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existing diamond plate is placed on a substrate carrier typically formed from
25  molybdenum, tungsten, silicon or silicon carbide in the CVD growth chamber.

The diamond base substrate typically comprises a first major face which is presented to
the growth process and onto which growth occurs. By the term “face” we mean a surface
which is flat or substantially flat. The face onto which growth occurs is called the “growth
30 face” of the base substrate. Typically, although not necessarily, the base substrate is a
plate, which comprises a second major face which is largely parallel to the first major
face and separated from it by a perpendicular distance which is the plate thickness, said
plate thickness typically being smaller, usually substantially smaller, than the lateral
dimensions of the major faces. The second major face provides a convenient means of
35 mounting the base substrate in order to present the first major face to the growth
process. A major face is one where two orthogonal dimensions lying in the face, a,b
(a=b) can be found which, compared to any two orthogonal dimensions in any other face,
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In the known CVD processes the growth face of the base substrate may be in a variety of

20  crystallographic orientations. The most usual orientation that is used for growth of high
quality CVD diamond material is generally a plane defined by the Miller indices (001).
Throughout this specification, the Miller indices {hkl}, defining a plane based on the axes
X, y and z will be written assuming that the z direction is that normal or within 15° or
within 10° or within 6°, or within 3° of the normal to the growth face of the base substrate

25 and parallel to the growth direction. The axes x and y are then within the plane of the
growth face of the base substrate, and are generally equivalent by symmetry.

During homoepitaxial single crystal growth, the material formed by growth on any
particular crystallographically oriented surface is generally referred to as the “growth

30 sector” for that surface. For example, material formed by growth on an (001) surface is
referred to as the (001) growth sector.

During a CVD diamond material process there is homoepitaxial single crystal growth
from the major growth surface (typically the (001) surface). This growth occurs not only
35 normal to the growth surface of the base substrate but may also extend laterally
therefrom. Therefore as the growth process takes place there is both thickening of the
CVD grown diamond layer and also lateral extension of the grown diamond layer relative
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is said toghg.dbivk®ass miterialthat is cut from the grown diamond material is square in cross-
section. The sides of the square are rotated 45° relative to the sides of the initial base
material, and has <110> edges. The area of the square cross section of the successive
30 base material is less than twice the area of the square cross-sectional area of the initial
base material, due to the encroachment of {111} faces in the grown diamond material.
This successive base material is then used for further growth, this further growth being
from the <110> edges. The preferred growth rate ratio o, (as defined by the ratio [V3 x
growth rate in <001>] = [growth rate in <111>]) is said to be at least 3 : 1.
35
WO 2004/027123 (Element Six Ltd) describes an alternative method of producing a plate
of single crystal diamond material from CVD diamond material grown on a substrate,
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20 surface is an (001) surface which has at least one edge forming part of the periphery of

t he

the growth surface which is essentially linear and oriented along a <100> direction, and
the length of which exceeds any other perpendicular dimension lying within the growth
surface (and thus also a <100> direction) by a ratio exceeding 1.3:1, alternatively written
as 1.3. When we say the at least one <100> edge exceeds “any” other perpendicular
25 dimension we mean “each and every” other dimension perpendicular to the said at least
one edge. So the at least one edge in the <100> direction is at least 1.3 times as long as
the longest dimension (in the said surface) perpendicular to the at least one <100> edge.

The ratio of the length of the at least one <100> edge (of the substrate surface) to its

30 longest perpendicular dimension is referred to in this specification as the aspect ratio of
the surface. This term is used regardless of the shape of the substrate surface. For a
rectangular substrate surface with side lengths a, b (where a>b) the aspect ratio is a/b.
The aspect ratio of the first substrate used in the method of the invention, being at least
1.3 : 1, is substantially higher than those used in CVD growth processes described

35 hitherto, where square faced substrates (i.e. those having an aspect ratio of 1) were
typically used.
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more complex geometry. For convenience, further references will generally be to the
specific geometry of a plate, but it should be noted that in its broadest aspect this

25 invention includes circumstances where the surfaces of the substrate other than the
major face forming the growth surface do not include a second major face parallel to the
growth surface.

As used herein, the face referred to by phrases such as the term “major (001) surface”
30 or “a major face for growth (the growth surface) which is a {001} surface” may be a
surface which has an orientation which is exactly (001), which is advantageous, but it
may also be a surface wherein the normal to that surface is up to 15° preferably up to
10°, more preferably up to 6°, more preferably up to 3° off the [001] direction. Likewise,
reference to the <100> directions lying in the plane of the major (001) surface may not be
35 exactly <100> but the nearest direction to the relevant <100> that does lie within the
plane of the major surface, and which is no more than 15°, preferably no more than 10°,
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25 The present invention is a departure from the prior art, and recognises for the first time
that under specific CVD synthesis conditions CVD growth to provide a diamond material
with enhanced lateral dimensions compared to those of a starting substrate can be
achieved from a base substrate having a growth surface with a higher aspect ratio (as
hereinbefore discussed and defined) than has been used hitherto, specifically with an

30 aspect ratio of at least 1.3 : 1. It recognises that under appropriate conditions the use of
such a starting substrate is neither detrimental nor problematic. Hitherto normal practice
has been to use the largest starting substrate available, or where a cut is made, to cut
out the largest possible substrate in which the two largest orthogonal <100> dimensions
lying in the plane of the major growth surface are similar (i.e. their ratio is significantly

35 less than 1.3 : 1. More typically the substrate used in prior art has been essentially

square, i.e. with an aspect ratio of 1, sometimes with one or more missing corners.
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edges, in the form of two parallel pairs which are orthogonal to one another, which
30 encompass all four <100> edges of the first substrate. Each <110> edge, when

projected on the plane defined by the original substrate major growth face, either touches

a respective one of the four points of intersection of the original <100> edges (the

corners of the growth face of the substrate) or is displaced laterally outwards from those

points of intersection by lateral growth, forming a final grown diamond material which has
35 have a major grown surface that is essentially square.
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25 11, 0or exceeds 2.5: 1, or exceeds 3: 1, orexceeds 4 : 1, or exceeds 5: 1.

For embodiments where the first substrate is rectangular, the major surface of the
substrate is preferably a {001} major surface, especially a (001) major surface, preferably
with <100> edges.
30
In other embodiments according to the invention, the first diamond substrate is
substantially triangular, and preferably presents a (001) major surface. Preferably the
substantially triangular major surface is a right angled triangle which is preferably
bounded by at least one <100> edge and one <110> edge, more preferably by one
35 <100> edge and two <110> edges, or by two <100> edges and one <110> edge.
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30 unevenly or irregularly shaped) substrate is cut to maximise the value of a+b, where a

and b are respectively the longer and shorter sides of the rectangular substrate, which

cut inscribed rectangular substrate provides the said first diamond substrate in the

method according to the first aspect of the present invention. It will be appreciated that

only some, or all, of the sides of the precursor diamond substrate might need to be cut to

35 provide the optimum inscribed rectangular substrate to be used as the first substrate in
the present invention. Likewise for any three dimensional piece of diamond material
which has not yet been prepared in the form of a plate, the preferred {100} surface
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i nvention a square substrate o eng
deemed too small to be useful. The ability to take an unevenly or irregularly shaped

(001) plate and use it according to this invention results in a significant improvement in
20  the utilisation of commercially available substrate material.

