRRGII S regiidersdHiShitértis o thditeemmnlioitids i s
about 10 to 98 percent by wei %ht. I n anot her enbodi nent, .the proportion of

di anontodisiipataribas Ubkeiatedtcaenitifleghsnerds aad Pow rlensi A RAHNETCIY G BtUt 25 to 98

percent. b i ght__of .t i i3 Edids@dodd-tebta 25

Appl i cé‘f’f%”r?g %% St %?r%ﬁﬂ@"ﬁ%‘:’gﬁ?\gi@dﬁ%ﬁfé‘g%?‘ré‘%?gﬁgb%&m croel ect_gr oni cs

[ 0001083ckIfing eliapifityi issubi Fhshdahgdnemtediby endeliepropotiped LpuTieaiulHES passi vati on

films for inptegrated circyit devices (| I i.el ric layers in
mullfi | eows VRl Rresre ,°§F’ﬁé‘f“i’?§ fl"ﬁ‘*‘%%%%‘c’?’%%‘:‘% ?h\‘?g&?ﬁ? gr#éﬁ k| i ng adhesi ve
films, gehRpomee! LRidubE teRomhbithedRWeLea typioal 1T leb theranddssgndfivagdy hodes. 30
[ 000109] The process of preparing an integrated circuit .&Lyc chécp for use
i s cal Fasent ypaiekdssien gulessichirdhs PRAF UGS t?@%%&ﬁ?&'@?’%ﬁ“‘ﬁ&‘%“% ‘%:5‘?‘3 énted by T.

Tachi kawg | Lt HssiMRd0RA05 BhaRePCT/ US02/ 00- 06 enti t | ed
"Asseng%n%ﬁgﬁagdg%ggﬁ%?m&%él Technol ogy (McGraw Hill, New York, 1996),

530-586. The purpose of |C packaging is to provi Ee el.ect{]i cal

pp.
connec {908t or As Hiscuskadhy T. FagiiaviaceliP BRQTPOBRRER R IcHbFeBIES 8h % %s wel | as

a gend g{eésd fiRY ﬁ%t%feb PAL bAg of ﬁ%%ﬂ"l&]ﬁ@ﬁl@%ldéﬁ? bé&Rled k18 £pkdpria® ngddImAL ed.

| nt égr circuit devices iInclude menory,” logic, and m croprocessing 5
devi cesuchRaakagmigsuistvitcashé prsldlecd a iestatdead dramer: i bedingreddsse packages.

Each have their.. F own |evel of [, dissihatd do RRSELAAR I own

requi r BB %tg?rﬁh‘tng?’r?\éﬁ%fna Hth @ﬁ%%%ﬂoep(g%gﬁ%e??d&? grseicg@tg heat. |ntegrated

Ci r cui ine@hcKnSReasd s&P,dh@BMﬁlrpadﬁdﬁsdhh tesuitside ofitbe dup aneglecaically si nce package
sizes are sinultaneously decreasing,. thermal _di ssipati on bﬁcgrres a :
| ong-t epnpected to the package by wire bonding, typically using fine metal wires of goid©

20  aluminum.

[000111]  As the amount of heat generated by the integrated circuit increases, so too does
the junction témperature of the components transistors in a proportional manner. The failure
rate of the semiconducting device is in general related to the junction temperature at which
the device is opérated. Itis generally known to provide a heat spreader or heat sink in order.
25  to transfer the heat generated by the device away from the device and into either the
surrounding air or the substrate, thus reducing transistor junction temperatures. Heat sinks
are typically constructed from materials having high thermal conductivity, such as copper,
aluminum, BeO, and diamond, although other material properties are taken into
consideration, suchas density, and thermal expansion coefficient. Since CVD diamond has
30  athermal conductivity (up to 2500 W/mK) three to five times greater than that of copper
(about 391 W/mK) a thermal expansion coefficient similar to that the Si and GaAs, and high

_electrical resistivity, CVD diamond offers an attractive alternative to traditional metallic heat
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packaging reliability issue. The heat generated by an ICis %r oportional to
its computing 10 power, which is the product of the nunber W8Pt or s

inthe IC and their clock frequencies. Al though the conputing power of a

typi cal WCOHASIncreased significantly in recent year CTHES YOG ul es such

as the operati n%‘g enperature have not substantj al lY changed, gl aci ng
demand$PGading Bafesielsgugicylpriipyen fwéﬁvfzktéﬁf thyfeci|iete eansieaat hepbem101 As
di SCUS%@%@Q@&J@LﬁhbKmen&mapmbanﬁ%mbgﬁté ypically consists of two
15 steps. I'h a first step, the back of the chip is nechanically bonded to
an appro riate medium such as a ceram c substrate or the paddl e of a

net al 12k anén e@mxﬁarwwmiiehfgf aaskaegd sntegralpd P st thewnERneYY, 2800 her mal
pat h f% FRE3 [IﬁQn [g't%jié%&&gbgmﬁehm& 199159 5t9d g&% aﬁqmérﬁéﬁ%lm dium In a

second step, s on the circuit SI he chrp are e ectrlcally
confAec tvaare i€ tp:aslhwgeemlyy afraree Embmdiqvgx) “tlt}'lpl cplhdtie naskagg 607.nklerllical wi res

B N T

corrponaszttSS ¢ondigbdivalySrdnntha chipyaiohdwiniat hem raesfer aldng pfaajv}ayx 606 rate of the

sem conducting device is in general to,the ju enperature at
‘whi ch @oserding/p dgutiss’ SGB‘éar“&Plegy C‘P’P’BF%O'UJ@%E&QWH? WB\IA}hg {‘)%Vs'p?r“g Wde a heat

Spread?’ard;ﬁfon@ﬁt(foﬁbmﬁ &H&S?éﬂ%olt%ﬁmhga{v? ansfer the heat generated by the
device away fromthe éew ce and into either the surrounding air or the

substrate, thus reducing transistor junction tenperatures., Heat sinks are

t ypP call$80183ns - enesmbedigientrittes prasest macitiog. hiigmondnd pentaipigadeat i vity, such
as COPR&Ghsfer mHﬁﬁogésléﬁBéu@ﬁ% acﬂ&gnﬂbm Ghed Al AU AL DA HBL S @lo Properties

are taken 1nto co eration, such as density, and thermal expansion
coef fi @oahmed@mtﬁeh@@@eéﬁﬁnByhmsrldIBQhaattrhmﬁmﬁlmcﬁiﬁdt@t fromtthe (up to 2500

W K f { (ah W K
{ner it tasg i i Dl argh ERuFandPy 52 b RERER ginBdguk mighe L 1T,

el ectr Ihé:zﬁ|smkel$dtﬁidl 610, s al@\zfﬁtndél@,rmm;db@écfnemecaﬂowg tidaairisa padhtﬁelz m@tbi ve to
traditio metal | ic _heat -29 19 July 2005 WD 02/05813 CT/ US02/ 00506
spheadit g“eﬁ‘tﬂ“@?‘?té?% TlBéP‘l‘“’@G? 2t pddigralpatlyyaydr bE EHneR Pfglﬂeﬁtayélf acilitate

transf grov@find16at whls R B20, %@ tﬁ@v@ﬁ%ﬁ heatintaylR despe@éwsm ha@bghkped al i c
heat sink/substrate. [000112 n exenpl ary nodel a pac E’r“%ed i ntegrated

chi p i 8t rsBigRs féﬂtailfq lategaily 161<>P<?f1f-"IFP’iIn(‘Ehe @NSWG qucugtctﬂmﬁé’lt pHitesses by
whi ch Fﬁ%ﬁ%l [‘?cag eﬁ,ﬁ)lvﬂ %0 P@Jgﬁﬁ%@?réuﬁ%@?fsafaﬁﬂia@drcu't 5 where a chip 601 is

suppor rarre w thin a plastic package 602. Metallic

bond w res 604A 604B connect the chip to a | ead 605A, 605B, respectively.
Di ssi pdi0sdi4] In another embodiment of the present invention, there may not be sufficient

20 room within or immediately adjacent to the integrated circuit chip 601 for a heat sink. In
FIG. 6C, a larger heat sink 630 is positionedloutside the package 635. In this embodiment,
heat pipes or heat coriduits 631, 632 may be used to conduct heat away from the chipto a
heat sink located remotely from the package. The heat conduits may be in fiber form, and
may be inserted into the integrated circuit chip itself at focations 633, 634, or they may

25  communicate with thermal vias (not shown) within the chip. The heat conducting conduits
may be flexible fibers, or rigid rods. There may be from about 1 to 100 of the heat

-conducting fibers or rods.

[000115]  The heat transfer film 620 of FIG. 6B, and heat conduits 630 of FIG. 6C may
comprise any of the diamondoid-containing matertals discussed above, such as a
30  polymerized diamondoid film, a diamondoid-containing ceramic and/or ceramic composite,

a CVD deposited diamondoid-containing film, a CVD diamond film nucleated by
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heat is conducted away fromthe chi p by conductive heat transfer al ong
pat hways 606 (according to Fourier's equation), by convectil§nup2005
(Newton's cooling law), and by radiation 608 (follow ng the
Stefan-Boltzmann law). 10 [000113[ -In one enbodi nent of the present

i nventi Qfig ¢89sd{;@nondoi d containing heat transfer fil m&gfish@espPsi tioned

‘adj acent to integrated circuit chip 601 and a heat sink 610 positioned

i nsi dedlhmﬁnm&kmiﬁﬁéndoﬁyc&lﬁm@ﬁnﬂdaﬁatedu;@aasmmw ®ath2fhes.heat from the
integrated circuit 601 nmay diffuse along a path 621 in a substantially

di r ect Apesudias fanng embedinigabel thy PIRSCHEIETEN. ”6311(?“ ngﬂf {&n Q2P FURPIFES ray be
conduc;l §d3he @-c&ﬁﬁhm% pﬂ%ﬁkzﬁgmﬁ)ﬁ%t@ tR aeﬂia&pm]f&Gt f‘ﬁ muliﬁlyﬂ%e@é 623. This

provi des an a d|t| ona for the renoval of heat. By providing heat
t r ansf éiembndad BP0is cmctp@tdn@ﬁjasm diameadoigal? theoughspbergerlenifiskageat si nk

010, a%ozf’os' Vg T 3 2bBaky ALl AN REAL 204 UL ARIAREH: (HROM: hifobRLEOr at ed

Ci I’CUI renova romi nt egrat ed circuit

- BOL SthEﬂiﬁrﬁdnﬁ@ﬂ@dclet{sﬁ&@!ﬂ&ﬂemhﬂvaaﬁ ohdveralaniiakigeR0s iod bérden phebdin

invention, there may not he suffici t 20 room wi t hj,n .or diately

adj acefRnsiyenRtgarbpny é’?ealf"é]g cempRtfiaita eﬂtsé‘ﬁi"q‘sﬂ?‘mgs fete dwm FIG 6C, a
| ar ger nR&dtheylafkcoidQtihg PoOsi tioned outside the package 635. In this

enbodi ment, “heat pipeS or heat conduits 631, .632 may be used to conduct
heat avvaz fromthe chip to a heat sink | oca ed regotelé1 rom t he package.

