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= (57) Abstract: Novel uses of diamondoid-containing materialg in the field of microelectronics are disclosed. Embodiments include,
but are not limited to, thermally conductive films in integrated circuit packaging, low-k dielectric layers in integrated circuit multi-
level interconnects, themally conductive adhesive films, thermally conductive films in thermoeleciric cooling devices, passivation
. > films for integrated circuit devices (ICs}, and field emission cathodes. The diamondoids employed in the present nvention may be
selected from lower diamondoids, as well as the newly provided higher diamondoids, including substituted and wnsubstituted dia-
mondoids. The higher diamondoids include tetramantane, pentamantane, hexamantane, heptamantane, octamantane, nonamantans,
decamantane, and undecamantane. The diamondoid-containing material may be fabricated as a diamondaid-containing polymer, a
diamondoid-containing sintered ceramic, a diamondoid ceramic composite, a CVD diamondoid film, a self-assernbled diamondoid
film, and a diamondoid-fullerene composite. E '
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enbodi ments include, but are not limted to, the use of such materials as
heat sinks in 5 mcroel ectronics packagi ng, passivation filnt gy 2005
integrated circuit devices (1Cs), lowk dielectric layers in nultilevel

i nterconnects, thermally conductive fil s, i f i i ,

t her melectric cooling Wi Q24580391 A d w"m@@M@W@ﬁmg@wﬁml@hIMf t he
Art 1000021 Carbon-containing materials offer a variety of potential uses
in 10 m expel AGHLANECEH cADEARK 84 SRR AL LSRR ARl S h Y Ris

di f f er entB. SRITEICL L, 88, NIS OITBE, TR §/&t @lchi Ry NSO 0 AT PROUSENs AR vBAVI NQ
regi ons @f BBOEKG. BuiM. E4cHY. FOrGW. Nawithg «as of eirstadmabue afvd PEDGent i al | y usef ul
set of pYofrPilGs. [000031 A review of carbon's structure-property

rel at pongki: ps has been presented by S. Prawer in a chapter titled "The .
Vbnderfwawum¢whmﬁu&%w@mumhamﬂ£Myﬁhcs of Novel Materials 15 (World

Sci ent i f4Pe7 =g pf ﬁ@@@ 1999) . 205-234. Prawer suggests the two nost

1114
|nportaﬁlmﬁaﬁgmmuﬁ%§mt nm”mm w;%%@d to predict the properties of a

a material, and second, mcrostructure, including the crystallite size of
the material, i.e. the size of its individual grains. [00004] Elenental
.carbon has the electronic structure Is 2 2S2 2p2, where the outer shell 20
2s and 2p el ectrons have the ability to hybridize according to two

di fferent schenes. The so- called sp 3 hybridization conpri-ses four
identical a bonds arranged in a tetrahedral manner. The so-called

sp2- hybri di zatiron conprises three trigonal (as well as planar) a bonds with
an unhybridized p electron occupying a it orbital in a bond oriented
perpendi cular to the plane of the a bonds. At the "extrenes" of :
‘crystalline norphol ogy are di anond and graphite. In 25 dianond, the carbon:
atons are tetrahedrally bonded with spa-hybridization. Gaphite -1.19 July
2005 WO 02/058139 PCT/ US02/ 00306 conprises planar "sheets" of

sp2- hybri di zed atons, where the sheets interact weakly through
perpendicularly oriented it bonds. Carbon exists in other norphol ogi es as
wel I, including anorphous forns called "di anond-1i ke carbon," and the

hi ghly symretrical spherical and rod-shaped structures called "fullerenes”
and "nanot ubes,” respectively. 5 [000051 Di anond is an exceptional mat eri al
because it scores highest (or |owest, depending on one's point of V|emb in
a nunber of different categories of propertles Not

terial are *irst;-the-rati-o-of sp2 to-sp-3-bonding-in -



only is it the hardest material known, but it has the highest thernal
conductivity of any material at roomtenperature. It displ alps"‘é'lﬁﬁg?%
optical transparency fromthe infrared through the ultraviolet, has the

hi ghest refractive index of any clear material, and is an 10 excell ent

el ectri c‘gé 'H’L?u_l ator because of its very w de bandgap. It also displays

hi gh el 8L breakdown st rength, and very high el et VB 24180 nol e
mobilities. If dianond as a mcroelectronics material has a flaw, it would

be that while diano E‘?_‘ﬁﬁ I i boron to nake a p-type
sem conduct or, effo?ﬂ@@iy%gézu0¢%§Y£§ﬁl§ieu*eel‘%$r on- donating el enents
such as phosphorus, to fabfi e a - € sém conductor, have thus far 15

been unsuccessful. 1000061 Attenpts to synthesize dianond fil nms using

chem cal vapor deposition (CVD) techniques date back to about the early
1980's. An outcone of these efforts s _the pear ance of new forns of
carbon largely anor phoBACKGRQUINRLOFJIHE INYENTIDN, 3 high degree of
—-gpa-hybri-di zed bonds, -and thus displaying many of the characteristics of -
di anond. 20 To describe such filns the term"di anond-1i ke carbon” (DLC) was
coi ned, al t houdteld hf the Inventnohas no precise definition in the literature. In
"The Wonderful World of Carbon,"” Prawer teaches that since nost

di anon he i i i - i proportion
B R S R A A e S
measur bvef atdiegliaidanondeillickeiinmgmiatetalsoh thafecldhef acieectromnesy biticsli zed p

el ectron ssociated .25 with. sp2-hybridization formit bonds in these

nat er i 5‘P§?£Wf‘ Em[“ﬁ% tﬁ“? arBBﬂtggﬁ‘Pe ‘e 7'6%?30%5?(’@ mag eaiilsoar?ihr%tnsﬂkg "Yel ocal i zed.
This ghv®@selédushict Padkhing phaietsh BInBALY inG:ghatdiaiduicdéwdidsYIGs), lowrt erials with
spZ bondi ng, such as gra hite. In contrast, sp_a-p bri.di zati op results in
the edeleeRsllgrerdp aulidpvel intgreoanedss, theamplly sangueting fims, faduding Adhesive

char ackgtd flehfdelricioB IR Ehvicl @nd RYidREGMHNCRMb&R of a di anond-1ike
material wll be directly related to the type of bonding it 30 has. In

di anond-1i ke materials the bandgap gets | arger as the hydrogen content

i ncreases, andtataeidheds often decreases. Not surprisingly, the |oss of
hydrogen froma dianond-like -2 19 July 2005 WO 02/055139 PCT/ US02/ 00506
car bongobbzp resgurﬁ&-wma%nn% RGlAAS 8ffbdh @Jr@gtaﬂ eRhiiAGkdsMhty and the loss of
ot her dianond-like properties as well. 1_0087_ Nonet hel ess, it is

geh@r amigjockestropice dAs iratlemens, cachomdisgiaxprd Merdty rleiferepigiructypy, 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.



be used to describe two different classes of anorphous carbon fil one
denoted as "a:C 5 H," because hydrogen acts to termnate dan@?ﬁ'\'ggﬁgﬂds on
the surface of the film and a second hydrogen-free ver ) Lven the nane
"ta-C' DECAULEIR mmjority of the carbon atons are tet fsﬁéjg&é(ﬁf‘%?

coordinated wth sp3-hybridizati.on. The renmainj c f -Loare

sur f ac EOEPHE PPt SheFls g{fé’s‘lhéﬁ?c}%ﬁﬁl P S f%}ﬁ gi@%%gé : ﬁwzea%y Iif,u%ag"ngl ing
bonds P@rﬁael{cﬁéu@iﬁ)ﬁ&knw% 1SR, (CEeRhixigo) otenhibguskicsas wihanclodiag hydr ogen
plays ina:CHis to prevent 10 unterm nated carbon atons fromrelaxing to

t he gr ambipheusbructailed “dimhendghkesaehont vad g dishbpnmupetricHsphpsical and

"diamond: Li ke' t he maperidls s i S, RLAREF Lhssiisagh as ther mal
conducfhEped Sétﬁlamreelsé"%:lferdi ?ig]elre?lgés{hsn?an%@. [0000%3]%” n9hi s review article,
Prawer states that tetrahedral anorphous carbon (ta-C) is a random network
showi ngoESY t - r Bisgend ikerdxneptiohaltmaterial beppasedt cored Righett (@lpWERdar est 15

nei ghbqrs, and no | ong-range .ordering.. : ks agdom car bon
o S S8 i B3 G5 R B B REEE TRt oPRERERLs ntgdom car bon
Typi calohiis it/ Wkt miatesd) kdowahueithashe high¢sath€rhdl comdustiviioefiang0 t o- 90
percent. Those carbon atons fhat are sp2 honded tend to into small
¢l ust ematqrishpt IpRB (EEIRCTAYHE- ftéir‘sr?gatyf’ spedh ‘g’é‘ﬁﬁgfafl??ﬁreﬂ%%gfn ﬂi‘%é&%?egpert i es of
ta-C  deBeRthPlkddRbict Ya®ihe hidhedi réFdctidningéx ditaayslehenthtagal feispn 3, or

di anond-11ke configuration. 20 Unlike CVD di anond, t(?ere iS.no hydrogen in
t alQ t exqeilssticlestrival insulator tfegeuse ahts YBY pidahandsapg PSRNt ruct ures from
forming The fa aphy o RBSorRdMBle ARREAGs. IAMLABAY s

attrib leéglcelobr?af%elo%;% ng{r?égmo#eaé%ﬁgt edosp2_ bondi ng Sai rs and to

coNpr esgitceleSttdnis Seserizhds Aildw,dt waipd b thhi whitertdarnendaay be ¢ffecHusi®r i al .

[ 000091 The microstructure of a di nd r.di Ay 1e5d-al

f ur t herdoped Witk RgraR [oJ8a 'etaSP‘B’PS5‘2?'??‘2@1%0{’S&Q‘g%%émgg‘g@%g%gﬁgg& the

M Cr 0StyoHR I eRnienfs!si@neshdspiorty, pefabficatdxmnsiypg sainoehcior Asvelthge fgsed i n
"M crostructure and grain boundaries of ultrananocrystalline dianond
fillds" bgyn msuggess@luen, in Properties, Growh and Applications of Dianond,
edited by M H Nazare and A J. Neves (Ilnspec, London, 2001), pp.

307- 31%?060%Pem Meﬁgtfs% EmuRawe dRARA WaEeusing dymidBeipsedeiosiion (CVBYi ng
crystallite sizes 30 in the "nano" range rather than the " n}lcro" range,-
Wi th tHechnigwes date gk tagbentithp 6eraEIS) s AHerrcome;of thesa GRS Y& Yy ammt i cal |y

Si 05, AP EREEE R B b R e e opor  ed 3 10
July 2QRpree of sp>-hybridized bonds, and thus displaying many of the characteristics 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



WO 02/ 058139 PCT/ US02/ 00506 that nearly 10 percent of the carbon atons in a
nanocrystalline dianmond filmreside in grain boundaries. 10604y 2PA5
Gruen's chapter, the nanocrystalline dianond grain boundary is reported to
be a hi gh-energy, high angle tw st grain boundary, where the carbon atons
are lar Q&é\ﬁg ‘jr{g bonded. There may al so be sp2 bonded diners, and chain
segnent &' W1h ?ga- hybridi zed dangling bonds. Nanocryst&l/PP%EY¥f anond i s
appar e c 3 . ; # ] grain
Doundaryesh BBl 6P e RO ClobotBar il shd (RSP BharbREARE D oy

st at espivpertiesasnveaatiocrystal l ine material is essentially a new type of dianond
fil mwhose properties are largely determ ned by the bonding of the carbons
within yn b ries. .10 1000111 ther allotro r nown as
the. 't uioBRE o WARACRS ¢ ot itp CTME R o T PG Be Rt Batn

di scusiseghclhyo ddsGibeDwe diffeediadBisses ofdmorplbua carbaptits, end ddobrd as “Nanot echnol ogy

D SRR P 0L S U R PR VERL B, A Y01 ot

al 1 eadgechaMeydeogeRHeg Mérkidh giveh ehel Mani Gl OChRahIQN£Sri@ P iccattonRtbomsFul | er enes
have an even nunber of carbon.15 atons arranged in the formof a closed

hol | ovte g@hediplbrcopidinatadowith spampbidirasings Thnrenraingcaansof BrCeffe cage define
| b 10 i R/ L. : is the CB80
a pol yhedralosk Eﬂdﬁ;{%% sﬁgﬁ&% -bﬁtfrﬁzgr&d! T £:06 944 gﬁrf‘gsﬁonépﬁﬁe_ Rk ! S 1€

nol ecul e, 2althoug enes are al So possi Each carbon
at om i the spidgraphiOc) aohfiguretmen. i Bhetrole pdragénplipsnded-Hiis v wpahybri di zation to
t hyee other. carbgn atons 00121 60 fullerene i.s_descrj.beds by

o o) S8 Ap 3P < e tantle s P T HEREF ISR shel |
(wher econteat the mioré Gliapdtidiigke” tikanserdal 34 1A G prdpasties sizh a6 thesmall ohdetivigy aphi te) .
Twenty of the 32 faces on the regular truncated i cosahedron are hexagons,
with ~a&leual 1952 bei ng pent agons. Every carbon atomin the C80
fullerene sits on an equivalent lattice site, although the three bonds

emanat j0ogus] r omig aizReadw BitidlcCPAdr st ihak@iHedral RBorpBoUls cadboRIGEC)aS ect rons of
- each carbon atom are involved in covalent 25 bonding, so that two of the

t hr ee PRGN BEWOHShawHIZ GO I#eE OFdoriag that s lisndie o 80P 183AYl e bonds, and
ong DORELHBEIWRRIMOUYR:-RRYEGEAT. iR rﬁéyﬁgégreg%a{ﬂaﬁ&bn@%%@néma&s iy ful lerene

such as Co0 is further Stabilized by the Kekule structure of alternating
si ngl enaepuatwishPed, Shanddsmambenad carhen hessaJopighlly, sheanayiDo0sp] cadiet of ehaus et

0" o ‘LrQEFrh RAR0 R0 oo BBl Tk abBE e WFLER BT B0 Do e
hi gheshtocamllpihatrs that prevent the formation of dangling bonds. The properties of ta-C
depend 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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nol ecul ar orbital is fully occupied and the | owest un-occupi ed nol ecul ar
orbital is -4 19 July 2005 WD 02/058139 PCTI US02/ 00506 conpid%tdy ¢0%pty,
the C60 fullerene is considered to be a sem conductor with very high

resi sti Weg/os¥ig? | erene nol ecul es exhi bit weak van der VERVE:2@HHeEsi ve

I nteractive forces toward one another when _aggr egaftiggﬂas.[%.sol | d. 1000141
The f ohkigwriy 14 pasret efhrarboratons pppnagpcrysiallipy dparnd Sum §¥14§i"Af8HW, DLC
(both bcﬁmﬁﬂ—feg and a: CGH), graphite, and fullerenes: Property D anond ta-C
a:CH Gaphite CG60 Fullerene GCC bond length (nm 0.154 =0.152 0. 141
pent agon: 0.146 hexagon: 0.140 Density <§Pg_/ac[g 3.51 >3 0,9-2.2.2.27 1.72
Har dnel§801pa) Lo Gauesdochaper, dbssnanveryistelbife Gemend srpmdonadark SHERRTEA ty 2000

100-700 1 .4 . - 6wl 7 >10 :
El ect (r)ti’ecaag‘gg’S%"ir%‘%’Wﬁw%‘ﬁﬁgs%i‘éﬁ%d%%ﬁéh%8?‘??“ %é’ﬁ%taagf‘]tl%‘%iy I'ndex 2.4 2-3
1. & 2. ¥ord8@0MR)e Fhgaléabasy’ bobded diralk @nil shadmsqgnleat Witlosp® hybiddigedof t he

Dressl ehaus et al. reference. 10 cited a%gve of. t he ,Prawer :

v P 221 . of .
- ref er ef0gling pasds- wnsTysipllmggiampnd s gapagen cigerigfliyppgicsive.gad i [, Tri-bol-ogy -

of Di afgasls iat MERAGh béutBafRrRoRspoasElcRel 1B adciitdl EBnductivichbrieranddt i bol ogy
Handbook, Vol. Two, B. Bhushan, Ed. bCRC Press, Boca Raton, 2001), and p.

28 of stDepbelanapprrpttallinamivdalis Reesisfer RaY &R dramgnd flmyynose | i sch,
(Spri glg'gée\:{ﬁg WI&[’%&:&M%@ bjygﬁe%ond' o ARQABLnd\WitRin ﬂgé)ﬁfﬁ{daﬁ@_; not

di scu ext ensi: in the“literature are "di anondoi ." Di anondoi ds are

- bridged-ring cycl oal kanes that conprise adamant ane, di amantane,

t riCansj®0any, anthotlive alletapaws carbompiaremarne the fulerenanangd thejs pURERPAS oct aner s,
gggﬁgﬁ{ag%og '%g?(;tfl rTe‘(\:]ass E%seb%%ﬁ: di’scuosgeclabqf”}\mﬁI ARG etlE Y Ch Al Rapterentified] decane),
“Nanotechnology and Carbon Materials,” in Nanotechnology (Springer-Verlag, New York,
1999), pp. 285-329. Though discovered relatively recently, these materials already have a
potentieﬂ role in microelectronics applications. Fullerenes have an even number of carbon
15  atoms arranged in the form of a closed hollow cage, wherein carbon-carbon bonds on the
surface of the cage define a polyhedral structure. The fullerenc in the greatest abundance is
the Cgo molecule, although Cyo and Cgo fullerenes are also possible. Each carbon atom in the

Ceo fullerene is trigonally bonded with sp’-hybridization to three other carbon atoms.

[00012] Ceo fullerene is described by Dresslehaus as a “rolled up” graphine sheet

20  forming a closed shell (where the term “graphine” means a sihglc 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



stoichionetric fornmula ClOHt b, in which various adamantane units are
face-fused to form 20 | arger structures. These adanant ane unl® duly 2005
essentially subunits of dianondoids. The conmpounds have a "di anondoi d"
topology in that their carbon atom arrangenents are superinposable on a
fragnent of an FCC (face centered cubic) dianond lattice. [000171

Di amonddYA8/BEE2hi ghl y unusual forms of carbon becausePGHPPBO¢Hey are

hydrocar bons, wi th nolecul ar sizes ranging in.general fromabout 0.2 to 20
%begﬁ;g?u @g

tun (abRRRIGEl i B/ My |sEengiv QRS PORF Y HENTEY 18l spl ay t he
el ect r REkGvily WAELhERoRbuBIexhibithfeal Yh d20DRINRHA ORGP EHAS02/ 00506

ul trananocrystal l i ne di anond. As hydrocarbons they can self-assenble into a
van defowiaghing anglges Whenpgespyed/asasogdr epeating array with each di anondoi d
assenbling in a specific orientation. The solid results from cohesive

di sper gjoufsjf or CAR MRIVRE LbRALRGEREesG v BHRYRSpertids R dlBlca@DIND[HRucommonl y
seen in normal al kanes. 5 [000181 In dianpobnd nanocrystallites the carbon

- at ofrs—Hre aua Cridl graphite. Aybiutleenasd,  but-- because of the-small size of -the-
di anondoi ds, only a small fraction of the carbon atons are bonded .
exclusively to other carbon atons. The mpjority have at |east one hydrogen
neares nei ghtwerty Thus,| Dheominj or iatG of wiGeH cdr Bowbite ons ofw a di jamondoi d
occupylsurface sites (ort near $urface sites) lgiving fisEullegsue| detronic

st at es | CHidendpgthdign £ i danf I3 di f #8#8nt| ener get|i c&idly ?B“aﬁ‘}“%"rﬁ; ul k energy
. - _

st at es -Accordipghy—di-drondoidf—are—expest-ef-tlo—haye—4HE8GEL—¢et-ect roni ¢
pr oper { PEEH( 680191 To tlhe -Phveht ors’ know ’g'()ilrge, adhmant ane &nd dubsti t ut ed
adamant giELal Gt e Onh Y| T egsiT Ty avgy tapt e anondgi dsBauE wikgnent anes,

subst i {HE&ERh h&TRy aNes,[ bhdpanunNi@nes, | and sulstijgit ed trigqant gnes have
been s{pdigg, and only g singlejtetramantane 15 has beg¢n synthesijzed. The
r emai nif Bepdghp @@vdndoil ds arle provi ded =Bor [t hes-fpr gt niefalie by t hE7 i nvientors,
and ar ¢ Edesarresbedy (mcdihdi r>w8- pendidfg U. So-Plovi sitrial |Pat etd® Appl i cations -
Nos. 6B4RERcBAR, filed |Jarsary|192-320001; 1684300, 148, fiiled-June 21, 2001,
60/ 307,063, filed July 20, 2001; 60/312,563, filed August 15, 2001;

60/ 317,546, filed Septenber 5, 2001; 60/323,883, filed Septenber 20,2001,
60/ 334, 929, filed Decenber 4, 2001; and 60/334,938, 20 filed Decenber 4,
2001, jooers) por atedahiah GenatldislcbRiblleddh HEL0 dTYhe Piesdletitaeet ahppikbicaent s
further incorporate herein by reference, in their entirety, the

nolL prtalg;p abyisap- 2&56( the Bravigs acterence cited above, p. 891 a chapter by A. Erdemir et al.

in “Tribology of Diamond, Diamond-Like Carbon, and Related Films,” 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
York, 1999). |

15  [00016] A form of carbon not discussed extensively in the literature are “diamondoids.”
| Diamondoids are bridged-ring cycloalkanes that comprise adamantane, diamantane,
tnamantane, and the tetramers, pentamers, hexamers, heptamers, octamers; nonamers,

1*7) decane), adamantane having the

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

stoichiometric formula C gHjs, in which various adamantane units are face-fused to form
20 larger structures. These adamantane units are essentially subunifs of ditamondoids. 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.