In other embodiments according to the invention uneven or irregular or even or regular
shaped substrates e.g. square or rectangular substrates may be cut into any number of
smaller regular shapes, e.g. into n equal rectangles or triangles, where n is greater than
25 1, greater than 2, greater than 3, etc, even as high as 8 or more, thereby generating “first
substrates” as used in the method of the first aspect of the invention. Where these
regular shapes are rectangles these preferably have aspect ratios greater than 2, 3 and
even as high as 8. Where rectangular plates are cut these are preferably <100> edged.
Where triangles are cut these preferably have at least one <100> edge and at least one
30 <110> edge. Any combination of rectangles and triangles meeting these preferred edge

requirements may be cut from a single substrate.

In preferred embodiments where n rectangular substrates are cut from a precursor
substrate (where n>1), the cut rectangular substrates may be the same or different in
35 size. One dimension of the cut substrates may be the same as, or smaller than, one

dimension of the precursor substrate.
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the | ateral in a |rst synthesis step use n a second synt hesi s
step, the cut Iateral growth section is preferably triangular or

Llegglaggu't %hgf&% SRR RN WhRACRE deBBial QnbH&t SRR & ORRIGh§®Sr or
g triangular substrates are cut may be a commercially available diamond material, or may

be a square faced diamond material grown by full effective rotation of another diamond

material. Thus the invention envisages a “growth-cutting-growth” cycle for diamond

material preparation.

25  An advantage of these embodiments in which a regular substrate is cut into two or more
smaller regular shaped substrates is that it is possible to gain an increase in overall area
of the grown CVD diamond plate compared to the area gain that would be achieved if the
starting uncut substrate were used as the growth substrate.

30 A preferred embodiment according to the present invention comprises (a) cutting a
section of diamond material from the lateral growth region of the grown single crystal
diamond substrate (grown in a first synthesis step) so that the cut diamond material
section provides a (001) surface with a <100> edge, and (b) (in a second synthesis step)
growing diamond material homoepitaxially onto that (001) surface of the cut diamond

35 section.
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We have found that careful control of the processing parameters is advantageous in
order to achieve full effective rotation from a first substrate having an aspect ratio of at
25 least 1.3 : 1. One parameter that can be monitored in a CVD single crystal diamond
material process, and is well understood in the art of diamond material synthesis by
CVD, is the so called “a parameter”. This parameter a is proportional to the ratio of the
growth rate (GR) in the <001> direction to the growth rate in the <111> direction, and is
defined as: a = V3 x (GR in <001>) + (GR in <1115).
30
In preferred embodiments according to the invention the a parameter desired is
preferably in the range 1.4 to 2.6, more preferably in the range1.6 to 2.4, even more
preferably in the range 1.8 to 2.2, and for some embodiments in the range 1.9 to 2.1.

35 In known CVD processes the a parameter is known to vary between < 1 and >3, the
value of a depending, inter alia, on the set of synthesis conditions in place, including the
pressure, the temperature and the gas flow conditions and to a lesser extent details of



10 power, and the process chemstry (e.g. the anount of methane, oxygen,

ni trogen, hydrogen and argon gas etc) in order to achieve predeterm ned

val ues ofwoOheli@7paranet er, includi ng val ues of a w t hi nPoUEPRIISf06Is2®d r ange
of 1.8 to 2.2. The exact values of each pf these properties are specific to
the reactors used by Silva (since, as known in the field, ais also

react of - epERARAbL slbad 1 D bEGoMBECRN 1" E3MblK for8 (6117 A ALEAHIRRY

ot her reac ect approprirate values tor each of the above
properties SM@the@s thﬂs, bemchornglem 5y IMeking mgasuiementte pn ttbe aastgrewe digymond
desired a ' '

embod ment & gt ai uSFE S Jebeh P BIGRERE B ERRIqIEGaphy IEEFFAESE
conbi nat i ors alBaknewn itthe RE tamekhas ‘GpaIrMaigriman’ eha pgrigelar synittesishvgaelior By i sed
to be able {0 "thfehialk RiFow LRBE & GG of f tefnrde

range OP asgeﬁ% g%gﬁmge gl%é%lg;q%w ] r% é‘ﬁé’ ﬂe@:egg}lfrg Fstaéeétgl'% &3}5%\,
crystals ofcomnesm@q@pmbtmahorwbsa@@uehy IWSbfmﬁl@@SU@me@t‘ﬁarTé\@t rwethodelogy of

Found t hat Chgar il g, e g EF BogP el [or o' 9l o6, & aofiphe A reprlg Rk

gr owi ng C\/Dowemfomaarrmamlaﬂy apeful IteferanqenIStSﬂéa@fb@h@la@ﬁmcﬂ &anaWéV'@tﬁrléla, i?ange
t he grow h 011 r i 0

the grow h %at In t{?e3 %et |I rdg%(%r!bgﬁ Hsozvb!édfliﬁ'??a F t@H} Q%@e%eﬁwm&sw
format i'®@n ®Pwen1and ﬂ%@t@esmﬂ%mtreﬂ (e-dethenampentael m&&net OXYIRY, n‘uﬁrwe(nem)
growt h surf ugh a n 0

(001) grovwhﬂgr?g??g%g ?@el Q%gﬁ%m&ngﬁdﬁﬁ)aﬁr{é@a‘an re;dgtrel%ﬁ]\éa &l e}clggqg% or
ot her danayam;ynéteraﬂMlﬂBng Vélubsivé of witima duhgprefeméd rarigeeof t Bl tnggz béihegexagtial |

if ais aboy red limts s forma Wi suchthat
the twi ne. dHEPSALARGROL HESRIdrer S8 5% sPBAln F e eBrErs Wesr Ry SV RSP o op
gny }‘urthemnomnaame i|é1dthce|s| atserwacnbr dé;ﬂ@w@ﬁls ot ttmssgmeavrmam y?hakeadn% |
imlar n equal , if a is bel ow
The prabor Coaacienne anyraheaieacly, gRbachc! SPRPRTAEALeS Bheaghabthe PRt h on
the (001) ghidoiic sind 198 teach VMo BAK 6126 FABETIOERRRISHRARERS] kbafiriatbr
crystal di am)nd material grown by methods according to the invention wll
have two distinct regions, the |ateral growh region and the substrate

growt h regipBoerdy @the Qﬁé‘séﬁ?"rﬁz’eﬁﬁﬁi‘ Gk %refmed@?ﬂh%o&h?éﬁfs\/ Qb mrdeté@ﬁﬂhéé’l\@

di stinct regi ons can differentiated by their concentration of extended
def ects, t IPEOQCEE @PQISY@WSW HeRaYi W@%@Péh@tyﬁs staleannd Rgs feen suifieiRnihowelt

concenbpat icRArapferis¥d RNIEhIE S Géélée it aSpHredUlALRILE AW (Br BRI W- raRe t he
term "extended defect"” we nean a defect such as one or nore disl ocations,

whi ch ori gioh&t\@dues) can pgisrecifieq Beior FYthesivis Hartethand Gretsolohe raruireds G
subst 1 at e) saRsbubRy 0BRSS dobRarierEHcdMEIAg Y8 AbnbddRYyC Bbdcribkd in the

appr oxi mat €| y e growh direction). The relative proportions of extended
def ects i n XlKePYRNSAHARYi ons can be deduced by techni ques such 10 as
measurenent of the electronic properties, birefringence nmeasurenents,

et chi ng techni ques and ot her optical technl ques that allow defect denS| ties
to be éanpdVedaver Ffém€|tF?@Yeﬁé@'ﬂ%th?r%V%éM@‘ih?‘le&P”@'E&Q%&fcﬁ)@%% I HiRGhe

| ateral and\gy gigkidng %Ht@r"hﬁ vxhtﬁ oI|HQNQEEBoJeQn@r‘ﬁ|oh@§?kb?@rréd’ra%érfﬁ@@rdmh fhtb 3
di sl ocati ons t(ﬁ%lcal run in or close to the <10 rowth directions,