The hel00tWhduilt & h‘%f‘y'eﬁhg“fzﬁdw Hese halisip tf&r?ﬁ“ Harepaamesdolsd into the
| N{@Or bmlkIfds a?éﬂ)rdrd\cgﬂbgné hed |ttfan§<§r itk LVaNgr GB331s sBB4 wilbe lehedttieay 25

comuni cate withthermal vial (not shown) within the chip. The heat

| conducmamgu@mhdmotmer heihga tongiahgysarchyoplepC-Cdronds. gTiae lae@wsansfphél% may be

neat « PaHepLpe fef Bty bt ERngp SSBRURaPRER B8 BB ndP 6 oy

conpr i heough yusoﬂlcfdhﬂledﬂr afi® mlgiedianmntialdn im@ismednecr, ad sbode.sogssBduabove, such

~as a 30 [@ol %gglr{jﬁed di am)%agl d film a dianondoi d-containing ceranm c and/or

ceram &° onds4s PO YG&posi t ed di anondoi d-containing film a CVD

di anond filmnucleated by -30 19 July 2005 WO 02/058139 PCT/ US02/ 00506

di gsron@ootsy] orDiamdhdvidndo} sk sedisthamalytolductlepfsistiedtiey sel f - assenbl y
techniques. According.to o e enbqdi msg,tl of the. resg iﬁlnvent on, the heat
t r ansf @fcregl ?W@%@Bﬁ%ﬂf@é&c 3% HiRANOHEGHE S Gh AT ik i | ar to

that dﬁﬂi%tﬁﬂdfaﬂ%nﬁoelgﬁnce@dlﬁx{gﬁ%%|A(néMa&ﬂb Riry &ipH emtmihcufdtﬁ&ﬂqam)s connect ed

to an adj acent di anondoid 202 through either covalent | i nkage.5 204 or

coval esmdigtivigadeespeFilm Thehopumeshesaily WI%Q@’@@ 798 BKRdd AcBr BBndevidat are
menber Fod t’l FIG. 7A comprises an object 701 at a temperature T; adhesively connected to an

20  object 702 at temperature T, the connection means comprising a thermally-conducting
adhesive film 703. In this example, it is desired to adhere the object 701 to the object 702,
with a minimum of resistance of heat flow between the two bodies. At one time, the
temperature T; may be for example greater than the temperature T, and in this case, heat
will be allowed to flow flow rapidly from the object 701 to the object 702, an interaction

25 704, with 2 minimum of thermal resistance.

- [000118]  As this exemplary device 700 is being operated, the temperatures of the two
bodies may change virtually instantaneously, such that at a later time the temperature of the
body 702 is T4 and the temperature of the body 701 is T3, where T, 18 greafer than T3. As the
device is being operated into the second configuration of FIG. 7B, it may still be desirable to

30  adhere to the object 701 to the body 702 with a substantially minimal rcsistang:e to heat.ﬂow.

- In this case, the thermaily conducting films 703 allows heat to ﬂ;)w in an reverse direction

705, from the object 702 back to the object 701.
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net wor lgiffon1ifm laeaeaed By mﬁmumddﬁd orhﬁiirﬂ@@bﬂcﬂdpnﬁlmng fitho |dds)5ﬁ@ybytﬁ@1fus ed as

thermal | y-conducting films_ in ot m.croel ect r.oni Cov & tions, such as
an adheésiepdbrtpghgiavst- I&sa Pé?feli“’rﬁ"é‘i‘k??gﬁ‘i‘cgf SONEXT &LP aly-c &ailét%gs part of a

t her MoghRGI iftm &99kd Ma;ﬁ@ﬁ’doﬁﬁeonﬁ{hlﬁg(ﬁimh&ﬁd’ﬁmph maﬁusmsstmfenagmmr mlly
conducting adhesive filmis shown generally with device 0[7f3}ﬁ?é’P Fl GS. 7A—

MNre 1,
aghes! SirnfARERIAE ckfiafl. 20 ARkptLy KDl LOPRARUY 8¢ Ropbhrdconnect ] on

cting adhésive film703. In this

exanpl éntoiatdidnsondeisicoetinbeg lﬁdﬁerfmlnthte adizsiootis 70abexyl giEPo P Y2, with a
m ni um of resistance Wbet Qhe tine, the
t enfer &° %‘raf"onr’r%‘if’“ﬁeénlﬁ?ﬂa&é’g)ﬁ#ﬁff lga eaWEE§ %{ %Fgﬁw%ms lpgﬁ%r?eé%cﬁ%g glI'2 and in
thi's cagg nadd@@hnol¥dy. lOfRuAE |1ﬂwﬂlibda@ptfeb1@wdfb|y0msb akilled in tfw mmmahtee ob j ect 701

to the object 702, an interactio

resi st eﬁHt‘J@e 1p6obhady] 70Asnd Fﬂrgac%%@rﬂz FX/7%\VI‘ 8%CWWW@PQB%§VT° Sélr%ceé t he
tenper aLjf, sto dihdrN§o ﬁ%@av&@@bﬁﬁn&hoﬁiﬁ%ﬂ&ﬁce\mog UR7| yndiinSéaat aneousl y, such
that at "a r time the tenperature of the _body 702 is T4 and the

t enper a:tmhoémmhtstorﬁdlebmbﬁntm&enhgn,FS‘CXW@WOFGSC‘W@aWé pdhesiyh M IS As ¢ he

d b te o t
o s0® T SRS 3G B DT OB At vt Gty 1 1 ey

subst anfepiatch ¥t TOSO7OMI resi stance to heat flow In this case, the thermally
conducting filns 703 allows heat to flow in an reverse direction 705, from

t he obj ack .to the ohject 7 Pori 058139
PCT/ usdg%‘éé i‘f@?alfh%?“'? e\ yd‘%"é n‘é“ ‘?c"r]#é!“éé‘%g‘g‘l ‘?/“ea‘yﬁ I'm 703 may
conpri SRergilly élfndh&ﬁ/crmﬁ elet@italhyfigsulRing papegiee ik aaﬂhmvmelesumfcoabl%;kva:e

pol ymer i zed di anondoi d fil a. dj anondoi d- con qﬁ%ﬁﬁfﬁ% ¢ and/ or

cer am (,lf@ ApwR Iy tae ag t logict chﬁﬂoé’ﬁﬁfﬁﬁg‘ﬂ Im a CVD

20  temperatures. Efforts have been made in the past to reduce the temperature at which a

‘ microelectronic device is operated, including methods that include thermoelectric devices.

- [000121]  An exemplary microelectronics application in which a film that is both
thermally conducting and electrically insulating may be useful is the thermoelectric device
shown generaity at 800 in FIG. 8. The thermoelectric device 800 has an-element 801 whose

25  purpose is to pump heat from a cold subsirate 802 to a hot substrate 803. The thermoelectric
element 801 operates in a conventional manner by supplying DC power from a supply 804 to
providc a potential difference across the junction of two dissimilar materials, which may be |
semiconductors. In FIG. 8, the potential is applied between points 805 and 806. The
temperature of substrate 803 is at a high tempcratufe, for example, Thigh, whereas the

30 temperature of substrate 802 is at a low-temperature, for example, Tiow. The purpose of the
thermoelectric device 801 is to remove heat from the substrate at the low-temperature 802 in

a thermally “uphill” manner to substrate 803.
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i nvient hearesent fvestias thegftiranvel e dentcaiCfingy bsanlscekby prrrding 215 wel | - sui t ed

-1-0- adher.e. I - chaned-n i.al. 1 t hgE ‘&Qﬁ@ Asirdbe rough-
surfa?gé&dggglg%ﬁggﬂéa%y%%g?ﬁ%g?gﬂ F%O%lfgtos%nﬁﬁyﬁggif?i onaTVlSexensﬁl arr y use of a

di amon@3imaycentpaisnz tgrmaltyeidictinglayerd 03 & tpesitranddyadmeend tet heabsiahd

el ectrj cal iasul atin £t i : I j ing device. It

is kno1a erighyl%'hgﬁ%?r?mﬁ?gg&r&%@] ‘i‘%é‘gfcc" o ‘g\%vﬁggf[gg%ry grt%tegbﬁsé%n(??(lﬁ%gnt ly faster at

| ow 20rethssapehe alicminelsresifthdos fdrsernaving bee fromebiesyisent hethpashsthies Bétarce t he

tenperagture at which a mcroel ectronic. device is operated. .including
rremfuo 3y FeahecfiRY-y ea“tqt@f’?}r’ﬂ@f’%%'ﬁ?‘? RICYRat fnygdion, tf‘?)%‘ﬁ'f%i‘f@ﬂﬁglg(‘@%‘pl ary

M cr oghfgs @A &% Al heAohPisd shyWTitkd n@edd! R dsbat abiose, Radhhns ab Ber mal |y
‘conducting and electrically insulating maybe useful is the thernoelectric

devi cepolghesikad diamenrdaif filmta Ggpondgidsgonfaigng qerEnic Rad/ AT ARE CPRPYEG ce 800 has
an el : 3] I8t Laihd Aidlede§8ld substrate 802
fo 5 eV Db I aRRR R bR ARR i £ e RO 2o [ 1

conv e ndiarooraloidspnraatiarbyndeideintaimme D6 gepested by oetf-asssuplyl tyech8@pes. dn apr ovi de a

pojent i difference across.the junctian of 1,$S), 1 i,al s, which
na beprgtlfgfﬁ %IBE%@'E‘?@T Howepgs, the g‘“@tﬂ}f oélalﬁ%{ngr%%y?% éiiilzzg "‘é‘g]SP?% Q;ﬁ%r?{f\:/eaen poi nt's
805 andlaB&@oiditmtaitingpayatifie @fa datheidort@nB08ngd cratica hi gh tenperature,
for exanple, Thigh, whereas the 30 tenperature of substrate 802 is at a

|l ow-te rature, .far exanpl T10,, ... The rpose he rnoel ectric
devi ceﬂg@fgf s %f%%%"%ﬁ%%’i‘?ﬁ@ﬁ@ %B@#’f‘gﬁ%@rﬁgo?%g“ f %\bké]"tg%rr?perat ure 802
in  a diheidany indulatinhid Weéll iINRRdee o frovide BIsétricd] éso8®idn of B2 tHeBndelbgti?005 WO
02/ 058139 PCT/ USQ2/ 00506 [000122] The thermal conductivi g%/dg& t he

t her motsvise 809.cIt wall pe abyens te @ﬁ@&hﬂ%ﬂqdﬁn B&raft that if the layers 802A A are

20 not sufficiently electrically insulating, then the potential difference across element 801
attempted by the supply 804 may be less than not desired, as well as unreliable or
nonuniform. The electrical insulation and thermal conduction properties of diamondoid
films suggest a utility in microelectronic applications such as thermoelectric device 800

where both properties are simultaneously desired.

25 [000124) In one embodiment of the present invention, the thermal conductivity of the
material used in the above mentionned applications is at least 200 W/m K. In a preferred
cmbodiment of the invention, the thermal conductivity of the material is at least 500 W/m K.
In an even more preferred embodiment of the present invention, the thermal conductivity of

the matenial is at least 1,000 W/m K.

