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which must be drained through the dlamond body to an adjacent heat
sink in contact with the diamond part. If heat dissipation is rate limiting,
the temperature of the window will increase causing distortion of the
window-fixture and the entire window-mount to fail. Density
15 fluctuations of CVD diamond cannot be mechanically removed as they are
produced by perturbations in the growth environment and are difficult to
eliminate in as-grown wafers.
Thermal annealing may be utilized for reducing density
fluctuations within an imperfect single- or polycrystalline body.
20 However, with diamond, temperatures required to anneal it at reasonable
rates are necessarily so high that the kinetic stability of diamond is
reduced and the diamond reverts to graphite. Graphitization usuaily
occurs within the crystal body at defects, boundaries and microcracks,
forming darkened regions within the body. This exacerbates density
25  gradients and weakens the crystal which can crack and destroy the wafer.
In another example, diamond tool blanks, wire drawing dies, wire
guides, optical, acoustic, thermal management or other thermomechanical
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tool, electro- It AW Possibie i pidparé substntiallp nellfree i nhibited by the

plr esence % t r1‘:‘%).?)(?c1'ystalline diamond films by several methods well-known to those
skillful in the art and broadly categorized as CVD or chemical vapor
deposition. In general, diamond films are prepared by energetically
decomposing hydrocarbonaceous gases (sometimes accompanied by other
oxo-, nitrido- or halo-species) using microwave plasma, RF plasma, DC

25 arc, DC plasma, flame, passage over an incandescent filament, through
electron cyclotron resonance, or by laser ablation. ‘

However, polycrystalline diamond films prepared by CVD
methods suffer from visual and mechanical defects associated with grain
boundaries and growth defects including voids. In addition, residual

30  stresses associated with the growth processes may be undesirable.
Subsequent use of CVD polycrystalline diamond films in tool, electro-
optical applications, and so on may be inhibited by the presence of these
defects.
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i SUWARY OF° THE | NVENTI ON Heretofore, prior art process have
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characteristics of the resulting | ow pressure chem cal ly vapor
deposited di anond. However, certain 5 deleterious properties result from
the nature of the process. The SEMMARY OF FHEINVENIIGN i nvention
enhances the proper HeféstofdreS Boi'!a?!w_egyhé‘veconceh&ﬁ%d’@ﬂ?:r@éés@%&
i.nyention educes t

initial deposition. .Th esent desjrabl e . ] size
of voids and réHU@g@gm [PTPFess 3, Improve the ehasacteristigs of theresulting low
obtai n enhancepressaefettientizalls vapoh deposited didndd. Howewdt, edrtaiat ure having

i d f ' h ti.cal ) SSI t h ,
Strength, var cleRtridi PROBRFSs Bulgitom the nal B e Groftss: ABY RB EHsanond.
It has been f oohthetpresentiioventionenhamés the propelrtiasof VD el iamondeby a

d d by t ' -1 L« t ' . : 15
Cond! 1 ons. whi Catcithtatidr ha el dbpbuiidn, THRERMGNIRRNSE SSsikitle
tenper at ures cEgduses thesize of yoids andiredudes siraininiow Mﬂ&@&@ whi | e

hmati nt ai ni Rg thdia(ﬁ%ﬂdk?h's%fbbtﬂﬁiehh&ﬁcéﬁlﬁ?&&rﬁéﬁskﬂ\igﬂth ° po pr?duce
avi ng enhgnced..properties. ) , ccordance Wi e presen

i nventi on, @he&'@%??P‘:EFWF%ﬂ havipg voidsofse PS?‘E size enbances-LRHA ond body
havi ng r educedtransmissicm doughnessestrerggtherar.tandyunifoRnity of wvaari si ng

treating a chegj . r . I ted di anond body havi ng voi ds at
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20  process for producing a diamond body having reduced stress and
reduced density gradients comprising treating a chemically vapor
deposited diamond body having voids at sufficient temperatures and
pressures wherein diamond is the thermodynamically stable phase of
carbon to reduce the size of the voids to form a diamond body of reduced
25  density gradients.
Also, in accordance with the present invention there is provided a
chemically vapor deposited diamond body having reduced density
gradients comprising a low pressure chemically vapor deposited diamond
body having compressed voids comprising a gaseous material.

30 - Inaccordance with preferred embodiments, the present process
anneals the low pressure chemically vapor deposited diamond body
through the process of bringing the diamond part into high pressure, high
temperature conditions in which diamond is the thermodynamically
stable carbon phase and holding at these conditions for a prescribed
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20 to the processes set forth in the patent, diamond is grown by chemical
vapor deposition on a substrate such as molybdenum by a filament
process. According to this process, an appropriate mixture such as set
forth in the example is passed over a filament for an appropriate length of
time to build up the substrate to a desired thickness and create a diamond
25 film.

It has been found that in the deposition of diamond films having
crystals greater than about 50 micron and thicknesses greater than about
500 micron, deleterious voids which detract from the final desirable
properties of the diamond tend to form. Depending on the conditions of
30 vaper deposition voids having diameters greater than about 20 microns
may form. Hence, due the enhancement of such material by the
utilization of the present invention, preferred starting CVD diamond films
typically have crystals greater than about 50 microns, thicknesses greater
than about 500 microns, and voids having diameters greater than about 20



utilization of the present invention, preferred starting CVD dianond fil ns
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The crystal size of the starting CVD diamond may vary greatly and
is dependent on the nucleation of diamond. With a continued nucleation
during the deposition process, submicron crystals of diamond may be
attained. When the nucleation is limited to an initial nucleation at the
25 diamond film, elongated diamond crystals up to the thickness of the
substrate may be formed. Typically crystals have a length of less than 200
microns but longer crystals may be formed. The CVD diamond film
preferably has a thermal conductivity of at least about 6 W/cm-K, more
preferably at least about 9 W/cm-K, and most preferably at least about 12
30 W/cm-K. Thermal conductivity of the diamond film may be as high as
about 21 W/cm-K. Techniques which can be used to measure thermal
conductivity of the substantially transparent diamond film are by Mirage,
shown by K.W. Pryor et al., proceedings of the Second International
Conference on New Diamond Science and Technology, p 863 (1990).
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6 The starting CVD dianond filmpreferably has good opti cal
properties and carhersiarsirig CVlYdiadibnd éilpr ppefetabiy has gopd ebticakd f or

