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WD 2004/ 054047 PCT/ US2003/ 022629 OPTI CAL USES OF
DI AMONDO D- CONTAI NI NG MATERI ALS BACKGROUND OF THE
INVENTION 1. Field of the Invention Enbodi ments of
the present invention are directed in general toward
wo 20h@ss0pt i cal 5 uses of di anondoi d- cont ai BicRgis2003/022629
materials. Specifically, these devices nmay include
solid state dye |asers, sem conductor |asers, |ight
emtting di odes, photodetectors, photoresistors,

phot ot r i t i G.C r cells,
anti-rEﬁﬁi€§L3ﬁ§#%§E3H%§%b&§H§Q§$bhﬁ?ﬂgﬁ&%' pressure
wi ndows, opti cal ma@@@ EH@%;Sand particle and
radi ation detectors. 10 2. State of the Art
Car bon-containing materials offer a variety of
potential uses in optics and optoel ectronics.
El enent al ¢ BACKGROENDIOF BHEENYENTYONt r uct ur e
1s22s22p2, where the outer shell 2s and 2p el ectrons
have the ability to hybridize according to two
1. Heldfofthedtveatitltenres. The so-call ed sp 3 hybridi zation

g i dent i cal bonds. d i .
FaPRlme of CabresealRerton g GRSt S vy hdarioa | on
uses of GigMBidofPsontdMiRemhieHifle NSYecifiodBlete ®FicBd MARtlude sdfi@nds
wi th an unhybridi zed p-el ectron occup(felp?g ait orbital

state dy¢ lgs@s, serpigowsturton tagss, i ithiae digdess PO » ARRtoTefisteme
" . mn mn N R . . r
st O M L RS D b Bt

- pressureawindew s pgtice by svae despirdypatiwiecknd radidtion slpt8etors.

hybri di zati on. Graphite conprises planar "sheets" of
sp2- hybri di zed atons, where the 20 sheets interact

2. Sl dhetAld ough perpendicul arly oriented a bonds.
Carbon exists in other norphologies as well,

CHbommemingningrisHds etier grvaacty of patentalissyimy s 3d car bon”
, t ' (A 3
optoeler{ﬂ?gl% h%lglg alldifbofl hathy o1 H sﬁ?ﬁt@{e 1%@% ' %glﬁrg Abuter

structures ca er ene
shell 2s 4mbpotledtrons Have Ewpbility tedlyhrididi moudigits tvandifsmcutsthemesal
terkal, because it.scores highest .(or | owest
Tho so-GER, PSR oR oSO smtl Td el Aibesh
o ‘ 2 . E . e it the
manner'ﬁg}%%sct%ﬁérga%eirﬁl al I?ﬁ?)nvm, but 1 teE E‘ggs%n?lg?m%%%édﬁa? hbter mal

bonds with iaa unityibridizgd péleciron aoripgingaln abital doabordenpatedit ure. |t
i spl ays superb o&;ical transparen%/ fromthe infrared

d
perpendicyiapiodhe Rlprs i the @bemds.oft the sexteres’tq me giorpfelqgy are
S . r ' i | et - 1
dizmond fidHenfile AERAEARR B0 i BPRoctly BEERY i’
hybridizhtiona | Grephite spiprjsss hlagdr “sheetst of sphhyhyidizai dtows, whre tagt h,

.and ver i gh el ectron and, hol.e nobiljties.. A.form of
sheets irgaioos isals (B SHEL DU SR D UREM O FPoRs. (PP eist it O s

_ morpholBQi@? asdké}mfdgejtn% amorpRof BRAOIaASd 4l SndHdl G M®LC),

cycl oal kane at conprise adamant ane, di anant ane,
and the higlhly spmmetnieal splregical and rod-shaped structures called “fullerenes” and

“nanotubes,” respectively.

Diamond is an exceptional material because it scores highest (or lowest, depending
on one’s point of view) in a number of different categories of properties. Not only is it the
hardest material known, but it has the highest thermal conductivity of any material at room
temperature. It displays superb optical transparency from the infrared through the

ultraviolet, has the highest refractive index of any clear material, and is an excellent
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the tetramers, pentamers, hexanmers, heptaners,
octamers, nonaners, decaners, etc., of adamantane
(tricyclo[3.3.LI37] decane), adamantane having the

electricabingilatbi lpamfse bEitshvefyida batigipl & aldorispdlye RigN elebtAstS breakdown
adamant ane units are face-fused to form'l arger

strength. U@?’@lﬁ?@sﬁlecmé@ f@&aﬁﬁﬂm&ﬁe units are essentially
A ipmnirksbef ndl GRER fisive ﬂﬁl FHOTRAHMIR ﬂgéapﬂﬁr@ndoi M
rbon a

) “di anondoi d" topology In that their ca om
Diamondgids argfurdged-sngeysloalkpessithay owaprise adamantdne,atimeamtanoftrizmantane, and
e cubi c) dianond lattice. Accordin
the terarir oA ARA T Rl o, onaof g i i adhane
(tricyclof@ @tdai?ut] E@age_t);hdﬂingﬂft[diet&iwmg tﬁaﬁcﬁmgﬁmfon?w 0%0H ) S tvhiRE various
into, the_ dianmo attice, ereby creating an n ]
adamantang ygits %’@C%ﬁ’é o Janeey stiugiuss; Hiese adppantgag wits aresnentally
bunits 65&ESRAbACR hipBkitd ' id )
i ORI Ol 2 L 8RR o o
arrangemgnis aressHpageposadic anrdiagmcniofan FCReface catanalagbispdiamond lattice.

. i : | nhodi nt.s .are

s BRSNSl N L U 80385 e rons
may be imbedetbinbaheldiemnndiattice gheretptopsatiag an  Gndp-fyipe SespR6tMRBY) material.

th . i ded ti : e
he bty DY 6 S SO e B TR e i i,
thus man§l bBihe GRS} g Bl PribHarPRERLIHavE DRSS at | east one

di anondoi d sel ected fromthe group consisting of

di amant ane, triamantane, tetramantane, pentanmantane,

hexamant ane, he@ﬁ%ﬁi@‘ﬁ%w Wﬁa&e, nonanant ane,
decamant ane, an® undecanarnt ane md—het er odi anondoi d

Entbodimants ere glirtdiel tewfrd ah nptia:alsdwh:,n dorapiisiga didcherideid-®ntaining
., provided a solid state dye | aser conprising a ‘
material. '. . T . ) .
" di anondoi d- contai ning | asi ng, nedi um an optical o
Ini3 ey epngets hstednirevdedm| aplistl deyice semgyising atdimmongoidrgpntaining
. ' : [ f.or essi.ng | i.ght
materil, SBCloH e Mo PR e RERRDE GRS of [AEHE S
selected ftaas ére drasp eonsixting gf diesiantané, vaimifeync R8RS, pentamantane,
di appndoi d- cont ai ning host materjial and either at

hexamanippe, depigRantapy. optagHtase. ionamaniape idesamapiane; andeundspramantane,
and heter®iaf@hdbid Werivdhiled fiEehpsSt material. The col or center

conprises at least one nitrogen heteroatomin a
I; Q. €
SR AR o0 LS A A8 o bR
containinglagngmediom, @ optica pemping systeet fak delvefingindery td tatasiap intdium, and
. .or c I nations thereof. The dopant npaybe sel ected
moPucmf?S%?ﬁgprﬁ?W lt@ﬁ?f’@'ﬁl ﬁgma}ae IPEHCHHD- vanadi um
THeRbIaTRtateyd 162PhasGARM el medhinf Wk may bathprisé b IRANNHEN-containing
ni obium ~ cadm um_ hamum tantalum" tungsten,
host mateqqh@?ﬁ qither ab least gns qu?rdliemﬁ]i or@n@ppwﬂﬁpctglg |dgpan.mgr bethywithin the host
i, LA SR D AN Ao R T sy
- positionedhadjacintitn at Eeassioneryactiryloir pone. Thet dopinit umy behant barth sdengent or a
.. conbinatians,thereof. .ln.a thir spect, there.is
- fransifion gt ?%%&fega%%?ﬂl_ ARG o gwéfhﬁhﬁp%m& maygRelected from the
group con@§finilof tiAgiufr, Ranallihfe Ehie MG T &b, rddkel, YR8, zirconium, niobium,

X gi anondoi d- cont ai ni ng _materi al positioned -2 adjacent
cadmium, hygniyg, fanfalise, tRRgsten, theniym, gseriym.dpdinm; platiwims golfl gnerpiryeerium,

oty 528y B, S oy R O
-~ hohnium, eabijrenc thntiurn oytiarbiys,uygmium, and combinations thereof.

In a third aspect, there is provided a semiconducting laser having a light emiithing p-n

- junction comprising a p-type diamondoid-containing material positioned
2-



material to formap-n junction for light em ssion. The

sem conducting |laser may further include a neans for

applying a toward bias across the p-n junction to

cause the emi ssion of laser light fromthep-n

junction. Enbodinents also include a |light emtting

di ode conprising a di anondoi d-containing materi al
adjacent toam inrrgpeandieniali geprm ape jinctieafos ligho em@sios ot (iglg emltting p-n

. . _electric field to,cause . at | east one | ectronic

junction GRS f 53PS Giemmopdrif Comnitive macdatpry tmed wientioa b

material tbIf6me4 L& urRAbIC ok @ Siniskion. THB¥emREddEiRA5RSDaj fifther
bandgap. The right emtting di ode may be further

include aggeans tgi applying adhwerd dias agress the zoe juneliando equspibe emissiomel ur s
laser lishMrdrR et PRhdiof] Pation of electronic states within the
aSerghbandga fH?%&%ﬁfourth aspect, there is provided a |ight
Egtbpditrienty als indladeolight emitigg doddicamprishey adismamnibal-sohtaming
. aterial, havi a_bandgap,.. and ne for erating
materil if¥1ngla biidenty. apd Rprfens fo eEakptiv 2 efeers elg e lp
electronid trzARigor suol thatiht i Bittel if@M thé Go@IThd @ektbhie FdsitRndh[de,

wherein, the di anondoi d-contai ning material conprises
oceur acrass Hedgudeap e geliiranias dodupathedurticr evnfigwed sygh digpthe

electronictRAS i dchds Rfthdh ARBR of 48k MLADGithih flaRRAL ane,

pent anmant ane, hexanantane, heptanantane, oct ahant ane,
Inrpdparthenspesh herade pramided ahight caniding didle sompisimea diamdndoid-

consiio S FEAEN SRR AE T PR U5 e uFORBELIRR'G 1
cause at leisaomrudieirdnic onhsdiion igh thmlightiabmiry ifdgh e BRAEGARreiaNd

. a g@gns of processing current fromat | east one
the diamqgdaidraopiaiming patsHalicPmprsestaleart e Fiagondejhselpged from the

group corBREAE BE didNarftind, irBfanB¥e tAGIRLAE] taglm%ng,lh%%lﬁﬁﬁérfé,
tranSition nmay occur across the ‘bandgap. The
heptamangang asthmastanernonamarianct decamentasorhd gudeeananiate, advht t he
. el ! i c.. transition occurs without participation of
heterod1a1§r)1g&éc{u§r g‘%%v%mé%séﬁ eer§°ftw thin the bandgap. In a fifth
Embqknénts dldodfidudes: phoiowdceaor canplisih@ed dib@eidoid-cadiingsi ng a
. dLanDﬁggid- contai ning material having a bandgap, and
material havipga) » 3 g opsens of grocessing ryrrent Bom at Icastenerelesfranic

 transition BhAEKIGRbH thd ASHAUP HERYy (hERMEAD. ThE BRI RRSRIHLP"

of light b mat eri al, erein

th
occur acrog @ﬁb@é@%ﬁ@iﬁ@ﬂﬁmﬁ@ npaythe firtier gofipuredssh that theelsttropive
transition gc::cgﬁgﬂglg{ﬁtg)a&ﬁpg&gneo? tefegt(r)o%({ sgz??s 3 f ?ﬁ" [ﬁﬁ éa%lagelleo?]: Ia?rg n ? ; ne

Iamant ane,
In hékh napattathere is piepdea phb RidetectoL avifaiirmnalianonii®nt ane,

t ane, .and undecamant ane, and het er.odi anondoi d

. . deca
Contam&fél?ﬁegét 2Yi9g bRy aasf and AIRPANS REPTOBTBE CHEFR STomhal lersbong
electronic HaAdRATRLCG MR ERh{HhE Sb QB Af 1IIBMFhe 3BteRRT $heldiPiie

_ the group consisting of ‘aphotoresistor, a
diamondojshesméining Biateriak compriseroat deagt angidianeasidoid ssledted frodn thol ar

_ o : t | at ed. as di anondoi d- cont ai ni n
zroup congfilgof hflo 3R, RIRATHIC AR ShRARR B RN Bl ane,
heptamantane) dotasiantand nominaiddne)dee &g bitahes and ihdecaintdhe adidect ,
. there |s provided_an antireflection coating conprises
hdmnmm%wﬁ?gﬁgpvgﬁﬁsﬂgFF@rnating pair of a high refractive
. : o L | | ; :
Adldlrggn%f emq;o%nnr?erﬂtdsolhc?ud%%%a?ﬂowd& -cogtgi?nrng%gt?ca? devg:\gsélgctédaé:gnli ve

the group consisting of aphotoresistor, a phototransistor, a photovoltaic cell, and a
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i ndex | ayer. Each of the optical devices disclosed
herein can be fabricated at least in part froma

di anondoi d-contai ning material that is selected from
the group consisting of a CV/D-deposited film a

nol ecul ar crystal, and a polynerized film The
material may conprise at |east one dianondoid

sel ected fromthe group consistig% of adamant ane,

solar cell yhlsorggiteapptatedzas diamondaidmaniaiing opling dadees prsdenseromistis

pﬁﬁmnegﬁﬁbwgghy RV &Rfdes.| N anot her enbodi ment, the
material conprises at |east one di anondoid sel ected

Irf 7 oxth edpecigthon 5 rondidsih antirefdctioretoatmpotprises at least one
. pent nt.ang, .. hexamnt ane,, hept anmant ane, oct nt ane,
atemating pe B Sacy RAR e on B e AT e e
index laylet er odi anondoi d derivatives thereof. In a seventh
aspect, there is_provided a nethod of generating | aser
EFQ?’@(‘%{C?"@PPBWF devicst dligrlosed hgran (fpe be &b@qared\nglé@fé irpaptfom a
g b _ - L 3 | osi . _
O o g R BRECYD e
film, a meleculas grystaloans aqwlyorerizeshiilor Thé mbficrial irag coropriscatiesst drd ;

. ' ing. the.lasi nedium to energetic
diamond G i ed TR GG APyt T - EhyBRES Wl B e
‘and heteradigraardpidtdesivaivesth@esly ind@othar diitiotiatng the@@n@ladédniidisésas er
| h%%ht E@% a,_solid state dye | aser, wherein the

cast one fapRRe! e fpm hegrowpcopsiging gt sTamaang, Rralgmantaicn at
hexamantafTRéptESHt-Ae, SLANRRAR! ARk IR emARsE, aniBh&LhAinARd

at | éast one optica [y active dopant within the host
and heterqdigneanileifl derivtives Yheeghj ecti ng t he | asi ng medi um to
t] [ Q0 . sufficient cause. ing. ..hn
T B et WP bR S bt BRGSO sond
state dye tpserpwhtdeinghd msthod eogpiissckr om a  sem conduct or | aser, '

wher.ei n the net hod conprises: a Qsitioning a p-type
DTt aﬁ@%ﬂ? Rt COPRIES a|dla§m%§eléﬁpnia8n§w tygg

material #MtaeTchglont BolbOEM R whthth the A6dt inPHeriaBRHda L) applying a
toward bias to the p-n junction, the toward bias

bisubiertiiedhe lagiag medinan td ensretic stimulationendfiviens peeause labinge
i | . rafl aser_li.ght. froma
I e e A8 o R o Rt i€ 5,
solid stateadyedasst, twheniim theametibd oopepridésanondoi d cont ai ni ng
mat er.i al . adj acent to _an p-t . material to forma p-n
2) jpﬁ%vd‘ilfl%ﬁ,las’e?lﬁdn%l)‘“‘%ﬂﬁf Wﬁﬁm&z?gw&m@ﬁgnﬁam&@sb- n
material and ACIchROne biiRaflPUafe dBpaS willd the heftnatRiataHge | asing.
In an el eventh aspect, there is provided a nethod of

b) gubjertingitheylasing medfunbio cacigeghstimiaiontsuffigiait tueusadagingi n
mta*h‘?ntﬂ‘iéﬂéi?{? tHef1R H‘o%r?c?ed a method of generating laser light from a

semiconductor laser, wherein the method comprises:

a) positioning a p-type diamondoid containing material adjacent to an n-type
material to form a p-n junction; and

b) applying a foward bias to the p-n junction, the foward bias sufficient to cause
lasing.

In a tenth aspect, there is provided a method of generating laser light from a

semiconductor laser, wherein the method comprises:
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a) providing a dianondoi d-containing material having a
bandgap; and b) applying an electric field across the
di anondoi d-contai ning material to cause an electronic
transition to occur across the bandgap of the
material, thereby generating laser light. In a
a}dy@itfohﬁlg%ﬁ ¢ diahBh&oill 5,01{@519&5 Ghefertl BHLLA010SH p-type
tecting light with a photo etector t he net hod
material {fRsR p @rThYnCon; prdvi di ng a di anondoi d- cont ai ni ng
y
RS A0 e My B Bl 0
lasing. el ectronic transition to occur across the bandgap,

thereb ener | as | i ght erei.n t.he .
RESRIUARPEE TP R R anPliba ol fGHFlubs g frometisie

enﬂttmgdlbdﬂﬁﬂﬂﬂﬂﬂﬁth@&ﬁﬂﬁﬁi@%ph@&mthe group consisting of
d|a tane, trjiamantane, tetranmantane, pentanantane,

a)h%rsz ataé%haénoqﬁle CORAAR Batepak hivingrdad g%’oﬁ?ﬂmnt ane,
Sotric AN aHBAHETRMOARGY- AR A HTDRLOLS
derlva Ives thereof. In a |rteen pect, ere I's
clectronigirgngitigado acawe adroeh the bandgapodfithe mh@nalnﬂmrﬂbycg&ndratgigtlaser
light reflected froma surface, the nmethod conprising: a)
" providing an anti-reflection coating on the surface,
Int dwevelfth dspecefthere tid movideds indthod 00 aREdtHgHighawith gast one
nating pair. of a high refractive index

e
Pmﬁmk“ﬁ#&ﬁ%ﬁHﬁﬂG%&SWPHWH$ng layer and a | ow refractive
[ t t | ecition
R T i
birbyyrbigg dight wxthe ggmomléeom&@@@ TRAtEICN LOFaUFeEn ERAWNNGS
r the e od| \t's of the
transition t!) S;%Cél% f‘él] %sszg% ?anglﬁ%/p, ere y rgé:nff*rﬁtl §eég§ i sol ati ng
whieranmmmkimdendoﬂd;mmﬁhmg Inem‘ial sotiprives atztemoﬁ' dipoeiidl
5 het er odi anondoi d-cont ai ning materials, and

selected IR R e GORPEE {206) RN [YBTREEES, {1 om t he
pentaman@dn@rﬂ%ﬁ%hrﬂaﬂ’knﬂeﬂ%ﬁﬁﬁﬁzﬁﬂ' SRR e b Yol iglna! S:

shows an exenplary process flow for 1solating
and unde@mﬁtan@@n@betfsmmrpedmdldeumnveameﬁpfa 3illustrates the

In a%%ﬂ?[reérﬁﬁ] ﬁ% gt ﬁ'fereqngfo% g(g?rﬁae%/ o(}ftr?ﬁugm&a}.gond Gt éi 13&

reflected fvmialsatfhe, hwm&thm’odmmemgj Cc for mula, FIG 4
|II%ftrates eérngwerx hetero nondoi ds, _.and i ndi cates
2) PRI el g Fod s the ufagpdhgants deeionsoaiReay
compnsm%%t RUOShHE hl‘t@rhzﬁﬁ@ paif o@@ gﬁ rORREve idlek H%onécﬁd@ontammg
| lustrate exenplary pathways for synthetically

layer and p.lqydrfériaﬁtgve ln@fvrelpm mdondou ds;

b) exposing the anti-reflection coating to light.

=
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- diamondoids;

FIG 6 illustrates an exenplary processing reactor in
whi ch undoped di anondoi d- 20 containing nmaterials, or
n andp-type heterodi anondoid naterials may be nade
using chem cal vapor deposition (CVD) techniques;

WO 2008/0380477A- C i | l ustrate an exenpl ary proce$STANINERP628
het er odi anondoi d maybe wused to introduce dopant
i mpurity aBRIRF DERCRIBTENOOEGEHRAEWINGE | M 25 FIGS.
8A-C represent exenplary polynmeric nmaterials that my
be fabricated from dianondoids; FIG 8D is an

BHE.Mk afi Yveira® bl 9O oMb bS8k
ol ymer f‘Fom n-t ypg 3055%%9{%@?]%%/@%}5'@%%&%&6

steps offipetiginggliemaqdeids fivre peiglpun. pynthesdinrgdienondoil andat  ar e

r " : " pol. __and _t hat b
A I 0 S P o P
from therdipmonddid and hete@i @0 Mdsid po M4BT GTHERRY03/ 022629 FI G

10 illustrates an exenplary n orp-type nmateri al
fabricated from heterodi anondoi ds |inked by

PIG. pahibwd fecxomble Pbdess o foPisolbding & Ao @ﬁf :
illustrati ng hic))W an exserrpl ;%soga%ggn%ﬁ%g? ,&[iﬁc%gf,i e
pentanent ane, packs to forma nolecular crystal; FIG
. 3 R0 iéf&ioﬁéh%vgit a ﬁﬁﬁ(?fdgfﬁ' tg %@a%o%ﬁ cﬁ%ﬁal Rlﬁ:ice, and

coupled to forman p-type device

enumeratesi eyl od thel dianedndoifi avail@fe byl SoithioReic €orgfds; gy VS.

nmonment um di agram for a direct bandgap sem conductor,
and an indirect baudgap sem conductor, respectively;

FIGGH ilhidatesScxapRiyHefhYod simorBHIE, Mall MdttaRS iR bf Sirbon
" mﬂl rect bandgap seni conductor 15 having a

posthion, @EP%&C&%W%‘P@ Fhetetionalixwasitionendphol ogy; FI G 14A
is a flow chart defining the term nol ogy used to
describe nitrogen heteroatons in dianmond (froml.
HIGB| 2AuB ilusteate. expmplarfipethmpyofor sodireticalyippsduefngni t r ogen
Ny ianmond, " Properties, G owh and Applications

hetemdl%ﬁﬁdgicrr%hd, edited by M H Nazare and 20 A J. Neves
(I nspec, London, 2001), pp. 130-133); FIG 14B shows
F@ré‘ﬁ@? configurations of nitrogen heteroatons and

chIYEFiELesian eXIRIsRy REPCEIsHE Ieaeton in whirhundeged-dpmendoid-

containifp@Aiterials, of 8 ﬁtyﬁéﬁ&%dﬁfnoﬁ&oad ﬂagteﬁép %&%Egade using
. aggreq%at i on of itrogen i n dianmonhd | ropérties,
chemicalyapow depesitionApD) éesbiigues; of Di amond, edited by M H 25
Nazare and A J. Neves (I nspec, London, 2001), pp.

127-129); |
FIGS. 7A-C illusirate an exemplary process whereby a heterodiamondoid may be

used to introduce dopant impurity atoms into a growing diamond film;

FIGS. 8A-C represent exemplary polymeric materials that may be fabricated from

FIG. 8D is an exemplary reaction scheme for the synthesis of a polymer from n-type
or p-type heterodiamondoids;

FIGS. 9A-N show exemplary linking groups that are electrically conducting as
polymers, and that may be used to link heterodiamondoids to produce # and p-type

materials;
. . .4-
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FI GS. 15A, B are exenpl ary di anondoi d- cont ai ni ng

mat eri al s havi ng nitrogen- vacancy col or centers; 30

FIG 16 is an exenplary |aser having a

di anondoi d- cont ai ning lasing nmedium FIGS. 17A, B are
WO e4ar y di anondoi d- cont ai ni ng nat eri al sPOBRUS008/122629

dopant atomthat is responsible for the |lasing

action; -5 WD 2004/ 054047 PCT/ US2003/ 022629 FIG 18

IS a schematic of an exenpl ary di anondoi d-cont ai ni ng

| Figh0 dhstcalesag cdproplery # drgBype Bhigrial ¥@haicated oschemat i ¢

hoteofipp @R R RN AGATS, o or an exompl ar V-

junction suitable for use in the sem conductor | aser

S Pl VRt BELSIRL enthEH  3
pentarit@it06, RIS to B Athésoula? bistaB are exenpl ary

di anondoi d- contai ning antirefl ection coatings. .
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 The present
' L] o ' pn.the fol | gw nanner :
TRy SRR bl ol B e U R BB B
p-typedievite @dhedmdlecudad Jevielicl udi ng a di scussi on of how t hese
materials may be isolated. Next, the di anondoid
containing materials that are contenplated to have
HIGECH A U5 8% eiérky vd) trotlicAMP@ESHam TS BrebBaRidA! S
. include CVD- 20 deposited di anondoi d-contal hi ng
semicapdyclor; gdan mﬁeqe@daan&ap semyisengugtor, aesgeqtivblyner i ¢
materials. Follow ng a discussion of dianondoid
materials, the optical uses of dianondoid-containing
FaGel3CEk en wickdy Wsempmentemeliagrabin r @ indes: tianddap Gempasiicie
. deyj ces, -mmeaning, those that .are not light emtting,
having & aaqeeysialine 0n Eag‘,gl”\?\%’ C&ay emit |ight. Passive
devices may al so include |lenses, pressure w ndows,
%gé}l cgl wavegui des, ~and antireflection coatings.
]

| i5g Hgw\shtdetining thetermigoloay sesdito dosgdh idegesuch as
heteroaRh iR 4BS{oRd Pfoin 1 ﬁe\eg’icgt %gﬁ‘ﬁggﬂe}? é’f g%lﬁéz?%ﬂl&g &b

. l'ight emtting dio
diamondy"\RyvpdriiésnGraivie atddmplisations of Bizwmioad editeal by g, HaNesass and

, . gser di S). .aition of dianondoids 30 The
A N%‘ge? %ﬂ&pﬁtﬁ,iﬁaﬁ%}z@i &e}ﬁgﬁb substituted and
unsubstituted caged conpounds of the adamant ane
%ﬁf‘i es | ncludi ng adamant ane, di amantane, tri amantane,

r4REhevserious fon iguraiians Abnitrgsedtereatones and vacancies in

- diamonh R RARRIANE coltt ATBR (AR R. P&@?&%ﬂ%&‘“ﬁmﬂ%ﬁ@&@éﬁ%ﬁ of -

nitrogen in diamond” in Properties, Growth and Applications of Diamond, edited by M. H.
Nazaré and A. J. Neves (Inspec, London, 2001), pp. 127-129);

FIGS. 15A, B are exemplary diamondoid-containing materials having nitrogen-

vacancy color centers;
FIG. 16 is an exemplary taser having a diamondoid-containing lasing medium;

FIGS. 17A, B are exemplary diamondoid-containing materials having a dopant

atom that is responsible for the lasing action;
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undecamant ane, and the like, including all isoners and
stereoi soners thereof. The conpounds have a

"di anmondoi d" topol ogy, which neans their carbon atom
arrangement is -6 WD 2004/ 054047 PCT/ US2003/ 022629

- WO EMHPosabl e on a fragnent of an FCC di aP@wgs2003/022629

|attice. Substituted di anondoids conprise from1l to
10FHN 48 ¥ dchénddlio ot dn b@nldrpgieReRBen dnisiat Bk %ﬂitﬁbv\%%il)de
ubstituents. Adamantane chem stry has been revie
(LE Fort, Jr. et al. in "Adamantane: Consequences of
the D anondoid Structure,” Chem Rev. vol. 64, pp.
277-300 (1964). 5 Adamantane is the smallest nenber of
t el il 3dvisraoroheinatierif es exenghlanpsertieontiimerdinter (sepdiods);
singl e cage crystalline subunit. D amantane contains
two subunits, triamantane three, tetramantane four,
anfAGs0198) C b birdgif @hgahsofon et yvirSOfBbtdn sitivR ©f use in
adamant ang, ﬁ?lamantane, and triamantane, there are
ﬂws?ﬂﬁ?“ﬁ??fé@% FlGd#Bis of tetramantane (two of which
represent an enantioneric pair), i.e., four different
possi bl e ways of arranging the four 10 adanant ane
s U294 B arh schomatiediagrimpoissiiplery amendsidi-contaidspgsarticle
Q- Lgnearly with each higher nenber of the
I dnondoi d series, pentanmantane, hexanant ane, .
hept amant ane, oct amant ane, nonanmant ane, decamant ane,

et.; . nt ane, ich is comercially avail able, has
S S B Geimaliey Gamgnorheniagrinatetiven wowrss.
directed toward a nunber of areas, such as

t her rodynam ¢ stabilit 15 functionalization, and the
pr opert | e Z It = [} a!s-i.a-.‘;!\.‘_l_'n-!.;‘__‘\--ﬂ" & ’:."- L!'gu.:.:‘;r'.!;.' ) al S. For

i nstance, the follow ng patents discuss materials

cqrggri si ng, adamant ane subunits: U S. Patent No.
3, 145 proseps disgawme wilt heorganiged insthe fablowingpednpes fsst, fheotmmm

. L , 2.3 .
diam 830 1 SARSERARGIRERS vl B o FRLE Bl e o oot o fhoe
matergilemiyntes isdlhi@l. Wattahe diatlondofd @hiniddmaedadsdatse t he

tion of..t her nal; t abl esi ns from adamant ane
conte%gfag%li? 8"5’ P%@a?usfﬁ W@S%%@n{fh%m@,nﬂssq e GVdort s
deposttb®dismbidoaBtdhtaiiifly Rl 1B mhaldtulap &yﬁ’cfﬂsﬁmd‘ﬁ@%&&ﬁh’ n%;fe_rials.
non

adamant ane derjvatives. In contrast, the dia ol ds -

Folloying a disaion of dinmoraihntoriglis dha-aptierl usay of disprendaid-veitgining
materil\e}[bst\ifihl%e AdsRd! ?’ﬁﬁde %sés%hﬁﬁ{pé%“e%ﬁcés%{nﬁ@éﬁ%& that are not

