METHOD OF | NCORPORATI NG A MARK | N CvD DI AMOND
BACKGROUND OF THE I NVENTION This invention relates to
wa@200sbado of mar ki ng or fingerprinting di anondPCT/IB2004/004069
material, in particular single crystal synthetic

di anond material produced by chem cal vapour
deposition (hereinafter refefred to as CVD), thereby
providing a mark of origin or fingerprint in the

di anond material, or a neans by which its synthetic
nature can nore easily be determ ned. Methods of

deposi ti pgry¥Bt & irgboselrag di RNt papsubed rate by
CVD are now wel | established and have been descri bed
extensively in patent and other literature. \Were

di anond i s being deposited on a substrate, the nethod
generally involves providing a gas m xture which, on
di ssoci ati on, can provi de hydrogen or a hal ogen (e.qg.
F, ) in atomc formand C or carbon-containi ng

radi cal s and other reactive species, e.g. CHx, CF
wherein x can be 1 to 4. In addition, oxygen

cont, 3 our g sent, as may sources for
rﬂ-LL"L-Hg-h“ S Léh%-eﬁn ogen can be introduced in
the synthe3|s plasma in many forns; typically these
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present inits natural isotopic ratio, or the reI ative
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present, as may sources for nitrogen, and for boron. Nitrogen can be

introduced in the synthesis plasma in many forms; typically these are N,
NH;, air and N;H,. In many processes inert gases such as helium, neon or
argon are also present. Thus, a typical source gas mixture will contain
hydrocarbons CsH, wherein x and y can each be 1 to 10 or halocarbons
CH,Hal, wherein x and z can each be 1 to 10 and y can be 0 to 10 and
optionally one or more of the following: CO,, wherein x can be 0,5 to 2, O,,
H,, N2, NH3;, B;Hg and an inert gas. Each gas may be present in its natural
isotopic ratio, or the relative isotopic ratios may be artificially controlled; for
example hydrogen may be present as deuterium or fritium, and carbon may
be present as ™2C or °C. Dissociation of the source gas mixture is brought
about by an energy source such as micfoWaves, RF (radio frequency)
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the nature of the substrate and details of the process

chem stry, polycrystalline or single crystal CVD
waelc@soedoiray be produced. The devel oprment in tPET/IB20@/004069

of sophistication of nmethods of producing CVD single

crystal dianond has neant that this material is

becom ng increasingly nore spitable for use in

i ndustrial applications or in ornamental applications

such as synthetic genstones for jewellery. However, in
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determ ning the so nt hetic di apond used_in
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sydidmedridc nature. SUMVARY OF THE | NVENTI ON Accordi ng
to one aspect of the invention, there is provided a
nmet hod of incorporating a mark of origin, such as a
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control |l ed manner a dopant into the source gas in
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SRR AR bt Sek Rl GettiR e 1R B Ve e
Debesyntlmtlcofaturhe mark of origin or fingerprint my be
vi sual detection or detection using specific optical
i nstrunmentation, for exanple.The mark of origin or
fingerprint is preferably provided in the formof one
or oA k?y(ﬁf%H%rlN 1968 9rown into the di anond
na?erv—a#—d-urrn-gwﬁm Such a mark of origin or
fingerprint in a CVD single crystal dianond nateri al
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a diamond substrate, providing a source gas, dissociating the source gas

thereby allowing homoepitaxial diamond growth, and introducing in a
controlled manner a dopant into the source gas in order to produce the
mark of origin or fingerprint in the synthetic diamond material, which dopant
is selected such that the mark of origin or fingerprint is not readily
detectable or does not affect the perceived quality of the diamond material
under normal viewing conditions, but which mark of origin or fingerprint is
detectable or rendered detectable under specialised conditions, such as
when exposed to light or radiation of a specified wavelength, for example.

Detection of the mark of origin or fingerprint may be visual detection or
detection using specific optical instrumentation, for example.



growt h takes place which is substantially free of
crystal defects, and this forns a preferred version of
wao b@soebod of the invention. In one enbodi meneCDIB206w004069
met hod of the invention, the dopant is nitrogen, which
produces a mark of origin or fingerprint, preferably
in the formof a layer, thatgshows 575 nm and/ or 637
nm | um nescence peaks, with their associated vibronic
systens, under suitable shorter wavel ength excitation,
The nitrogen doped |ayer may al so show a
Iun1n scence erna
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ni trogen, which produces a mark of origin or
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ccﬂ?odlmnons the detection of the |um nescence fromthe
737 nm si | i con related line is generally nore easily
detected using specific optical instrumentation with
arn antaitprastive erebhadiment ofdhe inveplioa|thy dgparitrig asnoniingtion
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phosphorescence, peaking typically in the range of 400 nm to 500 nm,

under suitable shorter wavelength excitation.

In a particularly preferred embodiment of the invention, a combination of
layers that generate 575/637 nm luminescence and 400 nm to 500 nm
phosphorescence under suitable shorter wavelength excitation is grown
into the diamond material during synthesis.

A further alternative embodiment of the invention is the marking of a layer
or region with the centre which emits 737 nm radiation ‘under optical
excitation. The exact identity of this optical centre is uncertain, although it
is believed to involve silicon; it will hereafter be referred to as the 737 nm



in the bulk thereof, which mark of origin or
fingerprint is grown into the dianond material during

wo b@ssynvhesi s thereof, preferably in accor danP€r/ym20é4/004069
t he met hod descri bed above. The single crystal dianond
materi al nmay be prepared for a range of industrial
applications, in particular_ghose in which the
synthetic dianmond material is a visible elenent to the
user, or where the synthetic dianond el enent is

r esm&f?ﬁhitlfe@ fceﬁﬁ‘édi’\/t\lﬁ&sbé) theC léhﬁlﬁ’ésﬁ;éﬁ@é Etlﬁggslew hﬁnhértdrthe

exa e e case w | I Ng a S C a

scetwher%&?w& IRdbe fRA9g, M g ﬁ@ft emGapgasily be > drigrigd by

mad @ Uﬁh?wt% Piegmayl @aqditronsumeaaél | tectfonr ofplhenamaters@uhce
n etlc ne ewe er

oM IBToY it S1IGE tSRER e IS Salarall storardasiy gsteciod using

desssific)Bptidae iMBliuknepitationi Wit af intelgrt@@ detdotdr, iaRd ayiddly
single crystal dianond_materi al bllaeCt or synthetic

geding AR oytpt in fneform f 2R RAIPIYS AIPIR% source of | ght
or radiation of a particular wavel ength for causing

excitation of the mark of origip qQr fi
¢ R PEGaRAGE WiienEEBER GRS dhe S0 feTEdn diovided a

t t@V@Oélnglamaysaaldﬁérﬁaﬁd ﬁfétéf%ﬁbéarfnya etetrle ot brrmn bh qngapﬁht
or, exa

origin or fin rint
S iiavihecbilk dhersaf daueh ek 4t droh phBegar s seown et
| NGibfriofE haRrial ddiing tie BRRASES tedrebh Préfaiadisint Ycarddnbe

speci fic | ce and/or phosphorescence; informs
su‘ﬁ’ﬁhHEe'QﬁL#‘Qﬁﬁe ﬁ@do? bo¥Pyital electrical signal, or

di spl ay readout for exarrpl e The appar at us preferabl y
c rlse opt i filters for W|ng
B SR orustAt daiassy IR R Boo PIGPFFp Fo 3 rahGS of
fi lﬁﬁﬂétﬁéll appnclandwsrmalpsnfcorar epraHeUieli wmcibawgymhenb dhirioad
wave to excit ri.nt or
el RIS 5 Bt Boraet) Bt the dsBh g ey aRe iy Ao
preiameht ishrealseably dphiedds pénaiid @prdoessihg,easvis figr dthple the
wavel en characteristic

) ' d h kK. Th
I ﬁﬁ%‘?é%'?%ﬁ%@‘%?ﬂt&ﬁ@f‘gWﬁ%ﬁ%&?@éééﬁ%@‘s‘ﬁw be viewed in
the formof a special inage detectable directly in the
BB g, okt T AR Ryl Weparea o

suitable for preparation as a synthetic gemstone for jewellery applications.

The invention also extends to an apparatus for detecting the mark of origin
or fingerprint in a CVD single crystal diamond material, object or synthetic

gemstone, the apparatus comprising:

a source of light or radiation of a particular wavelength for causing
excitation of the mark of origin or fingerprint, resulting in

luminescence and/or phosphorescence thereof; and

a detection means for detecting the mark of origin or fingerprint, for
example a viewer for viewing the luminescence and/or
phosphorescence, or an instrument providing a measure of the
intensity of the specific luminescence and/or phosphorescence; in -



coupl ed device (ccd) or inmaging device such as a

digital canera. Alternatively, the |lum nescence and/or
w@bwspbianescence may be characterised by a PCT/IB2004/004069

spectroscopi ¢ device such as one or nore specific band

pass filters and/or frequency specific sensors, or a

conpact spectroneter. These. gechni ques can be

conmbi ned, for exanple using suitable filters in

conmbination with a ccd canera to form frequency
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DESCRIPTION OF PREFERRED EMBODIMENTS

The invention provides a method of marking synthetic diamond material, fn
particular such material prepared for use in industrial applications such as
cutting tools or as a CVD synthetic diamond gemstone. The method of
marking enables the determination of origin, said mark of origin or
fingerprint comprising one or preferably more layers grown into the
diamond during synthesis, which do not substantially affect the perceived
optical or gem qualities of the diamond under normal viewing, or
significantly affect any other application specific properties relating to the
intended application, but which can be viewed under special viewing



incorporate in the material, and simlarly be observed
or detected in a relatively unskilled operation using
W@ 200ploe1400 ow cost, conpact and rel atively por tBi/E2004/004069
equi pnent. By low cost, it is neant that the equi pnent
is preferably <$10,000, and nore preferably < $5, 000,
and even nore preferably < §,000, and even nore
preferably < $1,000. On this basis, means of marking
sol ely based on varying the isotopic ratios of
el &iBitions! "FéhsoribaiBREs! tﬂéﬂé{yérr&ﬂhy&% WorlprigiPg AR A&k of

are_ specifically excl | uded. I|'sotope variation to mark
mearigin &1 fingerRigRaY be efergdio ?Satﬁg@"Sﬂayﬁ&"‘t erials,
particularly in laboratory methods. In d| anond such

met hods incl ude two possible variants. Vary the
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The problemwith this is twofold: a. isotopically
erfangiiés] 12C or 13C source gases are very expensive,
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predom nantly | ookat surfaces and | ocal features,
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t hr owghgedmytithikh p&kﬁﬁbéés%mb%fﬁrﬁbdiﬁlﬁﬁon 6t dfamond or
secondary |1 on nmass spectros opé s whi ch al so danages

t he sanpitiele formemhfionihe digmo detedi@hi ned with
confocal techniques, and high resolution X-ray
diffraction, etc. 2) Varyin he isotopic. ratjo of
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preferably <%$10, 000 and more pre erably < 00, and even more
preferably < $2,000, and even more preferably < $1,000. On this basis,
-- means of marking solely based on varying the isotopic ratios of elements in
the diamond away from natural abundance are specifically excluded.
Isotope variation to mark material is known in a large range of materials,
particularly in laboratory methods. In diamond such methods include two

possible variants.