produci ng a R, hapy ?éiftfeg r gradients.
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ni trogen, oxylgsirablexlaxity and refaactive indexrisl prefered. nonoxi de In | ow pressure
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associated with CVD diamond films. As growth proceeds, these small
caverns become buried in the CVD diamond film and form the voids that
are seen later when a film is cross-sectioned. Some evidence of the origin
of these voids comes from their size and internal surfaces. Generally, the
25  void size is proportional to the crystal size of the material in which it is
found. The internal surfaces of the void are usually faceted and indicate
the crystal-growth origin of the voids.
CVD films are typically columnar and start out with a very fine
grain size on the initial nucleation surface. The grain size gradually
30  expands because of competitive grain growth from the initial growth
surface to the final growth surface. Consequently, the void size also
increases across the film in proportion to the corresponding increase in
grain size. Hence, larger voids on the order of 50 microns are typicaily
associated with crystal sizes of 200 micron and film thicknesses greater
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-increases across the filmin proporti.pn to the correspondi ng increase in
grain size. Hence, larger voids on the order of 50 mcrons are typically
associated wth crystal sizes of 200 mcron and filmthicknesses greater

7 than 500 mcrons. Voids are typically seen along grain
boundaries. Their grai n boundary |l ocation is another consequence of
their origin during crystal growth. In accordance with the
principles of the present invention, it is 5 desirable to reduce the size
of voids in the starting CVD dianobnd so as to obtain CVD dianond with
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mel ting point Yacangies on the surface of thgpvm d dlfi\s@e 15 auay to
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bet ween t he voihydracarboa amtsomegtimes somehmiditignakgases sach asorygerer 43 aof
the solid (y-di = ﬁj@ﬁ 1S radl void. A
vacancy di ffusir%mg'%‘gs’%?%%ﬁ{ ne vo?il s é’fq‘%c\?g\ ertli.ttﬂ 0 %%ta})%i ffusing
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unstabl e close to its melting point. Vacancies on the surface of the void diffuse

15 away to vacancy sinks driven by the chemical potential difference of y/r
between the void and the vacancy sink, where g is the surface energy of
the solid (y-diamond =5300 erg/ cm?2) and r is the radius of the void. A
vacancy diffusing away from the void is equivalent to an atom diffusing
into the void. In this manner, the void gradually fills in and disappears in

20  a sintering type of process. Normally, such sintering processes would be
carried out at a temperature in excess of 2/3 of the melting point of the
material. However, in diamond, with an equivalent melting point of
3800_C this approach has not been possible because diamond is unstable
and will carburize quickly when exposed to high temperatures. If the

25 diamond is placed in a high-pressure press at 50kbar, the temperature can
be raised routinely in the range of 1000-1600_C without leaving the
diamond stable region.
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The diffusion coefficient of carbon atons in dianond is given by:
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activation energy e PaFd 16 sm6Y sramd @rréﬁ al/mol of he sronement off  t he

vacancy pl us datBoréh didthbad 1%9rs%sﬁam5x{aqfdntfagmﬁ and so ﬁmﬂa aatomto junp
over the potent.i harrier frao g%’éts own site ta ?I hbori ng vacant

site. In nMost"e§ NgMIcaRYer e 8F ‘(Fé&‘h%?e"ﬁé’r% F@ﬁe up of the energy ener gy
of activati oroffoematiba qfahelvhtaicybplii’slthé aaﬁeaﬁtﬂpéﬁéd ujredGor gqual . If we

make this ass r .diamond,,,t he sion gcoeft,Ci ent err] of
a vacancy in éé?g& Jﬂoéﬁ"%’ 0‘6 ‘the potentlal%am g" fubf’ f‘é?(ff ?QD[err] } RT}
(2 neigh umn@[vcm}bﬂne. Hnkmasy sodids, e exﬁaﬂgy of vﬁaa:&(ylﬁ)—n{aunn]
cnferr]/s.  and the ener fof%cﬁQh@oﬁ oveH ﬂiéeﬂol’.em:lﬁf Eﬁ]rleg ar8 aﬁpgﬁhﬂ &

cl osest vacan nel ghbor i ng 3raln oundar ain size
of the mefer |eéf{‘ais X”et‘ﬂglﬁe ﬂHéass“mPFPﬁLfoﬂ' raéaan¢ébefde alwl&@&ﬁwelllfo

di ffuse fromD{efacwaahéy ihdidhond is giverdopndary is given approximately by:
T=X[err]/Derr] (3) Let us consider the

case where a piece MTDWEPW@KEF cont ai ni ng @0 voi ds i s anneal ed at
1600_ C where Df erwhess Qu7]Srkdal tmibkr Alt/16001C, Dire6(@0)Téahid)s. time at

e te”?ﬁreaéfé.en'sﬁsfr‘g‘?‘?e'?'bt“ﬁ‘wﬂgﬁg‘ﬁkag[ﬁé'ra}"'sﬁ‘ﬁef"?g eEh GRS aro,;
larger 15 dreighboring ganigeboundarye I&H}%zmm@mmfrthe materigbisdé theh thenot

have time to umeTﬁqsamaﬁﬁfrabVaeéi\egmsﬂnﬁthéé E#rolPthe P &@t%ti\egrﬂhs the maxi mum
grain size |gl)25 whi.ch. voids can be elimnated vs. tenperdture for a

hi gh- pr essur m@gylsglveq@p@mpmv@gys by vacancy di ffusi on.
T=X2 /Dy (3)