[00017} 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

25 varous directions), they simultaneously display the electronic properties of an

-3-.



shari ng these titles which were filed on Decenber 12, 2001. The di anondoi ds
that are the subject of these co-pending applicatig ot been nmade

avai l able for study in the past, and to the invent o??ﬁi\r%\gﬁeg e they have
never bed¥RU&8H before in a nicroel ectronics 25 appli cAFTER2E RY OF THE

| NVENTI 100020. Enbodi t re. directed t rd novel use 0

d amondBRBTRETEATAE AG et on By EORRSPh EEY Ea RN P bl a b B

Di anoneslidglgossibl, i firdgatng driaygvithyratiodihkanied askbayligoifpspaticdamant ane,

di amant ane, , and_tri amantane, as wel)] as.the tetraners, aner s,
hexanmePEentiopt dheplid rgyuts ﬁ‘&F‘sﬁOﬁ??bVﬁadﬁ?F@{Wg%ﬁﬁm?e“@tﬁc?‘R %rf]lt{* gd4Pant ane
(tricyledha rhork3ohinod§GRAEh okl Wkakdd. vVari ous adanantane units are

face-fused to -6 19 Jul'y 2005 formlarger structures. The conpounds have
a"di anmondoi d"topol ogy in that their carbon atom arranggenents are

supéri I888Ib| e Todliamddagheanysiadiitesife FIPORAtaRG A ETAY wehyimlizedeRBodi nent s
i ncl udg,, §|étof ﬂ{cesngaﬂtsizle 'omqte% o%doiﬁ%]%ﬁﬁai dnYallGRRANE bF € cArbbd B0l atcnt €Qr at ed

~Cireuit C) packaging, lowk dielectric layers in integrated circuit- - -

mul ti | bemled exaieni@hnoaties carbethgomal The rcandiydiaveat leash e yérogen pearest her mal |y
conduct j.vig fi LN (Peltigr-hased hel poel ectrl | fdeyj ces,

passi va !Flgor? f J|rllqﬁsr§_x§{h ggalcinr%)( 8§trh at aégonc%t?%%?g evf)[gcgoy o§ |ué?g'%ta?‘?glge§;(gryer sin
SRAM anéhr BIRAVE siagan @itiny Sse taaldettdngd datenthsisiosigwatdnoigekiferaacherggiplllgat i on.

based _upaqn_incorporating qne or. nore. di anondoi d-containing.materials. The
0 Mon GOk S i etg AT amal Gofayails Fapimec s oaimual bERor:
di anong@hgsieont ai ni ng pol yner, a di anondoi d- containing sintered ceramc, a

di anondoi d ceram c conposite, a CVD dianondoid film and a self-assenbled
di anondoi d film Di anondoi d-containing materials. further include

di amont9PHR)s ul | &t BaaveRtsokRavdedee; sagantippsindsuptitited pdamaptapg a55tths nyent i on

provi dgsty feahifde hvmhbi¥ dLARAHGHS VeonBdiShdrnct QUbsti REPYAGnhR8, heat di ssi pat ed
by an i n%,egra ed circuit, the thermally conductive material conprising a

di anpnti@indntahes, andsebgidedisiamuntangsthevelrass edicld rapdnilionsipele tatgagntans ow- k
LT AL SR s D IR B P OBNEL R Lggs, and Vi e of
di anoniiweries omtdaradaagibpd iy thei ca-pehdimi ©1Si BlovisivenEPaiertt Agplicanens Nds.anondoi d i s
triamapraitis. 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, octamers, nonamers, decamers, etc., of

13.‘?

adamantane (tricyclo[3.3.1.1™"] decane), in which various adamantane units are face-fused to

_6-



In a third aspect, the present invention provides a lowk material for
electrically -isolating the interconnection |lines and vias of an integrated
circuit, the lowk material conprising a di anbndoi d-cont ai {9 pgy@bgneri zed
material, the dianondoi d-containing portion of the material conprising a
m xture of |ower and hi gher dianondoids wherein the |ower dianondoid is

sel ected fromthe group consisting of adamantane, di anantane, and

triamant ane, and wherein the higher dianondoid is selected fromthe group
consi sting g A8 AED ; Enag - AnaaLane,

oct amant ane,gﬂrﬁlc}n %mrr@snt aneg,’j'lnlql g_ca[g%u?\}t angegghﬂagﬁﬁec Er’r%ﬁfgﬁg&%en a Igurth
aspect, t heajgmesmngenicns eretsiipninprabledes faghowok amitedioabnd loticel Bt ri cal |y

| solating tRepdhEEARIAE bl AR dof REReABdnahafy QluidRvi BLEGH Al el ¢, the
low-k material conprising a dianpbndoid-containing material “sel'ected from
the group cd&fs3pakiging, &fw-hdieleqtrig Gryd linyin2@REd cuuaimonidevel intasennagdats, ng cer ami ¢,
a di anondoi ¢-.60 L ] | ' AL nucl eat ed by
G amondor ds. i a0 PR<GHERL g PRI Fondo b L AR e lea

aspect, t he thsredgtricicnelmgtdedeesmaspivatios fimsfforihggraied sisiui deveashdidectdonpri si ng
a di anondoi 1 @ SR DRSRE 1 he. br o\ j i jeld

em ssi on cat 8321 corrp)rglglgl ng gatpacllgg%ﬁﬁgim ?}F%%ﬁgf% cﬁ@%égeg’nn%@g%ég%%? ﬁasgd sevent h
aspect, t heupemdsemoriting eng drapprodiompmiogi-confainsigmaeriabs Ton ddmendsed- conpri si ng:

(a) a catho : LSk ' i, - J: ﬁ[(gg_[ﬂ f.lsament

el ectrode, gﬁé%%%%éggg?]g%gé %g%ta%g ag? g@r@%ﬁ&gﬂd@%g%& ni nger’%rﬁqaé%éﬁ lhopposi te
t he fil anentont@tieg sinlond céramicandiahesipidarragdfid ¢omippsite] @€¥Didiraronddid fiim,3ndV; ( b)
a facepl at e, papLLLANGHANAGA M BanllS:if 20ANG: Al AGRRLALSNAVI NG @
phosphorescent coating on a si de of " the acep a%e acing the cathode; (c)
an anode podiamowtvetfvderemcoppposs.t e si de of the faceplate fromthe cathode;
and (d) a power supply for supplying a potential difference between the
anode and the cathode. In an eighth aspect, the present invention provides
a method of prodicd fwgt @pet theeresere mvssticarprévidesn thefmadlydomhic i raatergibfor ce, t he
met hod conprl.si St ) i.dl.ng I to an
anode of t pErTaR e SRRy e o0 R et By R0 Bl A

di anondoi d- comraingiamiganfonticident and a fil anment el ectrode; and b) applying a
pot enti al

In a second 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 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

ni-ques. In a - fifth - - -



di fference between the filanent el ectrode 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 fg 3942085

el ectrode, wherein the dielectric |ayer conprises a |ower

di anondoi d- cont ai ni ng pol ynerized material, and wherein the | ower
dianondoid is triamantane. In a tenth aspect, the present invention

provi des a capacitor having a dielectric layer positioned between a first

el ectrode ag%]ﬁ - - e, ey .dj el ' rises a
| ower di anondol é‘ﬁ‘@gg@g’i“ﬁﬁ%{% ard %%@%%%%%@%%r%gﬁﬁg g?%ﬁ%’ﬁ%fo%m sting of
a |ower di @iroredoiith owieaid hy digmeideiderasd adidm deriositeddy sdfvesserdilateolmdgiesl cer ami ¢
conposite, and a self-assenbled | ower dianmondoid film 7a 19 July 2005 1In
an el eventh aspect, the present invention provides a capacitor having a

di el ectric | ayer Ipagith ppredhbprweeinventibn protides acftdld efesienatinds eqnmpmiding

el ectrode, wherein.the dielectric |ayer conprises a higher

~di-anmondoi d-contal ning material. In a twelfth aspect, the present invention-
provi des a capacitor having a dielectric |ayer positioned between a first
el ectrode and a o [.ej J i :1.Co i r 1S

di anondoi d- cont a?ﬁ?%gﬂrﬁtegtfﬁigﬁggegﬁ%@%éﬁ%gmgﬁg% ag#eﬁdr egl%(g)%ldnl cgflxh/g?é/%r%) ”E‘f‘% her

di anondoi ds 2 ddrenddidcetanihpmeteriali anondoi d is sel ected fromthe group

consi sting of adamantane, diamantane, and trianmantane, and wherein the

hi gher di anondoid is selected fromthe group consisting of tetramantane,
pent amant ane, hetarmmvarik, ashrept theamesante invergioh spravidane , fichb manisaioh adeeice
decanant ane, . c ne. 1n. a thi th C he presen

Movent o prolPiRd” (G°ATRALA Gt o MBI ARAE il §of 5 RN

di anondoi d- crtraienvhageimatserficalof thendiamérgioidt@etainingaipeat oppdséc reelement

i nvention prouvi . od -of.. nucl.eati ng.the r-omh _of .a di,arond film
wher ei nt o P e P RSB IELERMAE UM SR e Pyt AIRERGE: | " e
present i nvértdabndg thevacdgste having hpltbspiorescrnt eamtinggn 4 fide offhoticéploé fagindi anond

Film wher e't}% ctaﬁlgde; '(J&rgrnl H%O&up%!ﬁ?lgltleﬁ gyggfog%oasﬁ? %ﬁen(%q ?%19 ?}a L&%ﬁl ?hg? c%{hggé‘. the

group consisting o ower ‘di anon er , and a m xture
of a | ower awmhil)aalpogtresupply doroswgpliythg a pdbential difference between the anode and the
cathode.

In an eighth aspect, the present invention provides a method 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.
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19 July 2005 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 000211 FIG 1
schematically illustrates a process flow wherein di anondoi ds may be
extracted from petrol eum f eedst ocks, processed into a usef U{g.jmgmogxnd t hen
incorporated into a specific mcroelectronics application; 1000221 FIGS.
2A-Cillustrate exenplary polymeric materials that may be fabricated from
di anondoi ds; [000231 _FIG 2D illustrate the variety of three-di nensional
shapes avai | abl e anong t he hlghly symmetrical 396 nol ecul ar wei ght
hexamant anes; [0QQ24%4 \Fh@ ?Elgt i i : si onal
shapes avai l abl e armne tro m ?%E%?ﬁv%ﬁt OVY& h%%m%fr hm{lﬁeg?gb\agﬁg _
hexanant anedayef meqd Ffrtwn aQﬁtSHelettmsis tanéta@scmﬁ @leotacrdeewyerem tbadigbpmc
attachment §i4Es MR AR08 4-aml | &cs@nd how attachments to
di fferent Slty%S Fgﬁg 60 mer nmay recsu'allgﬁlgn E:eross | inked materials of
variable rigidity; [000261 FIGS. 21-K illustrate the manner in which a

pent amant ane nay r. o n each
~case; -t-he-vari ousIllP gfﬁﬂ%ﬁggp%’& h{géj? CSF& 191&2%&&913%@?%% {Or Eéx{%%n?E fefmb
parallel; daYtQmeioye(Eb@ﬁeenvﬂ@beaa)ﬂBQDP@TSEQQSQ’&@@@EBWP@@@ZHQ dElC@SG 2L- M

illustrate | I i f [123]
t et ramant ang'% '[E)ésggpdé%[‘%ld%ﬁ ﬁhmﬁgu%ﬁa?eogﬁi?’ﬁégeg % peﬁ?g%éﬁt%gﬁg}fegoow]
FIG 3A il gemoadads, iwhesohtwaloiwer fiemmdoidisoststdf fram thyy gwhp chnsgditisgofidoi ds
5 may be si t 0

(00030) Fi GAAEApp hdEh8 Thi bl L ARG M SRR
ceram c par from [lgQ98Ip forFiki@g df idrueitaet eentamntne npkanantae.ob@ssiangng eact or
in which a dianmmn i hesi zed usi ng chem cal
vapor deposigtbl on %%\)%3“8 %l%ﬁt{e}%na&l% %Weﬁag‘“ﬁ%@é use of the di anondoi ds
triamant ane and hi gher to nucleate a filmgrown 10 "conventional | y" by

plasma CVD t eChn' n?énﬁ—p%?%]at‘, tﬁ%&res%ﬁ 11&\Jellt%§lt};rg\;1§e§ aﬁQntgégt%R lcf%u\{t device

di anondoi d- contalnlng
passivated by a d1amond01d—conta1nmg material.

In a fourteenth aspect, the present invention provides a method of nucleating the

growth of a diamond film, wherein the film is nucleated with triamantane.

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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fabricated by self-assenbly techniques; (00033] FIG 5B illustrates a
chel at e-derived |inker conprising a decamantane; the |inker which may
conprise a linear bridging unit for connecting nolecular electronic and 15
el ectro-optical devices; [00034] FIG 5C illustrates a chel at eigenlyvegds
| i nker conprising a nonamantane; the |inker may conprise a two-dinensional
bridging unit for connecting nolecular electronic and el ectro-optical
devi ces; (00035] FIGS. 6A-Cillustrate an exenplary heat transfer
application, in which a 20 thernally-conducting filmand/or fiber
facilitates heat di sHRIZFDESCROPTEN OR EBHEDRIAWINGUIt (IC) to a
conventional heat sink; (00036] FIGS. 7A-B illustrate an exenplary heat
transfer application in which a dianondoid-containing material is used as
a t her n@abd;y congug! i Berhidomly ilfustdibssa frases Aok atierth ditmondijsaadsbd oget her,
the two objects being maintalned at two different tenperatures i.n a 25
si t uat |%ﬁaﬁﬁfbﬁ@“rpﬁ‘i!i"l’[ﬂmﬂéeéfi‘s‘f’?@v@fﬁ%e@%ﬁé‘éﬁmtah’éeft‘b\%
= FG8 5l BL%E&% Bl s RIPhAattpat transfer application,-in whi ch a

di anondoi d-¢ontaining material is used in a thernoelectric cooler (or
Pel ti er-based devi CeZ)s"e -8 19 July 2005 WD 02/058139 PCT/ tUEQZ/ 00506
[ 0003810923} 9 iFéG% frathestrate exemplasnoduetricaptetalatbayprehs PRt at ed
circuitg rHa 1&é'ise a conplenentary netal oxide sem conductor (CMOS)
device, 1 \ ng where di anondoi d-containing materials nay be used as
| ow- k di el ect r| c | ayers in back-end nultilevel interconnection processing,
and as [088%31 vat iF§n. IDilsteatphotvenety afthrdsedimopsiangt shapes aypilable %‘ﬁ%ﬂg‘%ﬁ and

[00039]h FI }%)ﬁ%‘g t'nlcalli % :le%ﬁ a?%%g\ﬁﬁe&&rﬂgﬁt & Cross- section of a field

eni ssi ofi® | ng ere a am)nd0| d or di anondoi d- cont ai ni ng
nmaterial may be used as a cold cathode filanent, taking advantage of the
negat i Vie0@4gct r &G 0 illnsttagesahe earghaftidoiingsioiz skapes DETIPIEERMODESCRI PTI ON

OF THE | NVENTI 4 di t f th t
i nvent | GACUOHE %ﬂé‘bf%@g)g%om?@&ﬁ%‘tvéed&g#‘%aﬂa& 3%55:33? gp?l gt e fgeggte 3gE and

then fabricated into a material that is specific for a particular '
m cr oel {@6825pni c FI@HIF-Kallusantes the viiey botdrbo agcldnad sgsions dicanmongsi ds wi | |
first be

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
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defined, followed by a description of how they nmay be recovered from
petrol eum f eedst ocks. After recovery di anondoi ds may be pro'boe'é‘ﬁ)éaop‘lr’ito
pol ymers, sintered ceram.cs, and other 15 fornms of di anondoi d-contai ni ng
mat er i al%¥9 ‘YEBEERdi ng on the application in which they BFEFUSHO0HE used.

Definit] of di I 000411 The term "di anondoi ds! refers to
subst i i@gzﬂ_angﬁﬁﬁggﬁéﬂf‘ﬁg%‘a3%3’&88"“%8%{?68%&?66%Pf?%3d3f&%am ane series
i ncl udem@tiagarBnf1aneietrBtnadtaddt ane, triamantane, 20 tetramant ane,

pent anant ane, hexamant ane, hept amant ane, octanmant ane, nonanant ane,

decamant ane, u camant ane, he Iike, including all isoners and
st ereor‘i@ﬁ@rs ?Eﬂ[gr 2&‘&““‘??‘?&@23%38%%‘“%%' a "di anondoi d" topol ogy, which

means their carbon atom arrangenent is superinposable on a fragnent of an
FCC di gooonsg | atRIGe 8A ifhungies inkcBénslicaoming piodess MOOgr wisieh Hiamiondoido 10 and

pr ef er abl ¥, I.to 4 independently-sel ected al kyl substituents. 25 Di anondoi ds
i nct udB2y PesBterdiRsaRsIerhke magnalppuleraie SHHPRRYFHS, " as these terms are-
~—defi-ned herein, as well as mxtures of any conbination of |ower and-higher
di anongiode)  [1A0048 likhatet 81 henh 2086 mi JARBAMESontehBipSTefathiagaant ane,

di amantane and triamantane and any and/or all unsubstituted and
-substituted derivatives of adamant ane, di amant ane _a}[l]d tri agaat ane. These
I A

| oner H199%Hhdoi FdCc 3 itpshalat & SRBRiaRPesHBE Eeastor BoVinh 2 1AMdAty are readily

synt hegd#&8ing Gird a B splth kel bﬁ%éﬁ&mf;i b&@?@épait@mavﬁ)@e%hﬂigues;g 19 July
2005 WD 02/ 058139 P 'US02/ 00SG6 [ 000431 The term "hi gher di anondoi ds”
r ef er sincludamgytheusd obthealiamangps friagraptna gl highes ihaycleate eHlm gowanmant ane

coppone g I jtuted and unsubstituted pentanantane
IBoneib St ity S8V Bl

componen stituted and unsubstituted hexamant ane
conponents; to any and/or all substituted and unsubstituted heptanmantane -
conponi#9032] t o HGahy ilkmsttaes améAenpldyg tiamondadd-amtainmg fiet thatueaydeoct amant ane

conmpongnt.s:. 1.0 any. and/o |.] substituted and unsubstituted nonamant ane
corrpongaﬁflgétec{lySgﬁ?s%?ﬁﬂ)}%gecgflﬂ”egubsti tuted and unsubstituted decanantane

conponents; to any and/or all substituted and unsubstituted undecanmnantane
conponf@ii33] as RiEL B dldustratet airledatofierdivre liabaovcemansing 8 damnsintanel tht er eoi soner s

of et ammntane, Rentatantane, hexanmnt anc, heptagBn Ank. 95t PNt ane.

nonama
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-
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[ 00044) - Adamant ane chem stry has been reviewed by Fort, Jr. et al. in
"Adamant ane: Consequences of the D anondoid Structure, " Che?ﬁ"‘ﬂ&?oo@ol
64, pp. 277-300 (1964). [ Adanantane is the smallest nenber of the
di anondoi d series and may be thought of as a single cage crystalline
subuni t ... Dyaieniane contains two subunits, trianmant anePéﬂBSeﬁmJO§
tetramant ané tour, and soon. Wiile there is only one isoneric Tor m of
adamanioyges;  di@ps §saa”s%he\;,ﬁaﬂfi A dQRBRLARE 2 tpal RuddiRed Qitbicdh kligbgRt 1 somers
of tetramantane t ich represent an enantioneric pair), i.e., four
di f f er eempeseitiol eep pside feraicomingion-NMRS) dotee, ilhgmamgtvese® subunits. The
nunber S hi gher nmenber

ot ne g htuln? R Sl A RN SOEAEL KBS LERENS e 20
oct amaniuftiteel inEn@nadtian grocelemgmmd tag passivetian laiﬁﬁ)ﬁntb&buwgimmnsarfag:e nWm ch is
conger %:eg{;l%l avai | abl-e, has been studi ed extensively. The studies have

en df 184 toward a number of areas, such as thernodynam c stability,

—functionalization, and the properties of adanmantane-containing materials.-

For i npoesyge, tHig. 1d Qﬂuktﬁﬂ&s&@xeﬁ&héﬂtﬁa cdbgar;a&smrm"taeﬁeilcaérsisﬁmrrmtﬁcs!ieng
adamant ane subuni ts; atent No. 25 3,457,31 a*)ches t he preparation
cusedas? 9%b { eaches a

pol y antgigsde Gl e, tafl&rgp]ﬁvsﬁtsl)g@oa‘ltﬂ%egﬁtmr@cﬁa@ afbna?lon@dmkloﬁdo@m& No.
5,017, 734 di scusses t formati on of thernall y stable resins from
adamant ane derivatives; and U S. Patent No. 6,235,851 reports the

synt hesi s and pol ynerization o Vv t f tane derivatives. 30
[ 000461 I n cont ras?ETﬁﬁ]eEﬁleﬁ)Tgﬁﬁegﬁgg mi ved conparatively
little attention in the scientific literature. MKervay et at. have
report gdodd)e S yAuch@igio @inbadilients bEthe praBitdMention, ldimandele s isilngl a

| aborigus, multis rocess | n "Synthetic Approaches to 0 19 July 2005
WD 02/ 6939391)@@1#159@25 handabrrsateAdna sirerieRA tet sopeis for et r ahedr on,

vol . 3fhiQitr rra(?tq)elga?onﬁcjs%&mcatﬂ_rp hidg follWﬁ@H@Jau&ﬂﬁ%ﬁﬂgﬁs whilhk 'ﬁ?st b§ the onl y

hi gher” di anondoi d that has been synthesized to date. Lin-et al. have
suggesdafaed, rf@lltemdé)b/@rfbecrmﬂon biftovdibely may b sespuered fromtpespawm depdstocks.

pent aMRALANSy ery A RS ATRRL 3 %m@ss&f% PAYh Ol ST SEhMRL hd o | I OF
mass spectroscopic St 5 d tural currence 0
Tet’ anﬁ:nhaﬁfe:lxirﬁmﬁbm@omaﬁem mmnalanhpﬁrﬁlﬂ@dﬁﬂ}le apydicatidenda vdithathey r€80H36) in a

Deep ng&sgé_eum Reservoir," Fuel, vol. 74(10), pp. 1512-1521

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.



