METHOD FOR GROW NG MONOCRYSTALLI NE DI AMONDS Fi el d of
the invention 5 The invention-rielates to grow ng
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invention relates to grow.ng. dianmonds by _chen cal
vapour  degETIOR FOOM e YONOT R TRk, 16 ROFRE

i nvention 10 Poly-crystalline, as well as

nopo- aygka{ﬂérghvg' qud has been grown using variety
of—%§£%+eehﬁ+ﬁﬂe3rlb%chrystaIIine di anond, in spite

of having sim|lar properties as nono-crystalline
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poly-crystalline dianond, the 20 grain boundaries

i nhibit exhibition of superior properties unique to

di paskdrbecduse tHee igreentilbeundari es act as scattering
centres for phonons thereby deteriorating thermal and

other propertjes. The presence of |arge angle as well

s PP ET i 1 bOdar eE08re CETmirgn Log: - cf8ond has
dr pubackrbih appl i€ atd anrs ol Peivy- eleysihalduiene dbagond.

Wiile there is a clear preference for using nono- ,
cr gsyafd} hiengli Grordsli drappliiteatifomsvigsn618iy3taPFPRETt1ES
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uri as natural “di anon
Al fhougdy apmnorcatyistrad.l i ne di anond has superi or
properties conpared to poly-crystalline dianond,
m croscopi ¢ and macroscopi c graphitic and

NORs gr@phtidie, i asdionsndieatiReny Jrorgel bReydekeetsliline
are very conmon in CVD grown nono- 35 crystalline
di dhomend Astial ¥ el natheugeeest ithierer lCypndgedmiiity of

o E&ra’ftaaiga%no‘ﬁd.d'ﬁg;%%%,t 3P M4529,R%+2198MAUFbEbNG, the
product T1s dimni‘shed.
grain boundaries inhibit exhibition of superior properties
unique to diamond because the grain boundaries act as
scattering centres for phonons thereby deteriorating
thermal and other properties. The presence of large angle

as well as small angle grain boundaries are a major

drawback in applications of poly-crystalline diamond.

While there is a clear preference for using mono-
crystalline diamonds in applications, mono-crystalline
diamonds are difficult to grow with the same texture,
clarity, purity and finish as natural diamond. Although,
mono-crystalline diamond has superior propertiés compared
to poly-crystalline diamond, microscopic and macroscopic
graphitic and non-graphitic inclusions, feathers (long
line defects) are very common in CVD grown mono-

crystalline diamond. As a result, the potential of CVD
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Detai |l ed characterization of defects in

nmono-crystalline 5 CVD grown-d2 anond by Ranman
spectroscopy and X-ray diffraction (XRD) reveal s that
the-Asf eis - ?BE%%% graphbhbgd reQimins: RaViaRd a8 géZguality
in the range of subm crons and several mcrons in
otthardvicde imodamgnystgbli ne di anond. 10 Anot her
difficulty in growing nono crystalline CVD dianond is
the growth rates. Al though the growth rates of 70-100

M [CQNS| REChRQULtake zpesshbbe akfdc@ddid imhoelrystalline
nitrogen to CVD gases, but defects are preval ent and
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OB A O asBgy JB703277B00 dr st el S eerhod For
SXﬁkﬁﬁﬁHﬁkﬂ@e@u@ﬁBndaﬁmﬁgusesﬁSeSﬁﬂﬁjﬁnnﬂuﬁknmf submicrons
el ectronic or opti cal ,conponents or use in c [
t G815 . SIFEELf MASIPYS LReC beﬁ%%ﬁ%dnm%&ré’%@i
07277890 i nvol ves growi ng dianmond in the presence of
gas containing nitrogen in a ratio of nitrogen to
hydraagesr @ififffitculi@Oﬁ)npganingan@m rri:ngst@d;ﬂg@l@ iCNDadiamond
ratio_of ox n to carbon of 3 to0 100% | crea
griom s gtr@ %aﬁeﬁecﬁﬁ%a}l%ab%? @t Sal’. ©70-100

( BNASonk EE&OQ%MIZQQg p¥8kip 98, witth éﬁﬁlﬂ@ﬁ?%ﬁiﬁﬁlibgen to
di scl oses nmet hod or produci ng nono-crystalline
ducamargaasw mostodefecpbasha ehev bt \apburergepdsivt dgaect
D), _at. rowth rate t r e of 50 to 150
m'\g;rnogr%s ypéL ﬁg@ls_eSTHé rre%ﬁodgfng%?v%pea CVD process
carried out at 150 torr and invol ves addi ng nitrogen
to CVD gases to provide a ratio of nitrogen to nethane
ofFolr texablNZ/ OH4weNanabstratt 36 bapdmaas tihetlication
n%ﬁ&ﬂgﬁnJ@nObag7§§@tagsE§EéQsth@@§ﬁgﬂ§H6¥M§}dﬁﬂé§%21ng

because nore availl e gromh sites are created
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components or use in cutting tools. Specifically, the

ﬁh%%diamond.

method disclosed in JP 07277890 involves growing diamond
in the presence of gas containing nitrogen in a ratio of
nitrogen to hydrogen of 3 to 1000 ppm or containing oxygen
in a ratio of oxygen to carbon of 3 to 100% to increase

growth rates.

A technical paper by Yan et. al. (PNAS, 1 October 2002,
Vol. 99, no. 20, 12523-12525) discloses a method or
producing mono-crystalline diamond by microwave plasma
chemical vapour deposition (MPCVD) at growth rates in the

range of 50 to 150 microns per hour.

The method involves a CVD process carried out at 150 torr
and involves adding nitrogen to CVD gases to provide a
ratio of nitrogen to methane of 1 to 5% N/CHgq. Yan et. al.
believe that nitrogen in the stated ratio enhances growth
rates because more available growth sites are created.