Let us consider the case where a piece of CVD material containing
20  voids is annealed at 1600_C where Dy=6(10)-7 cm2/s. If the annealing
time at this temperature is several days (~107 s), then microscopic voids in
the grains smaller than 2.4mm may have time to anneal away. For larger
grains or larger single crystal diamond, the voids will not have time to
disappear by vacancy diffusion. Table 1 lists the maximum grain size in
25 which voids can be eliminated vs. temperature for a high-pressure anneal
for several days by vacancy diffusion.
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9 . Table 1: Max. Grain Size vs. Annealing Tenperature
G ain 'Size (m crons) Tenp. ([err] O
1000 9 76 1100
182 1200 395 1300
779 1400 1424 1500
2441 1600 i 3960 1700
6130 1800 Table 1: MdX/Grdire82ed sl S ningpliRgTeyhgeratrei N a | ow pressure
gas at nosphere of "hydrogen a nx ocal bon and seneti nes sone
addi ti onal gases such as oxypEfRiZ, result  the voids in CVD di anond
may contain these 5 gases. As thp(dirdhsshr m‘kr&p. (@ pressure in the void
will increase until the driv Torce 26 nrinkage which is given by
y/r is balanced by the gas p sure P e voi f:
P=y/r (3) whegpe P is thelgoessurg in the void, y is
the surface energy of the 10 void %5‘1 r 1S Ef [adrus of the void. The
initial pressure Po in the void i G-\ Qﬂ;: _
Plerr]=P[err][err]anneal /[err]cvd] 395 (4) 1300 vhere [err]cvd is the
gas pressure used in the CVD di a%processmoq‘ [erg]lcvd is the substrate
tenperature of the CVD process ang—Farreal—s—tre—tb—4enperature of the
hi gh- pressure anneal . 2424 he vol @5@hri nks|fromits original
radius rOto a radius r, the gas pressu n thelvoid will increase
as: P:P[err](r[err]/rle—%‘%lf] 1800 45)
Equations 3,4 and 5 may be sol ved|8860 t he f1AA00 r adi u$ r beyond 20 which
the void will not shrink any furt 1gisd)y t he Wani smjof vacancy
di f fusi on:
CVD diamond is typically grown in a low-pressure gas atmosphere
of hydrogen and hydrocarbon and sometimes some additional gases such
as oxygen. As a result, the voids in CVD diamond may contain these
5 gases. As the void shrinks, the pressure in the void will increase until the
driving force for shrinkage which is given by y/r is balanced by the gas
pressure P in the void:
P=y/r 3)
where P is the pressure in the void, y is the surface energy of the
10 void and r is the radius of the void. The initial pressure PQ iln the void is
given by:
Po=Pcvd(Tanneal/Tevdl  4)
where Pcv( is the gas pressure used in the CVD diamond process,
Tcvd is the substrate temperature of the CVD process and Tanneal is the
15 temperature of the high-pressure anneal.
As the void shrinks from its original radius rQ to a radius r, the gas
pressure in the void will increase as:
P=Py(ro/1)> )
Equations 3,4 and 5 may be solved for the final radius r beyond
20

~ diffusion:

which the void will not shrink any further by the mechanism of vacancy



10 . r={(P[err]/[err])([err]anneal/[err]cvd)r[err]o)[err]
. (6) : : rlerr]={([err]anneal /[err]Jcvd)R err]Plerr]/[err])[err]

- Since Tanneal >T[err], then if Plerr]/r[err], then no shrinkage of the 5
void i s possible by vacancy diffusi o9 For typi cal conditions,
P[err]=I0, 000 dyn/cnferr] and [err]=5300 dyn/cminplying that voids

| arger than 0.5cm r={(P )T i3 Jtfide voids this large are not
encountered in CVD C‘y@ﬂamgn}gfeafﬁhli‘ds‘m\?vi 1 not( *)e alimtation.

For nore typical voids of about 20 m'crons/i n aamster, the final 10 radius
to which the void %ﬂ(l'sﬁﬁéd]}(T@Vd)RyP@o@M)Hi % usion is 1.73 microns at

whi ch poi nt the gas; Sure,J j¢Ch Wi ensi on
of the void and. 8a%a#%?w&?eg@%*f?%xg%ﬁ%W%f% sHfinkdge SFthe
shrinkage 1o Veidisipassible byiviacangy diffuusion for typical conditions; Pevd=1G0Rt i on

OL - dr1 gVidcgn?@ﬂ\aﬁnﬁfy*mogiéﬁl/Qhﬁﬁﬁ lﬁngmhat]{%iuegﬂgfzﬂﬁ{aeﬂfséma_s the \éoijd
shri nks. nsequent | ot’her, niSmof void €elimpa i s neede
Such as  BIOHIE MOt shef, SipeRvads s latgese a0k eacurmamebi i hcad
properties, ididmond, thipwillmotde a limitatiba. fi nal CVD di anond, which has
reduced density por KGRI yBRR ofdiul 28 Hiichind (Sfiakib, igshpgPout 10
m crons, preferably FELT FaRoah AUt m crons, Ana fTOF & pre'f‘erabl y

| ess t hanltbotadins ke svhich thegoid will shrinkary varancy diffusionds 17Reniczons|

probl em consh@hiéh V\?Bﬂﬂrthé gks résstire %n th@oi@@l%ﬂﬂﬁé@ﬂﬁfsu&ﬁéb@nﬁo th a
void at its cepter wth rddi us, | ) the CVD dianond is placed in a
pressure ves s@Fﬂ!ﬁ V%Edpﬁ"@gﬂﬁ@cﬁ 41’%&%10“ will §§°§’a&=,l'|e latpstagesof vaidgual gas

p{ essure in Ekl&-iuh'aDgh td tids fiadl ﬁddi{x§Willbw%2ﬁ5/hGow becaliserufahe iredudtéori bf
stresses in ' i amond are_given by: s i .

err] =L bl or rgp?'ﬁ(%& FicREa s BrRpErPira i vAid dpsrpgtes as the vpid shrinks.

[err] = P[D[ eohsa&Rienth, anpther|hedidrdsm]ofyoid elintihation s needed(skich as

where Ris th [ gt R i Or § Qi N t voi d.