(1995). The possible presence of tetramantane and pentanmantane in_pot
material after a distillation of a di anondoi d-contai ni ng fe@d‘é‘i')ﬁ@ﬁmﬁas
been di scussed by Chen et al. in U S Patent No. 5,414, 189. 10 [00047]
The fourP8¥¥h8nt ane structures are iso-tetramantane FLU2P%*%nti -

tetranpgpane [ LoH, and Luo SnankQURLR-Qh S5 Al ARRRIENG 123], Wi th the

bracke nonme ese di anobndolids 1n accordance with a
conventh@bsteeta itdashsehdyymBahalamw astandlor ail subsGystendnhabgitagdi fi cati on and

Nonmencl ature of Di anond Hydrocarbqnps-I," Tetrahedron vol. 34, pp.

3569- SBOBATASREORPRETS, ANy &Ry isecen AGLA TGS OR iR meddig B 5

(ol ecpb@hontRisABtangd Atdor allREERinAELarldamsRRASIL IRpARBABABEIAIMSIts,bo Ne havi ng
the nol ecul ar formnula C26H32 (nol ecul ar wei ght 344) and anong t hese ni ne,

the? e ameandiral sphstiteiedand upsbpittishersmarippeEmoatniy dapaandPrrsll [ 12(1) 3],
1234 ' i ] LC LANGES ted b

| 15, 3 sytedilanily ot e RhotnGRARL LAFb s, R AR SR e B )

e pr-esendubstitiiyd téranmotasoiwhmondros; e by @A5E3D sehstfuasiAnd ungidbisgieed330) .- 20
00048 t I st i t hi - Ni L b -\ t t

00045} XA eSS, L L YN BOSELAL B0 LU MRSt Lty

-t hese, offeffardfifarfey pAinidnGat, hek ShantiiR Xeoptuniantms, deevantahe, ronhreanthgy f or nul a

C29H34 (nol ecul ar wei ght 382) and the renmi ning hexamantane [12312] has -
t ht0 noflerdmaniang, ardiindecamasian (nol ecul ar wei ght 342). [00049] Hept amant anes
are postulated to exist in 160 possible structures with 85 having 25 the

mol ec uFmrM,i]or MUk @arfatfidnd Oh B R44 REn YRR b4 48)t, e aDfin tA&Seantameven are
achiral, having no enantioners. O the remai ni ng hept amant anes 67 have the

mol ecufCanseiwnged of tisaBiamgndqidiSiractwiedrChgas §ay- vabad pps? {7-A8E P Ne nol ecul ar
ormu d%%g‘%%% g}% é&\%ﬂésgﬁlfi\én@i:%he GQhoRidsH Setrllaﬁarfcﬁ?%} BY fgudnder ave the

nol ecul ar ecul ar wei ght 394). [00050] t amant anes :
possessingleghge @fstdlhige mblana Diamenteuhemmiains tanduleynits trignaniage theee, 30 di f f er ent

o} £CU| B eSS ATING, LRIOGLAIEONES ML RYE Rk agul ar forml 2

tahes a ave nmol ecul ar fornul a
C38H44diambitadd additriandQhe, AR £2/fEurTBifdan ifdaird SiarDRnbmHe (vl afodlidr wei ght

500); C37H42 (nol ecul ar wei ght_486); C36H4 nol ecul ar. wej ght 472), and

CBBI—BGTRPFﬁﬁF@@HIeﬁ?“tmeﬂﬁt’a‘ﬁs%afot"dg%%rf?t waﬂg‘ﬁ&f%ﬂfg@@%“éﬁﬁ%m n six

fam |1 ggn@hedle SRMADT THRBBY S podSibRotehAkit@kes non-linearly with each
higher member of the diamondoid series, pentamantane, hexamantane, heptamantane,

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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- decama ks & FmeRdeidddydreaaiboph e THEAAEEYI YO L £ 38y PRI

the foll ow ng nol ecul ar formul as: C42H48 (nol ecul ar wei ght 552), CA1H46
(nol.ecul ar weight 5 538), C40H44 (nol ecul ar wei ght 524, c3d 'Xﬁ?ﬁ%cul ar
wei ght 498), C37H40 (nol ecul ar wei ght 484) and C34H36 (nol ecul ar wei ght
444) . [00052] Decamantane exists within famlies of seven different

nmol ecul ar weights. Anobng the decanmantanes, there is a single decamantane
havi ng t\We@0HEPEBeul ar fornmula C35H36 (nol ecul ar wei ghtl’%gs‘w\ﬂ#fﬂ@h is

structurall conpact in relation to the ofher ntanes. The ot her
95&’%33% Iao( | ecul ar wei ght

604) ; QﬂéﬁéPs hmh&gé'tﬁ{s 1¥\{%QHIEY HAR) diaGAHABENL 864 Fhiweiahs d8d6) ;  CA2HAG
(nol ecul ar wel ght nol ecul ar wei ght 536); and C38H40
( mol ec Lrnegt al. M‘{eg;hgg@&@é)he qu%t}f it dikentinelam EtERIABIREC MR AT AINE | | es of

o undi ARk RE Aol AEk i POV B e B R TR ch o v gt

508% mpohecame‘mnm acummérﬂcyof:b&mmantanen(ﬁ'zd{za)t Pmam@tamdcmsﬁh;é jand

Vo mut Fevesstins Coffel BaaP VPG TS0 chuth L Ml Gl 17 ok dnt 548);

C45H48((999 eﬂié'p@émM@ &Eﬁnc@gﬁ):tramﬁﬁbﬁﬁd ﬁéﬁﬁrﬁﬁl&ﬁn&ﬁn mlnghénaﬁméra CAsH52
(nol ecul ar wei ght 628 CA49H54 (ol ecul ar wei ght g{§50H56
g e'f‘ Ft(ﬂ,v s

( mol ecdisalatipgio hfhaB]S’B‘)‘O‘dFG'@@BH'F gedetochy haéﬁSWsd‘%P“bﬁeg@é trated in
schemapie,hi@f B4 ¥hgpei n di anondoi ds may be extracted from petrol eum

f eedstocks 10 in a step 11, processed into a useful formin a step 12, and
then incorporated into a specific mcroel ectronics a1ppl ication shown

geh@r alq(’}""élt r efherfewrdetramaniang jstracturepme fsedeEamanting { @) 4rd¥ffdoi ds from
pet ¥ O] fIkLAGAS, S gk‘aﬁdL\Q(QQ[E%LO(E&?Q?&Q}%K?&MFMQ?Q@?'vﬂtf{t‘ﬁg@r‘é@l&@éﬁl e amounts of

hi gher I nclud or exanple, natu as condensates and
refine myms:tctaﬂaerﬁornle:suﬁltamngddmislmamomﬁhpmglth a dmrs»tenmdrmsmbhshed ok iBalgbpr ocesses,

d the lik | ard ferred f k ,om th
Ror phl gt oSt kSt P S T R BT T canaca

=12 19 7dadaedidAQBI. 3%;3025995%03%9?@5[/ AIBBR QRREN[HAGARE64 thelfasmld @gHst ocks
ch as about two

contain |arge proportions of |ower_dianondoids

t hil? ds {melaenlar yeght BYR)- dinggiars lERPRsSRiFFRPDayRnes; é)‘ﬁ% a"d’i‘%ﬁ?ﬁﬁﬁ’ T (often as

‘formula CysHs, {molecular weight 344) and among these nine, there are three pau‘s of
enantiomers represented generally by [12(1)3], [1234], [1213] with the nine enantiomeric
peniamantanes represented by [12(3)4], {1(2,3)4], [1212]. There also exists a pentamantane
[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

-11-



much as about 0.3 to 0.5 percent by weight). The processing of such

f eedst ocks to remove non-di anondoi ds and to separate higher 191y 12808
di anondoids (if desired) can be carried 5 out using, by way of exanple
only, si¥e038¥arati on techni ques such as nenbranes, nolrouisaroessi eves,
etc., ﬁl\éggoratl on and thermal separators either under nornel or reduced

pressu culanay gl o8Pk Codlantmalessian e 880 Gubradmodeopler seizho ). ond

chr omaiQM 2phMecul® eidieathyseparators, and the |ike. [000571 A preferred
separat i on3 Qni?q hod tyf)élhgal I'y includes distillation of the feedstock. 10

Thi s can renove | ow boiling, non-dianondoi d conmponents. It can al so renove

or sep#{iH ou‘f”‘)‘ll%véé‘ﬁaﬂaﬁﬁlﬂ’ﬁ“@qh@'ﬂ’ﬂfaahbﬁdﬁldéff%m‘rﬁmiwﬁ weeshisigviagboi | i ng
poi nt &%ligw‘ﬂﬁ'ﬂ{omﬂxlaﬁfor%\nﬁs 421*9 WW&QM%@ &) %ﬁrﬁf’lgcuflagw L3l ation.

In either instance ower ‘cut enriche ower di-anondoi ds

and>| o@ﬁ@oﬂoHﬂdﬂp’dﬁmt&r woxghdﬁdnﬁnﬂm (mormular walght 49) s€Ci:HkeAtrobaulacan be
operat everal . cuts he tenperature range of interest to.

—pr-ovi-de- l‘g%lpd'éﬁ f“ g (rpolespiar 81@%1&?445 ‘he identified higher dianondoid. -The -

cuts, which are enrlched i n higher dianondoids or the dianondoi d of

i nt er e#A0052r e rléetahmednaﬂdsmwgtm&quimemfmwt-,xhdaffemr mbleceltd \QﬂghtsCl her met hods

for the remmva ont nant s further urlflca i on n enriched
i} BrondalGE Metee sy, Bt el o P rr i iaghs SolER B Tt g
exanpl G%Hz,c'ﬁ@nicﬂecu&@m[gﬁt 159) wihehh§btellearallLObARAEER réiiiQ bR otpder nor mal or
reduced pressure, sublimation, 20 crystallization, chronat%gaaphy, wel |

hed@ séssamantanes. The gtwr ¢rcammtnstippiics havedhe maleclay foamplag Coldact or s, reduced
Pr eSsufRelei uﬁeﬁ@t Bbhecﬁf{? %]cufgl—"'&;e BIRR ¢ Oﬁhgg&gléih&f@ggﬂt' 5dl% .may al so

includé a pyrolysis step @ither prlo or “subsedquent to stll ‘ation.
Pyr ol ySitli @nodgsulaf ivsight %) el dmblscrlanweighthpdy; eod hghatedesar .
non-di g g% g‘?ﬂ conponents fromthe feedstock. It is effected by heating the-’-
f eedst oc nder vacuum conditions, or in an inert atnosphere, to a
tenperature of at |east about 390C, and nost preferably to a tenperature

i n t hel0085Ye ofUmdzoarbanddhl ckibts460E: fal?ylliesqusi@t a'iiﬁferemomblenuledw&glutsa suf ficient

th of time .and at Uffl i ent tur o thermally
dob? acaapt N 5g Rfnafndh etk medt Shiptumrdines SANER Befoftenl oM «
CONPONERHS, (trtdddcula weight1508h mmhaﬂ@kumawmya;bn@wcm rél&idb Aeyedes. More
pr ef er ab) %ag?t Ieast about 50 percent by weig and 30 even nore preferably

at |ed JpEness ntheppharandaspmaptagafampiss haveath@) medicyler frmulan Geils | y
degr ad@shlecufbd whEnd $84); 2987 (molecular weight 548); CqsHag (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 petroleum 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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wO 02/ 058139 PCT/ USQ2/ 00506 [ 000591 Whil e pyrol yéi s is preferred i Hosone

enbodi nent, it is not always necessary to facilitate the r ety ¢!
isolation or purification of dianondoids. OQther separation methods may
all ow for the concentration of dianondoids to be sufficiently high given
certain_feedstocks such that direct purification nmethods such as

chr omat S 4837 ncl udi ng 5 preparative gas chromat ogr ZRPSHUW M gh

per f or l'iqyi d chronmat ogr aph crystal l.jzation, fractional sublimation
ey DlDUSE 1 o et BRLTRS DR proiotisd et LBRH A GRond B Rt Ton or

pyr ol ysiush & Sbid dvadthifd) addubk&dut feififdn ahdoits ofhigirediandhdidsabiemys be
desired to provi de sel ected di anpndojds for use in_the conpositions

enpl oy Bych # abRptd- iphpsresit bRty g precsting of Weh fiegiieds fhemeye

chr omahQ0kidRBNdoidsQnd 'Eé’s%%@rlaﬂe'h@h' R lo ek dMRInadidh {ivaiQBaae bOLAHES, zone
refining, progressive recrystallization, size separation, and the |ike.
ForS i nettanme, by waysfexpnple o8y, sizetsepardingvethaiduescagh poprmbrgnasyisplsetlad to  the

UPTvortits 08 aSh ol RN Farddrs QY her BRI RALATBIAGLEPTY LS/ NG

silver nitra

egnat e colum preparati've capillary
gas chearmboogeiagtystatio sepackat, erysdllaanbomg chirdmatoglaply, welidledd sepdrm@ms, t 0 provi de
crystal s, of .the highly concentrated di anondoids. 15 [000611 An alternative
proces%“ditge b use si ngle or multiple colum |iquid chronatography,

i ncl udi ng high performance |iquid chromatography, to isolate the

di anonpoosty of A picesredisepafiBionhribad typidaliy plodndes Histilsioniof the dicifteclent
selectjvities amy be _used. FEurther processing using these nethods allow

f of ¥ ol &S FRFTCRBYE 020 g, BASIRMPRIPIC SmPOnERL Wil upsnes SPEGepur e :
conpongitiows @nd HRAGZarktiadid BRAPSRLRAASinE Qo iling pEmS iehthhPBGISIfakks to obtain:

hi gher di anondoi npositions are set forth in U S. Provisional Patent

co
- Appl i chighesdiagendeid(sp gdecguixor isoletipn. Ju pitfer jnstagee, sigdawenguts wipbgyi si onal Pat ent

Appl i cat - 3 i ; : 2 : : Lsional

Pat ent %g‘%h. T a?‘f%%%g&dé@? %'{)d}h‘gggﬂ#lg?)3%‘2‘%'\2%9%18“(1%%#%%eggesg“g%dﬁ? i cations
ar e hecanite operated popratidd sévgrat aftemehcenmparatunerangeot intessito pReidéther i al s
preparation ] Q006 The.term "material reparation” as.used herein refers
PP ot Bohitmmnet the BmdaieRieLhumonRil T ShR Bhel e SRt B o) Lt eq
from f gigglshdeedesor taflah@ldbidcTiRert it fofdited 6t anRyrepid fodirt pirticagonat eri al s

for use in mcroelectronic applications. These, processes . i ncl ude the
der i vaPieamrGadsior e ssandoriFentmHrRnissng W&%rlfgﬁ“%o (fé’FF‘iV:g’tgﬁzed and 30

under i éﬁ%h&gﬁ FhR0R RelPilifionhlEnahaY @6 kBwals SnttndadmpriRerent s into
ceramc cs an
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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ceram c conposites, the use of dianondoids as a carbon precursor in
conventional CVD -14 19 July 2005 WD 02/058139 PCT/ US02/ 008084y @8t ques,
i ncl udi ng the use of the di anondoids triamantane and hi gher to nucleate a
di anond WPI%P¥4#ng conventional CVD techni ques (such aF¥H{THESHISHCVD, | aser
'CVD, plasma-enhanced or plasma-assisted CVD, electron beam CVD, and the
like), [eH§9el f Whalsperiisis it Bm:fmti@éuesnei anvholinanty s anmi'er@j'Sd@W%afmeOM]

Met hod di anpndoi d. der | vat i-vies t r yneri zi ng
deri vat%allcglétateg]e ‘ﬁo‘g’&{%’. H’gp P%n e h gig%tlsoéleo diamol'jétggs 6{&@1‘ %egg%g %%a&h?gén Seri al
Nunber n&)/aB34,f938e corebitiatibedf diﬁﬁb:}dm:rsltz abhﬁﬁﬁbghelligﬁ)gmndmud Derivatives,"
by She ao Liu Carl so i | ed Decenber 4,
2001, StPH@éPﬁbﬁE‘ déW‘rPé‘PéFWBW?WéF%&Hé FLW“PE%%‘&P@P{E?%‘{’?@ 10 [00065] To
f absi C?Ireﬂpa@up@}gmﬁfdnfaﬁgkapﬂy%%ﬁ@h @bmncih@énmetpaﬁlmﬁ%ggabhylent s, either as
part of the marn polymeric chain, or as sid grou ps or branches of f of the
mai n cKeisiallizeten, fipgtiosal syblimaias pasbesadio 1\?%{#‘19 sEnogdeidondoi d ol ecul e, t hat
~is-to say, a dianondoid having at |east one functional group substituting
one of radBoPr | 9RP& arldy GiLQORBS or 65%0@%1§8i&§ﬁ%n‘ RirfhBaturifRRidH &@ké on, there are
two major reaction sequences that may be used to derivatize hi gher 15

di anonduitetis] may b desphd 1o proyighselaciadalamagngdoids ézms@psﬁhﬁ PRMPGSRRENS ype)

substi n t he generation
of hi % })io F%{rrlle)iﬁﬁtlﬁ\%n@danr bs[élgg&?rgé%ﬁgn %%ﬁ&ﬂ seque a]t%gd?e Wi th various
nuad eopi‘}lsiaH&aticSl teemildiffisinytedhbigueg edsn&adﬁmng,r;iwgmsswh redrysg;ﬂhzatldh,asrimndoi ds

are consi derabty nore reactive then secon car der SN I, reaction
ol § RGO R R TG G rtence, WAE AT e GHoTed HOTT et SHLdR Y]

SE2- t YRR fbR&Gink Qditﬁtlérm%‘ot\!éﬂuf’éa Bl @8ty Rintd &u@ﬂhsgmpwasmg Sifverdniat! bond via
a five-coordinate carbocation internediate. O the two nmajor reactlon

pat hwayBPregrtedfiraigel; 2) gwcohypn preparpilyrqapdlae) §as abqoawtftgraw $hEPa8i anondoi ds,
the SNy %n‘fo}m& i g %ﬁaﬂ?ﬁt fonth gl%lv}’de cwsta!le'. J‘ﬁHLf ﬁlgﬁlyggﬁ&ﬁﬁ'ﬁﬂeﬁ'gmﬁm\ﬁ@&&@t y of

hi gher di armn erivative Mono and t- "brom nated higher
di anondoi ds are sone of the nost versatile internediates for 25
fuhéti 0AP1Li ngAhiamﬁttIVQmmwd@twe smgkeses mulipde eedwnadigdidar e used in, for

exanpl %g; Mleafl on and
aryl at ?on&lr e§Tcalp %}Hg‘% g%&%mragé(}tql %%gn&lﬁzgt ﬁ)éf&Lg Ler di anondoi ds i s
favor edla&tonbcmdﬂqfehteaadt (Aseabbirgmuitipiacdiomss with diffenat eﬂﬂectwltles may be

used. Further processing using these methods allow for more refined separations which can

lead to a substantially pure component.

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-



.di anmondoi ds havi ng

derivatives may be substituted at secondary carbons as well. For the latter

case, when synthesis is generally desired at secondary car bt$hduly 2095 ce
radi cal schene is often enployed. 30 [00068] Although the reaction pathways
descri bed above nmay be preferred in sonme enbodinments of the present
i nventi Wy, 0t her reaction pathways may certainly be used -15 19 July
2005 V\%%ﬂ%g’fsg PCT/ US02/ 00- 506 as wel | to functi ongt V288" gher
di amongafflauc e EAE LN BERIRDARN R IR nlfer BlagUGE, dor Tvat i zed

( . variety o unctional groups,” such that the
der i vatiagwsd fibny using tanstentwnalrivid ticbisiqedy dsuch pethhahad gdfiatledr GVOL el ement s

ot her 1.nhe such as f riine, alk ed djampndoi ds.. nitrated

ai anonB A SRRy oIS Rbiied G R0 B ERIL REERREF BER o s

et henyhatrablydéchnigngahdsyingaedmanddidt ed di anondoi ds. See Table 2 of the

co- pendi ng application "Polynerizable H gher D anondoid Derivatives" for a

listi | bstituents that. be . at hed. t o .hi gh
i aton Ry T OBERGS SRR T R R Bk RS SuPpdiiees naving
'subst i terentisedaapedadeidofare @ifdusdell MOUISIbAe @pplivatibZSdH e NUEBEL 4003B2,930BY be

subjected to suitable reaction conditions such 10 that polyners are
pr oduc&itlenRolygerzaple Highey Dianandad dryaes.” & Sheragrd bt yererk E- Ball: t he

pol ymesdZreYe M GRS G BIREMYAL, Y651, IRYinbRp &8 PRLAIRSY RR%enM ks
nondi anondoi d- contai ni ng nonomers. Pol ymerization Is typically carried out

usi ng ®HEetBf the following nethods: free radical polynerization, cationic,
or anionic polynerization, and polycondensati on. Procedures for inducing

frae r ﬁﬁb@s’vﬂ , C@f qa Mafera &Nﬂ&k%lﬂ@ox%ﬁd%%idéﬁstﬂﬂ&ég %ltﬁ){&gpde nsation

reactions are wel nown in the art. ree radical polynerization
may ockart ofghomeiapelyosiiy chgior ahadedgregrspr bencle offofdire malegbanmnamount  of
heat, Hltrauiolet 1ight r _hi gh-ener di ation.,Typi I however, :
this p%FyﬁErF%éSF&%“%&%%%@%“?E&%$ﬁﬁﬁﬁggt%%¢%%ﬁ?¥aéh%%ﬁFgﬁgﬁxggF ee radica

i niti aleast onsfiaktiors! grogr Msstdieng cé of ¢e BRgMAAS drdgend. SA PdibdiSsed athat
organon%®allic reagents. Free radical 20 polynerization nax{use ei t her

non- detARS B hers predwp mpigrirsacom g heiicethaf s wedinrisRuptaze higher o result of

t e podifBRdoIdl mRIkopBAE IS, @ysk) gﬁd/ala&fa,bhilne@Ez'tt?pé)gﬁmqnm&%%hsgi anondoi d
nononers such that the dianondoi d becones parf of the main chain of the
polymer. In another enmbodi nment, the functional groups. conprising

subst | 1000801 s o dnLrtepearRSHERS 1gvaithe geepten pL i siadiriendeidqagogtigibndoi ds end
up bei pgicREfbaGE Back WethValiBus Bl bbiARs. S$ifl& tertiary (bridgehead) carbons of

higher diamondoids are considerably more reactive then secondary carbons under Syl