This is believed to be a result of causing growth to
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change from <111> crystal planes to <100> crystal

pl anes. The inportance of ni tTdgen content in CVD
gases is recognhised in United States patent 5,015,494
(Y, E1 2,5 Wi £ LEAGRSS 3 10RLA0E0L1 AHOVEADs (U ABNMhe s
mﬁ?ﬁgégstoﬁ1zed properties ?Br gedlgated appl?%atlons
Yanmazaki discloses form ng dianond by el ectron

cyehot {aP-Fesonanse MR g dicsekasesnaddbngasés rpgen
to "prevent 10 lattice defects fronwg §éﬁ gg?y virtu
0

of rexPerhatd ol | Fkrgrh Stattess patert a&%@ﬂa%kl

a yBatkp @éa@ﬁééQﬂﬁﬂﬂﬁﬂﬂpQﬁﬂ@I@&ingod@ambﬁﬁ eotpotnst omized
gas of 0.1 5% %E?res ta anond has a nitrogen
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Yamazaki discl oses a reqU|renent to add boron gas to

;hga%%%?gasg fbgégr@é¥H() %1a og%tgg 8@ Q ég?fgkron

I iprove a
forandndnaat@MD éﬁﬁh@xsaﬁpaﬁs a@dom@ungttog&antgt?pﬁﬁvent
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Specitically, nitrogen is 0o enhance growth rates

of 1TVEr e bwat AORD” crl\yﬂsm%qqqrhewduaalﬁﬁﬁd ignd fetppevent

| aht { c6586L €&k Sohi %%tﬂ&%a%@o%/-‘ébﬁlbbgﬁdr sﬁgn@m@ o 5%
grown nono-crystalline di anond. Summary

| nVBRt FRAUL LAl {anendpjate G HRgepr é‘é’@ﬁFnFﬁ%h‘P%ﬁf 0.0L
totprovy€de. a CVD 30 process for grow ng

nono-crystal I i ne di anonds substantially free of

defects. The applicants have carried out extensive
expédhﬂbomallypr%amnuakmeduﬁqidﬁhatanquugeameptibﬂaadﬁ

a' Bngow ‘ﬁm the 33 d(hb& ré&&&'t%vgor@h%oﬂres;@ﬁgé §Rfch

row ng no- crys I anon e experli nent
wodkphastfs oun R t frales st iy el timpgene ﬁda@ahpnt festhe

proppsedatd YansSimedldiApfhdyanazaki results in

grOMAng di anonds that exhibit -4
Nitrogen, according to Yan et. al. and Yamazaki, is
required for two purposes. Specifically, nitrogen is used
to enhance growth rates of CVD grown mono-crystalline
diamond and to prevent lattice defects in electron

cyclotron resonance CVD grown mono-crystalline diamond.

Summary of the invention

It is an object of the present invention to provide a CVD
process for growing mono-crystalline diamonds

substantially free of defects.

The applicants have carried out extensive experimental
work on the role that nitrogen optionally along with the
diborane plays in CVD processes for growing mono-
crystalline diamond. The experimental work has found that
using nitrogen in quantities proposed in Yan et. al. and

Yamazaki results in growing diamonds that exhibit
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ni-trogen- based defects such as mcro cracks, nicrb
i ncl usions etc. The experinent4k work has al so found
that only very small anounts of nitrogen gas
optlonally al ong mnth dlbor e hel.i in
OVD GESEL WP d r 8SGPETS F%Csu staﬁ¥|aRFa%%%fe% C?E;e
moma-lersyisthal kitoe mhanenpsrcmew@ay\hﬂ@hh@@abﬁﬁp tfhand that

are r..ge t f

B e pnanoples | 02 ATPHHoP ot FRIERAT0 papna
aw\étébrf@b@éﬁaﬁlfyoﬁﬁggnt handt hel Hit rigyéiY I gacgebypll result
r%&{Quﬂk§%ﬁ@§%ql?nd¥§§5%agkee1&bﬁ3“3¥§§ﬂ3¥ﬂiﬁe Hﬁﬁmonds of

i cants have found that CVD gases containi ng gD
¢ RS G gBpy 1§ ialFPaandtnt $5oFuhi i geisangd the amount

opif enaldoyedl and thbrghéoﬂéﬁémmfh&ﬁQng&&eﬁbpbuﬁeants to
result in dianpond beln forneg gg%%l% centres

[ BRI ean 3RE COB R RBHALY ¢ HEt® | 5% Rt rogen to
defetHoer atiton dfistheseadl on amdapakity of the
nonocrystal s of dianond. Large concentrations of

nitrogen in the gas mxture lead to the mcro
ir&namﬂﬁmmalamd ghewehptiagkssimthel wmysttalad. CUN ggSts

t@%n%' nﬂ% % Ent Qcar%fggige%g Qﬁiﬂ@ ounts of nitrogen

ni trogen C on an on-car oron car on
t r@@dd@m@p@aééerr af.engsvwphbndhberane elrf} ridiec eiitsr @g xture

t hesehy dihmynbgbBhAILEDS ek@@&é&Q@hﬁlQﬂﬁhﬁﬁl %@%tres
mechani cal properties o? the fornmed nono-crystalline

ditedot@d 35 Fnd PBANtoR- Nh@ow%l‘i}&forﬂsequ tt?eﬂ% ed to

beicdepandeant canotheheopeest r abd ool nidf agen niohotthgstals
3[ ses dﬂltionallig %eﬁxgllcgnt havefout(g1

t 1At STEPRGugh2EIF ePREFTR §a5 SUnt” S ity 0gén 9°°
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gases I nNcrease the grovvt rate an

adx@é;meae@e@uﬂrygsneveﬁbogr aphi eI Bhs AGH RGN

diamend d%B%SHE?gc@¥ @pgygk@r9§%§§nuﬁ5égﬁ%ﬂé?ﬂ% IeRtres,
provi des a net hod form ng nono- stal l.i ne |an§ nd

b)Fh@l'-'f@#iYcélllW%éGF—naeEB@ ?{L%ﬁtr%%l %&a&oﬁ&d] Tegganical

t b cple@RS e@f 0f thB folRAPdphonddtngstatl lieastdiem@nd.

di anond seed; (b) exposing the seed to conditions for
grow ng di anond by chem cal vapour deposition,

i Mmbleudiomgn of the inclusions is believed to be dependent on

the concentration of nitrogen in the CVD gases.

Additionally, the applicants have found that, although a
relatively small amount of nitrogen is required, there
must be at least some nitrogen optionally along with the
diborane gas to be present in the CVD gases to increase
the growth rate and advantageously prevent graphitic

inclusions forming in diamond deposited by a CVD process.