1) Varying the isotopic abundance of the carbon, i.e. using a carbon
source which is isotopically enriched in "2C or **C. The problem with
this is twofold:

a. isotopically enriched C or ™C source gases are very
expensive, adding substantially to the cost of manufacture,
and

b. detection of isotopic variation requires complex and
expensive equipment and a high level of skill to operate and
interpret. Furthermore most techniques predominantly look



wi th carbon isotope variation, in that: a.
i sotopically enriched gases are expensive, adding to
wo b@soegdo of manufacture b. detection i s conpl BXT/IB2004/004069
expensi ve and skilled. Detection is further
conplicated in typical CVD dianond by the | ow
concentration of inpurity elgnents in the dianmond,
often below 1 ppmin the solid, so that sone
t echni ques whi ch nay be applicable to HPHT di anond are
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mat erj al . Chem cal dopants refers to dopants which
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Consequently, whilst in some instances there may be reasons to combine -
an isotopic variation with the method of this invention, for example to
provide additional features which are less easily detected, this invention
excludes the réquired use of isotopic variation. Within this specification,
isotopic dopants refers to dopants where the isotopic abundance is
deliberately different from the natural isotopic abundance, so as to confer a
detectable variation in isotopic abundance in the material. Chemical
dopants refers to dopants which provide different chemical elements, so as
t6 confer a detectable variation in the elements within the material, at least
in the form of defect centres characteristic of these other elements.



|ater, the 737 nmsilicon related line, the eye is
generally not sufficiently sensitive to detect the
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met hod of wavel ength sel ection and then optical energy
detection may be preferred, and can still be provided

in sinmple, |ow cost, conpactgand relatively portable

equi pnent. By way of exanple, dianond scal pel bl ades

are often re-useable, periodically returning to the
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trIfyatwnat?/m gxl%:rﬂple élgr%%ﬁd V\'is?clza pel nB% (a:roel Uen re- useable,
periodically returning to the manufacturer for preparation of a new edge.
Used in this application, the mark of origin or fingerprint can fill one or more
of the following functions, although its purpose may not be limited to these

examples:

a) Enable the specific manufacturer of the synthetic diamond scalpel
to be identified, either by the manufacturer or by the marketplace.
This can be used by the manufacturer to ensure that only his own
blades are accepted for reprocessing, and improve the ability o
track such blades within the reprocessing or in the marketplace at

large.

b) Provide a means by which to generate a distinctive mark, such as
a trademark, without degrading the material in its final application.
Ordinarily visible identification marks on the synthetic diamond
scalpel blade may not be acceptable for some applications



By way of further exanple, in the application of CVD
di anond in synthetic genstones, the mark of origin or
wo pevgeepno nt can fill one or nore of the foll oRETTB2004/004069
functions, although its purpose may not be limted to
these exanpl es: a) Enable the specific manufacturer of
the CVD synthetic genstone tg_be identified, either by
t he manufacturer or by the marketplace. b) Provide a
means by which to generate a distinctive mark such as

a tradenspdcause cﬁnfé@][lﬁ@néﬁte ofdBydiénd, Caifot tednspbBfncy, or
synthetic nature of the dianmond naterial. d) Provide a

means by SPHHMAEG! PXREStElSA ObACEHRANSED synt het i ¢

di anond material may be identified, such nodification

i ncl udi ng_changes t i cal_ shape and anneal i

t r eatre n?':s the '&d’%@ét\% iof ﬁh%gﬁth?“cc'&?tki@r of “T‘ﬁ %lamond
exact funghiepial. Oéyﬁthétldfdiéiﬂoﬁél c@hlcﬂﬂeﬂ gffatdri r@ﬁr@ﬂﬂélbmy and
typically determ nes the f fthe mark t [

S
pr eferreoCO"tm' in ARy iRGyRg) sﬁp 'S?tfﬂnﬁhéhﬁ'?aPﬁemﬂ/ a better
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| ayer within it, exhibiting an unnatural
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obviously artificial element to the mark may result

fromits MBHEOOYossibly in conbination with the
specific artificial conditions applled in order to

observe the col our, or. the gep the bo ndarl
o B Gy S SGmethn s RS CRHYBEr GVE SAmPRS Malastc
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' a) Enable the specific manufacturer of the CVD synthetic gemstone
to be identified, either by the manufacturer or by the marketplace.

b) Provide a means by which to generate a distinctive mark such as
a trademark.

c) Enhance the identificaﬁon of the synthetic nature of the diamond

material.

d) Provide a means by which modification of the CVD synthetic
diamond material may be identified, such modification including
changes to physical shape and annealing treatments such as
those which modify colour.

The exact function of the mark of origin or fingerprint typically determines
the form of the mark that is preferred:



In a nore conplex form in order to generate a

di stinctive mark such as a trademark, the mark of
w@edogioen400 fingerprint generally conprises 0onePOI/IBROO404069

sets of characteristic |ayers, either distributed
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too near one of the edges of the object such that minimal removal of
material will remove it, nor generally such that the mark is concealed and
made difficult to observe by components essentially permanently attached
to the object in normal use. In the case of a synthetic gemstone, a single
set of characteristic layers may be located near the middle of the thickness
of the cut stone, or if biased away from the middle then preferably biased in

order to enhance the intended benefit of the layer.

The ideal location of a layer within a gemstone is dictated by a number of

' considerations:

a) The tagging layer should not be easily removable, and thus not
wholly close to an external surface such as the table or culet.



d) The tagging |layer should be positioned so that in
any nount not normally easily renoved, such as a

wWQ ewslbrlny setting, a significant proportion oPCT/IB2004/004069
light emtted by the tagging |ayer is nmade avail abl e
to the viewer or other nmeans of detection. Wilst this
may seem sel f-evident, the_gpgle for total interna
reflection in dianmond is only 22.4 away from nornal
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refractive index and this gives some unexpected results,
discussed further below. Again this is a sensitive function of the
cut of the stone, but generalizations can be made.

e) Aspects (b) — (d) interact, such that ideally the tagging layer, or
the majority volume of it, is placed at that position in the final
synthetic gemstone which is most effectively illuminated and
which most efficiently passes back the emitted radiation to the
viewer or detection system, but which does not provide excessive
enhancement of the effect on the visible colour of the stone.
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little of this radiation escaping through the nmain

faces of the plate. Thus, in this case, strong
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parallel to the main facets. However, at each facet
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diamond object and the emission of light generated within it can be

distinctly different.

As a further example to put this into context, in a typical round brilliant cut
synthetic; diamond gemstone, a layer near the table is generally likely to
affect the visible colour of the stone and be relatively easily excited by a
specific source, but may not provide good intensity in the emitted beam out
through the table becéuse all light more than 22.4° away from the normal to
the table will be totally internally reflected, then possibly exiting the stone
below the girdle. In contrast, a layer near the culet will generally impact
less on the visible colour of the stone, may require more careful control of



viewi ng conditions and with appropriately chosen

defect concentrations and/or total defect nunbers as
wepwseelged in this invention, this type of cenpCEIBO@Z004069

not significantly alter the perceived col our of the

genstone. Another particular type of layer is one in

whi ch the dom nating inpuri-tqyzes are boron and a

sui tabl e donor such as nitrogen. Donor-acceptor pair
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wavelength excitation. Phosphorescence builds up and then saturates with
time during the period under the excitation source, and is visible as its
intensity decays for a period of time after the removal of the excitation
source, the time period typically being several seconds although it can be
as long as a minute or more. In this type of layer the nitrogen has two
important roles: providing the donor for donor/acceptor pair recombination
and, by compensating the boron, reducing the B-related absorption which
might otherwise cause observable blue colour. With suitable artificial
illumination conditions donor-acceptor luminescence and phosphorescence
may be clearly visible for a layer that, under normal viewing conditions,

does not significantly alter the perceived colour of the diamond object.
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(i.e. light wwth insufficient energy to excite
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thus not normally absorbed by dianond itself), the
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On switching off the excitation source, since the orange luminescence turns
off with the excitation source, the perceived colour of the light emitted from
"the CVD diamond material, or the tagging layers within it, would change
from orange, or some orange/blue combination, to blue. This will be
termed the orange/blue flash. The visibility of such a change in colour,
particularly the visibility of the orange component against the blue
phosphorescence, may need to be enhanced by use of suitable filters. Sub-
bandgap illumination would be the preferred excitation wavelength for
simple demonstration of the existence of the mark in the piece of synthetic
gemstone, allowing its detection through the table of a cut stone even when -
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normal |y observed in natural dianond which does not

Syhs ietd &l digriRanBdRirthérad swa i thecihatetial. eln sdrhe instences

the | ayer or genstone, U d

Uswtiege A etarigh hdapned R @ Sﬁ%tf%q%r‘r’laﬁobtﬁ'ut°nqu

S LB‘J iefePre t6 rpﬁ!ceyhés@ |§>)eea beloa ﬂ@tglmre; of ﬂhgmtoma; rsosﬂsattthe
gap i n di anond) di armn t

|t6§5@|eﬁ @fi W@c{qy?rsaﬁ@og‘ﬂ‘ef by iSRBETA ‘?1 an{T other
thliggggnée[\r%ﬁt Pap *bb{p?éfbﬁ?ﬁ fdfmélbfetthe Rgars étf]wesme fgirdie, alioth@
i's wou potenti a
© HBcsengas o et an B cremldacdly The Sigkef ttne' dehrdlor
Islttlﬁﬁ% nﬂieﬁa ﬁér;% the' I@?érb)ar@( posigshdd) thbemeret dffficitait is to
atl on WO e

t b h 1.
WPEXVE RoS Prar By HaRqlsng ooy BAnow dgsrl et Joss.
I eRROBEAgEIBRRY HARM, |stﬂh€tlcijldrw ch@ramasm: oheheexoirbirtatiom of
t enuat j. on_,of

radlatlon i S nearbandga

| Rhesepneyianmanorets Thertdnn byidre EheBrEfMi T dern

nQH N&&rtai {dhmmérﬂj@ drhikepetetdaeur @mciden’allf e synthemnsstones
a e

caheserasited & BecerEREErSto et B ReRth o pigias ey
r tabeampg :gﬂ? ﬁémg e t)ipésdf ttlfdtfecfts.lrlrt P@r%uambnd trivatedalaamah that
i e C
6, Prention . fab BT tp  Shy oParfhyia’ Ealofts e HE Wik
Oncoadiidhs, bt ektefidic yaretaliynabuakyn gldWEbleg eim:’emaﬂlvqo ovark ynot

rAAEL) b B 67 e B B 5 o Sy orace

Hawe Wadual tharableristics tof difie Lesyergoragremistoba nugep noanlalane\mng
|fﬁo%enerally tolimt the region excited to the

] i8Nyt the dianond item and thus provide greater
deflnltlon of the pattern of the | ayers, although

gbt n Siﬁ‘f@fﬁ? Illlu %ttl u({ §qﬁéﬂtﬁth\%f@:lélﬁ%2& foaéﬁ:ﬂe :
tf&lé&;‘cmSngﬁt ddnessl ’ayeband daptihi diamond), rihe \dianpnd) ngteyel
B s
depth to near the surface of the stone. This would potentially limit the
visibility of the layers to those areas close to the surfaces of the stone
which are directly exposed to the artificial illumination. Two effects may
broaden the region in which the illuminating irradiation is absorbed or a
response observed, the first is where the excitation radiation is near-
bandgap, so that the attenuation of the radiation in the diamond material is
rising but is not yet limiting the penetration to a few microns depth at the
surface, and the second is where charge carriers excited at the surface by
the incoming radiation are able to drift further into the diamond item and
then cause excitation of the layers further into the bulk. The ability for this

to happen depends on a variety of factors including the general purity and
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as described earlier. A further conbination is where

o] mar ki ng | ayer. or character, stic feature
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bound of the thickness of each of the layers would typically be less than

1000 um, more typically be less than 600 pm, even more typically be less
than 400 um and most typically be less than 250 um, the basic criteria
being that for the concentration of impurities used and the associated
absorption and luminescence characteristics, the layers are thin enough so
as not to significantly colour the cut stone when viewed under normal light,
whilst being sufficiently thick to provide sufficient visibility under the
selected excitation wavelengths. An additional requirement may be for the
layers to be thick enough for their geometry to be precisely measurable, for
example using an above band gap viewer as described earlier. A further
‘combination is where one marking layer or characteristic feature extends



of the layers would typically exceed 2 mm nore

typically exceed 5 mm and nost typically exceed 10
wormosaeidod he upper bound of the thickness of tPET/IBRYEV®4069
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In contrast, viewing the edges of the layers in above-bandgap excitation,
the depth of material sampled would be largely fixed by the radiation
wavelength and thus the observed brightness would be proportional to the
product of the intensity of the exciting radiation and the concentration per
unit volume of the relevant defect centres, with the thickness of the layer
determining the lateral extent of the area emitting. Thicker layers may
again assist in improving visibility where concentrations of dopants are low,

by increasing the area to be observed.



woul d be the concentration of emtting centres through
the thickness of the | ayer projected onto the plane of
W b@sienser . That is, the observed bright ness oPCT/IB2004/004069

| ayer woul d be proportional to the product of the
intensity of the exciting radiation, the concentration
per uni-t volune of the irrafdgating centre, and the

| ateral extent of the layer. Qther effects can al so
contribute to the observed intensity, including the
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M if kgAY riar ocess such as that detailed in Exanple 1,
it has been found that for generating the 575 nm
| um nescence at |evels suitable for tagging, whilst
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atdisnond ireelvednfor cexmple the {111} growth sector often taking up
higher concentrations of impurities than the {100} growth sector. For
simplicity the data given below relates to the {100} growth sector and

requires suitable modification where other growth sectors are involved.