.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- :



25 groups. Di anondoid having nore than one functional group are cagabl e of
cross-linking polyneric chains together. [000711 For cati oriiScJuly 200 :
pol ymeri zation, a cationic catalyst nay be used to pronote the reaction.
Sui t abl ewé’&@ﬁ?s)'/?ts are Lewis acid catalysts, such as bdfd¥SP¥4%uori de and

al um num hl ori r ation.reactions are us | y conducted
- Sol dt oh i bt 4 R arapiene. TR B Rake i SbolEd B

PCT/ US%%&&@@@&VL@&‘a?dZdenaoﬂphM@ el BTtEAbh A REoupk Raciomsd tat | zed

di anondoi d nononers- are typicall subj ected to a strong nuc| eophilic

agent . dgtivtivauBREBEkidE diamprididrbat aps felageategbeidh plsmeas ofe: thagprogHag.d
r eagentghRe!, 1@(@&@%@%5 Gt PERANAGRIoIAThRG1R0] KiRELdoRIS, ONS. ar e

of ten aC|I|taté he renoval wat er and o(ﬁ/gen fromthe reaction
mediSu mcaﬁo{qﬂﬂ&?@l]am@od@dﬁo pilemdatd f;bam@reiacisl onanmseset dwhendoidse Stehakleonal

group. ndoi.d gQu I ;0 not her; for
exanpl 2°f ecgrﬁeﬂg%éra%ﬁa n @Oﬁmedllz%alﬂ%ﬁg@c%ﬂr eac&:iﬁ Degi@?‘wga 1f(:)aglboxyl ic acid
gr-oup - diktigsfteR afiplafyasubiting:naihA Magtde lhitadbad e highan dmhtwdomls)rds one di-anondoi d
may condense with another when the functional group of the first is a

bl I hi | h
et i 8 o oPaims P s SEaRARPENS PP Shact Bt SBpiee, 27

car box ghiefin@ftdipimeRasicdeacdsiPpay b&subigeledso sfitablegbetiod tanaitivaiosubhcont ai ni ng
poI mers that may be forned via pol yconden@;tl on reactiagns include

poles tthat golymersyasmpradaced a hbe RRAYYEt ABY b hpworerArerERERgierapgfymers, and

di anon i i fd-cal ly in
F1 G, S B B S e ek ror 15 | 15

shown gemteinaigmoname) Polymreizationhetypehyesriedbeni ubios sneipidho edlowengononer s

D o i e LR phORRYBROR A RANE L0 A fBMAMD ARYOUEAL aiONdS 208 The

di anon B ronoher's y conpri ny nenmber of the higher

di armnqiolydorﬁjensJaﬁSnthbbaﬂmtfcﬁnﬁdmhngdtmglrndmndmﬁaﬁamhmm@ pofimeerzanvaisent | i nkage
204 conpri ses bond between t carbon_atons where each of carbon atons
of 1fhe 2B AfYeadensatigyieactigns rRpYe mﬁ\%BO%’H]“aIB%ﬁ di anondoi ds. 20 Stated anot her
way, two dianondoids in the polyneric chain are directly |inked such that
there q@g@@70p | NFRE YR DEHIS@ERAdoRinaTBcdub sfondiheousdt uppatie dbborptich afrondoi d

nucl eus (or part of an adamantane supunit
an adequate amount of heat, ultraviolet light, or high-enérgy radiation. Typically, however,
this polymerization process is enhanced by small amounts of a free radical initiator, such as
peroxides, azo compounds, Lewis acids, and organometallic 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.

-16-



[ 00075] Alternatively, two adjacent di anondoi ds maybe coval ently |inked
through carbon atons that are not nmenbers (part of the car@éniuiuél@us) of
either of the two 25 di anondoi ds. Such a coval ent |inkage is shown
schematically in FIG 2A at reference nuneral 205. As discussed above,

adj acent,_ di anpndoi ds may be coval ently connected thr liqh; _.exanple, an
ester Ii%ﬂ(éi@ggu 06, an am de |inkages 207, and an et hgpr (Sﬁfz{g{j‘g{’el s 208.
[ 0007 an alternative enbodi i dh amRded ez Ak Qi9sipalwymer shown
30 ge%?gﬁliy a?ﬂ ﬁlﬁﬁmfﬁmﬁn@ %@“%%ef’é’%?g% copg Qérijren%g%r rrecfr} ??1omyt he '
mMononesubjeetety enengmndcledphlicglgart. Suadnmrttopliles anclulg, att atcamstimdektogt hyl ene

substituent, The di ndoi d monoper -17,19 Jul. 005. WD 02/ 058139

DT OSSR, O S s frmaghAdss ANREhY pERPR il ORe OB e

di anmongEeili i WEfemDRAWR vater aklok yeomniramize feuMioainidhee substituents, and
coul d have nore than two substituents. Either or both of these di anbndoi ds

may_ be copol ynerized wth ethylene 223 itself,. ag a thirrd nononer
—parti cﬁﬂﬁ%ﬁi‘ ng iTALCARepsaleR F%H%IO“FBC‘T“(SP’V - ?H@%“ﬁ%‘ﬁw 9598 or -subunits-
t her eQfjaméndBRERUSRs Wik ufdl ARmiBARI LoupTARBber2 B2 cReplé, WA afliteSdrbdpient
pol yneri zabl e noieties attached to it, this particular. nmononer is capable
of cr cans-digmaodpig rm&nmyl@24a@wi@waidrgrmftaagf§@rh@mmg@a@ﬁn% 14¥88%- | i nki ng
reacti ' - j I ' e r than
{hose rtleh soRR Mo BERIE o B MG o L A R o T Lol yrer the
di anonitiofict isrscltaile sucdeoplids tuch aeah alidhiol, amiteeonthioh geohp.i and the feosiweguence of

the struct s-forped in,10,.. FI.GS. 2A and 2B js_t it ssible to

i n@or poPHt (gfrtﬁﬁeﬁ?lfcﬂg aé‘?"@r}?‘éj’netl%c,tm%@tsiu%f o Cahoyy h?szr‘lc(l: gé?pg%]:gk ?ﬂ%?'ust rated as
M to MBnphy of RipRéddisiGoddo@Paontitng ftyart etas tiay be formed fial ded and :
cross-1inked polyneric chains. D anondoi d-cont ai ni materials may be doped
in sudiplycondrmsaion Tegctionsanqiude polissisrsspolyamudes: a‘é‘gﬁ’ogﬁra??éﬁ'al s, hal ogens, rare
earth elements, B, Al, Ga, In, T, V, Nb, and Ta to inprove thernal

conducopyiqy i Exd@pianedamdiiRid-@ndlihikg psiginkas fibls 4ré Bludatednof unct i onal
di anondoi d nononer, the difunctional dianondoid nononer, and the ethylene

rononechematically ieldHs 2y Cp SRefarming FIF &b az%ﬂ%gﬂﬂ&ﬂ%?@@%maaﬁs usted to
B STl B o B e et o pal yier
shown lgdaéthadigh catbo@3@cirborrdaGalentiondsidaiThs deseprdaidgnasomges e chai ns
deriv %3frﬁé§(ngorm%%g§ ésneynr;lgr;[lti) e¥ 5f Bk ?ﬁ‘é%%r (%gtlng&}o%jse&igs tetramantane through

undecamantane. 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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20 illustrate certain relationships between structure and properties, in
particul ar, how the properties of the exenplary pol ymer rel1@tduly30@se

processing it has undergone. The dianhydri de PNDA (pyrgn@%thjc
di anhyd™G&Y%&H3wn at 231 and the dianine diani nof | uot&HEHE$4S are

DT AP R g A g S SN I
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crosslj nki ur.poses, and/or for the potential.,inclusion.qf netallic
oi o | B ob S B arDias R o2 sty S BV IsRs arb b LB annydr i de

( ODPA) mshémet patticiafing AnBe tehQiod] dbMethe @y ydiyatt b20er Lubhis thdred35 and

bi sam nophenoxybenzene at 236 may be introduced for chain flexibility and

east oBecagsedbediainegdaid mopemera?d hpnive SHBUISIbPRIVRS bl Brirtrgalecd! anhydr i des
such ag iE'ﬁQf‘gﬁrﬂBﬂaﬁQm?yﬁ%ﬁ%)cg@Y&ﬁ cf&g_ﬁaﬁ%ggggimzh% thiil @2 Pigkdd
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—the -e xSl zrgsspiukingaeactipn ssapabiesd prosiobiogrpolymatsihaving prorertics otheoipri se - a -

pent anant ane, di anpndai d, at. Whi i 134 | lyn chai n of
t he po 9%%??“%%@“3%“@ %%ﬁﬁﬁ aﬁgAdﬁgﬁgﬁﬁgFgﬁali&@@?gﬁk?%ﬁhggwgaﬁses a 18 19
July 20Q%ei atdpoeitibOaBLahn B mdubehidin) 04 66nssqudacgsfobgpstofcturésdformed in

di ndoj d-pol yi_ m.de polyner. at a position of a diamne (in this exenplary
e L0 it Ramk aBip heRb P stisomedooress o rRB P QT NeME 238 my  be
used agcRsbhOGHustraitl b 138 81 bl thsePRR Bin fPhafitS@Rs of iddddsnd t hr ough

coval ent |inkages, or dianondoid conponent 238 may be passively present as

an unf empetlinked pelyegric dise Dismondoid-@nighipgmateripls swypeglopyl isspdrat e main
POl Y Mefhfinct Ut Afkca R R SEA el HRNC Sore ERUCIOHARL, B, WIATRAN pOIYIEI | C

. h
chains, particularly en ers” 238 are present, may create

Vvoi ds PBRY, NbhandTanaymprery thetnml cewtlucevityh Edesued. allie rdlative oitips ef thonst ant of t he

mat eri al si.nc he diel ectric constant .alr, ¢if it is_ t gas within

r b oagorafbd diotiosdyforsmohist 4B P GeRYk froblamte widlfe

di anonglayigse mbktaier othe BLenhfl&9 HPBHRT 60FIGL OBiny®faotisab®adjaitdtteont ai ni ng

material in general, and into polynerjic materials in partjcular, have a

vari et BrogiceRg Jesyed prapeitigroy EtiseHd Wi ietsy FRpactagss. %@Sf oG§SBe att ached

to each other, attached to a nmain polyner chain, used as cross-Ilinking

agent S&,ooem- . IThe@x8hSiaty poRfimfleYdiarRdnddRpolynldt €heiX ghiRiaRanL FNAFIG] | ust r at ed

I n-Fl 2D are exanples of a higher dianondoid having a h%%£g¥ symetri cal
e

‘shape, 2@ Rentringsegments of palyiudeshaine dpaved; fromy sopregentafi viegraupgset

20  illustrate certain relationships between structure and propcrtiés, in particular, how the
properties of the e):cempiary polymer relate to 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



15 exanpl es of enantioneric pairs. [00080] The nol ecular sites and the
geonetries of the attachments of a higher dianmpndoid to ancthiy 2005

di anondoi d, and to a polyner chain, will also affect the properties of
resulting materials. For exanple, the interconnection of higher dianmondoid

units throug tertlary "bridge-head" carbons, as illustrated in FIG 2F,
Wil redU@ P98t r onger, nore rigid 20 materials than PREUS2MOCH resul t

frominterconnection thr dar carb .. 2G. -
Furt he?‘éﬁ)gré’“pg ﬁéﬁf?é’ﬁ‘f")‘&‘?g@ﬂ&'ﬁe pery apo?i bfa‘?‘ﬁmfnea(%ne *hensel ves bonded
t 0 t heexehipt® 8dse UMMBbbZoFHeRRY étﬁﬁ;}bnelﬁr odismbmiodd Singhaentdiddmpdei d
(nanocrystal lite) wll provide the strongest terials, as in
FI G 2wcdpopomsy ?“"I"H'é%@ea‘rté cpRIEL WG AGIET I FRAnsof hf?ﬂ%r?@?’aig'?‘gﬁg%was that may
be exphQinbfdbid &m@oﬁeﬂ%ﬁ%y%‘ﬁaﬁ%@rﬂr@éeﬁt Miah Qnfigsidnabla ‘BsRpanites. Hi gher
di anondoi ds di spl'ay cl assical = di anond crystal faces such as the (111),

(119) , wherdin(iLgo)es bl senarate regin pelpneri¢ ehamsemplphy sieric higdepnoy Folding ¢fe

~d am’“ :n%r{émimg Jha&@ﬂ%ﬁé&%l@ reh lald B&&l&eﬁuérg ’z;os%néﬁésenTW hi-gher

di anpn e ori el maerlassuc rs so that the
r esul t érage doided3ty whivhnoagyr sgstead Fddtiestherayeriibdielectoe pbisstant ofithamepiedalf aces. The

di anondoi d 1 th chiral r.u d to fabricate the

exenpl %{PCS?tﬁ?‘l&‘retffmﬁﬁ?%ﬁmQE?‘T{:&E{S%E?%%VTHEXTFE?‘ ‘%SESO'?M These kinds of
chiral polynmers have potential uses in photonics, and for the integration
of photood7Ty artheeliaedndmanergeliteethighed SiathSndbidsy tha00By biNBc@26BE8139

PCT/ US02/ 00506 082J The dla ndoi tainin ol yners. di ssed above
V{bem ‘F’@Bn‘{obg‘éomégﬁ‘ﬁgm %&?&?ﬂ@“&%?@%‘%@é’?%ﬁﬁ‘%‘“@?@ &sing by any

of met RRES MAGYRT Bl ibEncltholedilif Bn@ture$ Rhdtha O fHel iy bemkisthedto &t r usi on, and

vapor phase deposition. [00083] The wei ght of dianondojds and substltut ed

di amonefb¢rgattaghedsio pumain peImer chaieused ap goas-linkaigeentss ete-pi 3gB5a) MEHE wher e t he
wei ght nf;u' rggh?hgélg g'%ggaéﬁﬂﬁétfa%% FR';, OfPsre Bk b léﬂﬁ{al{‘ggﬁir hifimbhidli anmondoi d

portio I n one I ment range from about to 1 percent by
WEI ght having aalngmlbl seymentpoali shrapet andtthe lbdntaé he¢xapfandnestindmiedan EKH 283t it ut ed
ggnnd0|d? 2 ?ut 10 to 100 percent by weight. In another enbodinent,
p T Sh B FOUF AN Foi ds and substituted di anondoids in the pol ynmer
|s about 25 to 100 percent by 10 weight of the total weight of the
pol ynejo0080; The molecular sites and the geometries of the attachments of a higher

“diamondoid to another diamondoid, and to a polymer chain, will also affect the properties of
resulting materials. For example, the interconnection of higher diamondoid units through
tertiary “bridge-head” carbons, as illustrated in FIG. 2F, will result in stronger, more rigid

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 numbér 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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(00084] Another t echni que that may be used to formisol ated dlanond0|ds
into useful and application-specific shapes is sintering, ui-hyBP®esses
t hat typlcally are used in the ceramcs industry. Ceram cs have been

defi ned By %% soum i n Fundamental s of Ceramics (M @CAFSHFWOF6 New York,

1997), . : general, ceram cs may.be defjined a |ids fornmed by
heatiné&@@gfen E%ﬁ%%”ﬁ?@%gﬁ?@Tnﬁgf?@Fﬁg Grused 4 Q¥B“WB§W§P Eﬁl%aelemants
such a%uHSHtﬁafthﬁ@é?gmﬂ% Y36 8elc HRIcQBERssitd BIQInl BE metdds RAMA iR ar@Beth as
"nonnetal lic el enen solids"™ including carbon, boron, phosphorus and
sulfurSP@éﬁaﬁ%d@OH@V@eVHﬁyVmgﬁd@§ﬁ§$§wokﬁmﬁ6Wrc and coval ent bondi ng. Many
of the hardest, nost refractory, and toughest ceramcs are structures in
whi ch ggogbent ’PFPé”'Q!ex@Ht HEIMHesat &8 subARIed @ﬁm%d&@é’%'a%ﬁcti%%ﬁmecs are 20
boron nitride (BN), Silicon carbide (SiC), boron carbide (B4C), silicon
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gener abf HiaBndbidsGRH30btitut@lidiafandon usmabbt,ymét anBBe-A5i ks 20PadrtdnChy at e
inclusions. [00085] A process flow for generating the di anondoi d-contai ni ng
cel@ni &eightip po togd ugght o BpeTCe i s shown generally in FIG 3A Shown at
reference numeral 301 is the isolation of dianpndoids from feedstocks. The
i sol at eshodi dlamo NERGHS: (Bl At RSy BOusle 'Ed fb%umemi&hoa&b@dsd%lugaﬁt functional

groups as scussed above, as shown at However, in sonme enbodi nents,
it rmyambpplheatiopspecifie shapes id sinteviag.iusieg vaée&ﬁP%ﬁh@tﬁdmpdb’ arppsed3pBe t he

oo Sl D TRl nERA AP heS) AP WAkbtAG) riRd bR ged v (D 2 20
whi ch @wyunoartb’fq(kwﬁly 9¢vh &lork @98 mp. Pt dn gaiemt,l«remmics may thfhda:ﬁatd as An
o aias s BY b 7 R kg Sl oYy AR et i el i

entir et-uyshtay nit@EEH, SREGn, hydropn] fluddi@e, 2R SKIBAke, bRl OBnSdllid @smdnfait he art that
a substituent nay be attached to the 5 dlanond0|d t he substituent

bel ongﬁcrtgismcloilaaﬁaqu&or@ Bb?fPII‘QWaGPd shr perRpinshavaAEng degieesohat t he t he
Subst i {daGtnd\Whidled? Bofiing ! B1GhY ShIRRAL::, n@d%ﬁét%ﬁﬂcﬁto@é&st‘é@ﬁﬁﬁﬂs akld @ high

degree
structures in 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

-20-

ogens, dlanond0|ds may be- -



of ionic character is desired. Exanples of such elenments include Li, Be,
Na, My, K, Ca, and Sr. Alternatively, powders containing net@aluly2e®d cl es
305 from Groups 1118 to 11B may be m xed with the di anondoid materials

i ncluding alloys of such netals. Noble netals such as 10 An, Ag, Pa, Pt and

their al‘;‘,‘%i]’gg% be desirable since these materials argcwi@mﬁ%gcepti bl e tq

oxi dati on n-nobl e netals such as Cu, Ni, Fe, Co, M, and Ti,
and t NgjLdidhd QYR powiBY (R 138 MRicHHET - comPMs TR kY cRGh R mATE A BnofiiCh as Sn,
Al , Sb, |I’ll, B, Iglg ar’lc]%t elir al ?[%gsco ?or C(I}),n\_/en'fi on_alml ow el ti ng point
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-ceram gab@dhRrsubRingdint RAVEISInSIdcGoP85Hopr SRH ciindi@Yar®fisefd agthigh aggree dry - |
process, such as 20 stirring or ball mlling, or_as a wet process formng a

powder hioRis ghaypgieriy desirsdhr Beamplesing such el‘ﬁ“éﬁﬁfsdlgl%la‘éf‘albib Be.dia. by g Cévaidor at ed
(such 38 h&GRIREM, ?ﬁg o maﬂ{')ﬁ% ﬂg@%ﬁtﬁ{]a}ﬂclég%s @A Ebupd 1B (18 nAgdLtion of a

bi nder to 1 nprove esl e constituent particles t0 one another.