Of greatest |ﬁ%iesrﬁgsf?d Vglr%gq%%éd&'r E'gsotebga 'g'edaéf‘l'hjtaﬁle&e'sur gg‘g oﬁ’?@eesilgﬁsd, i.e.

at R=a. " preferred that the final €Y diamend,s¢hichrhas reducesdensityzer o wher eas

the tangenti agratients) h&$ volPSizbs 8PRES RediCRsstabdtit 10 microns, preferably less
[err][err]P[1 err]j[err]1l.5P

as Rlerrla ° H aBoits Hﬁ')g“%'s an %‘E']eap"efefﬁ'i"g’ gl%e%‘i!i‘laf' ahout dani by Lame in
his Lecon® sur La PAscn idealization of théhatahl prdblempcdissider a spldiical piece
of CVD diamond of radius b with a void at its center with a radius a. If
the CVD diamond is placed in a pressure vessel at a pressure P much
greater than any residual gas pressure in the void, the radial or and the
tangential ot stresses in the CVD diamond are given by:
25 or=P[b3(R3-a%)/R3(a3-b3)] @
o=P[b3(2R3+a3)/2R3(a3-b3)] (8)
where R is the radial vector with its origin in the center of the void.
Of greatest interest are the stresses near the surface of the void, i.e., at R=a.
In this case, the radial stress o, reduces to zero whereas the tangential
30 stress o approaches 1.5P:
or—P[1-(a/R)3]>0 as R—»a )
o—>1.5P as R—a (10)
This result was derived by Lame in his Lecons sur La Theorie de
L'Elasticite in Paris in 1852.




For dianond, the plastic yield strength vartes with tenperature.
~DeVries in. his paper, Mat. Res. Bull., 10, 1193-1200 (1975) gives the
.variation of the plastic yield stresglof di anond vs. tenperature in his
Figure 5. Fromthis figure above 110 Ic the yield stress of dianond is 5
| ess than 10 kbars. To remain in the d| anond stable region at these

tenperatures the di ggpa%n%n&% tﬁgtpq% gﬁjgte{héf‘%%&g &ﬁg%@ﬁgp&[‘% At

50kbars, fromeq. 1 ee 't tangen e cavity will

be 75kbar DeNiries in hispapery Matt Bes tBualh. 10, 4183-4200 £1975 Bivestthengt h™ of

10kb f
L as?fiaﬂ J )i e?ﬂéﬁweg“?é;ﬂ‘ }&@dgtreéﬂﬁsf&iaﬁ{cﬁld Vi aefiptiRiie M his

ound th y theCV|t w, ||
col | apse and dFigasgdartron this figure gpgye B]&C%E t&i‘ﬁ ‘%l‘?“gf'spl anes
of the (1119 t\Rethdh lﬂﬂkbéﬂsl(l:b remamdhrthé'tllmﬁoﬂﬂlsaabieeegddl dtithesed unknown

| f | | i
B oot a £ o eispeiabured e Afamihd srust be at presdufes BRIE RIS, (AP
I et g ol
oits h e stre rs of
g 3

Si mul t aneous s i ppage on y of I ent anes has |
to allow the gdigmond abovel100_£ . Fhereferee thedia wll,nlgstlca ly wieldgbyror s

Slip on a g ngéﬁﬁamﬁduﬁcm ﬂ&thé)éébfiﬁﬁw‘ﬂwb ap@aﬂa dibappean eSlip

requi red shape chan en i an icity of
20 a pol ycr ysP4Hackur e %Ile"rfgnBBS/%fBa“ﬁﬁ? p§t"‘1 S%ﬁﬁ%ve
differently dlrecﬁompﬂwomdddﬁinm unkabhm plade;fenmastmsputlmad bélowh a

crystal can ors.
I n di anond, there are nye)cg% er{{w sys erns onb?egq%ég{fpbhsomsggp?er ent
(111) pl anes i flomhis necessaryi When aduc lﬁap@lrvmséelllsmlmﬁﬁv yefermed eagh o5

from D(eer' e$' s fﬁi\%ﬁmﬁs tdﬁsB@f hlbb,?sfsnaeurdewms £ 8 5R&Pe dictatedBecause -
we nee one no ys em for crys I N
E efe Sifntaneghs s HP%S‘T)P’A ﬂfﬁ@y qs&)r;ﬂpra}ae?e%@’

addi tional sli
observed or neageurad dllvsv ehie graiﬁltoﬂb&ﬁiueowadm tdetnanded bydts as

ddi | f
Chis siip syst BRERRrEelEans vaefaRely pf papifef yiaéi‘%%ﬂa%#’ pod el
under the aboveequired shapk ¢hange. aﬁiehdeh&n/gﬂmammdmenﬂgnﬂmbehﬂhowéver
this situagyon, 'p%l¥crysta‘(ﬂﬁé(s&m th@ s’ﬁl Y ?& @lf’ﬂt oK'a?'léins?h’ir@%ﬁﬁé asecondar y

slip systems do tor Q ritical ‘ stress

on the pri nary°§’IeF‘Fds?%¢6ﬁPmetﬂca %m@snéﬁatswsm@s uelyacepstakqan ¢ he
critical plasthbwily$tshforothe changing shapes of its neighbors.

In diamond, there are independent slip systems on the four

different (111) planes in the <110> direction. The critical plastic yield

25  stress from DeVries's reference above is for these four slip systems.
Because we need one more slip system for polycrystalline CVD diamond,
an additional slip system must come into play. Unfortunately, no one has
observed or measured the critical plastic yield stress on such as additional
slip system in diamond. If the critical yield stress for this slip system

30 exceeded 75 kbars, plastic yielding would not occur under the above -
conditions and the voids would not collapse. However, this situation is
very unlikely as typical yield stresses on secondary slip systems do not
exceed a factor of 1.5 the critical vield stress on the primary slip system.
For diamond, this would mean that the critical plastic yield stress

occur



12 . necessary for all 5 slip systens woul d be 15kbars rather than the
"10kbars " oObserved by DeVries inthe primary (111) slip system

‘I'n accordance with the preferred feat#%es of the present invention,
starting CVD di anond which may be in e formof ‘a part, or parts, are 5
pl aced inside a press apparatus and anneal ed by heat treatnent under

condi ti ons of n&essAPEFoRLAS i Wxﬁs%&ﬁndt&aﬁk‘ﬂa& FUtREPMAN thePloRBAES | N an

envi ronnent ere [ e thernmdynam st ab] e phase of carbon.
Typical ly thi$ ?é&&i?@ﬂﬁ%ﬂhﬂlﬁ%@nﬁaﬁviﬁé sURF¥S®M-1000- 2000_C and
pressures from 1 ChfatgordanctOwith, therpréferedd features b thep mentuﬁfe?ﬁw and 10
annoal i ng. ar ¢ AEER S Gamend ‘%’6158“8?"88#8&‘@ form SF% P%%ﬁ%.f% 7987 38 ent ¢ hat
is to be r%mpb@ednnﬂdehepmsaappdalbqud Baneiled by heatm‘eatmaat hoder caused by
cracks of VOl dondifiBnd 8¢ bRERMhiBY PHAIZE sych thdmnéuulﬁaﬁd i#Ptidd P! asti c

flow Fluctuations cause y cryst I ne such tw ns or
di sl ocat i ons, exvronment whesa itis the thermadvaamigally Stﬂbl%Bh%ﬁec‘PfcﬁﬁbPavorl ng