Kervay et al ave repor the sy

dete

.~ light emittings wstsusadive desdcdsywhiclvmyy ehidtights Pagive deeibermaisso

. tiste racess in."Synthetic 25 Approaches, to Large

inchud et B R R PR AV o0 R o CoRimes. pherve

devicd TchR dptoblbOBi0 Hevide® shdhis pRUEREGDS, pHoRRIMREGRd this is
hi gher di anondoi d that has been ‘synthesized

t he, only
photofgiisigiorss th! cRitERg diodeshangdassis ggmprisiee erpalling dyedssers aod |
semichiduciél as@ﬁt(e.?.?]i%%&td‘?odes t et ramant ane, pentamantane, and
h

examant ane eep petroleumreservoirs in |ight of
mass spectroscopi c studies, reported in "Natural

Defini ene f Tetramantane (C22H28), 30 Pent amant ane
‘—%M ) Hexamant ane (C30H36) in a Deep Petrol eum
ReisectEvipFdianionkloidh’s refers to substituted and unsubstituted caged compounds

of the adamantane series including adamantane, diamantane, triamantane, tetramantane,

pentamantane, hexamantane, heptamantane, octamantane, nonamantane, decamantane,

undecamantane, and the like, including all isomers and stereoisomers thereof, The

compounds have a “dianlqndoid” topology, which means their carbon atom arfangement is
5- :
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vol . 74(10), pp. 1512-1521(1995). The possible

presence of tetramantane and pentanmantane in pot

material after a distillation of a

di anondoi d- cont ai ni ng feedstock has been di scussed by
wo fdogssa@y al . in U S Patent No. 5,414, 189%pcridsddio22620

2004/ 054047 PCT/ US2003/ 022629 The four tetramantane

superiFipb S bbbk % T AR aoch Mg piamgpaoias
comprideditint Bior m&bwfﬁalﬂ% 1333 mdupehhenup%ei%a@ ke{iedbstituents.

n nclature . for these di anobndolids in accordance with

af SuPRAEARe chmigiey basibeerieriewsd affosh & ell. ia(‘Adgmantane:
Conseq@ﬁ%és‘i‘ﬁﬁfe‘lﬁaﬁb@?d §ﬂnfcﬁ3& OPh a0 RDATE "6% 4613( %’?3@@355@%2‘:1

Hydr ocar bons- | edron 5 vol .
Adamaigegy the sinalldstmembestof Sesinmndsid baice amdma:i bw thrght PR 8

ere_are, ten possi bI
singlo oA FEHIT: bl Miabitbo colShEo Suiei R Srrs e,
tetrammﬁ‘:ﬁaur( il el %Whll&eh@élis ogdlbne &0the ARG df E@ﬁﬁmfﬂu@ €,
there are three pairs_of enantioners represented’

diamapfanc, m[eaﬁ’elf)asa fouy differemt isqmpeps) of tofjgmaantanp (whjof which
repres@ﬂﬁﬁr%ﬂaﬁﬂ&hérfc '?'éa%PHERFeﬁt ﬁo%asﬁ%ﬁgs Sfiarp&ﬁgin%mﬁ{e%‘))ér]
st a penta nt ane

[1(2, 3)4], 11@ Lﬂ There al so exi
adamamanf benils. The nes toénosm;aleummmmmeanoﬁ-mmymmﬁmo

vigherTRASE O 60 b SR poe R IR RSB Rl )

I ne OSSI

octamanbdne,cnmhanatfmremﬁc&n@ﬁja;%&c(rml ecul ar wei ght 396) and of
L&(fs six_.are symmetrjcal ;. ten hexamantanes have the

fns Whighdsf avafiahle das %ﬁenmid@ﬁtextseszv}esaﬁﬂw

studiestHa0¢ bdeh MR BwRRATRBEANSrdad 234Ps thdmok Sﬁﬁnﬁ@ &91&{%
formul a C26H30 (nol ecul ar wei ‘ght 342) 15 Hept amant anes
functiogplizagiers end the propesicest aﬁ@mamaﬂpmnqgm théterials. rer instapes, the
. f.0
folovi b AR BCHRR coBh G EUloBhad b Ay G tent o,
3,457, HBheachds thdmpmon@fpﬁmaat; t&@mﬂ&nyﬁdambﬂaﬁeeﬂmswa@t No.

t t .67 th | f I C33H38
3,832, G P AR RO DR o oy kgt anties o O ohien a
No. 5 cﬁiaaw&s&msmﬁﬁamﬁbgmemﬁ%&mﬁe%sﬂs%n{ Slaahg WO

have t he nol ecul ar fornul a nol ecul ar wei ght

derivatiygs; pnd Dic. Beteathin 623885 bispertadhe sm@:hrsls otid pdipmeriratiemefzine
vanety%i’gdﬁmahﬁn@@é}wﬁﬁ t with five different nolecular -
18 have the nol ecul ar

Anong the octanmant anes,
ﬂmcomiaﬂ tﬁ;@dﬂa&ﬁnddidnibmndn&ne wel igfter Ad@)receiet @mpiranel

y
(@]

. so .have I ecul ormul a C38H44 (nol ecul ar,
. littlea %o?e‘aen FRABITS. %F%%rwaqt %%WPP%%)W syntbesirf

mtl-teﬁa@h@ﬁ&h%wW&%méz%on&ﬁdm%t’éﬁ BrocésTR ﬁﬁ'ﬂé ¢ Wei ght

432) . Nohamant anes exist within six famlies of

Approaehqsft@mg@ Dmt@éuﬂéiyma@m Fetvarhedgon, tvel. 36.qipl BTH-903

(1980). 74 5 #hBhofi Ol B, T g@g@gﬁ%@eﬁ}%@@ﬁ Ben

synthesiwed ghdatdd Z4n eiG3 M&s@gﬁiﬁ&h& eistonieé of) butdkBdhot 1@&&40

¢ a&%ﬁl ecul ar vve t 48 and C34H36 (nol ecul ar %
clramajiighs, Porpp & i deRb RetFole Teagvefs 19 Lot mass
spectrogtbpit SRS, 55?}11%& wl ‘Q\T att¥ll GRheRenc&IP ramantane (CasHag),

Pentamantane (CagHs;) and Hexamantane (CsgHse) in a Deep Petroleum Reservoir,” Fuel,

- vol. 74(10), pp. 1512-1521 (1995). The possible presence of tetramantane and

pentamantane in pot material afier a distillation of a diamondoid-containing feedstock has
been discussed by Chen et al. in U.S. Patent No. 5,414, 189.
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- 30 the decamantanes, there is a single decamant ane
havi ng the nol ecul ar fornmula C35H36 (nol ecul ar wei ght

456) which is structurally conmpact in relation to the
ot her decamantanes. The other decamantane fanmlies
WwWopen@s#4%e nol ecul ar fornmul as: C46H52 (nol eeuiras200m020420

604); CA5H50 (nol ecul ar wei ght 590); C44H48 (nol ecul ar
WeTihg itur El@inantGrbii e e GE Uk bm O Dtetra A LA
(ngl ecul ar wei ght 536); and %%r%an% 3@’ an?’ tetrai[/\%?tﬁﬁ
[121] ag¢iwo eﬂaﬂwmk%mm/[wzm mﬁnﬁﬁ&ted nomenclature
for thidd m I | 0
or YRR &E@WMQE{}&(& é@ﬁ%@gﬁ‘ﬁﬁ?ﬁl dRes

. different no ecu ar wei
Systerhaticd lassificttivn and Nenmﬂaiﬁa neslahﬂmd Bﬂdioh&bﬂiﬁl-]‘ﬁ%@kedron

vol. 3o R AeE 180, ATl anbne Shnve dhecthaite %Eai%ﬁmlecm
wexglwmcmemnaﬁposab@ Félit&iﬁiutaﬂ@éj %ﬁ@rﬁﬁﬂh {h%n{l ?‘H@ ve
ecu ar wel'g

t he nol ecul ar _fornulas C41H4

CasHig Gaglecuisy wiepght 344) predanmong thess gjhe, ﬂsmare ﬂ@a@ms of ermhtondrar

L L e

pentargam)nes ms@iﬂﬂl'lﬁf(i IZ(ﬁﬁﬂ ¢0(@)334], el PhThed ﬁ)so ex'ﬁblﬁ ab&itdhantane

s R BB RS by
s]’tib&hiahﬂam&kist/mﬂlﬁlﬂy hin® PORibW btrdcthd Witk Gwaith Siciihalilg .

i @?ﬁgociér stal 10 structure. : A heteroatom’is an-a
molecylan fopmyla ﬂ%ﬁ@%‘ﬁé”@@){@ﬂﬁé%ﬁﬂ, pix @geymmetrical; ten
h ory

xam @A LER hSmBRYNE: BindiDOST,, (ABRSARGLHS 38 Dwe y

alumnium lithium and

emam&ﬁwat@mwe [ta34Rkhas Hetmdl¢valah Atranbal, gy, (Asletulp Iv@rgaﬂs@)
Al tho

oSt Bﬂﬁ‘mggr o%?é%ﬁ}l tgglgtslg il ?Sgihkq ﬁétg’%émth 8518%?’“1& ey
molecutaryforniuts €0HR (ﬁﬁheﬂalh@elém 4E) o ofﬂﬂbs%r selvbd éi@lactg(‘af gﬁ’ﬁ%}b

w t h_di.anondoi ds, a 15 het er odi anon

enantiofi @ e DRSSP GERHpReS 57 Bt (hempleenlpt owosts Crfly
(molecilaSREQRUBE), sﬁma{?e thE e e L T ﬁg%laqr,]@gﬂ h@lﬁg%l &&t%abﬁ%ld

refers to a an n-type orp-type

the remjajpingfypdavetbe gmlehdnr fonmpa Cy;H@ (mﬂeen]aﬁ%agﬂ@@%p nprise
process

@Jcﬂm Tant: ésg)%sé%steéght ﬁf tlgx Eaggf]fl@;.‘l:ﬁ% a‘ﬂﬁgpéq with gve different

flowl
m°1e°utﬁf snightioiAsisong iRyochnaahdsALS I8fe tHeRHBIRM # RrBi(y Cofln
(molec eedsghoi 5@ cgnd FIG 3 enunerates the various 03

couldir S tamantangs plso bayesthe mafecular formuls Fedhb@uilevelat s

weight Q(BO)I(bﬁHﬁr(ﬁx%Ié&Haﬂ Mg@%&é}fg J{@( !é%&l?xgvgé)ght 472) 4, CosHlag

het er odi anondoi ds
W"“"%@t@@@ﬂ%ndm ds, indicating the types of carbon

a het eroat be substitutionally
poSI t I onne\é}@s? ﬁh%'gmp%@ ﬁ&m mojer a&ﬁ@!ﬂh@dla@laﬂlﬁnd

herein be used i'n a general sen to

538), Cool RO Hri R 0P e sl ssigbod 8hJas i émoleaerorn

weight t&m)&id (tzk&é&ﬁ%leclﬁ% v@é@ﬁh@@ed above, the heteroatom may
be" an electron donating €l ement such as N, P, or As,
Ipecapepianecexistriaithin Gudliesof stves differaas mBleoulareights. Among
the decamantanes there is a single decamantane having the molecular formula CssHag
{molecular Weight 456) which is stmcturally compact in relation to the other decamantanes.
The other decamantane families have the molecular formulas: CagHs, (molecular weight
604); CysHsy (molecular welght 590); CaqHig (molecular weight 576); CaoFlg (molecular

weight 550); CayHyy (molecular weight 536); and Cs3gHag (molecular weight 496).
-8~
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type ox?&%& HiaHioh&Hd 1c§11§%@é’r§?63&| an9/- A fgﬂafgzge BllerBdiad doid, but

Next, the actual synthesis of such heterodi anondoi ds
w Il be discussed. Although 30 sone heteroadamant ane
and het er odi amant ane conpounds have been synt hesi zed
in the past, and this may suggest a starting point
WO euedsbs synt hesi s of heterodi anbndoi ds havyCnys200a2e629
than two or three fused adamant ane subunits, it wll

beraRRheahad ?@st.ﬁ% : I { t,he
c ?nm exity of the ﬂlhﬂ dﬁd?lh%ulﬂaf = g%@%egﬁg&ea%iaﬂ oV e@ﬁl IAIMllg
the unsipeaninatanes there Anedyrs undenamandies beyittetike molebdar fofmuta Csoflyg

A e e P AL T

undecaiﬁﬁdltﬁx)es.pfi‘hlé &bl maeog:maune farilieh havdiye HeB&IR f&‘ﬁ{ufas CyuHyy
o.solubilize the reactants,

(m‘)lef“@%lrc‘i’?ciéﬁ S OnGBudiel eﬁ‘&l?r Bashi4E); §34a§14# @@1@;@ weight 188bse
CuslLsh tiﬁéleéﬁ?dt‘ Ivﬂl@ 2); @ ver | ﬁl@ a{r%el%h? %leﬁvgﬁc‘%l

adamant ane. ess van ageo
642), ?—@@soﬂﬁlﬂmslemﬂa\tmm&)ry under | yi ng het erod| armnd0| d

S YRL 86, Tt oo ) AT R AR B e TRt Bifomatsins o
heteroatom Weaumhatmsyﬁly@ﬁﬁu&eﬂ owailgthicetkitt of 1 FiakRAM crystal

available, prior to the present appl i cation. N| trogen

structiffe.-& Hgterplomnis en Alom sk S aarbpmaed pesriing taprsettzed | n
embodﬁ@nt@ﬁﬁ} be IR gerS YR Rus, b&oﬁr&h%gfrﬂlué:lét (e S,En%é@éﬁé( et

5 al . Synt hesi’'s of ‘adanant arie
Subsieyh@m@x pesitionad ampate fpsths hefbrogionniad opitmadim taibeshostaton in

the mahgoglglrlag%tg}ag &10{1 ﬁos@é&er% %%gr%%ﬁﬁsgﬁ.@%oﬂg'ﬁ?lho%@@f may

in somuadmbsfduﬂthrmEﬁnﬁalsgmab eeils A@]fmﬂa -dizaddrde@samant ane and
azanponoa mant ane rom

he‘em‘% ‘H%'&‘{D&% fhéﬂ?%‘?%hzeg%deﬂb’ﬁ%édm*ée propesi Sisdlopups anyn-

'-m

nction via formation o ocati on, “owe

- some qgges A wzwp@s meffenalhweaya:zmaasqahuummds writhanorheteritach.

?gagdanant one ‘ﬁ%%% égé%hﬁ%'la?%ﬁg’% l?e%utg'%ﬂ]r%ﬁl@c‘g

may be mtetbﬁ'om@emdam f@dﬁoo&s latl F13-ehaheniRdaaibene as a

. rane roduct... For detajls pertaining to_the
diamod g‘ﬁ ¢ gypulable fom e 8 tsof theipresentinyeaifesi s of
Adarrant ane Derivati ves Xl'l. The Schnm dt Reaction of

Adamant ane-2- one," J. Org. Chem, Vol. 35, No. 12,
SM._MEMAIternatlvely, an

SO e R ARAD R ARR AT iR RRE o B Gr al h o
positiongwicte Shitabitbmtrer 2 suttittioadlyaosiiibards :[‘Bes%'@b:ﬁﬁdh@ dfeon
belleq 2 a3 B s ik amgpaid 1963%1%%3' “Gemgpigi will

~herein 5 wed iOpdiBaPécha to WRR1dB 8BLBHIdiIS BRI %hd wﬁﬁ&u@ﬂ&eroatom

whi ch subsequently underwent ozoni zation
substitigione t dhdisclopad almvn,éhekﬁéeerm eythedn electdn domammg element

such asq\? l# Xla } g%u?le dumu agégélgéysﬂ%s%gﬁrnuifuraelv\és m xture
Nﬁﬂli ﬁ@aﬂaﬂ@ﬁnthemdfeuahctmmmnohdam Bill Be digaetaNARhAIRA

rochl ori nal ly, n|trous acid transforned the
some h%erﬁgcgalnggﬁp% d&@te{%il%tq%g eupppunds have been synthesized in the
past, and this may suggest a starting point for the synthesis of heterodiamondoids having
more than two or three fised adamantane subunits, it will be appreciated by those skilled in

 the art that the complexity of the individual reactions and overall synthetic pathways

- increase as the number of adamantane subunits increases. For example, it may be
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adamant ane 1- hydroxy-2-azadamantane. Alternatively, a
2- azaadamant ane conpound nay be synthesized froma
bi cycl o[ 3. 3. 1] nonane- 3, 7-di one, as reported by J.G
Henkel and WC. Faith, in 30 "Neighboring group
WO MRS in the -hal o ami nes. Synt hesi s anBCEYPH6I/4ze428
reactivity of the anti-4-substituted 2-azaadamantyl
necessysioemployl plotdetin@gtbupéloe Ibechfe mMR di i
4959511% 19&%[']1,1)%. Thg)fgg)i opne maybe convert gldﬁ%ﬁttpgogglglé%fge
reactants; f 4ie 1631om pendifingm me; be vastly @ifferoatfiomithase thotwenld haed

been w60 I s e r vields) to an
co o e S ARRR AN B BN ol Yo B RE)
advantageoup frediscassthe ghengsttyhinderylingfretdratiamendoid-sythWR using

PCT/ US2003/ 022629 hal ogenati on of this
sdamndd 8o S5 s s 10 o P R Qe thoso e e
only spsteipt whick dath RasgReslavailhtst, §ribSloe prbdhi¥hplidhabVE. A

thetic pathway that is related in principal to one
3@@8%?%%&%%@? corpRaunds hefe begasymthgsized ‘eugb pasg, For
examplk) UCAH ardlc B T. $aaki & dT.?‘.@ana%‘BFad%ﬁaﬁtE.?e %ﬁ@&ﬂfegd@} ant yl
system via s photochenmical ring contraction of €poxy
Synthﬁlséﬁ@ﬁéﬂﬁimf&-ﬂzai@e@man@nemﬁvﬂﬁwte te€iarahomGadamant-4-
» ) w4 LA raach .
encs,” Befelokdies YOE DN £ s PR RS i mooredevmthesize! 1-
azidoadzrerytant awd/hptrotyed-boshombivemadaioraa d Bk iR mathid) THE'S
ced. hen osﬁfixgi edbb, m gh oy oper benzoi d acid (m CPBA) to
ProcetyiaFantHedH oy 351%51?_ B RbwBYeh SoRm With 7a azide, Bsgtionada the hen
formatlonofd@bedion) FIRNRALY SR RS thd DuGRAkACt | ON
reaction to yield the N-acyl -2-aza adamant ane. An

44 a keleted synthetie patiowayp Seshlbicey alf wereshlettd abject apadamanthuiong e
i A : | SO-. L ntane, is illustrated in
tho corffRAh Y SR fod Bl § ATPRER oot R | |
rearrengerl prodich (rjﬁ'or dbﬂa'ﬂ% pd’lh'mjﬂgeaﬂieiS@mﬁ}dr f:bEdi(ﬁ]i, %a@sr. sﬁsakilhal% al,,
« at epicted j.n F Awl] be substantially
synin G KR Sheeliths. S0 Ala gt Borchon pAGRERLAC s
one,” J Orgs Chém., 96l. B9INJ. 13, p. 319 (igRgL i vities of 15
tetramantane in rel'ation to adamant ane. A second

feriiyelha ea i thadiosy-L araadgmatiaeinsyty syathesized dom 1,3

g i ni apmpdoi ds,is dldustrated in FIG
crcong BB, AR RUSEERION Pl A hbBRRI£0, 0 LS

anot

heteroagdmanpsines, U Eeraidedrai: Benwegs No.cit7epn dBeSv36qil S5 RYhib @ras 3 ;

. nt hesi zed b dapt i the pathway outlined b
i35 9868 Sl P s o ot ol pia was heaid o oy

 ketone, Whivheahbaaaaiamieangi ozohBhhic e Arapktog! "I'hg’gﬁ.kﬁthﬁe w%hneatg&)-

] pp. 4225-4228 (1983). It 1s contenplated that suc
with four covivalontmef hydeoxsismanctto proguterrels | mixtiwetof cis dhdiromdiioniaes;

il b RS T
dibydroghlerirtet irmlly,wiitrdustabid taokfaried gRsdilDfdrdvhliriae td O hetkht er ent
ol 3y B ERSREne |10, LT GaLome | n (e Sare

Ah@raRey] A5 aRANARGMRS coiiftthi by Bk YfRhesized from a
bicyclof3.3.1]nonane-3,7-dione, as reported by J.G. Henkel and W.C. Faith, in
“Neighboring group effects in the B-halo amines. Synthesis and solvolytic reactivity of the
anti-4-substituted 2-azaadamantyl system,” in J. Org. Chem. Vol. 46, No. 24, pp. 4953-
4959 (1981). The dione may be converted by reductive amination (although the use of
ammonium acetate and sodium cyanoborohydride produced better yields) to an

intermediate, which may be converted to another intermediate using thionyl choloride.
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25 the resulting heterodi anondoi ds may be fabricated
into bulk materials for use in sem conductor devices.
Alternatively, it is contenplated that the

het er odi anondoi ds nay be used at a nol ecul ar | evel,

woeii@syl kK materials are not necessary. Thgcrws2003/022629
preparation of these materials wll be discussed
t.he al so di scussed in a copending

Deh%%%etflftt%oa %?8“3 ?%?If inte 3l 18 dregpdamantane wasiggeogplishad in good

yieldhsing IDgIM.in MAME.R M Carl son, assigned 30 to the
-azgi gnee, of the present_ application, and incorporated
h

&yhstig prihway fhat i aqlgted injpsigrinalite pneofsedinthopreentisvéntion
| t t Qi .
s R R & A B S T 2B SRR Remizis ¢ o
photeshemisklaingraniuactibn g&fpmohﬂahd_ empaiammdnl i g5t ﬁanyvga&. ICHME
t M. CLaCKI N Tl atl on, - .
Comlgip R B 9B B RS e S 8By tror iR s aeted with
NaN{ hvsed rekgnt Setot 16 Wrar thy/azBkRE RH 4Rt R OFHE %&‘ﬁe@éﬂi&&éﬂ%@ -
Nor phl et Formation in the Gulf of Mexico and

f the |
chlorpReoqnaRi acig gAY o Pite enemmis 4 aremead s tino R epoxy was
e B0 o | RS BERR0LI e U o BRI A 2L o

adamgmtgmfi cant anounts of higher dianondoids (often as

oy SR04 oft o e DB St b o d o

 tetrangtintane ixdtigtiated iRFIG 536 MAVIHHE kAOvIR thébe @f bidRfy skill in the art

ih di anondoi dg. (i f desired) can be carried out * using, by
ot e FGacpnseadiies o pateyey demaipdindlio A ralt hnpsiesialic h
differa& HOR{HR6 Y difrS R\ o ration and
T R s o R e S SR
tetrangntage iyrelation edamantanes A setoad pathwhpavailalsie firsaithosiing

: frabil ] ' chr.omm r aph head separators,
nicogh ¥itbinl A 8hlolmof I IR IO, on et hod
t Ypanothiet gmbottihert @ the ipfebdnk indiiton, @ﬁhoeﬂﬁmiseﬁ%ﬁ]ﬁ@f Tlhlt S
onents.

hetero@%ﬁlor Eﬁ%%g@%{%@ ; ngtgigggqagﬁgv%g&%@%n%ggmlﬁi gher
S Wdé%}&@?@?” FPBeB) VL. 16 3o, H12"

Meeu@{sSHR G0t SSATRGNSML
sel ec

t hat of the”higher di anon
Pp. 42254728 (1883). Wliris eonténeplatechibatanches patiiveayl mayelre abletts sytithesisbe

e SRR 0 B SR BB L Rl ™

positimpé irethe diaton@oid stivdars SR id) adoatitgaeh B ﬁd?ﬁxrgttﬁﬂ'ﬁﬁfe?ént‘{yﬁes of
tectrdn RIS of interest to provide the initial isolation of
ciee (inﬁg’ AR heterqatanp diSAmestEieBiol d. The cuts, which are

eARARGhihGhObERERondli @ ERRARRHSH Bl bing hARAAE Horfd
interest, are retained and may require Turther ?
the resylfing heterpdiamonddddoay heeflbrivdted irgo belkenateriatsvfad usein

O A AT O e -

be used bt tholbdudavilerg], Wotei bk hierAX R Rbi@Scess. 2 BrcSRBAFAbA 8F
th techni gues, .evaporation either under normal” or reduced
ese 11}5"1?%@’@51 }?@ & disguspimaxt opd they greelsp dispussedin a copending
lica0h BB “YBEB Mm ” EPRI5AHA i
applic _ . oNRids, gyﬁgyd%@bf_g ]gzg'lg, Sud 2. .%Zlarlsorné%ﬁsjlggeél

distillation, fixed reactors,
to the aspigaoef Sie naesntapplidatites and incorporated herein in its entirety.

Isolation of diamondoids from petrolenm feedstocks:

Feedstocks that contain recoverable amounts of higher diamondoids include, for

example, natural gas condensates and refinery streams resulting from cracking, distillation,
' -11-
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The renoval of non-di anondoi ds may al so i nclude a
thermal treatnment step either 25 prior or subsequent
to distillation. The thermal treatnent step may
include a hydrotreating step, a hydrocracking step, a
wdpdrospisocessi ng step, or a pyrol ysis step.pchngnzemlozzere
treatnment is an effective nethod to renove
coki S ) i onponents.frgm the
e A0 Pl AR RE LR RS S e
Norpbiet Bomutionin theGif nfjMeico flabslellc Fonngem i 8eabda

£ okl £eBBacic ontdhn Al ofibabioht SHI5R Gclistondiids fafiep as moch as
abouptve thirds by ToeFbut SEREERE bh QU AN aﬁhﬁsnda;ds %%:as fhh

to 450C _Pyrolysis is continued Tor a suffi
as abP‘éWg‘f ﬁ‘?%o? Pﬁr?%gy weighth t The peepessing of suehyfedsisighks to remove non-
diambRISRRaAH B i dgﬁg .east about. 10
E,lmper cent byﬁpm%r%tgmgh%%ﬂdéeynon- #goqrr%n & ?ﬁﬁ’ﬁg out
using hywayef exampletonly, Sisesparationrtéchhiqpes such isangybratey shelecular

: t lLeast about 5 ercent -12 WO
sievel Bl DR BBt B8R trsFosber yedibriner raher gtrsms,
extractous celgutreteticdabatatods, drgstdliza86n, REfoERMgrYy WRIIHRhD &harkf3f,
d -di anpndoi ds are thermal |y degraded. Wi e
mt@%lysis is prefefred in one enbodinent, it is not
alA\gréfero@ bl :
o SO o PN g s MR RRY lofyogirock. This

isolation or purificaflion
can rgRqye fer-peiingrapndisondoidregmpmintiisy 1 oan didvaemonoe pépasit o -

i doi s 4t fi.ci t.l.y hi. ' taj
towetad eSS Btfoedié baafe £t vaiftlend a o o bigher
diamendoidfs) sakectetigfomipdistiann & ¢itherigstaReSBa [¥ek ¥fs #8Bbe enriched in

o Y P i cane

afd b provite | | |
B e E A P B LRI BitRbife o R,
isolatigy pf p ideniifind higher ﬁemmsi%ek i T cutsOwhniely arb enribhed inddghen
. - is lds.far use in th
B 53,2 SLEGIA ATRIR B B S
purifigation. f Othert inethodsefar thé @mesal iof contth@inie MEH:AHE BRcation of an

. stal li.zation, ther .di.ffusion techni ques, zone
cariohfd 3Bl B anadfBorbly inpledatha Silowia mossiians examples:
size scpaaidretel , dhotaliBn LittéLandePfior | e

,0Ccess ugsr{e?;g)(())vernecfl felé%gf%og%lgféﬁ%fde@t&é to the

: L ne
sublimagion, gristallizalinm, eremaiperaphycwellihead septyatays,flesh gistilatiomfixed
andﬂlﬁ@{)mc?&F q&g%geq%ﬁ%es&h%r. nitrate 15 inpregnated
Si | gel’; -colum dfkgpar ative capillary gas

| cCa
c'h‘xeafmfvlag oam_nydizmtmﬂdaﬁh m_hg alséiinalﬂitﬁ,él ld ﬂieﬂz?él tuﬁiunﬁpt sltﬁp either
. rsalz.n.orwecrysaso‘elgy.
prior of sobReeEntid Eﬁﬁ!&namﬁeaﬁqgm trogfinent slep may inglude a bypdrotseatisg
step, ah@droGaclShd e a BYdrSpthdel we iy
A S RGP, Ty

i srmetgd pnipove ydresarbenageauls.auogi-diarnodoiddbempbnents from
s.wi.th _different

tho foolfibck! &R e oMBoARMBrin B & FRLATDE ndlibf 8 s |

selectivities
under vahgrconditivas) or &l dudwerf amosphere, 1o QftbfsateeRAERbIsOpBuIvNi Ch
I ead?ft 0, A substanti al | pure conponent. Detail ed

390°C, gd maprefgrably o s bawene i abontd 0 to 450G ghgolysis
is contiehhe B S QI flcient 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 maierial_ _prior to pyrolysis. More prefetably at least about 50 percent

-12-
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conpositions 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; 25 and U.S. Provisional Patent
wOoAPRIoksat | on No. 60/ 307,063 fil ed July 20, p}ﬁﬂﬂsmog,@ﬁﬁg

co- pending appl ication titled Processes for
B.. Carl sgn

by ngg.ﬂc Sg.l; eéf?%ﬁg g&?hﬁg apllg d or':eg]? b¥ W@ygbfr cgg]éerﬁon-dlamondmds

are tteppdllycieifadsl. These applications are herein

or at ed, by reference in their entirety. 30
Narl‘&g‘{l&f) YSphiS Péﬁ %rrﬁéh%qe&n&!@ﬁmmnh Etigmotaiveays assssatydp may

facmﬁ% tﬁéﬁ@mlregy ﬁc on gb ﬁ@?&%ﬁ&%@&%ﬁ%&&%ﬁ E{Tg%lagse

fabri cat

may et for e |cmentraﬁ@n gﬁrbatamdor@s/m Treqfiiidntlgt hitihaivendsritan and
| eat
edsg*’@n%ﬁ%ﬁl‘ HESLPEBI O RoAT btk 34 %rrpertgé‘r‘éﬁweﬁere

prepapﬁmlvygasr dhzomehtobrapiip aatitigts per fo3m e 2GR/ ARMMbErap
PCT/ US20 gﬁ‘}? and/ r di anpndoi d- cont a| n| ng filns;
crystallization, diogmay Fﬁﬁqdlfailﬁﬁ‘&tftﬁ%@ﬂdpﬁht are self

agyeiite ﬂlsﬁllatﬁﬁ bf py%lyﬁyﬁkﬂillaﬁbﬂ Q’urﬂ!le[il 8@11&&1{1315 0);  material

enbodi nent, di anondoi d

may hedlegired 4o B'i?ﬁl)de selected) dptgnmﬂgds fqn!wﬁ la theermntposmmrempﬂd}gd aut
tis oA S e R R e B e e e o

thennskdaﬁ'mumrteehnn;ueb Eéne reffivdpe plogrebdiee ﬂ&aﬁrﬁﬁmait[hm HRGeHRSon,

tutionall posrtl&ged on a _dianond |attice slte

and thsﬂ*?ﬁ QF iRANGE: dik s Tgsessatie socpyeted foedrinekag subjected to the

foll w&%ﬁtﬁ[ﬁdaﬁl detfurky: PPHGAE LSRRG ﬁ%@g}%; iy
° odi rren?ﬁ6 helrrero arrondor ds h?r%y e hryr Fgéegﬁuate
imprognatdisilish &F% Deterp- omum prepatstivocapilliarygas ubmmathse tanibolate