[ 0008 7mixRdeviih the dremondid thatenalb enchidmzallews clisudi motatse Nopleandls suchrg

t emmper at ug e, ccqrdi-n 0 _process well, known in th [ . ield a

L oTR ALiA pe, BEANE ol OBy BEESRET YRl AR SRk ecplifle ¥ 1 0 8
t he si atigatiag. ploadisble mailosiehapeaj i, Be, aph, &, B, andoTi, ikighai aitogs,i ng

product at 307 y. be fornmed.in a nold such tha e_sintered product has
t he de@@)fé'aﬂgﬁasgg-. Lo mitinepodtt el -ﬂﬁ?a ‘é%g'%&?’teé]‘e% aﬁ%@%é‘“g%essed into

a greegr @hddRiont Jow aldilRWaiht tdlidts Bh@ Pe inSxARkitRE iambhdoidy, 8swbings step 309 is
advant ageous in sone instances in that it may elimnate the trapping of
gases, seaicodugingimateiialy sugbanyaad Gsy Topdiamppdeiggmpyalsthiee mped 3atht hat i n sone

appd i cat,i : | ' Lr I al so all ow
Soft | BT ALE R b SoflE5uidpthoa HOBPLAARMAR SRy WRE 2 Srem 1
sone enbdtingeamisic, atkighesp pessimgalit epnBadymyph eageoidenthovithfupagminahnct i on
with a vacuur aQ.pIie&.#g any or all of the mxture to facilitate shaping
of theP 8P Y "or 8" Y Effove undesired gaseous byproducts. -21 19 July 2005
WO 02/ 058139 PCT/ US02/ 00506 [ 00088] One such exenplary sintered

di anonfedgh] c ontBiemininged tarfiustiamdized arckdrawn-dunctionalized diamondoids with

ceramic and/or metal powders is 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-



conposite is illustrated schematically in FIG 3B. The sintered
di anondoi d-containing ceramc is shown generally at 320, wirilyi28@pndoid
particles 321, 322, and 323 are shown. The dianondoid particle at 321 nmay
be deri VAPI"Z&¥'¥uch that it is bound in the ceranic 5 KEIEPP Ay cheni cal

bonds, he dhampndol - | Mad ] : ' .. materi al
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contain functi,onal groups 4 and 325 .respecti.yve t acil.itate
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di anondoi d 10 particles 322 and 323 . to ceram c_ particles 326, in sone cases
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met al | hﬁtérﬂp%ug%%)gtgifly ﬁﬁ heERMiIAPFORIES Rtin aﬁt@ma{i@&émwﬁ%%%@&%bmm

conducti on. e ceramc shown general ly at O may be processed

-t 0 - spaticks endghalpmeondoid aggrogates, at Bk andp 28 onayeoeatepl Bngsrospkareynsdd4330 for
nestin osi t:i gni.ng t ran cchin 4Bl 8¢Ss; ok o &1 t hat may

have s%‘é@%’ e e@%‘?’e\g}é’ t?gar?g&%%g\@fcs?ﬁéf%ﬁgpl ngﬁc%ltd é’ég'ﬁ%étozsee g %ﬁ%ﬁljeffl G 3A

may be32& cAanghitiBBla bindare7 afaytbe prdse o fagilieste kdtewnn bhditdnendnid , such as

forging, . machi ni grindi ng,. or anpi ng. 0090]. The i ght, of

di afronBtigles %@ﬁ%@ g PSR A% "@%Cﬂé%%ﬁ%%%@”ﬂ ond5 ot 2l wei ght
of t heygpsdMisctioh1efdupt B2 MR B! 1 afochiveail AoREEAd Thefhnckd @arht tgr oups are 20
i ncluded in the dianondoid portion) may in one enbodi mnent range from about

| to 9feciitatpeleetapal cpydugs¢ryht . | n anot her enbodi ment, the content of
di anondoi ds and substituted dianondoids is about 10 to 99 percent by

wei ght {00&)99 anot RS 1RO R YenertaliFat®20 Bﬁi@t’ﬂegﬁo&gsgd e oprodRisHspea mct

substituted dianondoids in the ceramc iS about 25 to 95 percent by weight
of t hefarmsdtavingifoshaxamplepherusiona 33 for pGLLYABDHJsIIPHING thegerantipén press ent

desgription h cused on 2 | i d ] } i S
teahni BusEoror AT RG e eSS ARHRE TR ERRERE 308l RS
addi t i BARal b atbplshed dhany cthe walraqued &posn in he aif, GV assfagige| f - assenbl y,
will be discussed next. For instance, conventional nethods of -synthesizing
di anonBREnBEANLINEOTFARMRE cheni cal vapor deposition (PECVD) techni ques
are well known in the art, and 30 date back to around the early 1980"s.
Al t houglpode] | s T wélgie®s dRmondsiddimicubsinitbbdiapenddidses adlinctibheftenet hods as

Lgey 2 rzﬁmltzf} t\n%igth(t)o% trllig cg'gr%isce(‘rl:[herlergi\{ee\%ilggtndf tt%nd?arggrluggd ﬁlgctﬁ)%rai[ glrg lijpls%ge that should
20  included in the diamondoid portion) 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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19 July 2005 WO 02/058139 PCT/ US02/ 00506 nmade since it is relevant to the
role hydrogen plays in the synthesis of dianmond by "conventl@chdy 2005 -

pl asma- CVD t echni ques. (00092] In one method of synthesizing dianmond filns
di scussed by A. Erdemr et al. in "Tribology of D anond, D anond-Like
Carbon, and Rel ated Filnms," in Mdern Tribol ogy 5 Handbgok, Vol. Two, B.
Bhushan,W .m:'flé‘hc Press, Boca Raton, 2001) pp. 871-90§CT5USO%(HPﬁ‘ied

mcro g i e P : . i di anond film
usi ng DRt F IR b Bt Ry AR b o S B 2 e o
di f f er'sofivennvcdhplestd-OWBl tech@bes echni ques in that the deposition was

conducted in the absence of hydrogen, with argon used instead.
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reactor walls 1 ‘enclosing a process space. A gasinlet tube 403 is
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COJprigin tHhane, hydrogen nd opti qnal n+n h_.as argon. A
i Do bR e SR ene A ) TedRece¥a B Col Rl bren PRI BBl 250
t r ans pthé ahctor, dids cius catldd abqueetz tamypidaerUis @dadhed iahaichdtbz evhareth thisj ect a

di anmondoj d cont aj ni n s into the reactor 400. The valati|jzer 404 may
i ncl ud®Ve fPgRER %at?ﬁf"ﬁ@ﬁﬂﬁ“ﬁbs%’té%empé‘fam Wéﬁ?ﬂﬁg%%ﬁéﬁ‘?‘ 8¢ ni trogen,

ar gon, to @hblak tho €l fufléensSiHGRh@SasPhiRDl € gas other than argon, and it may
contain other carbon precursor gases such as net hane, ethane, or ethyl ene.

[00094{) Consi stent with conventiognal CVD reactors, the reactor 400 may have
exhaudP08B] oyt (I sontemplated thapagptlagdsyicsdeaydedsetie spblyns figpopdditess space

403,  aRSREEMHhIRULAPhEQhey (6 PR bk MEtr RINEERY lCVID rdALOF CAR cRRRRY402 (and
striking a plasma fron) procesS gases contained wthin proceSs space 402;

a fil arstar iggpwndn gesrallyrat # 0k ebub aractey dPOeramprises reaeiat wallsciOlhy dr ogen; a
e R R0L8 OG0 PR S AU MA L BIED oy, @ oons
uni f orprodeys sphcd 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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30 di anondoi d-containing film 409; and a control system 411 for regul ating
and controlling the flow of gases through inlet 403, the arf§ultly 8#0%ower
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hydrogen gases to "fill in" di anond material between di anondoids, and/or

"r epautochnrq@lgs iorvehichofarbeas evej adficd thsite grpwingimppe gonpakaies Erost ﬁ"&tsegat es of .
di armng%} 8333%@8 E:Is@ﬁx?ot% h&%@a}%ﬁnﬂ% ¢ LR ARt ML AGSRs Ray L ci pates -

in the hesis® o |anD ques by stab|I|Z|ng he sp 3
bond dhanaeﬂsedbpitledseaxgcrrdwafglag‘nmm surface. As discussed in the 20
reference cited above, A Erdemr et al. teach that hydrogen also controls

t Si itial nuclel . ration of

hi derlég%q%l ?tb%?‘ynl? dErestie ﬁo?’ﬁgmgaﬁhl%trgfggg?é érgg{%tgtg@'? @%ﬁs O?B Eydr ogen from
hydr oas/idh@es gakts ciitidnt diainbed siutefisidetan tihawgdmm;,myd/odt @paicregipnsm
production of vacant sites where sp 3 bo&g(fd ca({oé%zmg%ecu sor may be

i nser tfMmAtRA R ERPRE PSR Bt 2aersagd ab ey o] 0‘68 #B3n from t he
surfa om‘n t1& 485. Hﬁ;@a&% ﬁi;@ﬁ%&dmftﬂelswhmﬁdwﬁmm WEE@VDh&hﬁ@ﬁéﬁitl on of
ou

gr aphi byI s(t:ab?lg'z?r{gotgie sp” bond chafrac(t:c?rof the growing diamond surface. As discussed in the

20  reference cited above, A. Erdemir et al. teach 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.

-24-



Hydrogen al so etches away small er dianond grains and suppresses nucl eation.
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Exet er for #@@uiposgsliscBSH8d 888¢. i n order to obtain ultrananocrystalline film
grow h having a mcrostructure consisting of a 3-5 nanoneter crystallite

| 7€, I | Q0 -1 | I f 10 |
A i A L R e R e
nucl eafiinoh i Brogentiay, Grewp; ond durdichsjorts lnf Diavtand dedited by MofH. Nowdt and 4.

di anondqj ds into the r hor Oﬁ.th eq|. nni of a ﬁd osition
proc esg?\jev‘fsdéﬁgiﬁ’ %f(?tc'h 2@& ’é’é’n§1®6% Lo rgfft ° gt}ta\ﬂ/"q%nafl%%ﬁ&%{ P %Ee)“posi tion of
Di amonghowiikfiving a microstructure consisting of a 3-5 nanometer crystallite size, the nucleation
rate has to increase from a conventional value of 10 cm™ 5™ to about 10" cm™s™. This 10°
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-



Super har d Mat er i al s," Section 4.2, Nucleation of D anond (Spr| er, Berlin,
1999), that the nucl eati on of dianond is conpl i cated by thé9f-l&3,! 2008t one
nmust di stingui sh between carbide 25 form ng substrates (e.g. Si and M) and
non- car B¥@82838ii% ng substrates (Nl and Pt). In the foPFEUSEHYSN t he

di ffusion of carbon into the substrate |eads tp a carbi |. ayer which acts

as a B@mopdeid particles agimg as apalg dresor ipigs puhtheaplyaamically dade tat ar bon

concenhfikioddr b BrSHE bdfigate Hit BRAEAIAET Inl che 3niBBERRSA! ¥ mtlodBOt suffi ci ent
condition for the rapid formation of nuclei on the surface of. the

subst r nedeatifg thergsprdbeanf laidipandng fikin Apv odes sherigteatson ¢fip tﬂhléﬂf&@rwédafﬂ%m‘@

deposi { r eneral |y
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di anongoi d c¢antai nin asesmtore cto Q_at the beginn of a CvD

di am)ngtagpaggggna%ﬁymgggeotggrar?%mp& Fﬂmc?ﬁ{af‘ﬁg'giﬁ"gﬂ@é e lbqu‘ﬂf‘g ture of t’he' |
- subst r aéiBmathitC Bortafifintad®, dbOarsbintayie, 20 and 6 RRaRs3 SLBRHITAEhHURABLAN506 =
di anondoi d particles acting.as nuclei are so | ar geg%nd t her m)d%nam cal |y

st abl etherref andigomphiaatigns with Emsgiang-nPbequiss, bigianondaids meplignedpBeNG cal . I n
-one enhadi,e el ndc1iRL @moﬁé flnEbRALY Bt @se&fw&ss@; irfotfrafRede f i1 m _
i nvol ves”the I njection of a triamantane di anondoid into the CVD reactor at-
t h&0 betsactaisngndothess cobpdisientsawe Pt disdtsd (o ¢hemagedybpor derpﬁé@@hrrent 5 di anondoi d

filmgrowh is nucleated with a higher dianondoid, where the higher

di anongi y-

nept an o B A A e ant ane,
i ncl udtotg vmig‘dooﬁmmmm treheothe avviht ofthe daltnomd@d\fumdtlona‘ilgmmmmne of

cour se e ndoi ds,nentioned.abov dt te di anond
films Gﬂch@ﬁd g& n‘? %8%”18?) B\%éré%%e eénboga%ffngéaf“g? ;?}r Blélsa%ggtuﬂ?egr@eggct ors, and

t hese pﬂb@dbm@t aQnbGEr drhividireeht  the €dnediit 6 pdiavapdidsdapesbstinoed [ 0001001

The wel ght of di anondoi ds and substjtuted di anondaoi ds, ﬁs a funct#on of the

t of &l wﬂngﬁ@m@sr is phut &9t 99 PPk e ehh dn eo e erodisat. JRSPRSRAIFPROF unct i onal
gr OUdel%%nd%&CAnld%ﬁgstl'ttﬁe& &EmohIRNE %d:\@grfnmqa)mvmw BtaDRRi r%ﬂ&gﬂé ment
range froma percent by weight. In another odi nent, the
cont enfilnpfs appelriddrid 8 gsrcemdysrshehti t ut ed 15 di anondoids is about 10 to 99
percent by melght I n anot her enbodi nent, the proportion of dianondoids

and Suf?)%bié edxn%algigmc%g& $s wﬂ@re%&éddbfaha@ REE ¥t Quidierdk eva  wei ght  of

t he about ercent by wel
diamond film deposition and nucleation entities, dlamondmds may also be incorporated into

20  a film by self-assembly techniques. Diamondoids and their derivatives can undergo self-
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-
-26-



[000101] In addition to techni ques where di anondoi ds are used as precursors
for CVD dianond fil mdeposition and nucleation entities, dithdi¥édes may
al so be incorporated into 20 a filmby self-assenbly technlques.

Di anondoi ds and their derivatives can undergo self assenbly in a variety of
ways. Fqgg %ﬁ‘ e, dianondoid-thiols may self-assenbl e us neta
surfaces, as 9ustrated generally in FIG 5A where a 88@”%%@ (@ nonol ayer

501 hag,ge) Hra%ﬁml’%fi“@aanaaﬁ%@isaaﬁ%oé&%’d » IEe ¥ %g&@%ﬁg Qézﬂ mprising the

monol ayer 501 may be either |ower diamondoi'ds, hig I anon |ds or
bot h. Bf°%he di anondoi ds of 25 the nonol ayer 501 are | ower dlanDnd0|ds,
they nmay be synthesized or isolated froma suitable feedstock. If the

di amongsiods:) Conﬁrdn%ltﬁgatm%mb@%ﬁ{enﬁg mhﬁ{o%d&ligﬁféf m@ 8RAdoLOR v, (hey may be

i solated froma suitable feedstoc en synthesis"Is not possible. These
sel ect éydragarhondio: tseidara QUIhsmttb@ toleoriy ethezeykr, including snahardidnegndbd- f or m a

t hi I-g he t 0|d derivative 503 can then
~gelf as%@%{ﬂg% hgpgé‘alegrﬂargorbé)f ‘i’oél almng% h?‘rgﬁe &t %m%]fifye?{?%ac{d Bt he S
pr oces 8lustigtedmriIGNIA tthe dib@omididlays 0T dgehyatben-bondudao a aohadinteaasid t he met al
surfac 50 rls old. ar a gold ternatively, the dianondoid
| ayer f?ély %&Qgﬁt‘} QO‘BWYF%I%?&FIWFQ?@:’CWW ‘f‘ﬁPB’HQWPW# sul fide
gr OUpSIay&rﬁoawmeen@il 1yt 02, TBYIIRR aHBRERSS HoeSsiVedl iRenSoAMENGS "Mt al | ayer
502-S- 26 19 July 2005 WD 02/058139 PCT/ US02/ 00506 Cl2H24-di anondoi d," or

" et al ﬂﬁ%gwdﬁeéngoﬁﬁéﬁéﬁ@ﬁ@%ﬁHﬁ@f%Mé@&wmﬂﬂéﬁmgwéﬁﬂéwﬁﬁ594@?%“°§roup

[ 0091024, i r | f-assenbl e
by hy Gt e e AR E (RERAGTTer 50 EhGIRpRCLOs bANR GRS

i ncl udiaser Sé)rh@tdt@mdldg animyradmdiytigroBpscdtoaiting mtgt diayerdoidblayar ftﬁ)énszdwgandoi d

contaip the e i ment ust in FIG 5A the
di am)ndé %glc%@r %Wzieélerh e&@wﬁb‘%‘ﬁ 8“‘35 Ona{h%%'ﬁmap‘i\‘)r’ré%g)c} 4 | ayer 504,
such tlmairogehEmdlhammdmtrdndha&ﬁIyex‘Sﬂm inSvifcehné G athnheivie 503 hgghies- di anondoi d
| ayer ?04 an the netal layer 502. It will be apparent to those skilled in
the ar ‘Yﬂ%ﬁ the hydrogen-bonding of the di anondoid | ayer 501 to the

non-di anondoi d | ayer 504 does not 10 require the derivatization of the

di BEhoN@e0ID3) ay dh aflior b altyeth RABNSas&DRIOR sy, i BaRGERIdor diai&idoR01 are
t 0 .hydroxyl groups 506 on the non-di anondoid | ayer 504. Hydrogen

bondi n
bondi n‘g’"&b‘UP layercgpld Sﬁ]&?ﬁ@@ffﬂc thyavgheddertingatioipfaracgpry pEhisposibditgisarondoi ds
503 anglustrated at the top of FIG. 5A, where a diamondoid layer 507 has electrostatically self-

-aligned on the non-diamondoid layer 504 through electrostatic interactions 508. 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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hydrogens on the non-di anondoid | ayer 504, in which case the di anondoi ds
503 mi ght be derivatized. 15 [000103] In addition to a cherfi®chily J00nsed
sel f -assenbl a. di anondoi d or di anondoi d- containing |layer could

sel f - ass%%?’%h’c Hrough el ectrostatic interactions. This? %@éf’zﬂ]"?‘i(’ty is

i1l ust 507 has

el ectr g{la%@q#&%ggé@ lp&ﬁsﬂ(ﬁ %f?ﬁgzri]lst e r@wgbg%m ‘%"{3%‘2 504 t hrough
el ect rdsaha:hdmd sasit/eﬂsmtchamsycﬁﬂ@xaden Btymamnmd'miloes $urh aslttenamgboatare] ayer 507
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conpl i gRHAENd hfaléctu%s 1rpz?éraf@rteli ﬁlr@(gmgropwﬁ)@f@i?echbﬁs K ARG ryddikew se,

derivatized di anondol d polynmerize in a self-assenblyi ng fashi on

—gi-ven: ﬂh&beemreimﬂhowadam@deumﬁaﬁﬂunctl onal groups. ‘I'n other words,

nononer s may be induced to self-assenble into polynmers. The formation of

pol Y”E[(ﬁ)fm édclu %ﬁ d;sam)n ?aeﬁgi’wh{%sg&ﬁﬁhﬁ 'th;sﬁ&u@a@a@l‘s‘ﬁ&w&gﬂb@bove is a

met hod o ids into desired orientations wth
t hi cknesslgs conbtract npodmyeterszeddink&raingty thahetf-aseantde metht byesowe af desi red

t t f | es f
e sy AN R T R U
par Cb&m IisgRmndlD FIGNsB, iaedic [3b BMed)Hdcaihtabe fletiyn2Q05ine MO 02/ 058139

PCT/ USQ2/ 00506 purifie derivatized if desired), crystals can be grown
by sI oltnker 8yl p Uaf@{é&ﬁ%} %P@@P@}@}ﬁ@ngt;ygﬁ%z&w%r?@%d%ﬁ By varying

condi t RSy atke fnfSs ik 6@ ﬂﬂﬂ&havéﬂz@naedcﬁsgﬁb}cer@bédle@m gnd the speed
of solvent evaporation, the size of the individual crystals can be

controf $IE'GHH6FW@§M &!ilnmrsaﬁg d WiteysNew Yorlo 200anpmeB 583+ Yadeustthiget er s,
depbe nd 1rr"rgzngonatl SIAY Sglflﬁﬁé ﬁgts G rf%)ﬂ&lh@%iven T o d@?&ﬁlgg of gﬁgrl Jla ggﬂbl ed

crystals can oy ent I"'ecul es”i'n®a prererred direction or
set of stelicheet IAQldftionSidy, fth1asgﬁainlheﬂhydfeyrsé¢ﬂbsics1gmynm ugitowhichis¢léct |y on a
desired su{,)strate 005#066%1 her di anondoi d derivatives containing two or
more cHEFEPIE gHo desi “‘eﬂ 88¥% 0 construct nanoneter-sized linker units

that self-assenble in the presence of
[000107]  The weight of diamondoids and substituted diamondoids that may be

incorporated into a self-assembled film, as a function 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
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di anon86FEEeHAY “ﬂé?ené% prq?%@lg%;,ﬁ%lwgg\é%«li ?ﬁdgﬂgorgdel FB% gggg%gfhggﬂoﬁ%}% as a
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Appl i c 3 anon contarning materials to mcroel ectronics
[ 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 qgnd"}{eés. fIR.ra ﬁ%t%feb PAL b 0@%%?{92@&1@%[0‘5@? bé&Rled k18 £pkdpria® ngddImAL ed.
| nt'égrated Ccircuit devices Inc e nenory, logic, and m croprocessing 5
devi cesuchRaakagmigsuistvitcashé prsldlecd a iestatdead dramer: i bedingreddsse packages.
Each have their . F own |evel, of (. Qissihad do RRSELANAR I own
requi r BB %tg?rﬁh‘t“g?’ r?\rgﬁ%fna Hth @ﬁ%%%&ep(gésﬁk&%dﬁme chipto .

medium. In a second step, the bond pads on the circuit side of the chip are clectrically

connected to the package by wire bonding, typically using fine metal wires of gold or

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

-20-



to dissipate heat. Integrated circuit clock speeds and power densities are
increasing, and since package sizes are simultaneously decr@aiilng003 her nal

~di ssipation becones a long-term packaging reliability issue. The heat

gener at eWOWY/0#A3N C i s proportional to its corrputi ng 10 REAEESH/00a6 ch i s the
product of the nunber of transistors in the IC and their clock
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[000114] In another embodjment of the present invention, there may not be sufficient

20 room within or immediately adjﬂceht 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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[000112] An exenplary nodel of a packaged integrated chip is shown
generally at 600 in FIG 6Ato illustrate the processes by Whubh2¢at is
di ssipated froman integrated circuit, 5 where a chip 601 is supported by a
frame (not shown) within a plastic package 602. Metallic bond wres 604A,
604B coRp§einskng chip to a I ead 605A, 605B, respectivepyrydhishpated heat

‘is conducted away fromthe chip by conductive heat transfer along pathways

606 (@lﬁﬁl@ﬁ&lﬂl&goﬂé)difrﬁbk{doﬁﬁccﬁltﬁﬂﬂ%ﬁlr@@épsos&)z[ bGQEIY.QGkirdn, B&AiqudeW on' s cool i ng
| aw), and by radiation 608 | T owi ng the Stefan- Boltzmann | aw). 10

[ 0001 18pcarding trracermbedimestel tbﬁ preseat 'ﬁ?"?é‘é‘@'i‘rt‘hfi hrpbtransts filg o4y SPRRTST d

cont ai ; : d ANt egrat ed

ci rcui ?h%ﬁlon&g% iorhg gﬁgfpgfg’"{ek %P?nlgggld(])a? d%@ﬁ ;lngjrilgdz?ﬁ%ﬁ%we%&lc kage 625. By
provi ddiagyoh@adl 2@Iriansfoected id an Bp0cnt daatondaid 202 theougheitherreavdentdnkagsi t 601 may
d! f urs,rg(% el ri%gﬁalgﬁ g%ﬁa&\,\@é? .,?él]fe covalentslur&%m%gl 'bf%cis%a%oh? ﬁlgt £rF H{eﬁlbb@ to? the heat

sin rnati vel heat transfer

~pat h-6{h2 diandonddid nttteushigalf; eﬂﬂeﬂllatn&ﬂy, Glﬂe&ovﬂﬂfntshnbatga\l’lﬂdesa wndadmhtdldnral pat hway -

for the rermval of heat. heat .transfer film#6 and pat hway

di
622, heenstityert cpbors of e bond CPWg’agei\‘/F:Etﬁlfh“gfi“ﬁl?r gubstituggts S e dfag}?é'g @93 that are

| at erah&cyel@y@m@&ﬁgecﬁﬁgm the integrated circuit chip 601, and in this
manner, heat ‘renoval fromintegrated circuit 601 is facilitated, [000114]

I'n anot her embodi ment of t he present i.nvention, not be sufficient
20 roolPORILahi n Towil barsenemizst Y hysediaiiin thy artibati SH‘P@@P&“{OE%}IQ? rcuit chip 601

Fofpa medtelvdsik: h)Jdeca;'Bb% hBLetrafsfhraligfis o DeAder Wdals BRO wilk bPRS{ diigagd out si de
t he package 635. In this enbodinent, heat pipes or heat conduits 631, 632

may bethas éniottgb agohanse hatisge CMyOLfSrf@Mqﬂh@f Qzﬁi R?nﬂ% Bhe rabiransfen Alm ocat ed

remot e%% n{ g? {hﬁagglgglg%?%?% dﬂg?a&elcoq{a o%ﬁonﬁ?yuc qhdt rhefﬂegtef'iouf {rm and may

be insérte é’in curt I'p 1tself at |locations 633, 634,
or t hethromgy an;Btm«immr@ﬁaemgietdimdndmdaln tuisahanfierp ts FHvowry) conimadons t he chi p.

