5-PHENYL- [1,2,4 J]TRIAZOLO [1,5-A] PYRI D N 2-YL CARBOXAM DES AS JAK

| NHI BI TORS FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to a
conpound wbabiomean i nhibitor of JAK, a family of tyrosipog/Breeass®st hat are
involved in inflammatory conditions, autoi nmune di seases, proliferative

di seases, transplantation rejection, diseases involving inpairnent of
cartilage turnover, congenital cartilage mal formations, and/or diseases
associ aEesoDMFOR MaRpPRE FREC e tGRANGH fcoLORED| AINFAEL CRMHTAL , CWDhBIAMIND CANDd PRFDUCT e

i nvent iomaiN®pi bi ts JAKI and JAK2. The present invention also provides

nmet hods for the production of the compound of the invention, pharnaceutical

conposi tio n 0 f r

coTPoSt {1 O yE MR PLIIARE B RINAeSof R HARY STEIEY A B
aut oi mmune diiraens esatefaloby besagiovih dictaeas of tardzaﬁplnarmaterom thict] et boem

di seases involving inpairnent of cartilage turnover, congenital cartilage

nal f or nfit | GRRWN YA &V Ry (enaieal vapowedgpeditian) Hrquerer&:tce@v&nspgler ¢rystsy
admi ni sterifg. b ﬂ?nﬁﬁgﬁﬁqﬁmoﬂﬁsﬁﬂﬁ kﬂ¥ﬁ P8I0l 0002] Janus ki nases (JAKs)
are cytoplasnlc yrosi ne kinases Yhat 1F ansduce cyt oki ne signaling from
nmenbrane receptors to STAT transcription factors. Four JAK fanmily menbers

d d JA d i.ndi f th t oki t
ts recept AN AR FADASPuROI 8 RiIC0 1 & 1esTeoiePlotissh dedriads siesBseton  °
ot her, Tl s Qbéeahﬂﬁpéferryt@hh%uétf oSN (AhohBEN M GBS hRidfeanc

nucleus to nodul ate transcription. JAK-STAT intracellular sig
t ransdd@t i dackgroued tohibei gmdrrfgeobfmcymtﬂouredt@arrmrdr gwnst@oeaelncltmnga the

variety of ¢ i, nes  an i.ne facto as EPQ o LI F,
T G RS bR o B EoUR Bieeby ling 8580 B o Baihatiay o SRRt | on
of genetrcr«pdphgganﬁpgmm24znnecuIe JAK i nhibitor research reveal ed the

a

therapeutic potenti of several JAKs. JAK3 is validated by nouse and hunman
genetics as an inmune-suppression target (O Shea J . et al. (2004)). JAK3

i nhibitors r h § for
organ transp gﬁlé#’é}?ﬁaﬁf&%l urleal%g}néhrétalasrgd hﬁfug@ g% gno clfPenPy (JEL?(!@@/
i ndi cat1Boneomhca&reshmmatrrmrd@braondmrarel an(nRA) in s@rprivgi artandroer eameple,
di sease (h%%p [/clinicaltrial s%%gv/ TYK2 is a potentlal target for

i mmuno- i nf IEERAIGSPFAREEERS]6 /hee%mb%tta@drattgn P efedamondanatenslse
knock-out S/{]Hrdéﬁ%lédtﬁzhy?%m%?da haaibs teant (PR @AE&%OQ htelstitiBIs"AYE!

target in the Inmuno-in tory di sease area. inmerizes wth
t he ot her Jgifstetdordcannied)retheydrpstahelloencaéar tbreodlanfdnalmrmterrys Bingad imga
Ther ef or e, |nh|@rép on of JAKI and/or o%her JAKS is g_ ect d.bo be oé

t her apeut | PTETREC: PHPCANL, JENGE itQf [AUMetURY CEYERI onSledBene? 1BES§ o
ot her QbSe%@%ﬁaﬂkﬁ%@ﬂs@&sdﬁﬁﬁ#@@&ﬂéﬁ@nﬁWﬁﬁ@haFranSdUCt'0” BACKGROUND OF
THE | NVENTI'ON [ 0006] The degenération of cartilage is the hall mark of

vari ous di seases, anong which rheunatoid arthritis and osteoarthritis are
the nost proninent umat ai d .arthritis s a roni.cj.oi nt

SR T A S N R e T
joint strugd uRsicaWssdrporfli RPN iBessHtRC ke, JoHin I\Warkertia SRbsb@et il
disability and pain due to |oss of joint functionality and even premature
deat h. The Ripafiess iaPtsiasheY alyne ﬂﬁeﬂa?%r d hat puklication gimilarly|dgscibem thee
di seasg-bu r t. C

Besi dod>t nS'eB, 8 g IS ek A ATEIS B3] BRckBh b npaRRBHChERY

0. 8% of t heeadsddry arneaarﬁ@ ¢6 lcadsevttié thttrol@hefmasn&) aorifnbgte wnhlrmf@gmnemms
impact. (For reviews on RA, we refer to Snolen and Steiner (2003); Lee and

Wi nbl att Co0EIYed Ehiie 8W§tqi%narﬁer% 39 09)diselopiee Of 9EHIP daenogdreatesiah in

(2003)). [qqu ofBdgparthritis (also referred to as OA or wear-and-tear

arthritis) is the nost common formof arthritis and is characterized by

| oss of articular cartilage, often associated with hypertrophy of the bone

d pain. F ' Vi t thrit I
7 oy BRI R S BB R BbluaaBrld Bt albSir L e
i's avail ablea/gngiatiopat r&'ﬂﬂallf Ct?réﬁzﬁsophe'é%'r&)rh nan@aippiFing Qr&\é%ﬁbétﬁ helae
af fected | oi nt frontbecontng deformed. Common treatment$ include the use of

non- st er oi drglatragnt tg nrddamrmtheronmt;ée@lme Dojour An tthe giiggmanet dihg prior art

advocated deetates TRfFRaNPLRld (oM rRRASRTAE AoBRurpaR i B viioie

osteoarthritis, a recent clinical trial revealed that both treatnents did
not reduce pain associated to osteoarthritis. (Clegg et al, 2006). [0009]
Stinmul ation of the anabolic processes, blocking catabolic processes, or a
conbi nation of these two, may result in stabilization of the cartilage, and
perhaps even reversron of the danage and therefore prevent further
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may al so have utility in the treatnent of cancers (|eukaem as and solid
tunours e.g. uterine |eionmyosarcom, prostate cancer). [0013] In addition,
Cast | emanwe 2diosaae, nultiple nyel oma, nesangi al prolif ecatEpPeo0/059081

gl onerul onephritis, psoriasis, and Kaposi's sarcona are |ikely due to
hypersecretion of the cytokine IL- 6, whose biological effects are nedi ated
by intracel lul ar JAK- STAT signaling (Tetsuji Naka, Norihiro N shinmto and
Tadam tsu Kishinoto, Arthritis Res 2002, 4 (suppl 3):S233-S242). This

resul t showggibRadf thBNdddchan® o@fbr&v@r"l(sir@é M8l EMI diihdrid Xah'bd BRerdedesy ment
of said diseases. [0014] The current therapies are not satisfactory and

t her ef or e taneeslingmitsonacuresid ahangdeiin itfey Remarhspediampoant thatichangey ie of

L oth 4 ve ol di o hr i,
heurat of 147 caRrnorE sCEEFEoRG: SbSehadap dhIsTE Tker SeuatloRR el ehe
present i nygqlirentd AlesrethelcdIdUrdfiiewnaLeapaismtondre Sipalican®icoldus changes

manuf act ure and pharnmaceutical conpositions conprising the conpound of the
i nventi 8n t26geddier tonibeh aghieyed aby eaniealingc alitatmQsPReN¢ i Fessurge Iprads dngrt

i nvention i r o nr@lﬂél i t] in the
preparati O%Itr?)]? Sgﬁ%ﬁ ?%ﬁfg%tratpgér's #ﬁg&?ﬁr ga{g'rﬁg%? "0 dg)é%r&l]gié;@e%/@q%oiéng%wm
di seases. $pebidiarnand yolisteedings ambund\beiiianoof prodviatesthat nasairadéd asnighbi t or
that exhibits a dramatically in%roved in_vivo potency. SUWARY OF THE

n H%Jég

| NVENTI ON [P6@481 AR gineadRg atn/AdR'i rior 34 toas GEARRT 8BV ENY OfadISh he
conpound ofyifihe ANYREE bREmbofe ?Qkér'tfé% %C§rcﬁﬁw Vi "L RIhAr siffe \l/ﬁ'i%haﬂgdté}?‘t It
i s useful foor the treat rremp of I mJ anmat ory conditions, aut oi mune di seases,
prol i f a0at iovangt $eawrscolouraresya afteatanoraling doisi colpudivseases colootlesang A

i mpai rnent _of cartil age turnqver, congeni cartilage mal f ornatj ans,
andor a1 s 404 EeBHS, BESHRSY i) jUPELI Sl Pod BTONEL YR ROHES N & pect
the conpoungctafigdiar i difi dirhstonef ol N4 aakitd Atideh T9egrab8s Sahcy HRRIdrEAgE) SO
provi des nethods for the production of this conpound, a pharmaceuti cal
conposi t i ofrewnmadlaurng After anpeajingied 1H09°eefonddgr hours thasittiesgnieasf & aney or y
condi tions, ' L geases, proliferative di seases, transplantation
rejection, '%f%ﬁé%?g@‘mﬁ(}%'@i ﬁcggvrr‘rpai rment of cartilage turnover, congenital
cartilage mal formati ons, and/or di seases associated with hypersecretion of

I L6 by adm nistering the conpound of the invention. |0016_] Accordi n&l\)/ in
a first asp¥ethaye foHad ithaieh{angy, orange mtRIACass be fidrg dtingnsyrghelic Fed

havi ng a f qg (L) I : ngﬁﬂ . Of el i I v

i nhi bitor ﬁﬁﬁ@t’#}‘@e@gp ars ?%tlgghl I ﬁgté@dcr\zga{jla(@e{l y rﬁé‘nt&r%{/ggpi%nqhevo
pot ency as stffitpented introsiucecd wpeklfigdscondentrationpafuisdiated rvagapeieti iotd de
enbodi nent the c ound of the invention is an inhibitor of JAKI an K2.
I par 1 culATOTS AR R eBe IR PMERIRD (et deBecvasgnEH eI e/t

Vi Vo eééosWié?n%ﬁ‘ér%éteﬁﬁﬂﬂﬁre?éuﬁf&ie?ﬂlwsﬁgrtf’%hé>éé%l W%mﬁefa@%nﬁﬁprom%g%e of
a conmpound wth these Inprovenents is expected to result 1n a |lower dosage
r equi r ementfari@norarmge efotowed ndianomol ethtdosl. ngt ss hbougk) th&itodwusig | thealow
further aspect, the present .inyention_provide armaceutical conpositions
conpr | si ng GBCEH oA e HEst v of Birseuiieiit ey bl s R Bio

exci pi ent Qacahéy@RbinsMRNBBVEYD HidehdHITRAEEal0And Aeati tReeVddPRy dHfridlibrd N

t he pharmaceutical conpositions and treatnment nethods disclosed herein, is
phar maceut ire%worxslbiecf@rggameécggeqﬂf@mr@anamom(@f thendiemandapterial.of t he

i nvent bgn t he pharnmaceutical conposition may additionally conprise further
active“Ingredients suitable for use in conbination with the conpound of the

invention. A fi$19kpédt of theprésentasastiongdrotitiesi restiodBf nidkirgy fancg wramge
provides a nethod of treatin manmmal susceptible to or afflicted with a

a
condi ti on fyBteifdaYDt ﬂi@gpr]qggtaé@ria{e,tf@ methad GoanRNNG:al) providios asiwie i on
as may be i i J VAT AV i t 0
conditi ons?’@%@o@%ﬁ]&i’ﬁg ’I{Jugtsegggfeﬁsm‘t&? ﬁ%@@{%\ﬂ?ﬂv@& g\e/g)s%@%% ?%ﬁg pﬁgn? QEIT J)n

rej e.c]t i on, odrfsemaib_ri Ilesslt}vamﬁdpgm;aéiib ireadiatirfg ttmr%ﬂoh/:&tgﬁl (‘EVDrmjamondcmamiai t al
cartilage mal formations, an I seases_associ ate t rsecretio

o6, whlch SReEh g0 TeERIes BTt Reat e NG 1R & ladt PoE Shigenpraoah eV
phar maceut 'of’lélfhoﬁgrﬁ?é’t%‘ri%l enﬂ?rtﬁ&nﬂh%Ut%@'a|Oéoﬁdaﬁtrbnaﬁraf'iQ&a?e% dessidided/es ei n.
In a specific enbodinent the condition Is associated wth aberrant "JAKH and
JAK2 acti vi(iM] +[[9Qp]therrradiated diemcnsihmaterial leateastehe grestenof () G5 ppmles

condi t1 on S0Pel)cH, BiGREh 588 176 (5T el T it B, GV Pt e

as may be associated with aberrant JAK activity, e.g. inflammtory

condi tions, autoimmune di seases, proliferative di seases, transplantation
rejection, diseases involving inpairnent of cartilage turnover, congenital
cartilage mal formati ons, and di seases associated with hypersecretion of
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variety of substituents, and that the respective definitions are intended
to include such substituted noieties within their scope as set out bel ow
Unl ess otwernwingrystvated, the term ' substituted is to becuareonedsms: set out
bel ow. It should be further understood that the terns 'groups' and

‘radi cal s' can be considered interchangeabl e when used herein. [0030] The
articles "a' and 'an' may be used hereingto refer to one or to nore than
one (i.e. at least one) of the granmatical objects of the article. By way
of exarrpl e diRoRd ah@esfal, %@I”%m?%r@%hggﬂ% eraﬂ"éféd tdiamoRAe RNl A0YE a
[0031] As used herein the term ' JAK ates to the famly of Janus kinases
(JAKs) whi demaeeateia opttdeasic/AGoanet kiasd H99°¢ Har a thesied duicd Iegatck haiers,

Fam y. nanSBre ARG kR EARS) RkibRaRa” ks Bl et b o aHho

may refer tcpamls!fréent Jedstisanid of thenmesduced iseletdd ehoareiesone or nore of the
JAK fam |y nenbers as the context indicates. [0032] 'Pharmaceutically

accept aél e' neans approved or approvabl e by a regul atory agency of the
Feder al r - FRiaRo '

ot her than Aﬁgﬁcﬂﬁg gﬁgﬂ? é%rt Otmﬁ %)Vé |sfrgﬂé F ESH{%@EH'Bﬁaéﬂééfgg%del a
or ot helr gﬁzaeamtlé% [Ve]cog(rp\/%gg [W})alrarrmm@dlate‘dofhlamd maelg?raubsatl gt mrfe e
particul ar utjca table salt' refers
to a salt e@tﬁéoéﬁgérﬁérﬁfaﬂolh@) 52\/@@9%1% tb%tth‘? %ﬁﬁgﬂ%ﬁf&ﬂ tio4NRPM in
acceptabl e tﬁé“g)r&h?éd m‘%ﬁ 6né| Wﬁat@ﬁél r ?Pluspr‘%ﬁ%%ﬂé(?cﬁétoﬂfe%'talacﬁrfcéhfréitu&i of he

par ent corrpou n pal’tl C suc ts are non-toxic my be I nor gam C
or orgdfic ism:at@da‘dmmom Ban Fs([yﬁ]d+ SEGL aamys hes aselinimurspetid of 8.5 ypnsuch

lts includ ' | t f d with i i d h
Py ochl or RYeAdPEIORGEZBH D HSCRaredanF i Fos REdced ERIEY Bisiod miiedthor | <
acid, and tARvel KRS @IncERIrEBShIMM theOp@RMd BYIHgiaprsHY Afat@GR idfatdil ©.33
propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid,

pyruvi c acip®m the Mikinaum value pbHiec cengantration afriselatesi viacansiesc\at i=d([Vitet ei ¢

3 (2" nyar oy BeRahS 78 el inateial 6By #3REE NG Tk dugnpr then the

net hanesul TR eoncémtratRinhia liifh ané previodd CVI3-dérane roaterbl, emce it il

2- hydr oxyet hanesul foni ¢ aci benzenesul fonic acid, 4- chlorobenzgnesulfonlc
aci d, 2 na;ﬁﬁW{b!rbﬁe‘éﬁ’JP?cfﬁf éh%@pacemtratmm@ﬁwteérna@aaéie@ [thanMr]sul[thl o
aci d, IE#? P 2] -oct-2-ene-I|-carboxylic acid, glucoheptonic

aci d, enyl propi on| acid, trimethylacetic acid, terti ary butyl acetic

aci d, I aur yI suI furic acid, gluconic acid,glutamc acid, hydroxynaphthoic
acid, salicylic aci tearic acid, oni.c acid, and the

251 U T or it S cabodians BRaTBg e SenivERIDR AR Mo AR ANER (e | s
repl 309? bysiehdBicAdartied ou?sS as tér}eéu&?@LHe 85 c@ntiafBn o?%d?‘ét%@'da@%né‘@ét fv on,
or an alum numion; or coordinates wth an organic base such as

et hanol am ftea atineehtatidrmof f1€,3 ppiret hanol am ne, N-net hyl gl ucam ne and the
like. Salts further include, by way of exanple only, sodium potassium

cal cium magnesi um anmmoni um tetraal kyl ammoni um and the |ike; and when
the conpourgneprdrahge caldired @idrHoad ireaelial thadeaby themdiRdd la@¥b/ifg ¢aithe or
i norgani ¢ aci ds, such as hydrochl ori de, hydrobrom de, tartrate, nesyl ate,
acet at e, mﬂr@%&ré inggrtion Baynee tused| a&@emsi@n%r(aihemmnhﬁamsu dar lexample
accept g t r-

et df o 2PuncbRatiar oglPBL et R Ao R el B P e R s um
cal ci um magne5| um ammoni um tetraal kyl ammoni um cati ons, and the |iKke.
[0034] ' Pharmaceutical | ¥ acceptabl e vehicle' refers to a dil uent, adj uvant,

exci pi ent dinecaipmand meteriakinetistrevidergaunErdl) ehide meiad @nreif%rred o in
adm i st er atts SR Rbriofols M b FkepSabdipr TeTIRL SidiP oF ERAY by He
a so a ysi cal

associ ated wt Vol ysi s reaction.
associ at i oiCVDdiardesd Wateugbmaly(mdnag noCMVrepartm“fathesmdathedtcs‘ embbdldmrmat er,

et hanol , ac c acid.and érQB d of the inventjon may

pr epar a0 _e.og Pn'”é’??té?%ll FFé" 'Bgrﬁ'a 61‘?#&('@ MRY APt Eft?a”s PE abl e
sol vat es i p&hrfife Bm%ebltbr% ernaGWH?é%&wcﬁ%é’[éﬁ@lS TﬁéCdTar%nBYrﬂé%tr@?

and further include both stoichiometric solvates and non-stoi chiometric

sol vat es. Iaftecerr‘adla’alonnste@n(;lemst hefegrelv i easwithe “readiatedbt@nadnd’ scﬂr@t |thm
for exanpl e.when, on l.vent ecules are | or porate in

crystal |atdﬂ*?’E8”%fm?*ﬁé'aE%§§E 17 ikedieien c?”dJé‘BW‘%%j{”@ SteRc ST tBo?%

sol ution-phase and isol abl e sol vates. Representative soI vat es incl ude
hydr at es, et hanol at es and met hanol at es. [0036] ' Subj ect' includes humans.
The terms "human', 'patient' and 'subject' are used interchangeably herein.
[0037] Ther apeut| cal I y effectl ve armunt means the armunt of a corrpound
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therewith, atopic eczema (atopic dermatitis), contact dermatitis and
further eczematous dermatitis, inflammtory bowel disease (e.g. Crohn's

di sease awdwolocapmEvi ve colitis), atherosclerosis and ampatrmephioosdoat er al
sclerosis. Particularly the termrefers to COPD, asthma, system c |upus
erythematosis, type | diabetes nellitus and inflammtory bowel disease.
[0043] As used herein the term'proliferative disease(s)' refers to
conditions such as cancer (e.g. uterine |eionyosarcona or prostate cancer),
nyel opr ol i geafeb@afiona figfetial Cordas e yﬁd@l@ﬁéﬁ 8nd @hAeaRYSHBIMOAY material”.

t hrombocytosis and nyel ofibrosis), |eukema (e.g. acute nyel oid | eukaem a
and acute Isgiﬁmlélbltas(t"i) of leermmmmapts ofi;maﬂmdﬁ o theopeeseps srieasivs, deseritingsi s,

I d f
oo Mk tiShahhokBT eS8 S B MBSO S Sl B,
'cancer' r@faijrani@faguwﬂgnant or benign gromh of cells in skin or in body
organs, for exanple but without limtation, breast, prostate, |ung, Kkidney,
pancrea§ stomach or bowel. A cancer tends to infiltrate into adj acent
t d ; t as) L
[iver, | ung PRl PR AairBRY et e AEFRO T hOpr SR Ern fR

met astatic [Ng?mnuncelﬁfdtlohy(m is augimcantrdtivn of)nethtramsﬂragietsobsmtlarmrmtrogen
| ynphoma, | eukaem a, fibrosarcong,r aﬁ)g? osar cona, and fﬁs %ﬁ'ﬂ and
tl

types of ti SkIg88 ithafig, PRI PPULN an BY qpyiona B er
prostate c I I u I

b oast  canchrealy £33 that 2ln BNGRY g Mot BpRI The Blour df e RIS
cancer 10g| ICBHDaiyammad matarel yndy wary aacmrelnng tw diné 4Ns ¢a1weentr@mcm;tm¢ theancer
and uterine_| eion d herein the t

| eu
Fofers o MATISah NN DR deTONe, METes D Sipaneebicedt s of 18 HgOBPoA: Nekch
di seases CRfEAY'S thpvaR T ihBvdaces b”VEI'I@NSszél'b@F@tQ)Y\Slet'&Ctdlémoanhh%eﬁé’InderS
t he host highly susceptible to infection and bleeding. In particular the

ter m | eukerpaaliquidre gt lconaenirationsegaaten tatafi RPMMNRYt hiedsiitied eerson wil