Thus, using a microwave process such as that detailed in Example 1, it has
been found that for generating the 575 nm luminescence at levels suitable
for tagging, whilst reducing the effect on colour and visible absorption to
acceptable levels, the optimum value of the molecular nitrogen
concentration in the gas phase lies in the range having an upper limit of
preferably 10 ppm, more preferably of 3 ppm, even more preferably of
1 ppm, even more- preferably of 0.5 ppm and most preferably of 0.2 ppm, -



about 103 - 104 lower than that of the nol ecul ar
concentration in the gas phase. Ml ecular nitrogen is
woeasobloonl y useful source of nitrogen, for eRreERB2804/004069
NH3 woul d al so be of use, although the relative
activation/incorporation of the N may then be
different. Likew se, using.agm crowave process such as
that detailed in Exanple 1, It has been found that for
generating B/ N donor acceptor pair phosphorescence at
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t heevaf'u%%g? tchet \éﬁeé eo? ?r?ed bglrodnegn Qhecapé%’le E&SUr. Experimentally it
has been determined that uncompensated boron provide‘s a visually
detectable blue colour when present in a round brilliant as a layer where
the prodgct of the thickness of the layer and the- uncompensated boron
concentration in that layer exceeds 0.1 ppm.mm (e.g. 1 mm thickness of
0.1 ppm uncompensated boron or similar). Phosphorescence however can
be generated in layers with much lower levels of boron, with suitable levels
of phosphorescence having been observed in 200-400 pm thick layers with
concentrations of boron in the solid of 0.01 ppm to 0.001 ppm, with the
indication that even lower levels may be sufficient.

It has been determined experimentally that the phosphorescence intensity

arising from boron/nitrogen donor acceptor pair recombination can be



with a characteristic tinme constant. The formof this
is given below /I 0 =A/(I + [/ tif (I - A/(l +t /
wo 2008/06t406houl d not be assuned from the obser vBET/IB2004/004069

that the data can be fitted to an equation of this
formthat there are two, or only two, distinct types

of centre present. In sonme fases there is only one

time constant with a significant anplitude. However,

it is generally found that where two tinme constants
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The i ncontpdheatiécay time constant (phosphorescent decay observed just
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longer time ago);

b) the intensity at any given time after excitation as a consequence

increases; and

c) typically for optimum detection by eye the intensity needs to be
visible for at least 2-3 seconds.

The relationship between boron concentration and the value of the longer
time constant is not fully determined, but under test conditions used, for
example as in Example 1, boron concentrations below 0.1 ppm in the solid

seem particularly beneficial.



ratio of the boron is typically such that the
preferred values for the nol ecul ar concentration of
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than these values. As is generally well known, the
i ncorporation ratio for nitrogen is nmuch | ower than
that for boron. As a consegyence, whilst the optinmm
concentration in the solid nay be close to but bel ow
that of the boron for enhanced phosphorescence, the

Cef'?ﬁl@”fﬁeatdréf@rrécﬁ‘ ddmReliftioRN 8 ehbondfnanadl solidmhed in the
hi gher. Typically the concentration range for the

nlopﬂ@%]‘éliatlpg raRgS akithk @nrHBRer: BeunRd nefr 18P, oFokE pr@fﬁgﬁbly
and Pﬁgggg’&n nfb?é“b?éf&(a@ty‘ @A ppin,t Bers i?’Ho'réj préfefdblysb. 0§€Hpm

relative concentratlon of the nitro I n
ra@dsmpstdp@&rably H2 PRIAgENY Wil & lewer rR?”PHe° ¥ 0.0001 ppm,

gi'éi%FébW‘O 0H0Npbrh O8N thera prbréRblyNEo@ABpMANa%h more
ent on the exact |ncorporat|on rati o achleved

urm@eralbweo §PBrem. apmanast prrienably 8005 Ry dPe IRFAERIRTAY
Vabhiite o fRE bdi8n nigl @s.ebw sﬂéﬁ rtﬁgﬁrirﬁé qare@ﬁteaavém@s ifor e

gas phase for the production of

pieRletiRreceneatiratiop é?f qdibrans, in e rgaﬁgwaﬁs e edfagtorpf 10
UPRSHer tHaM thestf valliedf erably 50 ppm nore preferably 20
ppm even nore preferably 10 ppm even nore preferably
5 ppm and nost preferably 2 ppm and a lower linmt of

pragf gr é’éﬂér‘al@l \9@" Rﬁ&ln r@ﬁéﬁn&r@%ﬁé@h' datie - fap nﬂﬂi@bnquﬁuch
nore preferab 1y even nore referabl¥
aﬂm'v%manp#@*epabmw@ 5'°1§pﬁ1 capsaqvensy) whiista %,qppgggh
| SoR@inttalin @MHe d658 Ty BOYIose tofbulideldvd &t of Bie B@ATFLE
N woul d al so be of use, althou%p the rel ative

a@nhangaco hPSRIGFeSSPAtS: offisocopRentetiony it HBR gas Phase is
digehefa@y nuch RighBe 'Fﬂﬁdéllgihet dhcehtrafdridaRge forthe Riltrogen is

centre, the nature an ehavi our of this

| €8esefetq MRl CTaRNa nitdat [SHibe %%\PQPC%E@E'W' Ve
| %Bdld? RERDEERIROthen th'le $élbl|\l‘€060né€ntﬁah@n @F &y niogéd lrplth‘é

el.ieved to be Ie to gen
| Reliarlo dpld Hrashi fetBiraind diia rangent oD AT uaSRe- G s Lo
NG 5@bﬁa§@ﬂ§{@hﬁtéllitsorﬁﬂﬁ ¢§Xaeh &IUorpdﬂﬁﬁ)rpfd’ublabhle&éd iundee
e C

S t ht t h t at
1 T groudt ouaneyh 5n Fuiins e toRt velea ot Rrhefian,
t hﬂrd@teﬂt ébrfch@fﬁﬁ&i@nflﬁrth33§asnﬁhda$5nfﬂeﬂib€pttﬂucwn lo tthe Hbdue

f r
p%%?es%en IIatyeo ie in fhe hré?n ettgousﬁtdgg ! tIJ)'l Za% tuggerd?:ch

preferably 50 ppm, more preferably 20 ppm, even more preferably 10 ppm,
even more preferably 5 ppm and most preferably 2 ppm, and a lower limit
of preferably 0.02 ppm, more preferably 0.05 ppm, even more preferably
0.1 ppm, even more preferably 0.2 ppm and most preferably 0.5 ppm.
Again, molecular nitrogen is not the only useful source of nitrogen, for
example NH; would also be of use, although the relative
activation/incorporation of the N may then be different.

In the case of the Si-related 737 nm centre, the nature and behaviour of
this defect is less well understood at this time, however again very low
concentrations of silicon, of the order of 10 ppm to 0.0001 ppm, are
believed to be suitable to generate the defect in sufficient quantity, provided



correct charge state. Mddels for the defect include a

substitutional Si with an adjacent vacancy in the
woemwsnel40€char ge state, a silicon vacancy conpl BXT/IE0GH/004069

two substitutional silicon atons along the < 111> axis

bound with vacancies. The total integrated intensity
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However, other light sources with wavelengths in the range 480-700nm

would be suitable.

Suitable sub-bandgap wavelengths for viewing the marks or tagging layers
can be determined as follows. Orange luminescence (from the 575 nm and
637 nm optical centres) can be excited by a range of wavelengths such as
514 nm, 488 nm and shorter wavelengths, but excitation efficiency is
reduced as wavelengths approach the UV and it is worth noting that the
637 nm centre is not excited by wavelengths below about 400 nm. In
contrast, blue-band phosphorescence is more efficiently excited by
wavelengths approaching the short UV, such as the mercury line at
254 nm. These trends in the efficiency of excitation are not particularly
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NNefdtvely M [uplindsid Idveke. |t has been determ ned that
the orange/blue flash effect may best be observed by

exciting and identifying the orange 575 nm and bl ue
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stones, they are not known to exist in the same natural stone, nor are they
known in the form of clearly defined layers in natural stones and there is no
known example of natural diamond that shows the 737 nm silicon-related

line.

It has been determined that the orange/blue flash effect may best be
observed by exciting and identifying the orange 575nm and blue
luminescence/phosphorescence bands separately. The rationale for this is

now discussed.

When a phosphorescent centre is present and excited by ‘a suitable
excitation wavelength, the phosphorescent centre is not only visible after
the illumination is removed, but also whilst the illumination is on. This
-~ - - apparent luminescence from the phosphorescent centre will be stronger



renmoved, by a degree dependent on the lifetinme of the

centre and the tine of neasurenent. Consequently, even
wa@20shetsdovel y weak phosphorescent centre can rBSUIB20041004069

significant |um nescence whilst the source is on.
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wavelengths in the range 225 nm to 575 nm but may only be excited
without also stimulating blue luminescence/phosphorescence in the range -
300 nm to 575 nm. The strength of the 575 nm emission depends on the
CVD synthetic having a suitably high concentration of 575 nm centres in
the tagging layer and/or a sufficiently thick layer. Wavelengths of excitation
greater than about 380 nm are within the spectral response of the eye.
This could se_verely affect the observation of the 575 nm band. In this case,
a suitable filter is required to substantially or completely block the excitation
source from reaching the eye of the person who is viewing the 575 nm
band.
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umlnescence and blue-band phosphorescence.

Sub-bandgap illumination would be the preferred excitation method for the
simple demonstration of the existence of tagging layers/marks in the piece
of synthetic diamond material for example by the orange/blue flash effect.
Sub-bandgap illumination would penetrate the whole volume of the
synthetic stone and therefore permit excitation of tagging layers at any
location within it. Tests have shown that in general the whole volume of the
stone is equally illuminated, even using an excitation beam introduced from
one side only, since the resultant image of the luminescence is not
sensitive to the position/direction of the excitation beam. This method of
excitation allows detection of the luminescence through the table of a cut



excitation allows detection of the | um nescence

through the table of a cutstone even when the |ayers
wae®@spegm ficantly buried within the materi al BOHIB2001004069

a cut stone in a rub-over jewellery setting. The

invention will now be discussed with reference t o the

followi ng Figures: Figure 1_Aggraph covering the
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Figure 3
A graph over the range of 200 nm to 700 nm showing the excitation spectra

for a) the 575 nm band and b) the 637 nm band, up to the intrinsic diamond
band edge (defining the diamond band gap). This data and is taken from
Zaitsev A., Optical Properties of Diamond: a data handbook, Springer, 2001
(ISBN 354066582X)

Figure 4
A graph over the range of 200 nm to 500 nm showing three spectra: a) the

curve extending across the whole wavelength range is the emission
spectrum of a Hamamatsu xenon flash lamp. The radiation from the xenon
flash lamp is dominated by intense visible emission bands in the long wave ‘



bands in the range 220 nmto 270 nm b) the

transm ssion curve for a narrow bandpass filter
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Cor poration, USA, type 228 FS 25-25, with a peak

wavel ength centred at 228 nm full bandw dth at half

maxi mum of about 25 nm and diggneter of 25 nm and c)

the transm ssion curve for a narrow band transm ssi on

filter supplied by LOT Oriel, UK and manufactured by
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to reduce effects fromscattered |light or the xenon
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Vi ew n I call
[ nsT'i*% Fewee 'Sﬁhﬁmeé% f'AS% @ﬁ@m’f‘itﬁf &1 t?e’fhél“’é@a‘cm gxcilgfio pridter
Vi exRd filsdt P Ws ithe Gia@ige &icwingl Meer\0@B6Mend rdIes $o ﬁfe%pectrum

B BB bl Bl G2 CeeL B b o oo fod g Stects

opeframoscalterad highttdretheoxanoe excitation. The lower image (labeled
‘blue-green phos.’) shows the viewer set to excite and view blue
PL/phosphorescence, and relates to the spectrum shown in Figure 2. The
source is the xenon flash lamp. Filter F2 is the 228 nm excitation filter. To
prevent harmful ulfraviolet light reaching the operator a glass or Perspex
filter could be placed in the position marked ‘open’, in addition to the glass
viewing window typically placed at the top of the instrument.