Since in t e [EH1éCectnois st B'@ho@ﬂquﬁarc@”i%ar%wﬂlﬂﬁ?r%?‘@!thdf%t%é"i the <igi>

beneath it dirBctRhosivdtanBalfulof GreferdtGhe dbsilioAtdi AN$1)t fAcHE GRRAttel) Beloheard 00>
growm h direction, the |lateral gromh region has inproved crystallinity

(1 oner di slagiesenida t'&%ﬁ'@ﬂ VP1} orawth plefaceb anpdesd Iy sARYeh BsERtIRHP ARe bws
direct By akeymalnh@osugoiviradBiace itself becoming unstable and forming hillocks and/or other

damaging features. We have found that, all other things being equal, if a is above the
preferred limits {111} facets form and may twin such that the twins encroach on the main
(001) growth face and thereby hinder or stop any further increase in the lateral
dimensions of the grown crystal. Similarly we have found that, all other things being
35 equal, if ais below the preferred limits the lateral growth is limited and the smooth growth

on the (001) surface is lost.
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In addition, we have observed that the lateral and substrate growth regions are generally
20  separated by a higher density of dislocations than occurs elsewhere in the grown crystal.
It is believed that this higher density of dislocations originate from the edges of the
original substrate. The high density region may be identified by techniques such as
birefringence, characterisation of optical birefringence using instruments such as
“Metripol” (Oxford Cryosystems UK), transmission electron microscopy (TEM) and X-ray
25  topography.

By way of example it has been found that the dislocation density in the CVD diamond
material in the substrate growth region is typically in the range 10%-10° cm®, whereas
that in the lateral growth region may be <500 cm®. In the vicinity of the boundary

30 between the substrate growth region and the lateral growth region, the dislocation
density is typically in the range 10°-10° cm™, and is typically up to about ten to a hundred
times higher than in the adjacent substrate growth region.

A substantially square grown CVD diamond material or indeed any diamond substrate
35 cut from a grown CVD diamond material that has been grown from a first substrate with
a <100> edge and an aspect ratio (as hereinbefore defined) of at least 1.3 : 1,

particularly one which incorporates such an array of dislocations in an arrangement
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presents a point, and if these points are joined they generate a line or lines (or a length
of lengths) in the direction of the edge(s) of the first diamond substrate. Thus the lines

25 so formed are in the shape and size of the outline of the growth surface of the first
diamond substrate.

When we say in this specification that the line or lines (length or lengths) generated by
joining the points (which are the projections of the rows of dislocations onto a (001)

30 plane) defined the outline of the growth surface, we include the possibility that the lines
do not actually intersect, but are extended to intersect each other. It may be the case,
for example, that there is no row of dislocations propagating up from one or more corners
of the first substrate, and in this case the lines (lengths) are extended to intersect, and
thus define the outline of the corner(s). Typically any line joining the points along any

35 side of the substrate will extend along at least 50%, preferably along at least 60%, or
70% or 80% of the length of the side of the first substrate.
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substantially 30 <001> direction, each row of dislocations when projected
onto a éOOl) pl ane defining a point, and the points (fromrespective rows
of di sl'Bcath ensthenp@pogigientd ofewn dlaﬁ@nd Jubpisate i AQE Bramt EeDi mglr'strdlam@noklow

di recti on angies SRAChAL KNG CAMaBY (pRISRDS gy ARIcy Blngats O o

<110> direction, ra 10 O rst engt engt
vi ce ver sa Wwithedt rlﬁysapnqz 409> edge, thellengtih qftthewaayd @k legatione 2100>1edgsrexerediegl 1. 5

.1, or ex " ,
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17 In cert & Atiepbaldeassits: basd thogrovin digdpat aulstiate npledesr ojueditied rows of a
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As described above, the position of the dislocations can be ascertained by known
techniques.

A grown CVD diamond including these rows of dislocations which act as a record of the
25 edges of the starting substrate, this record indicating that the starting substrate had an
aspect ratio (as hereinbefore discussed) of at least 1.3 :1 is new per se.

A third aspect of the present invention provides a grown CVD diamond material
containing a plurality of rows of dislocations, each row extending in a substantially
30 <001 direction, each row of dislocations when projected onto a (001) plane defining a
point, and the points (from respective rows of dislocations) when joined defining a first
length extending in the <100> direction and a second length extending in either a <001>
direction or a <110> direction, the ratio of the first length to the second length, or vice
versa, being at least 1.3 : 1, or it may exceed 1.3 : 1, or exceed 1.5: 1, or exceed 1.7 : 1,
35 orexceed2:1,orexceed2.5:1,0orexceed3:1,0orexceed4:1,0r evenexceed5: 1.



10Where reference is nmade to points joined to define one or nore |lines or
| engths, these are linear straight lines drawn to be a best fit through the
sai d poi we.20iwn7pe4ef erred nmet hods according to the inveRrCr@mr0mwiessehi ckness
of the first substrate is typically in tfie range 0.2-1.2 nmm but it is not
restricted to this range 15 In preferred nethods according to the invention

t he thickn ot - i erd L ; e, | t t he
| ongest - <1005°0qgc oiRls RO SNElobMork syt loidtitd phic®a (B0 Pl
cor r espondglefirest alpoint.othatpaims (iemiesractivefovws ef dislocatians) Mbaeveineddefiring t o

hi gher or 'f&)’r"?énggrﬁ %@Eﬁrﬁiﬁ a’@boé'd?r@ctﬁ%dgrféhéﬁ@{ﬁgforrﬂmgod‘?t%ﬁtgﬂglegesi red for

20certain appli eferred net accordi ng nventi on
produce a single crystal dianond plate, and the preferred nethods conprise

the step of j ' ' Iy iz ndi i O @
Pl at o, D5 D g o 2 A o BBl g i oot
exanpl e, wioni® & &0d) plase detnasrrepeitic tredeaiis (ieprd resresllye, rowh ef disiecations) whgryur e
1 is a per i VA i fl i uj use
' 3omet hole ah oa g, SHG ST, Regfhe droth SLRTIA T LA L RS Ieng®, g o
showi ng seqédht leapthst tages lengths herninaar isoogstepiaht esgled ir@mglehe substrate of
Figure 1; WD 2011/ 076642PCT/ EP2010/ 069825 18 Figure 5 is a schematic
representati on show ng propagation of dislocations during the CVD di anond
mat eri 40 gVhere refecrnes ds RGN0 iPAINtS igineddo Zefine one or pigie lieesser leggtan, bpse cal

T g S hgud LB 0 o oS BHAATOARe! Scorr espondino
In preferred methods according to the invention, the thickness of the first substrate is
typically in the range 0.2-1.2 mm, but it is not restricted to this range

15
In preferred methods according to the invention the thickness of the grown diamond
material is about half the length of the longest <100> edge in the starting substrate.
Growth to that thickness corresponds to full rotation, as hereinbefore defined. However
growth to higher or lower thicknesses may also be achieved, and may de desired for
20  certain applications.

Preferred methods according to the invention produce a single crystal diamond plate,
and the preferred methods comprise the step of processing the homoepitaxial CVD
grown diamond material into a plate.