Y Tonenl antefaasied B dnk Hstrya BRI cdiBur RRAES 3 Belif Td EOFkeniration ey

cells, 1bi ssh@opncawathi@fgmfhr@ugﬁth@duahmr Rfig slsefknowg theaire eeksehce of et s,
stem ceIIs bone marrow, skin, nuscle, corneal tissue, neuronal tissue,

heart, | uné eé@ﬁiﬁ%@”ﬁ@éﬁﬂ& Pﬁﬁﬁrogleﬁdlﬁe@ CVD\BSPWth@WéIron@ﬁﬁEPé'&saﬁQCF éféfhea
or Oes"pha%?ure%naré&ﬁcéfﬁfa?k&ﬁ BPScEthQFSo%‘I'é S trIa‘Poér@ mA&)r SefedShELNAIF
term ' di seases involv of car | | age urnove I'ncl udées

condi tions syutl:fetlasdlamOMamd'nemall 8s tpsatiamiond araltémaltgrswsI Larmhthai athi=asht oi d
arthritis, gouty rthri tic or |nfect|ou§_?arthr|t|s actiyve

arthritis, SPEI Bkt %Qihﬁttﬁ%‘eg§s@@{mw|§p§§&9 ?W'bult?etpz SsGAQMORE or
costal o hOWDtdlénoﬁﬂ%Qﬂé}‘ugl gj(@c?@f pemgta%tumn PLEGH o Hie RRIRGRAL hi C

arthritrs, arthropat ritis eosteoarthrltls
def or mans enatenalkca, Alme@suremm&m eaIduIBIbdem@cnnmoenB’em ofdbg® reze atdrm

resul ting system c | upus erythematosus, scleroderma and
ankyl osi ng f%'B’eIYIHﬁI\?”gC' %@548} As used herein the term' congenital
cartilage nmal formation(s)' includes conditions such as hereditary

chondrol ysi s, chondrody tﬁeaSI as and pseudochondr Odéa{)l asias, in particular,
but wi t houtlt isi iiought 8at hiecealeuracentres itat eantepiies hec hravert salpsisatiy af and

W th hyBer Sty SiataRrd B i iR EaBEeE oh e Pol @ b §8° e iR Al
di sease, mib single crpstd @D cpambnasosto Iﬁ@pe§ icuBos pragiured drthh ddyare DR BHghe
proliferative glomerul onephritis. E@ ound of the present

i nvention' crtal @Ybidiament. ék'ﬁrfégﬁﬁr(ﬁrr‘%re Ee the eolerbrantEes rNtEBHWMING
f the F I

har mceut 1o SORLERARPLPCErF ERRldrke e Efehy PR RILEAMELMER AP

the sol vat ésowh dohaurptiam whservedcial natueet cigrhabdl desalse th@elemd‘mm dmeém SO

t | ar| f t t t t
[ hemsopies ARBOB Hafetol fassamorblPE RBRGE 1 [15rPohlivl SPRRED o015 rr
where the GopndelibnmdAdPRGLmEr- thépgﬁal]ﬂogf&%d G Teh e/ aétisbﬁﬁld?lf shE&rL YMMEAMHG| Of

this invention have activity 1n both their acid and acid derivative forns,
but in the dimhdnd.enkvidenee ffor thisfeamnes fifosn Rardanrscaiesingf framl mm-ldlanyond

Bundgar d. Koo epadvaBleh A bfafnd 2h8ustos) 8,8, i AR BB RS

1985).[ 0052] As used herein, the term"'isotopic variant' refers to a

conmpound that contains unnat ur al proportions of isotopes at one or nore of
the atons that constitute such conpound. For exanple, an 'isotopic variant'
of a corrpound can cont a| n one or nore non- radi oactlve |sot opes, such as for
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[ 0059] The conpound of the invention is a novel inhibitor of JAK 1In
particul ar the conpound is a potent inhibitor of JAKI and JAK2, however it
does i nhiwotoibyid277and JAK3 with a | ower potency. [0060] pChEpPecanpssd of the
invention exhibits a dramatically inproved in vivo potency. This

i nprovenents are specifically and surprisingly seen even over structurally
simlar conpounds. The use of a conpoundswi th these inprovenents may result
in a | ower dosage requirenent (and therefore an inproved dosing schedul e).

PHARMACEUT h{phith ms&@@fdm@% rV?!ﬁ@Fhl ftheNed Fasthadr AbRy Wthﬁahesé he

conpound of this invention is typically admnistered in the form of
phar maceut iCOKIUr GaMYESi N miuramamoadﬁnetqriabra@neahabe gffersat éempﬂreturﬁam]er

wel I known rt and conprise at | east one active
conpound. é@%ﬁ?gﬁPgb%{H§%§§ %@haﬁof this invention is admnistered in a
pharmaceutical ly effective amount. The anpunt of the conpound actually
adm ni stered w | | ically be determ ned by a physician, in the |ight of
The 1 el Buaitisdialievpl theiGoste Phior AT GaTiresaiaGMGL S (Db BrpwaraloUraHen
chosen rou f; [ ual ge,
vei gnt. anderiinenlR YypHe' Almcb B BN R MERPRSNER BHEhILH Afepyraliond
patient' s ¥ mittogyen aemdwttdaﬂ:cbdh*elaté@@ﬁdc}al'ﬁbd qhbraerltraneﬂttheailamormdmrtdlrmgIS of

IR X R L e RN S
i nt rawsc“'u%egs?&ﬁ? Bt PRAGSH of BRR&A B&aﬁr’n’bﬁd&%c'r@ Sﬁ‘ﬁ?&a g fa%l 6i&|daYery’

t he conpound o s Invention is prefera formul ated a
i njectdable a@som’c@h sEentoscopy techniqueas baVve deenassddta etnmlyohhearsatpe& ohdlwe al |

for transde g%ﬂ nlstratlon 0?%@1 The cong?skhlons or Oiﬁl .
adni ni stra eaf %\P&O\f%u%? rSrRNGI g SPMEUHN G BN OlHIE JUNRIYhs,
or bul k' poyglgns grifeheCyDTERRhEiic RPARYRE mhReial 8BRS evRIdRcad Sy Idvkaty ad 1 n

uni t dosage forns to facilitate accurate dosin The term 'unit dosage
forns' ref @sordiophspacial foy the grpeneCVRI diamen m;aterlais apdi anglysigi@fdgese f or

quant 1y ofPEEra B e Gy S dfe tSiannEaRicBoidlt B RIS ERalER

ef f ect 151 n dess@qirabemn W typics WoeallLie mggrﬁmew[reynméqc [digmbnd viehietiag or
carrier. Typical unlt dosage forns inclu ref Iled Breneasured anpul es

or Syri ngedrewn (g nit r@mea %dﬂﬂ?om theotheSIﬁuqnvyonff@@rfé ewscapsak & apout he

li k th | t d
ot “Ene " o STBPE AR, pERERAS PR, dBasHel of SRS 89, s AR GRIRPLLC,
by wei ght witrqyesf QNaor)Iato’mrsanm atheudla]ndircd adtiog. 4@&tdht}onaﬁygmaksmhehetbeen

remai nder bei var V cles or carri.er rocessi ng ai.ds hel pful
for for mi ngosRuedod! ABH bggbrranf%m%appmafﬁw% nfTb CREES '?dngetof%t “bra
admi i 5hr aldepilitohdraelctidfic atdl hifgle RAYAYS wtheﬁaa&gﬁeﬁa i

avors an the |ke

buffers, suspending an | spensi ng ‘agents, orants
Solid for rrﬁunhiwmmelajsi@caﬂent ‘raxepiptha |aaylso‘fg baekdgrolndwf tig fongr @dilehhas or

d ture: a bi h. ' tal )i | bul ose,
Gum L1 agac HER St e edh sod OPER cBficnisabenvaraRngl: ubigdas Ry s o
di si nt egr atgrieardg RIEntiHE6IR B5itebehRkiat 2aglrﬁln Pl et rib Ge s GO shhaileR BB UNdS

| ubri cant such as nagnesi um stearate; a glidant such as colloidal silicon
di oxi de: at@\hh%ebaor oa@@@ptryﬁbat higheuweselenginss it pBRicURr ajrwayeienglosimg

agent t [ At ran r

oy oot 281 o S DSERC PBHCLL B per Bl B f ofbe T SR Ut I e
or phosphamﬁmdémmﬁdamﬁiBsenﬁfquMth1njectable carriers know in the art.
As before, the active conpound in such conpositions is typically a m nor
conponent, often being from about 0.05 to 10% by weight with the renai nder
being the i r 0066],i; r C i ons
are typical tmseﬁ)é?qrr%)ﬁa@ﬁéd{darg 021 %t&tr%‘%lév'ld‘e‘?}t b @%@O%s@%gﬁﬁtﬁggﬁgenﬁ%ﬂ%&h
active i ngrspéc’e'nm(sf)thegﬁé\?llr@tahy)nldrmatermirmmt(ay #reg NgYcomtabutdroirt trce @lﬂ;lble)

about 20% b p ef erab n1ab bout 20%

orof or 201 v PPrth BB etk (6) Wil Roopesk uel fia 16 AR herband Se bR r om
about 0.5 tf@atalz@%atléﬁfe&xw%gé&ved/@&euﬁefmélab%n@smﬁtéwambﬂa%e dehevast i ve
ingredients will typically be conmbined with elther a paraffinic or a

wat er - m scitblle oéspansitile Has éhe Arownnetlpueltypicalhye seen iineniirager diopeds Cvly be
formnaledln a.creamw,th, fo anpl e a i cream base. Such

tr ansder mais PRHEIRMRAY HaierBL) TR TRatsr ) kAt G OGuRarts Mot Begh (e
additional ingredients to enhance the dermal penetration of stability of
the active ingredients or the forrmulation. Al such known transder mal

formul ati ons and ingredients are included within the scope of this
|nvent|on [0067] The conpound of the |nvent|on can also be adnlnlstered by
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in a tablet press. Formulation 5 - Injection [0075] The conpound of the

i nvention may be dissol ved or suspended in a buffered sterile saline

i nj ect ablwoaguees7medi umto a concentration of approxi raraPrgo1b/osmsi.
Forrmul ation 6 - Topical [0076] Stearyl alcohol (250 g) and a white

petrol atum (250 g) may be nelted at about 75C and then a m xture of the
conpound of the invention (50 g) nethyl pgraben (0.25 g), propyl paraben
(0.15 g), sodiumlauryl sulfate (10 g), and propyl ene glycol (120 Q)

di ssol ved itfe WBESptioARPEkr3 67 n@lurﬁﬁ&la%rﬂdﬂgr el dBS ok SiRaH ébétgrdfbMtHé? may
be stirred until it congeal s. METHOD TREATMENT [0077] The conpound of

t he i nvent isynthedig diemasesl fas examiple awﬁhe%%ﬁdwmﬂsmf theetyp ceped

condl {1 ons } RAVERRL, |08yl L ERUSELL £ AL o4 LB, R o

JAKI and/ oNJ Afectéarar domeibMte td1enes BN aspEcAT IFRERIisHsE RRTPOHd | Ons
of the invention find use as therapeutics for preventing and/or treating

i nf | anmit oSPeeHWa tWHigh wahieye riieeHssgrsakaves as ﬁh@l35%ﬂﬁt i %0 arseadeamp
transpl ant I i 15 I
turnover, %%tggbnﬁr SAQF Caﬁ?errga 28?%?? gﬂrl\;r% [ éng(gdbfé%?édl gg?ggédaggéglé a?tgﬁ"%vl th
hypﬁr Zec ][ ettimoen thed stru€tural maimmﬁfsthesel defeols datuamra_ss%m[d)mSﬂhlsljmbtaL?mﬂérstmdL

nmet hod of trea ects, this invention provides nmethods of t ting a
manmal susﬁﬂ@}%'rt Og¥ thej Foue Wm?n&'nmﬁf-)ﬁ %?;SQFR}'%%QVGMV\?%R@

met hods COBRidig 1AEMhIGRGH IMBrinwal! ackl Hfous E“i’l'éét'p s hhRRE! HOHY defects

condi ti on-preventing anount r nore o arnmaceuti ca
conposilOi omesmnnsardeﬁoume bfowmeoiomwmmn ongitebeirelatess tor theedreskence of paltif i ¢

enmbodi nent, the inf diition is, selected fromrheunatoi

SreneT o, ek PrTE TeSt cRafksteiad rids" o SE 188 pf Vbl By o oy 40

i nfl amat oRychRMBs dﬂ'nﬁ@r@?%t ér@er%anLlH lﬂﬁétrh@* e&ﬁr@ﬂ% rhfas, Ebﬁé&ﬁﬁarﬁtwmt' on
provi des the conmpound of "the invention for use in the treatnent, prevention
or prophyl dx¢ @dditioarofi mifrpgemde dhg ptasiae te @nhydragen épr@@lihfane (Bt ramrGe t he

oot eoar ¢ hr 9EFs SUH SPGterS 2T UGy vhSBHIC EHIMEY frdb e Gisoms degrey
bowel dsse@syerﬁ hiéaBelatlime tasktirianeicd. mfeangpﬂttsrm@t@nnmaagmq@wx c?/
i nvention provides methods of treating a manmmal susceptible to or afflicted

with an auteipieflidefeftsedue asha WﬁnGHB’OGW?'%@C)&HYHrﬁQ@ﬂ)aIdﬁif@ft%ﬁhélf PERti ve
condi tion- nﬁ?ﬂ@ 0 r I

phar maceut }rﬁ&fé bg%fg{sltlr %ﬂ?ﬁg?ﬂgﬁ%@%ﬁ%&@ %\a/FGB;]otnl %t%r’rﬁerp b% Fgérg%lnﬁed
In a spem freSpcﬁmmmf@reume browe colouwi anduthesd ideésts may aleb@etredmdwedrbﬂ@@b)

ast hmma, temc |upus erythematosis, type | diabetes nellitus and

i nfl amrat o SMBEIRY ediir%%tgg%ﬂ [0081] In another aspect the present invention
provi dgﬁ t he conpound of the invention for use in the treatnent, prevention
or prophyl axis of an autoi mune di sease. In a specific enbodi rrent, t he

aut oi nmune Irdupsre&m@d medledds: edordingmtCOmD, ineeyttioms,the yakisenption apeficients at

Coo8o n rleD AN 16 ARCET Fe BRaviddd SiePRind Mol Bl [aba AR 3. ST

net hods of dni-epddpRativel PBOFRINaRY SssthbR!2crhd id @Bfdn € Eeshattivalya
proliferative disease, In particular cancer (e.g. solid turmrs such as

uterine | eiomyosarcoma or prostate cancer), |leukema (e.g. AML or ALL),

Mvent Pon SOy hdre SRS randtdeithe i BFF PG BRR%Errebbg 1 ERn:
prevention (?mtswﬁr oNy Idtarnen@f matagprad] tHeerprdvided dACYEaEamond paktdrizlll wgedcancer

(e.g. soli unors such, as uterine | ejf onyosarcona_ or prostate cancer),

| eukeni a ( &nefhodfs aggording) to nifer iipyentiope Man tupigaly FR\ArasPIOUIIBBBANERR
further ne st $ t

furcher BBt SEGLIRY by RARA i BEER (0 HETHPSABRANDES BT
rejection. td nrrmdapacllgmtoewbb’dl(@mandt hé areediscussedr avi detail nigtdrods  tfis

t ti t t 0085] | t .t h t
 nvnt Bin SPBOIGEMhe | b o RINGPNTAHOM Ry iis Pk CIRSEOT: Ta{e 61 BERnt
prevention ygin By BBI‘W'\/ﬁ%bﬁ Iipditst éﬁ!}‘ I8t é’élb@l%tbﬁl &CiHeORiahfbrid FRAEFAI CFor

enbodi ment, the invention provid ?élrret hods of treating organ transpl ant
rej ection. dee%gambndamemsraWOrﬁlng te dherbnentiopabe abshiptionnaasifi¢ient @tr'obﬁ)@ des

¢ ToUTES oyl RS AESUSTIAAT O PR VA el Rl PR © 10

whi ch nethod conprises adm nistering a therapeutically effective am)unt of
the conpound of the invention, or one or nore of the pharmaceutical
conpositions herein described. [0087] In another aspect the present
|nvent| on pr OVI des the corrpound of the |nvent| on for use in the treatnent,
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osteoarthritis, for a period of tine sufficient to reduce or prevent,
respectively, cartilage degradation in the joints of said patient, and

pr ef er ablwotermi4pmre, the sel f-perpetuati ng processes respmpoiblosooBor said
degradation. In a particular enbodi nent said conpound may exhibit cartil age
anabolic and/or anticatabolic properties. [0095] Injection dose |evels
range from about 0.1 ng/kg/hour to at |east 10 ng/kg/ hour, all for from
about 1 to about 120 hours and especially 24 to 96 hours. A preloading

bol us of f rogmaket0.8.cnBédectitei LM alddrilidrk BodficiRRtLaiMEsd i ethgths

adm ni stered to achi eve adequate Steady state |levels. The nmaxi mum t ot al
dose i s noteipaoneasure ixibederomnoess of ghelsljarhend anatgriabsigoe ke huaefects

Condi 11 ons Sreqnaudtl G REAERYSTaR R ab HEThBL oPlout AR b0 B anave-

usual |y st meémiteedoX lefé@sin AR Aatyeargro®@ 1B 8lCVDIIrotedsSinebicatieg for
pati ent conveni ence and tolerance. Wth oral dosing, one to five and

especi aPl y NitiRganoinftoa soHme §3%i cal |y three oral doses per day are
representative reginmens. Using these dosing patterns, each dose provides
from about 0.01 to about 20 ng/ kg of the conpound of the invention, with
particul ar Atesedingatdh giffenenti egbbdiomerstbout Methdds aeootdidd too/tkg predent
especially about 1 to about [ kg. [0097] Transdermal. ges are generally
sel ected t NMENSPNdEEsPrRVIded éVBP%@%P”EIrB%H%rM réottq?@ﬁalag\@ a fi‘%r\?éggﬂ%f“r ng

i njection N 00 HE6Sh 0P [RLBY A8, Hetirnciv RSP Y
condi ti on, Q:teﬁga%(l:orrpbﬁﬁ% Co etgrﬁe I nvrgnt[!qoﬁ @@F? ge a m%kpsteelﬁe% toba patclpent
at ri skof omateviel ethegresentdonetiaromaytheimesisliseconsing & RiAViockevelsd<aide? t he
supervi sion _of a physigcj,an,, at the dosa | evel s described above., Patients
at i sk T ofMieaes SaTRgOY isipE QRiical SbehaTion Srrnpasor PIanee CORESHFRIBIS hat
have a fammhssBiteérHiyuss an‘é‘@p&%@ﬂb@a@rﬁble@?péh@&%s‘&ﬁ@td"@J‘(/eligtPﬁen identified
by genetic testing or screening to be particularly susceptible to

devel oping the condition. [0099] The conpound of the invention can be

conbi nat | oned (8 BERSr A arasE, AR peffect ' Gdi Br e Mietk Y clistile Alae oha
denonstpat @a’i*é?ﬁa?ﬁ@tﬁb PEsomapcd (EPR)t hahagewel @eddd 16l Wgll-kpdwntinaheadrg for
determ ned to safe and efficacious for such conbined adm nistration. In a

speci fi c efBOHIGEAESS doisagmAIasisedtiesh. of MRBSEEIMeRP CoNsyeiadsusing dweRs or
pec f . b . oo
ot Poct s sodid TEUTREPEPEF ohpaBREly RaRfmtgiclic SRRE e 4 PHE RALEISITAES, ¢

co- adm ni stsebetiutiotdl dogbe detfdut) apprbbcicage it theointebgmted dabnsitt obal oz
prevention a di sease invol vi i nfl ammtiogn; particul ar ents incl ude,
but are notHR HISEEPHS), GSHRGRBF dGPA0E b HOR 614, CS¥E hl BBy PRENLS the
corticegt ergj ; egny e40r hasone) ; p i

el st 1R R e e 07 e S AT R e g
Ot hocol onétiepdity AT@ralaspiahi is, casetvadi inaphemeférbope gfeemie naprosah caands

pi roxi cam [,00101] 1 n one enbod] t, the compound of the invention.is
Por adm ot stAEH APEYeah Bt FETSEh T dpe P T P FVE oW SO ol G
prevention cghtididly ivadve (EPR. spd@rBIe! hodrddd i idisd ; fiddr fodulAbnadtiiose
include but are not limted to anal gesics, non-steroidal anti-inflammatory
drugs ( NSAlmSprationeisorergirash i HileEniDRARBSEHP rinigxaitypl anch ienai t heutiefect

i mtatjion at f. o d u [ n [

aur ot ol cRn e el fo dnfisechiefadt eyl ol sRUb B fiRyat6d. BaRe
azat hi opri mee abdectisn, 0sipie i Ihits and iblegh&@irc abtcdDVSPECilipr ineXtarpk ewbiete
without limtation Infliximb, Etanercept, Adalipumab, Rituximb, and
Abat acept ) OVEUBRODE ERRFRECERDIEI PRESENT thePe@r i o1etbp@ (UH8 M NeHars
co-admini s ' - hepa i t At

preventi ont?\%'i%&grs ﬁﬂ)i@ é?%g%}@@hdit(éb}r&dg}r‘és@ érg%’?(?ﬁl'ull\ﬂaegaag*gﬁt gbﬁ%ﬁg‘k%? {gfr e
not |imted1966), B08)btis esraplyet elak detarimine dtiei mtggrated priensisord, thial E61F/ci n,
cycl ophospham de, 5-fluorouracil, paclitaxel, docetaxel, vjncristine,

VT bl 3301 néeNTER G BFBNE, NEoX GROBIPCH N1 SRox T PErer Bt SHINGE R, Cregasen sl
acetate, anasthaZolf sAATALE SPecnler HEEBAGChRRN: ARLIROMKafRg: and
Herceptin(tm), capecitabine, ral oxifene hydrochloride, EG-R inhibitors
(e.g. |resstgm)iningdhe avagtaipd rgebsityusd @andh) rovEEE simtbisbiot obskpearmgpntally it

o tor o ¢ 0B VSRR R L0 BiEa ) b cHSR Ol e ok B ooy Do

adm ni stered in conbination with other therapies including, but not limted
to, radiotherapy or surgery. In a specific enbodinment the proliferative

di sorder is selected fromcancer, nyeloproliferative di sease or | eukaem a

[ 00103] In one enbodi nent, the conpound of the invention is co-adm nistered
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[ 00107] In one enbodi nent, the conpound of the invention is co-adm nistered
w th anot her therapeutic agent for the treatnment and/or prevention of |BD,
parti cul avoagemi4s777ncl ude but are not limted to: gl ucoeartEPe@in®@SIBE. g.