Figure 6
A schematic side elevation of the viewer shown in Figure 5. The viewing

filters are placed at approximately 45 degrees from the vertical and set
away from direct excitation to prevent the operator viewing the source
directly and to eliminate the production of luminescence in the fiters from
the excitation source.



directly and to elimnate the production of

| um nescence in the filters fromthe excitation
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wi dth at hal f maxi mum of around 25 nm and c) the

out Bigirgect rum of a typi cal commercial 400 nm LED.
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IS REbAY soe@fh.to solely excite 575 nm PL. The di agram
above and to the right shows the image observed in

such a CVD synthetic, nodeled here to be 6 nm high

W tFigaree9® nm cont ai ni ng regi on/l ayer extending 0.8 mm
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thenut dsr ajreahdrbyilliant kith & h&ye@\t@gged with the 575 nm PL centre
occupying the volume from the culet to approximately 1/3 the way up the
pavilion facets. The illumination is being used to solely excite 575 nm PL.
The diagram above and to the right shows the image observed in such a
CVD synthetic, modeled here to be 6 mm high with a 575 nm containing
region/layer extending 0.8 mm (13 % the height of the stone) from the culet,
when viewed normal to the table, as obtained by ray tracing. The eye

(3 mm diameter pupil) of the observer is about 100 mm from the culet. The
ray tracing diagram was produced by generating 4 million rays fromn within
the 575 nm containing layer and calculating their trajectory within the CVD
synthetic and their exit points. Only those rays (around 800) that entered
the 3 mm aperture have been plotted on the plan view of the stone. An
intense (orange, 575 nm) spot is seen in high contrast clearly evident in the



synthetic and their exit points. Only those rays
(around 800) that entered the 3 nmm aperture have been
w@bk@svedoon the plan view of the stone. An i ntRBCEEB2004/004069
(orange, 575 nm) spot is seen in high contrast clearly
evident in thecentre of the table, as well as a series
of high intensity spots in thg crown facets. Figure 9b
A schematic representation of the inmge provided by a
| ayer near the girdle of a round brilliant. The box in
t hecémmepf theftables aanvellgsaa atniss ofonigh gttémity spots inithg crown
i1l gyopator (| abel ed source) positioned around a
view ng wi ndow with an O&50 filter, and at the bottom
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roupgyupeiohl i ant with a layer tagged with the 575 nm PL
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1| e RET AN RSN R &P FiRdBaHRrgoE R pyeYoE pa fhepsircl
Theofla agmanbrilizow.€T reenbloxt io thé &wer géft issAroaypatrdites icomgisting of a
obs [ | d,
R BBt et L TXT hOGlG e BRHR) BYUGHG WAaBE it
ext anGRPAiIEr.naRd at3hedpetiemid thihboxis posisiosedb AV pynthetic

t hec@ adllaerdiPanyni, wi 8Naydreigded Q/\‘?iﬂia{hfet 87 E{ heén trabkéntre
S 1.or

' aBThgYEPee i Berch i B9 aurlen g e, flmbiatish st Betontient t
i n sdielyteislte 576 rinh Rlorhegdingraad aboteensd tty the sight shows the
Ccrane Bblanled B LA & ENLE RIS mddeBld fort do s 6 iy ioh
obsW¥ithy a576d1s eanteinindieg iegaatsr @é%mawrp-%mn { Fe”dpe heigiht of
ef f @etstdric) Moty @RYE dBWnREME, WHEH VRSEE Hormal R the Batile, as
OB & AL aS Tre BB R BASH e oo
souNgantehat spnt is seen irethet tablep védithgsorbe gempralPlintedO®), visible

104 Whi ED (102 nmbi ned with
Ien%rggglglhﬁgaggi}‘uﬁgg l?gf%“{éltét_'er guch) agoBGlzge(l\&). The

575 nm orange PL band excited in the CVD stone is
obseiguesl1gM t h hi gh selectivity through an O&50 filter

120) . e.second function conprjses a short
A TERGTRUS SUPEE (4 DETerioth SORA S dR A LS habserver to see
phothphoraagefhee flosh i andite yoptiaald effbétciroins apr etagabbry bue

XeNBMhinescent layer in a tagged CVD synthetic.

The apparatus provides two functions. The first function comprises a long
wave source that only excites the orange 575 nm PL (102, 104) and which
may be an LED (102) combined with lenses and a suitable filter such as
BG25 (104). The 575 nm orange PL band excited in the CVD stone is
observed with high selectivity through an OG550 filter (120).

The second function comprises a short wavelength source (112, 114) that
excites the phosphorescence efficiently, and which is preferably a xenon
flash lamp (112) combined with suitable lenses and filters (114) to provide a
source of wavelengths preferably in the range 227 nm to 254 nm. The
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Figure 12
On the left, a computer generated image based on ray tracing techniques
. of the expected PL image for the round brilliant imaged in Figure 11. The
side view of the modeled round brilliant (20) is shown on the right, with a PL.
layer 22 extending approximately 30% the height of the stone 20 from the
culet point 24. As in Figure 11, the image of the PL viewed through the
table facet is characterised by a ‘fish—eye’ spot 26 in the centre of the table
facet 28, the remainder of the table facet 28 being largely devoid of PL.
The crown facets 30 show a distribution of intensity from the internally

scattered PL.
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respective thicknesses tm1, tim2 and ts1.

Figure 15

A schematic diagram of a SImpIe layer structure which could be produced in
a CVD diamond layer to provide a characteristic mark using two types of
layer with PL characteristics distinct from the bulk. The diamond material
60 includes a pair of marker layers 62,64 which show similar characteristic
PL separated by a layer 66 which shows PL characteristics distinct from
layers 62 and 64, where all three layers 62, 64, 66 show PL characteristics
distinct from those of the bulk of the material 60. The layers 62, 64, 66 have
respective thicknesses tm1, tm2 and tn1.

Figure 16

A schematic diagram of a more complex layer structure which could be
produced in a CVD diamond layer to provide a characteristic mark using
two types of layer with PL characteristics distinct from the bulk. In
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blue phosphorescence. Segments of this bright ring can also be seen in the
table facets

Figure 18

Images taken of a round brilliant cut CVD synthetic diamond using a
preferred variant of the Tagging Viewer. The stone is 0.80 ct, F/G colour
and VS1, the bulk of which shows uniform 575 nm PL except for a layer
showing blue phosphorescence about 1/3 the way up the pavilion facets
from the culet. Each image is taken looking normal to the table facet. On
the left is shown the image of 575 nm PL, where the intensity in the original
image before conversion to B/W (bléck and white) was orange and now
shows as lightness or white on black. One the right is shown the image of
blue phosphorescence, where the intensity in the original image before

~-conversion to B/W was blue and now shows as lightness-or white on black: -
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phosphorescence, where the intensity in the original
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(Figure 3 shows the excitation spectra for the 575 nm
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bl 550 nm is shown in Figure 1). The blue PL/phosphorescence extends from
400 nm to 700 nm as shown in Figure 2. Experiments have shown that
wavelengths less than about 300 nm can excite both the orange 575 nm
band (Figure 3 shows the excitation spectra for the 575 nm and 637 nm
bands up to the intrinsic diamond band edge (defining the diamond band
gap) and is taken from Zaitsev A., Optical Properties of Diamond: a data
handbook, Springer, 2001 (ISBN 354066582X)) and a weak blue
PL/phosphorescence band. (N.B. 300 nm is outside the spectral response
of the eye).

Wavelengths between 227 nm and about 254 nm are most efficient at
exciting blue PL/phosphorescence from within the volume of the diamond.
1t is important to note that ‘excitation at wavelengths less than 227 nm will - -
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the cost of the tagging viewer a low power xenon flash lamp is suggested,
although this does not exclude the use of a more powerful xenon flash
lamp. The frequency of the PL would follow the flash lamp excitation
frequency. As the PL, and possibly a component of the direct excitation,
would be viewed by an observer, the choice of repetition frequency is
important. Some low power xenon flash lamps will only deliver full power at
a repetition rate of about 10 Heriz. These are best avoided on grounds of
safety as it is known that flashing light can trigger epileptic seizure in
susceptible individuals. The frequency of flashing light that is most likely to
trigger a seizure varies from person to person but is generally between 5
and 30 Hertz. A suitable source could be a 5 Watt xenon flash lamp from
Hamamatsu Photonics, type L9456, operating at a peak power flash
repetition rate of about 126 Hertz. - ’



safety as it is known that flashing light can trigger
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region of the OG 550 viewing filter at about 550 nm, used to remove any of
the excitation frequencies from the viewed image, and the emission
spectrum of the 575 nm PL centre as viewed through the OG550 filter.

A suitable off-the-shelf filter in combination with a xenon flash lamp for
exciting blue luminescence/phosphorescence could be a narrow bandpass
filter supplied by LOT Oriel, UK and manufactured by Andover Corporation,
USA, type 228 FS 25-25, with a peak wavelength centred at 228 nm, full
bandwidth at half maximum of about 25 nm and diameter of 25 mm or a
similar filter type 232 FS 25-25 with a peak wavelength centred at 232 nm
and full bandwidth at half maximum of about 25 nm. Figure 2 shows two

- curves, the curve centred about 228 nm which is the excitation beam



A suitable off-the-shelf filter in conbination with a
xenon flash lanp for exciting blue
wo eovsneRieence/ phosphor escence coul d be a narr oRCT/IB2004/004069

bandpass filter supplied by LOT Oiel, UK and

manuf act ured by Andover Corporation, USA type 228 FS
25-25, with a peak wavel engid. centred at 228 nm full
bandwi dt h at hal f maxi mrum of about 25 nm and di aneter

of 25 mmor a simlar filter type 232 FS 25-25 with a

Pegénanmeg byneé XemeRtiash Iahp 288r fifBrvgthy thkel AlRRVEVEZE Am

at_hal f naxi mum of about 25 nm Fi 2 shows two
cuﬁ’"?é@”dtth% eRligain SReAUEY O H@u?'“@é%ymﬂ%?r@ﬁc‘?@et%@r e.
eXAd ih@téx&ﬁ‘atbﬂm@ Aef 1’ indhdVisblrespéenam rd visible |bﬁi<f|’<’lngff'ﬁ&’f
filtering by the Andover 22 nmflltepﬂ%ndt

enlﬁsrgﬂwrﬁdspeeiﬁea\fﬁ e resulting JemiBepERnGe AG esneshlle not the

C epHdsBhorBScdnide winsh ltlﬁ@éé&ﬁe BamtcRéd offi BlowBvérh@iradt sieWlng
spectrum no vi si bl e bl ock %’?IHGI‘ |sre&é|éredto

ob%fesrhS’E waye Ylteavinlet;light asmrﬁ ehrreful de thespussi and uside

t @ﬁwsmgmwﬁmémfb@awm@rsp@mmw&w toftlock
ver, direct vjiew n%qu i hort wave ul tr?w ol et

C .@]htharrgf%xwtr@ﬁe,lﬁtj light REERGE LUl nallgw, Ynippeded
aV@bs@ﬂﬁéﬂoﬁbﬁhéWﬂ%sﬁﬁ:rﬁ?@éﬁc@f a gl ass or Perspex-type

wi ndow to bl ock all rnful ultraviolet light fromthe
observer but allow uni npeded observation of the

PLTHH"Q@HMD@E@%@% i thes @Wléltsl@cﬁ\ﬁﬁs‘dhl: eltcallyp in glgﬁ[l_eﬁ
SNown ScC I N | gqur es an e
D AP Bu s TS RARERICS P8 BTG npe JHor SEpR ey et
;/l @tt\ﬁb Seite Iaﬁd axsw tsesaml P, @Nd&%ﬁtébgtdgthe sputtraadhaivasin
(0] e ra I N ure a, escrl

08 f BT RO Rhous Thelttiird ihe sriog gy B Hier
4501 rﬁnh%XA;E{(.:rﬁﬁ Ie&&tefﬂghtfﬁitgr anid filtet F8ris fﬁﬁe bangB &iewind §ier
Vi an relates to esect U
| SRS Ao felftes Rt pearan T Bwn- Fiairg g R
?phbr?t/eonﬂltef if4t ebultiobe eﬁuGddlﬁérﬁg}ﬁﬁlmrfiboradﬂcateltﬁegts:jfrom

| or, .1 non exclt | ONn e a arl u e
| iateBn Rt B8 Sengh SxuRinR " The Rl BhdRq uiicaty
Vi ghosblshew®tHepviowahseatas exoite ar&dlgléw Hlbaﬂm)l‘toephdlescence,
spect e 2.a e

e THES coRad Py rERpurER g e g oo e
nmoﬂme isdte xemohiflatle tamd.oFiiteeF2 i the28frm exditatiarfilterefTo
 bter SR R 8o RadhESbe Mo S GRRE r Eepif
6 fittepwesultie placed in the position marked ‘open’. Flgure 6 shows the
apparatus in side elevation. The viewing filters are placed at approximately
45 degrees from the vertical and set away from direct excitation to prevent
the operator viewing the source directly and to eliminate the production of
" luminescence in the filters from the excitation source. Note that the loose
stone under test in figures 5 and 6 has been oriented roughly with its table
' facing the excitation source with the observer viewing the stone from the
pavilion. In this example provided the stone is fully illuminated the

orientation of the stone is unimportant.