?thom c car bon"tl'ﬁpfcﬁll i tAR intludies tetl Fﬁu?eeﬂhatﬂé%m\ e of %@Wﬂ@@aﬁd‘at dgf'tﬂes
e appropriate re S 0 essyr e ature ect bo
plastic flow BFfFS 'é?%&?‘&md{g% ﬁ’ m rprgferagl‘i' t&ﬁﬁﬂﬂgf)Sgstﬂ%ﬁ anond
may be held utaﬂmpeﬂat@tsﬂn@hemmgeal@ﬁ-l?ﬂo Ctenperature conditions for a
period of time ran ally
1-24 hr. and even ?r%‘rgg I\& | cal Rﬁ%gﬁﬁgai%dﬁﬁgxgéﬁondﬁ\\éstyp%e g%/cgr tq.l ng

di anond pi ecedensity 5@43&@&:@@ isntol beeremoyesk romethe diamandihedy: engityl ui ds or
sol i ds incl Udﬂﬂ@hﬁ@oﬁﬁ cQﬁséH‘B@%F&dk&%rW&l &rfibé réifloved bvtrﬁﬁdEi' océss. The

ressure nedi um ransm.t th sure fromthe 25 r nal
Surfaces wher eoRdiB ﬁaﬁms to plasti; Vi $14qiuations cansed by crvsta f
criticallysingdefectnsuélvas he:mrumbldaauaﬁmeﬁs:e réfirovedditufiore aggressive t
pressure wthout . loss as a copti nuu ont di.ano nface t he

pressure appa?%‘f‘&?onﬁ%v%%ﬂ 'ﬂ{fscta 5‘#%8?‘1 ?d %%Wﬁ%& stabl e
in that it cafDeViries\hatdefines the appropriateeegions efpressurerand pressure 30

and tine, degrwﬁmste&e&wmyawﬁ@&% %hﬂ?ﬁ&ffh&%ﬁ'v@nthﬁi&g .

chem cal part|C| tl ng I or cat y2| n reacti ons, or causli ng
di ssol ution o laaegn diamond magree peldiun r highrpressusgiandht e nedi a

are stablgy fl wxﬂpeﬁ&u&’ow&ﬁﬁxﬁbn@f&mbeﬁad @f fighé ratiping Porh imiitutePtcast i C
sol 1 ds, several days, more typically 1-24 hr, and even more typically from 6-10 hr.
The starting diamond pieces may be placed in inert pressure-
transmitting fluids or solids including salts or unreactive metals during
the process. The pressure medium used to transmit the pressure from the
25  external surfaces where the force is generated to the diamond surfaces is
critically important to the annealing process. The medium must transmit
pressure without loss as a continuum onto diamond surfaces in the
pressure apparatus. The medium must be thermally and chemically
stable in that it can survive annealing conditions of temperature, pressure
30 and time, in the presence of diamond surfaces, without itself being
chemical degraded, participating in or catalyzing reactions, or causing
dissolution or degradation of the diamond parts or pieces. Suitable media
are stable fluids or gases at annealing conditions, or highly plastic solids,
including, but not limited to, salts such as sodium chlorides, oxides such



including, but not [imted to, salts such as sodi um chl ori des, oxides such

© 13 ‘ as magnesi um oxi de or carbons such as graphite. The nedi um nust
‘al so be seal able to high preSSLNf§ and tenperatures by known net hods
and possess a vol une conpressibiTity which is small and conparable to
t he gasketting systemi.e. it nust be void-free and close to its
theoretical 5 lattice density at annealing conditions. I n

accor dance wi ©h magnesiwseride aveanboos suctnas geaphite. nEhewedinm most also

reduced densi tb;ésaaﬁm&Wﬁ%@r@%m sﬂdbf% ﬁéﬂ?@t?&'kﬁégg{;ﬂ eBiGHiH{d

where dianond is the ther nam c_ st a car
resul ting di aloseess& %HF‘&&O@FP’FEQ} Hgﬂva~h'é desmadl and comparatlede there voi ds.

10 These voi %&sl@étﬁng%i@ﬂéhede,t@nﬁxﬁ%ﬁfo‘i‘é&%m@&se k its thésretieyed that the
reduction Ln $ ied by an increase in gas

the voids,is acco n
pressure wt h,%@ﬁgeg&%gta%ﬁlmﬂﬂpd % voids in the starting CvD
di anond conpri se gdsaocordantewith ﬂmtpms@rtaasmﬁon,uheaésuthhgrﬁvmlw&nge

of the CVD de?@&ﬁ%ﬁd)@%f\sgﬂﬁn%lfa'd%ts Yﬂi&%nﬂé ﬁé:sa e\é%' Hgsﬁ C’VD 15

di anond having re I ent s St nal ress
appr oxi nat i ng Wh@eaie@gadeséhe ﬂ@quvmmlgntahlﬁpbasmef ¢Arbpu. §'heengt h of

di.anond. resultm§ Mﬁnﬂqgﬁmacgnieﬂ%\ﬂh ?@@ﬂ@hd}f“f srlﬂ?b{)tl‘% wWidh

pressure/ erat ure anneal they are re ri catlon |nto

a el ect roq{’) iThese voyls'aze g tora comprRssed Waids 1%@%‘!%‘@5‘ tiheng,
pol i shing or hedectibri idsnzgofthev&hlshsaﬁ&b axﬁB&Mx@ﬂicré&éﬁﬁ gas to be