pr edni sone, budesoni de) synthetic disease nodi fying, immunonodul atory
agents (e.g. nethotrexate, |eflunom de, sulfasal azi ne, nesal azi ne,
azat hi opri ne, 6-nercaptopurine and ciclogporin) and biol ogi cal disease

nodi fyi ng, i munonodul atory agents (infliximb, adalinmmab, rituxinmb, and

abat acept ) 1o (90 EQ8EriBn N & FATROALHE NheréBee GONROUNE ok Ne UsBYabtdBRuEsS
co-adm ni stered wth another therapeutic agent for the treatnent and/or

prevent i on o sSnEalgrhepeeius dP.hgdaverihndiAd@diut. sfiepgbt J.| Mapnefeasa: 161

ol aquen 1 1R0%o2y B8R BLAGHIRGRE. i i RactRbRRbifeeR & Ml b Bt g
azat hi opr i mekessglioRReSRHANRHEN AnthiNYERPASNOLLEING Cirtsxce BIMAOSHNPLOSRItY €

drugs and anal gesics, such as nonsteroidal anti-inflanmmtory drugs, opiates
(e.g. dext CbphEpBRYprddiEiang eelievdlamIond 6iINGI/agisgerdfio NPt Edeaeurate
oxycodone, Cont 0 .and gesi r rmal
pat ch. [oofggf Iniﬁﬁédggrgﬁ%%gﬁ%gﬁ%ﬁggk8%%%@%§Q%?H%%§%#%@énﬁ%gﬁéﬁ%ﬁﬁgs

co- admi ni stnea?mdam'm It empldyed, mditblrtaeé"wtaiiis E%ﬁ@aﬂteideoin drijer to ﬁaidmelta gogd dit
prevention o sori asi s rticular agents include hut are not_Jimted to:
t opi cal tr@%tﬁgﬁtgx§ﬁ$ﬁiaggﬁﬁtﬁﬁ@%ﬁhtg%gs,HH%@st@rig@?%?’ﬁ%ﬁ?@%ﬁ%@acr ans
and oi nt nen 1Ni C Ak, AdkLt hy I hrsal 4 i i ds
li ke desoxﬁ%%?%@%%gk?%ggﬁcgﬁ%jUﬁ%)égP$D§%@ﬁ0§%%§?Oﬁtgﬁ?ﬁﬁtggg%agggﬁigﬁéfor
exanpl 0 cahethpdt theotdncemtrgdionoinl ppat cat i boideter(retedtwitiaBerepaoiiticibiiiyn pf
tazarotene%¥ﬁ§ tenl ., Lreatnments such as nethotrexate, cyclosporine,
retinoids, .85 f12°- hydr oxyur ea, sul fasal azi ne, nycophenol ate nofetil,
azat hioprine, tacrolinus, fumaric acid esters or biol ogies such as
Amevive(tm), Enbrel (tm), Humra(tm, Rem cade(tn), Raptiva(tm and 0

ust eki numald heatechnique efndVivisib® abserktien spagipseapyafaryneaswigpbigher s 1 he

i nvention 1.Nj_S I onbi nat i ' t | es..

i ncl udi ng, %gﬁ?grﬁ%%ﬂﬁsnlst é’gn%g‘ogﬁoﬁoﬁéeEgpf?]%o%éﬁ/gg o@%éﬂ%{éﬁiﬁg%ﬁ%&g 3?6
psoral ep andOuirh pRwkdfete Aodhretion ReeaPYM(dTNED)am b inatdlialBy

co-adm nistration is included any neans of delivering two or nore

t herapeutic agents to the patient as part of the sanme treatnent regine, as
w il be ap t Wl ; W : y
be. adr n; o oPad CRd PEmEbtnaterRP aaG Rl B prpSeh v B dIPrey 2RF Bhor™
essenti al . uSimg ageoriventiayiab €AY porocedserferd exantbld fofrtbst typer distlatedrin A at

different tj . NERAL SYNTHETI C P RES General [00111] The co und
of | the | nv U T3ndSURG % BIRSEFA: PO EERABOES TBRLcPadel P AEB0SGDEETED can
be Pr epgr el R fRbloALaoLARIoR, ThaidrbBInRins bRbdn Ebldlialidte id Aot &b ng
general nethods and procedures. It w il be appreciated that ere typi cal

or preferrestropgoitess mndiskediy thie. istrodueac: oranget eripanationresylting i thel e
rati os of reagtants, .sol.vents, pressyres, etc. Y ot.her process
condi L i ons POsh Sl BEAQRIRN aeelicnling; fiediatt gt e aifon 'y s Presient
condi tions jmmhtwary With the particular reactants or sol vent used, but such

conditions can be determined by one skilled in the art by routine
optim zation procedures. [00112] Additionally, as wll be apparent to those

o event®corTRE: GYLF BRAE biHEss bRt AN, B8 st pRKCE R PRNRR YD 11
choi ce of ai@tbh@lrhatepiapiscet CMD growth bricesspiar whivhl the toieei gaglcoptamy as

well as suitable conditions for protection and deprotection are well known
in the art Capdn, eRYGFAORN. RIFRIESUENEr BXEAN nipt@lo iR the dMPFRiUSURhGaERRIE L i on

& oups 1 n YIRRrEIE itRitert "edr eXim{eC BRG 8 Gt o€ adled ¥ e FBEIRGaES

(rjef er fances atid eﬁncdmatraﬁiom. of @D l1aa3t ’rll'(b(m(i @phov rtlg? rgithshpdasar B paEtEJeradredwer\,i Ejh
t ai to t ti { ] t i ti g

ner of naBovErHRed 1 ShRoas, metadielp s (1itd Be BaTRY SrCrHEs: uEm fish and

the conpar FHsp¥ét KBl rReniBy rﬁ@y Weegﬁ‘fv\?rg dfré@t’i‘) bgodg’% @Pcémééﬂi@éd ¥h GB

avail able starting materials and reagents by on ed 1nthe art of
or gani ¢ sympplcation CBDUPL214814 anedd@ mrevigional appbeationr USSIN 6 £289,28% theer e

used as recei.ved. wthout further purification, .unless otherw se.stated.
Cormrer ci af U AP S ah bl e St drentdei e f G e rpEn Gl Mt e
under inert atnosphere. Reagent grade solvents were used in all other
cases, unless otherw se specified. Colum chromatography was perforned on
silica gel 60 (35-70 nm. Thin | ayer chromatography was carried out using
pre-coated silica gel F-254 plates (thickness 0.25 nm. 1H NVRspectra were

o o, - L



General Synthetic Method Schenme 1 1. RCOCI, Et3N 2 . NH3 / MeOH CH CN, 20
0C 20 0C wherein Ar represents phenyl-LI-heterocycl oal kyl, where LI is a
bond, -CHReo 2010/4@®7 and the heterocycl oal kyl group is opCraradiowns90s1
substituted. CGeneral 1.1.1 |-(6-Brono-pyridin-2-yl)-3-carboethoxy-thiourea
(2) (2) [00117] To a solution of 2-am no-6-bronmopyridine (1) (253.8 g,
1.467 nmol) in DCM (2.5 L) cooled to 5 0Cgi s added et hoxycar bonyl

i sot hi ocyanate (173.0 nl, 1.467 nol) dropw se over 15 min. The reaction

m xture is h&ABdahlenes ér@vm{g“at @ub@t@éfet %ldh@oaoéaur%@dgéé ! én@%lbenglG h.
Evaporation in vacuo gives a solid which nmay be collected by filtration,

t hor oughl ynnmmawad hdipetansl SyBRESE nen thed sabstraie; ewheteiaf ther dsymbeSISrhe

t hi h t
(400 e, " EBPEIMERE BT EER, Nfibotl Byt SR bbbt ipR b Rt bl 0h- |5
(I'H br s, d}ﬂhﬁ to fatiit (ﬂmpﬂgn Jar?d Q\/Hélelnl'i'h@) soJrcéZ%éé Honﬁﬁsse%_éaﬁaﬁf‘@toﬁu@ Hz,
H5), 4. 31 , 1.35 (3H
5- Brom)5[l fraEt'Qthflm@é@@ﬁﬂ Hf5fr9']np9b¢l¢hQi42t0y@@9hltn@7(53§b)[@@@i®]1'0r fragtion Of
|
SUsBens|on clodh AR ey 1S RN B (0% oyt EAROFOY) i) &
][ heGmet ur drons agbumed tatabmlt)mbét a:'r'ﬁare(nZI?fh{)C} +f®fr ( % Whgreln the ragloz%fsatomllc
- rono- pyr.i di ar boet ho i our ea
t hen addedf '%%HO'E‘P& %@596@ eoaxwm'ﬁe@%@nte PEYI&IX Qf&dt §at| jesathe @%8 er
h 3 I h
i | owed (o 0oal BETAT, FEET Y o Wt ol 28 oW Refiin e, $yrckPBaT Eppints
productlOi s hydrdgmt eniyy addeg @sahydragem mdeooleef Hphet &inlatomic fraatieh ©F (bhre O H

20 (250 ), _a Itr The conbin s are uccessive

it reo (Bl upberpEhyfiBeen SoBRRA faPon ASE SRt ORG e EHOR R 2 |
vacuo to afgpr Qnél hﬁhér*’eirﬁifﬁe %%r'hic,d'fﬁé@h&% Iaig; éhd &) @8 fRadtdnisdof THe total
conpound may be used as such for the next step wi thout any purification. 1H

(400 MHz, DVBDrar/of)hydirggers-axygen( md catbop atoarsoptasest i) thersourcelgas. ddnis J

So0w 7 ?ﬂ%‘l‘ﬁ&e%é%i@&!ﬂ@é‘%éa@ﬁ%ﬁ%ﬁﬁ@%&?ﬁ@fﬁsﬁe A Bufane sPebistial -

(4): [@911%k he %d&I@HLtBXy?@nO(DVDhQr&vtamrbceés‘l ag ayipHiny Ebdllﬁits((él)apéﬁdlhg &h
33.3 mmmol ) in dr 150 m) at 5 0C.is added Et 11.6

mrol ) foll m\%dn'Ef?g@S}cP@'ﬂﬁ%ﬁ@lﬁ'@B riBoAy Predest i @¥D( gligrgo Wteﬁmewh@@ct'$ on

and

mxture is I t L IRGLALAT € and stirred until
all starti nE;)n)(r-:%ﬁ]altegl‘rs ra?l &rwsgnsﬁﬁggwﬁpwpeqw re§6 further Et3N (4.64 ni,
33.3 mmol ) and cyclopropanecarbonyl chloride (33.3 nnDI) is added to ensure

conpl ete reaction Ivent evaporation in v t he resultant
e & e aslaur o th M Rdieled, dramesd dhalshieh . Berbiatis SN raM e

at anbbgnt duct
sl at Pon (U KERY %‘;t#%ﬁi%”@%dvﬁ@t. P 3fa@ B L Y R b
with Et20 (gothe. )irradiptios caridisanmealicgl steps eld byrdducer eacancy wasihed Wther H20

2x50nL aceto 50 nL), and Et 20 t hen n vacuo.to give the
Fequi red’ brgaueR M BtsReRad Riebine, BeNide Samdhsh Siia Tof

i nvention \demtafPlZatkbodigtétits NBe ( Minindis¥Hl 20]F N eRBMPROT 'uﬁb@mb@h@é‘t'e@ %’r@h
(2eq.) is added to a solution of brono internediate (4)

1, 4- di oxandisakated bosory) mayditsetf inFoddcy aanluemmptzrd@pthe(e%nmrrm@r@i Fort he

30, m n2pi neBTie Etobldn e gl phRAT s RryoR (Bich SRR il oo

oi | bath am&£ens itwsslblanwxder>dgdy. . Water is added and the solution is
extracted with ethyl acetate. The organi c layers are dried over anhyd. MySq

4 and evaporated in vacuo. The final conpound is obtained after

purificati e :

Seri dge. pr o sd B SR AERRE I Hh ARbe Btn Bl BRARA 0 ¥ Rte b Bl ATy e
met hods ar deusomgeividbid HBO byr Ialdldﬂﬂﬁ’@ toHR®rocloce asolatex t/iaeexncﬁed,%TéHAotarted) 1%
NH3. Method B Bl.. 4 2- (Cycl opropanecar bonyl -am.no)-[1,2, 4]triazolo

5 ] py PP AGRGHIES - SRMBGYIS CHDr T80 DPTBH D) 52 GHBCHr NBHEORIE B LR0R

sol ution ofg ﬂTd&SéﬁM@'lQ&%ﬁ&@%Eéﬁ@@QymﬁW 3Ry " colour lo the diamond material,

[, 2, 4]tr|azol o[lI,5-a]l pyridin-5-yl[-benzoic acid ( 1 eq) obtained by Method
A using 4- Tdmr@‘owpheagnnboembodlraenm iacc@0ingiridetheNpresends piivention,Thife the
oxalyl chlofride (2 eq).i,s added dropwi se to this resulti sol utlon (gas
el ense) A mRRerl” BRET GaMalt i Grieiidy L B8 0 RSP AN &
conpletion of the reaction by LCVM5, the solvent is renoved. The crude acid
chloride is used without further purification in next step. B2.

Am def ormation (General Method)[00122] An appropriate amine (1.1 eq) and
Et3N (5 eq) are d| ssol ved |n DCIVI under N2 at rmsphere and cool ed at OOC The



[ 00125] The obtained boronic acid (2eq.) is added to a solution of

cycl opropanecar boxylic acid

( 5- br onmo-Wyb,28104i4p177az0l O[ | , 5-a] pyri di n-2-yl)-am de (4) iPaTAEP4e1diosnoane/ wat er
(5:1). K2ZCXB (2 eqg.) and Pdd 2dppf (5% are added to the solution. The
resulting mxture is then heated in a mcrowave at 140 OC for 30 min (This
reaction can also be carried out by tradigional heating in an oil bath at
900C for 16h under N2) . Water is added and the solution is extracted with

ethyl acet gbAcerthatid &R >_<|1@)7536ﬁ1'3§,rt%egrthé%géﬁ%ﬁoﬁglﬂé@meMJ&él cArridttout so

Pz
evaporated in vacuo. The final conmpound is obtained after purification b

y
f1 ash chr o@sttogntspdcessufficieptisalated vararcieHPoimNI Y e eompeBeaiggeemaspn U8 5nm

VeON 120 oA Bhoeers e SRERTRE el e ired e E ARG, SRIRLRL of

t he conpourddafonbheiratictiohi dreddd rMPIGH-cEmpRN8aRbeScéddPBEndetdritiged
conpound of the invention) Ste 00126]

1:
2- ( 4- Br 8noestRitiealyHante) persan §?iﬁeﬂéﬂ[‘ fhgnetthyihup|in somegpRadinientasémateed and
DI PEA (2 o dj | i : : : :
thionnﬁphgﬁ%ﬁéﬁwﬁiqéiﬁgxﬁﬁénbganE @@gtggégé %%%%igﬂgﬁéggﬁfﬂggF% G???%%

sol uti on wakarabnd Irrvadte‘aiial p']rmcundloan@leuraﬁon of fxﬁxméﬁwcémﬁf tﬁeud the ﬁradéaﬁaon teltep
reacti on was conpl ete, The solvent was evaporated. The conpoun S
extract ed WitteAusESRuTHFigN t?gv\)é?s%@&'e\ﬁ 'PEP e r?éafﬁﬁag dﬁﬁ@(ﬁ'ag@é?r t\‘%ﬁﬂ?‘@.‘

s, O { i r tadl bl 0 was
a0l ai ed wePhen T pERoRtc VEEa felea 0 g ARS!IFR8ted Do mAPHRL S0
4- [ 4- (404, fsdlatedt vacertdnd hplve Hegrdiusra bior corapelsste) thise handn, -is Matoleaspitid | ne-

! o, bl iR 4 08 L e SRR e
(4:1). K2CRovide@CVDaNEMBAE! Rdritfal ( OFHES 181 Jof WRIdRiHH efadigtibmetakbtfopn.

The resulting m xture was then heated in an oil bath at 900C for 16h under
N2. Water hesoragaeweanatiarheogldl ke determirecesmpiinedy byithe rersgn skidedan éhe The

organi c | ayers [ v . 4. . ' The
{1 nal - conpdiha oigh Bl fiiod "HeieRR i 1 dleuRE SO BEGRiden Rl S8

[ 00128}5Al tsefliBaimae! Becshdgly i6QMRASH $utt@bcOPE (SRS inap betusedl fordixample
scavenger such as 1, 2- bis(diphenyl phosphi no)ethane, is added, the reaction
m xture is @IassREdin Beckialeborgsveonaeatration) ¢ Hag uprompsapaistneronTmayrhe t er
cake is re ped i n j e ); iy, A

separ at ed %%Héﬁ%ﬁggﬁg% ,%&g%ﬁ@%Iaﬁph&%gbg&gggpdﬁgsggﬁgIgﬁbgshﬁﬁﬁgqﬁgﬁgrting
solid is résasgmnod spectwaheor thaqugho tiallHC elestriealdeahspandmabserensdénts f inney  at
RT, the resultin solutign i? filtered on celite (Cel pure P300). Agqueous
NaOH i s t h&PRRRIEHWE toHBe SKIeH ASESOhnd the resul ting suspension is stirred
at RT, ophe solid is separated by filtration, washed with water and dried by
suction. Finally the cake is re-solubilised in a m xture of THF/ H2O
treated wi mypschuiwthao[gu%meemgmn Qreplpm SMOREXr@ddgd ﬁVBgﬂaI,nondemate_rial
suspensi on . iltered,. t organi c solvents are.renpve evapar ation,
and the el remgiErapsianPanGLIRE R BY Tk IraRuoTaa ket G BERhpt

si eved, to0 2@bbRIIMy tdthd iInvERtIGHTPIOWIHbachange8dybReeanniidlifg e Ystep Qlith ©f t O
Conpound | (the conpound of the invention): Sngg 1. [00129] =

4- ( Hydr oxy meethpd$ preergingicoiedne@nten psiexglajnemlaterda ddistspeciicstion.| ution o f
cyclopggpanecarboxylic acid
(5-brofto-[1,2,4]triazolo[l,5-a]pyridin-2-yl)-amde in 1, 4-di oxane/ wat er
(4:1). K2COhe( Broviied avb ldiErhaapphatefialdsed.in the meethddescdopdingetosipleufinson.

The resulting m xture was then heated in an oil bath at 900C for 16h ynder
N2. Water weResld@dthendresrntsiivantion pisteraklyr aeavedave: @t eleast ahowt 28Q@%, The

organic |la ' r ed i - he
eqtl t i ng" REMAER, & leag AL, SIRY tholiters A1KLERAN Yolh albsafy ol 1,
aI scz)l zt |t on Ieﬁsitca[}cfﬂlgmmaﬁ_etg_er\hgumlei of thel dyrit?eﬁdmylﬂ.rdjamﬁedh}n]?tqmmngﬂrr)ecll "

y £, rrazol ojl,, o-a rldln-2- .-am de . e 1IN C or or or S SIO
hdded Bhos J0R dssitier B opior o I SalS oty kker Bpraisteay e B ana red
at T o0m t cTEn RN LREIRO TR o RIS Bronth S8doNBiREELRIAL ) anc

extracted wi th dichl oronet hane. The organic er was dried over anhyd.
MySq 4, fi | teveds withih ¢bD%eof that méan dodgraatesthanhabow h% iafdhewviotume efithizie
was triturated., in dichloronethane/ di efhyl ethe : 0 afford the expected
broduct - as SO0 Pedtoh B RaREY SRA6E HE B s hB BBk B8 PR

[ 5- (4- brononet hyl - phenyl )-[I|,2,4]triazolo[l,5-a] pyridin- 2-yl]-amde (leq)
and DI PEA (2 eq) were dissolved in DCM MeOH (5:1 v:v) under N2 and
thionorpholine 1,1 -dioxide (1.1 eq) was added dropw se. The resulting
solution was stirred at roomtenperature for 16h. After this tine, the



of the compound of the invention and sone of the conparative exanples is
given in Table Il1. [00143] Table I D anond Material This invention rel ates

t o changewotwoioag77absor pti on characteristics of sone types/BEPR010/059081

ni trogen-cont ai ni ng di anond material that may occur when that di anond
material is exposed to certain conditions. In particular the invention
relates to a nethod involving control |l edqirradi ati on of that dianond
material to mnimse the changes. Preferred nethods according to the

i nvention rs@bﬁireaﬁé’rn‘éﬂ%ly‘ﬁré%r'tlﬁér@%béht 80%0bf tHeAUBINFheTBE B GlowtRdR cRyt.
chem cal vapour deposition (so-called CVD synthetic dianond material). The
i nvention alsirg raepr@tvmot syrthai® GV eiampad rpateriak thatrhgsebeen gsotvodiomm s of

A

type of rarewéaBgracsy Ritheadliferdat raltdllogpasnit orizditatiorn@vitlich kih®\Whe d8irfaces
chanel eon di anond, is known, which shows changes to its absorption

char act Br i $OITESPARRIBE clér t Hifferoandgiaveis. SERIPFY. r ar Susiseesicamély \differspt e,

there are p o] r t hese
di anonds. ms@e@%p 'gn?ﬁ/e@ Ighrgeg&h?)grm ﬂalrysf‘dgﬁ%éhp& SL{ %?él gﬁgdﬁg rade
cl assi fi catimparityf arsd emygﬂnetde@damm&n@te@lcmmmsmg dhgramgrowtmsectoas .