The invention provides a method of forming mono-
crystalline diamond by chemical vapour deposition, the

method comprising the steps of:
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5suppl yi ng reaction gases that include a carbon-
contai ning gas for grow ng di-afond and i ncl ude a
nitrogen-containing gas; and (c) controlling the

qug@fi ty of jity %q%gea%nhegeknenéoegéﬁsﬁagéev o

gasesIn th ction gases s
caused to grow by step-growh w thout defects and

aphi tic inglisiioNSthe seedh€od¥@Rblt¥ord for growing
nltrogen cont aini n the reaction 15 gases na

n
be in the rahgen Cgé’ybt‘}’@fmtlﬁaé HorgBr %P%Jet¥%f}3yct% uding

gases can fuddieryimelriederdobogapes that Theleiidor afterbon-
can be present in the range of from 0.00002 20to,0.0

vol % Henceccfrit%r}lingoé’?e ATt AEPYBY It HiF TPV e o EHude
appl i cant s havwerdguimddrhati ndsigngasel ahdvel y smal |
guantities of nitrogen and optionally along with

di borane gas in CVD 25 gases cause the growth

mechani sm ofcoditamlrldnigotbe gushept gr ot il merdrmicmtdiming

which a |aYQﬁ% f% d Qagk gra aggﬁeln(¥ﬂé'¥%£éﬁﬁd% gases

step, grows ge as a ron rowt h
mechani sm disffcdr §Ha¢omlémpaﬁeﬁsg€eWﬁdn‘e%rfﬂ?ﬁ%rﬁ>t Hdep-

is typical %PrQMQ.%ﬁQ%%§% andethat apaYg 38K esid tifd1e8ions.
utilising relatively large quantities of nitrogen in

CVD gases. The nono crystalline dianonds grown by the
St efe oot thi e ¥ isRoyehh cohe aguanti ghgsllﬁ)ftmtf@gﬁmon

o1 M QECbM Hhd TaeFbSC0Bte CoP AR EpcoT D lict ohs.

and defects that are associated with growth of dianond

by |ay§ga ﬁi a&P%@QE&eQ'Eﬁegﬁaebé§§grane

I nc usi ons.

The diborane can be present in the range of from 0.00002
to 0.002 vol %.

Hence it will be seen that by this invention applicants
have found that using relatively small quantities of
nitrogen and optionally along with diborane gas in CVD
gases cause the growth mechanism of diamond to be a step-
growth mechanism, in which a layer of diamond having an
edge, defined by a step, grows at the edge as a front.
This growth mechanism differs from a layer-growth
mechanism that is typical of CVD process and that may
result from utilising relatively large quantities of

- nitrogen in CVD gases.

The mono crystalline diamonds grown by the step-growth
mechanism with the quantities of nitrogen and diborane
detailed in the application are free of microscopic and
macroscopic graphitic inclusions and defects that are
associated with growth of diamond by layer-growth, most

notably nitrogen-based inclusions. As a result, diamonds
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- 6 - grown by step-growth nechani sm have enhanced. -
optical, electrical and mechanbcal properties conpared
to dianonds grown by layer growth perhaps occurring
when | arge. concentr i ogns,of .nit

e u d | e
gad" A xt tﬁ?'ﬁﬁﬁ% mISCPE8 5 Fea%te%dﬁgxﬁlt ﬂlcgl
|n@lemkmhmaﬂtdn&i@MDh@@sealt@raperdlgsagwmpaxﬁd to dlamonds

Jud it r j
R
comxacpm eptgand eft h)etrr@a}en emegased 18 e tdrs rangelre
of 0.00002 to 0.02 vol % Preferably, the
ni t rogen- contalnln%ﬁﬁes is selected from15 any one or

nofeeo? W o 1adwileg Sgr 9B mtrﬁgﬁgd%%@%ﬂ-ﬁeq\gr}ﬁ e CVD

OXy8e8s N dvbiheldrampnar iN2 ink 10kt bAYSEOXh ey and t¥2e grown
wi th di borane. Preferably, chem cal vapour

dePbETPROn conditions conprise 20 maintaining the seed
at a tenperature in the range of 750 to 1200C.

Pr f er abl chem . vapour de 05|t| on |tions
T %J’ea%{ 3]%%1 Dt e segdnéfcrggﬁrrle%%ur e T the
ram@mtéihxﬂg]gabtum I&@ meactiPnefjesabl ys imethe range of

ca6q§@oc?n&9wpwﬂg‘ggeoconprlses nmet hane. Preferably,

the reacti ons gases al so conprise hydrogen. 30
Preferably, chem cal vapour deposition occurs in the

Pr£sencEs 10ty 'nﬂHénﬁfﬂ%dae%s%%n@BQHQEﬁU§§sWiérbéﬁ@ﬁﬂéﬁ”from
in the reactions gases. 35 _Preferab the rea%tlongen N
14 2

gadits AR Fh HHE fF LA ﬁ@lﬁ@wawv@raa}ant% e
”eirhaébeycj?éh BQiseamést andardy, cubing teenki BRLEESaparN, with
teg hydr ogen 300-800 scorn, nitrogen 0.0005 - 0.2
sc Whorane 0.0001 - 0.01 sccm - 7 - oxygen 1-10

sccm The invention al so provides a nono-crystalline

ﬂL ﬁn%fgg%f&t,g{e@h%@a by Vfa%ta%d dkPoseo5H2068: W {8hd Nesmprise

el nvent
maintaining the seed at a temperature in the range of 750

to 1200°C.

Preferably, the chemical vapour deposition conditions
comprise maintaining the seed at a pressure in the range
of 120 to 160 mbar.

Preferably, the carbon-containing gas comprises methane.
Preferably, the reactions gases also comprise hydrogen.

Preferably, chemical vapour deposition occurs in the
presence of microwave plasma and occurs with hydrogen in

the reactions gases.

Preferably, the reaction gases are in the following
relative quantities: The methane 20-80 sccm (standard
cubic centimetres per minute), hydrogen 300-800 sccm,

nitrogen 0.0005 - 0.2 sccm, diborane 0.0001 - 0.01 sccm,
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5 Preferably, the nethod is characterised by producing
gem qual ity di anonds. Preferabl/y- the seed shoul d be
oriented (100) crystalline orientation. 10 The di anond
gr bheys Up-t O - ickne f ' -
or PARedh LB erth P BB IR TR B TGS D i

i tctpseslihee ot ammrat iadn ggnd doeherycf9sned | imeccordance

or&fﬁﬁaﬁm@%@@g@d ASAHY §56RLhc14a. Ve have checked the
crystalline orientation of the dianponds grown up to a

thickness > 2 mmand find that other crystalline

orpeatatAons, care Al JE iRl esarbctBrssBd | bEURdiding gem
Figure, 10 shows orientation mappi ng i nages 20 of (a)
cvBathyY COREIRIS HPHT single crystal di anonds,
respectively, and (c) the col or coordinate. Figure 11

eTONREEED (00 JOnPese B Sl LNE, L (Flo OBy a8 ine

cleatdytsthiomm t hat the small regions containing other
orientations are also present. The initial |ayer of

0.5 mmis however (100) crystall ographic orientation
anthetdbrnord et oms taee s8edabpehip. 2 Ashi¢ienafisarwhd mm is

cryst abs; grow the qrientatien)i sr-l,0841 because Haition but
of small orientations are also forned. Brief

dekeripisonttst VHedRdiongengs OANBE eFBY 7 83 Brifodi ment

of ot hent Avesrtd aranidilson@webendescri bed, by way of
exanple only, with reference to the acconmpanyi ng

drawi ngs, in which: Figure 1 is a Fourier transform
i e ahded (HEIdIR)A spec tarymtafl 1dhanondedeposdrt edf itha

CVD. process utilisi [ [ h D gas '
NGRS Sttt 1B $R000 DS o bor Ak Frov i (e
m xthee ¢syKeptl 10001 ent0td005 %%n5aNet ede her issEnce
of ;B N band,and, N #ig) ated opeakssi Bro@fcat d0h&Bilhg images
of (a) CVD, (b) commercial HPHT single crystal diamonds,

respectively, and (c) the color coordinate.