Apparatus Example 2: Gas discharge lamp excitation
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type filter in front of the lamp. The UGS filter transmits below 420 nm and
above 650 nm. The 254 nm spectrum in Figure 7 is the mercury discharge
through a UG5 filter. The 365 nm emission lamp is not purely the result of
a mercury discharge. It is produced by the 254 nm discharge exciting
luminescence from a phosphor coating on the interior wall of the tube. The
365 nm spectrum is a band with a full width at half maximum of around
25 nm (see Figure 7). This is very efficient at exciting 575 nm luminescence

but does not excite 637 nm emission from diamond.

Thus, in accordance with the proposed method, the 365 nm source is first
switched on to excite 575 nm PL in the CVD synthetic. Viewing the 575 nm
- PL through an OG550 filter is an advantage as the filter removes



type filter in front of the lanp. The UG filter

transmts bel ow 420 nm and above 650 nm The 254 nm
wep®soem in Figure 7 is the mercury di schar geP€TIIB20@H004069

a U filter. The 365 nmem ssion lanp is not purely

the result of a mercury discharge. It is produced by

the 254 nm di scharge excitigy | um nescence from a

phosphor coating on the interior wall of the tube. The

365 nm spectrumis a band with a full width at half

w??utmm.@rfy an Qiﬂrtﬁe Zﬁckgfb(lmf@lleh@géefrﬂrh thé 365 nra Menfcwy
effici itin umn nce oes
oxeimPe s 4,76 e SO Hsth B SRS OFIAG the 54 A lap
aC@?ifdﬂ@dl(bﬂ vvrrhb dchién pf SpiesHaty metﬁ;aéﬁm hllﬁ:elaﬁﬁf:cdﬁm esemm/e
S |rst W tg n Xclte PL in the
syRttpmat Y\ﬁ"‘é\ﬁe‘ af? tt%%égsnfnﬁﬁrﬂ@-tﬁ%ﬁgﬁ? = %’6’5 Pthe
fidsefimi fan@h SEB(ANT Beswitchetie offi lahdr the presence of blue
renovessubstantial]y all of the background di scharge

f r BHASPRYERICR ROWRE cury | anp. The 365 nm | anp shoul d
then be switched off and the 254 nm | anp sw tched on.

T t t the 2 |
o Bl Prebca ob s eprajod i P hPga At sB0WB N Figti a8 53nd 6
Af tht@rxr?asw ﬁfé?ﬂ |a$13@ tﬁﬁldg réplecetblly ﬂ?a tbmmnl sdeh 3?]5 @ mercury
chne 0 an resence ue 0S escence,
BWS. Fhbas hiesth i SRt ey ARSHREE PR HEN-H5 AT AT
Sh@dWeltge Eka@ipleeﬁrzl&zratﬁﬁt 6lndmg§g\:5vx¢mbarﬂd abh, Banpsl:rml r:‘lgre
e e nm an n alps.
| SRR e 3R e e i b qradied asethr IS TiReqge’ the
gr ;ragrag?durweuya Zh lﬂge Sanngié. eDiu;g?geﬂaaﬁpsd m?h;gé)bﬁbm;emmtoaany
a (0] , , of. nor.e n a n a.
peohapR et aovit GERdned i TPt R Y 2k el e Al B Eor B
I Nthenssimple ﬁrno\mhg egmtml direcﬂcmséair@emitwqxsnagmyi funnfahon:ad
a an f or . .
i S G oot thtoudh the PR Butrhabbs " sl irfthse”
_?_Lmﬁﬁturél IPem;Raxlm dzrap@ !soptplnsdtt%]y Eknalr-]‘#ltaﬁt @moduotsﬂleBNUSA
e oul e | ,OU
!l R e i WEH e ekl % B s XBEmely sompact
I alﬁ?sewu Rpy igasl dtsphh)lge rlamrg’ capatile Bf pmduﬁlsg (suffielentlibintense
pDe S .
C ol MR Ree QRADE S RO B o8P #) ana -
c azzvoire to bbqut @%d ¢inn orshlfié Ptipbosphoreéstescs)evand be a:wtazble
lamgtgethata ?L%? Sés?’lROAp;HlHtl?s %p(gﬁﬂalesp Qh@ ﬁBo%E osrtor$e7§nt§'ép tjgét) in

figures 5 and 6 has been oriented roughly with its table facing the excitation

source with the observer viewing the stone from the pavilion. In the present
example provided the stone is fully illuminated the orientation of the stone

is unimportant.

Apparatus Example 3: Combination of light emitting diode (LED) and

mercury discharge lamp excitations

As previously mentioned, 575 nm luminescence may be excited in the
absence of blue luminescence by wavelengths in the range about 300 nm
to 575 nm (see Figure 3). Bulk blue phosphorescence may be excited by



227 nmto about 254 nm (for blue PL/phosphorescence)
woul d be suitable. Note that, just as in Apparatus
wE@0600 t he | oose stone under test in figureST/BB2asd04069

6 has been oriented roughly with its table facing the
excitation source with the observer view ng the stone
fromthe pavilion. In the @gesent exanple provided the
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W8&% nm UV LED an effectlve blocking fllter is a UG11 or a BG25. When
using the 375 nm, 380 nm, 400 nm UV LEDs or 455 nm LED an effective
blocking filter is a BG25. By way of example when the BG25 and OG550
are both placed over the UV LED almost total blocking of the LED emission
is obtained. Any minor bleed-through from the BG25 can be avoided by
any geometric arrangement that avoids the observer looking directly at the
excitation source through the OG550 filter when observing the PL from the
sample. By way of example Figure 8 shows the 400 nm LED excitation
band with the transmission curve of the BG25 filter effectively extending
from 310 — 520 nm. The BG25 effectively blocks background emission
from the LED above 520 nm. The 575 nm PL band transmitted through an
OG550 filter is shown extending from 550 — 800 nm, and for completeness
the transmission of the OG550 is shown from 550 — 800 nm. As the long
‘wavelength tail of the: excitation from the 400 nm LED at 700 nm is less:
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beﬁh Beoaimshdedaibove thelsaynplk sndestept Indhissvayralbarikosf 2, 3, 4,
5 or more 254 nm lamps and a bank of 2, 3, 4, 5 or more LEDs may be
mounted together to increase the radiation intensity on the sample. In the
same way as the mercury discharge lamp may be formed into a circular
illuminator, so too could a bank of LEDs be arranged in the form of a ring
“illuminator which could be concentric with the mercury discharge
illuminator. This arrangement would make the apparatus extremely
compact. Note that, just as in Apparatus Examples 1 and 2 the loose
stone under test in figures 5 and 6 has been oriented roughly with its table
facing the excitation source with the observer viewing the stone from the
pavilion. In the present example provided the stone is fully illuminated the

orientation of the stone is unimportant.

- Apparatus Example-4: Optical effect from luminescent layer -
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Figure 9a (lower left) shows an apparatus consisting of a ring illuminator
with excitation near the normal of the table of the stone. The illumination is
being used to solely excite 575 nm PL. The illumination could be a 365 nm
mercury discharge lamp, a filtered xenon flash lamp, a 365 nm, 375 nm,
380 nm, 400 nm or 455 nm LED or any suitably filtered intense source that
excites 575nm PL. The ray tracing diagram in Figure 9a has been
produced from a CVD synthetic 6 mm high with a 575 nm containing
region/layer extending 0.8 mm (13 % the height of the stone) from the culet.
The eye (3 mm diameter pupil) of the observer is about 100 mm from the

culet. The ray tracing diagram was produced by generating 4 million rays -~ -- -
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whaos506m480 posi tioning of the |ayer may then bePCDIB2004/004069
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"o IR B opeef [FRIBH B MoBTRE | U uBHy $hed85 AR LED an
effective blocking filter 104 to prevent the observer seeing the excitation
radiation is BG25. The BG25 filter effectively blocks light above 520 nm.
The 575 nm orange PL band excited in the CVD stone 106, mounted in a
ring/stone mount 108, by the 455 nm LED is observed with high burity
through an OG550 filter 110.

As previously mentioned, bulk blue phosphorescence may be excited by
wavelengths in the range 227 nm to 300 nm, but wavelengths in the range
227 nm to 254 nm are more efficient. In accordance with the preferred
apparatus, the short wave source 112 that excites the blue PL
/phosphorescence is a 5 Watt xenon flash lamp from Hamamatsu
‘Photonics, type L9456-01, operating-at a peak power flash repéetition rate of - -



PL/ phosphorescence by wavel engths in the range about
300 nmto 575 nm (see Figure 3). In accordance with
wao b@spewder red apparatus 100, the | ong wave soORCTEB20G204069
that only excites the orange 575 nm PL could be a
Luxeon Lum led Star/C royal blue light emtting diode
(LED) emtting about 150 msaf optical radiation at
455 nm When using the 455 nm LED an effective
bl ocking filter 104 to prevent the observer seeing the
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retail environnent so great care was taken to protect
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di t?lteFe! ig létr{.it%beﬂfdoped layer producing 575 nm PL below the girdle of the
stone then the observer will see a distinctive orange ring or spot in the
centre of the table facet as illustrated by the ray trace diagram in Figure 9a.
This production of an orange spot is likely to be unique to a CVD synthetic.
When the LED 102 button is released the orange PL ceases. The OG550
filter 110 is then manually removed. The xenon flash lamp 112 is then
switched on by continually depressing the UV lamp button.  The observer
will then see a blue PL image of the CVD synthetic 106 with possibly some
orange PL. When the UV button is released the observer will see blue
phosphorescence. If there is a boron doped layer below the girdle of the
stone then the observer will see a distinctive blue ring or spot in the centre

of the table facet in both PL and phosphorescence as illustrated by the ray



the | um nescence/ phosphorescence emtted by the

di anond material or body under test was easily
waele@seeri e and recorded with a digital caner aPCEAB2004/004069

this configuration the LED is first switched on by

continual ly depressing the LED 102 button to excite

575 nmlorange PL in the Clagsynthetic 106. The orange

PL is observed through the OG50 filter 110. If there

is a nitrogen doped | ayer producing 575 nm PL bel ow
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stone. Thus the stone in Figure 17 has a boron doped
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weagets, dependent on the exact orientation of the facets, with the position of
the segment of the ring being similar in each facet of the same type and
angle, but varying between the facets of different type and angle, to provide
a complex series of features reflecting the symmetry of the stone. The
production of a well defined coloured ring (in this case a blue ring) viewed
within the table is likely to be unique to a CVD synthetic with a well defined
volume or layer producing luminescence or phosphorescence (in this case
a boron doped layer) placed in the lower half of the cut stone, below and
away from the girdle. Indeed, this case is clearly represented by the right

hand image of the example stone in Figure 17.



575 nm PL and therefore provides a reasonably well

defined dark ring which is visible when view ng the
WGI®shendRl produced through the table. HoweverPCT#E2004/004069

the LED is switched off and the xenon flash |anmp

swi tched on, the dark ring corresponding to the boron

doped layer, is rendered higghly visible as a well

defined i ntense bl ue PL/phosphorescence ring viewed

through the table as seen in the right hand i mage in
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t alf the bloslPL IayarnrameeDnamnddvlewﬁ‘é is very similar to that observed
simply by eye with bulk excitation of the stone with short wave UV light with
wavelengths in the range 227 nm to approximately 254 nm. The image is
dominated by a distinct blue ‘fish-eye’ spot 14 in the centre of the table
facet 12. The remainder of the table facet 12 is devoid of blue PL. The
crown facets 16 show a distribution of intensity from the internally scattered

blue PL.