Pi nk type N’[’a nat ural di anpnds al so form anot her i ant cl?ss of |am)nds
that exhi bi'ReEHIEUENERIR Wmférwﬁ%%a AORSOWIN: HTTEFRMN JO'RW} fesulinDm

Bnd van Royer (R aIe @bty it E?*?EF%@B‘F?%*S??% 4478 The pi nk

colour 10s a result of a broad optical absorption feature at 550 nmthat is

bl eached by_ul t Let radi h L0 th
ranaf act ur 911 CBPHE LR NG ARIRERL DL Y AFPOcR Bt YW ertfieb!

di amond matgsthal . |s' fnel éolk)GPVéﬁ' the d%Pﬁar{d‘?néibﬂﬁl‘)Pﬂoﬂ% %ds@'grBWtﬁ heeaAfdiht i on
of | ow concentrations of nitrogen to ases into the synthesis

chanber durcorwinetwdhthe ediesten cotour of lanwwtefecﬁ araduegd dutirg thenpestgiawte

G amond et spRER. T AbEEREHR 6 FRRER AN el h TR M Fp iR R haE | ©

concentipat iifowe applyiat patemar posheVE/Grawtavdntaiant e aantinttdducef he drahde
nature and concentration of the defects that are incorporated as the

mat eri al gl A torihe digmandabatesial t Bimall teveadesie ﬁ@?%t”é%of pelloynoF Bravey

d
1201 o Ol GTA B BT 30 R Oy O
may occur \smenariries artcammgjtmﬁmamvehtlons) wxlpstﬂledproearoca'ehgensmoedhemansge

I rradi ati on of di anpnd nater is known in the prior art. For exanple, EP
0615954 anfOE o dREOEEC Methier Pasi Srowh %Pagﬁ%thé% dNafgIAe donsreng al

with appel R 0 r i f ng t<h
Cr yot af0 TREAIRRE! & HRARHECBe B O o BRI 1O R e s
t enper at ur dergingter desarlved) mindrie geereftrenablarte rbasidemaldntormodﬂalt@amcnmts

it rogan acbiSaraetrorg i Tie Ay0eBSel iy ai BRa. Foh S Erhbpdinehs’
centre” or gedstdind\Hy" theMvehtisanwe! y@rtt kxﬁthdtaaﬁwmgaamm adiafhohes tHaAAbh&s

col our, such as purple or red/pink, i.e. they introduce a desired fancy
col our i nt éninifealdparmish @Ol eri€alis sibatarstlally capuiless; fsethpet iembegiments

a2 1075, esaRing I Tng Yo wer SRR Wi S > 08 G b Pol Bl L s ohe ™
el ect ron bgamed rdcﬂ@lnrat usunllyasdmief ye#ows dar prownieasi ot @xepise, tfitre doatd i ce
defects to conbine with nitrogen atons contained in the crystals. In the

prior art tEREOHBEBSIPedues at lightierapae &'@@ﬁngﬁﬁat&rﬁ'ﬁbdﬂh'ﬁb fbﬁseﬁdo‘i"sct o]
produce so e , a Q.

di anond rnatte@?j|/darlqq %e%!ureggggt g’i <atr11g é.rlllélj’l@g. eoT @ a'?mwr(?gj% ngr%#%?édg%q%é%
0615954A amdthERco®LBE85$ Ar palat ydllosy materdll ed N-V defects as identified by
significant absorptions at about 570 nm Simlarly "CVvD G own Pink

Di anond¥" by Wiyi Wang, of G A Laboratories, published 30 April 2009 on
v i 8. eddBRAAG B SR RUIGEST m%sg%s@@ﬁn@m.owm@ﬁﬁd&atﬂsrﬁ%p%ﬂa@&ﬁfés&é
where some significant anount of the nitrogen present is in the formof NV
centres whitetal ﬁqiatagl\)gawbsy)mnyemﬂrmwraﬁdr] cwfadges lait geast thagrestegarfi(ay 05 pi nk

to red col qur. ter i ke t e des ribed.in the t

bubl 1 cat | oftbm EPCORIStA TRt Eb s RaBty) chfeaPirrotin PEVIAR bifebies
by inter alia strong absorptions at about 570 nm Vé have observed t hat
sonme nitrogen doped synthetic dianond material, particularly sone nitrogen

doped synthetic dianond material when nade by chem cal vapour deposition
(CVD synt hetl c di armnd mat erl al ) aI so show changes to the| r absor pti on

T o o o o o .



can be evidenced by | ooking at absorption spectra for the grown di anond
material, and while the exact nature of all the defects in this dianond

mat eri al woeoroi9fral | y under st ood, anal ysis of these specTrER2@0ws®sSEOTe
indication of the relative proportions of different types of defect present
in the growm CVD synthetic dianond material as a result of the presence of
| ow concentrations of nitrogen during th growh process. A typical
spectrum for grown CVD synthetic dianond material grown with nitrogen added
to the synthagfigl. €T fSHMIBAtyasBAYE cantddiatidh [Q’l?Piﬁ_tgti\?JerV'%e WhinC¥ (V8] and
generated by the presence of neutral single substitutional nitrogen &“SSN)
atons in tH¥€]ldvhetend/ i theceonomidiatips rflisglajashreutralwaceseigsopsedVdds dhe

ot o LB Aoy B BB N BEESIR A1 el BeSo Bt
furthernorend $@icincediraliei® "aret Bélerinthedl Mickh NBeb@ROraHNNDT agorpesin ¢ X
| 3 has been observed, where c is a constant and | is the wavel ength. The

conbi nabi ofedtiresh®f theeabseregon sspectnsn ofnfffedkadisteyl ghinrpeat iana Fa@RpeEr
affect the { N i.Ssi ble par lectr I ¢ SPREC ich
i s general %%ggﬁél%dl d%é%@%ﬂg?covlgr'gt Hg)sg\/tbél/etelr}gﬁgt éaﬁggggﬁg@g ?lnn@ﬁ g @E—g&‘ﬁ%‘h
and are bglv‘eegﬁdesdn bme*re‘epnmgé.gl asgparirstdrentplrogmb' & dotated ymisit Ivlexr?/e&agnidsn

ni t rogen ed CVD synt hetic di anon terial. In practice it has been
found t hat %?}eempﬁ%t@r%@}o{]mmb%ue@@yiqrﬁﬂveﬂvs ta@atttvféss doe MatPeel hakseuld be
charact eri gisk6eiaheOWithl cW%féi’éctE?'BuYi‘fd’no?bglepgﬁf tthiQ_”p(fgsi@ﬁ’l?k LM S
nost easily ascertained by using the second differential o he spectrum

| t has 1Beerenimadinientsascedrd mgptoi the ispetdionathealota) éselatdd yadan oy ecomeshiratered

i nt .of i pat t d it i ful t to, t hi
doconet ruckrdrs EPRLLAhR Greon (rdersrnoc ipsiErane? 1L e Beha ™ °
from any reeAEQEatfteH tHETprdvithil HRENGHRNEtENAI OPoLEXHNBRY thd &8 ¥Blated

under st ood, conponents can nore easily be seen. For exanple, it is known to
subt ract t vacapeyxceacersmtioondl may beaidaast 8ynppret o6 alileassid9rarer pakRt f r om

any observ peat Ny © | ar |.al ed
fo”in the HasorD P arfesk 8 HASCNSERerre ipll TRWe cBiohidsd, elebhoids
out i n1ghe matekigr ed par agraphs bel ow and shown in Figure 1. For ease of
conparison the following limts are neasured fromO cm 1 on the individua
spectral conmponent, with the spectrum being made to be 0 at 800 nm 1)

Si ngl e subst i [Wely! i - Lt i efdi.ci at
270 nm t hat! 19 SR £ig HE4IBP R SPIRANGE ot HdGremer iR SR e REIE
absor pt i on vacefdiesicesatedt 72E& numbidradf igelatadiivbgancies caat demmdOnédoriyn dn and
1 cm1. 2) An absorption band centred at 3.54 eV (350 nn) 0.2 eV with a
fulT w i h U PREPS ORals R RIORFARSGPULBISP G gt DS &R0 Rathra akdlelSrimm
contribyti i 44 BU IV . - 8
o 1 ot ¢ oo gl S RO TRREHEL T ER R Ipraet L RRCR St uasRe
eV with a B0 of elppiraxiceadbljor], e aadatecravacaney cpraduckbani tatet © tehgo
absorption spect.r nerally between 0.02 cm1 and 4 cm its centre.
D A o | PRI OVER Een frrdalien deneiensymall B knpRh tndhets Sified
absorptionyg@efficient (in cm1 ) that is found to have a wavel ength
dependence of the follow ng approximate form c¢ x (wavelength, |, in nm 3
where ¢ <0.2 such that the contribution of this conponent at 5 10 nmis

Dy caPo eVl abnakncas it koo oy ik hedhi A, SPECALHIMS on
its grow hssarfiegr diemondld tohepardeporant siffedt othehi [Wh] i proclabetre folecpntirédit ed.
The first step in the spectral deconposition is the subtraction of the

spect r um ofeXgetifsatal JrragigHop reedsipr andhitigie -+ drpdinten i tyRiFaly) carjigd Huttj with
di d i d : '

feature. Tiit , SampfLiniGuftbs BHELE amBidrttbaldifiote > 20Tk, BB DY, Ayl
conmponent (empemtde asd durimgotrer irequpiaticn kiands(e.gnless éhain ek aK). 3Fowevernd

the other centred at 510 nm of the kind described ahove in nunbered .

bar agr dihs ROPIRICDIFAERAEN SRR SENB BFFEn BHRGHAGR oe SEHEN Pt ve D
in Figure brefdrably th8QUMJIE héldead %Imé%fpéMiMbs(mh%\%ﬂtérgégerﬂé%bﬁﬁ ap
spectra of CVD syhthetic dianond material grown using a range of difTerent
processes darK tbeingpadvdntededys snder sdmearcoorgiameas) $0 ¢esble bigh ddsevratesii t h
different wejghting factors, for the conponents, in different.cases. For the
our poses. oML ePOPRETISHS 18rEe e e SR tond rianighirs BTRTaHD e, he
different conponents are given in the follow ng ways. 270 nm The peak 270
nm absorption coefficient of the type Ib conmponent is nmeasured froma

sl opi ng basel i ne connecting the type Ib spectrumeither side of the 270 nm
feature that extends over the approximate range from 235 nmto 325 nm 350

—— o o o Y M A~



descriptive termcorresponding to the strength of the colour. A systemfor
quantifying colour, known as the "CIE L*a* b* col our space" or nore sinply
" Cl ELAB" ,wexnai=9mhi ch defines the saturation by a par ametr@p2knosmwsas C* .
Where the colour of a dianmond material falls within the G A scale, the
correlation between C* values and G A grades respectively is O=D, 0.5=E,
1.0=F, 1.5=G 2.0=H etc for a round bril4g ant cut (RBC) di anond and where
the saturation (C ) is determ ned fromthe absorbance spectrum neasured
al ong the Hi$ iPhdlARageons fbMEOMEHErERE réHIset EafiBRiibnCdf theddsd abphéd | n
practice, all neasurenents on the QA scale in this docunent are for an
equi val ent a@alstthe vaeandigy pradaeed don thgarastieiar provides! diggoadeoeing gsed in

ol our o of B il RSt REGAT s B hebiocts BRClest e ek ire
falls only swiieli persba’'sGedpdagib@itiet Befbe arrging bante MaBAAS theopresept our
may be outside the QA scale of Dto Z The perceived col our of an object

depends5on inveatiopamiaht GaliketioasshniaHes asp exutingniobthe prersepjskilied in iee art.
spectral power distribution of the illum nation source and the response
curves of the observer's eyes. The CIELAB chromaticity coordi nates quoted
inthis patﬁeigirgagmﬁrhmeltc}o@m bavetatmﬁand&radiatédgmm th\m;éndesﬂdé@emmr uzlv.
Usi ng a standa D65 il]um nation spectrum and standar red, green an

bl ue) respdﬂﬁ%é%?r‘(?é@n@\estt @u&&wéﬂe@ﬁ%%emes&rﬁ the d@”@‘i‘ P@é?g%'ohn W1 ey,
New Yor k- London- Sydney, 1967), CIE L*a* b* chromaticity coordinates of a

paral |l el -sided plate of dianond material have been derived fromits
t ransnil0t aflmionady tthermpragided diamond| materias mag bectionealbatingbea t8BPenmuag d

800 nmwith a d i yal . of n Sl= transpmttance at wavelength | U =
spectral poAR9e g%@??ﬁﬁﬁ 'fototjﬂﬁ%%}sltl'rm'ﬂg?ri‘ 8{$pxl = red response function
of the eye yl = green response function of the eye z|l = blue response

function of the eye X = |[SIxI LI]/YO Y =L[Slyl LI]/YO Z=1[Slzl LI]/YO
Where YO =Stegl(iiilof rmethodsegonovding, to- thesinxeniigmcagsises canngaliog Simed @oB856)

S 5 30y HA bt B Bt R RRTEERy A0 e BEPET % -
sat ur atpon paaibd-of it ¢éR (dhdure” Theretidist thaging Mskedlingtstep Maisars tref isbhese

equations nust be used outside the limts of Y'Y o, X/ Xo and Z/ Zo. The
nodi fi ed v&R§ARESS dPethg Veadiatedadiasand canteriapslepepde it svhailer hand how
Commi ssi on rpaty el ai - -] ) i 0
possi bl e tgl] é[ﬁ)g |Scide(k'?1’é(;t\c;tvé {% ﬁéejﬁgéset?’% I@E@%Eﬁ%@é% “gbgﬁno%%%ﬁgth)etﬂeg% a\l?\(/? t'\h a
gi ven absorefecs icdleé fdiamend rapteciat, uheni ihitiathh amngeakrsg tah & 09RCi 0ab0E&d fwvill

length is varied, In order t othis, the reflection |o st . first be
subtr act od 10T FEMigRsgret b SenER Heinc: sk asufh o e iR B nEind Wb
scal ed b0 Brdi iStad UocbREPN! 11P3hR LBRGL IR Nhelbibas! 8fd aFbian, liess 1S
added back omn. The absorbance spectrum can then be converted to a

t ransm t t apredaypdently mfteh thehmiaginigmdurbeleof N¥ cehtre€inBls ABrroed tithitrvacescy or

h hi ck | hi he d f the h ' d
| Font noss GRens: stac B /ol ERtekes ot bl Hoatieds 48 ot vered it etiedr ng
of how the tﬁi@'b@ﬂ’_ﬁq fHoughaperiieat the iddtrivifidh 6f ¥6MedIUNE NP a8fcRfsOPONES B Per

unit thickness will depend on the optical path |length. The C* (saturation)
nunber s cargopeentiat INMteengrgs laxei satun eut, @hyisolateduyacancesdhatBayhed

30-40 Rbcerst BoBl BRg bRl BT S EEsate AVl BRI S it to08 B °
strong 70- 86rm weicgntgchaits. dhds Aseseevacaned chbimgethatearbaveughis & ik tihat

the colour of sonme CVD synthetic dianmond material may vary across a col our
range, the OFINIRUECIBET Kytheniseatsr digpppd naterial aefasdingriarige presrntimenieser ved
col our at I L I\NG, 20 h e etbnNinat ; t

di anond nataf%irgﬁé \Il(iqhgt\rr)ghgtrﬁcﬁﬁ?a@ﬁﬁgpyﬁlfeoﬁrnéggﬁhét H@Qrd]flh%t ?@r@ﬂl@o@r gmr%d in
a control | edovided€\JD diambred nsdrialmsuichtas ionintroduce isotdtedrvagantias \biém atised
in the_aforenentiqgne rior _art, to reduce the cal our rap ver ich
Lhe d 2Rondeamtr BRItaD! B GrPered THUD [ ARETnqoa el dsnbe | Bt Meadpl i on
tends to SiBRbbhrAidEr KRlAu viicahtis fvampneheTpiiael disasndl Maferl il be
environnental conditions or Its recent thermal/illumnatign history. In
preferred deasbdnergraatenel (@30 ppsvaria (bA%h dighestthamitye ] coreentiation ime
stabilised, but q%It?sg t he areq)gui In,l britum col our t% s herei nbef or edd fi nqﬂ%can
be i mpr ove®PbyPAWTRLINGIE AME 2GRN $HRESR AT PE MATAPEEP QYET 8P d@abeVEitiAthd
mat eri al that has been subjected to the controlled irradiation treatnent is
a higher col our grade (nearer to D on the G A scale and/or has a | ower C
value), i.e. it has what is generally considered to be a nore desirable
colour (or lack of colour) than the equilibriumcolour of the same di anond

e b - - o - B - o o



observed that exposure to UV radiation for 20 mnutes results in a col our
change to a lower colour grade L (C* 4-4.49), while subsequent heating to
525C for wohowri4p®3ults in a col our change to hi gher grade/HP210/0598b- 2. 99)
, i.e. atotal colour grade difference of L to |l (i.e. 3 colour grade
difference on the G A scale, corresponding to a C* change of 1.5). Overall
we have observed that for any given CVD gynthetic dianond sanple the
overall col our grade change when exposed to radiation and then thermally
treated mayhyapymbihello HOrm NYPcérftred, a\RilbBle3to YBint gbthdtPtd forn VREACYP O
6 colour grades as neasured on the G A scale (corresponding to a C* change
of up to 00kainB, 1.5, 2, 2.5 or even up to 3). Simlarly for fancy di anond
(C*> 1 1), a change of at least 0.5, or for some enbodi nents a change of at
least 1 or 1.5 or 2, upto 4, 5 or even 6 in the value of C* may result
from exposur get® ar@oakli’adefantd ihhtRe progitisal CVDedibment. matyrial Yaid pkdvided N
colour, and the associated variation in the absorption characteristics of
the el et r dMR§ristocotsprERCOMREMNSAIRT elemand sueh @srRrAn PreseH) Hien wher i sur e
to radiati : ' - i I - i Le I L i ons.
ps wi il be breaii sty of e RRRANSAkEoBRER 13 enfon 3P TR ARE ok e 0
di anond natisolated vacarssdexifatnesd vdurimgs treciifradiatien estep Wil starspeagrbup into

el ectronic confi@gurati oné]q\gi,thi n the dianond material which give rise to
absor pt i on VaEBNS(FNFIAS iMABIeCial§Yean be associated with charge transfer

bet ween these sane defects in the crystal lattice, these charge transfer
effects nodi fying the absorption spectrum In practice it has been found

t hat exposfiny isblatdat vecameies remaiingin the @tcer typically sasuit iradlatieqyJ\gMast er
than 2.0 eV leads to.an incr”ease In. t he absorpt j.on ia t he .vszngl eg\gl)@rft of
the spect r FRPCEH s WEOIGRIX TERY S 2 MMQP FEY AirMpBd fapigEat o Taerede,for
(general |'y spafts bAIORIIMERSS thke Bbh@dHtEAtioPObObIBEAIBCcANGAS &fftet e PRehifg G A
scale if applicable, and/or higher C value). Wile this increase can Dbe
renoved by PEOGESSpiSecAroplete: igperlkatantallyereglucedpam) naaye beaminimisedndor somne

nost usual [ Ion hg di ial owl rdi ' e (e to
radi at on ARATRRS Treraher ARA Brike Sy 0¥ il seRBhlretord iy TBRRES

f1 uor egsentyacandies iighkos3 QFﬁrI, .optiohallyeas dgihafllp<ot hesreoptiorally 205 gpii ons
the dianond material is always pushed towards a state where it contains

t hose specif®f @ Ot cthReuad Hstliant Edtdisdi fic el ectronic configurations
that increase the absorption of the dianond naterial in the visible part of
the spectrum leading to | ower, generally considered | ess desirable col our
grades (ned&oemany émbbdirhent§] thesoptinrumsaraygal iits aivleethaawill produce hing heyheSt

val ues). As nentioned above we refer to this "usual" state of a di.anond
Tmtori Al | FROHOTIRD of BAGRR HaGRGE (0 oAty faTRAssis. SHER SrapRLETE S
radi at bgn, W TIEP-TA VAR i 2t 4t W tieh 2. $heV, as
the " eggi I inﬁ%{ tér?l%gt”ztae\xwg(rbrég%ﬁqtgﬁlwt@on ??%ﬂﬁlgﬁ’ﬁ?lﬁémﬁg ouiIb'of t he
di anond material in this state as the "equilibriumcolour”. Wen a dianond

of apph i catlBiRt. el R 4 {IBREBRco7 isBeRE - Bl 1AL Ao 2o gReton
cor r espondgehgeli i 26001R H cRRBRIRISHIEDT 89S BRMJEN®IGRBTH ahanEe sAUFatYhoEh

the dianond material is unstable is also undesirable for a nunber of
appl i cat i ofike orgnrge opleve seal@s avibninisriaadunieal Thengiaet & roeasre ofribe aiceney,

this, e i L evi I 0_ t i . j.er

pr oper s PR COSEaRIR e RBRioN ) 280 b0 SR e oiRehi wtrt
vari abl e cafradiatiomadrid iahyedégnidrng @B ¢theoumias baligndfcut baloadostdnepties i al .
For sone applications carrier nobility instabili tyrand, for exanple, the

rel ated i n@PaRMLONALZPHRReWNEN BeIBHPE apFRYBIEMESTRIHre [fe™AiCaDIRPLRAREY i al

may be undesi I -0 plHCcat e I -1
instabili t?a%@?bfoqt eagz%ergﬁ]prg@%rﬂt {yHel %@%gﬁlhﬂéyﬁé’%@%ﬁgﬁ%‘t ﬁyeot grrpder%y
for the eq@00irmi ufhosenskiltedoim the darheviltkaowribaimed cancstl cdncenati@spwiidnéed t he
hi ghest _absor pti on ross the col our range over ich the di anond nateri al
s inetanr 15 bB alffied fordpmondpucnighiuisrenl ParbiEngis Loreuling.e FRlStor
di anond matyes bakorsieH doBfcfdrit@l n optical applications such as Raman |asers
or as a passive optical elenent in a high power |aser operating the range
from225 nmto 1600 nmit is desirable that the absorption is mnimzed and
stable.(ii) In electronic devices nade of dianond material, a key
performance indicator is related to the carrier nobility. The nobility is
reduced in materials which contain a high concentration of ionized
(charged) inpurities through carrier scattering. Any process which can | ead
to the nunber and type of these ionized inpurities changing is undesirable
as it can lead to an unstable electronic device. (iii) Wile there are sone
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observed in dianond material is associated with the presence of defect X in
the dianondl attice, the charged defect X being associated wth a col ourl ess
state, orwetoilee@ast77nore col ourl ess state. Specifically weTEPOINOB®BE t O
cover the unknown defect(s) in nitrogen doped CVD synthetic dianond

mat eri al which take place in the charge transfer process. These defect(s)
are thought to be responsible for the vig bl e absorption features
characteri zed by one or some conbination of the 350 nm 510 nm and the Ranp
conponent s ArAatiurt@ha%eﬂeﬁt & ifrB&ialh§ BBt CVIY @rhORd F?th‘é'rl(éﬁst Y;Bﬂéélﬁp‘the
conprising: a) providing a nitrogen-containing dianond material whi'ch shows
a measur ablceladirf ofe then deateriabwill dxgs margestebld te lawstenparaiure rennealiegi @id cs