- The heat c 'nogg:géi ng, condui { maybe flexible fibers, or rigid rods. There
lbox;‘?ds

may belHY tOPPEYeSt the heat conducting fibers or rods. [000115]
The heat transfer film620 of FIG 6B, and heat conduits 630 of FIG 6C may
conpr i eORTy ofDikmenddidande Wed anthainllipgontating fins idbteussed above, such '

o5 2 30, Bl rTerL e g arony § LI b Smndol o cont i ger am ¢ and o
di amongyf hd PRivEG IR 6 edtc c&ﬁmé Bevitd. YARREORmplary application of a thermally
+ . conducting adhesive film is shown generally with device 700 in FIGS. 7A-B. Thej device
700 in 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.
-31-



-di-amondei dechedehheriatherdinmandaid nuplgifhemsel yeprQ iR ATFLRIUPRS

‘bonds i"sTprovi

WO 02/ 058139 PCT/ US02/ 00506 di anbndoi ds, or a di anbndoi d-containing film

deposited by sel f-assenbly techniques. According to one en#dlulegb0%Bf the
present jnvention, the heat transfer film 620 conpriseg R 5
di anondo8Y¢8RHH ni ng polynmer simlar to that depict ed%’icﬁ E?Zéw‘(’ZGA,

parti Cﬁbﬁﬁp’]e}'\{?fi@the%a@lﬁg lofnZQhedive GIRMMECHEH SRR aAgbAEeMatceibanONdoi d

202 t hroug er covafent |inkage 5 204 or covalent |inkage 205. The
coval erformisidicaged 2d4e ocldss as apblymsrizddadiarapmloiffils retiapondp L ORRE RN doi d

I itself | t ti [ | d in which
The. oararTs iy Coapsomumrie hg SO B B BB 1,3 O T s

t o the gelindR A indcletedheiahbRioidr & aciiamacibidigant{iD0g fikrs deposited 4y scHe

recogni zed by those skills in the art that since di ndaoi ds. .10 t hensel ves
ar e Shy dsEERbY8HEAURR N atﬂf%fﬁ%?deﬁm%dt“i’ﬁ“ﬁtha“@‘éﬁ{’ ‘&8&%‘7@%‘1@’%@‘&%‘% Il be Iess
ef fi ci effesivk AR 708500 A ddRl-doMBliniReydI REerdc BBt MuRhSuBLituset grogfs C- C bonds.
The heat transter film 620 nmay be very thin, conprisingfgpniEor | ayer of

%f, Of an
singl e diamndpld, ; ' PeuI ank iy ey sconstawar k of CC
sHeiiR ﬂ%@%n 15% cflg%gdlﬁgg%hﬂ?gf\g% _ds.rr%?u e useg as cofp )

t her malihgp-aciinsbndbidrgnfaidimstilimto dadilgate agliesionds 2earbomnil ewuapprsheedeviss, such as
an adhesive film or. as .ap interhediate tid f £ -.part of a
t hePnoéP wat@"dwrﬁtwaf‘ﬁsf@%‘)&&“s B tgr%ﬁg%‘ﬁ s %lﬁér%éf‘é%ﬁt%ﬁgr mal |y
conductzh@GaReRRSIYE. fOf dBuiss, ishMR: Gpreiartiby thast kkited intbe #OMat the FI GS.  7A- B.
The device 700 in FIG 7A conprises . an og%e@t 70%1 atb g ter@er%&%re T,
adhesi watfgeed8h ateadyd 0f gnd purbige 49 dfdrdyy 6% 4% OPEERCE T BV ¢ R e Eonnect i on
means G Gl IR th Yo mPREURIobMGuracRgss VAT iddhé8de I n this -
exanpl e,{Hie{l ﬁgg&%%rg?%%g to tad(r)lere t he objméct 701 tq the obj ii 702, wth a

m ni nuredbdinesissif dheqeeseht inesation, ladlexibla digaendoptcenipnig aflesive M bhe time, the
tenperatuyre. T be > t Nandr NGich SIRE tAbHERfEE and in
t hi ca“éeg{‘suﬁgdaﬁoq%ﬁeI'"%ggliaélﬁgg%g%ag&@ﬁg\%ﬁ ow reg’pi dly fromtglt:ﬂhe obj ect 701
to the dpjceaht 7B270@N interaction 25 704, with a mninum of thernal

resi stance. [000118] As this exenplary device 700 is being operated, the

t enper of ,the.two . bodi,es may. chan i i Hg,@t{éeousl y, such

t hat aﬁbi‘hﬁi]t er Am 3ditippal ef‘%ﬂ%%r?’é‘tsﬁélfea %?m%ﬁdé)m E‘%‘géhif‘é?{ ai@e?a'?% and t he

g enper &h&ﬁ%ﬂ?fzoﬂdh@ti&&d& gl%&iic:il@z iE&IatM@ @f(g:cfﬁ@s :ci& themadetctricranling3levirg. t he
evice is being operated into the second conf.iguration IG 7B, it may

still deiskagyn aﬁh_@ﬁ&*ﬂé@%ﬁ%ﬁ@ TR BH LR e g{"t‘)‘gdy 702 with a

subgf anth,alhtiredl BEORL hdv@ D& RSN R pPARAS rddubithe 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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In this case, the thermally conducting filnms 703 allows heat to flow in an
reverse direction 705, fromthe object 702 back to the obj d8tJulp2005 31 19
July 2005 WD 02/058139 PCT/ US02/ 00506 [000119) The thernally-conducting
adhesive film 703 may conprise any of the material fornms discussed above,
such as_as a polynerized dianondoid film a di anondoi d-containing ceranc
and/ or (Y\%Q%?H’P%%orrposi te, a CVD deposited di anondoi d- JSAEPHIRY film a oD

-di anon j nucl eat ed by, di.a i - di_a i .d- ining film
deposi LA e TRt PRENHRL BBl RicCheBPRARAGERRTL BP 10,

howev euponttiechhetctintids pf tho eteti §0g, asadiiesitmethtrinlabwof@Bctivstegof substrates

di anonglgi d- tainin ol ric fil inh which s i tuen oups are
attac h@ﬁ @F%ﬁgrg{%mﬁﬁ@&éﬁ %%ﬁff@?%f ?I{Fff'tet?or‘?ﬁ ﬁE@F g@i&’ SSHS%tagf Sg)t% her portions
of t herepReY MRefficidnd§ At Wiiah thadbasd L0V dpsraledciskcidraing e ordrensdimpnasty functi onal
group that may be incorporated. into a dianmndojd-containing filmto

fac] | i hapesad Ry, the eHiciaehohihe dgreE 90 mayds eahagesd ePred8at i guration is
~cont engl, 802 A Qi3 hpdol Aokt Sk BRRISISAL [ RBKisk MhdbbE@AE ect roni cs
and nﬁ%‘?‘%@gﬁ%@ggﬁgﬁ;&ggur sé, fai t Wil It be agégr eci at ed fosy those skilled in
t he ar803trhat cottpeise s thefradly cpadicting byenS074 positionasisdiagend tordlreappinkbody 702, in
ot her mor t t syrfa i ) { have to
conpri 15%“??%%1 in:ﬁ":“‘s'fjr#acé3 gég_wfBﬁh%#&g%‘ﬁbﬁﬁggﬁ%%g%g%? ﬁg(ﬁ%és%)f t he present
i nventiedues the fiticembtresdstahica fanenodng bt Gomithgsyaaheda the sfibstmtes §02L&dwel | - sui t ed
to adhere irregul arl y-shaped erials one to angther such.as the rough
sutt ac ’Iea@ﬁf‘g#légﬂ‘a%‘ e?@g&‘n?ﬁg'ﬁlﬂ[’mﬁﬁb' Vet ’cfg? &Q%aélly'cgﬂ‘glf?ﬁp%ry use of a
di anongd lrds @il 9053 AtnABlofipiad arlyfiitOmatbie didelssdd 400l Wadh asasand
‘electrically insul atigg{pro_erti es is a_thernoelectric cooling. device. It

i s knovghymerizeddiagondaigh Hm Prsigidecantiingecrapie fad/er STYMHF FPRBIRIPY faster at
| ow 20 : OrL s, e i PRsteib0 reduce the
temer%?gﬁgﬁg@%?%wagﬁ Jl?ﬁ%@%@ﬁé%@bﬁ?gﬁg@%ﬁ@ fEIJs?@noper at eg, i ncl udi ng

met hoddambratoids e autisnditleidhmetagung film depesited by self-aGembly techniquseiplear y

m cr oel ectroni cs..appl, catiop i.n which a fil inS .nal |y
coﬁ%uc‘fr? e(g oéﬁmelg@rl?ogéelv?ry&feﬁ%eﬁrf%;@ '%ognﬁﬁ%ti/ gl )Leggi‘%o&f\ alng%?%% C{"ﬂg{l%%el ectric
devi ceadiambaofil-gaestiag pylyatr @80criadidrhéadofi-contunisgeramiel ectri ¢ devi ce 800 has
an el ement 801 whose 25 purpose is to punp heat froma cold substrate 802

IO T R S e e C L
electrically insulating as well in order to provide electrical isolation of the thermoelectric
device 800. It will be obvious to those skilled in the art that if the layers 802A and 803A 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
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provide a potential difference across the junction of two dissimlar
materials, which may be semiconductors. In FIG 8, the potefft#dy <fgs
appl i ed between points 805 and 806. The tenperature of substrate 803 is at
a high tWeoatith e, for exanple, Thigh, whereas the 30 PCEHS8YESUr e of :
substrate 802 is at a |l owt era urﬁ#:éf or . exa The .pur pose of

le, T10,,.
the t FUFHBAredacrqasedgitis degirapestoreduce ﬁ%émw&?thﬁf%%ﬂwgcg%% te at the

| ow t enpel RtdétforBQ40 hfnimBreltReddiBs oy cledbl] kignaliBoHABELcd By Bishsdisiat € 803, -32
19 July 2005 WO 02/058139 PCT/ US02/ 00506 [%0012211 The’ t hermal conductivity

of t he intasprasehiarchines.as tielljag o BOGe ferestidks” haiwerarthe liggsod isipsrmatkidhaict eri sti cs
of the; : I . tJ. vl fi substrates 802
él?lje%%f;ﬁ Elr&%‘(b nfhtnt 8l ]’t)(%glbg)hce/eﬁ Plg{eg%c!ccl cgg %le? ds Yid s‘?%a Hihe :

and 80 resi stance rans rom substrate 802 to
subst r abapBABt nadiseesart hedueddi | ci ency at which the device 800 operates.
According to one enbodi nent of 5 the present invention, the efficiency of

t he dey} 0 b hanced rovi di a._t l.y. . C ucting | ayer
SDERaRE°, DR RO PRRYLALIR G TR BINC

conpr i slepasittapetyimdnk yr cthadoailating nhagtat oBtha Antpgsicd cionstthiidpdwenitht 0 a heat
sink la gr. 803B. The. enhanced | evel. of .t her.nal carny uct i vi ty.if t he | ayers
B02A arRFCoRACOMERARINST HECTE SRRl MGricr insHRUEE PaErAIRS o 1N RIS om ¢ ho

syst eMcwhatari 19 tsdalid doal@RioRAR, ABdlsikEnGRGidd GHDHCKiiNeh Hioxldd hada enbodi ment  of
the present invention, the thermally-conducting |ayers 802A and 803A may

corfri selepinc opstarof phaue? Pae 44i Séloss bayehsevmadsigaeplacs silicon diggidey ner i zed

di anonqgj N -l i.dl- .l 1 L A onposi te,
VD B P P e T Bt el by
di anonden exsmpler the fldéranted daidds wbwh diave adjeltcthipcadsposefabdut’dSsel f - assenbl y i

techniques. In a.15 preferred enbodi nent, ho r. .t her mad. -conductihg‘:-
|5y or's Bl e ad i eEhoE e ba by TRE o BN G ar i IFe SRREOF Ponchet !
di anondad 330/t EieRd d1¢a 0fictd Cothdr Q32 3dntRefng Nev-kgnagailnthhiar&hdsa 8,
thermal | y .conducti n% | ayers 802A and _803A,ar_§ O(sl ectrically insulating as
wel'P i fuBrRred yepsion Ahesonysnsiopsllycurd ilicandipdfe: drarbonsdoncdietiseCket ric  devi ce
800. | &5i®t!Has BRieRRMcQUYRsithR of MXRE2 8kd b h edné Pol%lf%’x%e’fs Hﬂ@%yﬂrfoﬁ&rhe | ayers 802A
and 803A are 20 not sufficiently electrically insulating, then the
pot ent siesiieNane BRIy AcIIdSERemethy! sHersquisraneiptletdOpyn hive delpiry 804 may be
|ess DA Rl dEShES 5 B3 01°hlestRatiARE bl ABN LS roRHURS LOGM o he el ectri cal
i nsul atron an her conduction propertres o I anmondol d

dielectrics (SOD’s), or flowable oxides FOx (Dow Corning). Finally, there are low-k

20  dielectric materials that cannot contain silicon, and in fact are either purely organic or

substantially orgaﬁic. Fluorinated amorphous carbon (FLAC, or «—CF), has a diclectric

‘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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mat erial having a.dielectric.constant | ower,than about, 4. Q and
materi ot ihﬁérﬁ?aﬂzwvega? Ak 2 & beAHRe ¥ paresidideddar W?eaa‘smw%eéﬁowéce a

filnms suggest a utility in mcroelectronic applications such as

t her moel ectric device 800 where both properties are simult atfebiy 005
desired. 25 [000124] In one enbodi nent of the present invention, the
thermal conductivity of the material used in the above nenti onned

appl i'catwggﬁgs at least 200 WmK. In a preferred e i s0f the
i nventi on,; t%eﬁtghernal conductivity of the material is gﬂbﬁgé‘tm%oo Wm K.

I'n an @é’c@%nﬁ@fo@esgirngfﬂ?art fs%bﬁﬂ?@ﬁ& 5BMic hd tBIRE RSi€BhtalNWiRBR QR the t her mal
conductivity of tHe material 1s at least 1,000 Wm K. 30 [000125] An
exanpl elementan application in which electrical insulation of a di anondoi d-
containing material is the property of greatest interest relates to
so-cal ck- i N 13 | 4 Q1 ki [
P e e L A R e
PCT/ US@anGoseantegatianl $aidsdiiee detreage dayi 999.9pdéEd tabispomtedogtiate t he

tal i,nterconnectio r,to mnimze

[ f th | i h
o> del G EsPat BBeRod oS HR o EB RO A by G AeCRot i CPe WEBh Efnect i on

l'i nes, p@growRlch bsot@nii@RNCYD edhafutAtat bpedntBRmgtiiRefildriieso calftingaer mts the
integrated circuit to maintain or possibly even increase clock speed as the
si ze oft thapregureas pisRen vl haa it Brrameles. the dereetion pOdeDB|ly eplduf®tthod for
reduci &QCthﬁdﬁﬁpﬁg'ahth&i’z%%@n@ﬁe%ﬁi%%ieh@iﬂ kd DEfn WithhQwdleposit a

pol ymeric or othef 1 nsul"fating matérial on the | r_lgegrat ed circuit chip

bet weetand thereforetuzire flevirablcodicledtic omstant dgirthpraroee, ttHe kpoyymdhe wttor i nsul ati ng
material has a-|lower. dielectri.c Qns - ( . tionally used
o 1 coftouiiB el Wrtiof oP ot L g FERRAAR i er s SEhib G JARKES

I con di oxi as a ric constant of

dbout  SorStahtiless.thhn Abbiit@r (pslyhvindBudieahylemdeith @ dicdquidconstahiof aboutlZdxisde with a

ese

di el echfisG BRPSEHRN e thd BRWLtrid cBnstantbIHME b 3hRd 1 O k liaSesAhCave AR EAITES
descri bed by the acronym FSG or by the synmbols SiOF and FXSi OY. There are

a var i Geypvetll diclseiricspnstans af tematanal #5g Wie- kTt i s depisablfgproyide 2ot a 15
flyori i f [ k) pdr Oty dh sl

Car onf-i?l oggldﬁ‘ lg‘]‘%érg?acgrena %lﬁ g&@%gg&gq}g@ g%sglg{rﬁ?cglaiyn%c{}ant ll(l) af%gnu?f 2.5 to
3.1. Thieggps) YsirbuganeidBhanigauoertiesss ) psabqunaodzsp’ @HENCEDHE) . and MSSQ
met hylbsidlses uj gx%g'te 4SCHBS‘idOl. 53 rohﬁgave o%e% ectric constants in the range
2.3 t PPy PBORA D SUPE A L ARt er red to as spi n-on
dielectrics (SOD S); or flowable oxides FOx (Dow Comng). Finally, there
are | op0l129] In one embodiment of the present invention, a diamondoid containing material

may be used for the low-k layers associated with integrated circuit multilevel interconnection

20  schemes. An eﬁcemplary integrated circuit for which a diamondbid-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
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20 dielectric materials that cannot contain silicon, and in fact are either

purely organic or substantially organic. Fluorinated armrph"cﬂ)bﬂ!tap%n
(FLAC, or ct- CF?l has a dielectric constant in the ranp%
Pol yner i Worf]é{"?—ﬁ] Al's include fluorinated poly(aryl ene et gf%SOZIWﬁ?fARE Allied
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ei ther dEtRcdESRNEIDY 0k Fardhioh - EbPRUMediR a1 Bl whi ch causes the

mat eri a sorb noisture, and experience an” increase in the dielectric

--const anmercﬁmmpon hnqséocatd:dahma@@@useltbnmrmﬂnd@ea ap viglls framéld al for - -34 19 - -

July 2005 WD

subst ar{{ltegppg,ecglpbeggc?cgﬁeg%t%{: S0l U4 BRARORAGH 450 e&ﬁ@&g&%mg that is

does no PSR s Ircon a el ement .
[ 000128}0l4tes 128 vk HE; 1909 WointdneandaerE.  Kor czynski entitled "Lowk dielectric
costs for dual - danascene integration " Solid State Technology, May 1999,
0|nt t hat n a fluori rbon
PPig’ tgaght s y Ak e pabooiidior i ftedht Imviidionh B AG SRR RuG),)
conventg1onal; @Q&%@@ﬁ@mhe difiaénddid coaniisy llnaﬂagattshecﬁshumbbm to car bon
ratio in the precursor gases, as well as &Iasna par anet er the.formation

of o cdtavies ¢ joivmsGuE o e Won b A RN SER AT MV ACTO my be
S: Ielmeg'?:%?@ e@é'\@gdetpg 1%dfdhﬂrri9n%1h Qoﬁ’tallnﬁl\éqﬂm favd Hllaﬁ‘ﬂbﬁci AnenifaReadgsi r abl e)

cohstant. Furthernore, known in the art to 10 provide a
por ous drzen@ldomlsmr aaitdlmndklddqoeﬂaemtgﬁlm Ch?aoaﬁedély s¢lfragsembly tehnigeps- dp@ a

ectr| st@ l.ess _than.a ylene, with a :
d| Pect? 8”% nlf encgfhoévt?v'cﬁrt .IOIV?Q% electr%ﬁ%e‘f{ﬁfd% F&ﬁﬁﬁ%gved so far). This
:N?] becaht&ﬁoh éﬂoilaedfo@tksmﬁlg@ilﬁﬁéﬁd ﬁ:lnfmmf ﬁ:lhlnaiy braypobandrsocigista podz,farraéeaxorrpom te |
ere the dielectric copstant t he erage an
the. ovaohR giher. ks &m%@?%rn ¢ §rampop OIM%%PQPHA 05%%%34%6 wd,

desir abfig pbenrﬁrde\pb%nef&é cORdtRheAlludu@led ¥ BIG. 2AMAEKbEN Judrtargr at ed CI rcui
processing that has 1) porosity in the formof air gaps, 2) strong and

rigid rebmaidecand the dipmerdoidcontiining portion althe PYLyRIST May SHER Tuakitson

20  substituents. Additionally, a diamondoid-containing material which is suitable for low-k
dielectric layers 910, 911 may contain air gaps 239 for reducing the overall dielectric
constant of the material. As discussed previously, 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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bondi ng, and optionally 4) sone degree of fluorine content. [000129] In one
enbodi ment of the present invention, a di anondoid contalnlngghﬁﬂﬁﬂp $  may

be used for the lowk |ayers associated with integrated circuit multilevel
i nterconnection 20 schenes. An exenplary integrated circuit for which a

di anondQiglg6RGai ning |owk dielectric layer is suitablg g aRawn
schematically in FIG 9A This exenplary integrated circuit Is a nmenber of

t he CNBBOIBBEhNahesitel Atlit stemamaRoEdiarscheRdtablPXiFdE. 9 fafheendust or) ,
where an NMOS ( N—té pe netal oxide, sem conductor) device is shown on the

ri ght REsAvabiopnzyer ¢ tf‘@‘ﬁé”ﬁ%t“d‘l‘ecl%ﬂ‘ﬁ@y§§t‘ﬁcédﬁdﬁﬁ3tf69‘§l PREENEE shown on the
left. dedes MY RBrdiRL étltd%tme fn)HRBheY éntwoanneues&%t&e&%em fhePMOS

transi stor shown generally at 902 fabricated and in n-well 903 of the
si | i canssvitioniaeed Bonay smpivosdiamanddidroriaiong nrgidbebhe HPapdiseardd in a