R e T —

aﬁp altemtlvh ptoeess di ta e siigileler rawltipie |c61ﬁinhlliqaid|r::1§romato graphy,
i ment, then, or

d t third
includfi R R Bt it Cofomdloeate; B %H@ﬁ%ﬂﬂﬂl@ﬁ@t@kﬂst
As abd\e} QNloRTRAAD oAl QR PLoloHABESh A b\l ikl Bbessing

. heterodi anondoids in the cryst
using thess rerghodgaliows for merpsfigediseparasions @bichean lead s sobstantially

ure cSthgRpdoi d- contai ning materials in accordance with the
P present 15 enbodi nents are not linmted to these types

dbetaiterl euettaids for prodessiny féetstbekd go m%ﬁnmghefdlam&momf film
that cont amondoi d form of car
compopfis 1k St UK Ry R AQp Haep Nat @V1621842 g
Januar® V) 200 5,NNE P46 isibihl Ratbrit A&%h@iﬁ%ﬁﬁmﬁ 0,148 filed June 21, 2001

di anondoi d- cont ai ni ng ertals, 1ncluding n andpg-tyge

and U.SPrayigiees Safcnt Asmil@aﬁpaﬂ\b 604307, 963 e brle2D, 20@1o autl aep-1 0

pending N b e o T Brmbehy B e

etal, aesipiedyeﬂaeamgmaoﬁmprpseﬁmppﬁmoﬁnm‘hrseappmeﬂl@ﬂamkéﬁ as

mcomorgteébyre tg‘ﬁcggﬂﬂlg]ggam sources al ready sp3-

Materials

The diamondoid-containing materials that may be used in embodiments of the

present invention may be fabricated in 2 number of different ways. Methods of fabrication
include are CVD deposited diamondoid and diamondoid-containing materials, CVD

nucleated diamond materials; polymeric materials including polymerized diamondoids
-13-
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hybridized in a dianond | attice, using conventional

CVD techniques. In a novel approach, the use of the

di anondoi ds and het er odi anondoi ds may be used to

nucl eate a dianond film 25 using conventional CVD
wolzemfagdogrues, where such conventional technimguass2n30idte

t her mal CVD | aser CVD, pl asnma-enhanced or

s b d. t like.

wtoP AR TE sl YR B RS BB - Bl B o
assemmﬁanmrpdmml vapor dep03| tion (PECVD) techniques
oL B ol ot ek G
aremjébt%& ﬁﬁ@a%&&oﬁd&ﬁﬁnﬁbﬁﬁa &ﬁv&rtﬁ%ﬁﬁd@?ﬁ@ée arniiieYe rel ate

he present invention, one point in particular that
dmmoyﬁ@d#ﬂ are pdded-ielanddieparee 2 part of anremeededrdaamandm@mre,l agd if

sl B0 o S 58 BB i s

a heteRA M Bhd (4 leE’ﬁ?IépdSﬂﬂ @Bﬂt&ﬁﬁﬁﬁﬂy produced eopet diatomdl n another

embod iy RloryRoR bR o vt aeneed GF Bvmeisel e pslen

ouy Béﬂp&ﬁl@@fcﬁiuk TyiefifsiereRctib @ﬁ'@%en’iﬁ%&%ﬁ@'ﬂl\ﬁhnnal
sromp ,, B. lﬁ%apoyﬁe - P?’ess Boca Rat on, 26001050

groupelmlﬂwo aéJacms aﬁtﬁnoeemﬁn@@m@efmﬂv savipendnpting, Jot d
emboflERASiHk o PRGNSR bIrhR M AURAG i Bs 30 OO

rene, ane gas C on precursor
heteroiliataoodhid erysthle wiiiinfth! ihdivielnal ptopuiizmsimtloids intthe érfyatal are held

act or |led a "quartz transpirator" is
togetbgﬁyawélarﬁ@adlfﬁémﬁgﬁ PI67S: wherein this device

eopidl ik bidistBaideidecohtal ity Baerdls MhicsR@incs Rith the present

tenperatures bet ween about 550 and 6Q0C to subline

emboewen EB1s 1pt limisadci dhepqftypestoh matgaislspingd seay ipgludeqny other type of
ﬁ]mﬂﬁP tg%&gm&gﬁ;dd@rﬁbm&ﬂ;fodew ce may be used to

D

anon Into t he gas phase such t hat
they naybe introduced to a CVD reactor. An exenplary
: {O. |n FIG 6. A
& 6 ettt B89%ncl osing a
phmst%nﬂaﬂdﬁﬁn@ Qﬁmoﬁdcﬁ@%oﬂtﬁhﬁg ﬁatbbels Sddludifig He8dlpipe
i ntroduce process gas into the process space 602, the

diamopdqid wateri e@re@hwr%aﬁ@rﬁes ioogrebodimeatsf éhe, presgef invention
wing QRSN GO CVIAMITHER, 13EnBf 5%*2’@@%*‘1
carbonprequisor a.tfd hetmthqmmﬁws agfiefesisingd dommtsourvay deadgsd-
hyeridf B4 faindibfion WB o rehRT G e pEe o i hihel %arc&a@

the useSofTRAdiSm biitloids Ahd Eéietﬁdlﬁlﬁoxﬁioﬁﬁ&ﬁdy% us&it6 nfi¢i€de @diamond film
hydrogen, . nitrogen, argon, or an inert gas such as a

using W@W@O@d EVA teelimiquss, W@f@g@ﬁh conypfiongl tvﬁw&w@u@ therpat
CVD, &éﬁ*tf\ﬂ) gf ﬁ%grcﬁﬁarnc %?asﬁlﬁca.@sﬁéd &9bha 0&/[541&% Qhd the-

nsi stent "W th convent | bna react’ors,
like. the reactor 600 may have exhaust 20 outlets 605 for

PGyl R B Rk Aon g ERERG) AR el oo

deposiiRA@ECYAS téchnidusslated WbllBhownith @&/HR, hfdaiile HAERRASEUIARES

Prepa

“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 made since it is
relevant to the role hydrogen plays in the synthesis of diamond by “conventional” plasma-
CVD techniques.
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contai ned within process space 602; a filanment 607 for
converting nol ecul ar hydrogen to nonatom c hydrogen;
a susceptor 608 onto which a di anobndoi d contai ni ng
filme609 is grown; a neans 610 for rotating the

WO 3¥48¥pt’or 608 for enhancing the spa-hybri 8CEE82005022629
uniformty of the di anondoi d-containing film 609; and

a I ot théthodBof sy @Rsbrink di@iont eib a*s%%%_d bgn@! FE@MiF Qo iR9

wn the Tl ow of gases through inlet ; The anmount o
Tribojggeef Lianpnd DigmosehLikafoaroas. GOER elatedFitine pr Medess Trijology
HandS5OACEo 0990, 1. ‘3”@3 isphect egl.i ht.o t he
a‘ roc.egls?ﬁa’%lp%géﬂ %(%H G %g%miunﬁ oé g%rzgggg)g‘ §7&§§e}i8’a
modl%dmexsmﬂe E¥baeagter exbsed totdepmittastai@ystal iealiab @l fAatusRE a
n fromfilament 607. and the nmeans 610 for
?“ﬁ’fﬁ%‘ieg%f ?ﬁ‘%‘g@ﬁ“e > B SEUSRESTEY " 38 nriniiece g1 precursor
into temtxmttir wduvice ChlRd BIQRAB @RS SO ML Red0 oIS WES e

i nducti on, coil such that power is coupled into process

this deyieessepfialiyihgatsp Sillercas-eh s9hloderamrpatings begween sboat {H0audm
600°CG4 ublmkd hé/@m%.gg{yngfﬁxf}pﬂig g%c;yag_szoos/ 022629 A
|'a

di anondoi d and/ or heter nondoi d precursor may be

i Hjiscontsanplataddhat e aisiler d®ie neaydensidy stidinendiatomietds $ntof
' ' h latilj 604, |
tho o s PAEE BBF bR b Rtp ot S D Gt e ey or

shownga gersmtly ab600nin FiGI6e LOfeactbi0fDO cOMYriRs réss@EwatiOs01 enclosing a
nsfer of the dianbndoids entrained in

facili (f'ft tr, .
procesg ﬁ@"%ﬁ i“ggasg@?f bt ¢35 duses tajpisadiice progess 25501, theprocess

6 H 1 . i i bl i - t h
Space (7 6 phdefes hes SUNTSE hRUANL, ATRORS: &1 BGHIORR Rl A0,
as argqry |Adligiendoid subbming gr velatilizéngrdevico 604, yistihat todherpgintag

L T LT TSN —

. ges intoréitehieavtor 668 Theovolatitizer GOEmayBRicAE & nedis fbf‘ﬁi_:r&@;fcﬁ%‘h carrier

terial present in a C/D created fil with the
£as S“‘%]%ﬁ ﬁ&#{&%ﬁnd B840 YEon: Pratgpert gas spehiasa nghie spaethen than argen,
d it théyeconirothd baddPERn |
we hg?ceroat erc();?k'b %ﬁ%ﬁrodi%ﬁ%fﬁ%%%%%ﬁ% %ﬁ’ﬁ%ﬂf"
iGoptistentyvithronveptipnal GVBTEaskirs, yhefreantario6n nmy havecsxdbeset r on
: ol .1 n. andp-t di anond or
outlets 40885 ren iR UaresBob i Profe Sy Bt gy soee 606
ety e S0 ity Epaf i) pRlS 00 ) ©
. 74 a substrate is positioned within the
c°“”’“?‘i‘a¥&‘{’18rp%ﬁ,sp%l°ﬁé85;feﬁ7l%ln%ﬁ@ for pasaTting v lesniarydaogenton
monoaiéfic HyArdkeR WnRRpib BRI £4iZHndol il APRAT 6d o
y bonde on atons,

701 conprises tetrahedral car ere

grown; 2 meanyiN fakroiting the sseepterd0B forsphancing thepbhyglaitidedn bf

iy 48 B 40 LSS

and contrefing gfeerfloadofasds tigowphdnled 608; fhk BrRouR S fRAMBoMled from

@gf.er glgece nyneral 703. The hydrogen passivated

source GO U Prerssne Prce 87dhe paownt phiizmaendoids ejestedipto the
rocessinl t 808 -thd MeHhug st ' | f
DO g, by PELVEY T BLjeeds g Offifed Broudf oRiLslRS B0
the atonpzign ohhiydaesea fioof filament 667 \whd thedieanobid SurtaingtheAs
suscepté}'Gﬁﬁ.uﬁlsa%dexblﬂpltmt}ecmbodimem, the plasma energy source 606 comprises an

induction coil such that power is coupled into process gases within processing space 602 to

~ create a plasma 612.
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reference cited above, A Erdemr et al. teach that

hydr ogen al so controls the size of the initia

nucl ei, dissolution of carbon and generation of

condensabl e carbon radicals in the gas phase,
WO2040748¢% i on of hydrogen from hydrocar bons BET(GS2088/@22629

the surface of the grow ng 25 dianond film production

ofA disaitioiddndes hnerodemERibiDARERshr R e hj S RGO TR BBY

i nserted. dr ogen’ et ches nost of tﬁe doubl e or

accor eg to Ephpdiments PreSshipveatien throneh thefvolafilizer §P4b wihigh

SloaRRdzd | idsh ; '
e granh fz tht Bnffbidsl Wealbieh 985 ioh BEmbAATRY wdn flay bo used
0 Tac

wansfonalthe diaimondoidi catrained iprthé cesriagas mtogthe po8eES space
.10 eguent.ly. CVD gro i amond. fil.ns
602. SHERRE Gt epe RS RRS piaYile?® RiBid PRGBS uemaheatems
e l?m{wgwt@m Rr?fhoh gg@rﬂ@&?{ |Sg.1 TA iy
face surfaces.. Referring again to . a
techmﬂ'éetsépgb‘?sé?&ﬂﬁ‘a’gﬂ‘“@“?@4 is injected in the gas phase into
- 1 11Gs SoMbent iR Gor{é AnbdiBmMd @b théﬁ?] &d%ﬁ\‘;’ﬂaﬁ@ gﬁlovid s.thy
the he | doi a

descri bed above. Schemati cally, tero non

majority)af the garbast majpriad prebeny inroi B raatedfim, with the dinmantieid portion
A [ 7Q2. as .well as dr ogen
oS BREESIEINON ol 5%yl Y Bl Be 45285 e
heterogia{non@dic_l fipplylity tﬁﬁ%ﬂ)ﬂ@{ tﬁEt4vﬁH Ev&ﬁgltsﬁ&ﬂﬁ?i Qs&g%%&tron-donor .
er adi amandoi d.. al sp has .a heteroatom 7(
or acogligrap fio gz %ﬂlﬂfs%thqréﬁewnaﬁﬂ?ﬁ

pr{aning tibpg dhis pgocess is

illustrtéd deBémARalPRAGIGEE7 ARt er oat om may be anel ectron donor
or acceptor. During the deposition process, the

heefErisg falish di wisubeints E00de pesitianed withinttheC¥ Diréante 60@fand
2 convhiifenf BB AIRAA eldh 701 £ Ml A0 QWALD 760, G B HiPr1n

carbon atons o er odi anon
701 compiris @He:hhadirlalj{yf B l;nmdedjwalgramgtbmm, wgel(ekmaﬁed atod)is telp&ség_ﬁécﬁgﬂd
. .ato the fi to. prqduce, a conti nuous di anon
the ot HTBn of e T LG s i R SeRbRIR e B GRTRL0p oo
2 hydrGden tdimiReIdQuHabe 2REOREADy B8 cADSE 4 1R, S5 BORR By terbrByo£01-
The result is a dianond Tilm 707 having an 1nmpurity

mumerg /g8y Thihdkossnpassisatathsurfice (03 efthadaoenddilmatd pvay )

mport i Bl PO e B Bl RISR THisBiop bt HEE VDR SuER B

_wthrn anona’ crystal s
stabilizmgihe i bosl clwectehef the rowing dismewiciueladea Astiisetssed in the

ot JERHRE Al o RS I ek el -
initial Rt IdiRolRSd Y fRALEM i EralicH STRBnddnSabRRATIIN RididiZa s

characteristics through the deposition process.

phase, abstrashion 9é Bydsegen feonpiydsmborsasachatie theismics o the lgeowing
o . . . : be di dlatt
s odh TR LM SRl
msertec:]. nigy dngeateiabes m@g lfithe (tjienhle ditep’ b@idgdh tarbdn from the su%faqe dOf the
. het er odi.anondai ds. an titut t er odi anondoi ds,
growing 8o A 5 thes st e oot PEEPIORC L EPOTRP¥T,
carbon.( Wéroger did sieHeYRTayQdinaliediiBéRr Rath SRR kb e lchGhal

groups_are included in the heterodi anondoi d portion),

Conseqigijly) & Vhraowndisaond Alms vy icienthydrograprasensdeads prer
di Hichdsl . {0 . ' . ternatively,
amon ﬁeiti.ggﬂ%u{e%ﬁa?ﬂylﬂ%e RELSERiL ﬁéﬂ%ﬁc@gﬁ surBlch
Referring again to FIG. 7A, a heterodiamondoid 704 is injected in the gas phase into
the CVD reactor via the volatilizing device 604 described above. Schematically, the
heterodiamondoid 704 has tetrahedrally bonded carbon atoms at the intersections of lines

702, as well as 2 hydrogen passivated surface at the end of the lines 703, as before. The
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20 di anondoi ds and het er odi anondoi ds, and deri vati ves
thereof may range fromabout 1 part per mlli onto
95 percent by weight. In another enbodi nment, the
content of heterodi anondoi ds and substituted
Waeesed? anondoi ds is about 10 ppmto 1 perPRErUS2085/022629
wei ght. I n anot her enbodi nent, the proportion of
h | S
o RS TR P o oS el S RTARAR|
lattice stryatire, and dhethetbOBtoppmay DSar ezlecm:oﬁ domeoc mbpt&ny wei ght .

Dolﬁ!s%[‘«g?lﬁéz(g%f)géo%digg%gl qug% tq%%ﬁéngplﬂ%})%q%%g 3ot Sektaco

. of the GV Bitiamntd; filoh a3 dhdveh RANGATMI Tige datdofBtoats oﬂraieer ials

For t

et A Sk s i b o

of thé ﬂﬁ??@l%@kddé@éaéoﬂﬁn@h@ﬁﬁﬂﬁ'ﬁ& ﬁﬁnc@ Str@¥urk Rross the newl created
ynerization, and nethods formng di amondol &
mtmg@ﬁ' ¢fitag hojasediamendoidoh ﬁmi{theshammd Bibh 7&br i zi n g

i S iy SIEUIRSI o B By oy FEASR Dy pigoe 85"

electroRdbyarer accafitb® suHshgheIaJl@Ipasimﬁnéd iod aDetide\stté posttion wikhin the
Robert M __ Carl son,

diom G LSS S0V FIC el S IphavGumendod e by

incorpcthied BACHe! Shéddr hab fts N %%ﬁ{ Keesthé
PCT/ USZOO% Gngé To f?ﬁ%?? cate ae meric ﬁo? orated

into %ﬁp‘é{m déhﬂw&waﬂom basretaingd its & mheatxoa shayagteristiés

anc edsgnigg :gayoqgs’é : %d&ag?dggs of the ﬁr@seﬁ% ngt%o% mggllq? fheci S es

“insertionchd i Upguriteatod iistottrdidimbnddtte ithout Emingi t6 rds6rt foootystal

d.i arm doi d haying at |east one functional group
q?ﬂgﬁ"tf Be%ﬂ’@ the original hydrogens. As
drms u@fgﬁdoﬂmtemﬂﬁno'ﬁd@&pﬁﬂdcsabdtﬁﬁed ReR@S RarRdrRlofddOs A InRton

reacti.on sequences that may be used to derivatize

of therjatabyeiaht ot do/ L Slm frheretbp MeightoftisNietergdiaondan functional

oS 6 SRS RN )Tl ofOR s o

aboutdlrattwnumlhbrdapmblltodﬂﬂ persent i iweight. SAﬂbaimmuelm lh% corRant th)f &
us,. nucl.e Sln rtlary gehea
dlam"@%@‘@%ﬁﬂ? eI o feivaived e mxr@gpﬁ st o
per mﬂE@ﬂ’b 199 @eichat by $Rfpal da hiotha RO dinténel 8le colféni'ogact i on
ondi ti.ons, substltutl on at a terti ary carbon is

hefer@wéﬂds agd supsiinedhsteadiamendpids & abeutd A pemde d positibyc

weigh ul.kﬁ%bﬁlbil o dRené 1 &a'fbﬁm a&‘ lh?tﬁ:%d{a}n\éﬁdm&soa%d dNak&ed
car bocation I nterne reacCcti on

heterogiatdondoids intizet C Vil fifre relate to fhertothheeigh nf:ihb Gibalid sbatii 100 ppin

eter nopdoi ds, the SN1-type maybe nore wi dely
tOO'OﬂP?IF‘?ngg‘G kb fi‘or generati ng a variety of

het er odi anondoi d deri vati ves. Mno and

nul ti -brom nat ed heterod| am)nd0| ds are soma of t he

‘ oﬁaﬁglggﬂﬁpmmh&lﬁﬁn% Elglﬁ—ig ('Tid?& %@%Qhﬁﬁs r% atdf maynbe
faricatgi bepym@izafiors Bor Kyd atocan, mmdleaassdrptol derivatizadri ons.
functio %Iahzes) ﬂ%t}ha%orn gltds I?rrio?'rtr(l} ;r)]o g;mngza o1, and methods of forming
diamondoid derivatives, and techniques for polymerizing derivatized diamondoids, are
discussed in U.8. patent application Serial Number 60/334,939, entitled “Polymerizable
Higher Diamondoid Deﬁvaﬁves,” by Shenggao Liu, Jeremy E. Dahl, and Robert M |

Carlson, filed December 4, 2001, and incorporated herein by reference in its entlrety
-17-
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het er odi anondoi ds is favored at bridgehead (tertiary)
carbons, brom nated derivatives may 20 be substituted
at secondary carbons as well. For the latter case,
when synthesis is generally desired at secondary
Wo&‘é’ﬁ‘ﬂ%‘ﬁé’, a free radical scheme is often eRELM§2E3/022629
Al t hough the reaction pat hways descri bed above nay be

prieffelrican aipolyaRAe file 6RRLhIAE Gafofdoid BshshiuERE Mither as art of
invention, nmany other reaction pathways may certaPn y

the mgin nolymnpric ghamy o ps 3ide Frompsor branthes off af the meinotiinomedinstd.
thdRS § dEPARLdIManRERNR DS - roduce
T der i vati z g%lédh et er ogiiaarm%gof %%‘q%%’#frg‘ %%@%P@tl?wgg at least

one fyngenal gionp supsiutieg one t thephiginatthydrogelmr iAvaliscsed aNat
ted, with

: i doi ds thap are hal ogen
R e e R T R
hetercgfidmcndoids noéleophilid @ distype)iahd aleiebpHilio (MNAb) Substitution
1,wﬂ:i(gxilsdroxyl ated di anondoi ds, carboxyl ated 'di anondoi ds,
henyl at ed di anondoi ds, and am nated di anondoi ds.

SeR1-Fpb =RERn dﬁgﬁ" L BRati i
! Pgl 1-3:?I—@rreri g%gﬁgwh?g %%e%g Di g}grmn o#‘gfﬁ%{édrr?‘{/bg ?I%/Sévghw]f or a
subseqegly Feget arithewdensimelgophilbs tSincsdertiary (trivtzeheag) daeboas bached
. . ' L ds.... D anondoi ds and .
sunciiol 8L S8k AIDR Lo AR S sy gt

conditidnerselstititian khgtertiatynaittioh kefatGed apabl e of entering into
ybe subjected to suitable

pQly,ner i z blerelacti ns, i
SR P RORRAPYS B & RPN S CaHbopd BoudBe:
coordihiite cAbbAHB HitefBAINE OOHNPRA) ﬁiﬁjﬁf ﬁacﬁoﬁ%atﬁﬁa%?ﬁé/&@%%%&d |

& PCT/ US2003/ 022629 or het eropol yners,
or the funcficaglization of heferadismendaidsathe /Sat-tipe ey be mmmowitielyditilized

o RS S o SR T Sl AT BRREP

heterogipmonrivids areRohng wé thic nadst versatik iftypicdRtds YorGadidtioflizaiat
free radical

' ft foll ow .net hods:
hotero g Bl it e Vi el Khel Foeh Risr
and Frizdel-Crafnd b 0iod ahé aliaBfn reRERGS d}dﬁ}ﬁﬁﬁﬁ Gikeck %Hﬁﬁagi%% bree

ical, .cationic, anionic polymerfzations,

.ad
. hetero%@p%gig}qla isrfavaredont bridgeheaddtastiany)ecashond, brontinated derivhtiveantay

. L] |
be AR il ORI WO A S RO BB el
desired gt sgoandany earbani,giftee raticahsahbme ivaitigy empldyed. i on.

roand b: | . .
RS o R R vy el ook ok b b some | a or
embodisutalt ofithe beshe mhﬁ&émaﬁf&h&@%ﬁmvrﬁ ‘8%?;’%@‘*#‘?‘? be Iﬁ%b‘ri]i

tallic reagents. Free r
a,

as well %&%g@ge Ereahsterqdizmandpidy These exscitom sdguenvatriayds used to
produc@&érﬁ*&%ﬁ%@@ﬁ%nﬁ@m{ng 2 va\‘?&y gﬂ{u&‘ m lﬁtal g?‘éup}sg?lﬁléﬁlat the

. polynerization reaction a cova
derivatiyes meseinclddeimtametbarondoids ot arehalogingted #t8 elements other than

B LT et

diamonpiaitiy eRboxyllfeddigh ibide reaesi1HRA Hiamoﬂ&i%{‘ Bnd ziﬁgﬁ&tla& nal
& ﬁ%&;p%econprl sing substituents on a di anondord or
mongte 56 iTabe A @b he crrapndingipplieation EPdymériznbia Higlve ,
Dimo@%ﬁ%ﬂ@ﬁv@?’ £3F 2 &GP giemﬂjq biflSE00s 4B n?% Dahlaged
heterodiamondoids. '
Diamondoids and heterodiamondoids, as well as derivatived forms thereof having
substituents.capable of entering into polymerizable reactions, may be subjected to suitable

reaction conditions such thai polymers are produced. The polymers may be ho;nopolymers
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mai n chai n as side groups. D anondoi ds and

het er odi anonhdoi ds havi ng nore than one functional

group are capable of cross-linking polyneric chains

toget her. For cationic polynerization, a cationic
woeuraidget nmay be used to pronote the react iramAS2006/622629

Suitable catalysts are Lewis acid catal ysts, such as

[ [ andnieldhm ' Lde .These .

or e, Ll e A B BTN sl TR g O B vatives
may begotpolymreriaed withwondenpadait  disnondnidamidéuniheterodiamondoid-

- i . derivatized di doi d
S R TS A R S

methaisstoeantical pelymentitibh, Cafi@id) br anfMEOpdNEEBARM, LES 25
ude, but are_not Ilimted to, Gignard reagents and

i ncl
polyopgiattics dJanesduiea for imdugigafiseradival. calienignamionic polymerizations,
d pRARB kTRl Hﬁﬂvr{ (Jitated by the renoval
o po?é wat er&gﬁg&g%sgiﬁw%om t lgﬂ!lelra’lgtzélcti on nedi um

PBrey sasiasbprd pnétizehion way odconspontensensiyhpm thé ebsbiption bHaal
upl es

f ia 0] r. . het er odi anondoi d..c
sdaqsfls Bl or BOE B A b O ahig OB RSO QPR LY PR
this palpmerizaéh grocespisefihmosl i samlndpiutts Of 2 6$ BhRSl iREROE Qhd as
a carboxylic acid group of _another,

ti it
peroxlfd_gq? ﬁ%a:fg'%a\ém‘méﬁa Travis acifieatid organometnlbi repgpuls, Frepeadical
polym@HAB Ay dstithBeioflRAV AFBI G UeHvariTBY ?&%ﬁgﬁﬁﬁﬁdow llgngnoarlners.

anot her when the functional group o I'rS
As a eyt obibE pokymerieation rdagtionsa aomalens band ilferated betvarah diemondoid,
.of the second is

1 i gl e.functional .grau
nondl&éﬂHngélfiig{ggllﬁgtefﬂ 6C oélg TR RS ﬁucgstgaé%b%‘%‘?{@f”rdé’raci d or
heterodipmundbid gcomps patbedip 18 sin oliain 6&11%@13’21&&4/1@5&@% embodiment,
h Pgr/ S2003/ 022629 _het er odi anpndoi d-cont ai ni ng
the fungapaal glolps GomMPrising syhstifgnthaRa diepopdsid eiivaedamondaid may

olyméreRGhONS thd BehHRIRG '
pobm yet hers. Exenpl far y gﬁ?ﬁ%%g?%ﬁc%ﬁ%:ﬂﬁiﬁﬁae%gﬁtﬁgﬁ c

. pol yet, . )
matn OB?ln Assige growpst Riemendeidls snhiateodiamonbyoids havihg3BoredhensGe

. Ref ' ; i ndoj d- cont.ai ni n ol ymer
fonctiolE! 0} B0odle oS b B BERAG AU R Vel
donpatiosiepolinmtionidn] dcatiomo oEEIyst Y, be@Be to 5 61:@_‘,'_ Eﬁ@éﬁcﬁon.
. .The

. hrough carbon-tp-carbon coval ent, bonds
Suitably Ob B e <t S HL BB b G boraR SRS T HRIEER any
trichlofi@I I @EseQfolynpiz M 8dcH 3%?1&&& &flllﬂﬁ% gigﬂ‘%géf@” e

i
t hrough' undecamant ane. The coval ent
temperaBipr i ses a bond between two carbon atons where each

Al f . d, are ers, of,.t A
Toaaie oyl o ¥enBih Qirior B aierpinie®
monongrscarotypeliissubjecteth o psitopgandleopbitiaiafenis Sudhi fueRbphilet | nked
includes h th?. .btP{Yer .are no intervening carbqgn atons that
include, b e 1ot figited f O

Herird Fraaen 2 ether eiganqrestaliimeampopndsan
Anioni@ P HBAIARGs DBt Dhcitithlell 6] ﬂﬁtrét?i@Ja{ofMﬁr a%ﬂlo%ﬁ%eﬂ om the
y linked thr ar

di anondoi ds may be coval ent | oug on

_l’eaCﬁOWé‘#ﬂmt hat are not nenbers (part of the carbon

@Hﬁrk&ldﬁﬂsa%n 1%5&:%3% oc%r. vtv th tﬁé"ﬁm&%o%ﬁo grllglﬁal c%so'ne diamondoid or
heterodiamondoid couples with the functional group of another; for example, an amine

group of one diamondoid or heterodiamondoid reacting with a carboxylic acid group of

- another, forming an amide linkage, In other words, one diamondoid or heterodiamondoid

may condense with another when the functional group of the first is a suitable nucleophile

. such as an alcohol, amine, or thiol group, and the fimctional group of the second is a

suitable electrophile such as a carboxylic acid or epoxide group. Examples of
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15 Such a covalent |inkage is shown schematically in

FIG 8A at reference nuneral 805. As discussed above,

adj acent di anondoi ds maybe coval ently connect ed

t hrough, for exanple, an ester |inkages 806, an am de
WO 2004(f340f@s 807, and an et her |inkage is 808PCT/HS2#3/022629

al ternative enbodi nent.,, a di anondoi d- cont ai ni ng

heterodiainoigsid-SH@uiRing OB mals! ivat dlay b8 2 miel vialpGlyc &RlcERAR Fe38nd