Figure 11 compares very well with an image from a stone 20, with similar
geometry, generated using the ray tracing programme for a PL layer 22
extending approximately 30% the height of the stone 20 from the culet point
- 24, shown in Figure 12. Like Figure 11, Figure 12 is also characterized by



By way of further exanple Figure 11 shows a PL inmge
of a 0.2 carat round brilliant CVD synthetic 10 (crown
waegsesappr oxi mately 35 degrees to the plane oOPCT/IB2004/004069
girdle and pavilion angle 41.5 degrees to the plane of
the girdle) recorded by the D anondVi ew(tminstrunent.
- The CVD synthetic 10 has aggl-ue PL | ayer extending
fromthe culet point to approxi mtely 30% of the
hei ght of the stone. The inmage was recorded with the
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absgp . There is an effect on the observed i mage froma' '
variation in the pavilion angle. However, the
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signature representing the manufacturer or other information, rather than
just provide evidence of the synthetic nature of the material, then
consideration needs to be given to the structural sequence of the layers.
The characteristic pattern of lines forming a tag within a cut CVD synthetic
stone needs to be as widely applicable as possible, and potentially could be
used in CVD diamond layers which are themselves boron doped to provide
a visible blue colour, but also providing a source of blue-band
phosphorescence, or in CVD diamond layers or objects which otherwise
contain nitrogen and thus show orange luminescence through part or the
whole of their volume. By combining the two layers together into a pattern,
the same pattern can then be observed and identified in both these types of
CVD diamond layer or object, with the risk that final layers at the edge of



provi de great confidence in the use of the optical

effect fromlum nescent |ayers for stones of varying
w@asieam and crown angl es and stone shapes suRtI/EBR004/004069

square cut or enerald cut. The effect on the PL inage

of changing the pavilion angle in a round brilliant

stone from41.5 degrees (Figpure 12) to 25 degrees in a

stone 40 is shown in Figure 13. The characteristic

"“fisheye' 42 is clearly visible and therefore
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varying the nitrogen concentration or by other process variations such as

the methane concentration or the temperature.

There are further advantages to the choice of marker layers, in that the blue
phosphorescence of the boron is stable with respect to post treatments
such as annealing, so that these marks would remain even if the CVD
diamond layer, object or synthetic gemstone was treated by such means.
Conversely the orange luminescence is modified by annealing, particularly
at very high temperatures. These lines would therefore indicate that the
object had been post treated after the point of sale. In particular, annealing
of the orange luminescence can convert the orange luminescence to a

- characteristic green luminescence or phosphorescence (the extent-to which



phosphor escence from donor-acceptor pair
reconbi nation. One solution is to specifically reduce
wa b@sBeaoncentration in the N doped |ayers to BCEIB2004/004069
t he orange | um nescence to be observed. Alternatively,
under such circunstances the nodul ati on of the bl ue
phosphorescence may be suff4gient, and can be
controlled by both the added N and added B
concentrations. Likewi se, in a process where nitrogen
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means of identifying a tagged CVD synthetic stone even after annealing in

both round cut and square cut stones.

A particular variant of the invention is the deliberate use of the green
luminescence obtained after annealing orange luminescing material, either

in isolation or in combination with other tagging centres and structures.

The simplest pattern of multiple lines envisaged using one type of marker
layer (e.g blue phosphorescence) is shown in Figure 14. The diamond
material 50 includes a pair of marker layers 52,54 separated by a spacer

layer 56.



conditions. In anneal ed tagged CVD synthetics
(particularly those anneal ed at very high
wa eqopesadur es) the orange/ blue flash may be r epCEHDBE2A04/004069

with a green/blue flash. This effect would be
noticeable, by a suitably trained individual, froma
tagged CVD synthetic cut im4@- any shaped brilliant
e.g. round or square. As described earlier and further
described by the exanples, a distinctive orange/bl ue
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It has been demonstrated that the marker layers of given thicknesses can
be grown to an accuracy of 10% or better, with typical values being in the
3%-5% region. For thicker layers or in a routine production process it may
be possible to achieve an accuracy of 2% or better. However, when
viewing the layers with above band-gap illumination, the marker layers will
be seen on any surface which intersects those layers, but that surface may
not be normal (i.e. at right angles) to the marker layers, and in many
commercial diamond objects including synthetic gemstones this will often
be the case. Thus, the absolute dimensions of the layers will typically not
be consistent from one facet of a CVD diamond object to another, or
necessarily between similar objects (although this may be the case if both
the marker layers and the orientation of the object cut out of the diamond

- = are crystallographically oriented), easily varying by up to -about +/-50%



In particularly preferred enbodinents, it is envisaged
that the structures would probably be nore conpl ex,
waigiosgeror e | ayers and with clearly varying  PCT/IB2004/004069
thicknesses. In the synthetic dianmond material 70
shown in Figure 16, the thicknesses of the |ayers 72,
74, 76, 78, 80 and 82 are.wpried. They may be, for
exanpl e, 50 nm (74,80), 25 nm (76,78), and 12 nm
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considered in a similar fashion.

By way of example the invention is described above giving detail of specific
detail of optical centres and layered structures which are advantageous.
However, those skilled in the art will understand that this does not limit the
generality of the invention, which in its most general form provides a means
of detecting the synthetic nature of a diamond layer without affecting its .
visual properties under normal viewing conditions. A preferred form is the
use of optical centres such as the 575 nm PL centre to provide the
synthetic indicators. However, it may be possible to use other features or
. properties of the material: A-further preferred form is the-use of-layered



again this generally needs nore conpl ex equi pnent than
is desirable. Thus, taking relative ratios of the

wa hioskeasses of | ayers as the only neasurabl e PCT/IB2004/004069
characteristic, a single marker |ayer gives no
i nformation, since there is no reference point.
However, a mark of origin.wth 2 nmarker |ayers and a
spacer |ayer gives two unique paraneters, for exanple
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prsrépated taeeosiingt foethe cmethoti desoited inOMOVRY96634, mith {He0}
possi ble to use other features or properties of the
BPTAC®SA- further preferred formis the use of
| ayer edstructures to enphasi se the deliberate
sy t het i ure of eri p I
&P BPSH ﬁe% V&< R'Ieagg%:%ﬁonat ﬁlorqs’é{' %{Lﬁs’trgfé a&b d a high
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evi.dence o i@l
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d| ddsicriibed lneWO OTIVQBGiSAvmdmeIm synthesis proceedateasciolloyd wit h
reference to the follow ng nonlimting Exanpl es.

The first stage of growth comprised 200/250/4500 sccm (standard .cubic
* centimetre per second) of CH4/Ar/H, at 200 x 10? Pa and a substrate
temperature of 850°C with no added dopants.

The second stage of growth was the same as the first stage above with the
addition of 0.8 sccm of 20 ppm B;Hs diluted in hydrogen (0.003 ppm), and

the addition of 25 scem of 100 ppm N, diluted in hydrogen (0.5 ppm).

The third stage of growth was the same as the first stage above with the
addition of 10 sccm of 100 ppm N, diluted in hydrogen (0.2 ppm).

The fourth stage was a repeat of the first stage. -~



EXAMPLE 1 Substrates suitable for synthesising single

crystal CVD di anond were prepared according to the
woredokoei4odescri bed in WO 01/ 96634, with {100} ne{¢DIB2004/004069

faces. These substrates were brazed onto a tungsten

substrate using a high tenperature dianond braze. This

was introduced into a m croggmve plasma CVD reactor and

an etch and growm h cycle conmenced in the general form

described in WO 01/96634, and then synthesis proceeded

as follows: The first stage of growh conprised

20Q/ 250/ 4500 t and b t t
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25 seemof 1 m N2 diluted in hydrogen (0.5 ppm.
ThETYHIE glej@éépgf growth was the same as the first

stage above with the addition of 10 seem of 100 ppm N2
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SR DERe o Uit B menr® fenE s Sitngte gmond
absptrishavesigap radi ation in a "DianondView(tm' the
structure of the layers was determ ned by view ng a

side face of the block to be: |layer 1: 450 nmthick,
| alyader2a faAdart jetveleks U\ayhend 3amp8d was tpossiklie ated disagror
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st although ethies bluei gphesphwresgandeetiendedi dorodmniodtet thes orange

i nvention Un ard jewelers W hand lanp it
I&%%%F%‘fe é{{ﬂgngéé%.P'% | um nescence and

phosphorescence fromthe stone in a darkened room
A-low cost viewer suitable for volume production was ‘constructed to
evaluate the phosphorescence and luminescence properties of the
diamond described in detail in Apparatus Example 4 and illustrated in
Figure 10. The viewer comprised a 5 W OEM pulsed Xenon unit
(Hamamatsu Photonics, type L9456) and a Luxeon Lumiled Star/C LED
emitting at 455 nm.

A 0.2 ct round brilliant cut synthetic was produced from a similar block of
CVD diamond produced in the same synthesis run and was graded to be H
colour. The first layer, below the boron phosphorescent layers, was
removed during processing. The appearance of the 575 nm luminescence
and blue phosphorescence observed in this stone when viewed through the
table in DiamondView™ and Tagging viewer was described earlier (Figure
11 and Figure 12), with a distinct blue ‘fish-eye’ spot visible in the centre of



al t hough the bl ue phosphorescence tended to dom nate
the orange | um nescence during exposure. A |ow cost

WO e@ae6148Li t abl e for vol une producti on was conBCT/IBR2D&H04069
to eval uate the phosphorescence and | um nescence
properties of the dianond described in detail in
Apparatus Exanple 4 and illgstrated in Figure 10. The
vi ewer conprised a 5 WOEM pul sed Xenon unit
(Hamamat su Phot oni cs, type L9456) and a Luxeon Lum | ed
St &d/ tebleEUrrenndedi bypratgelbminestenteaid a distinctipaittern of blue
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run and was graded to be H colour. The first |ayer,
beh&gﬁi&goron phosphorescent |ayers, was renoved
du+ essi ng. The appearance of the 575 nm

| um nescence and bl ue phosphorescence observed in this
stope whep viewed thraugh. the table in Di dVi e

(1 TS QEPWHA <R ip SSRTDLD HSUTE § P EPERER 10 Fgeg @
11129805 kisgus mnlfhick. Wi th a di stinct blue 'fish-eye'

spot visible in the centre ofthe table surrounded by

orange | um nescence, and a distinct pattern of blue
physpidar patenwereandt ouia o his - idokeand fatericatesi nite diamore

cro facefs. MPLE 2 T, rowt h . procedure SCLI d
r S Tidles: e Presence.t s Xaauhi /<0 Ry ot ShgeliapRe
nuihddrakorm¥eilumiratiop lirtlese itadescarid didt natfaffebi thelyl rocioal
ang@fﬁbri cated into di anond scal pel bl ades. The

pr N

of the tagging |layers was not discemable
under normal illumnation in these bl ades and di d not

affect .thei r normal. function 00 ] ect ]

oy URSh dioresar e R, MR IRBN Sckie 46 e
t ag@iging lbysre was\aearly | disoetnjbleli idertifying ltheg origie 0f tHeymatgrial
the origi,n,of . the materi. rom whi ch the bl ades were
aﬁ?‘iﬂc dythe b 3&"@%%”'%%‘8& the | ow cost viewer
described in Apparatus Exanple 4, and Exanple 1 and

il|ustrated jn.Fi . Cl Ly )

| uleReERE e e B S it St AR RS Boample 4,
t handinExameple 1 and illustrated in Figure 10 clearly showed orange
- luminescence and blue phosphorescence, making clear the ‘unique

synthetic nature of the material.
EXAMPLE 3

The growth procedure described in Example 1 was repeated to produce a
layer 3.7 mm thick. This layer was polished into a round brilliant cut.

Upon inspection using DiamondView™, the presence and structure of the
tagging layers was clearly discernible, cutting across the facets just below
the girdle, identifying the origin of the material from which the stone was

produced.