Figure 11 shows EBSD (100) inverse pole figure of (a) CVD,
and (b) HPHT single crystal diamonds. These pictures
clearly show that the small regions containing other

orientations are also present.

The initial layer of 0.5 mm is however (100)
crystallographic orientation and other orientations are
absent. As the diamond crystals grow the orientation is

lost because grains of small orientations are also formed.

Brief description of the drawings

A preferred embodiment of the invention will now be
described, by way of example only, with reference to the

accompanying drawings, in which:
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Figure 2 is an FTIR spectrum of -di anond deposited in a
CVD process utilising nitrogen8itn the CVD gases in the
range 10of 0.005 to 0.02 % w th di borane 0.0008 to

01 % Figure IS hot ol_um nescence pect
i BRBREE dbpttit cia s BUB S beRe s Rratedr tanbt itgptrun
t hef i @ymmd)rﬁeamjsm:tad iisi g CWIDt pogenssnut hél €MDy gasesogen
|n h 2?9 1 oh [

Ifl/v@ﬁelt Vg turéL | sql% rta?lggoggog 8{%&%0@ Wlf’or The
thfélb@v\@m ﬂQWNth t@leowxmm ie. @@m GoP004 tHe ek %

atySde iR CLasRONAS B-@ Mahtogen fée%i&ea'h;b@a}@i‘oﬂi@ 500 -
that the sarrpl es produced in accordance witht

i nVe??i®h are not 20 nitrogen-free, but have
substantially I ess nitrogen centre defects. The

concentr él on of the defects |n§rgase as the nltrc?gen
fI oW RereaseSt df Vol SReErglr 85 41£6CB Y arePeited in a CVD
Oth@@ésiﬂ@ﬂ‘ﬂ&C&Qﬂﬁg mt&g@s;ealt ihi ghe28vpagasés cat idns wofnge

the_d . 2, %
R Ao, 9 90 iR, O praress BpELuchng, G0
i nventi on and showi ng step grovvth of dianmond. 30 In
Fi 4 f [ f '

0. BT o g APl S or Phe oV ekt
St @410 $ @ thel igreiow iy Perogssal 1ar écgvrdéﬂ@e Theh stleps

arﬁq&&?tidrﬂ%c@'&&ql\%'n%h tﬁ%o@bﬁ”@ﬂdtHéOWD'@ases in the
accordance with the invéention, gure 5 shows

optdRI M &%péoi Madés vatl Ri @ﬁdnﬁgh?if?%%tﬂo% gt the
t hei e e nidks @pmm iom 0@ SCYO pr.ocesssi nebdding Tokkst%flow

i th TrD TrRrs 1 On Oiid Shdwiag B eBSaFonE o of “af amond.
O casseeld e stiepogeowckntirear I'yis Homevertiidie tsteps

aﬂ$1§$ﬂﬁ§éﬁgﬁbur% g%r%b%%EdgglCa?§¥ﬁntﬁgdlxéé£klon ST not

hows "o m Croscope | mages
hirght regaTi flinsati &g b VeheudishADAUSL Y oRs$ et BWBn centre

proacess: d nelddidag Rnl2 %1 Bht HegeRean8rO-091: %6 dipar ane the
| n accordance with the invention _and show ng
EﬂQﬁﬁlf%ﬂw increases in vol %.

Figures 4 to 6 are the optical microscope images at high
magnifications of the diamonds grown in a CVD process
including 0.02 % nitrogen and 0.001 % diborane in
accordance with the invention and showing step-growth of

diamond.

In Figure 4 the image of a sample of diamond grown with
0.03 & flow of nitrogen in the flow of the CVD gases.
Steps in the growing crystal are evident. The steps are
the lines along which the diamond grows in accordance with

the invention.

Figure 5 shows optical microscope images at high
magnifications of the diamonds grown in a CVD process

Q.

including 0.02 % nitrogen and 0.001 % diborane in
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10 di anond. Figures 7-and 8 are obtical m cr ogr aphs of
di anond deposited in a-CVD profess utilising the
nitrogen in the CVD gases in the anounts of 0.0005 vol

% and 0.0008 vol. %.15 along.with 0.0001.% and 0..0002 .%

di BT ANETVEE pLLT T Vel IR GRE HIGFOLY apHa A R of
shdnanbed st @pe grow dearediranmitem ofrowhie giesthy ofHowever the
01 aPRpd- o Then O (L0880 45y USed o AUART LhYvegonms 4 hay
specified by the Thvention and’gives rise to graphitic
(bHaék¥tsnclusions in the sanple. 20 Figure 9 is an
optical mcrograph of dianond deposited in a CVD

process utilising nitrogen in the CYO gases in, the
anbhAEr®f 6 0SHPLD W GBY MisCOsPRRcMAFER The1 19D

|nM§ﬂﬁ%9Deaii?§§QM§‘@%ﬁ&ﬁjﬁk@%&hFthh mﬁd@|?@$‘process
gra icin i ons, and eve pac steps..,

Fi guFeuddng hoe? of i BrisRdn al%*p@i-ry%}ii %agéé%?l?? ™ CVD,

( baceonn®mtice ali HPHhs i inglen tdioystald dhanbngsstep-growth of
reagectigely, and (c) the color coordinate. 30 Figure
11“$AEWR EBSD (100) inverse pole figure of (a) CVD

and (b) HPHT single crystal dianonds. Detailed

de L pLLo ' t i
e
i ndepes bhed nio| ¥ VR IOVDasrotésd 1Ehag eI Rsesogen in the
M 678WaYSe P! BSMBne ardfmtld dyrord 0i09 59568WNS 0@ 0.0008 vol %
substrate,comgr|5|ng a di amond seed  t hat ng%evarg in ‘
si 260pet feeh 8- Y0Bhm AR 9 -0 08¢m° FhECRBERotPFRECEIVeLY.
carhé elpOltal MmbcId@ErOnay e 1plcasmmwe hagbetep growth
mechanism of the growth of diamond. The nitrogen is used
in guantity lesser than specified by the invention and

gives rise to graphitic (black) inclusions in the sample.