i mpl ted ti | t ended
a’an ol t or nalroeere Within the xBE, 4634 lfyeah it g & "desi rabl e
to shape, pol ditmond compise gasedus natteridiatdi pressureppproximating premire
subsequent | y Bfﬁ%écv@dégoﬁhaﬁr el a1 40;d Jﬂ&&ﬁﬁg{)&s«g&% d?ﬁﬂg&@!ﬁ

anneal i ng of three 8 I onal parts suc nozz
beari ngs, n#é?)'ﬁ@’r‘ havipg mrduged density arpdigny bave appatesnakpressuneak e

pl ace. roﬁhﬁtﬁfgetfhé rebsiite of deRsifiRRtiSARhAIR Tha YeldatedpeR off events
30 conmenci n%‘ﬁ\tngg CVvD di a?ond and conpl eti on of par? fabrication, in

whi ch one or terrredl ate steps the treatnent of the present
Upon removal of the diamond parts from the high pressure/high

temperature anneal, they are ready for fabrication into a electro-optical,

20 acoustic or thermomechanical devices by dicing, polishing or hole drilling
by laser or mechanical means or to be implemented in whatever
application they were originally intended.

As an alternative to the method described above, it may be
desirable to shape, polish, or otherwise finish the diamond parts and then

25  subsequently press. As an alternative to the method described above,

' annealing of three dimensional parts such as tubes, nozzles, beads,
bearings, h:mispheres, or other unusually shaped components may take
place.

_ The present invention contemplates any sequence of events

30 commencing with CVD diamond, and completion of part fabrication, in
which one or more intermediate steps the treatment of the present
invention takes place. The polishing, shaping and dicing sequence can
occur in any order at the convenience of the processor.



i nvention takes place. The polishing, shaping and dicing sequence can
occur in any order at the convenience of the processor.

14 The present invention ??Ioio contenpl ates inproving the
properties of other types of diarbnd parts, including single and
pol ycrystalline di anond, specificall y I ncl udi ng di anond wire dies,

i amond w ndows,peale greseh AR s AR SEU Sl chd RS gacs

those doped atofnthentvipes of dlameaﬁcmrts@mc udmgmna egm pp rg%ta)émedr. | | s and
g:l Indl ng tOﬁl Sdiamond, spxlﬁcaﬁ@ﬁndtlhdﬁ\ gl R nReRd bﬁ?édié@,stooléaxé&tv%%h tl;{a&&'f toI
~utilized a hi arting non-opa n a e fina
product will %‘3‘58‘&‘“8){7’8%8?? 5%?’%‘“5 deg’ %%%aﬂ?é‘%ﬁg‘fl?Wédhﬁ anond
resul ting f5r omihks didmopdoslestsonit cbhqaq@reassentcludmgrthosmddxpad at pnmeatlmgand

ot her char act e(ron%%&? d‘?mﬁg‘%pg%gt‘%%h‘gﬁ%sEk‘acéﬂé& %t pBRpnd material,

preferable to USe star esirabl e
characteristics so Ecnawmerd;efapp&tadmuhssteslrablemwhimd amhygfbpud@jsu rabl e

used in appli Cﬁ.’iiﬁ}{? Wl mig0) | 11y,

t hi ckness of the s lr“?‘?'q’g %VQ |a?f§?\ ?or&%%eefrur‘&eic} ﬁg%‘ﬁ’g mggtal ons is
fromO0.2 to 1cAefirab ‘hﬁf‘?ﬂemﬁ? e$’é\‘-'a[§h§/ densified. amng_hgs m thest er s.
Preferred wpti essrmet reseritifiVeififoriRash pUiritagd cthet asmctensuwan about

1.6 I th bet
about 300 16 ﬁ&%?siar%vg#‘?moﬁ &g‘ Rl iR a starting "o
decreases |i nedmamorfd mmmmlnﬁeﬁlrable[myctensm«ﬂlhtEhe(i]mabdermfled :

| th 20 4
decr cases fron‘%‘“ﬁﬁ“‘%ﬁ%%‘fﬁ ieflle e 16 Qp BRCATESeRuirlfiE W Qupfiy ©
wavel engt h i ncdiamend.; Typica asuthlckness 9&6@#{@&6&9 dmenﬁnfor preferred  Ag

pr evi ous| yisdi sgypfirations iDirehP 0 191 Alllinte @Iy Tom®.3 to 1.2 opt i cal

appllcatlonst s_crystals with a. <110 r|en
per pendi cul ar '%/"glll éot rgfgreed pRtigal propegtiesine Es a{‘“iﬂfelea? anond

grains may havthaa sbemqm wvil-t v tedn @angatghmamg elwmléﬂgthdpahe cangend

Itoﬁrependl cul ard'i[’%?f}on o Supﬁ :igéth?gn %gg%gnﬁ ?ttpgaggg,l n§éze of
ori entati ons decreases lineaclytfnomerbouk 1y Bflblll’t@& %mfm mvelegmﬂhd -

for opticaje 30inaRdsks flon?360 b@‘f4ﬁd“ﬁarﬂ3:ﬂ@é’i§ ' The QB&Frbhﬁé‘éid@&‘él@es' fe6mudi ng,
O e PO DS BhT I ERN GFPYs d Rerek Thilesold o bt "
ydr ogen
1400nm to about 2400nm.
_ As previously discussed, a preferred starting CVD diamond for
. optical applications typically has crystals with a <110> orientation
25 perpendicular to the bottom surface. It is contemplated that the diamond
grains may have a random orientation both parallel to the opening and
perpendicular to the axial direction of the opening. If the grain size of the
CVD diamond is sufficiently small, random crystallographic orientations
may be obtained. A preferred starting CVD diamond film for optical
30 applications has the properties described above including, grain
boundaries between adjacent diamond crystals preferably have hydrogen
atoms saturating dangling carbon bonds as illustrated in the patent.
Preferred, starting CVD diamond has a hydrogen concentration of less
than 2000, preferably less than 900 ppm. The concentrations of hydrogen