Inspection under the low cost Tagging viewer described in Example 1,
" Apparatus Example 4 and illustrated in Figure 10 clearly showed orange



synthetic nature of the material. EXAMPLE 3 The growth

procedure described in Exanple 1 was repeated to
weemdoerom | ayer 3.7 mmthick. This |ayer was pol/iBhed04069

into a round brilliant cut. Upon inspection using

D anondView(tm, the presence and structure of the

tagging layers was clearly_giscernible, cutting across

the facets just below the girdle, identifying the

origin of the material from which the stone was
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cl ear ige Enique synthetic nature of the material.

ing growh conditions simlar to Exanple
1, but varying the duration of the different |ayers, a
series of denonstrator stones i he form of rqun
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fi rprint in CVD singl e st al

uh PO cPtebrstag Sotse BR SRHTP ditg SAORF ampafaare” ot
subsmbadtaatoratend. di ng a source gas, dissociating the
source gas thereby all ow ng honoepitaxial dianond
growth, and introducing in a controlled nanner one or
nore chem cal dopants into the synthesis process in
order to produce the mark of origin or fingerprint in
the synthetic dianond material, which dopant is



sel ected such that the mark of origin or fingerprint
is not readily detectable or does not affect the
wperseomed qual ity of the dianond material undeCT/IBR200ME104069

viewi ng conditions, but which mark of origin or
fingerprint is detectable or rendered detectabl e under
speci al i sed view ng conditgmpns. 2. A nmethod according
to claim1l1, wherein the mark of origin or fingerprint
is detectable or rendered detectable when the di anond
Ml Ve s exposed to light or radiation of a
spEETTTéd wavel ength. 3. A nethod according to claim1l
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claim @atW?éﬂléﬂW '@Qﬁ@ahﬁ'ﬂ@"@fc%}di‘ Qﬂﬁﬁ WS@%&&?&'"

shows @, g Brler'Té A8 6iaBRr rbmteréd dstdabiBunder dpeiztisext
accordi ng any one of claims 1 to 4, wherein the

dopant V@W"’wa tion®r ovi de(s) a source of boron and a
source of nitrogen, which elenents are i ncor porat ed
into one or nore specific re

ons he di arpnd. [?{‘Qr
whi cB dy sealked goeridikdote BRIy erfe|inn &y 15‘?['11 S
gener atiagepRAY 8 defddtatié or laémmhﬂaaectebleeuhqmembl digmond

generally in the range 500..n

sui t ablreatariad jis @fp%q/ga I@ﬁb?rhraggggp@ gt wcmgmwﬁl@ﬁ%ﬁ ﬁ

according to claim7, wherein the boron is

! ncog p(?‘{ rarlltetefw%d accordlng to clalm 1 or claim 2, wherein the mark of origin
. or flngerprlnt is provnded in the form of one or more layers or regions

grown into the diamond material during synthesis.

4. A method according to any one of the preceding claims, wherein the
one or more chemical dopants introduced into the synthesis process

are added in a gaseous form.

5. A method according to any one of the preceding claims, wherein the
chemical dopant, or one of the dopants, provides a source of
nitrogen which is incorporated into the diamond, and which
produces a mark of origin or fingerprint that shows 575 nm and/or
637 nm luminescence peaks, with their associated vibronic

systems, under suitable shorter wavelength excitation.



into the synthesized dianond material in a
concentration less than 0.1 ppm 9. A nethod according
W@ 2008061400 7 or claim 8, wherein the boron is PCT/IB2004/004069
i ncorporated into the synthesized dianond material in
a concentration greater than 0.0001 ppm 10.A nethod

according to any one of clagms 7 to 9, wherein the
concentrations of boron and nitrogen incorporated into
the synthesi zed dianond material lie within a factor
o; 1l@ oA rﬁétﬁo@%cb%ng 1d. o{%imgesgademmohéiim@fktof ariyin oore
of claim7 to, 10, erein the bor [ esent in the
synt hes?@@ﬁo”mé?ﬂﬂ‘ﬁ]e Ré?tg(amespﬁncg Wﬁgaiég EBhcent rati on
than the nitrogen. 12. A nethod accord| ng to any one_of

wher ei n n_of

the preceding, cla ti ers
or rdgioREn CCQ@H'EQ ta?t%’yé’ﬂ?/‘gglf"ﬂﬁ Itﬁ% Wﬁ?@%@g d§
400 nrr} éroddiﬁlﬂts%glhé(ip hoscdseeoiCisoromaad = sodradloé nitrogen,
optica ve| en excitati rown in

P arrondvih SlamEniars goSorte i 898 87 midte dpgfc regions
accor di gfgthé QilétﬂdndJaﬁd afhidthprodues adnak of arigim or \ﬂhgerprmt
a layer or re on Wt

radi at i HAt FTG e%ﬁteqr@gpng;&thgﬁo&%sqegcebrpg\%mg HFBGFF‘I%'“
di anondhgeargd 6f 4@UAINY SDPrinhasider slithbleAstmeten aavelength
according. to claim13, wherein the one or nore dopants
i ncl udee’% it ce of silicon. 15. A method accor di ng to
claim 14, wherein the silicon is incorporated into the

synt hes di armn centrati.

thant: m%r o BOEGRinh e 7 ool 0 SRt ifGpriiatea
cl ai m lipto N\b@ymhesrzé@ diinhondonatesiali in @ cqrmeatratibn ket thamne
synt hesbﬁ di anond naterial in a concentration
great er”t fBM- 0. 0001 ppm 17. A method according to any
one of clains 1 to 12, wherein the

9. A method according to claim 7 or claim 8, wherein the boron is
incorporated into the synthesized diamond material in a

concentration greater than 0.0001 ppm.

- 10. A method according to any one of claims 7 to 9, wherein the
concentrations of boron and nitrogen incorporated into the
synthesized diamond material lie within a factor of 10 of one

another.

11. A method according to any one of claim 7 to 10, wherein the boron
is present in the synthesized diamond material in a higher

concentration than the nitrogen.

12. A method according to any one of the preceding claims, wherein a
combination of layers or regions that generate 575/637 nm
luminescence and 400 nm to 500 nm phosphorescence under
suitable optical wavelength excitation is grown into the diamond

material during synthesis.



detection of the mark of origin or fingerprint is by
the human eye, in conbination with other suitable
wopisoel40el enents including filters and | ensesPCI/B2004/004069
nmet hod according to any one of clains 1 to 16, wherein
the detection of the radiation is by an instrunent
providing a neasure of thegmtensity of the radiation,
or providing an indication whether this value lies
above or below a threshold. 19. A nethod according to
claim 18, wherein the radiation being detected is the
737 nmradiation. 20. A nethod_gccordi t 0. any one of
ol ai 8. A Teghag acigrdng 14 AL pug £f B |pCedith fginge dynerein 3
origin Ryerf bnesadigh With 4 Tehiye tiwti enaits 76Rgen qagiatiore under

el ectroni.c jmage .capture, in_conpingtion wth other.
sui t abl %Otl%l ied‘gi?atlé’Pehserﬂrgw? n'@f‘h (ZEF’?] g%‘r’ﬂmc’f‘gr g’%ﬂ@ﬁ Gilring
| enses. ghtheligret hod according to any of the preceding
clainms, wherein the mark of origin or fingerprint in
the dianond material is formed by defect centres
havi ng. Aphétaed apcopging td ein M3} wheimibe alesermed dopants
natural, di gnond. 22. A nethod according to any one of
cl ai ns 'fcltlaeéc?,°“(&ﬁé¥éﬁ“ﬁ°fl~ he mark of origin or
fingerprint in the dianond material is fornmed by
defe entres, th asur abl e or ohseryabl e .
i st A POR oD potcEng B o dbre e PaES RS nsogpareies
obser veidtd thensyinthesized idemmord. marialinne téragntratioor désthano
any one (?f claims 1 to 20, wherein the mark of origin
or fingf PPt in the dianond material is formed by
def ect centres having optical properties, the
conbi,najion, of the optical properties. and t.h e
rreasm]Ba(él"é&B?d 88%%?'05%?'8%&5? g‘tﬁ'r&b%?'f"o ’6’& r%g‘?%%? Hicor) is
cent r esinbérpogtéd imtd otive nsyntitdsizedy edlamondiamatadial in a
di anond. 24.. A et hqd accardi to any one of the
pr ecedi?@’CEPE%WQ,%\??@@??]BtOﬁQ?%PWger print or mark of
origin provides a neans by which nodification to the
di a d,can, be identiflie , + ho ceor di ng. t
cl ai 2, PRRGA A ORNS 15 Aeitnp: o SEtd B° T Whéten' e
detection of the mark of origin or fingerprint is by the human eye, in

- combination with other suitable optical elements including filters and -

lenses.

18. A method according to any one of claims 1 to 16, wherein the
detection of the radiation is by an instrument providing a measure of
the intensity of the radiation, or providing an indication whether this

value lies above or below a threshold.

19. A method according to claim 18, wherein the radiation being

detected is the 737 nm radiation.

20. A method according to any one of claims 1 to 16, wherein detection
of the mark of origin or fingerprint is by optical image capture or
electronic image capture, in combination with other suitable optical

elements including filters and lenses.



origin provides a neans by which nodification to the
di anond by neans of annealing can be identified. 26. A
woredokoei4accor di ng to any of the precedi ng cl ai PGI/IB2004/004069

wherein the fingerprint or mark of origin is used to
identify the synthetic nature of the material. 27. A

met hod according to any of.gde precedi ng cl ai s,

wherein the fingerprint or mark of origin is used to
identify the manufacturer, or as a manufacturers

process identification mark.28. A nethod according to

any aqnpe,of ecedl wher.e
i o e A imetngd BB o Bt Wi pREHRRAIE; wherein the
manner ffaria of bﬁgiﬁfﬁitrﬁngeribﬂnt i thet distoad eeatelian gs fmmdyby
one of t%F ﬁre edi ng.cl ai,ns, wherei nhtEe substrate
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t akes phatosal didgthon@VD singl e crystal dianond materi al.
bearing a mark of origin or fingerprint in the bulk
thereof, which mark of origin or fingerprint is not

r eadiZZs/Adﬁétacd abéoediag tcﬂﬁmsombf clhifract tdite V\merél&ithaenhark

qual it f the anon erJ a nder
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ndi tions di,anond

1. i ngl t.al
hat or | SPERSEBS adam R e S W SHr T S8meBHar od. o
suitable for preparation, as a genstone. 32. CVD
i ngl di t | ai
i orfs i e R0 o gn St Reoiicl & 21 wilroin e ik
ori gi n of ofigim@e fipgerptintiin the diaciomdomdterialtie foraded by defect
not | obsBIE (G EEISY PR, e geriytta g e "Oefcal
crystal pldlpal‘tlBBCbmiatf@r mebhsarabler di vhsdreaté ailstn&ﬂiionv\bﬁ the
. q wh : g
or 11 noarie fRnees BERE P Sorml i ekedh b TRRL PhBhg "
defect centres, the measurable or observable
di st rﬂ Ht &Hoc? facéorr] Fo a%ﬁlton%ecgttﬁ Sre%&iﬂg cl'an"nsa,l th%Fé?ﬁ ﬂ%t
fingerprint or mark of origin provides a means by which modification
“to the diamond can be identified.

25. A method according to claim 24, wherein the fingerprint or mark of
origin provides a means by which modification to the diamond by

means of annealing can be identified.

26. A method according to any of the preceding claims, wherein the
fingerprint or mark of origin is used to identify the synthetic nature of

the material.