30 [000125]  An example of an application in which electrical insulation of a diamondoid-
containing material is the property of greatest interest relates to so-cailed back-end

- processing of an integrated circuit device. As transistor sizes in ultra large-scale integrated

-33-



upon the characteristics of the element 801, as well as the therna[
conductivites of substrates 802 and 803. Any resistance to héiyrdhsfer of
heat from substrate 802 to substrate 803 reduces the efficiency at which
the devi W€ B@F1dber at es. According to one enbodi ment offCTAISIHESHr esent

i nvention,. the effrcren of .the device 800 may enhanced by providing a
t e na ISP UECHRIE G | e R SAPA LGP Be HEE RN gRR b B

Li kewi 3ics oBcrPatR& S AlifimiAR: d08Ys COBBIHHER s ;sxbecrdma&tk:arbﬁ%dwml ng layer 803A
positioned adjacent to a heat sink |ayer 803B. The enhanced |evel of

t her malintesaensston/iney, agfvetipetd e s cRErak 2brivendhe linesdbBPerpiss thoer mal

resi st Vb &gt es 802 and 10
A e L e i s e S e
theﬁnawbymommdmmmmngnnb&wmmﬁ 802A and 803A nay conprise any of the naterlal
di scussed above, such as as a polynerized di anondoid f|In1 a

i amonggRGaEON Balhfhof 5 AE A SpaSERATLR SATRORLhReo VR goposi tod

--ai-amon nt aini-n m nuc | anondoi-ds;

or a drdamndmodnmmtoabuhemgsmatingrm@mscﬂexd1ﬂuygrstediﬁmassemmﬂ>qrwemhmr gues. In a
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and 803A are 20 not cl ent ectri ca y I nsulating, )
pot ent ifex edetJlfesheﬂc@irawd@ssieetvéwhrhaveamueleemt emptaptiofapoutieS.suppl y 804 may be'-
| ess t desired, a |abe nypi f 1he el ectrical -
| oul atTrihaky SR FeroEimiE o R buisdr B MR OIS0, s tggest a
utilitynd B,SI0OE raetest b omidy GMhdr@ﬂicbrOG@ntaHmQ 1mkmérmedhmw hat adevi ce 800
wher e Elr'a'th properties are simultaneously ‘Ena(E 0 24] 1 n one

enbodi ANATN Yepronpfdaconveniivaty wad sitiein W@ﬂ ar S$¥Tof t he

mat er i odIRd a lkIdhR BRNE ﬁ%t@@@?ﬂlaﬁﬁé b&l?éﬂo%h%s 'H%;Qithyhr%gé{ 200 Wm K.
In a preferred enbodi ment of the invention, her mal conductivity of

t he masdsesaiosage &ISIDeﬁsandS‘éBSlewl srqusqlanxwéﬁﬂrﬁsﬂes)prhereecrwlefaﬂerrbodu ment

of the ghsg erial is at
| east E%S%&W‘ tﬂe&m?%(? f@&oﬁ@fg’;pﬁ‘ @Jgﬁr}% % 6%1%& ‘13%&% cat nI{ler% whi ch
eI ect r deddctrica $3(Dats), on flofatde dxidesdi(oboiTebw Gmni@) nFingllyyelices arallowk t he property
g a g El}?l nt era? %‘ el attes t.o so-cal |l ed. back &Ed Igr ocessi ng of an
Che gr SHLEUE PR HE\ ARt comtaip sEiger apd I BFLALS O DY PR LB scal e
' Nt egr gdiRtintiAR; e/ 8RR d Reabiphel2dP5RQP1.AC, or a—CF), has a dielectric
‘constant in the range 2.3 to 2.7. Polymeric materials include fluorinated poly(arylene ether)
(FLARE, Allied Signal), fluorinated polyimide (DuPont), parylene, polyphenylquinoxaline
(PPQ), benzocyclobutene (BCB), and the like. Members of this latter group of purely or

-~ 25 substantially organic materials have dielectric constants in the range of about 2.0 to 3.0.

[000127]  During back-end proces;sing, that is to say, when the interconnection system is
constructed, a problem may occur when silicon based low-k dielectric materials are etched in
the presence of oxygen. Such low-k materials containing silicon may be more sensitive to -
oxygen than the purely organic low-k materials. Oxidation of either HSQ or MSSQ converts
30  Si-H bonds to Si-OH bonds, which causes the material to absorb moisture, and experience an

increase in the dielectric constant. Thus, it is advantageous to provide a low-k material for
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circuits are decreased, it is desirable to reduce the capacitance of the
metal interconnection lines to each other to nminimze the d@&-By¥2085

el ectrical signals conducted by the netal interconnection lines, as well
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circuit w8 o pai n or possibly even increase clock sp de size of
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or . Eluagrinated anor phous carbon (FLAC,. of ct-CF), has a
diel ect “Etheg‘c”r‘;ﬁé’f ‘?ﬁegis?]fﬁr)né“}‘%‘ﬁ geaysen pegous dycleqyug W&th??jaqeetg‘?%ﬁ’g i nclude
fluori Q%%Qoﬂgbé{t@%l%}eetﬂ@ dRld@ic konstdnk M ¥Re ailghpsqd.0Pt@ineds)he dversg kit ed
pol yi m de (DuPont), parylene, poly hen\ﬁgﬂgl noxal 1 ne . (qPPQ)’ )
benzoctpeutrall digteciBepystanaafithe matariakas 2 eFlysoif istdepisabletopErvidgrioup of
purel y : i.alylk LG ; | el:ect 1 tants in
R e o P e K e R T CA L Ao
i s to sagspsybetotgwend rigieémednnieeltpropertsegsl)emdominantiy sp razctoagarban pr obl em may
occur V\,h%n Si I'cgn 9@845(]' Io§§k di ectri(%m3 terials are etched in the
pr esent WW@ AU R RO B MRS &P AT € ¢6ht ai ni ng silicon may be nore
sensitive to oxygen than the purely organic lowk materials. Oxidation of

ei t her [0BBR%r NbSaE aatndints o8 the Presthttovedton, @ dBimdddoldaodsiningaénaauses t he
' in the.dielectric

T bR Bl TR oD P SR AR 51
Jwy 2888mes. An exemplary integrated circuit for which a diamondoid-containing low-k
| dielectric layer is suitable is shown schematically in FIG. 9A. This exemplary integrated
circuit is a member of the CMOS technology family (complementary metal oxide
semiconductor), where an NMOS (N-type metal oxide semiconductor) device is shown on
the right and a PMOS (P-type metal.oxide semiconductor) device is shown on the left. A
25  boron implanted p-type silicon substrate 901 has a PMOS transistor shown generally at 902
fabricated and in n-well 903 of the silicon substrate 901. An NMOS transistor 904 has been

fabricated in a p-well 905.

[000130]  After the transistors have been fabricated on (actually in) the surface of the
silicon substrate 901, “back-end processing™ occurs to construct the interconnection system
30  that connects individual transistors, such as the CMOS transistor 902 and the NMOS
transistor 904. Two levels of metal interconnect lines are shown: the first fevel at 906 and
the second level at 907. Metallic vias 908 and 909 serve to vertically connect the upper
-35-
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be used for the lowk |ayers associated wi.th i ntg%rated circuit nultilevel

i nt er cdpgiuding @)HOIYQ'G“?@W doid filwy aAgmapdeid-RerigipmBegrags ¥4 SPBMGhi ch a
di amn?’?g‘gf)ﬁ‘}n% ?'\’@ E@oélf%w'dkanwn%lﬁ Chhtfing@URL a CVTS HiahdRd Alnk fuddiiby

schema |G 9A This exenplary integrated circuit is a nenber of
t he CMd&madhide) agydidnamidbiy- c(octarqni&ﬁimﬁeaogxtedbv atlf-essenbly tedbpigeendnét or) ,

re an net al oxi d 0 shown on the .
t é)ﬁ%‘N‘%/%\'é%’d( ?yhoév “Met ar tgl Iloc;’)?(lkgg eggjrﬁqc %%%llcr:dt’ 8??3%%@1%2 i's shown on the
I eft . /&?Zﬁmiaﬁrdmntaﬁmhmiﬁdcrﬁrﬁlyrgarhmhlma@dn aam?andfrau@ ﬁ&:lpoh,amugs gNOfS .
transi stor shown genera at ricat ed. and i 0 e
sili coﬁogﬁﬁgﬁﬁ’ﬁf e'géb‘iemi&?f}( 5& &‘f‘grpoéﬂﬁldﬁzﬂmﬁ’ggﬁb Vfarﬂ?}f %5 in a
p-wel | 'ﬁﬁ%olyﬁrgﬁg%gﬁion'ﬁﬂlﬁrco%&lﬁnétr ifdtlafel @ BIC 2(PmBeBda ﬂﬁ’(ﬂfrﬂa@dt ed on - .

(actual | the surface of the silicon substrate 901, "back-end
proces sﬁoi;gm ‘% candrihe digmensieid panainingiporfion ef (e AMKEICT BEY SYNHIBAROTRS ¢ hat
ConP S 3 gl ISP M2 o0t e,
first Idmle:lmaa]layéi@ 81@9d1 ntaleorssio @ivgtapseAs| foraed @iy thioverkll diglegirigs 908 and 909
serve tc(c))nsvtaei\lrt% %ll'lll ena(l) K¢ giscusse pré)v?ously, these air gaps 239 may be formed by the
‘steric hindrance created with a large number of diamondoid groups spaced closely together
either within the main chain of the polymer or present as side groups on the main chain of
25  the polymer. The low-k dielectric layers 910, 911 may be deposited by conventionai spm
coating techniques, or by CVD methods. In some embodiments, ether linkages such as those
depicted at reference numeral 234, 235 may be desirable to impact flexibility info the main

chain, and facilitate the processing of the layer.

[000132]  According to embodiments of the present invention, the low-k dielectric layers
30 910, 911 has a dielectric constant of less than about 4. In a preferred embodiment of the

present invention, the dielectric constant of the rﬁaterial is less than about 3. In an even

more preferred embodiment of the present invention, the dielectric constant of the material 1s

less than about two.
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-35 19 July 2005 WD 02/055139 PCT/ US02/ 00504 interconnection | evel 907
with the | ower interconnection level 906. As it will be appr@July@8ospy
those skilled in the art, a dielectric layer or electrically insulating

| ayer will be deposited to isolate the interconnect lines |ocated at any
one | evglo §xREzPNe another, as well as from interconngglih@iedshnes or
transi stor electrode | eads fromone another and frominterconnection 5

| i nes. [0f@I33pXamkgratch Qe its diid@l 48 st Shovayseher@Rall nHIHIGE mal Rhraaepnect i on
lines at the 906 [evel fromthe | .eads of the 902, 904 transjstors. LowKk
di el ed@Fieatogayer Biithatseypaioarcchanigally PE1FRE E1CHIP FPRELVIBRSPRY at the 906
level Q@ MEIRRALNE Eonditfondeln anBfef dnpiBdidiéht of (e PrEON MRRLdI, BRS | ocated at
the 907 level. Additionally, the lowk dielectric |layer 911 isolates the
vi as 908s5ivadiog ldvent 2oney comgriser diangnddoasainingeesserdil agthe trrendisdsitent s of t he
prese | Lon, the | el I,Cq: . . A ri se any
ot ¥ gk SRR pidRar Al dinhE . S U EloR citing bR BRI 2