Fadi at; on’ RAPPRGeAq Tkl ety neikin 5 B8 oA BehED e R abarkd with ng
after ther ntrebtcRRCVENWigthon@ 8T s (S2S5il8atidp) effé&abidigcusked SualcslB rn;ipt iegeoh
cont ai ni ng di anond nater| al hr%scontrol led irradiation of the

ni t r ogef- c owiReHi G}y 1@|7§rﬂ)ﬁﬂd erewusional applicatiomnpetet &1424G 6@3 et?chdcefP(ect s
in the dia rmd o) r fg 264) §ion
coeffici en?érreagﬁér ng a@@ @SG$ %[Em%g%ﬁ ngj%é}c?nélﬁﬁa‘lr?g 8a H U 'bf@@%ﬁf{%at a
wavel engt h apbligatiormumbede6 (/24Y , 785, Bbofipti16hOcobkt l2009mherma$el destiggures K
of at least 0.01 cm1 and at st 0.5 cm1 at a wavel ength of 394 nm

wher eby t h&f @%'neomwaeeg{%e'n' @€8&Pd absorption characteristics of
the irradiation treated dianond material in the said first and second
states, having been exposed to the sane radiation and thernmal treatnent as
t he pradoi ddd s@'nwmrrdnodiirsemtscmr@ddingltattheémtentiohethemrsuidadl(ﬁamiohﬂenetarial in

the said ab orption charact |st|cso rovi.de nond, mat i.n the
S d Tt SBRWS O EE cierdhes Tt 18a5t ol o Grahne A PP AR o Eies
nmeasur abl e figdtffrRy SR di dlatesStrbdEHaf %t@ﬁeﬁ@aéfﬁél‘ffe& b§lineCtd iMBdiafieh %@.r@%{n
differences that can be recorded. This includes for exanple numerical

absor pt i on e0eedy Pt iaéneastod.ot & (@irieallydUMalight) andathevsecands sigse dleingyafier and

o “wi th Cndvdnip g pf L8e KBS IR M ineSr B PN St gBaiEG, Y he
CVD di aponaf maétebbelacadidiny tdnaye rmtentucn Mheachare inheoloek Badirgfore bR 0eNt S
of the invention. Provi dlrgg a CVD di anmpnd material nay nean grow ng the CVD

di amond mateiwesn thﬁd'ﬁﬁlﬁ) Wﬁtef'a‘rﬁhh‘e ffréta'e&ﬁﬂ?ﬂ’@ stgngese@trp%c%g BY@ ledsh CvD
d| anond nma i a B [ nt of
it o o Juis SolofP Al Aler R Phidthes BFRARRP oIS PG
mat eri al s@gtionady paftetuthe maehamlonm)tdtanrhealtng) staps alf soethbdsraccordifg ¢ ¢t
neasured at 77 K o | east 01 c and at npbst. 1. cm 1 at a vel engt h
of 741 nm "MRDtEN; ;h%ﬁh%‘tﬂs%frb& &%tﬁ% @meﬂ‘éﬁt‘aﬁ%a I & %ﬁ' % shanff s§eoNEast
0.01 chpl apg s F@%gtthahfi’ cml at a wavel ength of 394 nm W have observed
that for the 8| anond materials of interest to the present specification
exposure to radiation changes at | east one of the absorption

characteri tlcs of, t.he dla the i ncreasi

ber 0d o . 185, S TEDEE SRR R oo It Tt FEadiadE el i
period _Of %6W%GH0W@1&' ifes @lsd/\@h\ﬂbaéé‘d ﬂtat'tﬂéﬁé htd}gb@fsbme)évew@ Semends
on the |nten5|tE/ of the radiation and Tts energ? Preferably, in order to
make wort hv\nﬁacula e rapar aRRERIINGF PWicerses Tontexemile the cannealing Sie oal start

i 1 Sans R IbyAdeNE sied BShRls Y BRANBORebtaes B PephfReban” '

charact er i sindatapedffinigh] ot gubstantiallyFbe saaephe. for a di anond nateri al
whose colour is one on the G A scale, the period of exposure is preferably

until the dianmond nmaterial shows no further change in colour grade on the
G A scal e, a t e u h nQ . fur r
change in ja@gcla‘rﬁifogﬂhﬁalﬁtéfﬂ Sggrtrleﬁ X)lsé?anoaéiﬁ r‘ﬁ@n@aéﬁﬁg%rﬁtrg %\ggrl %H %{é&?
exposure i stpospleeradrnunderivactive. drareahidg isitypicadly cahied ostditst B0 mdary no
further change in its C* value, e.g. such that sequential neasurenents on
the di dflond material show a C* change of less than 0.5, preferably |ess
than 0.4, mpiepRsghelihiioh ek E)Ptﬁfblé% the ARMANEMANETA WRATVRr 3ndde Byla
Sequentlal nmeasur enent s nay aken, for exanple, every hour, or every

m nut es, ometed\accoxsimg tmth@sfjrsbasrmﬁepf/tha inverti@r. every 30 seconds. In use,
the di amond materi al may be exposed to radiation with an energy | ess than
5.5 eV, e.g. less than 4.5 eV or less than 3.5 eV or even less than 2.5 eV,
and for sone dianond materials this | ower wavel ength exposure will also
cause changes to its absorption characteristics, which it is desirable to
stabilise. Such dianond material would al so show changes to its absorption
charact er| stl cs when exposed to rad| at| on. haV| ng an energy great er than 5 5
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even less than 0.2 or 0.1 . As before, sequential neasurenents may be
taken, for exanple, every hour, or every 30 mnutes, or every 10 m nutes,
or every wooommngties, or every mnute or every 30 secon@#sT/HPR010SH69081 he

di anond material may be exposed to el evated tenperatures for various

| engths of tinme, and these el evated tenperatures may be |ess than 525C, but
nonet hel ess result in absorption charactgyistic changes to the di anond
material. For exanpl e exposure to elevated tenperatures of at |east 1500C,
at | east 2Q08&orRf adpes bf #elresaht ihgastiorBfidestd CAID LRASSndtRRteriwHIG | 0ds
of 30 mnutes, 1 hour, 5 hours, 10 hours or 24 hours, or even a week may
resul t, fowhsenie the deromaf adk2caedt rbeiscgradgd Janey erangBsor pt i on
characteristics, which it is desirable to stabilise. Such dianond materi al
woul d al so show changes to its absorption characteristics when thermally

treated at THeS@mMRoGRFARGE bemgef diahemaematisansiined 82%rmendetities i n

this specification to enconpass the broadest scope of synthetic dianond

materi aP t Mavesh6lRas Radgdisting eresgea oyt (Chamend asedieni ABCcEheuManuskpd ed
to el evate ead N i fo @ iRt ehiditidres 2909 hibit a
change in géetr%g%ga@%ﬁlﬁ%%ggf '3? P@n&cog?%c%?%g@& i C \A}H(serfi exp\gggggtf)?j'r adi ation
of energy of at least 5.5 eV and a thermal treatnent at 525C, then it is
di anond material which uld benefit fromcontroll i rradi ation according
to the met %H"Bi appeCti ?f\\,/\%ﬁt PESENRYMENEIPN i R{OYIEEeS & M”Hﬁ'@r“&@%%%@gd to
such hi gh t£4m r } (Yo H’B&f [l &nt' G ai &t f
such high energg&wpﬁﬁsgnhol{eo 'h$|lg9hJﬁ%err9§ §06d999\g§6{ ﬁe I u?x%lé(?rgt(?.gnésli%g%hcp

r educed0t hdrilient &udrfdey diamomed absorption characteristic of the di anond
material in its first and second states (e.g. stabilises the colour), but
it is thought that it may be because the controlled irradiation introduces
speci fic defRchércelVed ¢éd6urdbBRY PaptictSEidndrf stoh8 JdPerdsasH tHas size and

al ternative donors/acceptors for electrons/holes (alternative to the X

def ects) swbtefthendiepnandci TleerefigreUwheselreferenceds given tatheyhue eagledwhieter eby

ranster  Selories PRahL ofla by, s5RRE LRINEATR R B\ hENE R s
prior #e itasstah@atdtsie, byusIRN0.6otdrat drid adtaid=ra . cubcesuallynrouh@ brilant cut

i nvention the provided nitrogen-containing dianond naterial shows a
neasur abl e (@ften Kpaweas RB&ton s diaspendstones Rersynpgiven didrapae sianestecs in

first and r ik : QL

di anond m?%@?gﬂr \/\m% ‘(izlﬁﬂsma@m(g%t a?%’>rér)1re5%%¢0:18f|l@sg%tgfrre%lrﬁ/egftﬂgyg%m%&é?miaFreeans
at | east S5%adatlepo edprsilthe caloul emtitat 3Gtherslamdet gizeebad @ot.y Therdfers thd5%
of the whole vglunme of the dignmond material. Defects can be jntroduced by
any. neans RAMOPSAPTENT REMSHAIREE: B oo Hod Aeepig & e 9hEsHRa &8 0 ¢ hi n
the di Q@”%Jeﬁ‘ﬂibhcrﬁaé ﬂ%‘?/%eaﬁgk‘slz'eeélr Elﬁ‘t e c%fdu%drbn%?e@v\ﬁﬁ&eogpé’ciﬁéﬂ'Qﬁ‘é of
different routes to achieve this. The npbst co nroute Is to use one or
sone conbi radiusted td tredsecior ansequiealenomatenal gianmrangstarenef stehdeedt 615ecanat a
preferred nethod according to . the jnvention the coptrolled irradiation is
b ovi ded. by e gt huad bt h &N Rt e PerdSar 8 e atHns. when
energy is inparted to the dianond lattice there are four possible outcones.

Firstly the lattice may be undamaged and the energy transferred dissipated
in the formrapodimsigh®ih.thecoventian nay aederone @n make i9é thenfotewingl golour

froe 1 Pom e bareR oL ST cBRTRIe RS R RIS BiisRE G FREC) oA st ™™ "

carbon at omamky1be displaced to a newinterstitial site thus creating a
vacancy. This vacancy-interstitial pair is knowmn as a Frenkel defect.

Fourthly, a carbon atom may receive enough energy tao be noved out of its
| attice positi pBharartislick ot her car bon| Reoge out of their lattice
posi tions, proggcing_acascade—of daragpsztesgiting—tnrurerous

interstitials & He\é@g%gi es. Neutral vag %c’?gs are referred to in thg field
as VO and negatively charged vacanci es pgpfibnally®grargsewhi ch affect the
type, concentration and depth of danage|include (a) the
irradiation/inplantation dose whi ch has| @pt@nairAR’i-d¥act on the densifty of
def ects produc (h)y—t i

el —t e danmagrngpart tg%s—eﬂergy—mhrth—affetts—t+e
dept h of damag 33%59%%%& there is po %t cg‘)amage or extended cascade

damage, (c) the type of sanple, for exan@ﬂ)ﬁbﬁduﬁ Japmge production ratle in
type Ib dianondmaterial is ~7x tinmes hilgher than for type Na dianon
material, (d) the tenperature at which irradiation is carried out, this

i npacting both the type of defects forned (e.g. if the sanple tenperature
exceeds 500 K) and the concentration of defects. The irradiation process
itself can lead to in-situ annealing processes if the sanple tenperature is

L, o I 1 .
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ppb and not nore than 0.2 ppm Concentrations of vacancies in ppmare
calculated in a known standard nmanner by integrating the area of peaks from
t he absorwOi2or/mpeEet rum of the di anond material, and usipaog/Eradiosteed
coefficients for conparison to cal cul ate concentration. The coefficients
that are used for the cal culations of concentrations of vacancies in the
present specification are those set out 499y G Davies in Physica B, 273- 274
(1999), 15-23, as detailed in Table A below. Table AIn Table A, "A" is the
integrated absprption (meV cm I ) Th Theogedyphongy 1 ne of the
transition, neasured at 77 K, with the absorption coefficient in cm1 and
t he phot on ener bighimessdy. The concentrafPém of the defect is incm 3 A
preferred irradi ati on dose of electrons|corre og:‘%s to an el ectron fljuence
of at least 1 X 1015 el ectrons/cm 2, and?B‘i’O’Iﬂ?&? ably of at mpst 2 X 1017
el ectrons/cm 2| norepreferably to an el pghtighalll/|=gce of at least 5 x 1015
and/ or preferably of at nost 4 x 1016 e]ectronsS/cm 2 (where "el ectrons/cm
2" is sonetinmegs abbreviated to "e7cnR")| One skilled in the art wll
realize that the—reguiredmnmmand—Treximumdose—-wiH—depend—on—the
starting characterjstics of. the dia terial. By sinple way of , .
st ot AfAEel ah i Susiion Sahioh MR e em As-SEiT rase SietRiang
may need aHiGRhES hdaSR rdatheht SEYTIRuUStha! AeNBtr8dLCNEHuHR RNl HRA:

Typically a 4.5 MeV el ectron beam can be used to provide the irradiation.
It may provingseandude entallibuttrheasuiable featiresin abswotiamoe Py, when nreasuredray

be appl Led { riod of 10 _seconds to Qur . q. out 2 mhnutes.
ne an ehamitd 7R BB Boe srpBRR Baplet 4 2 LM 7 o A2l Go RO e or
m nutes prevapes eahdpssd.of 3.2 x 1016 electrons/cm 2. It is preferred that
the electrons are sufficiently energetic to inpart a substantially uniform

di stribution of damage through the thickness of the dianond nmaterial. All
doses/ ener dihescejaot of the inradistesihand fanrnealeshd@mneonshsad aen quanifigsy esanweli on,

par t1 cul ar 5 AtnEE Tnaliohe B8 8 JoBEnERlT et st thana ThE S%e (i e
for irnedi @lEon tepactheyraatiély desordnatbectin oridrhosices | Besdrifeer all YWQn t he

range 10 seconds to 10 hours, nore generally in the range 10 seconds to 2
or 3 hour s.200r022824diha polire: disalorera ohwhioheisdaeerpetrted heseindy refaransst e

o & oL AR BBHER A BAN'Y SLeOUl 2 Wralt aNB%he HAPSRIENS fnd¥strad” o
aEsor pt Lop_f@mtmgeﬂiiii\ﬁé iagaxieftovvbﬁdst ﬂheqidcm'ttivg?i hs*r?da';.afl'e@ adﬁl?mmlgifenﬁtﬁeeétef in
t he sal 1 rst n secon st S 1S, r uce relative to t at** t he

brovi ded ditba0" ARaderainam ] Bomliesiting vererdal duadeat ot BeesObgrafte fet hod

of L he 15nvamkiRRemdel deScriiRg (Bldur 19a8 ieHghthebdBhd ' RutH diiRBld Bx e
absorption characteristics Teading to variation in colour in the first and
second st atlles sawratgmuced by the controlled irradiation treatnent. O her
features of the absorption spectrum e.g. the absorption coefficient at 741
nmor 394 nmwoul d be expected to rise due to the irradiation. In preferred
embodi ment sTrRCeaFEEIRE cBlduRcof BM Sotjb&N dEpendd R RFO tRINSATIttSMRFABSEFbahcd he
provi ded dianond material in one or both of its first and second states has
(a) an absépptirom ellef okjpehithespactralepewendistriputionnf thedlluminatinn sowecer

(2) " an®Bbs IRt B apBrP GLEVE bf Tt CbadiePs oB% iec e T i B RERE "™

measur abl e cdbfdiﬂét_@@c@n'd rth_éhﬂo@bﬁ@é I@tnigm)@u@t@dlhéréiﬁtﬁeﬁ/_% l@éémaeﬂvwiirﬁiﬂ%
dianbnd material inits first and second states is a difference in the

absor pt i on Wef¢scEibeatbaleworlésing apendaid BED imnaton speativinsand staggdard 0. 15
cm1l; and (jd4 r ol j I Ak reat : e sai d
i er once (56 SEtel” P B0l eSPohsd BEhRL It e8I (T TruSiaehL pREE°S, Sl
states at QobnorWiey,h NEw3S¥WorkiamdbrbE9dney,by1967) e@lE QL &%*cneHtpomaticity
preferably by at least 0.1 1, preferahly at least 0.15 ¢cm 1 . Thus_ in

t hese 8%ocﬁpﬁﬁfﬂﬁ‘%teér% Pseak %ﬁ'ﬂ@ﬁeﬂ‘?%@ t%é%@oﬁﬁ‘(‘? RELLEEFVRY IR E&in be
used as the 4R d QpdelGiTLRd e GRlRibhsAbaPbbloRAt bothearhB8YSHn bind he
controlled rirrggt:t%ﬁ on.p I'n ot Her genbog‘iérrentg Igccor:?i ng to the i nvent?{%n,

t he measur &00enrdiwWithea dateintervabhe® absor pti on characteristics of the provided
di amond material inits first and second states is a difference in the

col our grade saturation value C+ of the provided diamond material in its
first and secofhengniessegf wavelesgil 10.5, and in sone cases may be up to 1,
1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 7 or 8 C* is dependent on the size and
geonetry of the dianond material since it depends on the path I ength

t hrough the dianond material. Where C* values are given in the present
specification they are based on a size and geonetry for a diamond nateri al
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Thus in these enbodi nents optical analysis of the colour and grading on the
G A scale is used as the neasure to determ ne the colour stabilisation

achi eved w9 20toei4gnt rol | ed irradi ati on. Preferably the ecirapeoigossel on t he
G A scale of the irradiated dianond material in its equilibriumcondition
(as hereinbefore defined) is the same col our grade or higher (i.e. nearer
to D) than the col our grade of the proviged dianond material inits

equi li brium condition, higher grades generally being considered preferable
for nost appki itr‘él"éow%f‘?‘%triﬂd?iohbﬁ%ﬁe fRsfsatdie controlled irradiation can
be seen not only to stabilise the col our against changes due to exposure to
radi ati on and tsn‘geraturfe, Put ﬁl so to inprove the absolute col our of the
di amond nmateri™gP FeSRRNSE Yhglian ghiei ®¥%ht difference to the prior art, with
irradiation resulting in a higher colour grade (lower C* ) in the

equi | i bri uw eqrden iresponse faddiian oitheeyehe col our stabilisation effect. In
contrast in the prior art irradiation (which is not inthe limted

control | ed Zrarngs r&dpdnBe fERGRMNGT thB\s@t i on) results in nore col our (higher
C- ) . Mre preferably the colour grade of the irradi ated di anond nmateri al
inits gqui libriumcondition is at |east one, preferably at |east two, or
even at“least 3 or 4 grades higher than that of the provided di anond
material in its equilibriumcondition. This preferred col our inprovenent
achi eved by Fend8i %tlidhYmay al so be defined in terns of the change in C*
val ue of the dianond material. The preferred col our inprovenent achieved by
i rradiatiory £, (8 weL,0f Yphe C* value of the irradiated dianond material in
its equilibriumcondition (adjusted to be that of an equivalent 0.5 ct RBC
stone) is the , preferably at least 0.5, 1, 1.5 or even 2 | ower

t han the Cz]vaz%igf%iq ﬁgo provi ded di anond material in its equilibrium
condi tion. V&a rpr\?fgr ed nmet hods according to our invention the irradiated
di anond mat'én¢& Yha Aé[l?*il-zélbsorption coefficient at 570 nmthat is |less than
0.04 cm 1. Preferably the irradi ated dianond material has an absorption
coeffidPent at 570 nmthat is less than 0.02 cm 1, nore preferably |ess
than 0.01 cm 1, especially preferably less than 0.05 cm 1. In general
measur abl e LFevel & (WY )i0i-st6 FrLighteess a ar ¢fonfy/Yhe MO0&S56)f 0.05 cm 1, so it
is difficult to neasure peak absorption coefficients that are | ess than

0.05 cm 1. gFheshonk/gsor- w\p(ﬂ "goef fi ci enffrix/%J 8 ODBSHEW/¥EBAR0bER46)t he
irradi ated di anond ma erﬁal aQs;I no, or Iit(n‘itedgnunbers of Nl\éz/ def ects,) as

di stingui shed 3P t referre erey e which irradiates
and anneal rs?) di%%mmt er(lzgo)?ﬁ) introducgfoté%/% %ﬁé(?lﬁﬁmch has significant
nunber s ofré\l\/_ QE%_Ct*Q 12Met htod .according to the invention find particul ar
appl i cation” whet e ttﬁe) ni't?%éf '%%ncentration in the dianond material is
such that there is a neasurable difference in the absorption spectra of the
provi déd difamtictaat(er { af) apbe@ng\¢ exposure and thermal treatnent, that is
in situations where there is typically a colour change to stabilise. In
practice this is found for dianond sanpl es which contain SSN concentrations

0.01 : bl v >0. f bl 0. 05 : f er.ahl 8
oo pr or e BeTEE SR IoRD:aT nBReiaabiRfost Must e sRePartsidR Fisgiggs o T
pr ef er abl y Xz, 38d M PTRESHEMII¥I ¥BrAShPBARE Gieh & @Qb&hﬁ@alﬁ%p@ﬂ'ﬁr@%ﬁf@f Bl y
>0.8 ppm pr e? erably > 1 ppm preferabl preferably >2.0 ppm
A

> 1.5 ppm
pr ef er abl y ts& Conypigsiopy leter amryelem.ed’ﬁpﬁréirageé@@%ﬁmqtrw.%%)pm preferably
>8.0 pag} preferably >10 ppm or preferably >20 ppm Methods according to
the invention are preferably applied to dianond material not dom nated by
hi gh SSN. Thig stehdadstoapiet pr engr iebtyoraipltes dnt ® giapiwitisaweomesEdNding to
concentrations <150 ppm preferably <100 ppm preferably <75 ppm
pref er abl y R&0X Fid aﬂdrs%c&ﬂir%@@(étngoﬁo tthe pradent Poalivat 2ormngk Svi rddes
di amond malgtigholliElhdiifeRoRROEM | BloREFSSHEAN 16 RGB! REEANRS ot Ne
foll ow ng characteristics: These characteristics are an indication tha
cont rol | ed andr btlivatuesn cofrespendl iraspecdivebt & igreen eenchéies woefponentescThded
with reference to th thod according to the first aspect of the
vent 26 DRSUVERUARTANBS 116 AEoRN B e S uas G J9ry SAWoBYOE t he
characteri g J i ' ra8layigthe di anond
materi al | S%tr%ﬁ%ﬁfﬁggp@%g%bg%ggﬁ%@f@g?ﬁBgrt@éf)g}régaqu?ﬁ@ tggrﬁllﬁﬁe@i ¢ di anond
material is CVD dianond material and has an absorption spectrumw th the
foll ow ng additional characteristics (i) and (ii) one or nore of Preferably
the CVD synthetic dianond naterial has any two, or nore preferably all
three, of the characteristics set out in (ii) above. Preferred val ues of
t he absorption characteristics are shown in the table bel ow Preferred
di anond materials according to the invention may have one or nore of the
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material according to Exanple 1 after exposure to ultraviolet radiation and
thermal treatnent at 525C after an electron irradi ati on dose according to a
met hod ofwohelmpiewent i nvention (curve B) and in the asPgmrmroipnsasted
state (curve A). Figure 3 shows an absorption spectrum neasured at 77 K,
of the grown CVD synthetic dianond nmaterial of Exanple 1 after controlled
irradiation treatnment; Figure 4 shows a fgppom tenperature absorption
spectrum for a CVD synthetic di anond sanpl e according to Exanple 3, as
grown (cur v iAposaible o UreRifd 0RO EtHeC driye Bbrdinsteal bedidrendalith r£ajivant
(curve C), but prior to the controlled irradiation treatnment of the nmethod
of the presbsorgtienaasiientmpgsiramswitlehangeras ihewmnticehpathdengtd iaveoept ion

di ff f thet [ . teri.al di I

2 and 5. adiigels 89 Eou IRy O oS ER FB SR RE B LT alesBrgr™ ©
function ofapgerrineREJectiraAt UTike abs@bahbe isilent scardd®N4ldw fond dieferermpasur ed
after UV exposure. Figures 6a and 6b are optical m crographs show ng exanpl e