. copol ymer fornmed fromthe nononers ethylene and a
includg pglyesters. polygrudeniadpelyethesng at | east one et hyl ene

SERSH :IW@%onagi&-cgﬁtﬁﬂﬁﬁ ?Qfggﬁg? BRI E, e ﬁﬂ@%@f}ﬁséhe%?akcaﬂy in

cont di n5 one substitue ene group.
FIGS. $ita$fdnBefedingtnBitk 8As b diamontoidamtainioppalymer it simwwe deydraliye

L e ey

carborb®-caetioncy vaént Bexills 804. et diyth @iasidSdchohde o, 8025808 thdyi r d
nononer participating in the reaction, to formthe

comprSE AR MGRRGT of Sy Hiphes digmendod seret termante rerahse t he
undec&thaaed ThélciVaRARka 404 Q@iﬁpﬁ%’]&g a %ﬁ?ﬁﬁe’tv%ééﬁ%? garb'on atoms

pol yneri zabl e noi eties attac toit,
where gaghtqf eerben atpmp ofithe borsl acemembers of the tvosastjdcentkiianpndbids.ns

[ { her.. Such. a cr.oss-l.i.nkin

Stated Sy Lo 8 Bt B mert ot R ipgheh e
there ap¢ mpiatervenmgtibon atbia that 4rbasEatior bt BRMPAIMABCISE Prgha s

in FIG . 8A, since for the FIG 8A pol yner the
an adaantans WHPRYD- nucl ei are positioned within the main
CAWriativElyC %Je'ﬁfﬂ i S Btbul :
Fl GS. ugAyhﬁ‘gsag [ Saﬁlﬁg{l@%@}l@;%&gﬁ#gﬁ% [ ncct)1 'pgar%gctme
atoms that & petanenberspes of therarba nysleusyod citlienof the ivmndiamondoids.
' I i ' ril themin t he
Such ot i RleE s ot sorfhafily WYl 88 o tfidenel Bttt 48

discussetl abovs, adpicamnimiaindeidomtpbedovglentht @nhetke thiaygle feheradplieN

such a nner. W.t.h alkali netals, alkali earth
an estof el s QR tind liniaechs0d ana i el o SEOS. A, 1.
T an Mterifdive aiBodldetOn difkh SR by _
. an(ﬂJllllore optv_?cal prgg’er?gg@?i%dgsi red?&%%%%%ﬂ%\%%muyat
820 in 5Kp ABonmprirespeypalnpadoms famythe menamen ethylens asl afiighene

. ' ' I« | § ti |
B 508 G A S e S R
821 contninspheasupstitadny ethylem gréipG The diammdaifl naoihereshowe at 822

contie g B S B Rl oo s¥osirsbis s Bithg O 5

both of Thse B%AIBRERIYmBOE) HJI):I Ge&éeﬁ%@@iﬂén@@ﬁyﬂﬂﬂ M?

generally at 830 in C cont'ains segnments o

- mononeE partisIpRmE ik e Feackie; foferm fhesmpolypres 82herstbunits reowf's

y | i L.at i i ps_bet
s S LS oA LI i BEMRR
to it, thisrpepeniar menwiher ihepabieofraslinkiak vheis 32¢laad ehai0835h6gether.

rocessi ng i.t has d ope. The di.anhydri de PNDA
Such oS 5king eqtion i CanARet PARARCI BRymats haYaE Bigeiaother than
those ofitha pmggl_eﬁ&fpget@rﬂl pec| m&ﬁ%?th%%.aﬁ@pcgﬁh%‘%%%ﬁiﬁﬁoﬁd&@

. the chai ‘or rigidity. The di anhydride
nuclei qrpposstiopRb Wishia e maie shivs xé cousegiicasrnfdhe truytucsh dwmedin 833

FIGS. S 40 i ol r i t the
FIGS. LA ol § 1ERRA0E i lorPorsle i gt 1o iRE PifPsE and
inclusioms (fllustrafedras Mido pdid) dytinsedting them into the interstities of folded and
cross-linked polymeric chains, Diamondoid-containing materials may be doped in such a
manner with alkali metals, alkali earth metals, halogens, rare earth elements, B, Al, Ga, In,

Tl, V, Nb, and Ta to improve thermal conductivity and/or optical properties if desired. The
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inclusion of netallic noieties into the material. The
di anhydri de oxydi pht halic dianhydride (ODPA) shown at
834, and the di am nes oxydianiline (ODA) at 835 and 15
bi sam nophenoxybenzene at 836 maybe introduced for
WQeHasesdddiexi bility and ease of processi ng BET/UHNG03/022629
material. Additionally, fluorinated di anhydrides such

relatd® rilPAr (8 Qiono SRR (ﬁﬁﬁ'orﬁ&d'nﬁﬂn'bﬂx@y %Qilﬁlﬁct}o‘ﬂ}i‘l_?_ﬁaelﬁghﬁoid

overall| dielectric constant of materi a

mongmerpibe efhlernraenomes inghe @Mpéwemilwamwf FdGygRemay of course
v o AL SRR AL Bl B0 DB

of protessingi n 20 chai n of the pol ymer, and an octanmant ane

nd0| at 837 ﬁh%g@ao H? s a sé%%glﬂxaggg%ﬁg 8
contﬁnmgmemé b o‘l)l‘iﬂnﬁie%liﬁf@dl@i%éd ﬁ@ﬁs@ms@mﬁﬁw@&ﬁﬁ zgphsiene)

nponent . A di anondoi d conponent maybé used as a

111‘13'64*%%@% gfefionshing et equssiweirednd ptonfémasal Juammulmimntbe
t 838
proptriE e ERHAlE o $RE Yo ulroll RUBRIAL lnEfRETRR 200
mmhymd@PMD&@yMIMc nlianhydrieydowh at &d@ad tealimmine
oA 50835t B Ty P B b
(bensbpsinétetRarbbiylic AiashyBA8) Mbem B BIPSviddI W captBRy 8f further
voi ds 839, which mai/y serve to reduce the overal

reactign af e CHPRxsE Bis Pasiblydpr erpslinkingpurpgses, and/picfer fhigotential
mclugbs bp&&g:;le fofdied Al ﬂilgﬁmgl ammg agh,}dﬁdg By ATnath dride

he vol IS one. contalni'ng pO
(ODM)ssbm etcBMerd@hamhgmmes aypianidide (QDA) 8BS tmht e 30

tisar RS ReRl o R R G e o2 S e b o o

proce@’ﬁhgiﬁﬂ’t@e m&%ﬁﬂu Sidaitiondlyfiflvdneted BhaBRIdaPash b DA (e
i anondoi ds and substituted di anondoi ds as

f
showg); IP%ﬁ't& iptspdged W@W?rah%nvewéhwcmcopﬁ@f péihpmeaterizhher e
t &e WalhRloid %mﬁ%ﬁ 6)%:% P&gl;nbﬂﬂﬁéﬁa%%%aﬁﬁﬁly in

included Int ol d
FIG. 8pordprise ratpentamgﬁalferdmmmidondtat 866 @hichds fodRiopet inehnt miy

cnainTHE Sblvuft a9 of it i, wed G o 30

groupt cefaﬁaﬂlmabﬂtpouﬁmlda@bwm htzAids#ion 6f a iehMHeQR (RITRRARIISS

synthesis, The first step

ses a two-st ep
ﬁﬁ%"b@@a@%&) a%iflmﬁntt & @igpondeid qoapenens §28 way baesed as a

i
eross posi % ?%e%aigf&%n&#ett“@ragﬁsamn oi’ l%ﬁgmﬁ et eﬁﬁ%lgal’mndm d
diamapdgidisemponeatdIBymay lmpaahwbdoremntmg an unfaagionblized Cspaeesfiller”

e RSB B B 8 i otin o

the mdﬁ @blyﬁiéhecliaﬁhsgz‘m@li‘ly{%n lai4eoagald PHlers 838 Are bl Blay
then to oxidize the alcohol to the desired kéetone.

“eﬂteﬁd%dé SaGorhieh Bay gefe to Frues e asBhdieleettinegpstaat ofiihe inafeiia),
e R B R i b S B R 01 r o

e resultant ’anmondoi d react ed
mﬂhmdlbmgmio(d-mnmwmlmcmﬂ{@ms@rabaﬁb iNaHEGpliedtotalsebstrate
under%({ﬁ%s%llgoel%&'?lﬁ%; glg)tc?s%mg %y any 3 me%zods Hmomvén'x H thep Ert, LSIIQC ears% god
coating, m_oldmg, extrusion, and vapor phase deposition. The weight of diamondoids and
substituted diamondoids as a function of the total weight of the polymer (where the weight

of the diamondoid functional groups are included in the diamondoid portion) may in one

‘embodiment range from about 0 001 to 100 percent by weight.
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the art that it may be necessary to protect the
heteroatomin the heterodi anondoid prior to the
oxi dation step. The second step consists of the
coupling two or nore keto-heterodi anondoids to

WO 3048404 t he desired pol yner of heterodi anBAHGEWe3/02p429
is known in the art to couple 15 di anpondoids by a

k @ oieeneodiient 658the @B&p@iﬁﬁeﬂﬁb@,@%?]ﬁt_h&ib&e&ﬁﬂ%e Gssd | bed
as, the McMurr coupling process in U S. Patent Nunber

he y ) .
polymerization-ps heterarliagiopdaids comprises ¢ (ye-pigp syrehesise Thefisbdered by
i iR t ' | | e of
involfGS 36 LHBRGCh 1S 1000 o QARTRIAGL By B R BRRAEC O
(methitleaeypositiomief A ettaodinnendokl) Thabeeodiemonddidmby bé ditkcilyn

.. Canadi an Patent Nunber 00654. e of ordinary skill
oxicifeR U3 A kmpct St A ORI 2o SO BROUERRT 1t no
heterddism@mdsia Miedthe fsiteationks itintdy ba AesiGB R bdilert BRGiE@Barbon to an
al hcogtgll |ons€g_ivzal | abl g a_ variety of .

cohpledn. e peigiza hsironeldo getied kptenmr Alipragtivelysthe

- 3 ¥ . eo
hoterc iRl oad be SRl loBlaa Blor oxalg i PR orEk A
NCS)gdithesssudtant halogemtadidiamnondejd esacted with besei (Gmekomyle KECO gy

S SRS e e
the arithitdiogh iemeosedrd tomoleeti tkSheldnd Bomp @tho BetBroidae tior to

the ox% .bons, a three step procedure may be useful. is

e°"b‘1% @d-e conprises chlorinating an internediate .
COBcB5hdRR VORLE ﬂ%ﬁé@oﬁﬁﬂ]g&@%@ﬂﬂ (b MRt God '
reagent nggh as NCS. _Thi's _prodyc(:)es a_ﬁﬁgrgﬁg@ggﬁ%

produggdhe desired polyertoftheteroddamondids. r b knewn ohiho ait freconplea

. ; ' doubl e.. b

ciamaff B8R Al AR B0 RS F o oo S PR dParBiP S e gy
coupliogprocass thel Sy Patent duntberQPRseT3ua blitembdvels) emgﬁﬁig magbket one
i o e s U
dioxael QQAiSRALCpdIFmerd oI BhANARIS (R mdRalMRRD bﬁeﬁgﬁﬂﬁfa&ﬁ a

oxidati on"nmay be carried out to increase ketone

Canadian Patgst Nymker 2801664.0Ra¢ ofiordinanyreiill icderprt ivail nugdefatpng it

s B PSS ABOA LR B "0

- varietyi dflkewtheeridiamaidoids pay yopepaead witha dieasity of cobfipuwstishal,

i hg]ierogeiram)n oid.mononers is illustrated in FIG 8D. A
positiopdl, T SEARI BITE®90 is oxidized using sulfuric acid
118 ah BRerkRie oABSAest RIRRMRLE 18 Z&ndu&rbese@gkﬁﬁé Gul ar

., dianondoid shown at 871 is a tetramantane, however,
oxidatigp/goysfling pepsctp annsivaiss the yiskkf ritbletvdiabwndoid pelymep| Farabl e.

| . NI G t het {
058 4 AR e RGP LB ey
carbongliactimee slep procaduee ey eneefyt. OTHis procedidesoinpascd BEleriAing an.

e e 9 i Sl .

This proti@Rs 8 édorifieiQlctl e Wwith WHRGFBEbA1ced clibgndinSSEfhylene

i nvention, the coupllng bet ween two
group adjacent to the double bond (or bonds) that were present in the intermediate. The .

chloro-derivative is convertable to the desired ketone by substitution of the chlorine by a -

~ hydroxyl group, and further oxidation by a reagent such as sodium bicarbonate in

dimethylsulfoxide (DMSO). Additional oxidation may be carried out fo increase ketone
yields, the additional treatment comprising further treatment with pyridine chlorochromate

FCO).
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adj acent het er odi anondoi ds nay be nade between any two
carbons of each respective 10 heterodi anondoid's
nucl ear structure, and in this exenplary situation the
coupl i ng has been nmade between carbons 873 of

WO g04/bidtdoi d 876 and carbon 874 of het er odi BAHHEWPH2Y2S.
It will be apparent to those skilled in the art that

t A sehq’mm Sifstrifn d7Q p6Bieiies reakifin AR hSterodiaSnAk
er odi armnd0| ds shown generally at 877 may be

monops gt VGHESOSB A 04 80h ABEIOMEaIgRaN IOl orifiaed using sulfuric
acid th'flk RE@Qie&ME%HQQd%?’fS i’ﬁb%f&%g% &ﬁ%ﬁﬁ&% %’h%k}@ﬁ at8P isa

produce the I nternedl ate
tetranjapiaeg, hewever, oy 871Be diayondnids|described aimnre tieepplivablec Agéiid She

d, u
syablx" PR here B St ot bos et G atiionate SRy pe
diamondgid.t Yhmkdﬁﬂicegm@m ths ihetlirick Bakiached BUgdRitRAn TR r i al is

expe ted fo b ectricall conduct| due to the
f‘% &v@%ﬁ? &éﬁ@ééﬁﬁ’ d\%ﬁﬁﬂtﬁaaenﬁmﬁwél
step 81’21 .@&oﬂnigetb %ﬁlbbdiﬁaeﬁtggplﬂb Pebdnt m'vg}ﬁio}i' H%u hfl%l()jetwecnhtwo

het er odi anondoi d nol ecul es may
adjaceg} Betenoflismondoidunaiiistade beiwiesmany twb |cadbem®f ot rgpeeivat e

hetero%ﬂgc%(o%{cp ?1&19({1%] &ﬁll I%@ci ?{rtﬁg LR d 9 I s gzglfﬁ@{ng gftst bheleg

made WmmbomMI o Idiag:zoﬁﬂtﬂd BTH ztnﬁrcazfmm Sm?djf IReaRERhendoH 856. It
resent invention

I ar I n kers of the
%smﬁﬂ:r ggﬁ%ﬂ ' tb?ﬁd%rwésmgn seqnfiagedsfos exampla|
the pai® O kb dMhéntold sh&wd ﬁsﬁéﬂaﬁ}‘ﬁ%’?’@ Fr{a bg gbﬁﬁfé&mth ketone

het er odi anondoi ds I n" t he overa mat er i
groupsmg g katerodismopdofds $35 jmb?é’ﬁe@smpn@hemromob mmmm e

578, wBERRN oA AAAR O ko B S PRCR s

polymcrhwdnercaimmmaﬂ ssihgthe nide.eduaﬂmtsrbdhhxﬁdndoﬁd% 830 @!ibﬁﬂﬁa@ Fz-typc

titled "Electri Cond ctlvePIymsrs
or p-typg Wiaigpp! 1 #’5 ?@f!?dc @4&‘%%@%@? i§ papretpsbior %ﬁlﬁﬁﬁ@éﬂm@w@p&
due to €HRG-beHIRQSHk@sen adjabent ﬁ@t&@cﬁﬁﬂbﬁd&ﬁ théhonie | €y, New York,
1991), pp. 174 to 219. The conductivity of many of

tian éltﬂalaﬁtwe eabedimentiadifidus deteradiamandoid ndldrines mlappe er
t
conptof e SROROAEA % line ARGLIUELS1 1 A0 e
hctcrodmhgz(dmdpﬂr&mdl elmeﬂns absftexde) lmkmhs défiRd as @slopndgetitufty as

i emens/ cn? e units are jdentical to

hi gh
* polymeoiinie onilo tn PG ReciEEmin O 2 IPpolyactnThe ke oftheng

presentdfveRlidiPMay Ehprae 8 bodd@bfel 'p%lfyﬁ:féf Sich Qﬁh@’ Hl‘ég:hﬂﬁ cWhduBif is

upper conductance of 103 | ower

- establishehbriwesnradiacert hetgrodiampndaidsdn !Ihs%mVirall bats mrMOBdlﬁﬁet@M

B T

Conducéive polymelate/lomonnedtiedetifolbgy of theds @hdﬁeﬂ&lﬁagc bééﬁ@escxalbed
i_scusse

in o o ey el ot e oo 16, Ghance i

 High P&ﬁJrMﬁﬁfelPéQ&dc@J‘arﬁfCoﬁﬁ)ﬁbiks%ﬂl@rog&W1ﬁcPE9 Pbifey ﬁéwii*orka”

be thought of as a short po yrrer I'n"this

1991), B3 44909 Ehecorgupitipetmafofthuse phlingosfavs pecaricicbed in
onnect

s chepleh 888 Soradeted 8 B AE Ll Bl o S AR B A e o

senicorginciing fodgmen 1bpd1}(p+phclgrﬂana bulfide)) mmclphas a conductmty as high as

10® Siemens/om? (these units are identical to Q7cm™), and as Iow as 10™%, which is as

insulating as nylon. Polyacetylene is more conductmg with an upper conductance of 103 (0

Icm and a lower conductancc of about 10° Qlem™?
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type or n-type electrical conductivity may be

achi eved. Conductive polyners have been discussed in

general by J.E. Fromrer and R R Chance |n a chapter

titled "Electrically conductive polyners,” in High
WO p#p¥P4Tance 10 Pol yners and Conposites, J PET/US2003/022629

Kroschwitz, ed. (WIley, New York, 1991) pp. 174-219.

Tdccaging Ewanﬁcﬁuﬂemmﬂﬂﬁfﬁresemdhveﬁﬁ&ﬂ WstetodRmdRY AR hay Het
i nggr& nt to i rporate nnletles haV|ng an
e %“E%%Ye?? eptadio Gy e ignivag mefcsal usmgoligemesaf the pelwmers
discusBéPatlo¥®| Bdhik Yost8&d ait Qi oﬁ13éf‘1teh=,‘?§ O?ﬂﬂéﬂ B:g:' 9 0%0
e carpon- ca

ei t her aronatlc or contaln nu
monogih Thus, popligpmenmey be @omh@gémdtoxt pelyinex. tIhﬁnémsta:hce the

15
purpoR LR oEn BRI B, 1 HD SRRl oSO IR BF o e e
heterqgmn'tonéhdgnlntqmtbree{dmdmhal |sm<xtmua sudh?ﬂat la‘@tﬁ]kfiﬁht&ﬁl Iiiviﬁfg
or_ex e nerization of acetylene yie
tyPe O P AHS GQEM@BE‘]‘CES&%W 8%t units, %her eag a
besaRpevaRl me&&%@ﬁ@%@%ﬂ&wﬁw fﬁfm&%@k&mt Iy

linked aromatic units. A catalog of “exenplary

Chancsjin yehnptes tiled ‘Ailestricplly WUQ‘PH? pokymgese'dn HighcRanfeermance 0

ot RS, L0546 S0 RN Y RS

synthdsize e chryenticnhbsonddctivdpolghacit id m:@bﬁam cincbtpdrhte Moddties

i ooy BB BRAESGyh °

synthegize Sich 'Pﬁfi'iﬂe)/s CORMEbMRIJ, b{%ﬁfaﬁ ﬁahpwchﬂbo@garbon double
bondsgyfhl i ghted as.an exanpl e the next discussion is

FaRioseried the pdthe fina e%mem bzwhbm Wdtsmpidesty, denugationd

may b SeHiovES inthubdcudhe SE0 GER ol A6 B pllymer product info e
conjugated jpplygiey rlfmpsamlﬂe,dm;]ommdmatmnlﬁf @cetylléne yldids obdugest of
con UCthG

| b h
conjugia#%ﬁglp'f%g?glaon SO B‘fy %ﬂ!n %“Zt%tg?‘tbﬁ’fgﬂﬁcﬁ% ds is a

covaleﬁMm&dhtoﬁﬁncilﬂmtl onality, but of course the I|inking
C%oup coul d be any conductive polymer, many of which

reelps ef exemplat olizamers dlinkers) Sratmey be wsedfagonngt a
heterodi&th SR fls MP% ugca%g 8(%11(1\{}&3)]6 g%ﬁ a?eo 1 eﬁra?ed in FIGS. 9A-N.

het er odi anon ment
TYPlcabblll%ﬁthatl hmse Toden glovesrto bOElBctridally csmimhvm@bolme@mne irhe

e Jheterodi.anondqQid.1 thin
FIG. 9f WG fbbRie REB(E. R AndSob ety ers in PR ot AR | o
eiecmcmsa eommﬁlmmmw Be g tedak an ERadplcia MaRkt BschidiRar
in 1006 with 1007. This creates a three di mrensi onal

| ISPOIY@@%WGWW?WW’#@PWWd@ll@%@cmﬁﬁﬁl SNonductivity in a

e AP Eo o B BB Al e

- linking@monpe it depisfed de RIG. [10.n Tl potyradrio FIRAE iserdy mﬁq)larysin that the-

oo B Mah Bl AbenREa i
functiogalitp mut shethse ER Glking gloap %l@@&@%oﬂdﬁkﬂ@é cﬁ!ﬁﬂer]i%}%f of

contains wwthin its structure a eteroaton1

which GOyPFigs congeisp dions Fsigmsg BBIC. 49 = Beleroriemondoid ks it lenked
to a hetbM@fafohdoid 2682 G2k SRR O ofhdyRAm@oREdn{?8003. The same

applies for the connection 1004 to the heterodiamondoid 1005 within the same linear chain.

The polymer shown. generally at 1000 may also contain crosshinks that conmect a
linear chain 1006 with 1007. This creates a three-dimensional crosslinked polymer with

electrical conductivity in a three-dimensional sense. Crosslinked chains 1008 may be used
4.
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het er odi anondoi d material is achieved. Ml ecul ar

crystals A third nethod of fabricating

di anondoi d-containing materials is crystallize the

di anondoi'ds into a solid, where the individual
wodbareeaneni ds conprising the solid are hel d pchfiistamgetzbmr

by Van der Waals forces (also called London or

' s Sy £ ar e t.. are. hel d toget her

I i i Sy R T

electégadly Sondueting diamdnGoifcontmginkmateial BitiBesaistishal, iFish "
1. SEF d stry., Jul.y,. 1994, . 556-559, and
heteréariémé%ilto@é@? %4 Q@ Pg}#th%WLHaﬁ ifs F‘ﬁmﬂ“i%g g?t?;oatfpﬁe»glgch is either

an elavtridabddhosedl@tricAPdccdphor C ORErE M ThbricRti I ran 4afhe GLASS O
th,ep?ref ered arr angenent qufe n%ltggeal es

ignic crystals,
heter?‘ﬁ%@?ﬁ%%&ﬂ?@“@%@&i is 15 presunably one that
mnimzes total free energy, and thus the fabrication
of a nolecular <crystal is controlled by thernodynan c
tions, unlike a synthetic process. An

S?ﬁ@%@@ﬁg’f F"?lflga%% M‘?{"Iﬁ‘g@%@ et is myallige they
S kS s gy ST £
foge f’%}é‘% g%r‘é?ﬂlﬁp mgﬁg?se pﬁ@&op@gg@mg &Wﬁsh ljt.;(gllecules that
ate hlPREEhA mﬁw&mﬁ%&&%&&%&ﬁ&k%@@.%&é %ﬂ{’%g}% gf‘

« oack to formactual crystals In sens
Cr Mpleeulpn BasedSalids,!” Cheraiyimeardbhiluverst, Julyp 1994, pp. 556-559, and

e A, o B AR el

solidssyp émix qystaly thePnerered wiringerénit of fi8lebulel 78 MI1QRASr Brystal is
and ¢ = 12.5169 angstrons, 25

11,4706, b =12.6418,
Prcs“‘?lé’é%@%% thefapigimiags tofpkfige gnergy endithps fhs dabrigstioaf & mojecular
staPis RbRrored ' i ' r
o ROl B el Ghdtnio URidoBRORE Wiilke PR roctl T
example ofmgleeiigsrystaheomnrisiag dhropentamantas (23 bslilke discussed

Mole

next. tenperature of 90 K A unit cell of the pentamantane

nmol ecul ar crystal is illustrated in FIG 11. This
dinzgreaemplbtyienibbditRat, § helegenedHdl a&ﬂpﬁ@%grpp(a,s whi ch
to

het er odi rmnglg‘ilr%g y pack .in order ] e useful
pentargae&agﬁ e fpring aﬁaﬁ@ﬁfgwc anberpitallogrphic ferbnigpen.
desctiddaenevdIOi RS HoBlog Mok S & Bl sndhdsiBl g%k‘ﬁ@fdr&l%hﬂg‘?stﬁg%%é or

crystal facets, and are transparent to visible

- sense thafe lafticoplus a astsanayi heglefieed - hGhiskinbotinentthe KIRF)AIf t he

n e Jds.i.|lustrated.in. hr ee
pentaniphiafie 8 BandE BhTRAY BB Gh IS el sTaH Mtling IRt oBce greps
Pnme, With3ittchih tinmenyionser =v 1 14466, b S 1 NBATISARRNLS | Y 51458 Bstids!

the nol ecul .ar crystal contains four

L1 of .
respeciiVel. 2Fr.shiain that GiEragiio st h et me PrSBbBeSiedabisRBruker
SMARTOI080 ul 8 otobte inkg BRidti3h 8F WhiRFonli . A0TSR0 L SAeh

. there is one central cavity or e g%r uni
matntagnsfl pt 2 fempargiwge ¢fi% Kaot al 1) of the enbodi nents of the

oA PO el olo Y ol AetrRef b o i o
diagram iltustratesdhe generalized manner in which heterodiamondoids may pack in order
to be useful according to embodiments of the present invention. These molecular crystals
display well-defined exterior crystal facets, and are transparent to visible radiation.

Referring to FIG. 11, the packing of the [1(2,3)4] pentamantane s illustrated in
three dimensions by the stereogram having two images 1102, 1103, that may be .viewed

simultaneously. Each unit cell of the molecular crystal contains four pentamantane
-25-. '
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are the packed pentamantane units may be too small to
accommodate a transition elenment 5 nmetal, but
crystallization around a transition el enment, such as
gold, may occur such that the conductivity of the
wonwdesdsl i s enhanced. There may be none, ®CTASR93/041629
one pore in nolecular crystals of other dianondoids,

.mole@l'llﬁ Wikge fik #R%ec s @ftsn, Elﬁ;ﬁ éli@):’tﬁ}’cﬂf %]88 J&g?%] cavity or pore

significance o e pac
1106 p@ﬂma metht Iamm(if nofsAlly aﬁtbdembndﬁneats dflthe prssenhmverdipndhe

SR AL PETASRA BB Pl AR B L 5755

are thppmaslsemmtma whisehaytbe G snmurtg a€dof MBI RAtARKEGn element

o hn| es. In ther .words, no functionalization is
e ]ht@’g aljog appyng gpRsion enjenty Ruqhiss igpld; wpyiorr such that the

condlﬁtlﬁfmﬂ’% Hatbid §Ceth SR ed, AHdrd Ra %@I&%&@@@ bid e in

equi'pnent is needed in this “enbodiment e ‘'many of

mﬂ@?@é ggstals pE othpr Cbavéond@dh and thasizgs afdhese pords wag iviry.
|
£ SRR AL o BEbAind Bt o 1ROT4 B e il g, 1
is thatlap ¢rhﬁypad1amun;doucblgatam anfl junotortifabitiexted(thérefe@f atehe f or
ronliz P A A R e DB e Y i S
other @oABRR AR HSn AR AEHNQE ndegls %ﬁﬁﬁ&%‘& Sk b Rldividae '

. contenplated to be capable of form ng a nol ecul ar
diamoggdqid mofecylss, and pe expausig depesitios equipmentRehesded mdhiso FI G

n 2t hat
N S R
being béldtagethér )i wmadadWhsls foi285n ekteimvf/frmﬂd” is ndntampluﬁﬂ to support

het er odi a i ds,.1203, 04 may b u to.for
the v oS SRR G g (e Hisedor STABbIe §GS0E REKEH pgsne motigm
mayei?@)beb‘@enﬁqw@}i to forma tetrarrer of di anpnoi ds 1207,

whi ch may conprise an n orp pe device at the
exciary pubpalt of mqlm@zefbmp{ﬁoaisém/wdxetesquwdo@@ that
are coﬁtb’zﬁ a@ tc; ﬁ@ca?&ll%/ SBbinfifsla ﬁloﬁgﬁ 'fﬁl%]élg 3§n 1G. 12.
'l ze orman el ectrica con a[s]

' Referrmlt@EIﬂ AR ik yideal heterofitmamdoidd GIQOI;GQOZ thiat aoﬁaairenitrégenm

T T X TR A TR TN I A e

he:emmmm 1263, qzomﬁnhyemoaple@totmbshﬁm off ala%ﬁd&ais 1208. The:
cl asses; Qg passi ve devi ces that i ncl ude | enses,
1

two iy 300 4244 WO ORSOUBI fOEI aériems ofaBmanoils 1507, which ay
comprﬁ@ﬁﬂ h Slf r‘fL %@E 'dQ\Hcézﬁ ﬁ{e'n!i]:g%aﬂaﬁﬁq 12 )It 1@%}& ripled kﬂa%ﬁ[uctures
emtting E[]I?I ca

evi ces,
such as:ﬂmpdmmnmm dianadndolids) po7 awmsystaﬂm-} té fogintan ehectricalhg

t.her optoel ectronic devices such as
condudy %%&ﬁ%?%&@ phot odet ect ors, phot odi odes,
phototran3|stors photovoltaic cells and sol ar cells.