~pol ymektanad cathgosn ol dD fdeporitedadiginamipint cdnghimep i i GYDaigansoniddiland/ or - cer-am ¢

conposite, D depasi ted di anpndoi d-.cont.ai ni nqg. f | CVD.di anond film
ool edi s by HrRaieEiann 1Es JroR ST AT SHOS Y e SR boat Lod by
sel'f - asgpiky TR RHhSHIBRL cohprising BrelC S Valn RiFROHhy@Mprishewever, the | ow k
dielectric layers 910, 911 conprise. a dianpondaid containing polyneric

i 1m dGHvEiTetayBlsn Eaed JrBPndsis Kok niey siey Brnaduetsr oelowgA iRt her . 1 n
thig. %Efa%émﬁhm&.?@e%ﬁmmiaﬁmbm:dﬁt&epat;gibmoﬁfia@ gm%geﬁeyﬁgfgez us ed. The

polyi mde portTon of the copolyner illustrated in’l
f | uor idwmedoidydilay dimindedoidimdy bsslatied fontliic graprpadisinggf prampgancf t he

pol yrmer sy contain fluorine 20 substityents. Addj.tianal
R e AL LBl HE R 2 BALAMER! Bonsniflabd. WPl tanGang

| ayer ainfdddmafithle. may contain air gaps 239 for reducing the overall _
dielectric constant of the material. As discussed previously, these air

gaps y be formed by the. steric. hindrance created.w t.h a l.arge nunber
o P Y oG bR etPRimEh e isPiun MG PhEN SRl dRpRet et Chai
of 13 hebped yaebe @ed i @8 ditlectit 19yje 6f HEPUitor,WPediealiypi tapatitdi forafstaid t he

polymer. The I owk dielectric layers 910, 911 maybe deposited. by
converf/ORAYNagHE FAndets Agqerymenern ke RAMsand PR A, raspeoielyh qkhe qapaciigine

enmbodiyyantSeralff BfonibMKRIES AR HEHA sBdonk RRZFodd WRIGhEficRLtrk §fyeF ence nuner al
234, 235 may be desirable to inpact flexibility iato the main chain, and

f aci | ipesitienadrietygen theseléategdest [n pre ¢rehypdmmentgbodiappndaid of e dAgmepdadbodi ment s
i ol ocPREREnebdP B IS il st FUFRRi At WAl (00 O The
20  embodiment the diamondoid may be underivatized. The diamondoid may be a higher '
diamondoid or a lower diamondoid, or combinations thereof. If the capacitor dielectric layer
" comprises a higher diamondoid, the higher diamondoid may be tetramantane, pentamantane,
hexamantane, heptamantane, octamantane, nonamantane, decamantane, or undecamantane,

and combinations thereof.

25 [000135]  In a final embodiment of the present invention, a diamondoid or diamondoid
contaihing material is utilized as a cold cathode filament in a field emission device suitable
for use, among other pléces, in flat panel displays. The unique properties of a diamondoid
make this possible. These properties include the negative electron affinity of a hydrogenated
diamond surface, in conjunction with the small size of a typical higher diamondoid

30 molecule. The latter presents striking electronic features in the sense that the diamond
material in the center of the diamondoid comprises high purity diamond single crystal, with

the existence of significantly different electronic states at the surface of the diamondoid.

-37-



present invention, the dielectric constant of the material is |ess than
about 3. In an even  nore preferred enbodi ment of the presert? July268% on,

t he di el ectrlc constant of the material is |ess than about twd. -36 19 .
Jul'y 20050 %#5%6%/ 058139 PCT/ US02/ 00506 10001331 | nt egr BFEFSEHPWGi t s such as
t hose ematical ly in ElLG: y yat | ayer 912
that sarease SRR e ST hE kerd RIS odffor BARBLAGIAR T 2P0 oee

- and destacuedsi ve conditions. | n anot her errbodl rrent of the present invention,
the passivation layer 912 may corrpri se a di anondoi d-cont ai ni ng material of

the ty [.SCUSS 5 aboye, ..l.ncl udij lL.ymeri.zed, di a d0|df|Irn a

di anong'g@dg@ont qW (R N%Wchﬁﬁdr}gaé@(fdg%d%e%%ﬁp&l cgum ff\?D deposi t ed

di anon@icgomentvaildy Ngwf&rdrmzoai)q&@zdiraa’m ndxttdnlbmwrmi aal gde byretlt anondoi ds,

or a di anpndoi d-contai ning fil m deposited by }rﬁN sserrbl technl qgues. The

di aﬁmna%ﬁuerefe%ﬁrg.ﬂﬁgmﬁﬁéiehdenba%rs'*rfeéﬁﬁe&ﬁvqﬂa%‘ve Eﬁ?ﬁ?rf‘ 2 derivatized

or u nd%br‘é%d E&S‘ eftisSOR RERb R ar@%eét&d f@déhb@r %Ph'&?{ the rrﬂn'sgchlﬁ'fcuﬁ E)rdbﬁéﬁ?r
—di-anpndol d, 10 -and/or - conbi nati ons t her eof di anondoi-d -of -t he-

passi vmsmied Eyesonyentionilsiedd gnngrh@erthodausam htehivetltagetihet relshpoiibed may be
sel ect gdgf %8&!}]& g r@grgéj%r%g&iégfrglﬁgg?rgfthettﬁ%@x@%?@@al. regecaﬁg%f ane,

hexamant ane nt ane, nonamant ane, tane, and
undec aneuttcd meitagb Ifckr r{miﬁﬂﬁia?&@]d dmrittetrurabrbéalm;t b-é0@mdsdicnarst pf thhbigh

di nd0|d cont ai n eri.als di scusse 15 .a e us d in the
Gt P o S e rorre Haan Sy compatng § aiariRTeandat BRPRR L o ht o

and/ O geeRAAnd ik Mmﬁﬁgcﬂa@&h&ﬁ&%ﬂa@@@fmmﬁmﬁhltd/ﬁhisy) The
capacitor w Il generally be configured as a first and second el ectrodes

with t REObiEmbbesauseiof thefyet that p digmond serdpcp displasnhan Hectwpatiinilydbais | n one
enbodlga%hv the di anondoid of the di anondoi d- containing capacitor
dielectric material conprises a derivatized di anondoi d; in another 20
enbodi ment the di anondoi d nmay be underivatized. The di anondoi d maybe a

hi gher {041 3HondBharlentron affenieiof theansertidisck fupeticaipleatseniopistes sdheof . 1 the

capaci é&ﬁ’a&g bﬂhgg&a'iétn% | Wheil 2 dﬁ%R& 's@r Ze rﬁ%k%%d x@fﬂ?ﬁ'}lﬂ&'@aheaé E gher

di anon ane t ane hexana ept mant ane,
oct ananichnd themaﬂmrmmna;rtm, thd.mrﬁmaarb api’ehybmdlmdl,dec adomdedan bydrogacitaemsybi nat i ons

thereohﬁ iﬂS LOO ﬁ%;{ Iln a fin (i[lr‘o he pr.esent |nvent| on, a
di anon 7 ﬁ%bhyd{:‘)&ﬁ?"é?(ﬁ ‘fuéﬁgaf%l‘f'“rfage i§EFPRGLEYE col d cat hode
fi | amelThe tehagkableotseqitres bPsdRME B&vistlh héalite elbddfonusfnityeishagthet her pl aces,
in flat panel .displays. The unique properties of a dianpndoi
- energy barrier to an electron attempting to escape the material is energetically favorable and
20  ina “downhill” direction. Diamond is the only known material to have a negative electron

affinity in air.

[000138]  In more specific terms, the electron affinity y of a material is negative, where ¥,
is defined to be the energy required to excite an electron from an electronic state at the
minimum of the conduction band to the energy level of a vacuum. For most semiconductors,
25  the minimum of the conduction band is below that of the vacuum level, so that the electron
| affinity of that material is positive. Electrons in the conduction band of such a matenal are
bound to the semiconductor by an énergy that is equal to the electron affinity, and this
energy must be supplied to ihe semiconductor to excite and electron from the surface of that

material.

30
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make this possible. These properties include the negat 'i ve electron affinity
of a hydrogenated dianmond surface, in conjunction with the ¥nduly2803e of a
typi cal higher dianondoid 30 nolecule. The latter presents striking -
electronic features in the sense that the dianmond material in the center
of the di amondoi d conprises high purity dianond single crystal . with the
exi st en&vé)%o‘“ss"r;()gni ficantly different el ectronic stat eé’cgf[}lsf)ﬂ%‘bg%rface of

the di ggpn@pi d: 2id R /&ﬁ%‘% ]?ﬁgh/ UR2108. R98.nthese
surfac@ stafes Itn%]yiélzhrjra 8‘]%15@?%& \?erf%ontg i T1Usl o | engt hs %g?n conducti on
band mhestffeofiem af @0GB6Aopertya whHapiegrone mt tht kediut tinmisind @l ddsiBat hode

Materials,' in Vacuum M cro-_electronics.(W.le w_Yor k . Pp.

2a7- 2ot iplola PR o i RO i el iR pndtet o, P

M cr othaad td blet Bemh bt AhbRIfsEheldeRisgoy My basrobehatiasThib & lecapenfthes an

I mproved field em.ssion cat hg{%@ are e\y},gec‘t ed to d}gql I ver. Perhaps the nost

di Pf i ctide bdgar ebdiampends di f B sipaHam e CleaHREs 2fg WGOdRVESI B cat hode i s

~the hi tahdgfa?!"ﬁlaﬁfer WaRls, MU ot cRERbiCHated B th Ru1GHRY bERI toRIBHEIRE sthes ext ract

electrons fromthe filament. Zhu et al. report a typical control voltage

for miigtlstgopdyciien HandniThus disgrandys gserbs thouslt ta bounsglete sesinalse"@f t he hi gh

10 m(rjgér_,ig%&%eic egfirt]stingﬂﬁﬁlfggulﬁ%tﬂé %pvteit&ade! A58 éléaéoﬁgyw ryé&ﬂgqsgg{m ssi on

cat ho anonds | gene nd-1n particufar a ogenat ed” di anond
sur f adeto thé fanura froni the eurfot of 2 bydrogenathd diampndhine mubécthagegatfe t he fact t hat

a di anpnd su ce.displays an electr ffinity that i negative. 10001371
Thlg el%g‘f??r%ﬁ&j'gﬁy Pﬂ&'f‘vﬁ)%é&fﬂgpﬁ% 1P fsatﬁﬂit@er%arF 33%?%‘15}% a‘é%laglleect roni ¢ states at
t he 19n&MbRiaaehoihich elefde madlbe ¥iRd fidnfliha BoiRdnts wictastc hnfpasaievat ed with
hydrogen, that is to say,- each of the carbon atons on the surface are

spa- hybridi zed, i.e., bonded to hydrogen atons t electron affinity of
t hat r@@@a natlBere A RERE SUAREE K %ﬁﬁP’?‘&%aE%WOB‘&E‘o@’Sﬁ%‘é%S\?E. The |
r emar kakten RARSIBA UBRACHaRbnEusiEd AeR: AV 1Pa Rgh agetidésis), aehzon affinity is
that the energy barrier to an electron attenpting to escape_the materi al

i s endelgavsly lergeynglesien efislancnt nigesth ok 2y WowHHa]l mcrertiugrs BeludiBEanond is the

onl ek : ' - firRi Mnlafkodi - [000138) -
onlsy K@B&é%deeglﬁ%lé& isnal G I'@ hﬁﬁ.@eg%byrg?t%mﬁg%@og TRk dhnlalRodd 1. [ )

I n"nore Ic terns, the electron & _ a material is negative,
wher e demonsiratteduiantech thechbeicalhauedingylt idgwivnen the artghat idiamand nedtestals on from an

el ection & st ate Bl LG Ml ol LI, 50adHcAlen,band 40i) e, eneray I evel

of a Va conductorss: conducti on band
I s beldhdddahateald digh Magbdystdlinesizes amd ohadefdchdefedt earicentiations. It has

been reported (see the Zhu reference above) that outstanding emission properties are seen in
20  ultrafine diamond powders containing crystallites having sizes in the range of 1 to 20 nm.
Emission of electrons has been found to originate from sites that are associated with defect
structures in diamond, rather than sharp features associated with the surface, and that
compared with conventional silicon or metal microtip emitters, diamond emitters show lower

threshold fields, improved emission stability, and robustness and vacuum environments.