Figure 9 is an optical micrograph of diamond deposited in
a CVD process utilising nitrogen in the CVD gases in the
amount of 0.0012 vol % in accordance with the invention.
It shows clean growth with no black graphitic inclusions

and evenly spaced steps.
Figure 10 shows orientation mapping images of (a) CVD, (b)
commercial HPHT single crystal diamonds, respectively, and

(c) the color coordinate.

Figure 11 shows EBSD (100) inverse pole figure of (a) CVD,
and (b) HPHT single crystal diamonds.

Detailed description of an embodiment

A method of growing mono-crystalline. diamond in accordance
with the invention involves a CVD process that utilises

microwave plasma.
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5 Depending on the size of the chanber, nultiple seeds
may be used to grow di anond dufing a single run of the

i nvention. The crystallographic orientation of the

seeds is 10 determ ned and seeds having an orientation

ot her than (100) are rejected. Seeds having an

orIDjsarmmd ars gfrWb0O) ar eupskirshedcomopopsinala fdimmsmd seed

fOI' %QHE%{}B%%?}’O(H tslg_%eorbgg(ﬂegﬁ § £“ n Ill(ﬁ] r}gwt I'Ieré

cess ce the seeds are located in

t hee Whehbler catn@etde@plér ahupeli A5PURVE Hel fEmsdaner -

| ngdeasedthd reMaisent LemparatHLgp L, - Rulerpes aéé#!c% may
in the range of 750 to 1200C and the ressure%%gtéleo
f

t e CHERfbEr % PeddEBA o I presSuP en ¥ h° t HE
12&&@1&1691 nbar. 20 The chanber is supplied with gases
for grow ng di anond and the gases conpri se net hane
(CH4), hydrogen (112), nitrogen (N2), and helium (He)
anuaearcacymm%gﬂamu@h orrhenchairber ofit tlae gaesedd ave r at e

0 1/.h ot 5
e T PR o RN S bR S e
oXygEN, dnedregers tand lSeIeKianhaVlNgta@g@m@mwdemrcafne (100)
0%%§$3%$H% 5¥th ) %1%%@”%EB¥shhﬁitﬁ09$ﬁéﬁﬁ§%§)5%“%54‘%rder

ases for grow ng 30 dranond
el @ltd igdrom dind Hrerappltied @fsﬁh?o@ﬁﬁ@ @W%’%%ds such
that plasma is generated fromthe gases in t he
chanber. The el ectri ggc fieldis ene

te
negHER ridie GvEcst iBR§ 4t€6060 W ﬁ@o 2}/%5 tggperature
Thﬁqsgﬁ:nﬁrtateed;r@hmtrr igakintirehdecanses &ﬂﬂelérytﬂrmmegﬁsure

to ionise ormn I t t

{0 SIS DLSRY SHORRLNG Bl ESHR | 00LhE MR kol

dlgaxrfmmmes icanisied the ghewbemn fhereddceli apoml meEdsire in
rloavﬁtglg Rat tern of %ba%g? as shown in Figures 3

to , 1s°step-w se an therefore enabl es dianond to
grow that is 5 substantially defect and inpurity free.

Byriay: fmreamayr iss @ilgaewiﬂﬂeg958§e§§rCﬁfﬁwiﬂ Nsi W and
used with the supply of nitrogen bein tere

cofift iIFEE GOSPEGSS, B2 P6RCod oFe ke %nenggsegltrogen
I . @,)Ni bhAgBRBlium (He) and are passed through the chamber at

a gas flow rate of 30 1/hr. However, the nitrogen gas may
be delivered to the chamber in combination with diborane,

oxygen, hydrogen and helium.

Nitrogen and diborane gas is supplied in a quantity that
comprises 0.0001 to 0.02 vol % of the gases for growing

diamond.

An electrical field is applied to surround the seeds such
that plasma is generated from the gases in the chamber.
The electrical field is generated by a magnetron operating
at 6000 Watt and at 2.45 GHz. The generated electrical
field causes the hydrogen gas to ionise, thereby forming
plasma in the vicinity of the diamond seeds. Under these

process conditions, diamond is caused to grow on the
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10 conprises at |least ten tines the anount of nitrogen
supplied in accordance with theltnvention. FTIR

anal ysis of sanples is used to deternine the
concentration.,and bondi ng of nitrogen and boron in 15
sa%ﬁﬁgg?gTﬁgei%lR spectra of sanples grown in

accordance with the invention and in accordance with

t h | j | (@) i i a
5 pELSERF 098 QURRANGALE SRR, Sk gordy 9o o
t hésdpafmbndssgrand Fhezriidaned wist RieRenfinvengron that is

shaws sd9pt pant v G & amdes, ati b8 t6Mere2026 cnvvl and
2160 cm1 in t%e two phonon region. The interesting

result, however, is that no nitrogen rel ated bands are

g_t;lggr wed bn &&%ﬂi%ﬁgaﬂ{i wanef lgﬂ@@%@s%aaaphe@ms Wéee
pectru i gure of, sanpl e rown._ wit .

ni EFERORCER The TG o1 G00Bs ogadvehatasly e comprise

di booabet6. 0008 tol 0k 0¥l tHe Supwldleeayaand, strengnitrogen

Slggﬁégggssogttfe 99199{QQEQ#}&% e%m%%%%rg% %9t£g§en

sarnpl €s a?ong W Th sone typical nitrogen centres.

Specppitafll in imtensandrandd hr élhat édveothonen- ni t r ogen

centres are evident at 1370 cnvl. The bands at 1210

~and 1280 cm 1 might belong to nitrogen centres al ong
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wi FRIRhen@l s bands ez ismige R §26 defreInang B85S 2160

CbondBerPhtIQ9eh sl esd Bt he tdiaepndngapptes 1Ry
exi st in many configurations detailed bel ow. Slhg#gance

at BATBHBS i Tk i DR SPELL TP & fc RAMRdEer PEPIE s Pedks

FTIR:Bpegé r anexmSioratard 36 2canddb3oe eith ahnd £PRered
give? a"g" valgg of 2.0024.fo%jﬁhis c?ntrg. Thi s
SeREFEOEPRCARPEE A udilOVEl dat bR the Sl es
ar oepdedti0cyn 1 in the sanples grown with nitrogen in
the range of 0.005 to 0.02 %

The FTIR spectrum (Figure 1) of the diamonds grown in
accordance with the invention shows dominant C-C modes at
1978 cm™, 2026 cm™ and 2160 cm ' in the two phonon region.
The interesting result, however, is that no nitrogen
related bands are observed in the FTIR spectrum of these

samples.

The FTIR spectrum (Figure 2) of samples grown with
nitrogen in the range of 0.005 to 0.02 % and with diborane
0.0008 to 0.001 %, show clear and strong signatures of the
boron-nitrogen centres in the samples along with some
typical nitrogen centres. Specifically, intense bands
related to boron-nitrogen centres are evident at 1370 cm ™t
The bands at 1210 and 1280 cm™* might belong to nitrogen
centres along with the C-C bands at 1978 cm™®, 2026 cm’* and
2160 cm™*. The nitrogen centres in the diamond samples may
exist in many configurations detailed below.