I‘II cle. and rad| at i on detectors are al so-:
sNicgh{abrigatod fr APNAPNISA 1054047 PCT/ US2003/ 022629

g&é ng@cgl 3%91&1%9&595&@&&&{6@ B8 8RE & & oRinl i of the
ol d-contai ni'ng Taser "device Ne presen
presenf investion ae cartemploted érplong édlone of two classes; 1) passive devices that -~

include lenses, pressure windows, optical waveguides, and antireflection coatings; and 2)

~ active or light emitting devices, which may have electrical components, including lasers

and light emitting diodes, and other optoelectronic devices such as photoresistors,
photodetectors, photodiodes, phototransistors, photovoltaic cells and solar cells Particle

and radiation detectors are also contemplated.
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to operate by principes delineated bel ow. The
i nteraction between radiation and matter as it
pertains to |asing has been reviewed by O S. Heavens
et al. inInsight into Optics (Wley, 5 New York,

wo 1@9d3a047chapt ers 12 and 20, and by E. Hechtpcirhistdiings
2nd Ed. (Addi son-Wesley, Reading, MA 1990), pp.

A llection.qf atons nmay have two ener
Lasing f/di §n -50% ﬂ!—éé?}f‘@nx%ag%e t he nun‘ger of atons ing%/he
| Thediamoaddd-cattahiag Beridsviods,of @hrésas iSRS ar® bontéfAEd
4 |0 &;é]e.hl. her..ene g Stﬁ%&e' B2 is n2. The _collection of
0 OPELFR P%%I%égf”é‘}eaﬁ# %j"‘?’-a Semtion beweengpdiptieagmd megteras it
pertaifte 1irab Bdh roUERADYD.S AT EnsBRY], ﬁ%&%ﬂ DA \;ixfi%g
e excited fromleve

the field such 10 that they ar _
New ¥osk 991 ) shapgess 12and20 camdiby g&s@t iIB@piiary2"S Bor(Addisan Wesley, |

e . th L Vi
ReadiE S0, 15008 ph 7T POk A OREon S s o B i B
and Bl wherertivoentive ofwens iﬁmedndeﬁnbrgltylsi:a& %_ﬁ@ﬁ@&ﬁd t¥1_§ mltnébe_r of
speNntaneous 1 n . no,ext n adlation fle ]
stoms A LB tprg S t o THecalleohon efcns may s dlon

field of frequexiey behdaleminBimbed bLABRE mbly taﬂso}me{]gg%% e ﬁelﬁt such
cay to the

field, causing the 15 excited atomto
that thepe exaited deom el Epfodie 4 ckpitsirators inslevahih sey epostnemisin.

s S BT U U e I AL

equal fottheifferches tetwren i il athistfvecesd it epontuilegRdi hat Hoddktadizl ON
Xxcited atominto stinul ated

. Whi .triggered the
mdlat1}(£e\i{1r1nhés:l£i ilso?fi;cgsg?lyi%f o the ﬁeé’a% Yol ari zation as the
el @Rt AP WRLited atohbinad infilact WtR iGralilforSheld bR dhe

ecqu ssign, and ¢) it propagates in the same 20
excitedgiom o denay fnsthe fawep stalg in praepse knaviy asgtimnlated epdssiviing t he

B T L T S .

ree pr
propertigsy® itaﬁ@d dxeee phase nethe dlebiyorigBetitiadintnswitth Biggered h991)
. : t, (1990).. n the numher of stjnmul ated
e){clt‘:ﬁ(’:"ir?n&éls|1:1|1 9 Fﬁ@‘%@&@ 98’5‘5%’&!’ b@?@%@e S%@rﬁmﬁ?n% %bsor pti ons
electromegnesie eatiedion icHusiglIRY stiflofd cnVibhedh, Bl d) $t (R6284t8] in 1ABme
._.nl,a 25 condition known as population inversion is.
direction 4§ iﬂéﬁéﬁﬁm@ﬁ&mﬂc fadiation epvaing ithsrstigmlatedeindesinn. Thnho laser light

has thebd WrdR pRRRFIE equency triggers an aval anche of
stinmulfated photons, wherein all of the stinulated

Fhe conditiona far lighanydicatiop hawealsotzes raviewet! be 0L Ecaiagb bt al.

' ' he,. em tte ho s adds to the
(1991)?’%4@%"%(1%?@ & sl 2l iissiofs P €50 exqeed
the nunitletiaf abeoeptions)per sebsndidrothed Werd¥PHBenS, gtk AbaRaR 0f Ons

are added tqQ the overall flux, the emtted Iight wave

conditiespnopiny as popidaticy myiersen imachieyady Yiader this econditien awincident

_ - t, ' |
et SO R0 B 5 8B R AP A B

~as the pop
the stin@iasedyshotnrs hatsdhamiteghase. Ak euchy b ¢hia light inginsityelkdin tHae

. iti 0 ulatipon, ..nversion. This, process is
i R TR e R R X
As more#nd iabRGtifRedd pheiosy dre @dded &F the BldrAPHIunE HR Btted Iigh}: wave

. Electrical ener is added to the systemin the form
°°ﬂ“n“952“?%9¥51 2%‘923 B%th%% e W%@Z@@@F@E@@Q%wh as scattering, and as

long as the population inversion condition is maintained.
Energy must be added to the system to maintain the condition of population
inversion. This process is known as “pumping.” The energy pump may be in the form of

electrical, chemical, or optical energy. Blectrical energy is added to the system in the form
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of electronic collisions, and is known as "el ectron

collisional excitation. Altemativly, atons may be

el evated in energy to excited states via a cheni cal

reaction. Optically, the atons of a mediumnmay be
woenarigest cal ly excited as a result of an almuarysteocnzefs

radi ati on. Lasers based on doped crystal systens have
of cld2B6iic bEIKL kddwa: : 199 and, E.

Hecht ‘?lligg%%&d%/ yst al ag h@%ﬁ‘?ﬁuﬁ%‘é’ ﬁ%‘regcﬁea{s}o%f‘&%epéaﬁlg }yf ion
atomgmayrbnelgvatdddn etragy td excited statds sintai chixdliesl redvtivn. bDgtRALy, the

; ! ; | e
etom IRl e B0 R Pl a3 Bl e e Gedvaion.
Olesexbaspl én daped bigstilshsterps 8 BedrAefitwed Y .Bhltiédcv%ﬂésgﬁl ﬁ
|

B A B e B mint ey G |
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.into a flat, parallel, )
emissiqps gt igeger wevelensths aOneeanin is drvithypulsd lgserpwhidk utities a

cryota R D 05 Borc bl el O Al i pbiee Bt To
constied 4 why lasgathe endsfacts ofiha cyetaf dod el pelished, TR of A HaUBE and

rovi des braadband optical punping to excite "Cr3+
reflec °ﬂgﬁ'F8€%‘d§8F f o dpnpairanantigagite X B9 promidetie engrayiigput to

maint#i Poptistiohehvdisidnl Aehik kRBistichi - gdqg, A
a poﬂ‘{lradi ati \I/e transi ??ﬂg%!%&éaég?drmg?%n{%?as az{}?e’éwﬁl
gaseous digcharge fashiube Fke flashiybeaipyovidesdiroadband apticl pngpiag fo excite

Pt Jidn 0 +3 B roomt yatuyre).
R Shofiich MR PRSP TR RlRE O kB e
about { ¢ms) ithenari-radiatieduisitieh Hhar pairlo€ metatable sidied WheR: the ions

. nsjtion to take plac a_.popul ati on inversi on may
remzm%féo %%1"%3% frseral "?ﬁ@cg)ﬂ&)@é%?’i@ 3t frop peraliiRdn. a few

sPanatsikomshitabiritittsttive PR MWSintds it |

reaction, Thereaftterveexc%req atort%gﬂitﬁﬁé'tﬁﬂégreﬁea@gg?%%%
non-radialiyeEangiiion & taka plepecrpapslatier myersion ey bg rmintainest Ahe, 20

4 ' i N= of ..en to th

procest BSkcR AT R OBLE Bl bk s IR ol rigdfon,

Thereafisi¢ atoms Indhe wmeiastzbdd ststheste stirhrlated AVdcoay th g roud \stite,
ss the active nedi um

. b .and forth acr
res“‘“%@'%@?é%ﬁ%ﬁ%ﬁ%‘ﬁ"‘ 1%, 18 e eyqlving light waeo Fegaige the ends of
the active efedivieark G828 polah ' gt vaRd ég’e@ :

Heavens e}, al . ggg%h%n%wghg?—lg%ht (i’agngo .p%0§iagd§%ﬂél
across fgiactive fedivgn prowidedensiieh sisEcien ehogy anuddedfto oveecommt lpwses

j i i niti excitation
at the 1Hrot A S88 014! eyl ot £ 1SS Bnd BHG 0D . 3 1l &
Jtia theexistentd ofitlat lread ablreptitoinds aibodctipo@Uhsiid 8dium that

mako ORI i o, B 5F RO ot meiaatipsssciiats
3 ﬁ%‘é s the
t Sh ree

the condtion pAPOpulstivh irversibn.d & \chifi€al S ot JfA%aderdPini
éﬂﬁm‘ as a_"three-|level laser," because of t
correct difpensipning pgthe optiqgkresananticavitie A Bewictssuch isghe ruby fiserdb| e
known 84 2t e val |l able to the system
v I8 i AR bR R B LA b G PR A
metastablesstades, iraldbagreuttdrsiatd) aveilablene ttgyystdevel (to which the

' t t i t th d state. Th
Pl Re SR « E5E ikt Srweam b Hilovercparast

level (i@ which theatsmledPhORY Ak D nod o QRSB Tk ARG l%ﬁlirgﬂevel :

h%v | . systenms that typically operate in a pulse
system d'@_van_t%s In terms of continilous wave Operation, as opposed fo the three level

systems that typically operate in a pulsed mode.
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WD 2004/ 054047 PCT/ US2003/ 022629 O her exanpl es of
| asing nedia are the trivalent rare earths Nd3+, Ho3+,
&3+, TnB+ Er3+, Pr3+ and Eu3+ in a variety of hosts,
i ncluding CaWwn4, Y203, SrMbO4, LaF3, yttrium al um num
wogemnens7 YAG, and gl ass. The node of achi egrwgobiiese
necessary popul ation inversion in a sem conductor
I ' j I n.that. used.i + ed, 3+ o 3+
o3 cpotnltl S hER R Y g R LIPS T,
Er’', Pri§iagth EuT itt vty of Rod i cRyfingNEaW (Y VKO, $B930),, LSBS Vit@in
al 20.10. 5 Y% 2%2- 253. A sem conductor | aser consists
umlg‘;mg%@fn(j e @?ﬁss‘v\hi ch in the absence of an applied

Vahé a@8e of Rhiseing tehBeksarPhdalatiotBIRRSE At s%ﬁﬁ&%dﬁét&hﬁser
..emssion. Wen a forwar fas is applied to the p-n

is diffprepiiipbiat sediepelopedenaial systam. b diseussed vy (0. Hisavgnset al. in
, ' ' t [ o 1 u t he
nsighTBHE D fts (Wi, NP Y i W) RS0 oo S bt o
semicoadsictor _tayer@nﬁdt@f]ag:r@juhﬂi;n? Whick tritlé iﬁs&ge of atp@fpubcatrdltgge
versiqn,l s establlLshed. n a m conductor_| aser’
(also Gaeqs Biagy depsongiyaigs no igh fisnom Wiieh Py ligs isgplicd to the

p-n junstivuhowegers EladtRss flow (R ROREHE hiakRiabRRIhOp-typRinSierial to
than the Concentration of hol es

nction material ] ] €
occup.% ﬁg@gﬁ%%‘?ﬂ&fi ekthe mateial ip shedmenedistarciniphefitheimeioou A ng
. . . X [ .
ot A pONali ol L BBUERTLE S e 6 LS
highencegesntratiosyed elecirms oecupying striesnindhe eondwsioh baref ofehie fintins

B B B LB, =, 2

| Whibther dopwing@i a G/ lagee ofia a@¥iRbRRIctoR akdrOthSugh fopulation
. re Ylﬂﬂ[e ; however, it is still necessary or the
mversﬁopg cagls tp thechame sspll sRRmtaneo RSN o aseshit phelprirons
bikiflf Hith hle¥ O dFSrehide HRARR ae¥ ni i |
co.m t héat are cu%{igc cr ;éc?al S vvlﬁi?t E?éél‘a%ei}‘ S%d alr_%@r1 %219 ﬁ@éﬁ{iéﬁ%ﬂ&hﬁ
with thereiter (e ofddvice de skiemal hinoroe equiraphsvvtoit it stiilbicsessdge
There

t al..(1991). .~ Lasing in silico
for the et R 03 « S Bt o psBiap Tyl reponent cavty
Lasingseateriad theitifrt bultde @rpstals with d @ihGeFdctiveind&ieire §iplcafPaesired for
. optical devices for use jn silicon-based
semicoiuctordasersy et S- Heavens el (1981). car bon- 25 based opti cal
devi ces for use in dianond-based technol ogi es. The
. probleminherent with this approach is that it is

- Lasingdn siliconyl t to. achieve light enission froma type |V

] t,or | t hough, ,nano-sji zed structures, nade
BBl o b BB B Socn it potipat dvices;
either slion optiual ddvivet fok Bsesif 6ilic@NbaseEMmRISelRHEHE SiFculty, Br bdrBL
siqQn fromsilicon wll be discussed, followed by

eni
based Oa’tIEﬂi deviess doruse Bydigmendrbasqd fechpelagies. SThepmblerp inberstt with be
. s i ' i d- . 1 ni ter] L Ln

i oo OSSP L8 ARG e B R B T,
although saue siget sugtites mpde froéxpedV sehicanductorsipbesr 6o offfala. 408,

. - 444 3. Novenhet . 200Q), .the, di fficulty of
soutiof (47 5585 o Sy RSBkt Poaib oo wif o s
followedibyauliscioiuse off thelsifhat 1§ birBerhlathe M PBssild InCONathSnddfA-

. indirect- bandgap sem conductor, and is therefore an

-confaningmaterialsant emtter of light. For this reason,

In an article entitled “Optical gain in silicon nanocrystals,” by L. Pavesi et al.,
Nature, Vol. 408, pp. 440-444, (23 November, 2000), the difficulty of adding optical
components to silicon integrated circuits is discussed. This is because silicon is an indirect-

bandgap semiconductor, and is therefore an inefficient emitter of light. For this reason,
-29.
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29 WD 2004/ 054047 PCT/ US2003/ 022629 integration of
optically active elenents into silicon mcroelectronic
circuitry has been achieved largely through the use
of direct bandgap conpound sem conductors. The key
WO gwpoemInt i n an optoel ectroni c device i s aCT/Ust03/022629
source, the nost desired type being a | aser. Lasing
integrBidgh dT0BHcaf) 8&1vY Sibmehts ttd ﬁﬁédnlnij%[m@i%gtrdnﬁ ey %g%
. _bandgap sem conductors, 5 such as gaﬁ I um J%e e
achievef] derg eyt fhuenghitissioh pErirect hasqgap tompéund semionduoiotsh ehe key
j y e.. not . in type |V.indirect .
e el ool s BB EH1Os o o e, e pasl et b6 being e

eL?htglxag béeuaabseitrieidgmiypél T Vokind C VT @ﬂiﬁﬂg@%@h&%ﬁ?}é@&@f ,
W supsequent. oton em SSi on, aKes .ace a

such %58 E‘Br’#ﬁ?“‘g‘h%&%‘ﬁﬂmﬁggﬁpg%dsﬁeﬁpﬁft%%bﬁwmﬂfmvmé
knowludie] St wﬁp@naﬁaim@%ﬁé&ugctbﬁ sudhgiﬁ Bfkod] {5558 Bofuscthe the

transition to be nmediated by a oton. Tn contrast, an
electrqn ppsition inplinsetbandasp semivendneton with sutsaienigmhotonemission,

takes A1 ikl ' ' a phonon sin a chapge .
ke AR AP URLATY 0B PSS SheR ¥ty B RERY ol B e 86 e
is not pagessg for Bt MisitiRe fodrerrhetliptddbyfal fhotoh3 M contrBdt aindifect
| ectroni ¢ _ener 1301,.is plotted agai nst nmoment um or
bandgdf SSihicoely Fedirss e trepiion FoeshD 3R fenargincs arhange
in k-spaepakadphde.f r om t he val ence band 1304 by a bandgap
05. The 15 bandgap 1305 represents the difference in
R0 GOBFFPEES Wstrsad i BIG. L AA-Bryi Referning tof FICh €3 A, aqmvephadfi on

_ ' f | b 07.
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conductiepbad 806 shdtmiiens padRdamyXbehd ilﬁﬁﬁ'ﬁlécgoﬁmﬂ e

th aﬂoted % those skilled in the art that 20 el'ectrons
CImayy, exc om glegtrqnicsstafes ah the tomef theivadpap banddB04 tol dlectibait es
tates at I100: Sk L. | eave..behi nd hol es
st R O MUCKUGERI B 005 el NSRRI 1) 5,

in the val ence

represeptgd byithashaspd symifel €308c tlirvaill bk 26@d by\k]iogé‘lskglm i€ tR aktasht (OF
rect, banagap

- cloctrorsHdmnlENbAH] 200108 Biend O s indl omdystigy band 1303

em co

will leamé bshindrholes in thb @aleRB Suat 1309, baSShR %Qﬁn%h&ﬁﬁhﬁ £Shdn %

osition above the nmaxi num

_ ubstantially vertical >
the elec Hnﬁ@sWgchﬁéﬁr@ﬁﬁ‘({mﬂsﬁgﬁn@h@k%wmrds, each of the

: h I tate .

Ty (oS bl P BlSonfel I F R s el f i

the condpstiembanh1306 Whislphesdn a SthsentiallpvenichlRsibe fove thek388mum
emtting a _photon

: il hole posifi 1310

intho v @358 07, Inoh sbr uch plin i testion s 1608 Fed e

hole stated Ge0)thisnn aibstatalls Yiselsaiie pddtich 131 | HAhoAEtE of Rehfe. Thus.
contrasted with the indirect bandgap sem conductor of

when th placironcig0d deseys tg il ols Rosisien 13 Reemitingaphobd 2912 Mharbia

i j Rand %@%J e in a substantiall

essema%g?f?‘%}é é)_%cgsl ti rgﬁ a oe\(;}gﬁ??}%mérrsrijﬁ'ji%m of the val ence y.

§ tadtrectottinsted with thdiadiget bandpapremidsntetoroiBlG.

ual to 1350 i.s required for an
13B. Inél%i %a?sgj otﬁflzqrgjmmum 1?%0&1 the conguctmn Lan% 1323 doesnot licin a
substantially vertical position above the maximum of the valence band 1324, and thus, a
change in momentum of the system equal to about 1350 is required for an electrenic
transition to occur. For the electron 1329 to decay to fill hole 1330, emitting photon 1332

in the process, 2 phonon (not ;hown) having a momentum equal to about the value 1350
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transition to occur. For the electron 1329 to decay to
fill hole 1330, emtting photon 1332 in the process,
a phonon (not shown) having a nonentum equal to about
t he val ue 1350 -30 WD 2004/ 054047 PCT/ US2003/ 022629

wotBRoade®s the transition. Phonons basical |l ypdyaadoos@22620
heat dissipation in the system This is the reason

.1 hsgtil i ndi.r ect bandgap sem conductors, such as silicon,
medialgsdhe pnsitiofe Phenpriiesical et todpidissipatioprn fogwgtemy This is
the reB@Y 8t iffire@band2BPnicdih &G, é&%‘?@ﬁgbo L ffeﬂa@lvélg GO

ar) as laser

. 111-V sem conductors in particu ources
emittes ghlight {Ie Patesi etk A800). because el ectrons and hol es

P o H ; d
I B gl B A
operaiﬁddﬁ)riimt%:’medzmd edxfctr()iuﬂ; rﬁg hBlgh recokabikib ﬂir&zﬂ?f)mtrhe?é}mlqahbhdn 4

n -Vl _are di.rect ban .sem conductors | asers
nocde fimpfialt SRR PROS TSR BT A AT OFmstR (1 et
6,15113aM0a8Pe LV HQMIVELE B bindahd fdnfitdntiudtGhs 14368 %ﬁtﬂferesfore

.onto silicon-based m croel eCtronic devices. Vhat ™ |
requirg @@ pheponsnediaipy, beighirepihandgaplsemicandvaiers are diffodito infsauase
1 i adi Liah i I
onto 5 ologl-ge eé’tﬁ %%ﬂ%g@%%{lﬁ%t ﬁg%,t 1SIan(r‘:'z"gfi ed?%%%jll?ogﬁ;aser (L. Canham,
2000)p AypolV metiids dang raiiaskeht by dives holelano®rtombingioaNasio,

.t he, | difeti f th h - nedi at ed e
requirp B HaOpiBsdiated R0 PRRSEAYE MORIeH TS e $Br B L ifgtinage of
the phoaéti-atdixed 88isRDhal Rtatet kst hP@Ioweﬁ?]rﬁﬁa%ﬂ?tﬂ bt radhivEERESorf ©

achieve optical gain in silicon have been discussed In
(US.B#t @F3%:37 entitied 15 "Gai ni ng light fromsilicon,"

Vol 408 N s r 0) ..l
Pt tohiore ittt i e bech QRUSIRRan AT Bk
“Gainigig|lightoiorn silieom, Bdrareédly408) pf. 14l ti4e8it(23 Notdmbeg #000)e Tn this
. 1.2nd~t hus,..t o e. | and hi gh-speeq ., T
artcteg [ oA wish B 0 b Be i ke v isirat et <
emitte; wad thas, tgalakd lsersHng BiphdPediteict ittt ABASRRIEE c8ffound
. used. These conmpound  sem conductors are, however,
semicepdpgtpis sheh a8 gallipnagreride andindiusy nhognbidei arr wed. aTlkege compound
semicdHdbGHs o, hWevid) BirFRMAE fnéé%at@@ﬁ& HB&&%@&&%S cftbdidsC! €NCY
may be 1 hcreaséd, providing e basi s for achieving
sthermdnaesd véivhsadigive iefficiandy meg be raredgd pprewding ciechasis dors
. is illustrated in. El G 3C. The energy .di sper.sig
sciov) il RS om et b s oS AR LGk
13C. Tiendaey ddperbisn tbialidddid Matn S FIRN36/sh@RetmiMithiindn a
maxi mumin a val ence band 1341. The description of an
condugtiog;bart {348 bt apn-ghigrcd sl acrpimpae a yalensehambi34dl Thaed
descriioh oF FPmfeck bR FARAT ot EHRE oich ARl 2R ek i
space i derived fivmyBloch thedric; witlt the taait assuinptiorcdinn gefirdteatie thadseo

say, a (o bl ViR bty et areatiuirioin by © RBuAe gy
throught the QfiatdHak foishiak WiatodhR hasE b bARLrRatOWncniR 8&Bribed below,

freat nent does_ not apgly.because_ trapping or
Bloch {reptment dagsinehangty Repanse aapping ordecslization ofi¢hargsicenriersins nal |

oSl LSutE S S COSSAUET, e PRl Ry g

band 1342 aad dlee akemok t:8d 3343in FIG. 13C3n hd Bvd. hendrey dispdesiomer gy

-relaﬁon%fﬁ%%lre Helffon energy or band energy as a function of carrier momentum k), are

broadened considerably. The broadened conduction and valence bands are represented by

reference numerals 1344 and 1345, respectively. Thus, a phonon is not necessary to
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rel ati onship (the electron energy or band energy as a

function of carrier nonentumk), are broadened

consi derably. The broadened conducti on and val ence

bands are represented by reference nunerals 1344 and
wo Jddbsqodzespecti vel y. Thus, a phonon i s not ppegessaNeb O

-31 WD 2004/ 054047 PCT/ US2003/ 022629 nedi ate the
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in silicon, and a
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e reason a

silicon nano-pillars (L. Pavesi, 2000).
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: t Uk i f thiis is a Yo ure of a
disolofthd WS clftve ol SE0RRE Al & it nncRielal B0 U508 ekl
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ed about, 500 silicon atonms, of which about 35

perceny WEIS sitacs aomsl et 2o wanihe drbrisation 9f Hifieec gerpaaum
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particu arlg/ into quantum wel |l structurées (U. S. Pat .
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. Py ' Qv i ding S) from .. ..
semicofhchét st sBs iHENISES, et IR a8 BT B bl QMimtion gt
the narioprystiats e Iroomet ekmlllﬁh &jsha@adiclﬂlaﬂbrﬁhﬂé iDHew bf the !@ﬁ:hilng ;
. Nanoc St al s. n one a e thi S articul ar
technidd 06N 16 RPN e Bt i ol Rt Bl dismgndogs tat are
a part ¢itiecligRoridbR-DaRRlpRitaiSs dfithe ﬁé&f éﬁ%t it p%&g&ﬂy éﬁgﬁt at

di anondoids that are a part ©

solving fhis prnblran. sineoerch fismeadaidtheteradiamaptloitrand gedwasiaed ar e
; t:] -at ' his problem since
dlamo@g{‘:iﬁé %%ﬁh?g?%@@%@eﬁ%ﬁ%%‘? and derivatized
dietmmpinginoive toi the problpmaif ﬁbtelcpiﬁgaﬁuﬁlic&n\higlbﬂ; LaPafdze%ieﬂhllt foxch the
structure. Returning nowto the pr em of , devel opj n
menner3h it Hsficpn Bistostncililipihe Tmentiod @Bl Lrerp e e S 1
emittingVpiopbtids tithd BABAY Ak PRkToUSIy WeAtioRLd, ban'ﬁ@ﬂblﬁHérQﬁﬁéii?dttnhe

order to inprove the light” emtting properties o
types ofygifugiureg haveden evalyatedseaph heving insnmiiona naensuctngnber
L f I : -be ey.al uat ed,
morphley, Gt bt KRGy b RS RV EsSE I RIBR P16,
structurss haye inchued padus silicon)wilitoh wendeeystalsasiticom/ihe¥adr superlaitices;
and silid erati gfw For silicon, these structures have
§ o[} #orous silicon, silicon nanocrystals,

Bbddrdifptd I Pebeat @ m.,&H@ﬁl.li_)}sﬁhi priRdles 130 adtd ihGRMedaN0

pi.l | ars., According to Pavesi et al., the physical

 photolupiinescenes insaghpfthesetypes of silisen mambdlogies is essentially that of

quantum confinement of exitons in a nanometer scale crystalline structure. In some cases, a
silicon/dielectric layer (such as silicon dioxide) interface may play a role in passivating
radiaﬁve stafes, and forming radiative states. These authors state that although such
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30 photol um nescence in each of these types of silicon
nor phol ogies is essentially that of quantum
confi nenent of exitons in a nanoneter scale
crystalline structure. In some cases, a

wo Nodbgen/ dielectric layer (such as siliconp@igeheihisze

interface may play a role in passivating radiative
These aut hors

tes, and formng radiative states. : s
morp S o nisnEmangreaction s ol Gigeinb Eupheforsc appitcations,
a silichhsdralds/aBRAY9 nor phol ogies are promsing wth

regard, t(i a future role for silicon in photonic

aggme@aﬁ Hded {9, the produetion of a silicemiasentequingsiadighy . As

LfdaE M reduchi of silicon.
T B Y ki SR oh P BN, Bl HpRglochif Blepy
is diffigulf to Achiceabeearise silicom haslameffieient free glnticpabvbrpfion; athidTedudes
Sis difficult to achieve because silicon has

the el i RicKol Pl and itbpingreat Syt S fepemdensa e o
radiativhenerisids igsiliconamasshabies, foficH dded SeniaBb BRSAVRS:L hAhe-

is a significant size dependence on the "radiative
SyStenEbnergi es in silicon nano structures, which causes

Sth &Bdpir gGAR | CRAEd kel | npKeepi ng

wth %ggﬁu stggg%‘e oggﬁ%dgt r uctaiuirngtgltl ﬂgta%ﬁﬁ%{eggk g?ﬁbfé of
operatipg elet quanigmdensh B Bavshi ct 6l wprerableitoghost that rafistivielemidsiomeh ,

i re.ahbhle to sha h radi ative
stcon sandGBUER aoBlredthro et 8 p P S¥et b et Sl cruerdte
interfagea di thtdevlevebhodet waspropssad Rcbxpiatnthedbssivbd S8R/ A% i Snanner

X hii nterface. A.three | evel nodel was proposed to explain
n which pobi]piion, iresgsionqonld beqghieved. hae s he propogad levelsiwmaltet i on
lowest 36BN & ' the ed ..

| evel's vve? e therﬂilﬁlo@e@@u%gct%eu%%eeg{%%&gcu ‘glfg&%?rtﬂﬂflgll
(HOMQ), whroh csiespensied b the bettonvefthpioaduation bend aad tier top bedhe 15

valancd U o Wlof S LSRN o 48 ol B8 BTl wimtest by
s b A
Bloctrol it X sugh it ek pers e e B STasERIev o LUNIAS fhes Bomce
relmxed¥bry 300419 the Eli@eict 02 118 RYELd iﬁéﬁﬁwe tnﬂe%%rg&ﬁg een

opul at ed t he hi gher energy
the LU Hﬁg 2l éhe HQMQ. Hesbugnsg thatpopiiate ithstinteffacatatt taive Idnp difetivgs,

s S AR P O L 5 e A

recommepdatioh orediated b thermerfice BakapigRlalibR v akRn BEtwiBP AR ihakicen

UMD IS ch faster than its filling rate via
'Smean@&ﬂﬁﬁ@bcf"\@ébﬁﬁ‘gﬁﬂ@@i on nedi ated by the interface

BTaPevesitd AL Sl P Thd 55'&@1.3@@{? - fhe i nterf

st ate_egnd t he F&Q/hgéé]%ﬁfld be "ac :%%gﬁbﬂ erﬁl%&lggg\gl{és TRt

thought f contpinsabou, 500 eiesnss ¢ whidnaboatiSqreyestiatere firfiice diofi) T
about 50

| - j : hough -qnt A
o 13 LR o R L 0

each surfdoa siliconedtmm vad BEimid 16 &1 §:386n H6rabEMe WRIIE 13wAI | abl e per
silicon nanocrystal, with the assunption that each
surface silicon atomwas bound to an oxygen at om of

Solid stdd\@elxsemde | ayer. Solid state dye | asers
A tunable laser is one in which the frequency of the lasing light is adjustable. One

type of tunable laser is known as the dye laser because it employs an organic dye in
solution as the lasing medium. The dye is optically pumped using a flashlamp or another
laser. Laser action occurs through the emission of light by the excited dye molecules. By
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the lasing light is adjustable. One type of tunable

| aser is known as the dye | aser because it enploys an

organic dye in solution as the |asing nedium The dye
wobk4@fbical |y punped using a flashlanp or 23322629

| aser. Laser actl on occurs through t he em SSI on of

TR LI T N

wavemethﬂmdn&ngﬂiﬁal&a&Bﬁtsusiﬁﬁ aB@iifRd@p&neim. 2 W de range
wayv e ths |ncludlﬂgthe ul travi ol et, visible,