25 [000141] According to embodiments of the-present invention, a field emission cathodé
 comprises a diamondoid, a derivatized diamondoid, a polymerized diamondoid, and all ot
any of the other diamondoid containing materials discussed in previous sections of this
description. An exemplary field emission cathode comprising a diamondoid is shown in

FIG. 10.

30 {000142]  Referring to FIG. 19, a field emission device shown generally at 1000

comprises a diamondoid filament 1001, which acts as a cathode for the device 1600, and a

faceplate 1002 on which a phosphorescent coating 1003 has been deposited. The anode for
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affinity of that material is positive. Electrons in the conduction band of
such a material are bound to the semi conductor by an ener gyl iy Zt8%equal
to the electron affinity, and this energy nust be supplied to the

sem condl@yP81B8 excite and el ectron fromthe surface SCTUYOOSI¢at erial . 30
-38 19 July. 2005 WD 02/058139 PCT/ H@OZ/ 00i 06. 10001391 It shoul d be noted
that athsdrige 81y ¥8icoher caPREUBYCIBRSLPYT PRyLioged belphthePhrspheiRiceninay suf f er
from aRyipReneN Ly BE ORETIdY 1084 dsRicRELL AR ik ARG ODOYUCDILGR: band are
easily ejécted into the vacuum level, exciting el ectrons fromthe val ence
band i ereratidnea goltata dononpovirasepd v L Higkeanphiedbetvgin tisifdarment clegteddd eni ssi on
may be | I C is. is.b hde ] dianond. In a
nor mal 1@??3& éﬁgtﬁ%‘oﬁeeo\}v%ﬁdéac":{%g’oeﬁtsﬁgﬁ%trg%ﬁ Ied?)ta 6)§t1§gﬁse}r\?§ﬂ ‘?‘%glpeﬁgglﬁdgap, i n other
wor fis, voisage (thadmikd patntahdidfesheat lesween thdathodk end thelaodk) ides|temt r oni ¢ st at es

inth tjon band. Thus, di d | |1y thought Lo b ble t
Cust ai ACSRAREn Tkt e i RIORR ol TG e G A U8 7o r ol orat e,

~al t houghnfRduRibl OASyFBM cRRGONIY aBRRARS a diftichdbl¥ssuvacsis dbittRplalcl e sur f ace of -a -

hydr ogenat ed di anond film due to the negative 10 electron affinity of that

sur f acéess e B le¥pndsingtier embridinents ¥ may beasertVy- ApSGclpr finfetlhni sns by
uhi ch_ & REHANSAIPYEPS BHGIEEHC AR Sodtldaludo el ectroni ¢ sur face

st at es. 0 ere nay be several "ways to circunmvent this problem
Observations of electron em ssion fromdianond surfaces have either: 1) a

hi §& déd09d43]1denditegush sudismand mzaterjabisgensrallythpaghyéo bnelpeigeably insplaingnent al
[t di - ' ' s - deposi t ed
NI LT OgR{L dlﬂﬁor@ﬁd%nﬁrﬂgﬂsigéi m3y 6¢ Snhl éf'bgf@f £ 196! esﬁagags l%ﬁufﬁ%geﬁ gdeposite

i slands or a aving a nanocrys ne nor | ogy. can al so
denonstjnadien cgehanioal sensd) divircthé Filanteuneialtiode 1007 toiag oppasia sivfact héthar t  t hat

di anond. mater.ial.s . Wt mal |. gr.aih sjzes i def ect nsjties

qener afigoaie. g ites Ae v A ER 108 Ao BRI 1 ar ge
cryst akltiiléEin $heZf6thad i€ isl levesdaifiarfor the ld@eiondeiadiathémtlnoN s havé alhaex obeen
reported 6see. the Zhu reference above) that outstandi ng _em ssion properties

ar & selp 104, sipcqhe surfacsef Hesinmaadpig wkrdsosearedpnd g hebPyaeast 1B 82s havi ng
sizes bherhdiive eABARmRh, thelsriZd o e caliSRLP Porpridt kORI RAGRERD. ound to

originate fromsites at are associated Wth defect structures.in

di anonthateriakthatns atHeast phaizljy degaatineé suchdba thesuefdcasomprisprebodiusy gadsp and t hat
conpar Eqm '.Ztagoconventi onal silicon or nmetal mcrotip emtters, dianond
emtters SHOW Fower threshold fiel ds, inproved em ssion stability, and
robust ness and vacuum environnents. 25 [0001411 According to enbodi nents of
t he pr#96M4]i nvambdaniagaof thislethbedinesi ofitheprickamti gvention is that much greater

20 resolution of the device may be realized relative to a conventional field emission device
because of the small size of a typical diamondoid, derivatized diamondoid, self-assembled

diamondoid structure, or diamondoid aggregate.

[000145] Many modifications of the exemplary embodiments of the invention disclosed
. above will readily occur to those skilled in the art. Accordingly, the invention is to be
25  construed as including all structure and methods that fall within the scope of the appended

claims.
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conprises a dianondoid, a derivatized di anondoid, a pol ynerized di anondoi d,
and all or any of the other dianondoid containing materials discussed in
previ ous sections of this description. An exenplary field ﬁnumgugnscathode
conprising a dianondoid is shown in FIG 10 30 [000142][ Referring to FIG
10, a field em ssion device shown generally at 1000 conprises a dianondoid
filament 1001, which acts as a cathode for the device 1000, and a

facepl ate 1002 on which a phosphorescent coating 1003 has been deposited.
The anode f @i Am®&: 19 July 2005 WD 02/0, 58139 PCT/ US02/ 00506 the device may
be either a conductive |ayer 1004 positioned behind the phosphorescent
coating 1003, or an electrode 1005 p03|t|oned adj acent to the filanment

1001. During opérati of themalhy qondustive watesal fowepovingdhs keaudopaied buppl i ed

bet ween t he ifikdreBOicu] (REHERARY coh@@cfive ﬁﬁt@n&ﬂa&n@m% &mdn&adevi ce, either
el ectrode 1004 or 1005. A typical operatlng vol tage (that is, the
potential difference between the cathode and the anode) is Iess t han about

10 -vol ts. -Thi s i £ what 1af {heelly FféldE‘é]t"ﬁHB@n?]fPf B beviateEdhs damewgideal | ed -
"col d" confcbﬂyﬁggghgﬂamoﬁowdyn@aﬁngq}l@gﬂay onic affinity for a dianondoid
surface is contenplated to be Iess than about 3 eV, and in other

enbodi nents it be n tiv el ectran fflnlt that . is less than
about 3 eV is co S|derg§gﬁﬁnﬁﬁy&) ﬁ%?ﬁﬁ?ﬁ?ﬁ% ereinjife digyerdas Al t hough

a di amond nebeplirb a H&ivaeRe dabiddidought to be electrlcally i nsulating, the
di anondoi d filanment 1001 may be snall enough to allow el ectrons to tunnel

(in a quantunlnechanl en fromthe fi nEn ec e 1007 to an

opposi te surface “of thgﬁ%%ﬁ % oy Fﬁdﬁﬁa' ’“%@m L?%@Emfﬁﬁb or the
tip 1009. | tcompiides Reudpphgeddadiaadndidt he skilled in the art that it is not
essential for the dianondoid filanment 1001 to have an apex or 15 tip 1009,

since the surfac ndoi.d .1 s hydrogenat ed . and ldlzed I n
o ol tornat ve- Shbodi Ao PRECR PR AL SR AR RS BRI G

di anondoi d- deontdiafiondpid.nmat erial that is at |east partially derlvatlzed such
that the surface conprises both sp2 and sp3- hybridization [000144] An
advant age of this enbo resent ven reat er
20" resolut o of Tt he. ddbt BEly cdaoRERRERY o BFE |yl SfiikEN R
field em ssihigherdBarnangoidbecause of the snmall size of a typical dlannnd0|d,
derivati zed di anondoi d, self- assenbled dianDndoid structure, or dianondoid
?ggreﬁ??gﬁ d} gg?é?g!j Na‘ﬁ{e tﬁQ afly onduc e m?l{erlal ofc G here}él tﬁeng{grglé)n Eit s of the
selected from the group consisting of tetramantane, pentamantane, hexamantane,

heptamantane, octamantane, nonamantane, decamantane, and undecamantane.

8. The thermally conductive material of claim 1, wherein the material is a
film.

9. The thermally conductive material of claim 1, wherein the material is a
fiber.

10. The thermally conductive material of claim 2, wherein the diamondoid-

containing material is seiected from the group consisting of a diamondoid-containing
polymer, a diamondoid-containing sintered ceramic, a diamondoid ceramic composite, a

CVD diamondoid film, and a self-assembled diamondoid film.