¢
e Single atom substitution:

N———C
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480-490 mm 1 and 1282 cm 1 are the characteristic
peaks of 15 A-aggregate in FHIR- These peaks are
evident in Figure 2 for sanples produced with
concentrations of nitrogen nuch greater than for the
i nvention. The A aggregates are also present in

nat ural di anond sanples in |arge concentration which
mas used as a substrates in the present case. 20

ﬁ?eg cergaat ecterldslt%n%n%eaitsh?%af% ?Bo CC&QASI‘IEE&LSCH a% /11§O

gen a ons 1 n ese eaks
araaace\ammtcm h amat tmpal gdwam)ngmsetlge and mmozmotfomethls
present in sanples of the present invention. 30 N3
Ceittere. @Ehds centre appears as a weak signature in the
samples around 1100 cm™* in the samples grown with

o

nitrogen in the range of 0.005 to 0.02 %.

e “A” aggregate:

480-490 cm™* and 1282 cm ™! are the characteristic peaks of
A-aggregate in FTIR. These peaks are evident in Figure 2
for samples produced with concentrations of nitrogen much
greater than for the invention. The A aggregates are also
present in natural diamond samples in large concentration

which was used as a substrates in the present case.

¢ e :

o "B” aggregate: o | - | S

% N :

///w | ™

¢ )

C C

B-aggregate in diamond is believed to consist of 4 / 8
nitrogen atoms in pair with carbon atoms. These peaks are
evident in natural diamonds mostly and may not be present

in samples of the present invention.

e N3 Centre:

(@]
Q—L""—"}
S

!

|
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N3 centre is not FTIR active and, accordingly, does not
appear in Figures 1 and 2. However, N3 centres show a
sharp band at 415 nm in photoluminescence (PL) and UV
spectroscopy. This centre consists of three nitrogen atom

surrounding a vacancy (V).

e Platelets:

Platelets consist of one or two extra atomic layérs
inserted in the diamond lattice. The nature of the
platelets is still be analyzed in detail in diamond
lattice. However, the fact that the corresponding IR band
is observed only in diamonds containing an appreciable
amount of nitrogen suggests that platelet contain
nitrogen, and probably consist either partly or entirely
of nitrogen. The position of the platelet peak varied from
1354-1384 cm ' from sample to sample. This variation of
position is attributed to the susceptibility of the
platelets to strain induced into the crystal by the A and
B-aggregates defects. The presence of the platelet
absorption indicates A-aggregates start to diffuse to form
B-aggregates. The platelet peak position is inversely

correlated to platelet size.

From the results described above we can conclude that in
the samples grown with the flow rates of nitrogen in the
range 0.005 to 0.02 % the nitrogen is present in the form
of single substitution and small concentration of A-

aggregates.

Photoluminescence spectroscopy was performed on samples

o]

produced with a nitrogen gas flow of 0.0002 to 0.002 vol %
and diborane flow of 0.00002 to 0.0005 %. The
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N3. centre is not FTIR active and accordi ngly, does

not appear in Figures 1 and Zl4%owever, N3 centres

show a sharp band at 415 nmin photolunlnescence (PL)
arnchd M o speot rescdpy. aThi shoent re BonsistS aofd tshiose peaks

nitrogen ato rro ndi ng vacangcy Platel ets:

161 S bt S o s FO G daRaSorts ne bk(SR VUG PayEFgond
i ngentad Jdrfy t Vqrag@ﬁgré§1$fcﬁitr mat weoehihhey, the
platelets is stl be anal yzed in detail in dianond

| atanicless mweiw@ed tithe akgotrdehae wheh cre elsrptﬂmilr@gl laRe not

i BB 3 156 aholnt 26F APEFbOSR-ChDYeRTe FHarogen centre

pl@é@&ts GORINAIR sl SR, u@mdgpf@p@@ixyepmsﬂgst ei t her
partly or entirely of nitrogen. The position of the

pI @nrmeéttr@éawn@apufe@lwéwm%m TBB49Fmi 1N faEiAERsiee with
amégﬁﬁ% EEl?F&%%I?Eb%QQZB p9§%£$f$si¢ ﬁﬂt%ﬂé%%&%da%olt

the suscept ty o o st

I nickigedk dimtle &h%thmﬁbalchpbhEaﬁeﬁnﬂlﬁf@@gTagaH&551ng the
defects. The presence of the platelet absorptiaon

i R dtads Aldd e ateBUSE ANt Ofotlaf?fﬂ%%o% Fidtghe crystals.
B- aggregates. The platel et peak position is inversely
correlated to platelet size. 25 Fromthe results
deﬁiﬁjd&ﬂjmﬂmmusampycémageacbﬁdéheha@mp19$rgxqwnnﬁuxnitrogen
grown with the f|OMI ates of nitrogen in

0. VU XY 0. 5027 t'fle “hFt FEGER RECRTesenttT ntqt%e”}"%%lélfl are

siithen Siybshizlgdlsi an anduseBl b gpacent Tt i Bibdfs Are3@aken
aggregat es. Phot ol um nescence 3Eectroscopy was

p;elrff drhmdames@nfprnégnpﬁf@@aééan DA 2000 t3eydrh ey s e se
?Ogrd)‘%%b A) e%%- }%_ e 30d di-hor apg. 7 oJe Q09002 54

spectroscopy resu ar e ‘shown
i nsHwgurier 3handmsbew.peaks at 639 nm (1. 94 eV) and 575
nm (2.14 eV) which correspond to NV and (N-V) -
centres of nitrogen. Accordingly, the sanples produced

| e ARGY danGge (Wel RpbBe bRVENELAP1&r 8 W@iamond grown with
0.03 % flow of nitrogen in the flow of the CVD gases.
Steps in the growing crystal are evident in Figure 4. The
steps are the lines along which the diamond grows in
accordance with the invention. The surface morphology of
the same sample is evident in Figure 5 and 6 in which the

high density of the growth steps is clearly evident.