Wy efé f1e GAY so ﬁ@W@PSSGWéquﬁéléﬂaé‘@Fﬂaﬁs whigh
hmltsrtﬁﬁir &%Iﬂsﬁ@%ﬁplﬁﬁtﬁﬁ@?&l appﬁlﬂ%%@tﬁlﬁﬁgi e gﬁhg) a

limts their useful ness an ation
dye Iases sysigsm FeapiyessTaeans fiy praviding Eantmixmnﬂbw of theSlyd yalutious dihis

necesgiR% § sl G FEAMRH RV RS i R PURS. tanks,

valves; mhlkathertﬂuai coamiiwpparﬁﬁls emm;elﬁmaqauaﬁehé bﬂfhlﬁyl E]?]E&Md &t the
i nclu n ta . an ot her ul

temperadire o g%‘%%’ﬁ@?ﬁé““&??d?ﬂ ?%Wéﬁéﬁ?w &fmge Klosefipgoom

tempekA&6. Thfs, it RdHecdsiiRy 1o BONRE A ioRutioh. ¥ endllE 1@%@ i on

nmust, be maintained within a narrow range c to room

charaqigsigpeskiheye lasppigdhat fhe dye lsméb@aplycetdoremoﬁmwﬁbf diwo

photo&‘a 12% cg%g%, @g&{xﬁg m{;%é}[ﬁ%;/agt - eta{(%%l ft i.C %\9 . ,
bleachﬁnge @;Lde‘.hwnpl dhgedbiion, fhetrelivenesias om:&e@u@n ofd adawﬂmis

may take place after exposure to anbient |ight,
optical bleaching, and thermal degradation. Dye
Solid stﬁ@ﬂxa@teﬂdiﬁﬂ—cdmﬂﬁg !%@er&ﬁﬂéﬂa[s%ﬁsé&%n%i@gﬁ ¥olBASHnfys Sol i d
at e di anpndoi d-contal ning Taser matérrals based on
’E-f’rtéi@f‘e?fse’éfi gate dasenriehs calsr qonter lagere This typsl ofdasslt canpdoys a
host nﬂaﬁﬁﬁrmﬂﬁn h G@IpPdcedsed) mimlge?%ﬂolor-rclaﬁt%rsttﬂﬁ% g@sle'éiﬂngd

enpl oys a ost materla n which are
action.n §oliskestate fasarphotingeinr eermers hathe petive ﬂaimgtriiveeﬂaahav&g:cen

cisonsli O PRCHE Adth Reof ALt S 4l o §58D Pl B3 bt”

4,950, m:to thzt@Bﬁzlla%QI t[gs Fign ;3 V33 2@99 ?OK%%@?%@SI\%& ?(:fd 12%91»&43 to
oh et a a 0 ashima e
4,950, 63% to Nekashimacgt al. Sugfpeplagponters awafmeadh'daasqd cal defestsaotpesing
. Such col or
nitrogeR ? sﬂmﬁ%@h%écl t&y%ﬁﬁl A %fc% Bet s

centers are typica conpri si ng
AVitrpgsy eperegatesrin tiamendiare bbai discassad by AtRiflawhétah il ‘Ahebgye

of g0 Sk ERonsy' SRERA ZRMUE0RS Bronih amiapigariony o Diamonc,

edited Byl HgMhdaedardfA. 7] &R @Bspied) Lséhadm@bﬂ ﬂi’)r P:Rﬁ[és‘ eﬁlese
h and Appl.icatiqns of D anp by

a“thor%safﬁﬁﬂ@t aﬁrerg% 1s She TRQERFABP IR dtplecthy nm:abmd smguq dlarpqmd It
is found B&h %?’(ﬁ%il—é%& ?(ﬁ‘n‘l?a%dﬁ D0k f&%?cg ﬂ%g@%y n“lthh%%%c %fr gztrl;}gllgis p

maj or inpurity in boOt “natur al
amonggt Iihe dlﬁerenjlllypxts btdimemd, basepe the diafeqif nitrigeh aggeé@tad, kiven

. f.qn art show t he reI ationshi p anongst

in F1G. 135" ip e BB gk BERER i hietinmos paiasah 4R SRATE e

diamondildtticge 8 sRgR-aBbitivR on aalagioﬁmmde&tglﬁﬂé%o bp the
actual nitrogen a gre ation sequence, nltrogen IS

agEregAAR BRaYEICR CowinuAY, Other tifogm SRz se e areproditsl figt @e
associafel Rt igkdatcr RmBRs & Wb AR sl RLbhSSE itidde 3 Egh‘?er, the N3

ni trogen
center, and the B-center. In nature, nitrogen aggregates (and their associations with

vacancies) are formed as a result of a process that takes place over geologic time scales. at

temperatures which prevailed within the earth's upper mantle. This view is supporfed by a
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30 aggregati on sequence continues, other
ni trogen-containing centers are produced that are
associated with greater nunbers of vacancies. Such
centers include the H3 center, the N3 center, and the
WO BOHEA4@r. | n nature, nitrogen aggregates REHES2PFEORI629
associations with vacancies) are forned as a result
labora@iry SxpRii@ERS i WilaH dihRbRR abheafe’ aOMER tegﬁeﬂaﬁﬂés?disﬁla the
scales. at tenperatures which prevailed wthin the
SAme ELFAEPCS ypper nantle. This view is supported by a -34
4 Q 26 2 Q .
PR oo R B o8 Rlenns S B TS gt in
“Theoryerfjpggragaiion of uiiregundy didmbid” in PeoyerriagFeyel @&l dpplications of

. Nitr -V, cy _associ.ations have al so_been dj scussed
D O e S8R0E A RO B RS Rt oS 5
This piek fev@RRd propeiiiasmasidding theRAQPRE hﬂtﬁ&‘eﬁﬂ%&iﬁl‘ﬂlansiﬁons,

Applications of 5 D anond, edited by M H Nazare and
local vigrétipnagedes and vikratienal resnnapnes toxoly)the sipotugeof suchgroloThi s

e S S AR S apl LB kS R T2

ifetimes o ansition

Hlustratgslie F1G. 4By iAmrassociation betwemrasimgtsnitroges titoty ardresingle lattice

t:1. [ uch cql or e rs, Vario types of .
vacanc) S MEHBEL O Porr o Sate S b bter Thosh e R et
note that the nitdopdndinp @ity dtonthds kibstidiBaal PReSs@ 6ASS TR FoRElaRAN 2

i.ngle nitrogen atomand a_single lattice 10 vacancy

s

a totraljedrally spqyinttediarquagie weAreyr [n hedBNcamtrrealsalemabandht er |
: rogen

e, A 145 S o5 097
substitytinnallycpositioned dndianonddatticruites. aTHeyWN:cmeniei, mkb &dovar asandN3

: : t.he C er..alsp termed an H3

centr, bR IE il e PR S s it B Rl v o

the VNG oantet] ord3-exhien )y abiLfogk tettahbdval polsitibRORFroRE single vacancy are

'gf#b titutionally positioned on dianond |attice sites.
ocoupr ‘@a\ﬁ%"%‘a@ﬁf"é‘ﬁ al so known as an N3 15 center,

QO $lafo 18r SAOAnD) HERABRINALRITES IANPOHIBIEN 25 the
. positioned around a single vacancy. I'n the
lasing raedire has heen disensseddiy Rand £t of.oni).S. Pet 4)6881484. Hond distlosed

figs | oo ‘ : .
e R BRI RO SRR Bl SRt D coor
centers dvhgnmxmﬁdlhy%m@hbﬁ pﬂﬁﬂin@@glﬁgé w%;ﬁﬁﬂﬁgtﬁflﬁfﬁs%ﬁcb LnglS RS tn g
. | as._. D sScusse n el al. 1In L O. al .
““fami?q&ﬂgﬂfg&é&} thpeg_ﬁﬁﬁﬁgi W g8 (Fligh goporaalionp i eoloranters
emittedgaﬁ%ﬁhl\fs B ?ﬂﬂesbého@,%&ﬂﬂ%ﬁigh&ﬂ%n&atgg? P %&é}@éﬁhﬁ& DBridi?

col or centers when excit an optica
green-yphlowp flngyessonpe c Ehe dinpendsiswitable for ylatas bisermactivesnaterialng

. L avi . radi ation, i h 00-600 nm.r e. High
oontaintd B BulinleBo BB e o0 o e bedires 2B Bt g
coefficibitod tHelHBoreatemoms @alothted 6 MODENT, MR @il @RSicktht #38the

cneters. emtted a bright green-yellow fluorescence.

N3 centersavag estimatedat bt 48P%mor use as | aser active
POy A OB L0 i
by Satol el fih $1-% Ret. 41949,B47. Hidswaretierwaswhectedindbe mnhgdl 088 01409

oy ek B S0 S . e B

providing the lasing medium material comprised the steps of subjecting a synthetic type Ib

- diamond having a nitrogen concentration within the range of 1 x 10" t0 8.5 % 10"

atoms/cnr’, irradiating the nitrogen-containing diamond with an electron dose of not less

than 5 x 1017 electrons/cm?, followed by a heat treating step. The heat h‘eahné method was
-35- '



10

15

20

25 .

30

A di anond | aser conprising a |asing medi um havi ng H2
centers has been described by Satoh et al. in U S
Pat. 4,949, 347. Laser action was effected in the range
1000 to 1400 30 ran by an external |ight punping
WQHAYEAMGperating at 650 to 950 nm One net $28¢3/022625
_providing the lasing medium material conprised the
opmﬁiahpgerﬁ!hneiﬂbjdenﬂ&mhigh-pﬁeﬁﬂﬁ‘@&ﬁﬂw Iebytﬂﬁl 3.0 Gﬁd,i AAih- f
ayving a.nitr concentration within the range of 1
tempeFalysd g‘m?tP"BS. %fofg?{%ﬁﬁ‘gm ‘gﬁ% .%il 1 ieglianiqnd dasprawasragtivated using a
semiBbAdaEIGEBsef (S Hs M Hobe df SRR pinpide AR08 of
not less than 5 x 1017 e_egtrgnél C%Q%S%?%{{tllggv\e Eg% a
centqy A Was ngesssapito gnaiam fheamardmem vekue of thg optisthdebsityes! thaB2
tSP0, 2004/ 2 bonal | y. per.for ned
e i A s DT a5 A0 o B Pl 1B g
of the ingidentdight intengigiathe trensmittel light fisensity. Whed 86 putpiap
C..Ilhe diamond | aser was acfivated using a_j )
waveletth ot Sot0R ¢ Gitnonddiset it Vol boiver 001000 Brmpigber action
was ghsepedi thdetigel 186@To AIOD AN using H2 centers, it was
necesa};ry to mai ntain the maxi mum val ue of the optical

dehEeipd af prepasingip diagiopd faserrcayskb wil e darge Quentitycf H3 oatlersén
rGal | & WeekeSee i .l f.th
s 19 RS X G AT Bl Bl

rati o of

in U.6/Reh 50628 Thigintethpdineolyed first pMéeaning BpntiptioTTyp@ 1b containing
] engt at o t al../s dianopd | aser, was varied

ot oo Rt P DBo ShnsCid it P laree g o patsar e

high teapgatuidiigh presshrtQOnditbnsAudBthR kL 9He B BRASHAehs RoAleREPRI

{fgser. crystal with a large quantity of H3 centers in
type lpg) (R3jr5:0f B atomersesd I0p1449 Age 5 ladsdirmond wasthemyxpdsedrioan
lecttbA2® ' Jl £ <o of Pat

e 9%%?%%%& Bfychiagl %%%ﬁ%@um%%%@hﬁg s%ﬁﬁgﬁﬁefﬁmd to
form EiJ getiers by: conpling thi type falahitropen at@hs Witlathe vA@Gneies, CRittnuaiben

h plane .and then thermally treati t hat
of Vb 3 i i £ 4 ke i el o obotate
to laseraidhiri i ons such that the type Ib di anond was converted

t t l.aA. (Pairs_of N atons; see FIG 14A). The
t ?B??‘* %%E“’S? ?@Gméwm@@rtc@ﬂtaﬁs may be|camberseme
4 ;o ¢ . ) .
wdchiean 385l D960 B QBT o WAL _

. _.annealing step was p
distritwgion o aelpr censers.y Pat ianeeded s egetrof adlonmenter ténfighetion, and

mett QRGP Rl e R herhhcorles CRERE ke perb e,

- uniforntity} adldéstribudon B3&idilpathicable These met hods of produci ng

lasing nedia with caolor centers may be cunbersonme 20
ah °é‘ﬂ%ﬁ?§rﬂ?ﬂed%nﬁs Fh e REsent inysafian; 2 eipe iedintmky be o
fabricSRIby ﬂiou&%i&ﬂ@ﬁoid&%’c?m 188 atofl) <ﬁz¥:ﬁ%ﬂ§#fd§,%ﬁ9}iyc lor

. cer]t ers. A a; I S neQde IS a set o or- center
diamop¢nids, anskderivasized beterodimpoitoitls tobrystailind mtt amblegularselid Al

comolf bl 0  XE IRS RO B o

and orAvcamtids sugh that £Rlbogin RBiRy fsotilfonls RFAB, WHRVR e ABmb& of

.. _lasi medj um may he 25 fabricated by allow ng
DIErogeRs 5%‘8’%'8 ghgler of yacapgesin frecalop esniamasremblyiiany tsengineered

accordéfith WRlpaARMlar structure desired. This of course determines the properties of the
light emitted. In one embodiment of the present invention, an H3 or N3 structure is
approximated. Such a lasing medium is depicted in FIGS. 15A and 15B, where a molecular
crystal held together substantially by van der Waals forces is depicted in FIG. 15A, and 2

covalently bonded diamondoid polymer is depicted in FIG, 15B.
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di anondoi ds, and derivati zed heterodi anondoi ds to

crystallize into a nolecular solid. It is

contenpl ated that the nitrogen heteroatons may be

positioned in the solid adjacent to pores and or
woverAasmies such that a nitrogen-vacancy assSEam/ed2003n2i6%

f or med, mhereln the nunber of nitrogen and the nunber

OIRMBEAIGIG | Wkl SR SRR T B e

laser he&m&@mogeﬁmmf c@ms@rsdeﬁmmdrmemmﬁ atiIsopemidividapf

nt..of the present

b 1560308 b s o TR RS R A5 5,

and 150 forraink a pbreci 508 Qbmbfally&t e Perdr o tHe b dpCHetckeRuAG o3 B
8@ 3 gﬁlecula ystal held to ether substantlally
1505%‘@ 30 5lF? nagle assomblec oy atherise cpRaiuied Fach thet $ir et
heter e ﬁé‘%ﬂmﬁgﬁm 2004@3&3 % %@f%@%%@%g sthldre

that reyebles 13 caorteier 1308, Tawillibemodasioal inyothbsei skilled in the art that

many RB R S LA ke e B Bl oot |

heteraifaniohddid, vateltestchommte ofdheiTRReRitsis withAhe Ar613diamRsliold 04

mnth i ndi.vi dual het rodlanDnd0|ds 1505, 1506,
geomé’maa‘f ﬁﬁ“%“ﬁ%@ Hisapd h;teraﬂlamédqz@m epe
anothétfspdciaiﬁg ﬁéﬁ%it? of Mﬁlﬁ@ﬁ&fhsa&f@ néil&’gt ible? TS 3 is @? St Cet lﬁggntrol

ack, assenble, or are herwi'se ’con such

the OP(ﬂﬁadﬂJmn@@s ofithe ¢<d@fenntehle'i0@ wothinire mateeulgecrgstall 1501 to achieve
the deBPs nt to pore or vacancy 1508 formng a
edstrL}%:‘()Jteur%lgln{%ﬁlgllt%%sreeserrbl es an N3 col or center 1509. It

V\Rbﬂening {oiFide ﬂSB,cmdiarhyndoiinS)ﬁtaﬁimé th&ekidl @h&\hﬁgﬂ%&ialﬂf bets10

compiE B Snen ik AT 314, 28T 6 e gt sbhaor 0
Heterofadn@nasids1314s Ctﬂaemﬁf1sw%tﬁﬁé@hﬁ§%&fﬁe¥%alﬂdnﬁh tl'%%%g four

het er odi anondoi d, eonetri cal ositionin

diamopdsids raay bethelshin @fcotﬂl%nﬁlﬁ hawled streatate heloedmgitoeth@tednmﬂms to
describ¥dSor tﬁ@@&lﬂxﬁ& in % 2n q‘thg ?g@%‘%%zsa%%ﬁl rmlg g%a?rzed ou% ﬂ.@h that

are pos
the nitgesn edrogionpef the Reterodiambmioidal 161 1,a812,@0d 1509 re8hdctiv-dly, lahe

r crystal 1501 to achieve the esired | aser
positii ¢ YR penRE & R L1 e g e et

| pore 1sx5rﬁ>m Bod18r ¢¥Rkee 1§ 1 lo AL SRR Pe e & Bteil'gﬂ gu 1%(%;}1p1&% of

nﬁﬁlses het er odi anondoi ds 1511, 1512
the w@i hensiedistrusture. Themoes dags avidwviniods al Bié tentarSif fhe slmcture

Tt will ﬂé&ﬁﬁers gg Rgd s]%ﬂédhlﬂ ﬁ%@rtqga & Lagg é&? rﬁpﬂyﬁg gﬁ%&yafént bonding

di am)n

structuget chomttemfhetamdmnnbndxgdﬁ, degrd?aa)ftsﬁ?ﬁhmlﬁ dBactélas tHelcB@der OF
12. The Ynerlzatlon synt hesi s

bondinfs i, 0% Fabgibig, (s, G pissible o Fucie e GaH. HOPERCRARRSLT
center 1416 Witirethe fhpHRAL fiferkP1s10, 1512, and 1513,

respective Y are 20 positioned adjacent to a pore,
dyestemplaryselid steteriyy 1ase 15t npy be norstrogieditoneifies thalasimg and

meciuf St 06 b FCLS LA ol AL T8 i e o
genemli}wdbmdn;prismmgmemﬂmuﬁel op'H&@lljp@.ﬁﬂpddQ@&xféﬁIal hdigod O

smmneﬁﬁ)at IE nte the structure. |t w|
9“} 8 PP Py | Theexiemal Pummag sqmwlﬁoz
emits r&iioh 1603 BRTxEites TRVRIR BEntEO Bk dwn) of the lasing medium 1601.
Stimulated emission from the lasing medium 1601 forms coherent laser light 1604. A
lasmg medium 1601 is housed with an optlcal resonator 1605. The ends of the lasmg

medium 1601 comprise a pohshed and partially reflecting surface 1606 and a polished and
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structure, choice of heterodi anondoi ds, degree of sp2
vs. sp 3 character in the coval ent 25 bonding, etc.,
are possible. Thus, it is possible to control the
optical properties in the color center 1516 within
Wa Wed15¢M4yneri zed material 1510. An exenpl ar JCEB$2HE/022629
state dye laser that may be constructed to utilize the
translRsitBE-facBR 60T MTHH ey BERH 0Pt Thsbr@i@Af Snikiéd ) i dic dadch 1680
s sho in FILG 16. The dye | aser shown ™ generally at
may Y eripcted by Alivetngs Frading 080 Shelescr diaht 1686 oxbb smpingeded 2
easain adiatlon ' may be in
o thegﬁvﬁcﬁqﬁ%n%ﬁ&as rtgl{j.ls 5815% erﬁé?oggsﬁ%@r}%g%ource 1602
edvaniagesiof theqmest@0toledutar crystels indpdliraertel danpeddidy Se that

the 3B AR il ol BB ool e i bl

mearfigpsthat thé hogehbRtroatomslaad 'ufegrameiwmrﬂiﬁﬁﬁltgiﬁ& c%&w%&ﬁerx\fb&h
e | asing

n optical resonator 1605. The ends of,
leﬁé‘ﬂ?‘gfﬂ"fg’éf Fugisas ﬁ}f*é%fabls pighe aspepblingdechnigue, aybeter,
tilBZdti6R bi ﬂﬁ,ofﬁa?amw R ik
e 2_004105%%/&%%2003/ 2558 tréﬁ%etg%gﬁ‘?’g’sf%ﬁ?"ﬁ@ ues of
the prigyayt mefhadswlesein nijogerofiomhare kitlwe rlréady presentitt the crykiyl, iride

there 5 O9ES or i {5 RHSER S e e Ratlnd ™ "

- implantatisnitecnqubey Va@noy inssifibnindos b 36R9is aRb nREBEYY HE

rocessed or used.. Advant gges of the present npl ecul ar
dama ??%‘P”ﬁ‘s‘g%%e wﬁvﬁ%ﬂl @&Hgaq%%meagf fgﬁ arepeph embaslimerds.
NIThE BASEH ¥ABEHAYNS RISkuas D5 sGR Bl 168REL ﬁl'éf ﬁm?pr%st;] a

constructed "fromthe bottomup,™ neaning tha

diamogdpidrgatpining laviegmediom ancptited puapiag systan fodpiiveshgeetgydo

| -cen . in positio virtue of the
the 1 B e B B o sl o Bl 6 e i
mediup.y Btedhdingmtdiom neay combyiseesr digadridoid-coffating Pyt Merial and at
contra [ techni ques of the prior

ted with t d
teast 3B B0 g BT BcolPrpRichmeY eRmis sbackonny
nitrogpii BG€B4toinin b Aetefoditiiondoid, Idrekie B&&Bcﬁaﬂa&doﬁﬁﬁ%%%o%ﬁlomd

over their density or distribution, or inser

-adjaceniiorat east gReERARARY OTPAISH ant at i on t echni ques. Vacancy

ST B BBl L ol it 1

- selectedefedm thygeaipatonsisting pf @ SYM-depotited ifili ) Moledile cByseS,QAd 2

enbqdi nent s,.J ncl ude a.solid state dye |aser which may
voly G malEiH i el it it a9 Lcrk e G meeioicloatea

- from thidroGRborBistiiy SfhdevSitaR) didharfile] MAWINEFRE AY tO 15

the lasing nedium and an optical resonator for

heterofdiagerdoid desivetiees|theipof. B mayalse compriseahlsast ass digmomsiidum
[ I: ,Se di appndoi d- cont ai ni ng
soocteliTRoh 5 oAt AL BFlRL S nRdhBH% BERERBRF: i n
heptamantanbestamzatane, nahamafituae, dotfanta0e) taed wikRyarb HNe] me at
heteroé\i;ﬁrgﬁtdood;cg . nJEitr en_heteroatomin a heterodi anondoi d,
prdoiq deriyatives BTfrondoi d may be positioned adj acent
to at | east one vacancy or pore. 20 The solid state

dye laser may conprise a di anondoi d-contai ni ng host
SQIiUpNE fAsenmddamy r oup consi sting of a

Aaé\ iy ‘;-_“ RGO Iaif
W%%@ﬂé&)teq&ef fnﬁﬂls@bmi)rfc%wd%co%ﬁgc’ [ Pnibodind of the
present invention by incorporating an optically active dopant which is found to lase in the
solid matrix.
It is contemplated in the present invention to provide a solid state laser having as the

- lasing medium a diamondoid-containing material that includes an optically active dopant
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pol ynerized material. The host material may conprise

at | east one dianondoid selected fromthe group

consi sting of adamant ane, di amantane, and tri amant ane,

and het er odi anondoi d derivatives thereof. It may al so
wocwmgsHge at | east one di anondoid 25 sel eckR@EUUS20@BH216R%

group consi sting of tetramantane, pentamantane,

matehanw&mﬂn tHAQRInARAN R B&mnﬁtgn?d%a%ﬁ aﬁd’c
decanmant ane, nand undecanant an an te?lg ? &%m
that digclosodin .8 sPat HeF 467, e@gqpéﬂlatnhy Qlaaiondmd—contaxmng material of the

st QTR0 U B8 S S i b

Pat. ﬁfﬂydhﬁﬂnents of the present |nvent| on by incorporating
found to | ase |n

£ PR o el rare S Seinae, RSP AesRent A pr ol
The dopi® May®8 st18cte oth B8 sRordUohdst %%fﬁtalrl]fgﬁ:ﬁat e;&gﬁh{&gﬁa@]{]e

| asi ng nmedi um a di anondoi d- contal ni

iron, pohalt, iekel, &ﬁmo@xcpmaml. giobiem| sadminmathafvinm, tamaumamgsten,

rhem%lgg I'n the nglécﬁ%tﬁ%g% cb%%lg rce%e“e?: Q{V&%tghlggs um,

promethiving eanagiugi, siubpinm; gadolifiam, tdrb&uh,a@qﬁoslmn UoBmiubig brbium,
di appndoi_d- cont ai ni.n

5.504, 767, xce. t he
thulivgy, 3ccbing, gpd iy Bmp?@%%*ﬁ mpdizy dopmed &Ffi@agtswéa%m
the dl&lh@ﬂ@iﬁ%ﬁﬂt@ﬁiﬁ%ﬁaﬂﬂ?ﬂ@@ HRERSdAYEYe, WhSref BOMAS otoid”
t. 5,504,76 The dopant may be a rare eart
coﬂta@%?n ey insiude éﬁommmtendecﬂrm§memetm&

molech d fromthe group consisting
owgﬁtltan%dmnggﬁﬁ%n%fe cobal t,

I um vana chromum, iron,
nifbk elemends oy dlamomﬂmenha,ve rbemhhsmxsed b0l Fanuison dil af. ﬁi WS\ Pat.

5504%7??3 E%m%gqr]gm}' Ftc"“\lir %?P’?tglﬁfmmgﬁgl i ridi

medivne Glich geftratePthe E@éﬂ]igﬁfm) £ BEWRdr ishiply, WHiRIetiPers ener 10 theo

ol i ni m t er bi um prosi um ‘hol mum erbi
laser ‘%Fﬂdi optadiegred g E@K@ﬂ@ﬁ emit tght, Ads) Iaetk@tlcmmmn s

reson::ft@ir \ﬁ@&: &ﬁc&ﬁaﬁ:@ ﬁght% ﬁmﬁﬁetyggﬁlsélgn E(’ths er radiation,

di anondol d- cont ar ni ng na cussed dbove,
whiegngitypeta eohaﬁ statolastn, thle lagon niedivni cognpriséser drpstaliiysolid host,

it S5 ROTEIhS o BELGbt 5 kvl cobeddc
in the hbwer €0 activhposiceReRdind of lag, 6 i i gﬁﬁgm%ﬁfex@&&ﬂ

di scussed, by Jami son et al. in U
sources Agarielagof cryials g igieses bavedmeread at hosts in the meiver of a solid

state 1458011 He Bsaid {éﬁ ngelggﬁ? F]fe%ﬁ?tja}%?ang?ﬁéﬂ\}\g,reagﬁ% g%i;'ﬁcaﬁvﬁ, %d

gener at es
good hgel trapsfiescharseiegsticso the |aser nediumin a forma

CRG yedsPed et ol F, Pat s Fite o Einesin *

. diamosd diviayses bipBieRiiEl Bodt B 1Ringidkas fdrAdi Blill Ote 1458, ORsd YPE

of soljd state |laser, the |laser nedium conprises a
advantege§ Sreflueite e gzgqrqn@)eljh@glp thermal conductivity and large bandgap of

diamond. Diamond is about 200 times more resistant to thermal shock in a high power
optical systems than any other me of material, and therefore may provide the basis for
producing extremely high power density solid state laser. The high thermal conductivity of
diamond will also minimize thermal lensing, cansed by a change in the reﬁ'acti;re index of
the host diamondoid-containing material as its temperature increases during operation.
This is contemplated to allow a diamondoid based laser to operate at a higher power dens1ty

than a conventional solid state laser.
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20 which is doped with the species that emts the

| aser light. The active species is enbedded in the

host. The active species is excited to lase, or is

unped, by light fromexternal source. A variety of
WOoeoet4ad’s and gl asses have been used as ho®CI/USHO3/PR629

medi um of a solid state |laser. The main requirenents

ofAnbhier SiRGhta@y £dikh B RIYERWser SRS stbths FahhecRE Ride and
good heat transfer characteristics. 25 Al so di'scussed

band&?»p theh A flisgeneaid-gentaining watsrialia expested trrhay 6 7A dienanteid based

Wg t t
matel% or lasing ¢ ?J%%sa btagﬁé a SO O‘Jing St at gﬁl F%@%&Eﬁdﬂﬁ%s e oS
greatfatdmambagése\fami idwsell bthclt emaodunanesrgedaayer Itag abdt Se Vg buch that

- I | D
g Gt 0 e AR hond e PR i

atradfﬂogﬂsﬁﬁ&\aatelamtho@tahat&ieﬁterm than any other ne of
%eria therefore may provide the basis for 30

LS ﬂﬁ%q‘? %Mﬂmm@ﬁ@lﬁtﬁyn@@mgan%@r@l e
accor&ﬁé 8 pres-gﬂteelﬂﬁogﬁh&ﬁ% e S g%&éﬂlﬁé’ 518% an&ib B atib !