25
Embodiments of the invention will now be described, by way of example, with reference
to the accompanying drawings, wherein:

Figure 1 is a perspective view showing a first diamond substrate suitable for use in
30 methods according to the invention;

Figures 2a-2e are plan views showing sequential stages in the CVD growth process from
the substrate of Figure 1;

35 Figures 3 and 4 are cross-sectional views taken along lines X and Y respectively of
Figure 2d;



Figure 6b is a birefringence image of the section nmarked by dotted line Z
in Figure 6a, taken in plan view, after renoval of the original base
substrat evOR0H/gs4e 6C i s an optical mcrograph, taken PoT{EP2010Ws%S25 Of
anot her grown di anond crystal correspondjghg to the stage of growth shown in
Figure 2e; Figure 6d is an {008} X-ray topograph (XRT innage) taken in plan

or ent at | o eughs LRl B dbafaith SRTh prdaablibealoa b Slrhg THY !

of the origi base su strate ures ato

schemati c (& digamengmniaserl grewih nEpcass $@Vﬁhlﬂ Fiairedd; of increasing the
overall area of grown dianond material using CVD dianond material growth
nmet hods according to the present invention. 20Referring to the draw ngs,
Figure 1 siiignse £af isran ogficaionidrogiapdy taltes m glan tvigy.eoff argrowe digmenst kgl

accordi gg tcgﬁg%}fonhmgq{;geHr?oQ%geTg,e%MB{;vﬁrg%qm%1p@EFea% 1 is substantially

rectangul ar dth b and ness t, where a>b>t. The
di nensi ons of the first dlam)nd substrate 1 are: a= 5mMm b=1 nm t= 0.5

mm 25The @ é'alﬁﬁrfehﬁ%ggg%er Pﬁ’a‘g aof(tQQéiectfHﬁl érkéHrb%%ﬂeé IMQ'Z\CAE rAqnded

by <100> edges has surtaces are
vi si bl e i nt#Eegun @Iam)wew tafteéremoaakerd tmor@gl@ajrbaa%éubﬁtr@tﬂmru sing silicon, or
any ot her SU|tabIe substrate as descri bed herei nbef ore, and placed in a
CVD chanber under conditions described hereinafter with reference to the
exanpl é8, diglre Ac fraan pPrligehmiciegraph.dakam in iptansvigeof@nathea gravey damped ervstal

30defined) pged n[dp, t5 a%er tl?qss]qto Qg%fﬁé‘@e CVD growt h process the

predom nant single rysta growth sector, i.e. growh
fromthe (001) face 3, but there wll aI so be sone single crystal growh in

the (100), Fd1Okq(s 29%0 OsptQtagh XefTnSHe ek in pi&i 8ticH HFoUBHth&ces
5. 35Furt hergﬁ%re t%erg)vv??kdr geo%ognég]conpegﬁﬁg} po lglézr@/s? gﬁﬁ mla ar ovl\{tah|
ori gi nat i n@réwrodiamesad clstps oengdgracaaiéerremoval of the original base substrate;
15
Figures 7a to 7d and 8a to 8d are schematic representations showing different methods

of increasing the overall area of grown diamond material using CVD diamond material
growth methods according to the present invention.

20  Referring to the drawings, Figure 1 shows a first diamond substrate 1 suitable for use in
methods according to the invention. The diamond substrate 1 is substantially
rectangular having a length a, width b and thickness t, where a>b>t. The dimensions of
the first diamond substrate 1 are: a= 5 mm, b= 1 mm, t= 0.5 mm.

25  The diamond substrate 1 has a (001) major surface 3 which is bounded by <100> edges
4, and has four side {010} surfaces 5 (two of which are visible in Figure 1). It is placed
on a surface 7 comprising silicon, or any other suitable substrate as described
hereinbefore, and placed in a CVD chamber under conditions described hereinafter with
reference to the examples, and in particular under conditions where o (as hereinbefore

30 defined) is in the range 1.9 to 2.1

During the CVD growth process the predominant single crystal growth is the (001)
growth sector, i.e. growth from the (001) face 3, but there will also be some single crystal
growth in the (100), (010) (-100) and (0-10) growth sectors, i.e. onto side surfaces 5.

35  Furthermore there will be some competing polycrystalline growth originating from the
tungsten surface 7.



WO 2011/ 076642PCT/ EP2010/ 069825 19 As can be seen from Figures 2a-2d and
Figures 3 and 4, the (001) growth sector of the grown dianond materi al

ext ends w0 20nlogedaer mal to the (001) surface (i.e. paralPCelEPR@o0b9S25
thickness t of substrate 1, and out of t paper as viewed in Figures
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Figure 2b. 4MQA01HR7GEARRCHLERRQIRYhPERGE this triangle to the mid-point of the b-
edge is b/2. The a edges of the original substrate at this stage form trapezium shaped
25  regions of lateral growth, b/2 in width and bounded by (i) the original <100> edges of the
substrate, (i) a <100> edge parallel to the original a-edge and (iii) a pair of <110 edges
that are continuations of the <110> edges of the lateral growth on the b-edges. At this
stage in the growth the area of the grown surface 3" is twice that of the original growth
surface 3.
30
The next stage in the growth is shown in Figure 2c. Since growth of <100> edges is
significantly faster than growth of <110> edges, there is little further lateral growth from
the short b edges, and instead the growth continues from the longer a-edges. This
means that the growth surface 3 is still hexagonal with two <100> edges 4" and four
35 <110> edges 6", but the length of the <100> edges 4™ is shorter than the corresponding
<100> edges of the surface 3” of Figure 2b, while the length of the <110> edges 6" is
longer than the <110> edges 6” of Figure 2b.



20 Having reached this stage any slow | ateral growh fromthe <110> edges
will typically be poor, and typically contain twinning. This tw nned
further gwownti/i7eé4mnot shown in Figures 2c-2e, or in Fi geCce®£P2015/06980% i S
evident in later micrographs in Figure 6gthich are 5discussed later. Gowth
continues in this way with the <110> edges | engt hening and the <100> edges
shortening until the <100> edges di sappear altogether, and the respective
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Y-Y respective ese show that there is s crystal growt romthe
(001) gr owtgrpvgtb@wacele sdi¢ enhaveetaken placgr J\Joeraxeé@tf dhre square gmwth Iserfaeala”

faces gsof fa?é‘ﬁ)tétlé@%‘ @Fa‘ﬁvé-% tﬂ@%r%ioug% behmgﬁ éll}%?c%ré)&‘tﬁe g@@ﬁ&rsu%&ra(té Rom the

vertices o e substrate erent single crystal
di anond materi al growth sectors are hatched differently for clarity in the
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single crysta 17,719 neets stal line growt
conmes fr omvihirk §u§jg|ﬂlflgar@|y7slower than from a <1 0> edge. However prowded synthesis

conditions are optimised, further lateral growth, albeit slow, may be achieved, with

20  growth occurring at the same rate from each <110> edge so that the growth surface 3"
continues to be square in shape (see Figure 2e) with axes coincident with the axes of the
square growth surface 3" of Figure 2d, i.e. no further rotation occurs. Thus with
favourable conditions growth beyond the position of full effective rotation may be
achieved.

25
Figures 3 and 4 are cross-sectional views of Figure 2d taken along X-X and Y-Y
respectively. These show that there is single crystal growth from the (001) growth sector
15, from the (010) growth sector 17 (from the side faces 5 of the substrate 1) and from
the (011) growth sector 19 (from the vertices of the substrate 1). Although the different

30 single crystal diamond material growth sectors are hatched differently for clarity in the
cross-sectional views, in reality they form a continuous crystal. This single crystal growth
15, 17, 19 meets polycrystalline growth 21 which comes from the substrate 7.