A high density of the growth steps on the surface of a
sample grown with nitrogen flow in accordance with the
invention is also evident in Figure 6. These growth steps
are present due to the screw dislocation observed in the
crystal growth process of a number of materials and are a
clear signature that the diamond in accordance with the
invention system grows with the help of dislocations and

with a step growth mechanism.
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5 nitrogen-free, but have substantially [ ess nitrogen
centre defects than result fromusing relatively high
concentrations of nitrogen in CVD gas in accordance

wi th Yamazaki. No boron centre is visible in PL

spectra as it is possible that boron conpensates

ni $¢bgehing ot easialg e BORdpt ABantérar ¢ ¥ ynhlpeP grir iy CVD

of 54 bes déﬁé”@f@s SH,HEEH & HeS ;s%tralt? afRt §6al 1 7Y C5OSePW 1 amond

|nages of | es grown a nltro en concentratlons
i nl$ W%%’%@@%‘%c %%1{0@ e i ﬁ@éﬁmﬁ% Ar@shbyiaity of

| Magesoddn B sl esaukcandiidmohlde gir BREBSIAr € $akenilde lnﬂanner,

the ran eof |f|c on 500-5000 and the ste

o oo b O A SIa BE PO TR RS S e GIE Sous as

di anﬂfl@hs heani ri g tkh,e a mages. Thegureudrescés hef | aege-pfowth
Iedoftdj arﬁa r%rO\anth h 20 0.03 % fl ow of

nlf? En“5'h- the FIBWor "t he CvD gases. Steps in the

growing crystal are evident in Figure 4. The steps are

th I di '
Lhen &rgesl nventlﬁéﬁr%{c‘é%htt@l%t amand, gr, opsg b PFEA d@meogen

sur ace nor phol ogy
sahfﬁal@re?%efet/lld"erﬁvﬁ wasiegur e18mand Grp‘rﬁsvﬁﬁl@h qw@stlc

hi gh- density @fat hfet@iﬁ%%@aﬁﬁ?péff@c@l SRbhYrEvident i

h| h density of the growmh steps on the surface of a
réoréﬁlown wWth nitrogen flow in accordance with the
inventi on is also evi dent in Figure 6. These growth

teps 30 are p sent d e he. screw di sl oca
D0 VP b eseal! GPowh S BCELaTbr B AR of
et ree 1@ sorandi rar®@/ e gelosar dsa@natiuweth hat 0@ he b arforechd

he? (?gd‘?% oca g onyéglngqv\é\n%tg#togl?&gg %%@ne%am%&e in

- 16acISe¢-fécEmmg:%s rlelaadi Bel ytemal ﬂnqubﬁtlwem o tFicgeand
i n, QVD 9ASRS BNSIHLSItRak 1tRepHr bty 800 Spad idy ¥ the

the dianmond is maintained. Selection of a relatively
sred s quintihsy BrRPSIfiCr 6§6RaLSBScauses di anond
growth in a step-w se rranner i.e. wth a | ayer of

| nond haV| ng e grows as_a front defi
Bt 2ote Gl GHABREE FOERes? gRdar 1 Bibbadon e vel
Fl%gutﬂsrdkgdro h()) alﬁolmiahbe wmtbunhteanneenthm wiegs G hHi8%

0. QQ&OE"{{%%%W 8N dle$ ?%gﬁ?ﬁ& téﬁui:é(Ps ﬁ@sst%ﬁam

ra h IC I NC 1 ONS rlnent
afi‘rlé@ﬁtap‘r@pﬁéi'lt}l deresf ofh@rdphibid. mslwowaml%ﬁown in

Fi Lgﬂﬁ&_se 7o and 8 ;shew19eaRhi thet(dakrk) gl AedbMST NS 15 from a
rown di anond with Q.0005 vol % and 0.0008 vol %

nlqvfg@?%%%&d}ddﬁ%%aﬁe OPdspact Fyver yliors BHchPHn along
Figuresdib@anthed,irstoeps gaB .t he | ayers of di anond

Specifically, this threshold volume of nitrogen is
believed to be essential to cause the diamond growth with
steps clear of impurity and defects.

A concentration of nitrogen higher than 0.0016 vol % in
the gas phase results in microscopic and macroscopic
graphitic inclusions. Such inclusions and defects .

adversely affect the properties of the formed diamond.
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are irregul ar and defective and are believed to be the
20 cause of the graphitic incli¥&ions. In contrast, ‘CVD
di anond grown in gas including 0.0012 vol % nitrogen

' nrﬁ&%%ﬁgg%mﬁ e niiRyenti eﬂe%m&g&o%{w&%%%n

flow i ncl'udes regul ar equidistant steps and is
subRg Hit | Er99L Fiesk 18f tHCapRVENELIPACIRREDAS &y k%ehown in

F' YW £nhgddud %ebﬁn'uls%VQQ t:LBa'_lefééiCQuﬁléétE@ﬂQlé el ts
froma C\?D process i ncludin 001 vol /oor r?ormed

ni %Q%@P%W Was diSb6Pen nphuwa
Sﬂfmxﬁmgoa,l lwi,tH hirse trlérselalnoItdavofum%@fdmmdsmgam is

el l.eve t.0 sent to ause .t he i anond
S S B3 b et e T ot LSRN Rt Formea
c odicambrrdt i so ryeaf quxaﬂmtgrelanl:li gher stihani @ 0AlsE-tuolcp,i n
35 thecaglasarpcl]%nse ?ﬁ%l tngF E%Eﬁggcg&hﬁl A ta other orms

roscopl C grap IC I n usi ons
deﬁﬁocﬂsamcadi/eﬂsmry baf C&6t anHepprppett¢estivit taf@mqlredhe

di?{%y@rtlesl%f & $L8PugLAvhE . mechani smin the

ni gen concentration regine specified in the
i nvention appears to be advantageous because it is

| egsSrSHstaPtiPISt §riiRCOLREr ahi fHe dep&ei Siandion is not,

i ncl u5| ons |n%%orne 5 di anond WIih the result

t htd £t takedy Bsy aftli aF FyOY TP yfedry form
ansi i mfdgleestqraﬁ; tSeh tfnl(irsl’fpdldtraﬁﬁﬂd];d)ﬁngepﬁm&{ﬂ thheanrgtbmmon
as su i,or tri.ca cal _and_ nechani ca
oS g eusasn £o PFREr L ar R QP dr aend GPSRY by

CVD and properties that approach the 10 properties of

n%zﬂg lméjdlaf%ctlo%%f Gl gngg hxgd nyop{ ep% efrré& IE‘?nbodlment

speci lcation 1I's not, d not en as,
ackh oVl e dyrRsRn to . naiey LR ORmR ST dsaghEaed oﬁhb@‘ffatmtqﬂ%lt

PrdfaArind i P&kt @k rihean@MBespd Sogenes alresent
knowl edge 1n Australia or any other country. Mny
nodi ¥4 at9"ons may be nade to the preferred enbodi nment
of the present invention as descri bed above w t hout

d%tgrtllrohg bfer %r:‘rrl]dteq:estso dr It%a%nghgcgge thcgrk];?rf)sfeessentr 2:‘L S
grammatical variants as used in this specification and
claims is equivalent to the term “includes” and is not to
be taken as excluding the presence of other features or

elements.