['So " m nim ze t hermal cause nge I'n
techmtqh@ stpifar 4e thoseausedhfbe pitrogen-vaoancly oglor centers. An exemplary self-

wsen I ATPOIBAEEORLEHD 0B Sl Bl S0 b BRSSPy
1700 mJHIGV\l’aL dbianoidiidsd 7023 B0V hAsEy geharaDPEiEfrs@l @burd dioghdily

an a conventijonal solid state | aser.
- active d@@éﬂ%ﬂ ‘%?ﬁ%‘@@%ﬁv agipre AoRasp b8 MBEYPOOIPTiS: FpFRegarth element,

transﬂitﬂlVeTéiﬁéﬁQ%cﬁ:u&Jé @f@ﬁﬁ%ﬁ&% Qﬁﬁﬂn@%ﬁo he 5@:10311? vt Gt

ver bandgap that a mondoi d-tontal ni ng
may bﬁﬁ«tl@qt o @w@pwtmg ofidigainmAvatiadimonchvomiubn e cobalt,

nickel FhE bhnidgh (FRRES, cBltullh BG L PR AR B
iridiure\lataooh, pold shérbiry, oiehmn, peadeodiiniien] seogytiairg probiefiarabout

be such t her ener, y phot ons pass, of
sam \%'Ef ﬂ‘%ﬁwﬂa £l VSR o B PR urr ed
yiterbint Eld Iﬂaﬁl{uﬁd 5bin® BPihe GRInbAdcHAR ok RBRIth aﬁWcﬁ{!é &pant

Optically active dopants are inserted |

1708, andgepmaising themoelent m\ﬁlgchrﬂw denaat sxtsawobmhzmgr no@mpn@ise alose

pl'OXltlﬁgggl%“ g&?l on’ n| qgtgg’lo\éfﬂrfn %ga ltl}l%tﬁ%éoé]g %Iale?(ﬂmh

as thromgh a copatenvardamic bomb bﬂhrouéﬂﬂL@Icﬁn fdivllﬁese Eﬁmjéllafyyiflﬁﬁinﬁoﬂﬁ)m
e teri it e for ein

riG. 17235 111204 480 7107, ks Fimpusiadsompriane thenopke Fay be

positionbdFurthdawaltRIDIE Qb atdiZmdt §hmBRbiRSndERa782, | 1704, and

di sposed around an ‘opti cally active dopant 1708.
1766. %ﬁe@wrﬁ istapt digraondeida mey 2izo @cmfowwpﬁhesbpwtr ame ferae #th

b, R BB e Bl R

coursepia keedimrwithl th ldeﬁmtldjreofghammdmdmﬁll thisidisglogifre, tthd difhotiloids
aIalelu chro i.ron, obIt 15 ni ckel, zinc,
may aisq ‘IEHﬁ‘m Lﬂﬁde‘é‘éi’&i‘ﬁ af ni um tantal um
tNBﬂ?ﬁ%zedH!iﬁHnﬂ&H—c@ﬁtﬂihﬁh@matérfal fﬁhﬁﬁay lRJs@atﬂdS:
mer cur cerium praseodym um neodym um pronet | um

dopant kg isishewn eeneesly ahd 710 . A7Bin{his exdpinlary maiesiph eopipoisgs
four diHREHoRH 7810 4 That (G dﬁb% within which an optically active dopant atom

1715 resides. As with the molecular crystal 1701, any of the diamondoids 1711-1714 that

-comprise polymerized material 1710 may contact or be bonded in some manner to the

dopant atom, or they may be chemically inert to it and the optically active dopant atom

1715 may be held in place mechanically.
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ytterbium and uranium Sone of the di anondoi ds
surroundi ng the optically active dopant 1708, and
conprising the pocket in which the dopant sits, may be
either positioned in close 20 proximty to the dopant
WO ado@m34047n contact with it, or even bonded troTius2d0s0R6M9E
manner, such as through a covalent or ionic bond, or

AR BAS R L SEPL Y ELP RO Gy i S

state laenpf FIG. b§ t he pocket may be positioned further away
fromthe dopant atom such di anondoi ds include 1702,
1704, and 1706. These nore distant di anondoi ds may

Diaméidofil- dufiidinPschifonBuclifle [:8Gs dpPaftys or no force at 25

all . The dopant atom may al'so be chemically inert with

r Adighitemitting ¢@e@bmﬁ%1¥r@tnm@5ﬂrstls ofthe presentsmboiliments may

' W LR .of di doids.in this

b SR8 N 8 AR g S BFRN 5. bl
n-typeestenia dndarptyieiditsgondoid denthiviaizinv@sial, be i pafpe damondoid-

.pol ri zed di amondoi d-cont ai ni.ng nat.erial that .may
contatf eVl 4y Pie SEeiE ORI HEGRAL © [ jascton
The pGieitioh isthéd forwab@biagkd Hhéanink it a-ﬁ%ﬁvg ¥&IPRRL Y app HRL 8 tA)-

,con‘gri ses 30 four dianmondoids 1711-1714"that forma
type sidg pbthgiunstion. wrd e pesitive ypitase i dppliedcip ithe-tyop side ofihenngtions

mhep k58l Ml G0 Eln LML Blo b ARy g
acrossiiige dioden hndlivi partivelyr, itopinguiction. Fewhdbisithgicauseoetectrons e
. t opant afom or they pay.be chemcally inert,
excito} foin ez ¢ Hbat“‘@.s{» P?,rafﬂt@ﬂpa’ai%%orﬁ Bﬂﬁ%ﬁ@z’mﬂtﬁa}mﬁ?}n
the eldd®ord@ofhbing withaee:s "EShaM Ll diettron AnbiRs 300A 14 @ pFoton
PCT/ US2003/ 022629 The di anondoi d-contai ning materials

may bgemitieds 17A, B rmay al so be used in the solid state

I ' § O L 0] ' ucting
| SR Al et B kplcls STh AhP AR RPLEBRNC
discloged bynHiweineh iebdl sind1.S.tHat 688 &4 #ht Suelrb odlirent intj:tiom fype tight

...forned by joining.an n-type di anondoid-.cont aj.nin

emiting e Ples B S5 st et G EG egae e dPTise
emits € Shielt raileorChis ABREQI e LB eRitdAedb R HtiBh within tBP- t YPe
diamoxgd anmondoi d- containing material and an n-t

) e
mAsHY o5 areuliebiha prplication of theDC vqitag@annlia@ggtwpani on.
electrodbieto B bht CAHREK IR tleSiddieg. forward biased, neaning that

[
a negative voltage I's applied to the n 10 type side of
tHharivchiret &) teach thag-ngurptisn $tich an ulidaviabpeligls emifihg didmbad
. thep-type si of. the .junction. Thep-n junction may
dovice A Bertel i e HOAR oRoa P HigR rontiut Frafedt PREFHTG: o
photoliéiogeiphy, pHedl Mok, andldrerent 1Rt Hinede iR dltkaviolet light has a

particular, its p-n junction. Forward biasing causes
short wayelengily demenyisifor suehdqvicg arqwmicrove due toythehigh fiequeaty and

e PSS i i 488 LBl o
luminempélaﬁﬂrmimm eoussinvesusiich that fred excitatiop hedoatbinkGommyiation
e to Gy RUESERt SALCCh OB LXRE 10N S Ll e oS
quality diamond having with few lattice defects except for the dopant atoms that are
deliberately inserted.

A “dominant” emission whose origin is a free exiton recombination is defined by

Horiuchi et al. as an emission whose intensity is least twice as large as an emission arising

- from impurities. Horiuchi et al.’s high-quality diamond crystal is fabricated by a high-

temperature and high-pressure method using a nitrogen getter so that the amount of
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di scl osed by Horiuchi et al. in US. Pat. 6,433, 474.
Such a current injection type light emtting devices
makes use of a dianmond nediumto emt ultraviolet
light. The device emts ultraviolet radiation as a
WO gwwdgience of free exiton reconbi nati on RCTABIN03/0126220
di anond material as a result of the application of the

nitrogBlCcOt@ATAGIAR tRIRPY sk ¢ 10ShoHE Bfan Lt 16 hﬁﬁﬁt T seh&' df[ﬂﬁtﬁ)%gn in

carriers into the dianond. Horiuc
the digraedl, i 4dditiontwlattise defecin adverselyaffstto thel frag mmtmnmmnhn@non

radlatﬁi)ha RO Bre @ Hﬁﬁ]oﬁ%‘lﬂxﬁgﬁalli%g%@ t h S c%lgigvf ﬁc& E {)oron,

nformation reco
Wherqdhmbqrbn conbant Epio)g;reambthan 40 ppm mkm@@ureaﬂﬂ' ihfrREEpeQdscopy, or

sourc i n e3ultra et light, has a 25 short
o mq %‘ﬁ’&f %158 Tf 35 e &Yd@?ﬂg@f inGnase FRSFISSSORY U e
(SIMS)0 t he hi gh frequency and therefore high bandvvl dt h

provided by ultraviolet |ight. Horiuchi et al.
d 6 magl ¢ waralength qf il abjestivarmissigre iwhwhem @amesus ircthe

e B SHBI  e BUE hO  SORP

defects mrth:emrstalshdlddbn mirtimizethi Biairend esdbits! aebaﬁcl'gay (Eg)tahrohmg h-

ool b o TR I A A B s LGP

emtonl(EB)&ifhﬁﬁioxﬁaHﬁﬂS’O eV therefory, ﬁl‘é'ﬁ%guéﬁﬁ;? &Y. éxﬂbl{‘rebo?nﬁnaitlon

Hor i uch

i ton_recombi nation is
radiaig 5 g, 7 230 6 (610 o Soetreiamen s e sttt
indiredt 8RR RASyM bS] §1'1 ﬁ%ﬂhﬁg% V'L{CF% m}tfﬂgﬁ'({ rliécﬁﬁf,d gvents

Horiuchi "et a crys
accompagpyrtheemistdorbyl aephhtogh One mmﬂxcmiau tsemardssiungamopmﬁd smlﬂmne

oGS B RS B S0e  o  Bc

- room tempdratinreds tHervidikisy cN5)28ted (28 $ndy srm(r;av (kaﬁn}ah%w Q4R

sepnce of nitrogen in the dianond, in addition
and 4. gchﬁﬁ @f‘? P@g ﬁ%ﬁséeltugal phaon sidebapda presiep éo form afwmsigesestice on

emissiérEa0 W/LRAL %bervﬁﬁg' @He@ﬂlg o gcc%ﬁfafé’dreﬁﬁssﬂingggﬂqhese

material isp-type sem conductor containing
phonoryfide keandare palled ‘fre@mfemtecombmatl@rre&mmn than 40 ppm as

IR ROl s 15 BRESLA BRE BBl e sy Rl

-dlamomtmmmg@aﬁmmn oShiNGities had T8RS A6 idchEot WRY@SR LN

ctive ,em ssion, which in this case is in

impurgad Al flsmond ek yiaks rine wghﬁemm@twe@d highragsend c
methodSP &0V o ifocBh BREE, oAl sthi@BHE hich SSudhidjs kARG 10 e

crys bé mnimze am)n

prowm@awgpweﬁ‘gygbépmﬁmmﬂondmm avheras nitumbqhmnmdmﬂel y
dizmong gfth \é;(.é?@\é "(@b‘% L mﬁ?ﬁg% Pﬁﬁg‘%ﬁ@ ggc ndeepen of a

" free cryt:ﬂabqlfahﬁew dlumever the hipd-tepdratireaBE BIFRipRini:0 E‘yntlieﬁg hﬁiﬂo@@

é’?ﬁé&& or 5,39 eV (230 nm. However, dianond has
can be A quh chngseh amethiod, cathen rasmaterial ixdissolyad injthe flue

metal aSCATAHBAUES Hessuf 1l YScndni Bl & oxﬁlf aﬁ gt?ﬂg Ly gﬁﬁ at ed
eventsS acconpany the em ssion o ein
precipitpig opieseddaarystal. Ihabisinesied are awtimads ﬁirepcbdncmg defbet and
impurity frec diamond or diamond like materials with more reliable and controilable
techniques.
The diamondoid-containing materials of the present convention offer such a
solution. It is confemplated that any of the methods disclosed above, including CVD

generated diamondoid containing films, self assembled or crystallized clusters of
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15 or nore transverse optical phonons whose creation
results in an enm ssion with an energy at room
tenperature in the vicinity of 5.28 eV (235 nn), 5.12
eV (242 nm), 4.98 eV (249 nm), and 4.82 eV (257 nm.

woTfesmssqab ur al phonon side bands overlap to HoIvus2@3/022629
| um nescence em ssion band which is observable.

BRI AT S0 000 L AIBA M e i

for produeinbileviaes that ensitlsmttivemelingDradiatios Ofpotiduban intérest ster €SS

moteh B o of sl el nlnn g A vt e s

they hyﬂmgenite@&amﬂﬂﬂ shefeCixbibittPiypd @lciriil p?d;per@@ hih@Y SroMealr
d def ct free di anond crystals usin

°W5tﬂmg @iPrgsent phodiaanis displayiastertlaree surface to

Volulﬁérﬁhgyl ng a nltrogen getter, and state that such a
method is suitable for providing an ultraviolet |ight

erf} suifahlg viftaxiodat ammmamt mjh@mazm)erdahum @aseird D) dn avhith
t bl f
tho aligbe AR SRR ot RLARAR ¥ Sieftic s SRRACR . 15
Refergngtad FiGe $8, afdwmaij ectibl Bpb h@llﬁvi)mgft%hhth@g @htbe shown
hgs?ll)}@é(gssure theS| s, nethods can be difficult to
ECNCIAY § gomprises dipmondaidrqoiginingpaienal 180} seadveiched betvecen
an elddirsd&01802 dnd &h d168ohd }993 TR &hmafbidcdn %ﬁﬁt‘éﬁ 1801 inone

pressure regi me such that the dianon sta exl st
°mb°§1m911t ¥ p@@qlm&aa@@st@lmf élamee@mdﬂlyasma no h\’lﬂ&mtoms smaﬂﬁ thear e

by e of LR £ Tl P kT Bitr s o

_ embodinoint ﬁ:reteﬂaotrb&b 1802, ﬂ%IBhiMyCmﬁ@nsél' #¢nducting metal such as silver

of the present

hat ngey T BRI ofup oBRpERe et damondoit spiabRE EABNHBRL.

The ereamaea msozoisdsfaee ambhedvidienk qe&ﬁla%b %ﬁmc Bf' t§ qgﬁﬁr’l‘:\/ D

erat ed di_ anpndoi d cont ai ni'ng fil ass
S“PPleSQ?r &g aplpsity of ﬂ@lpe@@rensplmﬂ%&mdmwoms $7conﬁgured

SuChtEﬂ{ pol yner I@ﬁé%%g%%%00®g%ﬁ%c l aqrﬂgl gl'c'gt & S

matersl,ll &%bﬁtt&tlﬁg holgpandcftﬁe leﬂgnd evthe Gﬁnjbl hdvid-eshtdiniB eaterial 1801.
e radi at i, articular, interest are

The GBS o W%Pa{egﬁgﬁ%ﬁsgﬁﬂ@eﬁf&&%twﬁmﬂ@ 19%

concefielior 6 AinfHiEiticsHhd dbfekia %ué?ﬁﬁit B 3LiE thaly Q@tﬁbm@ BN one

hydr ogenat ed di anond surface exhibits p-type
aﬂ"theéal e exifongecopibinefionradigien ciuboeddeedr 5 crystal of

@m%gfnﬁ mﬂlfcto% giger\%truru A &to g.fr%egsl?o?tgrﬂslg eg%y ?he

very arge surface E® T a
presentiinverdons ¢d discussed irt rie]agon:tu FIGRL19ARCe Msleﬁﬂ:ohdiﬂﬁbr U8 i€ Shown

L th b ti
sohempfi iy 300 Tt Lo s tapamierts 4D00 400 e fhoasicamested o
type diaiholddRi-cdaininReda0kibl 193,184 &L %ypelBaméhdbil t{?ﬁﬁ.{mdlgghﬁ%dl on

type ultraviolet |ight ‘em tting device
1904, sgencetivaly. yAsa forewd biss isppplisddo thedimutiombgiod-1005 daseniighty

19061§;§%ﬁ{§¢al 1801 sandwi ched between an el ectrode 1802

n el ectrode 1803. The di anondoi d- cont ai ni ng
righeenddalof &cﬂﬁbiadgﬁmwessﬂy‘pqdﬂafbﬁﬁm}eﬁsnﬁx iffels@sidbrafuctor laser
t al I anmon ds. hayi ng no heteroatons such that
is dlﬂ‘e{ei)% Fof the” mec anisms gm{ apply to lgsers Referring to FIG. 19B, one of
skill in the art will recognize the band structure for 2 p-n junction without any bias, and in

FIG. 19C, the same p-n junction with a forward bias. As previously explained, electrons

flow from the n-type material into the p-type material, occupying the conducuon ‘band of
‘the material in the immediate vicinity of the junction. In this region, 2 higher concentratlon
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hydr ogenat ed surface of the di anondoi ds di spl ayp-type
el ectrical properties. In this enbodinent, the
el ectrodes 1802, 1803 mamy conprise a conducting netal
such as silver 15 that naybe sputtered onto two
WOMHISING si des of the di anondoi d- cont ai ni rRETHET2805{023629
1801. The el ectrodes 1802, 1803 are connected via
of elswironio gtatks Bfhd 8sHductiof BRETIL b¥Rbsd thaifve ROWEH of (BTN Mates in

1806., The polarity of the power supply 1806 and w ring
the valguse bind SUpan making aglomanarddtaapition 1907 dieeen Bredwasigies, as

shownh BRE.Q9CT 1he iﬁnﬁﬁ%@ﬂsﬁ%&m&ﬁ (ot B5wil) vilis 0948 as
cont ai ni ng ) ter'l.a' 1801, creating holes a fee
the spovfaneens empssion dordiitistmgdaseriactiont Borrthis typeraf sdralo ck&@dal 20

mim;{p% gjaeadggndoi d containing material 1801 is of
Su FI cirent quality, neaning a | ow concentration of

i ipisrcofiteraplaed chatiht @ ahdp-tyie dinionadid cbREnRgink H6H 1 Adbussed
. combine. with. one another, and free exitaon
n an e e AGPH ARl s disdesuteidrsugable e forapasben murtionata s f or
semiddn@®Aargaeduct or | aser according to enbodi nents
contenplated by the present inventors is discussed in
r Siatliralevices thut@sy be Ghvicitedriere flieaand weiyps mitexals disslosed

won SRR SEASTISALIS B Rt S e

- have biécaniisouksedinachimérop Optoehiceonied byl §dheraindPeacticdl ERtronics

for Isgeay e ksl o S ah00e Septer 5 ok phoigrap e o iEibos.
contrb13@R4blé teSibior. hIis bBorRMbA,ShhotbRGisiR SCusRlinARhY RYEMRS

t he necessar )ﬁépopul ation | nversion in a semcon uct or

whenplaced in thpdarls haweves vwen itfis eliminafed, s edststanemdectdases appl y

st o A5 Dpu LR L DR il iRl gl

and djnlgactivated switclh'ngnircajm/mﬂil'@fht-seasiﬂwad c})eteciﬂr &thl@.CPhdt&ﬁo?es are
. S p-n jynction with a forwar ias. As preyious
deviog R Borvety 1o oty Srectyfrtp G Pt oeoth. s et cafhode
leads b th® phdiedistick m%iﬂﬁit@%dﬂ_iﬂr by Q&GlRNA fhEn HRHLEBRIDHEL 1 gﬁced in
band of the material in the imediate vicinity of the

- the dark, je epment wilhflewi Howestgr ahen thetphglediode isrilbuminntad iidiecomesa:
s Y0 2R BT B ARG o Wy AT

Applicdtionhafl photstliaiesnilde defeetorsalf Estguldea ofilightneed inwidiclaes a
downwar d.toransiti on 1907 between the two states, as

comnfy RS s e e Phtaiodes ST o e B SR e rsistors

are lighPébh&itivifantiB@ls. A OMHonWpSdT phEloMSRisBt restiiBles RBipbRPEOUS

emssion for initiating 1asér action. For this type of

transigtoraaih itshgsedeadeemayedpandirenlaned witha lightspositive surfage area.
When%nlgﬁ%oaﬁ%ﬁg lééﬁj? Bk RS RRERT LER Ko current flows through the

arming materi al°s di Scusse
collecipntd énsittersegion. OWhef the higls-selisidve ocpivreis axpssitotliaht, @ shell base

o by Bl Sl e S by Bt
photo Beiktdry B HERLehdittleFiclll sTfebiQRAMstorkO TRRRY lﬁigbﬂg!rrlﬂﬂﬁtors, field

phot oresi stors, photodi odes, solar cel
effect B‘Fﬂﬁ? Bansistoss usedight to generpieipgdte waltage that is used to control in train

source current.
According to embodiments of the present invention, a light emitting diode may

comprise comprises a diamondoid-containing material having a bandgap, and a meaus for

~ generating an electric field to cause at least one electronic transition such that light is
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have been discussed in a chapter on Optoel ectronics by
P. Scherz in "Practical Electronics for Inventors,"
(MG awHi I |, New York, 2000), chapter 5. A
photoresistor is a light control variable resistor.
WO 2004/Q5¢04fs of operation, a photoresistor i SPCEUSHNNN02262T y
resistive when placed in the dark, however; when it

emittell Frof] the'Hidad, efhe elécﬁoﬂi@ﬁh:ﬁft@ﬁ?&y%&fr %&é&fnf-lel@andgap, and

significantly. Potential applications o
furthery fhigrightronitiing dinda may by cpisusdesdbshdr i ncl ude | i ght and

d S ti
e el AR bR 3 o bt
The band@;mﬂthd dighinderd eogiginitigreaéniay isi apleast 3 Vah @64 &tiodiment, at
nd c hode . | eads_of the

1
least 43 d%gg?tgggybg&@eﬁtg% elaﬁééf’c bt anpgfhen eqpodimegiy Thaen t he
waveldﬂgﬂi STahxMGfted FohPha¢Bélnithe ulih\Gol8@hige of &e%%&gﬂaﬁﬂé‘éé | it

[ ow. However, when the photodiode is illumna
SPect“B’écorres a 20 small current source that punps current

e PRkl SR A b ol U RS g«

bandgqpuami@nafns bf ghd:esm@dment firom ef lestonetantromit trasitiohghat

hot odi odes th,very | arge surface
results $2n¥he o PipR DBl g L V%ﬁlec & frqgsion may occur
across tHedasdgap G furthe ¥R diRmig@od RAY OL beiFEuRkQhich that the

resenhl es a bi oI ar transistor with its base | ead

electropig trapsaiion agrrs Wétbplg Padcippiion of eleptgcmic sgiatepswithin thedandgap.e

mhe o B3 AR SRS R0R o S SPY 9Bl
least 4 g‘dum srtir embodimetts and af legit 66V W&‘m:otlthanliddghﬁnt SEhsitive

wavoldy o e s GRS Gl R L% ot s p P S 1 o

spectrmatyi tter current. Field effect photo transistors are
light-sensitive field effect transistors. Unlike
bi pol ar transistors, field effect photo transistors
Chargel $8rticlelectb 9enerate a gate voltage that is-used to
control tn train 30 source current. According to
dip d@nnedm@-cmﬂamlhgnqateasie Ate conteraplated iy beauskfud) bt paetidlé t i ng

Y N R T

state radinti®l detdotor ﬁes‘cn@ddd)yﬂﬁletaus ks Hyﬁa@ﬁbhs‘ﬂﬂ% abrBfd E10H&al
transition such, that ml s -44 WD 2004/ 054047

field bepyepn (o Blsaradowisign W@%ﬁhﬂ% Rafitiopesha ferstandingiasulating material.
When (B¢ ﬁﬁhﬁtﬁ&'lﬁa térfaPfd %kﬁc{st‘rﬁ{}mé of Euﬁ%ﬁxﬂ%ﬁerhgﬁ) lﬁ-ﬁﬁde%%ﬁons

and furt t he t I ng
or elmmmmmnmhtoﬁMonﬂmOmbwqfdm insulatiag mateiﬂah tecamies

a ci.pa ctron at es thlnthe
are swell b M 1odBhce S IReC R e B S oS Bt
electrovi®digial dbtedtion dévidetadthecRde)/ihk BlcofRlegM0Odi ment, at 5

beast 4 eV i n_anot her enbodi ment, and at Ieast 5 eV

atrecopaizgd thabdigmend i generat ia nmlaélﬁgdm@geqqs anaserial fosd
use in alsbEdkta@RYHER d'et@ctﬁpl%c&ﬂsé Hﬁiﬂo tul'u{cﬂ Fﬂ)@e %Elst%ﬂet (liadtl on
Y, ector

el ectromagnetic spectrum
damagerth%u o Aleative detqhtmau@tmilsckudmxtsdlcnn hayingpd pmumictthvu ng a

siicon RGR49 Ry o AR Bl PR Mg S b M

| leads to an increased leakage corrent and decreased pulse height and output signal.

Furthermore, in silicon, the maximum field that can be applied before avalanche breakdown
is about 10° V/em. This limits the charge velocity to approximately 106 cm per second, so
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10 results fromthe absorption of |ight by the
material. The electronic transition nmay occur across
t he bandgap, and further, the light enmtting di ode may
be configured such that the el ectronic transition

WOZRHIFY4Ti t hout participation of el ectroni ®CIUEHRW3/022629
within the bandgap. The bandgap of the

that tii aifestida itichedOMQEITING fofRd dkdcRl havingdd thicRagE ofthe v RurdRA
enbodi nent, at |east 4 eV in another enbodi nent, and

mICtA4E. | oast 5 eV yet another embodinment. The 15
vy 8Ngikdokth rﬁéﬂ:ﬁ)d%“ﬂ'bfoﬁﬁ %é@i@ﬁloﬁ@ﬂlnpﬁahﬂ

ultravi ol et range ectromagneti c ectrum
depom@wsqo dihe mteelakmo@@t:d)d@wmeat@ﬂ Eacmﬂndmndiswne of 35 tn §O

e et ec‘% or@?ﬁ%@gﬁg% eV| ce %agn%oaglgﬁmﬁ TP gjzl&ga@“iﬁ‘l Z‘Pg%

higheathan srsomus semils tybicAlBeB@ed fEVD disnibnd Hha hizheedipddoon

det ect escri be t al. operates by
350 pigg segp W?ﬁ“‘éf dl@n%}"“@? trical field between two
emaeﬁeﬂﬁﬁymabaeﬁeab@mme &9%&&409&&?1%?0 fnb pRI&ANI NG

insulating materi al Wien the i nsul ating terial is
embodizients xshown generallyiab?008in El. 204 Th @dmrercgmpnsr:sbrl ng ‘

t
iS58 i ALy B 0] LG B 2.
The Glf)ﬁdmdeeﬁ(ﬁﬁ%?ﬂmﬁrgm conmpted tosipind pﬁ’lc&@ih% Oﬂﬁ.ﬁtrijhicg ng:ludes a
t ar e a
voltag s§bd Aot i vl o Bt B0t A stoni e 246 senpstel t
the el&h@@ds nOOEa a1|1 fsolaBorl @9&%& v/ H]éﬁera‘i'ibﬁmgrg’e@ PGB RA0S

a partlcu arlg a vantageous mat er i al use 1n a

passesdBropgh Bie detectpraA00D Enllowing approsimabdy paik 2008, mfbﬁuror:@s nuch
crcatifn A4 B8 s 4 IpBBEhAl AlbeiddATRAE IRl aifones o ﬁa

positively chajgaed clestonde 2012, Shée durhothediffeden tosths ndghevel ¢ chasded |

eooits 2, R R LG B i ﬁ%edﬂaeﬁ” Sl

2006. pul se hei ght and out put signal. Furthernore,
silicon, the maxinumfield that can be appli ed before

pligteative gibodimentet the pariipls gr radpgonMafentorThshowniinFIG

2. 105595 ALl B BB ST s,

portionsiod theadldetredds service diferent pirtidraaf the ARmmaddidicortathizanitatal

Vi a i ckness of the few hungdr ~.mcrons,. Lu et |

2002. J8VSker ot s SRERER! ars 51 boftter MR eqr bR RS the dispppdaid-

contanﬁﬂg RERHEL OOV us®R Gl iHfRAc DS AR nt Eﬁeof@%%deéldama e
duced denpbnstrated a coll ection d| st ance of’

Sus‘”-amsé gs opg Rortigneof the defssior fess nef prg@etﬁwﬂlenmmfdh@mciorﬁom

being ihifh d bEALICLE: 1dialbbe A Thilon inHoS20H, Wt fallr ki dicd e
t han 8150 pi co seconds typlca I'y" report or

2002B 20938 md@rgaﬂﬂihhle@ﬂmnd tegmn 0880 detcdbif) ami mepaecmaﬁoﬂﬁr

20024 Ao ekt o B i eion o ditarin, e ifvbasids Soat
damagehoRfRid Sgiof sﬁdhqm ﬂ&&@@&@bﬂ Matéial 2020s bé ldﬁh@ sefddve to

The devi ce conpr
radiation, a particle 2022 may stlll be detected by the still operable region 2024,

- Anti-reflection coatings

It is contemplated that the diamondoid-containing materials of the present
embodiments will be useful as cither one or both of the alternating layers of an
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10 di anondoi d-contai ning materi al 2001 having two
ohm c contact el ectrodes 2002, 2003. The el ectrodes
2002, 2003 are connected to signal processing
circuitry which includes a voltage source 2004 in
woeniosmsmi th a |1 oad resistor 2005. An anpl i fdmus28830H6ts
connected to the el ectrodes 2002 via an isolation

e SRR oo 5K ek SRR e Gt 6, 8°
Heavmmmndﬂ WaDEJ:l;bupah lins2hOfhto Optids mwmy,mss‘o%img,g% m@rﬁn
1 ONn e

h | | t.el t
cHSEP BTy GRS cpRinen e o P! 3o e RGFiBE B0
214, @%reﬂﬁ&ﬁé@cdaﬁﬁg et ol 145851 00%okpEisd %ﬁ@ﬁlhﬁﬁ?é 1¥¥1ers of high

charged electrode 2003, creating a signal in

refraqiive endea anddpw geftactiviindss maeriglpdeppsited oby subs@afar%m f Ther

layerd finistl) iy CcRBE bosfa SIEA00 RIER bafdl b KRS b1/ 0E.
waveROEh of the lightémbingihg on 2p0Abarate 200 Suchalva theserissatligiiosi ded
uch thi\%tyevar ous or ns of. the el ectrodes service

through gy gng '%Cssn%l’ ifferepieffBhdoi d- cont ai ni ng
nﬁ]}ﬁf&h@l’l oftBQQﬁueﬂ%dﬂcﬁfHoaﬁhﬁg‘fmﬁif bed dlichsRA RPN SBINY whk CoféBifde

ecause nmul tipl e regions of the dianondoi d- contai ni ng

fo Fl(ﬁ‘a?tl 8y which sloyvs t%ﬁrésu!irﬂf éfr‘ys ippinging pw e sinsleslement ¢fa quarter

f
w3t 2.0, 15 G5 O 80 AR 0 B 1
indexdetteid 210§ audm 106 réfeictiep indeysnateriad 21 1. ;ﬁppwsmi@hatahe phase of

an indi ik FhiscilLs O g SR alsnt T8 s el efim g1 e bos o

phaselpe (iue o @fleddsn), ahat RAEMA beamlwﬁasﬁﬁlfaceqﬁff&b@étdh@ﬂﬁs
2002A, 2002B energl zes the right hand region of the
reﬂeoe%tta et aphaserdifferencerof i qugte F@}sm@zwoaa&a@zcsedth@@n 24} has

a phaér}aﬁh%r&fog e g?diﬁ% thRkidG gg@git&a@ t@{eﬂ%ﬁrﬁn@%]%ggég 5& %gty

| onger sensitive to 1 oNn a part
it is ingpliabd wibebeders attGeanddylz. s by biccepie daitmctieginterio@0@ bt

reflectdon coatlngs It is contenplated that
EMhﬁegﬁPgﬁgﬁd@F BtFﬂndWﬁ?]g materials of the present
e Ald edhitd P drhdndbid-desinidg Iaver8i2l 1 (o Gudio thokber@fhigh
the alternating |ayers of an__-46 WD 2004/ 05404

refractiyerindsay the thickesd theéﬁter pigy e thi, dhsreby allowips forresredieor v
numb&fof 8bisaRd gﬁ&feﬂ dHiciérfd tl%&gam%%%f&bbeﬁqugﬁlﬁﬁyéﬁl teféég@ S.