Figures 3 and 4 also illustrate the differentiation between the lateral growth region 23 and
35 the vertical growth region 25 as defined in the present invention hereinbefore.



WO 2011/ 076642PCT/ EP2010/ 069825 21 Figure 5 is a schematic representation
showi ng the positions where dislocations nucleating at or near the

substrat ewveunfiaves42 and 5 may generally occur. The di sl ®@cCatEpeois/opmsesti on i s
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gr own cr ystoaprengrawtbnpartieulgisivinned @pwith 81delgise @idenhbeynidgihaad110bedoadw
renmoved) figst substrate 1, which have a higher dislocation (or other
defect) density than the surrounding regions of the grown crystal. 35Figure
6b al s80shows that the central region 35 within the rectangular array of

lines 33 Figure 6b is a birefringence image, taken in plan orientation, through a rectangular
section cut along the dotted lines Z in Figure 6a, through the entire thickness of the
grown CVD diamond material, but after removal of the first substrate 1. Birefringence
techniques are used to indicate areas of strain in a crystal, areas of greater contrast
25 indicating regions of greater strain, this strain being understood to correspond to regions
of higher dislocation (or other defect) density.

Figure 6b shows darker lines 33, which form a rectangular shape that corresponds to the
shape of the original growth surface of the first substrate 1. These lines 33 are therefore

30 evidence of planes extending through the thickness of the grown crystal up from the
position of the edges of the original (but now removed) first substrate 1, which have a
higher dislocation (or other defect) density than the surrounding regions of the grown
crystal.

35  Figure 6b also shows that the central region 35 within the rectangular array of lines 33
has more contrast than the outer regions 37 outside the rectangular array of lines 33.
The central region 35 is “substrate growth” as hereinbefore defined and as represented



has nore contrast than the outer regions 37 outside the rectangul ar array
of lines 33. The central region 35 is "substrate growth" as herei nbef ore
defi ned awo2as/a7e@resented WO 2011/ 076642PCT/ EP2010/ 06982&EP2A0l0y9seef er ence
nuneral 23 in Figures 3-5, while the out region 37 is "lateral growth" as
her ei nbef ore defined and as represente y reference nunmeral 25 in Figures
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necessarily nean rese i nv ntlon been used
to gro®0 growth surface of the starting substrate1, which has now been removed Rectangular

line 39 is therefore evidence of planes of higher defect density extending up through the
grown crystal from the original perimeter of the growth surface of the first substrate 1.

While the above embodiments shown in Figures 6a-6d show how evidence can be

25  obtained illustrative of the growth history of a CVD grown diamond material it should be
recognised that current or future methods might enable such dislocations or other
defects to be removed. Therefore the absence in any birefringence or XRT image in a
grown CVD diamond material of defects of the type described corresponding to the
edges of the starting diamond substrate and/or to the substrate and lateral growth, does

30 not necessarily mean that the method of the present invention has not been used to grow
the single crystal diamond material.

The present invention is to be contrasted with the prior art reference described
hereinbefore in which, due to the conditions used, {111} surfaces tended to form. Such

35 surfaces have a higher propensity to twin and would limit the extent to which lateral
growth is possible, the {111} surface encroaching on the grown surface.
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edge to full effective rotation to generate a crystal with a square face 66’ bounded by
<110> edges (second stage of synthesis). During the second stage of synthesis to the
30 square shape 66 the triangular source substrates 66 each therefore grow laterally to
general a triangular growth section 67. The triangular section 67 is all “lateral growth” as
defined herein, and the triangular section 67 of lateral growth shares a hypotenuse with
the triangular “substrate growth” section 68 which overlies the original substrate 66. The
lateral growth section 67 and substrate growth section are in reality continuous single
35 crystal, but the section 67, being all lateral growth will have significantly lower defect (e.g
dislocation) density compared with substrate growth (as hereinbefore described with
reference to Figure 5). In a third stage of synthesis the low defect sections 67 can be cut
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25  be three similar parts on which second and third synthesis growth could be achieved. In
the second stage of synthesis each part 77 is then used to grow out a distance a/2 to
generate rectangular parts 79 (Figure 8c). The lateral growth from part 77 is two
triangular shaped parts referenced 81 and 83 in Figure 8c, and being all lateral growth
parts 81 and 83 each contains significantly fewer dislocations than substrate growth

30 regions. These regions of lower dislocation density are shown hatched in this Figure.
The substrate growth is referenced 77’ in Figure 8c, and is not shown hatched because it
is not a region of lower dislocation density . In a third synthesis stage parts 81 and 83
may be cut from the grown rectangle 79 and each grown out to full effective rotation,
growing from their <100> edges to form substrates 84 and 84’ with a square surface,

35 triangular growth sections 85 and 87 being lateral growth from triangular substrates 81
and 83 respectively. Substrates 84 and 84’ having started from lateral growth and
generating lateral growth are both regions of lower dislocation density, as indicated by
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2011/ 076642PCT/ EP2010/ 069825 25 the hatched shading in Figure 8d. The
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The embodiments referred to above with reference to the drawings are generally
described as being substrates with square corners separating two different <100>
directions. In practise the invention applies to substrates where the two perpendicular
25 <100> directions might be separated by a component of a second or more directions.
For example a small section of <110>. Those skilled in the art would recognize that
many of these concepts also apply to plates with predominantly <110> oriented edges,
although the precise numeric increase in lateral area, as referred to with reference to
several of the embodiments would be slightly modified by such geometric issues, as
30  could be calculated by the man skilled in the art.

In the embodiments shown in the Figures it is assumed that the <100> growth rates in
the plane of the paper are the same as the [001] growth rate perpendicular to the plane
of the paper. In practice this may not be the case. For example, it has been found to be
35 possible to grow crystals in which the lateral <100> growth rate is faster than the vertical
[001] growth rate. These factors affect the growth time it takes for each of the individual
synthesis stages shown in the illustrated examples. Where in the drawings a thickness
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The invention will now be described further by way of the following non-limiting

examples.
20 EXAMPLES

Example 1 — Rectangular Substrate with all <100> edges

A synthetic type 1b HPHT diamond plate with a pair of approximately parallel major faces

25  within ~5° of (001) was selected. The plate was fabricated into a rectangular substrate
suitable for homoepitaxial synthesis single crystal CVD diamond material by a process
including the following steps:

i) laser cutting of the substrate to produce a plate with all <100> edges;
30
i) lapping and polishing the major surface upon which growth is to occur, the lapped
and polished part having dimensions about 5.0 mm x 7.6 mm by 400 um thick, with all
faces {100}. The surface roughness R, at this stage was less than 10 nm over a
measured area of at least 50x50 um. The Ra (sometimes referred to as “RA” or “centre
35 line average” or “c.l.a.”)refers to the arithmetic mean of the absolute deviation of surface
profile from the mean line measured by stylus profilometer, measured over a length of
0.08 mm, measured according to British Standard BS 1134 Part 1 and Part 2. The



i) laser cutting of the substrate to produce a plate with all <100> edges;
30 ii) lapping and polishing the nmajor surface upon which growth is to
occur, theolappea4and pol i shed part having di nensi ons alpCUEP2010/06982X 7.6 nmm
by 400 pmthick, with all faces {100}. Tjhe surface roughness Ra at this
stage was | ess than 10 nm over a measure area of at | east 50x50 pm The Ra
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and Part 2. The WO 2011/ 076642PCT/EP26310|5069‘825 27 mat henmat i cal
description of Ra (from "Tribol ogy" M Hut chings, Pub. Edward Arnold
(London), 1992, pages 8-9) is: 5(i .e. "the arithmetic mean of the absol ute
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process was starte ane at sccm standard

cubi ¢ cent iifdeed o ee@%adyeaqwdcwmtangaajeetch Mndrgfgeﬂn et bgramegesy ber e
al so pq%se% 5?1&%6?[)9&%%%‘%? %g%lﬁygst rate tenperature at this stage
er

was 827C. e subsequent ours the nethane content was increased to
30 sccm These growh conditions were selected to give an a paraneter val ue

in the ranggsPhnn Ol Sxygls pRARWIEN WaE bEPSRRG!dt Wi r¥sRiYe 6f ¥268!PL@BFR1HS
and a substrate temperature of 787°C, followed by a hydrogen etch, oxygen being

removed from the gas flow at this stage. Then the growth process was started by the