2 af t er 5t héengih andelendhe refiection logaiiaerddad bask Qi e The apserhanseyspectiyin es
6¢c and 6d i i WM tar - nent
ond v oxp g2l B8h S Lo E1A0I BNTa e, SERERLM it §lustCld Berie 3%
measur ed atCIEAL"E*h'ocomemapdsfor the bewithickmebay én lieeway theddedetdienct lof the

di fferent doses. Exﬁ?ngl e ﬁ A CVD di am),ndI %ri al sanpl e vvasée(gJown, on an
HPHT subst e SARIratR RAANIGNIMRSSPN PRHCRIPAARY B0 oS P8 medeliqd (Q,8IVEcADw.
HPHT di anon ; j f ; [ j

synt hetic (# g%{)@%%@?ﬁi@w E@%ﬁgurﬁ%{/é%ﬁdgﬁﬁ\@b %e?sgl?écggﬁ\ﬁ{%f%egedp ﬁ{ o]
subst r 40 es ungdhickhess wil depend aetheubptioal peth léeftict s such that the density
of defects is below 5 x 103 /m®2, and generally is below 102 /m®. Poli shed
HPHT plates 3.6 mmx 3.6 mmlaterally by 500 mmthick, with all faces

substanti al kytHel@fhtnesl 15aNs Bee tikHanAicrP 88 HECIE R*48*SIbnosphRs ke
root mean square roughness) of less than 1 nmon the surfaces where

honoepi t axirpodaahtonddarsiand the waysinoskighdne lightngre apdsadyratien eampastiel on

enctor . ByPbnPalhdd pIaHERd By B ML BBt BETRH RN 100y
faces apd @repertiaseTHehmletritry desaidedom thBiebyding papad@ph@pnélBo Bergssd 1)
The CVD synthetic dianond reactor was pre-fitted with point of use

purifiers, ©eBi@sigighawi feenkiGnHoordineiesi Randiaginsi th A tgiven naksarpioyas
t t - i i tch f d
nsi g 507 4GPs0kH sBEBruR ddiena bt e bBRUIBAPLAGEE. L0 Na) bf ' oo Art ko

and a substrate tenperature of 7600C. 3) This noved wi thout interruption
into a hydrpgeD Eatlratibh PnimberstmyBe dafidédmtéBafuration fgeasofi100®r udits Thi s
noved into the growh process, at a suitable pressure, by the addition of

t he caPBon aHGASIONENAe36riptiva maas balew dopant gases. In this instance was
CH4Afl ow ng at 165 seemand 0.7 ppm N2 was present in the process gas m X.
The tenperature at this stage was 875C. 5) On conpletion of the growth
period, thé®-t@bstratevesks renoved fromthe reactor and the CVD synthetic

di anond | ayer_renoved fromthe substrate by |aser sawi nhg and nechani cal

pol i shi ng t@(‘:@éﬁi ques WERKQOgRERIR CVD synthetic diamond material is the
"provided digagpnd natgsdshte defined by the clains of the present
specification. The room tenperature absorption spectrum of the grown sanple
was théh ne@s4l ed usinmederafestkomg El ner Lanbda 19 spectrophotoneter. The
recor ded Sy c@(um i ssfhown as trace A on Figure 2a. The sanpl e was
subsequent | 3) posed '8"90 minutes WV radiation froma deuterium| anp
source set spte@30 MAsBAgARnYsiBAgt he room tenperature absorption spectrum
was then re-nmeasured. Thé deuterium | anp source was an EEO pic | anmp source,
cat al ogue ®OBRr 37- ¥eORstrergi al nunber 246/031 . The re-measured room

t enper at ur rpti t is trace B on Figure 2a. The sanpl e was

t hen renovgg?@%mthg/gg\gg%&r%%eﬁger and heated in an Elite Thermal System
tube fgonace at 798 K for 1 hour in the dark under vacuum and the room
tenperature optical absorption spectrumwas retaken. This is shown as trace
C on Fi gur eipdarly thek T numpsesseean pe Shivigedyup dntodighfnasstraegepagfelityshowed
typical CVD characteristic features at 350 nmand 510 nmas well as a broad
band at 270 nm the latter being associated with single substitutional

ni trogen. TBAtSabsor ptveonvenyeddrkci ents at each of these wavel engths, as
measured fromthe spectra, are shown in Table 1 below. Table 1 From
nmeasurenents taken fromthe 270 nm peak the sanple was found to have
nomnally 0.1 ppmneutral single substitution nitrogen.Cl ELAB C* val ues for
the as grown (or "provided") CVD synthetic dianmond material, the UV exposed
di anond material, and the thermally treated di anond material were derived
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basel i ne subtracted before the peaks areas were integrated. These upper
limts are shown in Table 3. As is known, it is usual to carry out this
anal ysi s wb 2dmi@gt77concentrati ons associ ated w th vacanegTardo10/059081

ni trogen-vacancy defects at | ow tenperatures, e.g. 77 K, since at higher
tenperatures the peak in the absorption spectrumthat is associated with
them defect is snoothed and therefore | egs visible. Table 3 The sanpl e was

t hen exposed to daylight for six hours. Daylight exposes the dianond
material toscpsli ati oyey fhrkan energy greater than 2.0 eV. The absorption
spectrum was re-neasured and was characterized by a C* value of 3.50 with
an equi val @939 A coldetk grade of K. Further exposure to daylight was shown
not to signjfjgcantly e properties of the dianond. After a second W
t r eat ment ?’pﬁ##ar torﬁ%%u%ﬁ%% t he absorption spectrumreturned to that
shown in Figus 2a (ewsdiemB). The spectrum was re-neasured after a period
of 24 hours and did not change fromthat shown in Figure 2a (curve B).

Fol | owi Ag #9&%ond t hiEht@ediueat ment at 798 K the spectrum was re-neasured
and found te® ident”'gﬁgl to that in Figure 2a (curve C). This cycling

bet ween the extrene col our grades follow ng thermal treatnment/UV radiation
procedure Was85 epeat edry ligrete further tines. Each tinme the absorption
properties were characterized by the same characteristics as the first
time. This el cates V?%Ye'éﬁ@mafter repeated cycling of UV exposure and
thermally treating the sanple's absorption properties in each state are
consistent but that they are not stable. The sanple, uncoated, un-nounted
and cl éan, Thase ahefous naisectaddurt tonas defined bl dle ifolloadhg combinativas mént

accordi ng lt{}gk}} he rret?ﬁo?g of. the invention. To do this the sanple was treated
using 4.5 &S ANAGHUUR: hbeam current of 20 mA for 2 m nutes,
corresponding to an approxi mate dose of 3.2 x 1016 el ectrons/cm 2.

Following this treatment the UV/ Visible spectra of the sanple in the
i rradi at ed Brighity Light and Bigbssaduretion extbededright andJow safueatioon and aft er

subsequent heati 0 o] h : B val ues were
derived fr%ﬁ%ﬂ%ﬁ%@?@%gé%ggﬁ{]ab@hgg@éﬁq@%&g@lr@aqaﬁés are shown in
Table 451 : Table 4.1 Conparing the data in Table 2 and Table 4, it is clear
that the inpact of the electron irradiation has led to a significant
reduct i on ilhet Reefered AuepAangle. tael sanpl.eCs aisksbr eiuns pravis & e9ariFabe ed
with the pres ml I ; I i i nge
of ' absor pt I BLpu e SORME i C AR oL PITRIC VD TR RSB b Bk bfRse?

i rradi at i ormvdntiosond hgaetcololir phapesfies tara nadvantadesmrspbecausmtheyngiveasies  but

the difference i s reduced anld t he col our incL?rms of C- and GAis roved
because of GHBORY A" BFANGS 6P'OPHANE peRN r’ﬁnﬂlsq Qra%ﬁ”@”lﬁrﬁakﬂlérﬁ?éﬁélﬁ%h S

absor ppbhon h&d ; r i LAt 4 shown. Wen t hese
are co?r%ar ggﬁﬁt{)ﬂﬁ% ﬁigi@?‘? a r{‘@r%k?%&éﬁ}}a%&&?@%ﬁé?rﬁﬂgﬁ!tbﬁe di fference

bet ween absorption coefficients neasured after UV exposure and heat
treatnment reduces after irradiation.as follows:, at 3 nmfrom0, 25 cm1
Lo 0. 13 o " 1 SateleR HeeKo i s ftod HERoTPIH peak DD oW IS can
be seen frepetificatichael $ehstired hgsihgsH! UVNiBiblgbaissofptioraNshetahe df tat
the difference in absorption coefficrent after exposure to ultraviolet

radi ati on &yathetied\élsianoend snatpealtaken pbearete@mperatei@iced by the step of
appl yi ?g a controlled irradiation to thedi anond material. This reduction is
simlarTy illustrated in Figure 2b which is an absorption difference

spect r um whaliclopt inspdératurdiddsergtionespattahaeatistadhe@n aees toldcsed usingany

gi ven wavel en%;tgh cal cul ated by subtracting the absorption coefficient after

ther mal tr &8rBrEIMerdATRda-8sergationmetene s fefiesHen Q3sesPesiitg yas epaled
radi ation. i t L I L Um
for the i e tbdifiedofiubin® MapR U NG RERGEETS |S?$'éﬁ§tf‘?£@t%n'e%ﬂt@?ﬁ‘gﬁnd
curve A shives fona phatielsided pthtef eFrenpedraxige tindew whstdetermsingd @esoiny taled
dianond material. In.a kpno manne scribed earlier, / yi si bl e
Cpoctr i wEsterRopRich (o PRYS K 181 1BRIT: S35 SbaN cincSSiseuet relaslion dars

def ect CconeRRUEAL NS i ShifdardErean®! Squalidh. IPRCLITIERLGS ISRC¥HebtR R WA © 3
and shows thalt fan a diPt{élon tg@ngrﬁ%n%‘ql{ahe sanpl e’ s é%sorptlgﬂg% stability,
a nunber ofsubtractedeforx thepmnezasuredvsaasorizaneec Hateaandrars tabsogdtianh eoeffieent on
irradiation treatnment. Specifically these include the vacancy rel ated
absorptions at 394 nm (ND1) and 741 nm (CGR1 ) corresponding to the negative
and neutral charge states respectively of the single vacancy in dianond
material. Fromthese absorptions the concentration of characteristic
irradi ati on damage defects was derived and these are shown in Table 5.
These derivation techniques are known in the art and described for exanple
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illumnation (40 m nutes duration) with those val ues neasured after heating
(to 798 K). More positive values indicate a feature has increased in

st r engt h wbtero/i4bi7am nati on, and nore negative val ues i rdirERb@otobasl it has

i ncreased after heating. Fromthese the changes in absorption coefficient
at 270 nm 350 nm and 510 nm after the UV exposure/thermal treatnment are
evident. In Figure 5, the "sanple 1" curpe corresponds to Exanple 2, and
the "sanple 2" curve corresponds to Exanple 3. Optical mcrographs were
taken of BéégéﬂerZT@”ﬁweaéng@% dr8atEbi oS tHRA réd\dtify - specURe GRosIrpten t he
exanple after heating to 798 K, Figure 6b shows the exanple follow ng 40

m nut es of coefficiantdleea were abiftedisorthatalgsarptiar ceabiwicnEx@smeaso at 800@m.heat i ng
to 823 K and Figure 6d shows exanple 3 followi ng 40 m nutes of ultraviolet
irradiation. Al mcrographs were taken at roomtenperature using a

transm ssi @oriveptraieRPh phogivémen e prBeAPBpetificatRih e 115 afffdréat défdcts,
exposure tends to intensify the colour of the sanples, whereas thernal
treat meht ANMAd ansl BE- Hben et §alewataghinod knemvn ﬁt@ngafdprr@@.ner Yt iRtegrating

speci ficati } j rey. -

col our s ar opLes of pERP BRI R IRYT Sp B ETIAg Berh nd Bty Gl
6¢c) and dar liquidwitrogery tarepéchiure€andsusihg publisidveneffitisrts fbo tompacikore s
equal to the dﬁth of a 0.5 ct round brilliant cuyt one) val U@ ,vve[e

cal cul at ed IR HEORBYFHANon f&cppuw@%m& % Fi'\ézr%e reSorant aispides and
are shown i ' apgl LK thd: AT ws a
cl ear chané’gclgﬁa%s’ t&/{e]%? egy(ygglg%l d?(a)ﬁt g\rqglglﬁ]bgﬁlﬁt ea? n@l }f’ylhgtlﬁ%gﬁlgl . I%?%&‘Iparl y
t o Exarf)l e td coot theesanmplaadsinbaat thed tampergiticoshapausaksatcodlidhendepd@d edl y

dri bet t ! uv |t t
et 1 it el BREBTADE KSR 2G5 gl 7 PHST A8 044 MEREs 3Peh AT RYEISM our
experi ment v efidl N/ Okt icBpéctively.] ThelcheHRibritdathat haredi@BBNEr the

materials of Exanples 2 and 3 when electron irradiated to a total dose of 4
x 10 16 cmcalawsatienss phicamcensaiions eisNVo centies f and Bselaface vacancies nesgt in

a reduction_j he ch e in C: of I rial r in
Chei r 1 oPeritegeiaePn, e it SPE <tk Woor CRUES B RoVREH: B avr e
that thg C{19@dyes5cimpgeaidiidd v Tagle mewsecond state woul d reduce by
about 0.5 after the irradiation. Exanples 4-7 Four nore CVD synthetic

di anond sanples with the sane nitrogen content as Exanple 1, and grown and
Fadi at i on/ CRBISRI treatment in (he came manner as for Example L. in order
to ascertain the repeatability of the method of the invention. In all four
exanpl es, t{he pefeet/Napepde was agal n(fah@mmhgn@ma@é)by 3-4 col our drades
{reat mont - Traee e Syt et o e ook irent 1y T act r on

i rradi at edH ne\?ﬁéégg.]re rRRner—as theAgg.h:E (Ef%owfﬁfnl(?ab T-The resttts after
el ectron i Hagratonr—are—surrarzed ﬁHV@'a“fé%SOE%géHp*wmn\“ es—and—c4gl our
grades are dp:N\‘Z?nd fromthe nmeasur pdAﬁhQﬁK?w-Ai%Q-séﬁlr'lr\q:ar&v ording td the
met hod descri bed above. Table 8 Fromtable 8 it can be seen that

irradighio i he I at.l het - w
exposurl and RS 2 oo df Siketted 2bgbuah (RRLCTS i e S8 BT M BF
scal e), cothesmposiliong Measarehang? Knwith thé dosesptidmacodifiienimecexaamd ése
therefore show stabilisation_of colour after irradiation simlar to that

i || ust rat e®PHN exeIFYIIR MeV.cThe QopesNERIPCISIIB¢M gr ades are derived fromthe
absorption spectra using the methods descri bed herei nbefore. Exanple 8
(conparative) A CVD sanple prepared with | ow nitrogen concentration was

pr epar ed byhe pramided GVDidiamond nateriablesex inbtheé rhethoBxaomelrdaing o the present

it tration in the gas ph hat inally 9 iy
i se T80 BRDRD AhAID: E R 1Y Rodagtoa RS bdbpuDR0Crol e
grades or retfofl dilthe ese il nRhOSHSREY MERMkHARBPLAARIE Fiedd of

exposure and thermal treatnment are shown in ‘Table 9 bel ow. Tabl'e .
resul ts fodiarhend ongiarialt i er &ampleesoadt ohlyvoftthatlargies piedecoiNdamoaddnaterial

concentrations,ar.e |0 nough the col our, chan affect 1s not_seen, on
exposur et 5T oRrTadRled oAt A iy B tnE HTOOT pfiee S ol BT Mty
since ther ¢ave the@ldeRas Wbabriod dHeaEBAStIdS) ABVANS BERippRefthartAetRIrse i CS
in the first and second states (after UV exposure and after thermnal

t reat meft ) Skiligdlie the@rtemaltiples[aygre celilfrase pedsaiatethandior\havadberpadicedir e
too small to be significant. There is no change in the G A colour grades in
the first and second states. This sanple was not irradiated since it is a
conparati ve exanple and there was no col our change to stabilise. Exanples
9-15 CVD grown synthetic dianond sanpl es of the sanme conposition and grown
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and is used to refer to unusual col oured di anonds. A useful history and 10
background to the gradi ng of fancy col oured di anond genstones, i ncl uding

t he use oWoNbmgeabi77col our charts is given by King et al PCIEPSaI0®5HS1

Genol ogy, Vol. 30, No. 4, 1994 (pp.220-242). Exanples of fancy col oured
synthetic and natural dianonds made by introducing 15 col our centres into
the di anond are known in the prior art. 4or exanple, EP0615954A and EPO031
6856A describe irradiation of synthetic dianmond material with an el ectron
beam or a neEbFABNPEMFatRIEAESN dRthdtCRedsboRlcd CVID Blthdid aheAddus&Plimt ed
vacancies) in the crystal. Thereafter the dianond crystal is annealed in a
prescri bed themrihad laceordarrr@éo the fnyentioninpay erenpaese gNeineheT Moftipleh yere0

Gescr | bi ng A1 PRetabesn. of dramegl corisEba i R bl P et €8 HRR o

Absor pti on pahdirbtioh REFSEaaREONDY depumdéat loar thenenawoot awe)trrd%n@mfressso i
Physi cs", Volunme 42, 1979. That publication sim]l a&d%/ descri bes the 25
¥

steps of f orefergdl embpeinanis aptigadiationyenasgy ibyelertest surh thakihe iragiatien on,
dif f
and i ”ecﬁeﬁéfr}étoe%tngﬁg edqé??gt ?he‘éélg?ysy‘ﬁsc_ﬁ\?@tduﬁﬁuo% fRGteRial © TR WhkD

nitrogen a c here 1s no disclosure o orange

gi am)ng n’B.tlﬁfﬂiBi@E :\j/acadimes pMcblllldCﬁbl mtrod&@ewgorﬂg)wé(tﬁe 7|561%1d ra(téd\ﬁl ;{b@dﬂe@f ¢he aI )

escri bes a t ho arting with a oured CVI i anon usua

near - br own,"M& at%&ﬁiﬁ rﬁgﬁ éﬁ@ﬁ”@g rl‘fﬁétenpﬁetg?h@ﬁ(‘etréfe&r Baﬂc%fy and

desirabl e cplagh 'nﬁbt%ﬁ&l ﬁb@ﬁ%@the“'@i‘?arﬁéh@?néféhal” eked ?&?ﬁed‘gg% H@ho@}t}?

relative strengt the absorption bands 1 n the visibleregion of

spect r dén ofthdpmeensinvgnéorr yst al CVD di anond can be altered by annealing,
wi th concurrent changes in the Raman spectrum and that changes in the
absorption spectrumare observed at nuch [ower tenperatures than are

required t qyRéietthelf8viset WD QfiambAWMm ARkHHN Bloviliea BN paftl & far§@ hie6®bpur
changes are said to be achieved by annealing at atnospheric pressure in an

i nert at nosigeped mateeadpes@tshueeed)ﬁmwdmtnﬁewde@§v@d@re&radrmaée@@ﬁ®ne)es a

o adod as ITaNTats B eaRFasdih Gl Bronrlentots B ShutRheddlentF2oe

as |ight oronnige stveptiol. THiR! foeexarpip betogescsrmbesded Hyewor (erdicirpreges! i ce
whi ch had an oran%ne brown col our, and after annealing this col our becones

col our | ess PIgcer GF {hdP dRmepdemaderialiay haver awpr@vgmc&waaonay\éhergoamehed
d k
or angay br ShrditoftoAERCRe dibsleriion SoRITRSOI cobuPpE et etel |

a fancy i ntoédismdmowatstial is dbrmmﬂtedlby tié dnange fayend).t hat a fancy orange

col our can be introduced into synthetic CVD dianond material by irradiating
synthetic CVD diamond material for a time sufficient to introduce a

spect f bgd_GRREAR éﬁtbberﬂn@rtts'a%eb@i ﬁgtd%té\weﬁﬁoh 3k R B0d BFENTLATRE6EY BF

and then annea that 1solate cancy-cont ai ni ng CVD di anond materi al

for a suffla¢|lm\?ttl7;0%@mgtt]eaﬁi 81&%wrlajweaﬁrﬁ%aIrLBU@stantqatly)dtluﬁze\lmle diargordt ange
col oured d| nond teria 1S t hou ihat during the |low tenperature
anneal at [S&Y% M8y 8fs%%tﬂﬁ'a’¥8"%§% V@4 ici es are converted into vacancy
chains in the CVvD di anond material and that the vacancy chains are

responsi ble for the perceived fancy orange col our of the dianond nmaterial.