atans saturating dangling carbon bonds as illustrated in the patent
- Preferred, "starting CVD di anond has a hydrogen concentration of |ess
.than 2000, preferably |ess than 900 gpm The concentrations of hydrogen
15 in atom c per cent are typi élly from 10 ppmto about 1000 ppm
preferably from about 10 ppmto 500 ppm A preferred starting di anond
body has no voids greater than 20, a er ab| reat than 10 m crons
in di aneter ofn FWW@@“&PT%WMW&B ﬁ HP“ngl?:lg?‘l)tgw%B A
preferred st arﬁréﬁﬁaﬁvffr&hm 10ippin t6 6500 ppnt.aA pmﬁénredtstartmglchamond
non- opaque or arent. or transl ucent 0m@d
per cent greaté’Pd'y no ¥oids g1 8?“’-5%‘1%‘2 "@ggggﬁagg&awugﬁﬁies |r{8t e form
of catal yst nnndnambtermohclaslom@rﬁ;annthﬂrehatemal gobathorwbaq@r ef erably

present in amuq &mﬁ Hédho%r cent
These 10 |5rrpur| ti es are I ca assgtcﬁ%é?@%ﬂmﬁrwgﬂcg%r agh pl? essure
hi gh- t eMot-opasgue o amrgg i@éﬂ@ﬂﬁ?@k@%mf}mfﬁdﬁ%ﬁ i atemit osent
in the Oﬁarétlxﬁrg}e&ei thdR 1 paatpw BiIlRSH. Uaa@sfrmaansm i@ thetform000

parts per err st arti D_di amond
films are prod’iﬁ&éh‘l}fﬁﬁ r&steﬂaéa&gh@?mlbﬁ“&ﬁs ?Fﬁc?éeg%a y pregentyn -
Ta, M, W Ti antéumts léds thay 10 partsrlmrtmﬂhoaamatmnmpemmtyﬁ'hgseme have found

the Vb di Qo RIS 4 J2Pisaly as?‘*&%%é‘i"“@ﬂﬁ’?%@ﬁ WL ER, My
contain great denmeaatuxedpanoedpgnthesm pisicess. N itregen may be present ﬂé‘aﬂ‘ﬁs per
mllion of Si C@Bdﬂh\or}\ﬂ filk m')@omw%ér‘ cen%@ronzrbe?ﬁlebﬁﬂ A1000qsutts per t he

filmmy contain nore than one part lion of a halogen, i.e.
fluorine, chl drilien. proni ne, or iodine. Additi onal addi tives may

include N, B, O arWHB_n fdirétytaben® (AEP itiamdnd lntoare pfoduced biynt ent i onal
Ve i lﬁﬁa% 9%#%'&3@%%% e Rib, & TLVGIWY TF e H by
expl anation, heutrorcactivatiomanalysistwe halvefdundithat small amteunts Qfﬂs%sﬂ to
reduce intring %sﬁlaieeﬁét%ﬂ?alg P?&T B &@Pc?ﬂ‘rti)' th8\ ' Didlamond filiRé ﬁiﬁ%let&?
oxi dati on resiStance o I C boron es
atom c per certhese mbmtweeﬂegce.m WVPPBF@FQSFWBEM f@?é'@lﬁ’@ﬁ as
N, S, Ge, Al BillfbrPand&ssAGA 10/parR PerdhilliBHIf Si) GeNbMNTA NP Ti t i s
20 Zror Hf. Additionally, the film may contain more than one part per
million of a halogen, i.e. fluorine, chlorine, bromine, or iodine. Additional
additives may include N, B, O, and P which may be present in the form of
" intentional additives. These latter materials may be added as intentional
additives during the growth process.
25 By way of further explanation, boron can be an intentional additive
that is used to reduce intrinsic stress in the CVD diamond film or to
improve the oxidation resistance of the film. Typically boron may present
in atomic per cent from between 1- 4000 ppm. Preferably additives such
as N, S, Ge, Al, and P, are each present at levels less than 100 ppm. Itis
30  contemplated that suitable films may be produced at greater levels.
Lower levels of impurities tend to favor desirable properties of toughness
and wear resistance. The most preferred films contain less than 5 parts
per million and preferably less than 1 part per million impurities and
intentional additives. In this regard, hydrogen, nitrogen, and oxygen are
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" Lower levels of inpurities tend to favor desirable properties of toughness
and wear resistance. The nopst preferaﬁd films contain less than 5 parts
per mllion and preferably | ess than part per mllion inpurities and

intentional additives. In this regard, hydrogen, nitrogen, and oxygen are
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foil sheets, and Exangpeedted at [err] 50kbar and 1300_C for 15mins in KC

powder. At these 10, conditions.the KO salt is _not nol ten; pressure is
appl i ed through thedn as-grgwgﬁpew\afﬁqab@mg MRk mmman mnotthickr essur e
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portion ofl0t héosdmnndheﬂ(@fs!aﬂnslﬁt nsditers pressutalis Mﬂinoglga tiief f er ences
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and |ight ar ethe fdil. vardo@waﬁs&péﬁoﬁﬁ&l %thtfs%géf m\aﬁes of@ﬁ:@?ﬁ&ﬁ@ gRortion is

stress reducegv evi d nced f decr ased refringence evidenced by
uniformty in p%?%?f‘?é PW’B‘T?[ 108, With appartion o ”b&éﬁ%ﬂﬂfﬁé’cﬂfﬁfom t he
m;r e dar kllﬁ s bitrdsstammehlisigr laghHghs dﬁfa}a&cesﬂﬁ&e to the &Mﬁ? ExaRinatdneas in
the treate of stress .The stress
present int %Pulq% Y g"c# fgﬁet%‘g@ai gﬁ?&é@‘ﬁ‘?'éﬁqsﬁﬁ‘é rPé)za'i‘ﬁed ki RFt he di anond
and t he vari abighlights thestmainfieldewithin the non-annealed portion as evidenced
by birefringence. Dark and light areas of various colors are evident. The
annealed portion is stress reduced as evidenced by the decreased
20  birefringence evidenced by uniformity in polarized light. The strain has
. been reduced from the more darkly shaded and strained regions. The
absence of dark areas in the treated CVD diamond is evidence of stress
relief. The stress present in the untreated diamond causes blrefnngence in
the diamond and the variable multicolor pattern.