It wll be understood that the term "conprises” or its
grammati cal variants as used fﬁ_}his specification and
clainms is equivalent to the term "includes" and is not
to 25 be taken as excluding the presence of other
features or elenments. 30 -.17 - CLAIMS 1.A nethod of
form ng nono-crystalline ge de di anond by

chem cal vapour deposition, the nmethod 5 conpri sing

tge StepS.QI: QﬁkaQ>V%%E%gn kaﬁgSE g@€a9h§HB”8eﬁesgade
(b) exp05|ngI? e seed to conditrons fOF “Grow n
19dpmemh dohycledveirfiaclal vapspaudepepdsiitinen thenBrGaPrAg

SURRb Y1 Hohd eagd iangasgs that include a
car bon-contai ning gas for growi ng di anond and i ncl ude

a nitrogen-containing gas; and 15(c)controlling the
quant ity ofpridtirdigen-sgontaiski Bgegdsamnehat kgedt o ot her
gases in the reaction gases such that dianond is
caused to grow by step-grow h wi thout defects and
grtlaphi ti c iexgdassingnshe2Gewkdetei pondétqoant foy gfowing

ni trogen-co i ni ' e : T .
the range of BOKDL £os B or AR PRPPRSTIFRE Llegesns
di bor ane i nSuptel YieHE it igae 252 SA thetth 48 Cét IR PnCRG PO~

nono- cryst akdd e ey Hader A5 @oawrd AsinondCadmindllide a
wherein the di borane in the reaction gases is present

in the rang® ofCFF AV G2 o 935602 ol %

(c) controlling the quantity of nitrogen-containing
gas relative to other gases in the reaction
gases such that diamond is caused to grow by
step-growth without defects and graphitic
inclusions;

wherein the quantity of nitrogen-containing gas in the

reaction gases is in the range of 0.0001 to 0.02 vol% and

further including diborane in the reaction gases.

2. A method of forming mono-crystalline gem grade
diamond as in Claim 3 1 wherein the diborane in the
reaction gases is present in the range of from 0.0002 to
0.002 vol%.

3. A method of forming mono-crystalline gem grade
diamond as in Claim 1 wherein the nitrogen-containing gas
is selected from any one or more of the group comprising
nitrogen in hydrogen, nitrogen in oxygen, nitrogen in
helium, nitrogen in nitrous oxide or nitrogen with

diborane.

4. A method of forming mono—crystalline gem grade
diamond as in Claim 1 wherein the chemical vapour
deposition comprises maintaining the seed at a temperature
in the range of 750 to 1200°C.
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3. A nmethod of form ng nono-crystalline gemgrade 30

di anond as in Claim1l wherei g he ni trogen-cont ai ni ng
gas is selected fromany one or nore of the group
conprising nitrogen in hydrogen, nitrogen in oxygen,
nitrogen in helium nitrogen in nitrous oxide or
nitrogen with diborane. 35 4. A nethod of form ng

nono- cryst & et ogemfgfadaidyamond-asysha Ol anen dem grade

WREL el My the | C;ﬂ‘%ﬂ‘acf?rl 1V%%‘frelﬂe%§s' "ch%ﬁhSQﬂp(ré?Sér

mal nt ai ni ng e seed at a tenperature in ange of
7@@@@&%0@Omprll‘85& mag ntAipgnlodhef Sﬁ@firrﬁﬁga pressure in

PRO- SX e @l 11n8) geMigadeadi.anond as in daiml
wherein the chemical vapour deposition conprises

mai ntai ning the seed at a pressure in 5 the range of
120 to 160 Arhasthodb ofAfaeihad abnbetri;Bgalline gem grade
\rﬁnocr staII em.gr ; dedla ndaS|nC|a

eTETH tHe “ChrbshTtont&iTAing §4S EoRprises” %H ne, 993

1©omf7rlsﬁesmmdrnjthrm‘ form ng rrono crystalline gem grade
dianond as in Caim1l wherein the reactions gases
further conprise dr oge 15 8. A net hod of form ng
mbno- cryst & meﬁéwg%mfg%@a@lagaﬁ@ﬁa -asyphatl apfn gem grade

W@ﬁﬁﬁ%ﬁﬂtigafﬂ“ﬂméﬁﬂZW@@@M%1@9@9%|Eb@@t@@ﬁﬁréabastbﬁrther
presence o@’g crowave pI asma and wth hydrogen in the

r et ¥ otfs ™20 9. A met hod of form ng

nono-crystal line gem grade di anond as in Claim38

erein th % g g d
\rlr\@agnetron ;%pe%regctl ng at 3%%%\%&{%{39 ggg &1 % %—Eem grade
diamond as in Claim 1 wherein the chemical wvapour
deposition occurs in the presence of microwave plasma and

with hydrogen in the reactions gases.

9. A method of forming mono-crystalline gem grade
diamond as in Claim 8 wherein the microwave plasma is
generated by a magnetron operating at 6000 Watt and at
2.45 GHz.

10. A method of forming mono-crystalline gem grade
diamond as in Claim 1 wherein the reaction gases are
passed through a reaction chamber at a gas flow rate of
approximately 30 1/hr.

11. A method of forming mono-crystalline gem grade
diamond as in Claim 1 wherein the seed is oriented in the

(100) crystalline orientation.

12. A method of forming mono-crystalline gem grade
diamond as in Claim 1 wherein the reaction gases are in
the following relative quantities:
methane 20-80 sccm (standard cubic centimeters per
minute),

hydrogen 300-800 sccm,
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25 10. A nethod of form ng nono-crystalline gem grade
dianond as in daim1l whereindhe reaction gases are
passed through a reaction chanber at a gas flowrate

of approximately 30 1/hr. 30 11. A nethod of form ng
nONO- CfI ' _grade .di.anond as in Caiml

wher eicra %@ésde(rebg Oig)?@orioe'%t éc’gcfhh the (100) crystalline
ori ent@thomnel P .A0%dt hod -8fL B6FM ngahBno-crystal | ine
gem grade;3p diiampdas in daiml wherein the

reaction gases are in the followng relative

guantities: nethane 20-80 scorn (standard cubic

CERL i met er 3\ perhdnyFe ¥ orhydgogenc 300y 8081 steen gem dBade
- .nitrogen 0.0005-. 0..2 scan, diborane 0.Q001 - 0 ;
SR g ey genm e ERe R a2 3 bt ghegy P4 size
floetwegn Mbro-Tmystaald Sne gemmgr ade di anond as in Caim
1 wherein the dianond seed is a size between 3 x 3 nm
and 5 x 5 nm 14. A gem grade di anond produced by the

net hod of 70 %Ay 9sREepAdamend prafnred by the méthod of

any one previous claim.