20  addition of methane at 22 sccm (standard cubic centimetre per second) and dopant

gases. Nitrogen and hydrogen were also present in the process gas. The substrate

temperature at this stage was 827°C. Over the subsequent 24 hours the methane

content was increased to 30 sccm. These growth conditions were selected to give an a

parameter value in the range of 2.0£0.2, as measured retrospectively by crystallographic

25 examination.

Study of the grown CVD diamond plate revealed near full rotation of the plate which was
free of twins and cracks on the (001) face. Post-synthesis dimensions of the twin free
top (001) face were 9.4 mm x 9.4 mm and a CVD diamond material layer thickness of 2.3

30 mm. This process gave a plate 1.06 times greater than the expected 8.9 mm x 8.9 mm
which would be achieved at full effective rotation, as described for example with
reference to the embodiment shown in Figure 2d, as calculated from the formula 0.5(a +
b)2. The percentage area increase over the original substrate is 132%, compared with
the predicted 100%, and therefore corresponds to growth beyond full effective rotation, in

35 the manner described with reference to Figure 2e above. Further, the top (001) surface
of the sample was free of all twins and other defects right out to its edge.



25exam nation. Study of the grown CVD di anond pl ate reveal ed near full
rotation of the plate which was free of twins and cracks on the (001) face.
Post - syntwe=bsl/dseensi ons of the twin free top (001) faeeTEPe@0D69825M X 9. 4
nm and a CVD di anond material |ayer thi ess of 2.3 30 mm This process
gave a plate 1.06 tines greater than the expected 8.9 mm x 8.9 nmm whi ch

woul d be a@hbgbr®d aRdithbuel §85diaYewhiot #4d-0 as described for exanple with
reference | , as calculated fromthe
formula 0.5(a + b)2. The percentage area increase over the original
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This pl ate was ser Ive a consisting of four mnor {110}
si de faces Oaﬁﬂintf\/\tblchﬂ\jaérpr%mqq faces bounded by <110> edges. The plate was
then | apped and polished in the sanme manner as the plate in Exanple 1.

Using this nethod, a substrate with dinmensions 6.38 mmx 5.65 mm and 0. 60
mm t hi dR mﬂ@emi@ptﬁated/vaqmvheteéma reatrier weilgndnenelethedriingineh {401k faagsi nB“%ne
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where an e gro h cycl e comrenced as descri bed Irst, an in
situ oxygelﬁiemré)@d@e@t\'\ch was performed at 21 kPa, followed by a hydrogen

First, an in situ oxygen plasma etch was performed at 21 kPa, followed by a hydrogen
15 etch with simultaneous removal of the O2 from the gas flow. Then the growth process

was commenced by the addition of methane, together with dopant gases. The methane

was introduced at 40 sccm. Nitrogen and hydrogen were also present in the process

gas. Over the subsequent 24 hours the methane content was increased up to 165 sccm.

These growth conditions were selected to give an a parameter value in the range of
20  2.0£0.2. Growth under these conditions was continued for longer than 100 hours.

On completion of the growth period, the substrate was removed from the reactor and the
CVD diamond plate removed from the substrate.

25  Study of the grown CVD diamond layer revealed a plate which was free of twins and
cracks on the (001) growth face. Post-synthesis dimensions of the twin free top (001)
face were 8.0 mm x 6.4 mm and the CVD diamond layer thickness was 3.1 mm. This
process gave a plate with percentage area increase over the original substrate of 42%,
whereas the predicted increase in area over the original area was 0% (a (001) substrate

30 with {110} side faces does not undergo “rotation” and so would not be expected to
increase in area). The reason for the higher than predicted increase in area is thought to
be because the growth was under conditions near a = 2. Indeed subsequent
calculations of the a parameter from measurement of the grown crystal showed that the
a parameter value was 2.3. Furthermore, the top (001) surface of the sample was

35 unexpectedly free of all twins and other defects right out to its edge; normally (110) edge
faces are prone to twinning which limits the growth in the vertical direction as twins

encroach onto the top growth surface. It is believed that the near a = 2 growth conditions



15 etch with sinmultaneous renoval of the 02 fromthe gas flow. Then the
grow h process was comenced by the addition of nethane, together with
dopant gawe011fiies4aet hane was i ntroduced at 40 sccm N PCogProianadshydr ogen
were al so present in the process gas. Owv t he subsequent 24 hours the
met hane content was increased up to 165 sccm These growth conditions were
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CVvD di anon ayer revealed a plate which was free of twins and cracks on
the (001) growth face. Post-synthesis dinmensions of the twin free top (001)
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the a paraneter trom neasurenent of t grown crysta howed that the a
par aneflér value was 2.3. Furthernore, the top (001) surface of the sanple
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edge; normally (110) edge Taces are prone to tw nning Imts t
growth in tOH wextical direction as tw ns encroach onto the top growth

surface. |tod ' t = : b
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bal ance betfdelmavoi ding growth instabilities on the (001) growth surface
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5Exanpl e 3 Aspect Rati o Rectangul ar strates ree synt type
| b HPHT di &fdntimpl at es were sel ected and prepared for synthesis using the
sane selection criteria as for the previous exanples. Each of the three

plates used in this exanple had an aspect ratio greater than 3, as foll ows:
10 Pl ate 1 Thase glaiasnuereriases cub lapned andg®liphed ios@ee subsdieias with all {190} gege a

ratio of 605y Bndon el Bat WP Be EH Reed oty B b e BT s
x 0. 9726m Catpestitatie carrigr agd prywrmal daring aoimes obFifigrent syfthesis runs. The
conditions were as far as possible identical. Once in the reactor an etch and growth
cycle commenced. The etch conditions were the same as for Example 1. The growth
conditions were the same as for example 1 except that the methane introduction was
increased from 22 sccm to 34 sccm over approximately 70 hours. These growth

25  conditions were selected to give an a parameter value in the range of 2.0+0.2.

After growth, study of the three CVD diamond layer revealed full rotation of the plates
which were free of twins and cracks on the (001) growth face. Post-synthesis
dimensions of the twin free top (001) face for the three plates were:

30
Plate 1 - 6.0mm x 6.0 mm and a CVD diamond layer thickness of 3.19 mm.
Plate 2 - 5.6 mm x 5.6 mm and a CVD diamond layer thickness of 3.13 mm.
Plate 3 - 5.6 mm x 5.6 mm and a CVD diamond layer thickness of 3.08 mm.