Heavéns and R'W D|t urn nt o
( Yillo€the pnbhuau’mmmatehmﬁ patot. appldbaﬁﬁns citré ithisrapplication are
hersinogioryi G e T iont S 1B e Bt it B e of

each isdieidial ?emm@dﬂ, atarit applRAHEOITPEicHtOSasIhdcRidafly aAdiniRIRE Sy
of hi 5 refractive index and |low refractive index

mdwaF?étt%PwP@wéﬁséémé@e@ﬁ initsepbisty-at e 2101. The Iayers

PRy PRl b B0 SR oA P Al B Bl Rp s
above wifh raagxlmg:cmrtottltme slulbsﬁtm zbltesarQ m:tolﬂmgly, thedtventiamis o bsi on

con,stnéevgf é‘ﬁfg’g agl%tra&l% {hatqral(l) W%ﬁmsthe SC%pe of the appended

claims,
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Qperation of the antireflection coating may be

di scussed nore easily with reference 10 to FIG 21B
whi ch shows the result of rays inpinging on a single °
el ement of a quarter wave stack 2110. The single

el ement 2110 conprises a Glaimg e | ayer of a high
refractive index material 2110, and a low refractive

i ndex material 2111. Supposing that the phase of an

i InAndghtal iewies @hdirismg atdien@idogl-enedieng niatePial] vheeinXhe
. then refl.ected beam 2116 one has.a phas i  (due to
diamonddf oS g R SC S Fop R ppring sSged G thé rou

consistétigldf diza6Rne ULahtd, fe@lhatidePPentfibintahe MiRaMantane,
difference of pi due to transmssion tw ce. Reflected

heptamgatans. sqtemaniaue, ngnampataae, flepapantianscangrundeqgmagiaae, apd

heterodid RORIBISRHR RPheRiopdue to reflection, naking 3 pi, so
eerotlhat EH|t |hs |1n gﬁage with beans 2116 and 2117. Thus by

successive destructive interference of each set of

2wbheneplieal, device of dhinet twimrein thezitamponddivantafrges meferial comprises
atleast%i agﬂ%pld(%#d- c%n]tggi ning layer's 2110 is that due to the

Igf/ ¢ ?“&cﬂlo refractive index, the thickness of

the |l ayer may be thin, thereby allowing for a greater

BUTHREIptied] de@¥€b8clAR, WRALEhe 8f feh& 08O R hértish&Rlbidg a2
state of destructive interference. Al of the

derivatigepipherdiamendoidat ent s and patent applications cited in
this application are herein incorporated by reference

h N ' | et -t.he_ sa xtent. as i.f .the .. .
474 SR Bl LS Lo Bl AR EPhahe dpide Bedipp an optica
pumping pysténs ﬁiridle{iv@fn% éﬁﬂﬁl@? to M&gﬁ@&ﬁ&gﬁﬂlﬁ,&hﬂ)ﬁn apfical gesgnator for
] ndl vi. dua I.ndl cated to be I ncorporate y
Pmcessl“@%é‘?'éﬂ%&@‘n} djffozn @ﬁ?ﬁsrl@try?du%ny modi fi cations of the
~exenpl ary enbodi nents of the invention disclosed
abeg, ét%nte'&?@%ké%f‘afhﬁi ls, &HerEimﬁ@lgﬁhg IdeBfhnd SorhiHRefs T -
Accordingly, "the invention is to be “construed as
diamondméd-onthinipgdiobt raatenied taud at leastionmetobwaentehaithifialhd host mhterial.
the scope of the appended clains. -47 Cains 1. An
i cal, devi.ce conprj sing di anmondoi d- cont ai ni n
e .Sﬁ;?l&} S5 G et F i 31 whena 3‘?600-03%%%?%9%% dipegt one
nitrogenERS SR $n 2 hetbRBMnoANEdthé ARBYRIathof8di8 pbEHodddUAaLaR to at least
group consisting of diamantane, trianmantane,

one vacqngy PepRIAt ane, pent amant ane, hexanmant ane,
hept amant ane, oct amant ane, nonamant ane, decanmant ane,

d ntane, .and het er.odi anpndoj d. deri.vatives .
Tt WIRFEBERE A0 or Ak s JAFER e iRRa ol SotgitiPe S il
is selectetl from nigkoirduccotksiiing 6 OWDeddpasited ARl 4 fkculdt clystals bndde
hi gher djanondoid. 3. The optical device of claim1,
POIYme‘Wﬁ&P@FW@he at | east one higher dianondoid is a
derivati zed higher dianondoid. 4. A solid state dye

%g@ SolfdQtRd ‘!(i)%lt llg%g ?f Silalﬁf@ %ﬁ:‘r&n J r??if lgérutglgaell clﬁvﬁ{grﬁlgeﬁgat least one

81r'na fum an punpi ng sys
diamondeiieselpgtet] drothihe Igamiprognsistthguwiipdandhtame, diphastahe, aedtiaaianiane, and

for . i
~ heterodiamondoid derivatives thereof.

9. The solid state dye laser of claim 5, wherein the host material comprises at least one

:diamondoid selected from the group consisting of tetramantane, pentamantane, hexamantané,

heptamantane, octamantane, nonamantane, decamantane, and undecamantane, and

heterodiamondoid derivatives thereof,
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processing the light emtted fromthe | asing nedi um
5. The solid state dye |laser of claim4, wherein the

| asi ng nedi um conpri ses a di anondoi d-cont ai ni ng host
mat erial and at | east one color center within the host
material. 6. The solid state dye | aser of claimb5,

wherein the color center conprises at |east one |
He-{ihe gelid siete dyolasewef rlaim 4hwhereis dhalasing sicdium ¢panprises a
: [ 'ﬂ{éqg ' L4 ' at |least one
dlamon@@%%@gi 0 p%&e@gmg g@%agglgfqgv?e% 5%/“2 | aser of claim
5, wherein the di anondoi d-contai ning host material 1is

l.ected, fromthe grou ns,i St.i of, CVD- deposjte
FFITE s reE g e B el 6 e % gl ae D b i Selctea
from th p caddsistiBe of i@nis R, V4hadfudt, ShdWRurh J8@1, cfaltChidkd)) Anc, zirconium,

L erein the host material conprises at | east one
niobiuny jca(iaitte hafnye), &etadens HBgtenm ehegiugl esBas ikdipRgplatinum, gold,

e oA AP E L Yo h O BIE B Al Hbpiay, egdotiium,
terbiumsd wpwsiiye hblagwn, gbiugl, divkiug, yidrbiuei, mranhm, mod mixtetes thea¢of.

conprises at | east one dianondoid selected fromthe

group consisting of tetramantane, pentanmantane,

e qaeBslicdige dydiafir aReiaind NG, witedia FRti aherdoiodatiilh @ Aest

. decamant ane, and undecanant ane, and _het erodi apondoi d

materiakyg s¢lgeieq {yera thempwpgonsisiteg afie CY¥Redeppyited filmea molegulay eryetpl, and
a polym®fiz&l A4l wherein the | asing nmedium conprises a

di anondoi d- cont ai ni ng host material and an optically
active dopant. 11. The solid state dye laser of claim

r el he optically.active.d nt ,i.s | ec
1o InE PR e TR b R 0.3t R b BFRTLS htast one
diamonddid ge_m'edﬂm frcimgl die, gr@.qiﬁ@;nti_sﬁﬁg' cﬁﬂ@hmallithlﬁ@ diafiafita0d) latidiriamantane, and
ni obiym. cadnmi u af nium tantal um tungsten,
hetemd‘F‘W@ﬂ‘il%ﬁlrfjeer‘?ﬁ‘FFérF?ﬁ dium platinum gold, mercury,
cerium praseodym um neodym um pronethium samarium
europi um gadolinium terbium dysprosium holmum
: k4. Bhepqlid stasé dyentpsey of aiph Uywhereimthghostanaienidl xomprses at least one
. h 0 e | id.stat e | r cl ai
dinmondgfEiRioa Fom AT AR efiShl & Pt eg R n Bl Rp T i Raratane
heptamadedne cdcendnta@e) richem gHtane) deanrhtihe, Agd afdeakiibnemdsi t ed
fil .a_.mpl ecular crystal, and a polynerized
hetemdlﬁlﬁ‘f’gaqlgfi‘?m’f@‘fesf “@olid state dye | aser of claim 10,
wherein the host material conprises at |east one
di anondoi d sel ected fromthe group consisting of
lbd Arremiconductiog daserrhaxing, a light emrtiisgrprmtjaeéion geriprising a p-type
. ' o] £ kves. | her eof 4. . T Lid . ..
diamondifd B ATRURNF Rt L1 ER e el B0 bt igpotion
for lighteatiggionses at | east one dianondoi d sel ected fromthe

group consi sting of tetramantane, pentamantane,
hexamant ane, hept amant ane, octanmant ane, nonamant ane,

e Tﬁ@?éﬁﬁimuctﬁ@qaéé]f‘ FEAZARTE, FehR M IudiRL Lheis 3B h boward

] derivatives thereof. o _ o
bias across the p-n junction to cause the emission of laser light from the p-n junction.

17. A semiconducting laser having a light emitting p-n junction comprising a n-type

diamondoid-containing material positioned adjacent to an p-type material to form a p-n junction

for light emission.
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15. A sem conducting |aser having a light emtting p-n

junction conprising a p-type dianondoi d-contai ni ng

mat eri al positioned adjacent to an n-type naterial to

forma p-n junction for light em ssion. 16. The

sem conducting | aser of claim15, further including a

nmeans to apply a foward bias across the p-n junction

1% Thagswicombictng ksirof claim [| Aderth¢riigiindifig ometdsgo Poward bias the p-
nﬁnwﬁ.u(F%L% h %7$i§ SFEiC?Pg ti Lgserﬁhaving a light

junctifgtRahit g epspih 8 Pact bty AR Rttty pe
di anondoi d-contai ning nmaterial positioned adjacent to

ggﬂgétype terial tg forma p-n junction, for |ight, .
i 1d1€ sypicondygtingslaseriof claimil darfgein theg- 1R diamopdeif-gpptpining
materialli€ selbdEd H&h ﬂhéﬁbﬁﬂéd}ﬂisﬁn@_@@i@vmde?gmﬁ%lﬁ' AmoldeflaPerystal, and
njunction to cause the emssion of laser [ight from
a polymeneedgnaterialnct i on. 19. The semiconducting | aser of
claim 15, wherein the p-type dianondoi d-contai ni ng
material is selected fromthe group consisting of a
D/ Dhe egnisoridadting lasar oficlaim €2,ubigfcin theglohimerabdimatrial is
olynmerized material. 20. .The sem conducting | aser of
conductpieaprAORPTISGHAG0RvFting o e?ﬁé‘i%t%’g] material is
conductive, or conprises a conducting polyneric
material . 21. The sem conducting | aser of claim17,

I dhe peinigpnalupting laser of elgivn i6iveheream theimiypg diamandaid-gpntpiging
. [

materia i€ G EFtroeh OF b G F VIO BBofea By D1fRRAR! el ana
a polymmmatedrmaérial.22. The semni conducting | aser of claim 21,

wherein the polynerized material is conductive, or

conprises a conducting polyneric material. 23. The

2R Thé SRebsidudhgd 1858 of flhine ? Biwheidin thahelydldrizEdRaRkrikhip e

di anondoi d-contai ning material conprises at |east one
conductyyie sprsAEPrites detopdycsiag pelometipamagarishp consi sting of

adamant ane, di amantane, and triamantane, and

het er odi anondoi d derivatives thereof. 24. The

Ze the smnduatduciing lase pf dhine | 3iwheidin thetpetypé diatnbadgd-cypeining

ot SRR 530 i T G BB ek G S

diamanthu®] A @aaNene, aRERtadBRIAAGd H8FIRE tARof,
hept amant ane, oct amant ane, nonamant ane, decanmant ane,

and undecamant ane, and het er odi anondoi d deri vati ves

h . ] ' 0L - r .cl_ai m- ..
S i 5 SRREHE IR BBy T v
materialcomprisss@sleadt ohe dstnoadad delectedhiomdhsgioee tadisting of tehramantane,

oup consi sting. of adanmant ane, di anantane, and
pentamaiane e g RLe, B ARG A AT RO 4t JRETEREPE pd
undecan?@itand,ad hewicaantiaabidniril asek thefeo€! ai m 17, wherein the
' n-type di anondoi d-containing material conprises at

| east one di anondoi d sel ected fromthe group
$501hd sceﬁﬂi&gldﬁétirfg‘:lgser of claim 17, wherein the n-type diamondoid-containing

material comprises at least one diamondoid selected from the group consisting of adamantane,

diamantane, and triamantane, and heterodiamondoid derivatives thereof.

26. The semiconducting laser of claim 17, wherein the n-type diamondoid-containing

material comprises at least one diamondoid selected from the group consisting of
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t etramant ane, pentamant ane, hexamant ane, hept amant ane,
oct amant ane, nonanmant ane, decanant ane, and

undecanmant ane, and het er odi anondoi d deri vati ves
thereof. 27. Alight emtting diode conprising a

di,anondpi d-contai ni n terial havi a bandga and
tetram ot AnEn GRE bk iyt ieblarBntant. oo fihaftane SOR i tarky
decamineas] andn@d&heahtaes) atd hdt@bsiambadoid depRtvdaherbdght i s

emtted fromthe diode, wherein the
d! anpndoi d- cont ai ni ng material conprises at |east one

dif afvbiabioimittige dinde cemprigng # Hiamgpérig-cewngingunaigriabhaving a
bandgaﬁ,' AABNLARE forthﬂc?é{fEE;taﬁ RfectricS i PERAERNE leafi Rk @f@@l%rﬂpgansition

examant ane, “hept aifant ane, octanmant ane, nonamant ane,
such thatdighins ematitas], fream theimiecwhemindnediaa oot t@tadoling mutaial comprises
vatives thereof. .28. The l.ight .emtting diode of
at least SFE SMRBIT sIRTARn ueira Ppnp o SRl GaBiat.
tetramafih€$Sntambttaka AeGaAntand heftaMahtagd) beiembdthhd) Gostin@@Aeinef
claim 58, further co(ffi gured such that the electronic
decamapiang,and padecgraantang, sid hegediamendoid desvatives dheredfect roni ¢
states within the bandgap. 30. The light emtting
ot a9 | it ' i tahti
di-anon oti éélluﬁiél ? rﬁeﬁ}eﬁ%{%ﬂe‘%&gﬁlpiﬁ%@%%@gst c’tl%vccgrf.acmss

the bandgap. | i ght enmitting di ode of claim 28, wherein the
bandgap of the di anondoid- containing material is at

t.4 eV... 32..The.ljgh itti di od f cl ai 28,.
e i R i o s, Tt ok i pletoric
transitioi®iceurs Mithind paticlpRast ot%l&:\foni%%tatémﬁtﬂliﬁ ﬂﬁ%aﬁd‘%{ab{ ihn g
) e

di ode of claim 27, wherein the wavel ength
emtted light is in the ultraviolet range of the

). dbe Hhiwgnieing diodp et elnign2& svhemiretheibghrigap of theidirgnatidoide
containiﬁépéﬁ%gﬁsl‘?igkas\@@%@el n the di anondoi d- cont ai ni ng

sél’'ected fromthe group consisting of a
CVD-deposited film a nolecular crystal, and a
oTyenshtzaatinRbREE of claigb28, WiRrdin BB bakigap bi he diine@oidl
..claim?27, wherein the di anondoi d-containing materi al
containipg,maicrialds adeast 45t one di anondoi d sel ected fromthe
group consi sting of diamantane, triamantane, and

o . ; S o - g _
LR ARl SRR S S SR P gl

containinf] materialas at-lesnhf aVni ng naterial conprises at | east one
di anondoi d sel ected fromthe group consisting of

ety amant ange, _pent anant ane, hexamant ane, o
3h eﬁ% FRlng @eg%\?f;gﬁ%?& whersrhs wandengtefthe amified light is in

the ultra@BRt raﬁg@@ptﬁ@ae&m@agnaﬁtdsga%ﬁﬁodi amondoi d derivatives
thereof. 37. A photodetector conprising a

di anondoi d- cont ai ni ng materi al having a bandgap, and
34. Pedight ehittmgpdiedsefivdpiot 27 ehereforthediatnohdeidicontaming material is

et S SR AR By ket WG B an

polymeridb@ammdal d- cont ai ning naterial conprises at

35. The light emitting diode of claim 27, wherein the diamondoid-containing material
comprises at least one diamondoid selected from the group consisting of diamantane,

triamantane, and heterodiamondoid derivatives thereof,
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| east one di anondoi d sel ected fromthe group

consi sting of diamantane, triamantane, tetramantane,
pent amant ane, hexamant ane, hept anmant ane, oct amant ane,
nonamant ane, decanmant ane and undecamant ane, and

t ' o er ives, t hereof. he . . .
3R PR ERAR fofif s it 27" Fp e i Pam il Pgpipipe materil
compribesain Biastiona dmﬂmud@d aclecdabirét ehe ransigmpisti@fof tdikenantane,
photo etector qf claim38, further configured such
pentanRiane, hariAniAge HoRIAAN A, S BIgRYanS AERRA s mantane, and

undecaRi@hiahé; laR@hétORdRMoBEGE BERALiGesthabsS W thin the bandgap.
40. The phot odetector of clai m 38, wherein the bandgap
of the di anondoi d-containing material is at |east 3
é¥. A@hotoctﬁ@tmmdsnget:lmmonﬂmdwanmr@& magtkesl diaving hdandgap, and

a mezm.? 8%@‘?96}518 cﬁljﬁe%t ﬁ'(r%n?p nca e]?:Qttr an|1cn {Zl'%lglt%ﬂn%fla% r?gits ﬁ‘ Hélr%ltée in

absorptidne)f highdgeathe ofaterinke deramlhddiadmﬁdkb’iﬂabﬁlhiﬁglg miFméred] cahptises at
| ea The phot odet ec glr of claim 37,

t
least ow@ Fﬁsleaﬁéép@ﬁb? #ogp consistine pEdipmantancy flamagtang  ne
tetramamahé , PehiaBhtanc ﬁ&&nﬁhtah@ %eﬁbﬁﬁﬁmaa&wﬁne% RESdniddfine,44-

phot odet ect or of claim 37, wherein the
decamaaﬁaawnél en@cér@mtwenarrddwtﬁa@cbamamdwcbdersfeuwﬁ@yecffr om t he
group consisting of a CvD-deposited film a nol ecul ar

%%é?% %h?to&?gct@r qf %gallré vlﬁhzﬁgm € egfr:clﬁr%lpﬁ éransm;)rx? occurs across the

bandgapdi anondoi d-containing material conprises at |east one
di anondoi d sel ected fromthe group consisti ng of ;
di amant ane, triamantane, and heterodi anondoi d

Herlbg awo%eth&f slgfm 38, fuitleer cppidgyserbiush e thesecpnie frapsition
y\pg{, t terial
occursvgig]r%r ses £a{% h)ggls%ﬂ%ﬂggg %g‘rnrfgtg otlﬁ%l eF3cted fromthe
group consi sting of tetranantane, pent amant ane,
. mThap}MtadmctdrexﬁbhhmB\s,aﬂ&:eim dicdmndgapod thendinasmioidciataining
¢ al cgrm ]tiage and undecamant ane, and het er odi anondoi d
maten d%‘?"i ¥és thereof. 47. The optical device of claim
1, wherein the optical device is selected fromthe
Ar ?H@{)h&@&é‘f’écﬁﬁ @ glaﬂﬁ ?183 vﬂﬁ%ﬂﬂf&%aﬁ&@? of ﬁle 1amond01d-conta1n1ng
hot ot r ansi st or, Gtovoltaic ce a sol ar
mateﬂal@%ﬂttlieasﬂ‘ﬂaeVThe optl caI devi ce of claim 47 wherein the
di anondoi d- cont al n| ng material is seI ected fromthe

B DALt OPy, i, s e Bai oF i o4 ofine

material deatii&et PEvel ai m 47 wher ei n t he di anondoi d- cont ai ni ng
material conprises at |east one di anondoid sel ect ed
roup consi sting of diamantane, triamantane,

fromthe
4&@1&@10@%@@@5@1@@@ wibiereirt the aavelongth of the detected light is in the

ultraviolet range of the electromagnetic spectrum.

44. The photodetector of claim 37, wherein the diamondoid-containing material is
selected from the group consisting of a CVD-deposited film, a molecular crystal, and a
polymerized material.

45. The photodetector of claim 37, wherein the diamondoid-containing material
comprises at least one diamondoid selected from the group consisting of; diamantane,

triamantane, and heterodiamondoid derivatives thereof.
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50. The optical device of claim47, wherein the

di anondoi d-contai ning nmaterial conprises at |east one

di anondoi d sel ected fromthe group consisting of

tetramant ane, pentamant ane, hexanmant ane,

hept amant ane, octanmantane, nonamant ane, decamant ane,

and undecamant ane, and het erodi anondoi d derivatives

ubeTiRPhotoddtectdofaMii-37ewh&ein tdigMahd ol csiRatRinb Shatdiant

least one alternpating pair of a high refractive index
compriggs #hisaY Sneidiapprdgidseiertaddyum thergoup qoBsistngraf siramastapfdex
pentamb@YR, hexAfranthRE hefthhakttid, 8&51‘119{51&11%9?&1&%11 ¢, JeBinBntrhe, and

wher el n the coat’ing conprises at |east four
undecagpatena, and eterpdinmendsfid derhviaivesitiadreafct i ve i ndex

di anondoi d-contai ning layer and a |low refractive

i ndex layer. 53. The anti-reflection coating of claim

81, Theleptieil devidteofebaini 1IN yheeiihe SpttcaPdevicedsiel@tad from the group

..alternatin airs of a high refractive index
consistigg §BRERITES bing Q}S’?FPHQUSFSH%? phgieroliar sl f A seler gl
i ndex layer. -53 54. The anti-reflection coating of
ﬁé.af'h@‘og&cal WELRIFR AR 7" @flé'r@iﬁttqlé’ $arh -Adntdibfie material is
di anondoi d-containing material 1s at [east 1. % 55.
selectedTlivam ghetgroupefohsistingof addé@Pidegosited filngi amaldgulanveystal randtae
ol er.zecfra tiye index of the high refractive index
potyme gr’r% d8d- cont ai ni ng layer is at least 1.8. 56. The
anti-reflection coating of claimb54; wherein the
refractive index of the high refractive index .
H- dhe AREabdevisoh Plaim § 74 whesen the digmendgid-containing materigh
compris@ftiledsEldeREdh RMoQR LR Qfn hb ghoth ensidthg LE ifAmaRGne,
refractive 1ndex of the high “refractivé 1| ndex
triamanighe poth bigderddiemondgid derdvatisgstheresf. at | east 2. 2. 58. The
optical device of claim1, wherein the optical device
is selected fromthe group consisting of a lens, a
5;15@h$gpti@1 Juize iw glaimmmﬂmf eilﬂﬂ_d: @%@ﬂ\?}q&@nﬁaﬁﬂﬁ%mﬁdﬂﬁl
. 59. e optical device, of claimb58, wherein the
comprisgs af least e d1amondaid selseted dromy the group consisting pEigtramantans, o
Lot 1 .
pentam LA R AT RBantn S LARAGRL Bliphir e GoTRLaH: 2
undecantpgtaine eind hetctodiamoBdoidwdedvaives theeofli anondoi d- cont ai ni ng
material conprises at | east one di anondoid sel ected
fromthe group consisting of adanantane, di amant ane,
54 nAln afiti-FTROfE WatiB Ebrhsrisiipod | @bivid alteinateig paad of\edfigh refractive
. therof. 61. The optical device of claim®60, whereln
index digmendgidseptaining layerandiadowgelsactise index lagetapri ses at | east
one di anondoi d sel ected fromthe group consisting of
t et ramant ane, pentanant ane, hexanant ane,
5B e pltccantinre Bevéion ocatangrfi chine 5 1 velrsein theawetinglemamises atrlegst four

e RGBT O RGP BB SFAIEY Hfe

index laye@l i d state dye | aser, wherein the nethod
53. The anti-reflection coating of claim 51, wherein the coating comprises at least six

alternating pairs of a high refractive index diamondoid-containing layer and a low refractive

index layer.
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conprises: a) providing a lasing nmediumthat conprises
a di anondoi d-contai ning host material and at | east
one color center within the host material; and b)
subjecting the | asing nediuntto energetic stimul ation

nt t Q. cause | as
S EhSafrrgnrdiol BoRgial S it VSRR desPl A Er 26LP,
diamontidRT-@ntiitiRemaRtia0e at IeRFPHI ses: a) providing a | asing
medi um t hat conpri ses a di anondoi d- cont ai ni ng host

material and _at |east one optically active

dophmanfirrefication Reating of claim &4, vdiereiathy roffactivipjndex phigc high
refractiv@deg Hﬁa@h&ﬁl&%ﬁm&%ﬁtﬁg eié % a??éaE'EUil gtion sufficient to

cause aS|ng genéerating | aser |ight
fronta seni conduct or Iaser wherein the net hod

SR F et ioBP s BE A &t st o ERA il ot pigh

reﬁacnt@mﬂb@d@mana&@@bmmnga@er R)at Ragl20.ng a toward bias to
- the p-n junction, the foward bias sufficient to cause

| asing. 65. A nethod of generating |aser light froma

$¢MHORAYERREioh B5ih Metnew axt i Rathei COMREL SEtfe h@h

posi tioning an n-type di anon contalnlng mat eri al

refractivglinderediampudoidrcontaivipg layat ismi kast2®2. f orm ap-n juncti on;
and b) applying a foward bias to the p-n junction, the
foward bias sufficient to cause lasing. 66. A nethod

6$ Taenpticdl dodcd ofdimfl) wheréin lthgdticeldclict igseltcted €som the group
n the method conprises; a) providing a
consistigg aﬁ%t?a% ISR eATFSHE ViRdow. and am apticalwavesagap; and
b) applying an electric field across the
di anondoi d-containing material to cause an electronic
$9. dihs iopticah deviccoafolaim A8y whereinike tﬁamdgb:pdmntaihiag material is

ey o ARSI O RO E  BF

pdymmﬂmmmmﬂ@ﬂjlght in the ultraviolet range of the
el ectromagneti c spectrum 68. A nethod of detecting

light with a photodetector, the method conprising: a)

| | Sl
@2 ggg 9% Jﬁ%cad}“&[)b@gs .ﬁ%ﬁ‘ lﬁ téﬁ yaﬁaga EéHtaifi@y nfiderfil
comprisgs adtastmedhwmdatdﬂelegtedﬁnomthalgrm copsisi mgai addnepntaneni ¢

dlaman%{éans ﬁaﬁlgﬂ %@gﬁgﬁ% alcr osécglglaﬁm{aﬁggsg&gfof.t her eby

di anondoi d-contai ning material conprises at | east one
di anondoi d_sel ected from the group conS|st|ng of

oli Aheprticakdevice;of glaim Shavharen therizmendoid-prataining matgsial
compris A0 RIURDE AR 0 AU 48 0P ARG

pentamantane, hexamantane, heptamantane, octamantane, nonamantane, decamantane, and

undecamantane, and heterodiamondoid derivatives thereof.

62. A method of generating laser light from a solid state dye laser, wherein the method

comprises:
a) providing a lasing medium that comprises a diamondoid-containing host material and

at least one color center within the host material; and

b) subjecting the lasing medium to energetic stimulation sufficient to cause lasing.
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het er odi anondoi d derivatives thereof. -55 69. The

nmet hod of claim68, further including the step of

detecting light in the ultraviolet range of the

el ectromagneti c spectrum 70. A nethod of reducing the

amount of light reflected froma surface, the nethod

6 pmetiod @f gaergimg\aselr light fromendalidrsetd dyetiasen weatin thg nethod

.the surface, the anti-reflection coating conprising -
COmPIISE?: | east one alternating pair of a high refractive

h156vd B QITRMEEOIN EdiG ANh AR icBinPHsds A mordBIl-cdntaihg host material and
refractive index |ayer; and b) e)éPos%ng t he
aL; andg

at least gpg optically ative dapanp Hitthinghe bost mgtert

b) subjecting the lasing medium to energetic stimulation sufficient to cause lasing.

64. A method of generating laser light from a semiconductor laser, wherein the method
comprises:

a) positioning a p-type diamondoid containing material adjacent to an n-type material to
form a p-n junction; and

b) applying a foward bias to the p-n junction, the foward bias sufficient to cause lasing.

65. A method of generating laser light from a semiconductor laser, wherein the method
comprises:

a) positioning an n-type diamondoid containing material adjacent to an p-type material to
form ap-n junction; and

b} applying a foward bias to the p-n junction, the foward bias sufficient to cause lasing.

66. A method of generating light from a light emitting diode, wherein the method
comprises:

a) providing a diamondoid-containing material having a bandgap; and

b) applying an electric field across the diamondoid-containing material to cause an

electronic transition to occur across the bandgap of the material, thereby generating laser light.

67. The method of claim 66, further including the step of emitting light in the ultraviolet

range of the electromagnetic spectrum.

.68. A method of detecting light with a photodetector, the method comprising:
‘a) providing a diamondoid-containing material having a bandgap; and
b) absorbing light by the diamondoid-containing material to cause an electronic transition
to occur across the bandgap, thereby generating laser light,
wherein the diamondoid-containing material comprises at least one diamondoid selected
from the group consisting of diamantane, triamantane, tetramantane, pentamantane,
hexamantane, heptamantane, octamantane, nonamantane, decamantane, and undecamantane, and

heterodiamondoid derivatives thereof.
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69. The method of claim 68, further including the step of detecting light in the ultraviolet
range of the electromagnetic spectrum.

70. A method of reducing the amount of light reflected from a surface, the method
comprising:

a) providing an anti-reflection coating on the surface, the anti-reflection coating
comprising at least one alternating pair of a high refractive index diamondoid-containing layer
and a low refractive index layer; and '

b) exposing the anti-reflection coating to light.
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