Cact ey inc e Bl EE g Enddid B XL BARol BN Ngp DEk 3B, O
~Pf ocescsraﬂgd caragasits, at@VD(ﬂEﬁdsitattdiamh&iotthcﬁﬁmmﬂgﬁdm,l a)(bVEyﬁa:rmnd 8@ t hat - :
connects, | ngk)w dual ,transistors 0(S‘?uch .as stor 902 and the

NVOs tTPSHFated Py agigrdoiqs,of  dipmerdaid-copigining f%téfeeﬁﬁ%% RSO o shown: t he

first tt@m&iuesﬁttﬂ&Qﬁmﬁé}@omtJaﬂlpﬁeﬁg)ndtt:@mtvaabn 294r mMedonlgris€avi as 908 and 909
serve to vertically connect the évg -35.19 July 2005 %\D 02/ 055139
PCT/ USSPr aitrse 2 indeay 2 @rhdiampeteid, ajdit myy peithe atmeler pRieYer dipmerdSithect i on

| eye!l RQRr c?AtﬁbIthths erd® BRI BELGAIBH ofte ﬂalgﬁ%ft‘loﬁ iylet &Qndrﬁest DEoRdt, a
dielectric

ayer or electrically 1nsulating |ayer 'w || "be deposi ted to
i sol atdamdraloidathet demnednid ey bssclagtedifronh te geawp consmstingpéletthmaniaigne anot her

as wel | fLo nt e nection li [k hansi st o eads from
one arf’otl%renl’?l mhF)?a “[ "%glre ORACELT 8F algarﬁanr?ersmn S exg%ﬁ?ﬂa}iﬂﬁ {l< dielectric
| ayer Wdéamastahat es i nt erconnect i on lines at the 906 I evel fromthe |eads

of the 902, 904 transistors. Lowk dielectric |ayer 911 insul ates

' | d 906 | f h |1
om GRLSHh op ahlGarers RBE) Bt BROMPOpHEY Sone PRI IO [y, the

| o1g k abed Be bé Gsell ay@e dRtlebuicilsRt af £&phditr\Epad oy, a &pcifor Gnacasicanot her . 10
[ 0001311 Accordl ng to enbodi ment s of the resent inventjon, the |owk
di el e@f/or dynaya¢ gindem gecesseery (BB BEW BHSPEYGECL}: SRRSO ont ai ni ng

mat er i @3l $eflrafHESQARBHEY & a ﬁn‘sf‘zﬁld‘égédﬂg efecROAE VBRI tﬁ@&teeaﬁmgepl dfilm a

di anondoi d- contai ning ceram c and/or ceramc
positioned between the electrodes. In one embodiment, the d1amond01d of the diamondoid-
contammg capacitor diclectric material comprises a derivatized diamondoid; in another

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
containing material is utilized as a cold cathode filament in a field emission device suitable
for use, among other places, 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.
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conposite, a CVD deposited di anondoid-containing film a CVvD dianmond film
nucl eated by di anondoids, or a di anondoi d-contai ni ng fil m d@byy28e5 by

sel f-assenbl y techniques. In a 15 preferred enbodi nent, however, the |owk
di el ect r‘i"?“i"é}?é’k"s 910, 911 conprise a dianmondoid cont 8FHUSGBHy meri ¢

i o ortbisth e e o oE NP o o AR AR lor BonBRUAHY 000" e

 pol yi mettetr@arti on of the copolymer illustrated in FIG 2C may be a
fluorinated polyimde, and the di anondoid containing portion of the

| ain fluorine.20 tituents Additionally.
i aron b Gont B HEHE R SRl oR S AN ARt T b AR et ectri o

| ayer s eRERoni&I(Wilsy New Nteak, 120ai )l pig) 20283 Wik iesh byekd LThug al. e ovahal |
dielectric constant. of the material. As discussed previaqusly, these air
gaps 23YiuEeHeior miggtip feldipantieragny arergiYrdy 256l BHRSPRBEHFY AT a | ar ge nunber

of di anppAebdn gl OMPSioR PAREE 4 8@%&& LQRELAE Pert@hd A8 Mol diltichit bhigmi n chai
--of -t he-pol ymer or pr esent as side groups -on---'_t--he- mai-n chain of 25 the - -
pol yrepresatied byonedaventionaldield emissigreeathaieds the highrraliese thetpwst bewrbyd

convent i | .Spi j e ' t one -

enbodi :trgéﬁ'tgg,ew%{'ﬁe%rrdﬁ??oﬁ%zgrrg}gtsetl%cgrgﬁg %%g?meo@ém Q‘i@e?@f‘ g%’ %ﬁ r%PJgE&gﬁce nuner al
234, 23bntmiyolge deanicabipdictdoenminpactay bl ebaub 60-10§ velistbecduseofthe highchai n, and
fagilitate.the processing of the |ayer. [.000132] Acgor.di t o, enbodi ment s
of 1Phe “GHEGERIOT IR EHE (DGR h BERATRSIoR arae SR B 11 has &
di el eClgihefal CAMASH pitticdlir 4 BFfogeRAt ERAYE dirfabd) offed @figid RMupAOdisTent of the -
present invention, the dielectric constant of the material is |ess than

about Brobjem bacawsged therfpgt thapp dresyond quréacs displrsnin dectiopeimiydBatds i nventi on,
the di g%%%g-i c constant of the material is [|ess than about two. -36 19 :
July 20 WO 02/ 058139 PCT/ US02/ 00506 10001331 Integrated circuits such as

t hose shown schematically in FIG 9 may have a to passi vation | ayer 912
t hat s&09237lt o FeecHention affinjty of dreanatenidhés afenglionod gleetnwiie sateedithd  stresses

and. de fty ] . j i nventi on,
Thes " pEREHELHMERRANKL WARS. lboRP L RE AR RO, Blor e B e er @l of
t he typah diiecaseedtdmsainchesurfane bradpHgybaidized. e bouded to hpdrogmiatans i | m  a

diarmng%igéont' in chc%%}c:ié.or eram c conposite, a CVD deposited
di anonit Seetion gy Rbe st amanE s s HssY s U anondoi ds,
or a drasmndetltecRniaalificBdf 4 kirfice BRast 4 Bekalive dedtfonasfd il yhat the
- 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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techni ques. The di anondoi d conprising the I C passivation |ayer may conprise
a derivatized or underivatized dianondoid, and it may be eitShiiHy 800§ gher
or | ower dianondoid, 10 and/or conbinations thereof. If the dianondoid of
t he passivation | ayer conprises a higher dianondoid, that di anondoi d may
be selected fromthe group consisting of tetramantane, tamant ane,
hexarrant‘%‘@m‘ﬂé’pt amant ane, octamant ane, nonamant ane, d’gg and

undeca@g@lt 3 | %i

di anmon c?@ Eon Ig%hﬁ?lhggﬁé%ghaa{'f@@ |e§4(l:§3§’g e ballegc E@Sﬂ‘émy entdtr}_gae en|tn t he
di el eahay suffeafren aoﬁnt&rauapapﬂ:rt}owhlls plectidnis amtht yondacuadzed twreafir a static
and/ or n rando r.e The
capamet’%# dawo(ili‘e ‘g';aéwg’rq!ﬁvfe e’bcétm(,goeg%t%ﬁsgéo gﬂse Vg% P%Md A %geec%%)'!ritﬁ/ f(ect rodes
with thaadd eblechéh GvdiRyRfor fpi(bdid:rﬁisﬁﬂledtaibﬁé yMBBl&mhﬁe 'Ellu@(sttfe@dESof tha one
enbodi nen t he di anondaoi d of the di anondoi d- omf%)g%m ng acitor

ca
di el ectidr bandgare§ dipmendnlp p geanal sipafion, ey Sleeirops 2 fodravese Whot her 20

—enbodigiRaapt Ml %@%%bde A5 cRetsifhdyAlthZatencd BRadtbaneRGIGE daltpybe a

hi gher, arondoi d or a | ower di anondoi d, or conbinations thereof. If the
capacii é‘?e @nductien pirnd. [Thyediamasdpy 3%19@11&‘1}?%1??@? bejimehisria susirin ei§etre gher

di ammgs@oﬁxmﬁsotﬁ;tg{m ire, PRNALBAL msﬁgehcégﬁaﬂtg 9@&1%5&%@mm ane,

oct amant ane, nonanant ane, decanant ane, conbi nat i ons
t her eafito tﬁévz{cﬁﬁtﬂﬁ@ﬁa} the purack pﬁahythmgmatadrézmmomd ﬁtnheiumce&enegaruwent ion, a

di ,d ' doi I'd cat hod
A i, RS o BRBUPL T LA 2 5,501 et

i n fl ghedhamighs By SRER¥ECtroth Sndyibe Guéited TRRECIHE belk itth chc@bonuithot statesrake this
possi bl e. These properties include the negative electron affinity of a

hydr oge nmond _surfacge, in conjunction th he smal | .size of a

t ypi cgﬁ&ﬁ §her %BFTQWH&’&S&V%% WigT e very thig %ff' ébég'gﬁtt@sé’f riking

el ect repiren ERALIYA BSml dlarhHiRl HEA&S hhVdithE) ) ;diugﬁaﬂéct dndigr sith ab @ the center
of the di anondoi d conprises high p ur|t¥ di anond single crystal, with the

exi st eplaavely laggegnglesiersefidlymanta pidjogen. obEat yysHabmigr %tummt: Mg yr f ace of

ths d'@m b&ed H%d;g a]anYhz??x@xféSana\lx\Q: ﬁémné&t?p%fg;” Q915506 These

surface sta es nay neke possi bl'e ver ong diffusion I engths for conduction
band cbheosmmam[u@ﬂﬁac:&amcalw tanehiapt Iéns lgowintin the attNbat elian@od dnaBitalfode :

' Mat eri at i n_.Vacuum

H stmall gram S1Z€s andl\élgchr $fect densities generally emit electrons more easily than
diamond materials with large crystalline sizes and low defect defect concentrations. It has
.been reported (sec 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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electronics (WIley, New York, 2001), pp. 247-287, witten by W Zhu et al.,
the current 5 requirenents for a microtip field enmtter arr#Jayétgiven,
as well as the properties an inproved field em ssion cathode are expected
to del i WP O28tBaps the nost difficult problem present€d/Usy2/@3onvent i onal
field em ssjion cathode is the high glta e that nust be applied to the
devi ce heflegicaary g eé&ftfraé"é’t‘d@‘é‘blﬂ’%ﬁé 4‘P‘E§%ﬂnﬁ‘éb?fl‘1‘%}f‘€rﬂ‘5’sl’ GSCEBt al . report a

tYPi Calooak@NbbPlor YOLIEARR: 1865 FsfioAbd Rijddef 6 afilhhBht 1@01 Aufg about 50- 100
vol ts because of the high 10 work function of the material typically

conpr i opergtian, & vellage froinss pover seppho HYW6 1Dppheé betwiean thgdiiement clegfrmde n

partic oge e Lar f ]| lLution to this
pr obl e%b@{égg%@ég{é &tﬁgﬁggge&rﬁg%é&%%ﬁoﬁﬁé ogdtr) éc% t%?%agpgeyé&gn el ectron .

af f b ni wyliddadihai is, theyggaitial diffedfO0EB¥den Thecatiode indtheahbda)itlyssaliant he mat eri al
is a fupction of electronic state t the 15 surface of .the,material. Wen
a di anﬁﬁ‘ﬂl.t%ﬁ?‘?lgcéﬁil%lsﬂﬁ@%‘?l X Lhf Wﬁ'f)ﬁe?‘? r°8§@FF,% ‘f‘ﬁé?‘cf‘]iedt 8&§ay, each of the
~car bon cai e hhgpisMllREeniabBinfpeoridumdliderRtburfaceis colemgiedd tobdydr ogen
atons, the electron affinity of that hydrogenated di anond surface surface

can bedsshiianabat P ¢¥, andrinethes rbadiperss ¢ siydGRERiE coPngicsliPt BEBIREY ng a
negat| yaeSRAlpOR AL okl 1R AdiEpoiRRGNGDAT i er to an el ectron

attenpting to escape the material is energetically favorable and 20 in a

"downhi || " direction. Dianmond is the onlﬁlér known material to have a negative
el &&t r 601431 | nilthough aaiiamondoeaaidls gereralr Gought ¢ be eleqtdeally insulaEing| ect r on
af f1 01 4% dfaringBaTbALIAbo] RaP BORIN Sou MBS0k eldchofleli sl fipa e the energy
required to excite an electron fromanelectronic state at the m ninmum of

t he conuantinh owrclizaivdl fonsd) fiwnethe fitpyehealalitrodé 100 Aacun wpposie surfags bf the _
sem conduct or.s, 25 the. njni num he, con i;on.band is.below that of the -
vacuunf1aBpaford.yguch,may P‘gh‘eé}q‘gﬂ(??%# orthg f‘%?w o[? W{IE@% apr%?céa?ci%ﬁy%es positive.

El ect r giBed i thdwet haiidisGlt enedtiaN@r o dsdacdhdaid TkAéita0 Bfothavbailii@dxbp t he

seni conduct or_ by an enero%lthat is equal to the electron affinity, and this

ené? gy Uk Q9; pacsthp swnfasg of thedfpmangdpid Bited gndspeibyridigd- dp @2t ron from

the supgae8ivebmbinentTBc8hitle-of ﬁ% cathBddPay Hoipr2RQRiai R B QnBiits
PCT/ US02/ 00i 06 10001391 It should be noted that a field em gsion 3'cat hode
conpr i giategal thatds stdeastipdiilirdenivatized such that the surface comprises both sp™ and sp™-

hybridization.

{000144]  An advantage of this embodiment of the present invention 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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may suffer froman i nherent property: while electrons in the conduction
band are easily ejected into the vacuum |l evel, exciting electrons fromthe
val ence band into the conduction band to nmake them avail abieJiigr2obsel d

em ssion may be problematic. This is because of the 5 w de bandgap of
dianmond. In a normal situation, few electrons are able to traverse the
bandgap, in other words, nove fromelectronic states in the valence band to
el ectronic states in the conduction band. Thus, dianond is generally

t hought to kg atngpbl e to sustain electron em ssion because of its
insulating nature. To reiterate, although electrons nmay easily escape into
the vacuum fromthe surface of a_hydrogenated dianond film due to the
negative 10 el ectlron affthemely endycise matgrisl foraemeving the st Bssippgd brat there
are no readiih¥graé@itcafl) Be th&ﬁﬁﬂy%ﬂnﬁﬁ@iiv@iﬁaﬁéﬂéﬁbm%iﬁ%ar%nﬁaﬁ. be excited from
the bulk into electronic surface states. [0001401 There may be several
ways to circunvent this problem Observations of _electron _em ssion from

di-anond surf aces “have &rt Wermally sonduelivg patgeplat elapg haybeipin thedipmopdond
relatively lcam@i§sch Delamshddl-@hta@li@ ALl nitrogen, or 2) an unusual

m crostructure including 15 vapor-deposited islands or a filmhaving a
nanocrystalline r phol . They can,  al so . denpnstrate, quantum nmechanically
tunneling. It isgﬁnommTﬁ%%FW@ &FFMP%HFHﬁwﬁﬂﬁﬁahﬁﬁké?FﬁtheﬂFWW“@HhII grain
si zes and hicgiapief gadrivéens dhinesdogeneral ly emt el ectrons nore easily than
di anond materials with |large crystalline sizes and | ow defect defect

concentrations. It has,_ been reported (see the Zhu reference above) that
out st andi ng eni st on p}rBep'g‘F a@%&ﬁ‘l‘%‘zt’é’ééﬁteﬁﬂgﬁlaw ’r"‘glf:’ieﬁ’éﬁ?ﬁﬁé‘ﬁ?ﬁﬁ]ﬂ‘deV\Uers
cont ai ni ng ebyipitisab hri dnAsihaxddgn®hdes. i n the range of | to 20 nm  Enission
of electrons has been found to originate fromsites that are associ ated

w th defect stryctures,in dianond, rather. than. sharp features associ ated
with the surface%'and ?Ha@mﬂﬁﬁﬁﬁﬁﬂﬂaw Wn@6£§@W?’8%%@“5ﬁ?¥@8ﬂ“@¥“ﬁ%ta

m crotip emldvedimmotdoddrond em tters show | ower threshold fields, inproved
em ssion stability, and robustness and vacuum environnments. 25 [0001411

According to enbadi nen f the present jnvention fiel d,.em ssi.on cat hode
Conpr i ses & d: anghdor d et PSR el Fek . At ke TR R hondos d
and all or hahy didmdneidot her di anondoi d containing materials discussed in

previous sections of this description. An exenplary field em ssion cathode
comprising a dianondol gyl o ARVl dniRerid b Hipl 3R nFELEHAd NG, O FL S
10, a field em ssion déevice shown genera Fy a 0" conprises a dianondoid
filament 106dectedhrahthagtosp emsiatingatfdmafitane, péntardenmng bexbB@ancand a _

facepl ate 1902 0R 01t BROSRARLARECRLSORkEN S HORR R L oeN deposi ted.

The anode fo

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



-39 19 July 2005 WO 02/0,58139 PCT/ US02/ 00506 the device nay be either a
conductive | ayer 1004 positioned behind the phosphorescent coating 1003,
or an el ectrode 1005 positioned adjacent to the filament 1004 juil?20bs9
operation, a voltage froma power supply 1006 is applied between the
filament el ectrode 1007, and the anode of the device, either electrode
1004 or 1005. A typical operating 5 voltage (that is, the potenti al

di fference between the cathode and the anode) is | ess than about 10 volts.
This is Whalgiodoh@ieshileneAbRAS ob 9o B aRES ALEH drtnde kbl ol
configuration. A typical electronic at ntyfor a di anon surface is
cont enpl at edlmo be |ess than about 3 eV, and in other enbodinments it may
be negative. An electron affinity that is less than about 3 eV is

consi dered to be s | Of PRSIy E@lemiich & 0001 A el ROHGRp di anond
material is generally thought to be electrically iI'nsulating, the

di anmondoi d F@Fﬁﬁ@ﬁwOX@EEmWﬁﬁlbéﬂﬁﬁﬁ%WJWﬁﬁd@gh to allow el ectrons to tunnel
~(i-n-a---quantum-mechani cal-- sense) fromthe fil anent el-ectrode 1007 to an-
opposi te surface9f thehe liBATPEARILvMHACRITRYIRE , WhereRHRE AESHa1 008 or the
tip 1009. It will be appreciated by the skilled in the art that it is not
essenti al fBwu@ﬁémﬂpgﬁﬁﬁﬁEﬂﬁ1*¢ﬂ%ﬁ§ﬁ9VWUU@ to have an apex or 15 tip 10009,
since the surface of the dianmondoid is hydrogenated and sp3-hybridized. In

an alternative enbodirA®Mbrmalthortivéif ekl dlRins AlviRAS: BYheEUIPr | Se a
di anondoi d- cont ai ni n material that is at |east partially derivatized such

that the suffEEEBADHP BeSrigdt # 1gpl.MRdVEpS- hybri di zation. [000144] An
advant age of this enbodi nent of the present invention is that much greater

20 resol ution of 15he denwCiemb®RYalEs: di@&lchlz;ei@owtﬁg@td m&&&@@%&%ﬁ vagpal
field en155|§$ deVICgar ;ﬁuse of the small size of pi cal di anondoi d,

deri vat i zed diPREHAE ?1%%@ﬁﬁﬁﬂ@&Omaﬁl%rﬁﬁawdhaﬂqné@flﬁ%am@g di anondoi d
aggregat e. bOORAARE mivRAy wReif ihe &P liamehdoidie LR¥BARAAr Y enbodi ments of the
i nvention disclosed above will readily occur to those skilled in the art.