11. . The thermally conductive material of claim 10, wherein the diamondoid
content of the thermally conductive material ranges from about 1 to 100 percent by weight
for the diamondoid-containing polymer, about 1 to 99.9 percent by weight for the

diamondoid-containing sintered ceramic, about 1 to 100 percent by weight for the CVD

a1



above will readily occur to those skilled in the art. Accordingly, the
invention is to be 25 construed as including all structure and nethods that
fall within the scope of the appended clains. -40 19 July P90&y 26bs\ MS: 1.
A thermally conductive material for renoving the heat d|SS|pated by an
integrated circuit, the thermally conductive material conprising a

di anondoid. 2. The thermally conductive material of claiml, wherein the

di anondoi d conprises a di anondoi d-containing material. 3. The thermally

conductive pBLBhIAL 2] atd Aol o 9?’2? Pr‘grlb%}];c/ B@@mgﬁt%mﬂgs‘%lfQSStaﬁB rdla?ﬁﬁﬁl i

derivatized dianondoid. 4. The f conductive material o
wher ei n t hefdnranondoi d conprises an underivatized di anondoid. 5. The
thermal |y conductive nmaterial of claiml, wherein the dianondoid is a

| ower di anondoi d36. T*ﬁﬁ‘eﬁlé}ﬁ{aﬁﬁ&dnﬁu&iﬁ}@%&hm\b?cﬁﬁ{ Pwh@euﬁhe%ﬁh[ﬂ 1, wherein
t he diamondoid is a _higher dianondoid hérmal |'y conduct i ve

mat eri al of ceNdaptiity of (ipeateripl is ﬁéeaé‘i?é’ﬁWﬁbKd | s sel ected fromthe group
--consi sti-ng-of tetramantane; - pentamant ane, hexanmantane, -heptanantane,

octamantane, nonagaNt afR, thiREABHNIANE e niidflalWAHEEATRALRR e Bermbhe T her mal B y
conductive material of claim1, wherein the material is a film 9. The

thermal |y c&ofduetityef Wameteriglis grleast WO W/ mKnherein the material is a fiber
10. The thermally conductive material of claim2, wherein the di anondoi d-

containing material i &“h&ﬁla&ﬁh?dmfdﬁ&{ﬂehﬁ?erﬁf ARk ONtefdid MO ttfmA
di anondoi d- cont ai ni n di anondoj d-containing sintered ceramc, a

di anondoi d &@ﬁ&?ﬂvetyeg%@gﬁeﬂ@mﬁleWW%'%%ﬁdo' d film and a sel f-assenbl ed
di anondoid film 11.. The thermally conductive nmaterial of claiml10,

wherein the di ampsdoi d&loWin@t@ﬁalQ& didd@ichiRBEdIRInk YheGROR b IR 1B M vk T anges
fromabout 1 tg 100 gerce ght. for the dianondoi d-containing

pol ynmer, ab8{an itegrgte 9“@“&%?3’ “%?“ﬂéPﬂﬂ?mﬁ%ﬁkWWRQMWHWQNBﬁ@@W@néontalnlng
sintered cep@lerizedBRietiallwieRinl@O IRRE gi@Rbndold MRiagBhtatedr the CVD

16. The low-k material of claim 15, wherein the material comprises a polymer

selected from the group consisting of a polyamide, a polyaryl ether, and a polyimide.

17. The low-k material of claim 15, wherein the material further contains

porosity in the form of air gaps for reducing the overall dielectric constant of the material.

18. The low-k material of claim 15, wherein the triamantane containing portion

of the polymer contains fluorine substituents.

19. The low-k material of claim 15, wherein the dielectric constant of the

material i3 less than about 4.

20. The low-k material of claim 15, wherein the dielectric constant of the

material is less than about 3.

21. The low-k material of ¢laim 15, wherein the dielectric constant of the

material is less than about 2.

22. The low-k material of claim 15, wherein the welght of the diamondoids as a

- function of the total weight of the polymer ranges from about 1 to 100 percent by weight.
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-41 19 July 2005 dianondoid film and about 1 to 99.99 percent by weight
for the self-assenbled dianondoid film 12. The thernmally conductive
material of claim1, wherein the thermal conductivity of the gRtResal is
at least 200 Wm K. 13. The thermally conductive material of claiml,
wherein the thermal conductivity of the material is at |east 500 Wm K
14. The thermally conductive material of claim1l, wherein the thernal
conductivity of the material is at least 1,000 WmK. 15. Alowk materi al
Tor el ectri Cal ! y25.50| %Il'o{%%& Eridt ?)R‘%fe&ﬁggﬂg%oia?lﬂ {h'eri'rﬁ& ﬁﬁgct%hﬁhcs a% vigd!
integrated circuit, the lowk material conprisrng a Fower

di anmondoi d- @b ialegiated cirgydlh frmbowi-k endtergitcomprdingrhig gler diatbadoidbewtaimiganondoi d i s
tri amant anepo%ﬁleﬁz'gﬁ(ﬁla{e- -k material of claim15, wherein the naterial
conprises a ' polyner selected fromthe group consisting of a polyam de, a
pol yaryl ether, and a polyimde. 17. The lowk material of claim 15,

| wherein the matepjal g.’.ﬂ%f.‘? _-1§mﬁt@gél%mﬁiamn%?{gﬁgf%ihéhélﬁ%ﬁepgialﬁﬂ?ﬂ%ft@r gaps for

~reduci-ng-the overal |- ectric cons materia

mat eri al of higheri daniodoidisentaining tawritlis soheaiet fm tbogrbep enkigiingeft i on of the
pol ymer contai I j [ S I f claiml1l5,
wher ei n theR%%@%eﬁ%{%gﬁé#gﬁ%ﬁgﬁ% féhepma e{rggegl&tlgégaéaeng? 0?‘ Frlfg%lta out 4. 20.
The | ow k ndt@marthnepdndgind¢camaBanewher ei n t he di el ectric constant of the
material is less than about 3. 21. The lowk material of claim15, wherein
the dielectric constant of the material is |ess than about 2. 22. The

| ow-k material oR5.cl ailhe Ib%k mhienaicficlaiine23wehghin thef matéréal chngpmbesdgiotjsncas a

function of t i . 1 rr ..1 to 100
percent by \ﬁ%,&gﬁﬁhﬂhﬁ%&g%‘ﬁ’?éﬂ%gﬁ@%ﬂa& qogw%ﬁgtr%rg %{rgl%%%%urd%'el ectrically
isolating the interconnection lines and vias of an integrated circuit, the
|l ow-k material c risi Laher ~di..anpndol d- cont al ni ol yneri zed

mat eri al . 24. Thgér'lpow%ké]%aw'?kergﬁtgﬁlﬁgf Q%lpan%% m“’g Wherern gerﬁcioa er di anondoi d
of the porosity in the form of air gaps for reducing the overall dielectric constant of the material.

27. The low-k material of claim 23, wherein the higher diamondoid containing

_portion of the polymer contains fluorine substituents.

28. The low-k material of claim 23, wherein the dielectric constant of the

material is less than about 4.

29. The low-k material of claim 23, wherein the dielectric constant of the

material is less than about 3.

30. The low-k material of claim 23, wherein the dielectric constant of the

material is less than about 2.

31. The low-k material of claim 23, wherein the weight of the diamondoids as a

function of the total weight of the polymer ranges from about 1 to 100 percent by weight.

32, A lTow-k material for electrically isolating the interconnection lines and vias
of an integrated circuit, the low-k material comprising a diamondoid-containing
polymerized material, the diamondoid-containing portion of the material comprising a
mixture of fower and higher diamondoids wherein the lower diamondoid is selected from

the group consisting of adamantane, diamantane, and triamantane, and wherein the higher
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hi gher di anondoi d-containing material is selected fromthe group consisting
of tetramantane, pentanmantane, hexamantane, heptamantane, octamantane,
nonamant ane, decamantane, and undecamantane. 25. The | ow k1gmadgigrzoas of
claim 23, wherein the material conprises a polyner selected fromthe group
consisting of a polyam de, a polyaryl ether, and a polyimde. 26. The | owk
material of claim23, wherein the material further contains porosity in
the formof air gaps for reducing the overall dielectric constant of the
material.  Qiamokdtid lsQ¥edfed BnlHe %}ou?ﬁorﬁﬂsﬁig’ﬂf%amm%eeb&tm&aﬂé gher

di anondoi d cont ai nin portion of mer contalns fluorine

subst i t uent exapgntang, thWI@n?rﬁﬁté@f“ﬁ@ned?m@P@ﬂtW 2Bcanygabpeispd wsscagiaatagt r i ¢
constant of the material is |less than about 4. 29. The lowk material of
claim 23, wherein_ the dielectric constant of the material is |ess than
about 3. 30. The3P-ow Ehiripwek materidpf epigy 3 phereifffesrraaterial pranpaisesiegebinee

constant of s&ifid Rl Bk bfp b&sﬂs@@softalﬂgﬂmﬁila@%t gtherTQﬁ ARWikiqgat eri al of

~-clai-m-23, -wherei-n the weight of the dlanDnd0| as a ~function of the total-

wei ght of the polynmer ranges fromabout 1 to 100 percent by weight. 32. A

low k material fai el agt fokORhhitill 30hak 0w hien U RAEANRARL Babi Nes and
Vi as of an int eqgr ated circui t, mat er i al COI'TpI’I Si ng a

di anmondoi d- EFREIIIA Fh?éo%?ffﬁéﬁPszféHe%tf’éﬁh%VﬂaﬂIﬁ‘@l‘iﬂmﬁﬁ?ﬁ@@i ef teopateriahi ng
portion of the material conprising a mxture of |ower and higher

di anondoi ds wherein the | ower dianondoid is selected from the group
consi sting of adafmnt dhelowds mparal ahdaimgidgwherpia therdiampadoid gentaifiag 9rHot he

hi gher -43 §Phd PbiymaQBRtaind hasRE dHsthubss, Sl ected from the group consisting
of tetramantane, pentanmantane, hexamant ane, heptamant ane, octanmant ane,

nonamant ane, decanmant ane, and undecamantane. 33. The lowk material of

claim 32, wherei @étheTﬁ@fo%rllﬁ!lteﬁa@Bp&bxﬁl%@ @h&sﬂl elec c%ﬁgtﬁﬂohfl@mthe group
consi sting of a polyam de, a polyaryl ether, a polyim 34. The | owk

material of Melerplis Bss thagebewtidn t he nateri al further contains porosity in
the formof air gaps for reducing the overall dielectric constant of the
material. 35. The lowk material of claim32, wherein the dianondoid
contai ning portidh ofthe ke-lyantgrad of dem i whergip thordiekestrip donstant ofthe s. 36, The
| ow- k mat er {@feriffis GldhdR Bdut 3VNErein the dielectric constant of the

38. -The low-k material of claim 32, wherein the dielectric constant of the

material is less than about 2.

39. The low-k material of claim 32, wherein the weight of the diamondoids as a

function of the total weight of the polymer ranges from about 1 to 100 percent by weight.

40. A low-k material for electrically isolating the interconnection lines and vias
of an integrated circuit, the low-k material comprising a diamondoid-containing material
selected from the group consisting of a diamondoid-containing ceramic, a diamondoid-
containing ceramic composite, a CVD diamond film nucleated by diamondoids, and a film

deposited by self-assembly techniques.
41. The low-k material of ¢laim 40, wherein the diamondoid of the

diamondoid-containing material is a lower diamondoid selected from the group consisting

of adamantane, diamantane, and triamantane.
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material is | ess than about 4. 37. The lowk material of claim32, wherein
the dielectric constant of the material is |less than about 3. 38. The
low-k material of claim32, wherein the dielectric constant19buly2005
material is | ess than about 2. 39. The lowk material of claim 32, wherein
t he wei ght of the dianondoids as a function of the total weight of the
pol ymer ranges from about 1 to 100 percent by weight. 40. Alowk naterial
for electrically isolating the interconnection |ines and vias of an

integrated circuify, th@eldWk knalBRRIQH bidim S0 WRERI tRidndidampgei d- cont ai ni ng
material selected fromthe group consisti ng of a di anondoi d- cont ai ni ng

ceramic, a dridnsdeidicontaipigsmaichplit kighes fiamo to@ from th\group cARHWELT i | m
nucl eat ed bxbfcbnaﬂ@fnml mm@ﬁt@leahémhmméa&gmgnebMcta%ﬁéntan@%@amhwm

techni ques. 41. The lowk material of claim40, wherein the di anondoid of
the di amnd’@?@a@@ﬁ?s%%‘i‘qﬁ‘&aﬁ?’&?@q al is a |ower dianondoid selected fromthe
group consisting of adamantane, di amantane, and triamantane. -44 19 Jul y
~2005~-42.-The | om k materi al -of claim40, wherein the dianondoi d-of the

di amondoi d- cont ai%di ng TaieTk grterial of claimyih whereitbrdisnendsidiogeed from t he

group consi Sﬁdnﬂﬁdm@koﬁtﬁ%nh@ﬁﬁﬁhﬁ% ][n@s%m %%ﬂ%%ﬁﬁwe%%@éﬁ&dﬂ%nd&@@t amant ane,
oct amant ane, nonanmant ane,  decamant ane, and undecamantane. 43. The | owk

material of "HEHEIHhepwendapendaidinslegicd Fovdes gostcopHgingaf asmarigicd- cont ai ni ng

mat erial  compi-8@ae, andWrithitisheOfnd WRWRM tAS ol 8RHNAiPRRALRIdRm thibRLsI N the
| ower di anondoi d |s sel ected fromthe grolup consisting of adamanfane,

di amant ane, caRfiptipg phigtEmeatsec, rafEmanas. dekmariane hgHepaingpsismentans s sel ect ed

fromthe grouRmHRRS dsthiRgtay addgibauBMiaRe, pentamant ane, hexamant ane,
hept amant ane, oct amant ane, nonamant ane, decanant ane, and undecanant ane.