35 This process gave plates with dimensions much greater than the expected 3.56 mm x
3.56 mm, 3.20 mm x 3.20 mm, and 3.27 mm x 3.27 mm for plates 1, 2, and 3
respectively, which would be achieved by full rotation of the starting substrates, as



These plates were |laser cut, |apped and polished to give substrates with
all {100} edge faces and {001} mmjor faces, then the cut, |apped and
pol i shed wobstwveEt@s were nounted 20 onto a suitabl e caPCraP2@ndéedWN On
during a nunber of different synthesis rqmns. The conditions were as far as
possi ble identical. Once in the reactor an etch and growth cycl e comenced.
The etch ¢ [k f : Ifd-PNS
were the saas B o Nl e e A 0y P et P et
i ncreased fsHbstratQ awaden eashlate wemasvellowsppr oxi mat el y 70 hours. These growt h
25conditions were selected to give an a paraneter value in the range of
2.00.2. After growth, study of the three CVD di anond | ayer reveal ed full
rotati on ofPlated 4% oreficied 2a8%¢ free of twi ns and cracks on the (001)
growt h tac st A 1! gheRsi ons of the twin free top (001) face for
t he thrée g?l%{tg)gs %@E&g@b%@?g@l - 6.0mmx 6.0 nmand a CVD di anond | ayer
t hi ckness d&llatg 319330 (Peaicted201%5. 6 nm x 5.6 nm and a CVD di anond | ayer
thickness of 3.13 mMm Plate 3 - 5.6 mMmmx 5.6 mm and a CVD di anond | ayer
t hi ckness of 3.08 mm 35This process gave plates with di nensi ons nuch
great er thdhetrewexgamped satsgalnwax r@ea@reﬁaﬁﬁn@ta@ aipnax parapetermyale@fd WBre7 nm
X 3.27 mm f { , DB, I t 4 , i i by
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full rotation o starting sub )

2011/ 071864 3pdagesrefliotheeosamples wetg fae &f @l twingrandnatherodetedta righhout tythgin 2]
The per cente@g%_ar ea increase over the original substrate area for each

pl ate was as foll ows: Plate 1 - 453% (predicted 250% 5Pl ate 2- 642%
(predicted 191% Plate 3 - 350% (predicted 201%

Plate 1 of this example was processed to produce a 0.42 carat round brilliant cut
synthetic gem stone.

15
The present invention further provides any novel feature or any novel combination of
features hereinbefore described that a skilled reader would understand could be selected

in combination.



The grown di anond material was neasured and the al pha paraneter val ues were
calculated as 2.3, 2.2 and 2.3for plates 1, 2 and 3, respectively. Further,
the top (WODp1110semef aces of all three sanples were freePofi/ERRé100vd825 and

ot her defects right out to their edges. Bl ate 1 of this exanple was
processed to produce a 0.42 carat round Dbrilliant cut synthetic gem stone.
15 The presgghf,si nvention further provides any novel feature or any novel
conblnatlon of features hereinbef ore descrlbed that a skilled reader woul d
under stand coul d be selected in conbination.
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single crystal dianond conprisin provi ng a ftirst dianond
substrate mhlch presents a (001) major surface, which nmajor surface is

boundedsby at f;azsém\%ﬁﬁ ARt £86hd %F&h a@%#&h%re&%‘rg S@géh?trﬂéﬁa%rf%e

<100> edge exceedi ng an di mension o e surrace t onal to the
sai d at | east owbicRIBw sefges isyooanded byvaideasiong ed 80> edge, thellenqhhcpf ey ¢8)d

growi ng. di amond gt il DAARERkhEXLaldbingNat ek ORIy I BE SHfbachapTs L he

di anond material surtace under chem ca osition synt hesi s
condi tions, t heodficaepaldo e said al Iegﬁtmewgoﬁvoee\gmby mthqi o Isasibp ort; gB01)
surface, and laterally therefrom 152. A nmethod according to claim1,

wherein the provided first dianond substrate
10 (b) growing diamond material homoepitaxially on the (001) major surface of the

diamond material surface under chemical vapour deposition (CVD) synthesis
conditions, the diamond material growing both normal to the major (001) surface,
and laterally therefrom.

15 2. A method according to claim 1, wherein the provided first diamond substrate
presents a (001) major surface, which major surface is bounded by at least one
<100> edge, and the method comprises growing diamond material
homoepitaxially on the (001) major surface of the diamond material, growth being
continued in one or more steps until there is a sufficient thickness of grown

20 diamond material that the associated lateral growth of the diamond material is
sufficiently great that full effective rotation of the said (001) major surface of the
diamond material is achieved.

3. A method according to claim 1 or 2, wherein the grown diamond material has a
25 (001) major surface with an area that is at least 200% of the area of the said major
surface of the (001) major surface of the first substrate.

4, A method according to claim 3, wherein the grown diamond material has a (001)
major surface with an area that is at least 220% of the area of the said major
30 surface of the (001) major surface of the first substrate.

5. A method according to any of claims 1-4, wherein the starting diamond substrate
presents a (001) major surface that is substantially rectangular.

35 6. A method according to claim 5, wherein the rectangular substrate is bounded by
<100> edges.



presents a (001) major surface, which major surface is bounded by at | east
one <100> edge, and the nethod conprises growi ng di anond materi al

honoepi t awDabiy7ed2t he (001) maj or surface of the di anomrdTrRRE0069825 gr owmt h
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di anond materi ah sns4fdd t Heat ot fatoh etV ofsak bOBin fthe
said (001) major Sléjtr ?gcdce(:bgfdﬁ{é !Oy((:Jlglan%nJt ﬁa{t:oerwa%mg?s ac |'a Eteﬁ 63% Bmg
accordi ng to cl pieayrsopdigmongheurlkgtiate Havige ogm aoanm@@rnwrtaceaanm@gttlagzm 001)
maj or surface w E} te) Q e i d
maj or surface opggh%a(%s%?g% glrah?lrjra Sgggﬁ%t% fcﬁr@ﬂ?é’ﬁ)rsé[cﬂgsg stra(ﬁg. élﬁstr &
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maj or 3 surfaceno Itheg‘ég@l rraborastBFface o% the %i rstosu stsratee. 5. A
nmet hod according to any of clains 1-4, wherein the starting di anond

subst rat e bt eseRlfeiod Q0B OLIAHY AR BHe Lf BUBRIEN Ll binsfiangy ar.

32 7. A net hod accor Isin

provi di ng a predlvseof atb v asagisie ram @Sha@?ﬂvﬂbj the |qr@@&}in¢r§h@ter§tﬂeﬁa€&éh%nd
cutting an inscy, 2 ar di anond substrate fromthe precursor

di anond substratég%%llacﬁﬁ%ﬂgt&rl bed rectangul ar substrate is cut to have
<100> ddges, the cut inscribed rectangular substrate providing the said
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rectangle is cut to maximse the value o re a

respectivel y t htvelpseryesor sHbstei@mhere sildes of the rectangul ar substrate. A
met hod according to claim7, conprising cutting n rectangul ar substrates
formthe precursor substrate where n>1. A nethod accor di ng to claim?9,
wher ei n eadR. of Atmethed eeearding up #fairg b vhesgin £ack ofidhin dectangularssubsirales riait e

in a meghod aCCﬁé%aégatfﬁstaé%s%tsl ! B%%Sdéc@sﬁﬂ\%ﬁfo”%y W{ﬁéedréb Noigifn
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wherein the first strate presents a major surface that is
substarPially triangul ar.

11. A method according to claim 9 or 10, wherein the cut rectangular substrates are
the same or different in size.

12. A method according to any of claims 1-4, wherein the first diamond substrate
25 presents a (001) major surface that is substantially triangular.

13. A method according to claim 12, wherein the substantially triangular major surface
is a right angled triangle that is bounded by one <100> edge and two <110>
edges, or by two <100> edges and one <110> edge.