A first aspeethesfernbedipresieAecordingniol e ipyetionedf diamendcdong meakeergrristhcy

2 oingPe cI9RraPr HRERBTAR IR e @l drifie BRAR BT by "2 O b ocess and

has a [ N8 0] concentration less than 5 ppm (ii) irradiating the provided

CVD di I t t t v t |l t
part of ¢ nETPROTAE SU i ARIB T epo| BE GBROMME. DhdieDoPhe BRIt | on
of isol at etﬂefé?@r@é@toetﬁe[a\&:bmpahwgldrmtﬁgd éndj exérh9|ésr (a@drghed di amond
material is at |least the greatér of (a) ppm and (b) 50% hi gher than the

[ N8 0] concentratlon in ppmin the pI’OVI ded CvDdi anond material, and (iii)

anneal 409 T8 ot BhBh - bBR TR PrcMdlol T3 o gl vl s
| east 4 hOw@@teSOt@irlme&tdds atcoredff t® theumsehfis &by dbedininggorARRNElartdRd NS

fromat | east sone of the introduced isol ated vacancies. According to the
first aspeé‘ﬂat@f'alt he invention, the total concentration of isolated
vacancies [Vt] = ([VO] + [V ]) in the irradiated dianond material is at

| east the greater of (a) 0.5 ppmand (b) 50% hi gher than the [ N8 0]
concentration in ppmin the provided CVD dianond material. This neans that
the total concentration of isolated vacancies [Vt] = ([VO] + [V ]) always
has a m ni mum value of 0.5 ppmeven for low or zero [N8 0] concentrations
|n the pr OVI ded CVD d| armnd mat er| aI Above [N8 O] concentratl ons in the

e Y ~ NS Y .



exanpl e, selecting a pre-grown CVD di anond material. The dianond materi al
after irradiation step (ii) is referred to as the "irradi ated di anond", and
t he di anowd 20mi@pi7al after the irradiati on and anneal i ngcstEPpoi0®s90ef er r ed
to as the"treated dianond material"™ or as the "irradi ated and anneal ed

di anond material". Steps (i) to (iii) of enbodi nents of nethods of the
present invention, describing the dianormg material at each stage of the
method are illustrated in the flow diagramof Figure 1. The provi ded CVD

di anond matggial 2idet D WELROALSSPLBR SPRE@NIdaBURY aPRob@Ste?ndd¥8tlPé for
concentration (that is a concentration of neutral single substitutional
nitrogen dé&xeowugs | @d 4, most Brashayoropid enaealyanéss than 4 ppm optionally

| ess than 3 ppm optically less than 2 ppm optionally less than 1 ppm The
col our of the provided CVD di anond material may vary according to the [ N8
0] concent IRgurers apa @\t MsibraisorptionBpedird Ateadupsad 7meK doi karmpRsiBen
growm. It is known that [N8 0] defects thenselves introduce a yell ow

col our aPi o@Ndrft BOS iHABIREOR@NEraealparticul arly at concentrations greater
than 0.3 ppm but the skilled person will recognize that the observation of
colour is related to both the concentration and the optical path Iength

t hrough thé&x@inggiesd. It is al so known that the presence of the | ow
concentrations of nitrogen in a CVD growth environnment can affect the
nature and concentration of other defects that are incorporated in a CVD
synthetic gi rd t j W, halai east
sone of thg-!ngqgt %@B gféé%!ts tsrg%rsoé\}lﬁ@@o o} rﬁfﬁééﬁ%lb@g&%%}(’?}/%ﬁ[‘ g;\ltd(;@he r(]:(léijl our
of CvD1di ambride raventical wete paseal $awn,niapped dntogsiabdiraies, palishedato orinitrise he

di d material. Al ts t | te th tr At f
e eone T SuPBliTact dereTC BT TR The; Ger ity el B BolbnS SRe W i Pty ol
that cont rig*éHb?aleQs"B%WH@”’lrrﬁﬁJ ?UI’iéHédOHPPﬁ PR SBHRM xgs._@vmlrﬂ Bgli&ve b

presence of | ow concentrations of nitrogen are unique to single crystal CVD

di amond, o0P00qurpitbissswihtalldaces ¢t ving muafpsegoughressyRe aithistsiageod

di anond. 1t_Jjs.fur t hat 0 . L I o]
br own col oﬁﬁéact }h(?# Hﬁ%rgl rﬁﬁ@ﬁ%daﬁt}@ ad{%%é;?éé&tﬁ{ﬁaiw‘{ﬁ%igc @gﬁflppﬁjfnﬂﬁgﬁ to
any brgsn Q@VD@ighond gehsiagedcton nat ural di anond because the defects in
the CVD di anond material cause absorption bands in the absorption spectra
of the grown CVD dianond material that are not found in the absorption
spectra of jcamond. Evidence for this cones from Raman scattering
from non-dicg"’réo%@%%:aaqﬁggon observable with an infrared excitation source (e.gqg.
785 nm or 1064) AmewiG\dD dismuooid obseior edad qurekfitiman witht woadt df arsenguriftenst her ,
it is known that éhese colour c ntrFs in patural .diamnd material anngcgl at
a different tenpefd'ty é’”ﬂrﬁe'i“}'ﬂi?i CORARYPART aBFES it NgPMiINg 9ps stigame R d
that sgge of th%egﬂ,{,ggr entres contributing to the brown col ouration seen
in CVD synthetic armrP grown in processes in which | ow concentrations of
nitrogen are 2ntAroduc#d oxyigeEneptasmaeith seas gedouped arsing S0M0/30a08oEm
bonding within the single, crystal D di anond.,. Th nature of th
defects 1's not (aNgath Opl SEHTmaRe ris SReT) B A ROH: paidr gihsrate
resonance (EPR) tafgepiititecad 7607601 ption spectroscopy techni ques have been
used to study the nature of the defects and inprove our understandin

somewhat . The3pridéeavedt witheutninteragpdioni inta Adygiregen etad wmth@tremqyag@ﬁnd
mat er i can be i ing at absorption spectra for the grown
CvD di g%—*rond mat éﬁ%gg%%gﬁgqgég%ﬁgﬂ of these spectra gives sone indication
of the rel atiye Thopwvedont tfe didwiarsotesy pgshefadditiopcos thicesarbbn sbure®i cal
spectrum for grown CVD synthetic dianond material grown with nitrogen added

to the synthesi $iNelhis ¢@theht) SRBWOPANhEARCRtFAHBAEE £18MPIRS (e hlaiflowing

generated by th | -Singl: j i (JRPPT] ( 0)
atoms i n the di Saud TaT R RhhbR ot R e e i e R E RSP
about 350 nm andhemjiiferehtrsteiples Ifroniedoiroras p ardlibreget csourter foredhant e a
characteristic and unique. to synt heti c dianond materjal, an

Curt hosfor o o sSOUEY Gy 00 oRB: N 61t 4 AN gD > GG 196 SO ¢ x
| 3 has been obgghiffles MG Asb présciRMFHRNGroRBSSs bhab BsidMBwiBKerangsh. Wil e
the N8 O is primarily 1dentifiable by its peak at 270 nm 1t al so
contributes ihatleed | er anobunts to the absorption spectrum at higher

wavel engths, in particular at wavelengths in the visible part of the
spectrum which is generally considered to cover the wavel ength range 350
nmto 750 nm It is the conbination of features evident in the visible part
of the absorption spectrumof the CVD dianond material, i.e. (a) the N8 0
contribution in the visible part of the spectrum (b) the 350 nm peak, (c)
the 510 nm peak and (d) the ranp feature, that affect the perceived col our

e o r



by high-tenperature treatnent (i.e. annealing). It is thought that smaller
vacancyrel ated defects, such as a NVH (nitrogen-vacancy-hydrogen) defects

t hat ar e weaadeilnugoT nitrogen and hydrogen and a m ssi ngPcampenoatmsl nay be
partially responsible for the brown colour and these defects may al so be
removed by hightenperature treatnent. In preferred nethods according to the
i nvention, the absorption coefficients g4 350 nmand 510 nm for the

provi ded dianond material are less than 3 cm1 and 1 cm 1 respectively,
optional ly | ess/ERampfe CM 1T RAJENTIGIANT pFESTPETH | /OkYgerPROW HHESEhGR The

met hod of manufacture, and fhe [N8 0] concentratr on 1h the asgrown C\D
di anond material, the provi d@@p‘mme@ﬁ gaﬁ)fmpmhterr aﬂherwedes;mgm(rmm)s

N annAaar Al Ayl Ao

accordi ng t 0 t he+inventioen—ay Lypl eatH y—appeatr——=€ OtHT+EeSS,—hear
col ourl ess, or /elq &/?or brown with weak to nmedi unYsaturation C* and |very

l'ight to nediunfBightness Lf{gC" and L are discusgfpshin detarl Tater| in
this specificat{on). The [N8 0] concentration in the provided dianond
material is | ess4t-an 5 ppm 1vhich linits any yel | 6350l ourati on of tlhe

di anond mat er i al—Fer—ecertatn—enbodirents—aceordi-rg—to—the—+nvenrt+on-t he
absorption coefficient at 350 nmand 510 nmare less than 3 cm1 and 1 cm1
respectively, spphp QBﬁkﬂéfrthﬁ?thé @%Wth%@riboa'ﬂ‘r’e Qu@st?dfe Jv\/efser‘ém;éd\"f?érﬁ thé he
absorption coefficients at thesé wavel engths being a neasure of the

br ownness of t heéeactanand thenCyD diamantclayenheemogrst ‘g@rtnstharselbstretagw laser be

responsi bl e for e to abovenentioned X
def gct s in di aﬁ%?%géq@qch%pg%p%éFHH%@ %Lge $s incorporating nitrogen
in the sourceggdahis prrRICEH ROCYD shrhplenetith eaaghisaNdimepsionst+Bdgs@Eeen.di ng

to the present invention, the provided CVD di anond may or may not contain
N8 O . Were it does contain N8 O, the concentration of [N8 O] present in

t he synthet ; " ured
usi ng EPR leo(rFS&eé\?v WB%Wcmﬁ@ n%\5§§? Ejg vrgé%rfégb%tr ca agsorp ion
t echni ques presertisgkeificatimcent rati ons. These techni ques are applied to

sanpl es post exposure to UV light. [N8 O] in the neutral charge state
content can be neasured by using el ectron paramagnetic resonance (EPR).

Ui st abhe TRl BRnbiesible KRN fralibfiedd 4 e\ EIRICESS b 5b% scan
sunnarrsed her e measur enents conduct ed using EP he abundance of a
particul ar vpdhhamcga@trm/é beafrecurréd. uping Be eteitaralbean sguesutisth asithasralnd
nitrogen def 3 IS r%ﬂortianal tlo thet?r nte& %ded |nten 9‘1%1 of ,all the EPR
absor pt i on & 3FANOE- | IHIBLOBF; SHARIESHY Be SHAFIAY B MQunted iy MUK P 4 he
concent r at i@lePEod|88 c@ﬁb@ﬁblob@t@%réi@nﬂﬁé 884 pls KRG %elaﬂﬂi éﬂ%\/é G prhed
intensity to that wh is observed froma reference sa rovi ded care
i s taken tsapreentergrthesrangaleédrn tane Bt d0s fuhage o eT vka/50/180-

odul atPon 2408657 858 A GRS, VRV ER PRELh &b MRARNT FeBady befr

and hence mxdﬂf%et/cmérreemwmeht @16 hbwurgirradraten With 249 \asieetrbatbR@n t h
doubl e i nte@gratr on, base line correction, finite limts of integration,

etc., es pe A0% SCANCWISER apFe?@ f%é?ﬂ%rﬁ%@”@ﬁ?”@ﬁ’@ét bya aar & hewe asmeal at
spect ral b (using a Nel der- Mead sinplex algorithm (J. A

Nel der and 8@0 ?/SNA}EU% Comput er Journal, 7 ( 1965), 308)) is enployed to
determne the integrated intensity of the EPR centres present in the

exanpl ¢ of er est n ls fitti er' nt al tra with
ol 828 J90A 14 T6PORRe oo e Ds SpPubi ih et dbpl cooliRTENER nnthR) ¢ he
| nt egr at ed gri}iged | didmBha GRS Ae! A5 Fobfftieri RATASTPRRALNY 510 hfn
observed t nei t LorentZi an nor ussian |1 ne shape provides a good
fitto the eamﬂethermmdcur EPRhep @oavided tdhalmehdrmaier'l'aiarthesrrrfadratlornodose tixed to
roduce the sinmul ate C Veil, Z  Zinmpei, J n.
Rea. e 1 pst09) CoRCrIRtoR ot dirag RIS, 14 aRnéiid tine S frfPeuye. e
concent r at iur Iof tHe OdibRTbnAcGRERMDY pOstuSRadREbh alahan anfehi,t Wees colour

approachi ng or exceeding the |i ne, width of the EPR signals to achieve a
good sPBnalchatacieristiss, ( &madNMig [\l canchil¥ ] cennsentretions range the rabsarption @t t hi n

a reasonablgnt Tsal
S Iine sha OdrﬂerrL%?ﬁ% oRHEE PR A g’ A e e Jeblfs
(J.S. Hydetallt Papelldeewhor dhl\eredamplés fA#RGRAMNINC Zhe WdopeAot ki pﬂaseﬁppl
Magn. Reson., 1 ( 1990), 483). Using this nethod the concentration in

can be det #1Vantiea, WUt g0 rﬁe@#@bﬁﬁfr% pprrgparsatl\f@efarempt%n @%eﬂﬁf@plﬁedﬁﬁ“%ue
of UV-visible absorption spectroscopy for neasuring higher [N8 0]
concentrations is well-known in the art, and invol ves neasurenents using
the 270 nm peak of the absorption spectrum of the dianond material. The

pr ovr ded dr armnd mat erial accor di ng to the pr esent |nvent| on may be gr own
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honoepi t axi al di anond synthesis on the substrate; wherein the synthesis
envi ronnent conprises nitrogen at an atom c concentration of from about 0.4
ppm to abwotobdi4ppm and wherein the source gas conpri SesT/Epa)10am081 o C
fraction of hydrogen H, fromabout 0.4 to about 0.75; (b) an atomc
fraction of carbon, Cf, fromabout 0.1 5 to about 0.3; (c) an atomc
fraction of oxygen, O, fromabout 0.13 49 about 0.4; wherein Hf + C + O
= 1; wherein the ratio of atomc fraction of carbon to the atom c fraction
of oxygen Gha@htios@bsélid REt AiBR rdiugh, He ARRBES B BBlaled viEan s avalMié to
1.25:1 ; wherein the source gas conprises hydrogen atons added as hydrogen
nol ecul es, capbirg tafiora chae st urat RonRedling lireesracive mirtbeﬁemgthmfdhegmrmeal

T R N R R T R

hydr ogen, wwmﬁl%rmhﬁmaWQé‘ﬁamg%@@bnd@ tmﬁcrsfamr&ﬁsﬂ@ahe&bgermﬂf@d of
grovm ng CVD dianond naterial shall be referred to in the specification as

the "adBed PESSRIEANEMYOG: awnie perranration of Iﬁ9lptedava96rrceewtcgrw@m1@uw@9 on

the nitrog ) %ﬂ Oatgr? I C

col ourl ess‘?ﬁeﬂ@rﬁé}ﬂ%@%%ﬁ e'§s|6%$t@aar§{r]%ogll%%?%m gl ou Eﬂ? on. E(Ellhg'% Ilg)]u'lrﬁock:) t he
i rradi at ed thbraﬂm{i\lﬁ}atmoaitratlenaan@mm aat;d)rtp)ltionfattzw whantthedreatédsampld

any, of the provi qedgﬂ| anond ter| al qﬁ e orangg col our | t roduced by

the irradi a3 iOnCEnd ARIFelsl flag | lt'%f%e@ Vif PaEIEG T MAIIGS IS @ loem
inmpurities n C espr i anphgl t al
rrarrE in certtéar:ﬂEbgae‘r%rg'loél wmvnbgﬂgg ﬁ?ﬁ‘?ﬁ.ﬂgﬁ éﬁéop}rﬂxgﬁp%&gﬁﬁ%%ngensatgg pg%’ﬁon
(i sol atied ladiajiomeand tewietl.i nThisdfig@reasbowe stodrgurabisorption dt é2agham for

t | ts th t b trat Bl in.th
o ovi ded dIEXBINE fa BRI, o ReSeRGRe VAR G STl W oas L RHAPIEALNS 1
there is uRpAARRIBRARSHe PH00AMI rAnge ds BaNM RS B8R 'alshbliiryy BBYWRDeeRRSHsAL ed

for by irradiating to introduce I'sol ated vacanci es, the isol ated vacanci es
conbi ni ng W vAcaney ¢hainshes bepatfonmesd.heimilatty wehene fagnd thed fghe @mpeakng i ng

come- enboti e Gk eBB TRy BRnER 10Kl bt FahOP BRIER) “okhcies ERE S "

mat eri ab dogsheé drelated) sHMpRIML BSABESHrAO NS if filts casenpl@nmparataneratnpis bon of
> 5 x 1015 cm3) , then the irradiation step may be carried out so as to

i ntroduce dTi¢h i§ aMmealed oy | d1ouh @ndd eﬁ@'tts thha QFQX)CQJ@HM@F@WHBGI%@M
but also tqg.a h C rati ] The
| evel of aglgi ?I orﬁ%rec% rvrﬁgfj é)rhﬁﬁee Jé&tr‘ %rgh%grggrq\%ﬁ% é))ggr}tﬁathl %h “@ﬁﬂt X& e

det er m ned igdgrgical dwrmcyndaynateﬂelmmple tokiihiat f exantphe 5a||ntterr'ﬁblm‘ ¢om|scosmon
enbodi nent s of t hod according to th i nventi on, unconpensated boron is

pr esent |napﬁérrgg@\ypaeBlJH?§HBﬁgleﬁJPE? AMI&"HIE-concent rati on of >5x1 015 cm
3, andophe irradiation step introduces sufficient isolated vacancies into

t he di am)nd material so that total concentration of isolated vacancies [Vt]
intheirr fa@wea&lsljowaﬂh‘d vmblersmlctraatfakm at g@lKapedt eckatoineanthansedleamd used

f 0.5 % hi h
Lhan the. | RSP SRR 57 koo Wi i B 08 WA B o ol

The level gosagdi rtelnﬁmhgl Fsh@ﬂlr@ttt@n‘t sﬁ@@%ﬂa@peubﬁﬁﬁé |§&até@n§@éar@tbscﬁa\téi be
determ ned enpiricall person skilled in the art. Total boron in the

mat eri al mbpepeanieait ﬁUédF@Wﬁ@ aleeHiisiiases kyvworaRaREkEe @R(iampéei 5n(1thCh

R R R e R S e R S b

usi ng eit hemnnthesinoduce® atespe@ks an7aeasniragd 394 hhemd‘rtartmgewheh@ebe@ée bhe
di anond spectrum or through Hall or electrical transport nmeasurenents, in

a manner kieskat eﬂovacqa@cemndealseeats‘i% n"f‘y?ﬁdﬁﬁ?imﬂ ﬁ@o[’"l‘{'l!g e eEsERRe AN in
inth d hﬁlélad I I t
5g?heggedet?%h?§’°e |e$ra I at @gpés]?’eg%%ﬁ?{e% éo %hge?a%cﬁgréd?\hg Poh??te

i nventi on) bekh subjdctée t@hmm@‘&nlerﬁyrradetlanraMIeb agpearema(lemﬂ( (singe) thefe ired hods

according to he| ntlon exIa'nedI ter inthis cifjcation.
o ovi doR” CPBokS ot e e PIT AR, Bhoing e heteenicboptRaG ceblrecaraial

aspect of %Bﬁc@ﬁt?@tﬁiﬁ of %b%tbﬂ%c@héfe@r@métmhg?’aHéV\ﬁea'% abgéﬁattloﬁbétU%@‘Pt?ﬁ
alternatively at |east about 80% alternatively at |east about 90%

al t er nat i vahdicating a@éow caboentraae affvachecy ohaine. of t he synt hetic CVD di anond
material fornmed froma single growh sector. This single growmh sector is
preferably a { 100} or a { 1 10} growth sector. The material of the single
grom h sector preferably has N8 O levels within 10% of the nean for
greater than about 50% of the volune of the growth sector, alternatively
greater than about 60% of the volune of the growthsector, alternatively

gr eat er than about 80% of the voI ume of the growth sector. Using a provided

7~ I~ 1 e



of yellow or brown in the provided CVD di anond. For certain enbodi nents
according to the invention we start with a provided CVD di anond that has
m ni mal oworelocebTar, i.e. is substantially col ourl ess; PCOEPRG10AF59081
enbodi nents according to the invention we start with a provided di anond
material that has sone colour, usually some yellow or brownness. For
exanpl e, for sone enbodi nents, to producg a |ight orange di anond materi al
which has a |ow C* and/or high L* value, (e.g. C- < 10, and/or L* > 65) it
woul d be negesSAEbrafgs HaintorM §8mplestderdifg Jo He ReALYS (& eMPREEN, iFdnd
According to the nethod of the present invention, the irradiation step

i nt r oduces 4a shewastronrg bhaseption@irarpued ZS&NIMat This Joaorptigil tshbelicved todest

i the. pr osBda B sleshlErt ittt kol ah SeDHRAMS ek FERFEIOT 8 s
gi ven by ts0osimMi®b5[cMe] fertsbth $amplesherrrl § \hereastibecoaparitive asantle of it
i solated neutral yacancies, and [V ] is the concentration of negatively

char ged5i s¢% 8P&@ vvacanci es, both in ppm Both [VO] and [V ] concentrations
are determned fromthe GR1L and ND1 absorption features of the absorption
spectrumof the irradi ated dianond in a manner described hereinafter. It is
possi bl e t bt nst@iddabovieasln aididiional pbhefitndfr ioddetingathanCV/Bsdiemovidn@atdrial s,

e.g. as pairs or in possible isolated positive vacancies. The inventors did
not obser véN@nyPislly 308 Cf‘g%ruﬁ?ég‘q H‘actﬁ'galrr‘é(ﬁle?‘?dnortenﬁt@bﬁ%m W deHPSHRIVER ed

wth such dphgsfity aR'extosDRS 18 W\PIigH coibBrdPRSLRIb Y. CUD GERIGHA! we
enbodi nents according to the inventTon t total 1solated vacancy
concentlfat ifaund WEt upsnriwatinglexampie 1gtheathangefin (&) béweepphedwo Stbles5086

hi gher thaQ1thﬁ Lwigﬁ%gnc ntéat%@n in the provided dianond nmaterial. For
exampl e t he 't'YPal T E0AeRY ' 883y concentration [Vt] may be at |east 0.7
ppm or at least 0.9 ppm or at |least 1.0 ppmgreater than the [Ns]
concentration in the provided dianond naterial. In general, the greater the
irradi ation dose, the greater the nunber of isolated vacancies created. The
nunber of isolated vacancies can depend not only on the period of the
irradi ati on dose but also on the nunber and nature of defects in the

provi ded CVD di anond material. Therefore in order to cal culate the desired
dose of electronic radiation, the isolated vacancy production rate is al so
calculated for the given irradiation conditions, as wll be known to those
skilled in the art. Factors such as di anond tenperature, beam energy, beam
flux, and even the starting dianond' s properties can affect the [Vt ]
produced for a fixed experinental irradiation set-up and time. Irradiation
is typically carried out with the sanple nounted under anbient conditions
-300 Kwith only mninmal tenperature rise during the irradiation dose (e.qg.
| ess than 100 K). However, factors such as beam energy and beam fl ux can

| ead to sanple heating. Preferably the sanple is held as cold as possible
(wmth even cryogenic cooling at 77 K being advant ageous under sone
circunstances) to enable high dose rates w thout conprom sing tenperature
control and thus mnimze the irradiation time. This is advantageous for
commercial reasons. Calibration of the dose applied against the vacancies
produced for the particul ar provided di anond being used in order to satisfy
these limts on [Vt] concentration introduced will formpart of the skilled
person's responsibilities before carrying out the nmethod of the present
invention. Such calibration techniques are routine for the person skilled
in the art. A larger sanple could be rotated and irradiated fromtwo or
nore sides in order to introduce vacanci es through the whol e thickness of
the dianond material. Optionally the provided dianond naterial nay be
annealed in the tenperature range 1400-2500 C prior to the first
irradiation step. Step (iii) of nmethods according to the invention
conprises annealing irradi ated dianond material at a tenperature of at

| east 700 C and at nost 900C for a period of at |east 2 hours. The effect
that this annealing step has on the isolated vacancies in the irradiated

di anond materi al depends on whether, and how many, N8 O defects are present
in the irradiated dianond material. If there are N8 O defects in the

di anond material, then initially annealing at 700 Cto 900C will form NV
centres, each NV centre being the result of a N8 O defect joining with a
single isolated vacancy. In this case, when N8 O defects are present, it is
predom nantly after the maxi mnum nunber of NV centres has forned that
vacancy chains start to form However, not all N8 O defects are converted
to NV centres, this being thought be due to the distribution of sonme of the
N8 O defects. Once the concentration of NV centres have saturated out, any