44. The lowk material of claim40, wherein the dianondoid conprises an
underivatized di agpndaihdiowtomattif of OWKs0TBLEE e cﬁ&n&ld&*d%&ﬂqseé"@?r ein the

di anondoi d conprises a derivatized di amondoi d. 46. mat eri al of
cl ai m 40, whiBdsivatizehdiamandoid-al further contains por OSI ty i n the f or m of
air gaps for reducing the overall dielectric constant of the material.

45, The low-k material of claim 40, wherein the diamondoid comprises a

derivatized diamondoid.

46. The low-k material of claim 40, wherein the material further contains

porosity int the form of air gaps for reducing the overall dielectric constant of the material.

47. 'The low-k material of claim 40, wherein the diamondoid containing portion

of the polymer contains fluorine substituents.

48, The low-k material of claim 40, wherein the dielectric constant of the

material is less than about 4.

49, The low-k material of claim 40, wherein the dielectric constant of the

material 1s less than about 3.

50. The low-k material of claim 40, wherein the dielectric constant of the

material is less than about 2.

51. The low-k material of claim 40, wherein the diamondoid content of the

diamondoid-containing muaterial ranges from about 1 to 99.9 percent by weight for the
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47. The lowk material of claim40, wherein the dianondoid contai ni ng
portion of the polynmer contains fluorine substituents. 48. The | owk
material of claim40, wherein the dielectric constant of they jagtaposal is

| ess than about 4. 49. The lowk material of claim40, wherein the
dielectric constant of the material is |ess than about 3. 50. The | ow k
material of claim40, wherein the dielectric constant of the material is

| ess than about 2. 51. The lowk material of claim40, wherein the

di anondoi d : . ' i195 JolM : hal rom about
1 10,999 per ainiiy Sonliff A REPRRI‘0 SRR DR BF tRlCVIFadRSd

di anmondoi d- dBmmaEsleateidydiamemieds, ansabputd te 89.9Dpergsat yevrigtyforyksi it for the CVD
di anond fil i ids, and about 1 to 99.99 percent by

wei ght for td%%&?ﬂﬁ%gggﬁg%?lggﬁﬁg%gel f-assenbly techniques. 52. Afield

em ssion cathode conprising a dianondoid. 53. The field em ssion cathode of
claim 52, wherei nyt he dianndesdebisaed ‘P@ﬁ;gangBdeﬁjé?i d selected fromthe
~group-consi sti-ng of -adamant ane, -diamant-ane, "and - triamantane. 54. The field-
em ssi on cat hode of claimb53, wherein the | ower dianondoid conprises an
under ivatized | owgr dirggBad@ltlsioBuncl08e kil . SH-aELANERLAAER Qbwg! al m 53,
wherein the | ower di anondol conprises a derivatize ['ower  di anondoi d. 56.
The fiel d erfasmndgid sedackrd diomche grben epnSsting\nii adagieptandh diaglprdansnaidi d i s a hi gher
di anondoi d sgleglged fromthe group consisting of tetramantane,

pent amant ane, hexamant ane, heptamant ane, octanantane, nonanant ane,

decamant ane, and undecamantane. 57. The field em ssion cathode of claim 56,
wherein the high di Lo i i i i -

i anmondoi d. 55 The 1 o Qo oeissfb ARG EEAR HPOREIBRIGRD ARENRRS | 1 her
di anmondoi d cewpgncs sewderivdaradJerdr damondagher di anondoi d. 59. The field

em ssion cat hode of claim52, wherein the electron affinity of a surface
of the dianmondoid is | ess than about 3.0 eV. 60. The field em ssion cathode
of claimb52, whepéin thhefigil ewispiomcatifolde pf ¢lgimdB, wherein the lower diamondoid

comprises a derivatized lower diamondoid.

56. The field emission cathode of claim 52, wherein the diamondoid is a higher
diamondoid selected from the group consisting of tetramantane, pentamantane,

hexamantane, heptamantane, octamantane, nonamantane, decamantane, and undecamantane.

57. The field emission cathode of claim 56, wherein the higher diamondoid

comprises an underivatized higher diamondoid.

58. The field emission cathode of claim 56, wherein the higher diamondoid

comprises a derivatized higher diamondoid.

59, The field emission cathode of claim 52, wherein the electron affinity of a

surface of the diamondoid is less than about 3.0 V.

60. The field emission cathode of claim 52, wherein the electron affinity of a

surface of the diamondoid is negative.

61. The field emission cathode of claim 52, wherein at least a portion
of a surface of the diamondoid comprises carbon atoms that are substantially

- s_p3-hybn'dized.
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surface of the dianondoid is negative. 61. The field em ssion cathode of
claimb52, wherein at least a portion of a surface of the di anondoid

conpri ses carbon atons that are substantially spa-hybridi zéslJuly29059 Jul y
2005 62. The field em ssion cathode of claim52, wherein at |east a
portion of a surface of the dianondoid is derivatized such that the surface
conprises both sp2 and spa-hybridization. 63. A field em ssion cathode
conpri sing a dianondoi d-containing material. 64. The field em ssion cathode
of claim 63, wherein the dianondoi d-containing material is a polynerized
film 65. The field em ssion cathode of claim 64, wherein the dlanDnd0|d

content of the Gt hod&e fielfgmissipn eathodn oflaim SLowhauan pdsskhporbfn ol@i ght . 66.

The field ek ofihe dbheRidl d&dvaizl dh td B Shrthct BfnHisalBRAQF ghrgcont ai ni ng
material is CVD-depOS|ted film 67. The field em ssion cathode of claim

66, mherelnSPH@’H¢§WBHd0|d content of the cathode ranges fromabout | to
100 percent by weight. 68. The field em ssion cathode of claim63, wherein
~the -di-anondei d- contalnln? material is a sintered ceramc or a ceram-c-
conposite. 69. TRé fi &t Eridemisuonnathods srupeisive 2 dmprdogheoniiindnempfetizhe

di anondoi d content of the cathode ranges fromabout 1 to 99.9 percent by
wei ght. 70. The field em.ssion cathode of claim63, wherein the

di anondoi d- cont ai®fi ng Thefield emispion eathpde ef flaimd evran theidfamongoid-caniginipg o| d

em ssi on caghegsl 9k pfldidhed QimWher ei n t he di anondoid content of the

cat hode ranges fromabout 1 to 99.9 percent by weight. 72. The field

em ssi on cat hode of claim 63, wherein the di anondoi d-containing materi al

conprises a | owekgsdi ampofQi masibeskitde Bfamntdaew&rrayﬁle%m&m Bt QY of
adamant ane, di amantane, and triamantane. -47 July 2005 73. The field

eni ssi on caﬂﬁﬁﬁ@0$¥ﬁ%¥%ﬁﬁ$6@““%ﬁéypﬂﬁmﬁﬁéyﬁﬁﬁﬁbnd0|d cont ai ni ng materi al
conpri ses a higher dianondoid selected fromthe group consisting of

t et r anant ane,
66. The field emission cathode of claim 63, wherein the diamondoid-containing

material is a CVD-deposited film.

67. The field emission cathode of claim 66, wherein the diamondoid content of

- . the cathode ranges from about 1 to 100 percent by weight.

68. The field emission cathode of claim 63, wherein the diamondoid-containing

material is a sintered ceramic or a ceramic composite.

69, The field emission cathode of claim 68, wherein the diamondoid content of

the cathode ranges from about 1 to 99.9 percent by weight.

70. The field emission cathode of claim 63, wherein the diamondoid-containing

mat_erial is a self-assembled film.

71. The field emission cathode of claim 70, wherein the diamondoid content of

the cathode ranges from about 1 to 99.9 percent by weight.
72, The ficld emission cathode of claim 63, wherein the diamondoid-containing

material comprises a lower diamondoid selected from the group consisting of adamantane,

diamantane, and triamantane.
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pent amant ane, hexamant ane, hept amant ane, octanmantane, nonanant ane,

decamant ane, and undecanmantane. 74. The field em ssion cathode of claim
63, wherein the di anondoi d-containing material conprises ajgiugy 2665 of

| ower and hi gher di anondoi ds, wherein the |ower dianmondoid is Selected
fromthe group consisting of adamantane, di amantane, and trianmantane, and
wherei n the higher dianondoid is selected fromthe group consisting of

t etramant ane, pentamant ane, hexamant ane, heptamant ane, octanant ane,
nonamant ane, deganman - . ' .em SSl.
cat hode of cl ai m§%3, r ereel?1 %ngm%r g’?%?aﬁpﬁg’ J%%%ﬁ&%%“@%&ﬁ@%%
mat eri al hagwrialsbeptiscon highdridipntopdqith slecied flogshe glrameabieiing o8 te@apditane76. The
field em ssign cath ' ' S f

di anondoi d- tont ai ni %g&na%{agﬁﬁgkgqgaggmén ’?F@g&%ﬁ’ ‘34"%’?‘%?%“3’ (%ehgﬁanfage’r?lel%ati ve.
77. The fi ebufleeamiasghon cat hode of clai m 63, wherein a surface of the

di anondoi d-contai ning naterial conprises carbon atons that are
~substantially spa--hybridized. 78. The field em ssion cathode of claim 63,
wherei n a surfac#®.of Theficldimisordailede ciotitimion) wipremthe diaalond@d-chatainggg | zed
S!'ICh tha.t tnlgteﬁzgrc Fees 2 HBHM%%?IOR %d%%%era({i'%no ahds %erehqhgﬁ&leron' 79. A
field em ssion devitCe conprising. (a ¢at hode conprising a

di anondoi d- diempmiond ingeléckddrpmthe grodp eonfistirgmé ndamaglaee dizodatanephey ei n a surf ace

of the di ampndoi d- cont ai ni: ' 5 S| i . rode has
an electr o%’%t%?ef y v@%egén?%g%ﬂg%%ﬁatﬁog&g@% Sf%§e‘%gt$%gh§ﬁ§ g&b‘o’g’gﬁﬁ%ned

adj acent t otetrireantzaie hyedinatthe, haempliatchdpamanignea octipthrasphoreswatine,coat i ng on
a side of t I 'E]g ;he cat hode; (c) an anode positioned on an
opposite sigéa%%%%ﬁ’ea%?}é&e%% e tfromthe cathode; and (d) a power supply
for supplying a potential difference between the anode and the cathode.