30

14. A method according to any preceding claim comprising (a) cutting a section of
diamond material from the lateral growth region of the grown single crystal
diamond substrate so that the cut diamond section provides a (001) surface with a
<100> edge, and (b) growing diamond material homoepitaxially onto that (001)

35 surface of the cut diamond section.



A nmet hod according to claim 12, wherein the substantially triangular major
surface is a right angled triangle that is bounded by one <100> edge and
two <llO0>wedgu#ze@e by two <100> edges and one <110> ed@€T/ER20mei0bas05
according to any preceding claimconprisiyig (a) cutting a section of

di anond material fromthe lateral growth region of the grown single crystal
di anond subgtra ; i A i i sl face
W ih 8 <1005 edpa Ry e o B TR B P APy
that (001) surfsbstantialiyveciengula ermtianpuisd@00isurfa@s 15. A net hod according
to claim14, wherein the cut lateral gromh section provides a
substantially rectangular or triangular (001) surface. 16. A nethod
accordi ng t16. ang wethoHaraeerding 10 anyngr £leineg Splilaciomprising PIECIAG rtwor @cm@rRyul ar
substrates each ' ' r e
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2.6 where a = (®eRnguler sulstiaieste in <001>) Gowth rate in <111> A net hod
according to claim 17, wherein ais in the range 1.8 to 2.2. A nethod
according to any preceding claimfor producing a single crystal dianond
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di anond materi al i di t erd [ : :
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froman (001) n@jawvthsalefracelief a first di anond substrate, the (001) nmjor
surface of the first dianond substrate having been bounded by at | east one
<100> edge, the length of that said at |east one <100> edge exceedi ng any
di rensi on dB. t hé\ mathbd@ecadinp dgolam 17.ovheneinsas th the ramgest.8 tm2.2<100> edge by
a ratiogzof at least 1.3: 1. A grown dianond material according to claim 20,
the grown dianond material including a plurality of rows of dislocations,
each row ex®endAmiethed accoudisg trariyairegedir@daimdior prodiicing awiigichcrystasdiafond

di sl ocati ons wh r.Qj - - | -

plurality of po?lraltteg,c 8%“&%'%%iﬂﬁ{]é@aﬁo&&f?%ﬁ@é%ﬂﬁp %"ﬂ?’%@@?&@ﬁ@@ﬁg %mgrr]% a
<010> | engt h, wmeategiahintoheeplet00> | ength and a <010> | engths intersect, and
the ratio of the said <100> length to the <010> |l ength, or vice versa, is
at least 1.3 : 1. A grown dianond material according to claim 21, wherein
the fi 28t @lanpAdrewbsitamang malerial haytigam guibsiantisly squase @ravim surfaepthet haat i o

of rous of di sl 3ot ol b, A3 0 Biesh B R IREBkS 5 B BE3 Palitdhha ¥
substrate, the (001) major surface of the first diamond substrate having been
bounded by at least one <100> edge, the length of that said at least one <100>
edge exceeding any dimension of the surface orthogonal to the said at least one
25 <100> edge by aratio of at least 1.3 : 1.

21. A grown diamond material according to claim 20, the grown diamond material
including a plurality of rows of dislocations, each row extending in a substantially
<001> direction, which rows of dislocations when projected onto a (001) plane

30 intersect to form a plurality of points, the points when joined defining a <100>
length and a <010> length, wherein the <100> length and a <010> lengths
intersect, and the ratio of the said <100> length to the <010> length, or vice
versa, is at least 1.3 : 1.

3 22 A grown diamond material according to claim 21, wherein the first diamond
substrate had a rectangular surface with an aspect ratio of at least 1.3 : 1, and the
grown diamond substrate includes a plurality of rows of dislocations, each



extending in a substantially <001> direction, which rows of dislocations
when projected onto a (001) plane present points, the points when joined
def i ni ng wonectEngke which is the outline of the growthPsumPacie/ 06824 he
first dianond substrate.. 523. A grown dignond material according to claim
21, wherein the first dianond substrate had a triangular surface wth at

| east one <100>e>89&ﬁm%tir‘i‘% E@%@édﬁaﬂf L. iR th%SFO\A%nSE 8%%%5%&%9%%
exceedi ng any drnension of the surface that was orthogonal to the said at

| east one <100>preiggtedognia a §01p pifneapresenisoints.3the pointanwhenhieingdoldgfindigadrond
substrate inclu [ : ' t :

extending in a %&%sngge%r:ﬂg}ﬂs;ﬁé%@iﬂé gﬁ”ﬁ%@h\’gh?m ic f?ﬁ%?%@ﬁﬁ%%?%@%eéd
onto a (001) plane present points, and the points when joined defining a
triangle, i chal Sotvi€qi9thbhd HRaRfialt : If ace pkrdih ifF St gighi nd
substra?e. 4. A roownd%\/g %‘Ii a?rt%r{ Qntg:togcg!ﬁ%tgc%ﬂt a?n’i ngrﬁ}raf‘i pm% a'f%tci/'grg?mr)oms
of di sl ocat i onssubsirgtechasha irtangelrt syticagviitatdeast bse anfP-akdge, doptengidi afdiae i on,
each row of dis i en ' o) iARELioR! |dai

poi nt, and the %o%?%{t s&\%ﬁgﬁ@j Oll()(?}’%%ﬂ%%%?%eﬁi%aa ié@% %Igngo?h%egt&ffeéncgi tngt \lﬁ%sa
<100> di r ect i onortkaggnal tedbe saidlatieash ongi<d A0+ adgs beatretie hbaklgpst 1.8 ¢ 4t and ne,
and extends in gt i3 (g fitQ ¢ PN o WETa h st
Tongth to the seechd ] SRBTRY Pl TEHRBL LAY ol docugle abn i 55
A growtOCVD di a@derdingirefisabstanibaly oi09d>tdiregtian, miah raxtsewbem peciedted 0ot

di sl ocati ons whep1pP5QhERE - Rl iBin A e v anRpiiot,
the points Men@orgggggeegig?]@%i ,gaun&iQF%ECélt.ss extjglng?ﬁgﬁr?l?]éjgftf{lh (%eﬁ RAle
direction, the thermytling of thergraythesurface ahitjke dirshidiamand sabpledie. rati o of at | east
1.3 : 1. 26. A grown CVD dianond material according to claim 24, wherein
each row of dislocations when projected onto a (001{4| pl ane defines a point,
t he poi nt s 2dhenAjwpwed-\defdiameny meteried costaindieyahduralitl of «@ydsisf distegationser

one <1Q8> | engt b, and} Wheridd  LeRBERRiallyNGA > GRYIST dRFTbRDrAIbSRBRE! €S
right angled triangle.

when projected onto a (001) plane defining a point, and the points when joined
defining a first length extending in a <100> direction, and a second length which
intersects the said first line, and extends in either a <100> or a <110>direction, the

ratio of the first length to the second length, or vice versa, being at least 1.3 : 1.

20
25. A grown CVD diamond material according to claim 24, wherein each row of
dislocations when projected onto a (001) plane intersect defines a point, the points
when joined defining four lengths extending in a <100> direction, the lengths
forming a rectangle with an aspect ratio of at least 1.3 : 1.
25

26. A grown CVD diamond material according to claim 24, wherein each row of
dislocations when projected onto a (001) plane defines a point, the points when
joined defining two <100> lengths and a <011> length, or one <100> length and
two <011> lengths, these lengths forming an isosceles right angled triangle.
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