I T 1 o o 2 1. [ g, . N 1 Y . AR F . a



vacancy chains i mediately. Any isolated vacancies remaining in the lattice

typically result
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spectrum of the object, the spectral power distribution of the illum nation
source and the response curves of the observer's eyes. The CIE L*a* b*
chromat i cwopomo@einat es (and t herefore hue angl es) quotred/ErerieiomoBAVEe been
derived in the way described bel ow. Using a standard D65 illum nation
spectrum and standard (red, green and blue) response curves of the eye (G
Wszecki and W S. Stiles, John Wley, New York-London-Sydney, 1967) CE
L*a*b* chromaticity coordinates of a parallel-sided plate of dianond have
been deriveg Ay its transmttance spectrumusing the rel ationshi ps bel ow,
bet ween 350 nm and 800 nmwith a data interval of 1 nm Sl = transmttance
at wavelength | LI = spectral power distribution of the illumnation xI =

e et P00 S PR Pl B SRR S Y s, )
Yo Z = Sl [S| zhethod dom\fsringg‘:r(ﬁ pfovidirg aWindle orfétdl dfamontlmatetfdDthat had6 =

Li ghtness (for YAO > 0.0088 65 a* =5 ﬁ\)ﬁ 0)1/3 - (YAO 1 3] (for X/ Xo >
0. 008858, YAO begnogessehyneVE aod[haeae) [Nt/ eonaestratiprdess dhapdsoem; ahi) =

(a* + b** 2T 1.2 .= j = ¥ * =k I jfied
ver si ons of thérﬁaed*gté@{t#%??%%? eDudé}ée@bgﬁt@?t er{atI %8 %Sl Tr;?[ﬂt{ﬁoo@bgﬁﬁ?%o
aﬂd Zl Zo. The wadafidiesl weﬂe:amnzaar@rgrweme ipm\z(ideci!aﬂ\rtbmdzmoamnateﬁeepamred by
the Conmi ssion Internatjionale de L'Eclajrage, (Colorjnetr 986)).. It is
standard to pl &ata eaﬁ@tag*c%@épﬁﬁme@( t?ﬁ?age%r‘é%ﬂ?r\ﬁie(sht[\é%ﬁ &br%?%§%f)éﬁtﬁt% to
the x axis and 3 I dli t i i | x 3 S
correspond resglgacr?laeaelniﬁfegglrIlggé}zi%§8tyﬂglgl rvevg{c?or?go(ﬁ ?t'ésbP@ tﬁﬁ%i‘ﬁﬁé@h{\ﬁ Qgﬁve
a* and18* val udsarcthe §¥gbndnecerdpmsion inepymtio theqwovided ditmendompteriht and The

DoStLL e 94235 Bk, 3R Al oS HS e PSR i
origin. It is pags bt RaPshhedifthe hdubedAoledarREAERSt €s of diamond with

a given absorption coefficient spectrumw || change as the optical path
|l ength is varied. In order to do this, the reflection |oss nust first be

subtracted fro aor bance tr The ahsar i hen
scaled to afl o% hgéﬁhggé%:%m&g&%ﬁ‘ ﬁexg‘{%ﬁ&éntﬁgl%%ﬂea[hﬁg 'ge%?ﬂgfidéﬁ alttois i's
added hgck on. tgihperiiger faitteastFOOPC HNACAMOSEIONE. converted to a
transmttance spectrumwhich is used to derive the CIE L*a* b* coordi nates
for the new thickness. In this way the dependence of the hue, saturation
and |ightness gn i cal - : n : I : I

understandi%rs'lg 0 ﬁ%@%&c@@&&&%ﬁaﬁ@i g’an%,rqgﬁevl\nﬁﬁﬁgg%n\?%ﬁha%géo\ré%pfégjnoﬁtr](c)opgearti es
per unit thickpesiedwflat ledsp@rimuos t he optical path Iength. L* , the

i ghtness, forns the third dinmension of the CIE L*a* b* col our space. It is
i nportant to understand the way in which the |Iightness and saturation vary
as theogptigcal Ap%@thben%éoﬂdﬁ@hana%ﬂnf or Ai grondywietdin PR lifsdigtioPangal
absorption properties. The nethod described in the preceding paragraph can
al so be used t @npeeliigtstépsy redece *i10e cooncatitredioas obfisolatetbiv@cancigs aingithveen

b ' ffici d d h i cal I h, . The C*
(saturati on) neioe0 cufBRE! Bl e, el Teflh o TraRBil varitiron I 1
and assi gned desgdibRid a1 hefd@eadidibmVmdledalls WBé)bgr(l).Zo weak- noder at e

20- 30 noderate 30-40 noderate-strong 40-50 strong 5 strong-very strong
60-70 very strong 70-80+ very very strong Simlarly the L* nunbers can be

di vided_updntqg |] SS. I s, as I o B-1 % very. da - very
dar k28235 Sar p SESHARE ORI 16 3ah RO LBt skes TPl hsiiioteh

l'i ght 75-85 vercpefficihits 35-339 merand &Y hringlol tHéerevidee diamonbanaeriabbeair
tones defined by the follqw ng conpinations of Iightness and saturation:
Bright: Light % hegm 98t @kl em 1mespectivelyht and | ow saturation, Deep:

H gh saturation and dark, Dull: Low saturation and dark. The preferred hue
angle, and a* , b* , C- and L* val ues provide a quantitative neasure the
qual i ty and. colfoumethdd sgeddneingctaCéiydpaeredhgrelaémni avheveirt lttee @tesentoron

i nvention. These col our properties are advantageous because they.,giveg the
i aron@an o akgecedr AT R ks Ry ety PO g RRABhR IR HRBARD St e
genstones for jewellery, or for use as coloured filters or simlar. For all
sanples used in this specification absorption peak heights quoted in this
speci fi catifon & metetacearding togany RNecediightiainabsengin oncapeensaied doreme
synt heti c CVD di amond {Taterliﬂal t aken, at. roomten%g.rgture. Al | r?oP f
tenperat ure abdorESEAt sPedbs a PHMITEHnAGMOLIdei RatREBE Koiq CQneeNTefing 2
Perkin El mer Lanbda-1 9 spectroneter. A reflection | oss spectrum was
created using tabulated refractive index data and standard expressions for
the reflection loss for a parallel-sided plate. The refractive index was
determ ned according to Peter's equation [Z. Phys., 15 (1923), 358-368)]



derived using the standard Fresnel equation. The reflection | oss spectrum
was subtracted fromthe neasured absorbance data and an absorption

coef fi ci emopectspym for the sanple is created fromthe PesmEPRINGYSBPECE UM
Absorption coefficient data were shifted so that absorption coefficient was
zero at 800 nm Concentrations in ppmgiven in the present specification
for the different defects, [NV+ ] and [y ] , may be calculated in a known
standard manner by integrating the area of peaks fromthe absorption
spectrum of thesghgtfngs ussal hive CptabirgibAd silp |(I|)ql|'rht?’odUde‘s0§§‘ﬁlcFe‘?1’Fpl§b%tté’d es
and using published coefficients for conparison to cal culate concentration.
For concent r at iveA8N@es NUocibAt dismoaddmiatsiaasedthad éetat ceecerttfaélogp@fctso@ted e

ince at that ERRRIaS O orbenrsdiiued by MeleRl Fhadsiifla VFaTiED o
to VO and V anthagt deén (BRI cOPPensatarteIRHON Aist 4t I@Uétatlhbe%rb@té\d\(ﬁ @m@ﬁ\lV
defects respectively. The coefficients that are used for the cal cul ations

of conc@ntrati ®RE ahd KR) 8@t higbenth@n; thel[bls d Fonsertrriiassin prhHe the psavided
specification %raeaé ﬁ%%ﬁ& out by G Davies in Physica B, 273-274 ( 1999),
15-23, as detail abl'e” 2 below. Table 2 In Table 2, "A" is the
integrated absorption (meV cm1) in the zero phonon I|ne of the transition,

measured at. 77 K, t he absor tion coefficient in.cm 1 and . the. photon
T o1 ey Arimsthdsh abHRTIG B Pras eI CIa R CWRPRRY QR PERyosies digmiend.
materi al used ifaikAS i 1RCRH d tf esent invention, and al so
the irradi ated nﬁ%/% gl am)gﬁgmat e@f‘angersu?'ﬁ]ﬁgg Tomthe net hod of t he
presentlOi nventi on may, or may not, formpart of a |arger p| ece of di anond

material . For art of the er ece of d te |aI may
be. 11 adi ated, TaAtHtaed AEPerehy Jo Snvintecrahgeiaf detedin 8t i at:

have the defi n‘bﬁ’o\ﬂ@é@ml[b arnkorRd RES BEES Fbréted ﬁ@m“@ﬁlr@lé) rcﬂ'ﬂﬁ%re%fﬁr tO the
person skilled in the art multiple layers could also be i rradi at ed and/ or

have t he reqw redabsorption characteristics, so that the provided CVD

o arond g e Bebng S0 BERBHLEIR Whect BB B TRHRAT

is wel I15knovvn tapatarirerilidg Rtpo{ii) Reaedin atheoabgdrplidn adirat 250 nhs rétfioeoiems on
the energy of the irradiation. So in preferred embodi ments an irradiation

energy is sel e@f@aa%tﬁ%aﬁan r(ﬂ'amO&‘F‘l shaisenkt WAEEs TBRASHIRAr At oPohe
depth of a CVDéjr‘In This neans that isolated vacanci es woul d
be introduced 9 I'n t e pene rated part of the irradiated CVD di anond
mat er i aI and hence that penetrated part of the CvD dianond material would
be the ' mat er used fornmed t he net hod of the present
Phventi on. MinorsMeabs, AEeodane S/Bni PaReArargiaun hew%wegggvaﬁ@@@@mn%f a
| ar ger ai ece ofmétbﬁgveﬁ'owetfrnh@és raSiedliFeHIRBAIREO YSast e BF QYT S8

di anond materi al one may have the advant ageous optical properti es

descri bed for @bataﬁteriﬁimbomlrﬁrﬁrarw sfcondestatesetita tinst sta’nebefngafea:raewﬂoeueetop

nbedded | | f al ' f_ QVD di d
have an o ange e T alRtdt Bndrsretdhy SsBhEESH S Y And AP apep il arae BeirG”
substantial |y efpuidtsd tidment auI798fK (b251CY gl Wheem aftef itfampsdighser i al

is dom nated by the orange layer(s). In sone enbodi nents according to the
i nvention at | @@@Jtarﬁwﬁt}g stgpd eflse rpethodrthatcheagstin robeussatitratienyalugols or

at |l ea 90% or,

SubstaRti a1y DRRveE] I bdlond MariRus vit STRMSCARN Se B, MALS is rpRuced
invention of dibgmandessto0s BN paesdItosSthd @Men% e Oh c@o&et@tmﬁtudm avang C*
mat eri al of the sane col our. Enbodi nents of the invention will now be

descri bed, by REHMWeEN é&emr@onw materigh & iR Saidh firs cangt s8Rt piaHgs dPaiiegs
and exanpl es, m% d|{ rigthi ch has been referred to hereinbefore,
is a flow char oWs ro es for methods according to the invention
for obtaining orange dianond material ;Figure 2 are UV visible absorption

and andlar - Zand: FRgupd BebRIRGUB\ILY o el RBRC el Pueh R iHdAt ™7k
for exanpl es 3and anmdafing@tips dfitAdingéthed, meccrangeah colurateatidiP ST oitteerond
substrates suitable for synthesising single crystal CVD di anond of the

i nvention wer e digfgend Jagierial fpHed 3rigt §9§Qiﬂﬁ;tsﬁ%t?§s}3 % fthaed. toe rfirsh Hiade
subsurface defects such that the density of defects is below 5 x 103 / m2,
and generally is below 102 /mm Polished HPHT plates 3.6 nmx 3.6 nmm square
by 500 mmthick, with all faces {100} having a surface roughness RQ at this
stage of less than 1 nmwere nmounted on a refractory netal disk, and

i ntroduced into a CVD di anond growi ng reactor. G owmh stages 1) The CVD

d| armnd reactor was pre- fltted W|th p0| nt of ‘use purlflers reduci ng

o, . T o o, v 1 NN



present specification. The exanples were electron irradiated a 4.5 MeV

el ectron beam at 50% scan width and 20 mA beam current using an el ectron
beam sourwe 28ueiavEs that found at |sotron pic. D anond PammpPes0svoBe
irradiated are nmounted in indiumon a water cool ed copper block to prevent
t he sanpl es bei ng heated above 350K. The sanples were then annealed in an
Elite tube furnace (nodel THS 16/50/1 8030 241 6CG and 271 60/ T). Typically
to make an orange dianond nmaterial a dose of 5.8 x 1018 eVcn®2 (equival ent

to 6 hours irr %@in{%ﬁ !af?é‘r ékédblﬁe‘lo@r%ié{tl% %K/fr@”arﬁ)%%@r%ﬁ oPMeEea B 5veYt fh@nd

20 mMA beam curren | owed by an hour anneal at C was used. Table 4
records the CVIIh@B@WZﬂCJ eﬂaéewbgmg;ﬁﬂetrh@em t@]atméﬁb@WQ&aKl(EB&G\) t he provi ded
di anond material, the absorption coefficients at 350 nmand 5 10 nm and the
col our, of the provided dianond material, the irradiation dose, the vacancy
concentrat on poRfethdd adeadirgnto érligepaétre@aig olgirh] Whersitl the PReVidéd dRamdbre

col our of the dianond material post irradiation and anneal, the col our
charact @ri sti cénat?f‘lé' isrvInealegoin thademperatetmernger 0% ks— 2590t Gerighdethe i on
at 250 nmrel at fi) aggney chains, all post irradiation and anneal. The
results table el udes "not only exarrpl es falling within the scope of the
present invention, but aI so a nunber of corrpar ative exarrpl es. For exanpl e,
if theirradiation dos ot high enou t he nunber i sol ted vacanci es
avai | abl e t'4- c&«meﬂ%oqe 8CEYFIRC %pi‘?ﬁéa'n@nﬂ@kﬁn i Mgerein ﬁ”@s%@&%q e %@pt(wg
length of the annfdhodlcldimCls @ﬁr.éﬁwﬁaﬁepﬁ@a.ét%nfgé@(@éﬂra@fhfoucagspn1 is
concentration of vacancy chai ns is Is the case onpar ative exanpl es
2 and 80 whi chcbaldleteut si de the scope of the present invention as the
concentration of isolated vacancies incorporated during the irradiation
step is less than the greater of (a) 0.5 ppmand (b) 0.5 ppmnore than the
[N8 0] congent WD%méﬁG‘ rﬁéi‘t@rlélb\ﬁﬁé@tmét!b B? 2PtHiu bébdrﬁ?lgttbeéﬂ)ﬁéf éarmée i's
<5 cm1 . This is also illustrated with erence to Figure 2 which is a
room t enper at urle1dV vi si bl e absorption spectrumfor exanples 1 and 2, post
irradiation and anneal. This figure shows strong absorption at 250 nmfor
exanple 1, indicating the presence of vacancy chains, whereas in exanple 2
the abger ptiicon CWDtdiamdrd materiang@idrsior edseduddle® @.Bichrat RO@Y Bélliant Cut
concentration of vacancy chains has been fornmed. Simlarly we have found
that if the anfBBC)iy9fades RECHETaNdsg enough then total concentration of

i sol ated vacancies remaining in the treated sanple is > 0.3 ppm this is
the case in conparative exanple 5, which is annealed for only 1 hour and
results in1a. gr@ﬂ)@yhdtmmdsidglamydtmrwianbad raateciarrpawiag tivet folloWwihgocaloge

col our achieved wt

Sl B e St iR aCast el e oncammd b sk Ravio Bl CELEIRBN: | s

anneal eg for adiHngsy. time. Figure 3 shows UV visible spectra taken at 77 K

post irradiation and anneal and illustrates for exanpl e 3 strong absorption
at 250 nm and no peak at 741 nn1or 394 nn1rena|n|ng, showi ng t hat
substantially all } pHatetd—vacancires—thave—been—annealed—out. Figure
3 also illustratesCHA qgﬁﬁggratlve exanplgéggfwhlch has been anneal ed for

an insufficient t FW‘% APSars grey post Iggagpati on and anneal $ince there
are peaks at 741 pm and 394 nm.indicatin the resence of isolated

vacanci es and al spSaturgdiién @ and 637 nm s$sRef@ ng t he pr esence of [NV centres.
Simlarly Figure 3—H ustre,; es—why—eonpaiative—exarpte—6—{whi-ehjhas been
subj ected to insungcE1 rradi ation do<€)4 appears pal e pink, since there
are peaks at 575 nm and 637 nm Show ng (he presence of NV centres, a snall
concentration of isolated vacancies remaining, and weak absorption at 250
nm i ndi cat i18g @Vlbvxdiamumlnmaie'rialn aotordirganie yamhaifnelaihé t5-17 hevimramgéhe

di anond sanpl es_acc rai P? i nvention @é rﬁol es 1, 3 and 4, show
strong absor pt i©GHCHY S@@ %YRCERGES 15558PH BN i s believed to be due
to thepgresence of vacancy chains. For exanple, the measured absorption at
250 nmis >5 cm1 for both sanples 1 and 3, whereas for conparative sanple
2 it is <518m CVD aiamenddmatasia ansorciag ttocamyl obekaimist 1of1 8 mhateiat faigan he

more stapl e 1o Ebhetelhes Af e EiriBationh SriSd Bk e BoTHbAR At e

to untreated Cvih thgiomathenWehsured dthedmupaipergtate o>%xmnpl e 1 the change
in C- between the two states was < 1 which illustrates this benefit.K)

Tabl e 4CLAIMS 1. A nethod of naking fancy orange synthetic CVD di anond
material, the nmethod conprising: (i) providing a single crystal dianond
mat eri al that has been grown by CVD and has a [ N8 0] concentration |ess
than 5 ppm (ii) irradiating the provided CVD dianond material so as to
i ntroduce isol at ed vacancies V into at |east part of t he provi ded CVD
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less than 3 cm1 and 1 cm 1 respectively. 6. A nethod according to any
preceding claim wherein the atom c boron concentration [B] in the provided
di anrond eDenical49173 | ess than 5x1 015 cm 1 . 7. A net ho#campeoidiopsyst o any
precedi ng claim wherein unconpensated boron is present in the provided

di anond material in a concentration of >5x1 015 cm 3, and the irradiation
step (ii) introduces sufficient isolatedacancies into the dianond
material so that total concentration of isolated vacancies [Vt] in the

i rradi at ed g agpyd @fﬁhﬂfﬂdahatéﬁélte%cbét@ﬁr@ &8 ARAFHICEBImP NS 10eihdterd the

conpensate the boron, is at |east the greater théa)fgﬁS gpn1and b) 50%
inpficsl iandbegon es is

hi gher than th&hpnge 0] salvrelion Caof tre diamaond mater,

material. 8. A metho C j  preceding clai.m. wherein th

provi ded di oo G A, ACTRE PP shelle B it 4 Xtbolre 1, irHaRlBh &V 31 o
accordi ng to aryeRj\e6rsti 88stth.8idV anbieties8c@id 5@8s behg farfthémealnrentiméad CVD
di anond has been _forned froma single growh sector. 10. A nethod according
to any Precedi R§78B& A29kerein, after the irradiation and annealing steps
(ii) and (iii), the absorption in the 250 nmregion of the irradi ated and
anneal ed di anond material, when neasured at roomtenperature, is >5 cm1l
11. A et h@d.acdendilery tomprigingrdiasdindgmeateriainasdserding to famypofosiahesl 18i-20mond
mat eri al shows a neasur.abl e %i;ﬁerence in at |least one of its absorption
charact eri sti cs 8'd & DI frinectigmandimetegal.t he first state being after
exposure to irradiation having an energy of at least 5.5 eV and the second
state being after thermal treatnent at 798 K (525C), and wherein after the
i rradi 40i or22and Aarraeadl i orgliantepst afiambed nggrhetbneheoripaining drancahdunaterial
saturation val ue C*&Bﬁigfen th diaqg material in the said first and
second states i SCFRH BYY Qt C'PEBSt 25 conpared to the change in col our
saturation value C* between the dianond material in the said first and
second states for the provided dianond material. 12. A method according to
any preceding claim wherein after the irradiation and annealing steps of
the nethod, the change in colour saturation C* of the dianond material in
first and second states is less than 1, the first statebeing after exposure
to irradiation having an energy of at least 5.5 eV and the second state
being after thermal treatnent at 798 K (525C). 13. A nethod according to
any preceding claim wherein the provided dianond material is annealed in
the tenperature range 14000C - 2500 OC prior to the irradiation step. 14. A
met hod according to any preceding claim wherein the annealing step (iii)
of method claiml is carried out after irradiation step (ii) of method
claiml is conplete. 15. CVD di anond material when made by a net hod
according to any of clains 1-14. 16. CVD di anond material which for an

equi valent 0.5 carat Round Brilliant Cut (RBC) is graded fancy orange. 17.
CVD synthetic single crystal dianond material having the follow ng col our
characteristics nmeasured for an equivalent 0.5 ct Round Brilliant Cut (RBC)
di anond. 18. CVD di anond material according to any of clainms 15-1 7,
wherein the concentration of isolated vacancies is < 0.3 ppm 19. C/D

di anond material according to any of clains 15-1 8, wherein for an
equivalent 0.5 ct round brilliant cut dianond stone, the absorption in the
250 nmregi on when neasured at roomtenperature is >5 cm1 .20. CVD di anond
mat erial according to any of clains 15-1 9, wherein the change in
saturation C* of the dianond material in first and second states is |ess
than 1, the first state being after exposure to irradiation having an
energy of at least 5.5 eV and the second state being after thernal

treatment at 798 K (525C). 2 1 . Jewellery conprising dianond materi al
according to any of clainms 15-20 and a setting for the dianond material .

22. Around brilliant cut di anond genstone conprising dianond materi al
according to any of clainms 15-20.