-48 19 July 2005,; 80. ~ITh ield em.ssi devi,ce of clailm 7, wherein the
el ectron affini tZ/S'of Ptr]heeﬁes%ﬁugsé%n%hoﬁ%(gf%éﬁl%\ré%’nw oelr%l-l%s(’)uﬁ{ ai %ii%’rlleg filanment
opposi t e t hdiahpidariemntaglireohatethd hassin plegadni affinity tBi is (@ ¢hahialdud 3.6”Vssi on devi ce
of claim79, wherein the surface of the dianondoid-containing fil anent
opposite the filanent el ectrode conprises carbon atons

76. The field emission cathode of claim 63, wherein a surface of the

diamondoid-containing material has an electron affinity that is negative.

77. The field emission cathode of claim 63, wherein a surface of the
diamondoid-containing material comprises carbon atoms that are substantially sp’-
 hybridized.

78. The field emission cathode of claim 63, wherein a surface of the
diamondoid- containing material is derivatized such that the surface comprises both sp® and

sp -hybridization.

79. A field emission device comprising:

{a) a cathode comprising a diamondoid-containing filament and a filament
electrode, wherein a surface of the diamondoid-containing filament opposite the filament
electrode has an electron affinity less than about 3 eV;

(b) a faceplate positioned adjacent to the cathode, the faceplate having a
phosphorescent coating on a side of the faceplate facing the cathode;

{c) an anode positioned on an opposite side of the faceplate from the cathode; and

{d) a power supply for supplying a potential difference between the anode and the
cathode.
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that are substantially spa-hybridized. 82. The field em ssion device of
claim79, wherein the potential difference between the anode and t he
cathode is |ess than about 10 volts. 83. A method of produckgg,k!ReE" on
em ssion froma field em ssion device, the nethod conprising t e steps of:
a) providing a cathode adjacent to an anode of the field em ssion device,
the cathode conprising a dianondoid-containing filament and a fil anent

el ectrode; and b) applying a potential difference between the fil ament

el ectrode of the cathode and the anode. 84. The net hod of cl ai m 83,
further conprising the step of allowng electron tunneling to occur

bet ween the fil asént éheﬁﬂﬂedﬁﬁam&w&e&ﬁdﬁaﬁéJ@hmthemﬁﬂamnmdﬁmmyombmtaining
filanment op ite el.e rod Th 83,
wherein t ho BoeR AT re et PR G S ETRaT opndis A0 Rl Wil i

filanment el ectrode of t he cat hode |s Iess t han about 10 volts 86. A

capaci tor having di eetnic i oned, bet st electrode
—and-a-second elec rodglh IgF%Pﬁ“%ﬁ §|eﬁ§@iﬂf3mﬁgﬁ e”?gae ggs a |l owner-

di anondoi d- draumhdmdmmgalmng filrmentoppbsivathe filaadent derdtoddrermprises tirborl Duvey

di anondoi d h% [ Ligman 5@??3%¥%% capaC|tor having a dielectric |ayer

positioned bat HE &S5 Yode and a second el ectrode, wherein the
dielectric layer conprises a Iomer di anondoi d- containing mat eri al sel ected

fromthe group cqgpsis r _di.amongdoi d- cont ai ni i ntered
ceranic, a |ower %gl armtr%ﬁg?lg e%lésFlg RIEShHBYL e VY e psoéﬁnpgaiéfgeé??ﬁ'f ed | ower
di anondoi d bethveen thd §hodi® anhithy/caB{0d5is 188thad AieucHpatst or of claim 87, wherein
the |l ower dianondoid is selected from the group consisting of adamantane,
di amant ane, and triamantane. 89. A capacitor having a dielectric |ayer
posi ti oned betmeem a ﬁimshmhM@ﬁMuﬁdgdaandemsﬁeﬁﬁnﬂa&kﬁhﬁﬁ@dﬁdeWheﬂein t he
dielectric IaMFr gg S h#gher di anondoi d- containing material. 90.
The capaC|tor S'WR&rein the hi gher di anondoi d of the higher
di anondoi d- cont aia)1 pfmg:dﬂf@taaiaihadie adﬁw&ﬁhﬁﬁltﬁddefdfﬂm fidheng ssiuniecios) shest | Ng  Of
t et ramant ane ent amant a mant an tan ct.amant ane,
nonamant ane. atléodp 5%‘&%‘?%%3 (P %Calqojﬁﬁalé E’]{l P m%%men?éle&rode an«i1

b) applying a potential difference between the filament electrode of the cathode and

the anode.

84. The method of claim 83, further comprising the step of allowing electron

§ tunneling to occur between the filament electrode and a surface of the diamondoid-

~ containing filament opposite the filament clectrode.

85. The method of claim 83, wherein the potential difference applied between

the anode and the filament electrode of the cathode is less than about 10 volts.

86. A capacitor having a dielectric layer positioned between a first electrode
- and a second electrode, wherein the dielectric layer comprises a lower diamondoid-

containing polymerized material, and wherein the lower diamondoid is triamantane.

87. A capacitor having a dielectric layer positioned between a first electrode
and a second electrode, wherein the dielectric layer comprises a lower diamondoid-
containing material selected from the group consisting of a lower diamondoid-containing

-sintered ceramic, a lower diamondoid ceramic composite, and a self-assembled lower

diamondoid film.
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91. The capacitor of claim89, wherein the higher dianondoi d-contai ning
material is selected fromthe group consisting of a higher

di anondoi d- cont ai ni ng pol ymer, a higher di anondoi d-cont ai njgig, ?iz%gred
ceram c, a higher dianondoid ceram c conposite, a CVD higher J'annndoid.
film and a self-assenbl ed higher dianondoid film 92. A capacitor having a
dielectric |l ayer positioned between a first electrode and a second

el ectrode, wherein the dielectric layer is a dianondoid-containing nateri al
conprising a mxture of |ower and hi gher dianondoids, wherein the | ower

di anondoid is selected fromthe group consisting of adamant ane,

di amant ane, and ®B.i andht eapegitonsittlaimi3@) whercid the Idweg liemottioaine sdated ffom sel ect ed

fromthe gr Qup goqgﬁgg$ngﬂ%£m&ltrqﬁgntﬁge, pent amant ane, hexanmant ane,
hept amant an&® BOPSHERt BA e “IABHEHE P ARG SR HERFRAY and undecamant ane.
93. The capacitor of claim92, wherein the dianondoi d-containing materi al

is selected frog,the grou onsi st.i of a di anmondoj d- copt ai.ni ng pol yner,
& di amondoi d- cofial nfHGPET R BB SISl 1oy erPoa R P R B RARE Fonposi L e,
a CVD di anorokba gkchrd efactradedwhaeis ele idicheseriecechnehiriastondghecdidmdndoid94. The
capaci tor otmﬁ&ain186. wherein the capacitor is a part of a random access
menory devi Ce. YEg Yt ﬁuly 2005 | 95. The capacitor of claim87, wherein
the capacitor is a part of a random access nenory device. 96. The

capaci tor of clain 89,,wherein e pacitor is.a part .o random access
renory devi ce. o7 Tt Rl hp SRRk he hind B fLofup BB e TS
part of a rdndondoidcessngmireds) isdelttedirofhe ghupicofistgngabfactranahiaté,t devi ce
passi vat ed by . a di amyndoi d- cont ai ni n terial. 99. The integrated circuit
evi ce of cPUIRIEHEC RN ReP sl FEP B i P FERS SRy

di anondoi d. vdd¥amablsac.i nt egrated circuit device of claim98, wherein the

di anondoi d conprises an underivatized di anondoi d. 101 The integrated

circuit device of claim98, wherein the dianondoid is a
91. The capacitor of claim 89, wherein the higher diamondoid-containing

material is selected from the group consisting of a higher diamondoid-containing polymer, a
higher diamondoid-containing sintered ceramic, a higher diamondoid ceramic composite, a

CVD higher diamondoid film, and a self-assembled higher diamondoid fitm.

92, A capacitor having a dieleciric layer positioned between a first electrode
and a second clectrode, wherein the dielectric layer is a diamondoid-containing material
comprising a mixture of lewer and higher diamondoids, wherein the lower diamondoid is
selected from the group consisting of adamantane, diamantane, and triamantane, and
wherein the higher diamondoid is selected from the group consisting of tetramantane,
pentamantane, hexamantane, heptamantane, octamantane, nonamantane, decamantane, and

undecamantane.

93. The capacitor of claim 92, wherein the diamondoid-containing material is
selected from the group consisting of a diamondoid-containing polymer, a diamondoid-
containing sintered ceramic, a diamondoid ceramic composite, a CVD diamondoid film, and

a self-assembled diamondoid film.

94. The capacitor of claim 86, wherein the capacitor is a part of a random

access memory device.
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| ower di anondoid. 102. The integrated circuit device of claim98, wherein
the dianondoid is a higher dianondoid. 103. The integrated circuit device
of claim 102, wherein the dianpndoid is selected fromthe g gyp 20@5si sting
of tetramantane, pentamantane, hexamantane, heptanmantane, octaimant ane,
nonamant ane, decamant ane, and undecamantane. 104. A nethod of nucl eating
the gromh of a dianond film wherein the filmis nucleated with
triamantane. 105. A nmethod of nucleating the growh of a dianmond film

wherein the filmgs ?%ﬁ%&g@%@é‘%ﬁ%s eﬁéﬂ?ﬁ&gf? qmt%?s bt L LQH4 he group

consisting of a [ower rmnd0| , and a mxture of a
| ower and a atriegphaemagdy devomdoi d. -51 19 July 2005 106. The nmethod of claim
105, wherein the higher dianondoid is selected fromthe group consisting of
t et ranant ane, pentanmant ane, hexanmant ane, heptanantane, octamantane,
nonamant ane, dec&fmnt dhegapagitdr ofivihérs &hawitesaiethe c&citor is a part of a random

access memory device,

97. The capacitor of claim 92, wherein the capacitor is a part of a random

access memory device.

98. An integrated circuit device passivated by a diamondoid-containing

material.

09. The integrated circuit device of claim 98, wherein the diamondoid

comprises a derivatized diamondoid.

100.  The integrated circuit device of claim 98, wherein the diamondoid

comprises an underivatized diamondoid.

101 The integrated circuit device of claim 98, wherein the diamondoid is a

lower diamondoid.

102.  The integrated circuit device of claim 98, wherein the diamondoid is a

higher diamondoid.

103.  The integrated circuit device of claim 102, wherein the diamondoid is
selected from the group consisting of tetramantane, pentamantane, hexamantane,

heptamantane, oclamantane, nonamantane, decamantane, and undecamantane.

104. A method of nucleating the growth of a diamond film, wherein the film is

- nucleated with triamantane.
105. A method of nucleating the growth of a diamond film, wherein the film is

nucleated with a diamondoid selected from the group consisting of a lower diamondoid, a

higher diamondoid, and a mixture of a lower and a higher diamondoid.
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106.  The method of claim 105, wherein the higher diamondoid is selected from
the group consisting of tetramantane, pentamantane, hexamantane, heptamantane,

octamantane, nonamantane, decamantane, and undecamantane.
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