Accordingly, the invention is to be 25 construed as including all structure

gBSSmet hods t hat 16.al | THé lohiimhitBeal SEQR Bf whitein aRREAGRcongIrBésiBolynf® 19 July

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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CLAIMS: 1. A thermally conductive material for renoving the heat dissipated
by an integrated circuit, the thermally conductive material conprising a
di anondoi d. 2. The thermally conductive material of claim l4guhgrabs the

di anondoid conprises a di anondoi d-containing material. 3. The thermally
conductive material of claim1l, wherein the dianondoid conprises a
derivatized di anondoid. 4. The thermally conductive material of claiml1,
wherein the dianondoid conprises an underivatized di anondoid. 5. The
thermal |y conductkve rJ |aj . Ml i i,d:1:S. a

| ower diannndoid?k6. égt efﬁ%ﬁF%e%gﬁg%%€¥@§£§g@gﬁggfgggggp%%ﬁiiFQVherein
t he di anondef eh intserated hirgiilethe HivahoawoildomPrisingrehighee dirmbhdpiomtiinitg ve

mat eri al of ?Eﬁkﬁ%ﬁnmﬂ?ﬁfein the dianondoid is selected fromthe group
consi sting & tetranant ane, pentanant ane, hexamantane, heptanmant ane,

oct amant ane, nonamant ane, decamant ane, and undecamantane. 8. The thermally
conductive materhal o j Wk | At . M. k- i | 9. The
-wthernably~conduc??ve E%%%%pghig?ﬂgfggﬁg?faﬁr%??%ﬁhgﬁg&%g~é?%gﬁﬁk

10. The t hehightldanpodddetityieingatkerialds seiicted frainthOgrownamsitingtofie  di anondoi d-
contai ning gRLer | | I t | St1
diannndoid-cont%?%#H%%H%%JgﬁéS%mgmﬁgghgﬁgg%%¥%3%@%?%?%EngP%%g%g& ceramc, a
di anondoi d desampitenccarpodécamantzne. CVD di anondoid film and a sel f-assenbl ed
di anondoid film 11.. The thermally conductive material of claiml10,
wherein the dianondoid content of the thermally conductive material ranges
fromabout 1 to 280 pdhehntk pytemaioftibim X3owherbie thei reateradl cdnabrisesst miymieng

pol ymer, ab i f aép di ano i d- cont ai ni ng
Cint or ed cordicd foy B0 ey BLSRRY X pbHidh /R o b BERRORLEC01 16" 0P,
2005 dianondoid film and about 1 to 99.99 percent by weight for the

sel f-assenbl ed dihamongqi .,

-k material of claim 23, wherein the material further contains

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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film 12. The thermally conductive material of claim1, wherein the thernal
conductivity of the material is at |east 200 Wm K. 13. The thermally
conductive material of claim1, wherein the thermal conduci9 yak)\2oo5 t he
material is at |east 500 Wm K. 14. The thermally conductive material of
claim1l1, wherein the thermal conductivity of the material is at |east
1,000 WmK. 15. Alowk material for electrically isolating the
interconnection lines and vial of an integrated circuit, the [owk

mat eri al commoﬁamlsaelkay@p&m@ihewﬁl%rgls&sguf@etﬂhﬂ&mopéﬂdamaa@d mat eri al
wherein the | ower dianondoid is triamantane. ) | ow-k material of

cl ai m 15, mﬁ%aﬂta%Benﬁma&awocfe@ﬁﬁqes@@arawwwan@eﬁ aed enicdapsRiakhe gr oup
consisting of a polyam de, a polyaryl ether, and a polyimde. 17. The | owk
material of claim15, wherein the material further contains porosity in
the formof air gaps flbflowdematera) of slaimoileherpin dheapaiesial pannsisrisralymedf  t he

meterial. 1decicHion O¥pku BRI ordboh A hlyaehel fddiephiamant ane

~-cont-ai-ni-ng -portion -of ‘the polynmer contains fluorine substituents. 19. The
|l ow-k material of claim15, wherein the dielectric constant of the

material is |esssihanabRuti Matedf of diif dzo%émme%dtélal Rﬁth&'e@htﬁ‘ihsw wher ei n

the dielectric constant of the nmaterial is |ess than about 3. 21. The

| ow k rmt er PAPSIEFIn giefpim Al sgprefpoicdncingdhafiverall diddcisic corstanhefitheynaterind

material is |l ess than about 2. 22. The lowk material of claim15, wherein
the wei ght of the dianpndoids as a function of the total weight of the
pol yner ranges fP@om aBbetowtk maerig of ¢laipcinwhesgin s digmondoid gontaiging prijorp 005

23. A Iom#koﬂggﬁﬂ?ﬁ&x£ggm§hgﬁﬁ£ggﬁﬁﬁ%ﬁgsoIatlng the interconnection |ines
and vias of an integrated circuit, the lowk material conprising a higher

di anondoi d-cont ai ning polynerized material. 24. The lowk material of

claim 23, whereiBggtherhi GRar meteRTBRARNE 0% nd DG i constant of the
di anondoi d-containing material is selected fromthe group consisting of
material is less than about 4.

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

material is less than about 3.

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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tetramant ane, pentamant ane, hexamant ane, heptamantane, octanmant ane,

nonamant ane, decamantane, and undecamantane. 25. The |l owk material of
claim 23, wherein the material conprises a polyner sel ecteg9jagmRooBe 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. 27. The lowk material of claim 23, wherein the higher

di amondoi d cont aifi Ng THRWw-i afteAll o BIBinPA, WiBleinG didhdRlofilov@ei ne
substituents. 28. The |lowk material of cIa|n123, wherein the dielectric

const ant of %amendeidrentaining peterialdsa ughey digpendoidiselepigd fropdhg BOUPCORRTIBE | al  of

claim 23, whgidhRadilR, shhehRfhid fextRRtiRMepRinatthR, oiBhS¥nd nohSnan@as t han
about 3. 30. The lowK material of cl a|n153 wherein the dielectric

constant of tPaniFAs aRd wideqagapianes t han about 2. 31. The lowk material of
claim 23, wherein the wei ght of the dianondoids as a function of the t ot al

~—wei-ght--of -t-he poI ranges from about 1 to 100 gercent by weight. 32.-A -
| ow-k materi al eIé%?#¢%%?ﬁ?“ﬂ§6F%¥?ﬁb“@ﬁ@“ﬂ%ﬁ regdpidef then | i nes and

vias of an dldﬁ&o%a&auc&galﬁlhg fdietial cslhﬁns,lepwﬁﬂm&reb%w@ an@ QERE BInRBd@ds,
di anondoi d- cont ai ni ng pol yneri zed naterial, the di anondoi d-contai ni ng

portion of tHsrsfelowsr diaBerdeidds sslscigd frpmthe graungfonsiging of adadatintgher
di anondoi ds dpRhRhE ahd¥am@Male, S HFBRAQLSbifer ARhBRdAHs kiQRq thdafnmd @%up?he

consi sting of adamantane, di amantane, and triamantane, and wherern
hi gher - 43 FORSKng oHghymnantgng REHEBIOEIFJeXEIBER HFHBIETRCCEMBRIRS: onsi st i ng

of tetranan%@ﬂ@mmgg@H@gﬁ@&g@gmﬁnﬁ&ggggkﬁﬁe hept anant ane, oct amant ane,
nonanant ane, decamant ane, and undecamantane. 33. The lowk material of

claim 32, wherein the material conprises a polyner selected fromthe group

consisting of a pal yaf’f‘h@ﬁyw-ﬁmﬁt@héi%ﬂ‘lhm?&d"%ereﬁ@l@e BarPHaYid ThfriseSsh The | owk
material of claim 32, wherein the material further contains porosity in

the form of Ul vefigsd diempndostiuci ng the overal | diel ectric constant of the
material. 35. The lowk material of claim32, wherein the di anondoid

contalnlng portlon of the Eolyner cont ai ns quorlne substituents.
45, The low-k maferial 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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36. The lowk material of claim32, wherein the dielectric constant of the
material is |ess than about 4. 37. The lowk nmaterial of claim 32, wherein
the dielectric constant of the naterial is |ess than about19’33u|§&003’he

|l ow-k material of claim32, wherein the dielectric constant of the

material is |ess than about 2. 39. The |owk material of claim 32, wherein
the wei ght of the dianondoids as a function of the total weight of t he
pol ymer ranges fromabout 1 to 100 percent by weight. 40. Alowk material
for el ectri callohadia: %mmﬂgcérﬂﬁc BhRNGO }ae&rby'wevg% and cv(}ﬁa« AbnAN
integrated circuit, the lTowk materia I sI'ng I anon mécontalnlng
mat er i al sé"ll@éltl%léﬁtffdrhﬂﬁla@lmdtg@%@rpi &b@lﬁéltgP%D@@ﬂ@ymmﬁm@mﬁl@ont ai ni ng
ceramc, eram ¢ conposite, a CVvD dianond film
nucl eat ed by d| a%d%?é%%gggéagﬂ gm deposi ted by sel f-assenmbly

techni ques. 41. The lowk materi aI of claim 40, wherein the dianondoi d of
the di anondoi d- ggnt a'ﬁ[‘ﬁ&@er%&{éag',odé& nkiﬁﬁ‘ﬁﬁmg;' hidpndoi d sel ected fromthe
~group-consi sti-ngof - adamant ane I amant'ane triamant ane. -44 19 -July -
2005 42. The lowk material of claim40, wherein the dianondoid of the

di amondoi d- cont aisgi 1 1FREEH ks cfnddl BREL il RRANRNE BELEGLER fibom ! he
group consisting of tetramantane, pentanantane examant ane, hept amant ane,
oct amant ane diawondeit rlested fromdbegmemeoangingaf alagaolensadamenams, and3. The | ow k
material of ¢l aim40, wherein the dianondoid of the di anondoid-containing
material conprises a mxture of |ower and hi gher dianondoids, wherein the
| ower dianondoid is selected fromthe group consisting of adamant ane,

di amant ane, and tshi aMBRE AOG e RLEL WRRGE bPiRS L AREH adhARAdRIHdi@ Sel ect ed
fromthe group consisting of tetranmantane, péntanantane, hexanant ane,
hept amant anéomprésesrramdentatized horeadiamondred. decanmant ane, and undecanant ane.
44, The |lowk material of claim40, wherein the dianondoid conprises an

underivati zed di anondoid. 45. The lowk material of claim40, wherein the
di anondoi d conpr iP8es d'he field emission cathode of claim 53, 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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derivatized di anondoid. 46. The lowk material of claim40, wherein the
material further contains porosity in the formof air gaps for reducing
the overall dielectric constant of the material. 47. The | towiulyredosri al of
cl ai m 40, wherein the di anondoid containing portion of the polyner
contains fluorine substituents. 48. The lowk material of claim40, wherein
the dielectric constant of the material is |less than about 4. 49. The
low-k material of claim40, wherein the dielectric constant of the

material is |less than about 3. 50. The lowk material of claim40, wherein
the dielectric constant of the naterial is |ess than about 2. 51. The
lowk material offcl ailhf 484 eqjseiperathads of detmmgntsidn eldesehrorém Hie

di anondoi d- g@c8biihd GiamBidRid id e vaRA8 SudhiRmd Ba¥ce dorkRis@&%both HELENT DY

weight for the -45 19 July 2005 dianondoi d-containing ceramc, about 1 to
100 per cent SByREfigHO2f or the CVD dianond fil m nucl eated by di anondoi ds,
and about 1 to 99.99 percent by weight for the film deposited by
—sel-f-assenbly techni ques. ‘52. ‘A field em ssion cathode conprising a
di anondoi d. 53. Phe fifelidd enpid Ghodatampaieings damgndpidseontajiiieg witatidihe

di anondoid is a | ower dianondoid selected fromthe group consisting of
adamant ane, di amantane, and triamantane. 54. The field em ssion cat hode of
clai m 53, wherei 8%t he Thefigf caissiam Frindg of demdBi wlsscin e drmonfidernaning oner

di anondoi d. nHgriallibe pbliabisle@figsi on cat hode of claim 53, wherein the | ower
di anondoid conprises a derivatized | ower di anondoid. 56. The field

em ssion cat hode of claim52, wherein the dianondoid is a higher

di anondoi d sel ectsgd f mMAaTi&iNEmBLON BaritB oF S4ilnH@, Wherdif IHoITRBLAAE content of

pent amant ane, hexamant ane, heptanmant ane, octanant ane, nonamant ane,
decanant ane fegalodriaresaiemeboye | 1100 prreentiy dietghieni ssi on cat hode of cl ai m 56,
wherei n the higher dianondoid conprises an underivatized hi gher

di anondoi d. )
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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58. The field em ssion cathode of claim56, wherein the higher dianondoid
conprises a derivatized higher dianondoid. 59. The field em ssion cathode
of claim52, wherein the electron affinity of a surface of4g higydbggondoi d
is |ess than about 3.0 eV. 60. The field emssion cathode of cIa|n152
wherein the electron affinity of a surface of the dianondoid is negative.
61. The field em ssion cathode of claimb52, wherein at |east a portion of
a surface of the dianondoid conprises carbon atonms that are substantially
spa- hybridi zed. »46 1 il [ - h . cl aim
52, wherein at Ieast gh%g%%ﬁéggg m§%§%%?%%%6§T cﬁgﬁ%égﬁgﬁgﬁégg§§?éﬁg

deri vat i zedmelgg#l comptiscs b bigherdizamadgd sebacied domibe frogpeonsistihg of tetramantane,

spa- hybri di M. _SS| i

o arondol d- EaripaRune fexafhablaft ety BhOa-RMIGREGRIRILE, Mhbomon ond i 1 63,
wher ei n t heugflegamntdos.d- containing material is a polynerized film 65. The
field em ssion cathode of claim64, wherein the dianondoid content of the
—-cat hode ranges fromabout 1 to 100 percent by weight. 66. The field - -
em ssi on cat hode76f cThé hldnisvibresadiode ¢fvdnim 63 moiredan the dampadaid-crgtaimiug er i al
is a CVD dep fl i m66,
wherein the tl%g'rﬂn%gﬁ%ﬁ% (r)nﬁ)gt'(larn;gﬁ%%v o %ﬁglgggglﬁﬁﬁd&g?lgﬁmggﬁtgﬁog] 1(’?)lut to 100
percent by wWeingioid i§Sleclddrani thé droepimsision afatﬂdmd@n@ﬂlamaauam a8} vvher ein the

di anondoi d- | S '
composi o, oo o lFRfhe Bk bl BSPHCERAIE Rlp BoRBLANE
di anondoi d wmme,qfentaMamhmmmmri@gmm@m aboudntabe tron@@mBnger cent by

wei ght. 70. 4L I at hode of claim#63, wherein the
di anondoi d- g(gn %I{téﬁllghagld% %!r““l%g %I s a self-assenbled film 71. The field

em ssi on cat hode of cI aim 70, wherein the di armnd_0| d content of the
cathode ranges “H) m a’?ﬁeuftlelé' e&ugsiogngtm%ogee 0% c?arilrgi 69ywl¥e\'(13éi19£] Elirface of the

diamondoid-containing material has an electron affinity that is less than about 3.0 eV,

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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72. The field em ssion cathode of claim®63, wherein the

di anondoi d-containing nmaterial conprises a |ower dianondoid selected from
the group consisting of adamant ane, di amantane, and tri anaxilggﬁ&.z(mg? 19
July 2005 73. The field em ssion cathode of claim63, wherein the

di anondoi d-contai ning material conprises a higher dianondoid selected from
the group consisting of tetramantane, pentanantane, hexamant ane,

hept amant ane, oct amant ane, nonanmant ane, decamant ane, and undecamant ane.
74. The field em ssion cathode of claim®63, wherein the

di anondoi d-containing material conprises a mxture of |ower and hi gher

di anondoi ds, wheréi n tihe fitldwaissiod davivenflckith 7% whekimdhadedmoaffitiseofghoup

consisting QleeAdaROLANS L ATRD A AN thocL1d BUBRLANS ccROR ISEELD the

. . 1
hi gher di anondord 1 s se 0 up nsisting o rarant ane,
pent amant ane, hexamant ane, hept amant ane, octanmantane, nonanmant ane,

decamant ane, and  unde tane.. 75. .The fie m ssi on _cat hgde of claim 63,
stor  RERt A Rad Sriet Dbt i nE o R ARRE L Setron

af finity thdiamosddidssntditiagfilatmenttopfhsle ty filamétt elebiredd doelptses rarb&i @om< at hode of

claim63, wherel Quas‘aﬁ”zﬁfac’ﬁg f. .t he di anondoi d-contai ning material has an

el ectron af f feyb[‘hatt1 Iiygp' E?IF €. 77. The field em ssion cathode of claim

63, wherein a surface of the dianondoid-containing rmaterial conprises

carbon atons that,are.su anti.ally.spa-, h idized. 78. .The field em ssion
cat hode of ol ai mi3a, -WREran sy pieRBPgem B MBerbE s pilint GEEeEF i g

mat eri al i sbaerentht inpdel agithdicatitods istidsethanatfoac ) wwpri ses both sp2 and

spa- hybridi zation. 79. A field em ssion device conprising: (a) a cathode
conprising a dianondoi d-containing filanment and a filanent el ectrode,
wherein a surfacé3.of thecthbdrfprdotios &emdonkemistign frolarfieht endgiasieties, thee
filament elmee toaode has tgn el e{,tron affinity less than about 3 eV; (b) a
facepl ate posl |8?1%%F‘°’5](¥j ARt o the cat hode, the faceplate having a
phosphor escent cepprovglingra c@thsdckeljzoént tdwe ahadsafiltist feld adibsite dehiee, gt hode;

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.

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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(c) an anode positioned on an opposite side of the faceplate fromthe

cat hode; and (d) a power supply for supplying a potential difference

bet ween the anode and the cathode. -48 19 July 2005 80. Thfﬂl'k%gs

em ssion device of claim79, wherein the electron affinity of the surface
of the di anondoi d-containing filament opposite the filament electrode is
negative. 81l. The field em ssion device of claim?79, wherein the surface
of the dianondoid-containing filanent opposite the filanent el ectrode
conprises carbon atons that are substantially spa-hybridized. 82. The
field em ssion device of claim79, wherein the potential difference

bet ween t he anodé8.and Thhespeatohalthbrim$7) visscit tha fowab didnodkididio bd&ted&@m A net hod
of producin eeI Oectc&(l)srilst.em;)fs%&gntf rgdn a field gm’ ssti on device, the nethod
conpri sing the HPSTLYRE ofgtaanine (apaniang, apd HIggaliane, cont to an anode of - t he
field em ssion device, the cathode conprising a di anondoi d-cont ai ni ng

filament and a fi,,anent el ect.rode; .and b) applying.a poteptjal difference
between the 11 aftnr A eBinaEYEE = AT rE nBhE el BnBoL Bl drghte i omoC
nmet hod of claad meB8&1d deagtrodeewhaanpreidsisgictifier stepisafa hidhkodidmapdeidect r on
tunneling tg occur bet.gye_en the filanment electrode and a surface of the

di anondoi d- con?lggﬂ’ﬁ?ﬂ filament opposite the filanent el ectrode. 85. The
met hod of claim 83, wherein the potential difference applied between the

anode and the fil,anment. el ect.ro%e of .1.h cat{m e.is.less.th ut 10
volts. 86. A capadi to&rh?l%a\?f'cﬁt r C&ﬁlrglgg’c”?}felreén hﬁg'@lberﬁjbaél?ofl?%%gﬁﬂ% en a first
el ectrode dntoadddcoithisd eattdacicvbefran thetdiapdbadistiag of tetrdnayiane,conpri ses a
| ower di anondqi d-  cont ai ni ol ynerized material, and erein the | ower
di anondoi d PEFTEE RSN s hepsetntont et Ryeuaing Sevpip s,
posi ti oned bedcomemtadcfirst el ectrode and a second el ectrode, wherein the
dielectric layer conprises a | ower dianondoid- containing material selected
fromthe group consisting of a | ower dianondoid-containing sintered
ceram c, a | ower 9ti anheleipskitoesfatiin 88 ontpadi the higaardianoaddid-casseinpl ed | ower
di amondoi d ];I{aleg]ai 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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-49 19 July 2005 88. The capacitor of claim87, wherein the | ower

di anondoid is selected from the group consisting of adanmantane,

di amant ane, and triamantane. 89. A capacitor having a diel efd §iG 2ogyer
positioned between a first electrode and a second el ectrode, erein the
dielectric layer conprises a higher dianondoid- containing material. 90.
The capacitor of claim89, wherein the higher dianondoid of the higher

di anondoi d-containing material is selected fromthe group consisting of
tetramant ane, pegata . ] . ane,
nonamant ane, decgﬁhnFgﬁééﬁgﬁﬂhﬁﬁ%%g?Zﬁ@%?%%%&E%%aa#ﬁgﬁgggg%| or of claim
89, wher ei n atdses tinggledeveieanondoi d-contai ning material is selected fromthe
group consi sting of a higher di anondoi d-contai ning polyner, a higher

di anondoi d- cont ai ni ng sintered ceram c, a higher dianondoid ceramc
conposite, a CVBOhi gAke cagacaneiddiin 89, Whereimihe capagier fs-aged efibtapderhi gher

di anondoi d f pacitor having a dielectric |ayer positioned
-wbetweenmamfﬁ%%%kggég¥@%¥§'-and a second el-ectrode, wherein the dielectric -
| ayer is a dianondoid-containing material conprising a m xture of |ower
and hi gher di anogdoi d ] ] r.dj ndoi d i d fromthe
group consisting@gf aggﬁﬁﬁgéﬁtak%ﬁaﬁgn §ﬁg?m§ﬁ aﬂ&?%@ﬁﬁ?gﬁg#ﬁéi wherei n
t he hi gher diassomamirgddévieesel ected from the group consisting of
tetramant ane, pentamantane, hexamantane, heptamant ane, octamant ane,
nonamant ane, decamantane, and wundecamantane. 93. The capacitor of claim
92, wherein the @8anoddaitcrgahtiaiindadeepassemiedby b diamerdodttanthifingm t he group
consi sting of. & di anondoi d-contai ning polymer, a di anondoi d- containing
sintered ceram'c, a dianondoid ceram c conposite, a CVD dianondoid film
and a self-assenbled dianondoid film 94. The capacitor of claim 86,
\\S\ﬂle;/eIZBOtShel capagb_t or Thém%glg%rdtcirglfit eﬁ%g‘gfjc?amm ﬁ?%e%esln{ﬁggpa}}%ngoel ice. -50 19

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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95. The capacitor of claim@87, wherein the capacitor is a part of a random
access nenory device. 96. The capacitor of claim89, wherein the capacitor
is a part of a random access menory device. 97. The capacij JulngOSga' m 92,
wherein the capacitor is a part of a random access nermry

integrated circuit device passivated by a dianondoi d-containing materi aI .
99. The integrated circuit device of claim98, wherein the dianondoid
conprises a derivatized dianondoi d. 100. The integrat ed circuit device of
claim 98, wherei he i ses.an underiyv ndoi d.
101 The i ntegr atg ci rT%u 8éejv Cae"nciﬁ hﬁfeF*HtB%ﬁgh whereri i lssgfcgercrloq%’%bl dis a
| ower di armnhh)grchp cbﬁﬁsunghﬁeuraamagmatpexdamammwﬁcxai&umaﬂe hqftamaimanm 98, wherein

t he di armndmp S| ‘ﬁ er .dianon d The integrated circuit device
of clai m 102 RAETE WF %mﬁm rrBarW& e an ung‘faglc?%%from the group consisting
of tetramantane, pentanmantane, hexamant ane, heptamantane, octanantane,
nonamant ane, decamant ane, and undecanantane. 104. A nethod of nucl eati ng
~t-he -growth-of-a-di-amnd-fitm-wherein the-filmis-nucleated wth-
triamantane. 105. A nethod of nucleating the growth of a di anond fllm
wherein the filmis nucleated with a dianondoid selected fromthe group
consisting of a |ower dianondoid, a higher dianondoid, and a m xture of a
| ower and a hi gher dianondoid. -51 19 July 2005 106. The nethod of claim
105, wherein the higher dianondoid is selected fromthe group consisting of
tetramant ane, pentamant ane, hexamant ane, heptamantane, octamantane,
nonamant ane, decamant ane, and undecamant ane. -52
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