27. A method according to any of the preceding claims, wherein the
fingerprint or mark of origin is used to identify the manufacturer, or

as a manufacturers process identification mark.



observed in natural dianond. 34. CVD single crystal
di anond material according to claim30, which is

wEe@pasyo as a genstone, wherein the mark of oPCTIBROGY004069

fingerprint in the dianond material is fornmed by

def ect centres having optical properties, the

conbi nation of the optical.gyoperties and

t heneasur abl e or observable distribution of the defect
centres being in a formnot observed in natural

di ampgda n?e'ihod?é@oﬁdmgio@r@ron&toalthwmmag olalnes; iwhkrein the

accordln to claim IS ar ed

genst ondl ve@Féi"W?%&hﬁF‘ﬂ'“o‘F %ﬁggla er'nfﬁ"ﬁgg\aﬁp? nff #n
t he di mmterlal is formed by defect centres, the
di stribution of the defect centres being observable as
a feature through the table of the genstone. 36. CVD

\S&L ngbe.ﬁm&ﬁh c?iaabbwmﬁ dmtdhgioﬂheﬁ;@t@h edéd?ihglgalms elhaiein B8,
ereln e feature o rv In the ta

genst orbstalg s @ '%f"@’é‘gﬁ‘étﬁ?iat?ala"é’?%ﬁéug?c ?Pﬂ’hi’;ﬁlqr‘é‘ﬁth
geonet riakéd plakape, the preci se geonetry of the
geonetrical shape reflecting the symmetry of the

genst one about an axis passing at 90 through the table

of tRe. (Q‘G!IUEéuﬁg‘lg .crysfal didfRosd mgdt@riatrb@had; ag'g@rmr)ﬂ origin or
mat er i accor di . ai.m erei.n, .
the ge FRCINE I E‘g b&’%ﬁqg}? Qg] y 'cﬁénﬁ{ q(?l”ﬂﬁnaorf\(/fhnpﬁ'@"nt 1S
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ocor di MoRS mateTia $hdéh oual Vifing SoBiERSs, ot Fhigh mare
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mat eri al gr [ to clﬁnm35 or claim 36, wherein

t he gen%’teBIﬁl Sq ‘I’i%‘?'ngcf’% YRgul ar formand the feature

observable in the table of the stone is a solid square

or a e.outline .4 D.single cr .

at P VSRl g Bpat RS el Py flant g e
obser valrepared, éristithile far poéparationgesmtgenmstars. f or med by
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lying in a plane
32. CVD single crystal diamond material according to claim 30, which is

-~ - prepared as a gemstone, wherein the mark of origin or fingerprint-in
the diamond material is formed by defect centres having properties
that are not observed in natural diamond.

33. CVD single crystal diamond material according to claim 30, which is
prepared as a gemstone, wherein the mark of origin or fingerprint in
the diamond material is formed by defect centres, the measurable
or observable distribution of the defect centres being in a form not

observed in natural diamond.

34. CVD single crystal diamond material according to claim 30, which is
prepared as a gemstone, wherein the mark of origin or fingerprint in
the diamond material is formed by defect centres having optical

properties, the combination of the optical properties and the



approximately parallel with the table of the

genstone. 41. CVD single crystal dianond nateri al
waewsnei4sng to claim 30, wherein the single cryBCHIB2004/004069

di anond material is prepared for an industrial

application in which it is a visible elenent to the

user, or is reuseable or negfls periodic reprocessing.

42. CVD single crystal dianmond material according to

claim4 1, wherein the single crystal dianond materi al

IS a CUlidaBGrablkaf ®b8érvanle RMAEDBH of therdefdct cddtres®ding in
single crystal dianond mat e[ﬁiﬂal acgcor ding to claim42,

wher ei nafferen Rat egserved inhalyragiamgid naterial is a
di anond scal pel blade. 44. CVD single crystal dianond
mat eri al according to any

> ) on% of cl ai.ns 301106113 -
wher 35 CVResingle krystel diamand neptesiql AGRAAINg i il ol Wien s
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20 mm t 8f be@em#ionge. CvD single crystal di anond
material according to claim45, wherein each | ayer has

a thickness within the range .of 50 tQ 400 47 .
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49. CVD single crystal dianmond material according to

claim 48, wherein each [ayer has a thickness within
t he ram@yPbsing cpyst) damaid maeRalsiocgidingctoyciiml 35derataind

mat eri al__accor di to a ane .of cl ai 30 9
whi oh. - BRaSReEl Bk, o8mERba P ice RSl rglng frficand the
exhi bi t seapiranpeeivatile rethedaite obthestang i$ aspotsr® ningl 637
nm N rel at ed defect centres and, under or after the
sane or other suitable illumnation

38. CVD single crystal diamond material according to claim 37, wherein

the gemstone is of a round brilliant form.

39. CVD single crystal diamond material according to claim 35 or claim
36, wherein the gemstone is of a rectangular form and the feature
observable in the table of the stone is a solid square or a square

outline.

40. CVD single crystal diamond material according to claim 35, wherein
the feature observable in the table of the gemstone is formed by
one or more layers below the girdle of the gemstone lying in a plane
approximately parallel with the table of the gemstone.



condi tions, exhibits blue phosphorescence associ at ed
W th donor acceptor pair reconbination. 51. CVD single
w@eopsved40@i anond materi al according to any oneP@f/1B2004/004069

claims 30 to 50, which, under suitable illum nation
conditions, exhibits nore than one discrete layer in
which the ratio of the thickpesses of the layers is in
accordance with a pre-determ ned pattern. 52. CVD

single crystal dianmond naterial according to claim 30,
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45, CVD single crystal diamond material according to claim 44, wherein

each layer has a thickness within the range of 20 pm to 600 pm.

46.'CVD single crystal diamond material according to claim 45, wherein
each layer has a thickness within the range of 50 pm to 400 pm.

47. CVD single crystal diamond material according to claim 46, wherein
each layer has a thickness within the range of 100 um to 250 pm.

48. CVD single crystal diamond material according to any one of claims
30 to 43, wherein the mark of origin or fingerprint is in the form of a
multiple or répeating pattern each comprising one or more marking
layers, each layer having a thickness within the range 2 pm to 100

pm.

49. CVD single crystal diamond material according to claim 48, wherein

each layer has a thickness within the range 5 pm to 50 ym.



intensity of the specific |um nescence and/or

phosphorescence. 56. An apparatus according to claim
wGosmbknei n t he measure of the intensity of tPEI/1B2004/004069

speci fic |um nescence and/ or phosphorescence is in the

formof an anal ogue or digital electrical signal, or

di spl ay readout. 57. An appgpatus according to any one

of clains 54 to 56, wherein the apparatus conprises a

range of optical filters for view ng the wavel engt hs

emtted by the mark of origin or fingerprint, and

means excl udi n round |te
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| um nescence. 60. An apparatus according to claim 54,
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53. CVD single crystal diamond material according to any one of claims
30 to 52, wherein the fingerprint or mark of origin is used as or in
the manner of a trademark.

54. An apparatus for detecting a mark of origin or fingerprint in a CVD
single crystal diamond material bearing the mark of origin or
fingerprint, the apparatus comprising:

a body arranged to receive or hold CVD single crystal diamond
material bearing the mark of origin or fingerprint;

a source of light or radiation arranged to direct the light or
radiation at the CVD single crystal diamond material, the light or
radiation being of a wavelength suitable for causing excitation of
the mark of origin or fingerprint resulting in Iuminescehce and/or



arranged to bl ock the transm ssion of wavel engths near
450 nm thereby to enhance viewi ng or detection of the
WGI®50@A000m | um nescence. 65. An appar at us accPCTIBgO4/ 4069
clainms 60, further conprising one or nore optica
filters for enhancing detection of the blue band
phosphor escence peaking in_ghe range 400 - 500 nm 66.
An apparatus according to any one of clains 59, 61, 63
or 64, wherein the source of light or radiation is
sel ect ed t phayphuiedeerice! thHareult tooRxpse Mife FErk- ob Xigimor
range. 67._An %p ar%tus according to claim66, wherein
the sour cefMgerp i"g’fﬂ” or radiation is a high power |ight
emtting diode. 68. An apparatus according to any one
of clainms 60, 61 or 65, wherein the source of |jght or
Phdt ati on ¢ detshed maans SeTe hEIRPYER ek ph Ot o
225 - 275 fngerminge. 69. An apparatus according to claim
68, wherein the source of light or radiation is a
pul sed Xenon source. 70. An apparatus according to

cl ai 5% Anosippar@usNatlording @6 Adim e Wil ehd detdcbt means
further COTTPFI ses a filter tq excl Zﬂe ma{g_el engt hs

out si de SPREMPSHgR Yigyeh 74T niIewing AR o jmipggqeiice  andlor
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observer .or .detector is protected f
£ r om t hintSsi O MersPepR ILMIFeSeEnre,aIafY RPSPRUICHEIE! o
wi ndow, such as a gl ass or Perspex w ndow, which
absor U in the range 225 - 2 n 72, An appar at.us
oot A ST ACRTINGE G 2P WaVEH b dneRRER (ot b
radi ati gmensity of trecépadifit durpinestefiee iahtidrphédphorescenddiie in
range 480 - 700 .nm 73 . _An apparatus according to,.
claim 791 {PMF & P RR5EgUs A8 Bt Retel Piapraar offeplay
a 633 Hedgrlounser. 74. A nethod of view ng or detecting
a mark of origin or fingerprint in a CVD single
crystal dianond material bearing the mark of origin or
67. An apparatus according to any one of claims 54 to 56, wherein the

apparatus comprises a range of optical filters for viewing the
wavelengths emitted by the mark of origin or fingerprint, and means
for excluding background white light or wavelengths present which
may be detrimental to observing the wavelengths emitted by the

mark.

58. An apparatus according to any one of claims 54 to 57, further
comprising magnification means for magnifying the exposed mark of
origin or fingerprint in the CVD single crystal diamond material.

59. An apparatus according to claim 54, wherein the apparatus is
arranged preferentially to excite 575 nm and/or 637 nm

luminescence.

60. An apparatus according to claim 54, wherein the apparatus is
arranged preferentially to excite blue band phosphorescence
peaking in the region of 400 — 500 nm.



fingerprint, which mark of origin or fingerprint is
not visible under normal view ng conditions, the
woredoloei4dincl udi ng the steps of: a) directing aPGDIB20&/004069
of light or radiation at the CVD single crystal
di anond material, the light or radiation being of a
wavel ength suitable for caugyng excitation of the mark
of origin or fingerprint resulting in |unm nescence
and/ or phosphorescence thereof to expose the nmark of
origin or fingerprint; and b) view ng or detecting the
exposed mark of origin_.or fingerprint. .
P 61. An apparatus acgcording to cr:]gim %4, wherein the apparatus is
arranged preferentially to excite 575 nm and/or 637 nm
luminescence and thereafter preferentially to excite blue band

phosphorescence peaking in the region of 400 =500 nm.

62. An apparatus according to claim 54, wherein the apparatus is
arranged preferentially to excite the 737 nm luminescence peak.

63. An apparatus according to claim 59, further comprising one or more
optical filters for enhancing detection of the 575 and/or 637 nm

luminescence.

64. An apparatus according to claim 63, comprising an optical filter
arranged to block the transmission of wavelengths near 450 nm,
thereby to enhance viewing or detection of the 575/637 nm

luminescence.

65. An apparatus according to claims 60, further comprising one or
- more optical filters for enhancing detection of the blue band
phosphorescence peaking in the range 400 — 500 nm.

66. An apparatus according to any one of claims 59, 61, 63 or 64,
wherein the source of light or radiation is selected to provide

illumination in the 300 — 550 nm range.

67. An apparatus according to claim 66, wherein the source of light or
radiation is a high power light emitting diode.

68. An apparatus according to ény one of claims 60, 61 or 65, wherein
the source of light or radiation is selected to provide illumination in
the 225 - 275 nm range.
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69. An apparatus according to claim 68, wherein the source of light or

radiation is a pulsed Xenon source.

70. An apparatus according to claim 68 or claim 69, wherein the source
of light further comprises a filter to exclude wavelengths outside the
range 225-275 nm.

71. An apparatus according to any one of claims 68 to 70, wherein an
observer or detector is protected from UV radiation from the source
of light or radiation by the use of a window, such as a glass or
Perspex window, which absorbs UV in the range 225 — 275 nm.

72. An apparatus according to claim 62, wherein the source of light or
radiation is selected to provide illumination in the range 480 — 700

nm.

73. An apparatus according to claim 72, wherein the source of light or
radiation is a 633 HeNe laser.

74. A method of viewing or detecting a mark of origin or fingerprint in a
CVD single crystal diamond material bearing the mark of origin or
fingerprint, which mark of origin or fingerprint is not visible under
normal viewing conditions, the method including the steps of:

a) directing a source of light or radiation at the CVD single
crystal diamond material, the light or radiation being of a
wavelength suitable for causing excitation of the mark of
origin or fingerprint resulting in luminescence and/or
phosphorescence thereof to expose the mark of origin or

fingerprint; and

b) viewing or detecting the exposed mark of origin or

fingerprint.