17 . Cl ai s 1. A process for producing a di anond body havirg

. reduced density and stress gradi ents conprising treating—a—chemcally vapor
.deposi ted di anond body of the type hajzl_}'nng voi ds at sufficj ¢ \tim“\es
and pressures wherein dianond is the er nodynam cal |y ﬁ\mm“m '
carbon to reduce the size of the voids to forma di anoné y of ¥ educed
density and stress gradients. 2. A process for producing a dianond
body according to claim 1l wherein said dianond body of the type having

voi ds conprises a sélariltnisng di anond havi ng voids containing a | ow pressure

gaseous materi al . =aMS3 ™ A process for produci ng a di anond, body according

to claim2 wherein baidpnic prodyciog a dinmeend bedyihaying reduseds conpri ses
a densified di w My%&};/é;agim Ig,g%g{r%Mg &ieggng adhehfiesllyehper al at a

hi gher pressure than sal rting

: 4. A pLoc f
produci ng a di depesitedipmendobery gf the B’IP&ﬂFﬂ‘é“&HQF‘E #%“Ef‘gl‘%g?:trtio:\g di anond

i fS t r?gt ed St &&iﬁérﬁgfr%& ﬁh&ﬂ:ge%jﬁm@_ fﬁ»&{el#. éiga?di&ﬁ%rﬁi B&humb&:ﬁodyminmlltype si ze
of said voids to prqduce sai ensified, di amo . or
produci ng a di %B@c?%ﬁf%ﬂ%?%ﬁ%#h%?%efﬁﬂ%y gids tggf’ﬁ‘ﬁsﬁogr %lq‘?l'gddi anmond
body is treat ebody ofretugededensity andbistresyigradigrds.at ure conditions in the
range of 1000- 2500 _. r d?()‘@@ : ; A
process for produci %ggglgrd’l%é%soﬁ% ‘ﬁ%&&EQ@C%%gR??&c al mazdl\%ﬁet?ecilar%ﬁ‘s}ai d
starting di anowheminsaiddiamend dody ofithe type aving ‘émas SPBPriseR P taEting:
condi tions in §hHenérd Glvitly VoidSRBnBIIRINgCARAN Priésiive igasddis matghal. _
1400-1700_C. 7. A rochs T?arqﬂiprod Cilfaﬁ g dlfﬁrmnd cﬁOdyt afaciorgl ng to
claim5 wherein saio éBFAES}/IAiRS '}gsaéll n }ao RGBS e posi ti on
on a substr at ewhes¢inaagih denhsndibodyr &f redated cdiengith gradignts comiprisessa bon
source by m crgwav RECMD, = ] _ 3 | on

y g?“%ﬁegl\@?wgp%d%maﬁgwgds QS&taﬁhén@?E&seG}{P m&efRrsid

flame CVD, or chnique
higher pressure than said starting diamond.

4. A process for producing a diamond body according to claim 3
wherein said starting diamond is treated at said sufficient temperatures
and pressures to reduce the size of said voids to produce said densified
diamond.

5. A process for producing a diamond body according to claim 4
wherein said starting diamond body is treated at high pressure and high
temperature conditions in the range of 1000-2500_C and pressures from
1GPa up to 20GPa.

6. A process for producing a diamond body according to claim 4
wherein said starting diamond body is treated at high pressure and high
temperature conditions in the range of 5-7Gpa and temperatures in the
range 1400-1700_C. |

7. A process for producing a diamond body according to claim 5
wherein said starting diamond is grown by chemical vapor deposition on

- a substrate from a gaseous mixture containing hydrogen and a carbon
source by microwave CVD, RFCVD, DCjet CVD, hot filament CVD,
~ combustion flame CVD, or other similar techniques.



| 8. 8. A process for producing a dianond body according—to-claim5
. wherein said starti ng di anond conprises substantially tr ent col ums
.of dianmond crystals having a predom nance of but not ex gmm ”u””m
<110>, <100> or <111> orientation. 18 g9 A process fofr «

di anond body according to claim5 wherein said starting di anond has *gr&in
boundari es between adj acent dianond crystals having substantially saturated
dangl i ng carbon borgisA process fof prodiyning asdiaframdpbaodiviecagdingitacaim Shody

according to cl |m5 EI‘EInSJd i se a
gaseous i xt ur‘@ FV\@ W@ ‘ﬂ‘%gg@?’gérgggﬁ&ﬂgamp?%ﬁsﬁ?{)%cess for
producing a d|<mlmndsMdyamondroﬂystglstmwxnglam@dmn@W efbut ”etar t i ng di anond

COMPI 909 | DAL felfl<1104 2R000PLBIYridiR o) amount s | ess than | oo

body according to aArPIDCMPEPM%ﬁngﬁ‘E‘F Q%th?‘gﬁﬁ %Fggéémdfgonggd

having a grai Wvﬁé?e@n QhidCstuAirig ala(ifloﬁd?hﬁs ghain lﬁlmdarﬂﬁ(behweenrad;acent 13. A

process for producin apond in |

starting di amfﬁé ?|.§g‘§ %étgn&aﬁmagﬁﬁtﬁé 5@36%‘& in armunts
| ess than | ess than(lOA procéss fpcprodndlhgardlamond bady a@cqrﬂm&adla;m\ﬁapor
Comprising o TGHF fﬁ?@%é@ e BAH R IOl Lo Bbfted SEROUORANIEIS 1
conpr essed vommnpnmmglhﬁrdl@gangmmonat eri aI 15. A chemical ly
vapor deposi ted di appng r%f%@&s%?ﬁ%ﬁﬁkﬁng% &ﬂaﬁwﬁdtﬁo&;aae&rmﬁgwaﬁm@ sai d

di anond. treated at a te ature®and ssure where,di anp S tlhe
t henodynani cal Wherginspid siagting #&m?%ﬂﬁemﬁ‘ﬁéma %‘f“\/‘&?ﬂkt’ 16. A
chem cal |y vapgdditives sn hatbudits[ass ehdiolbss dtaro4000parttepet miiltichd conpri si ng
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said densifi edwhevelprsaxl;smaetmgdmmahdy:oqumseSdi;pm&dehﬂ‘dﬂsml’éé\ﬂ'ﬁﬁrqfs es
conpressed vol &?lsmls of less than about 200 microns.

13. A process for producing a diamond body according to claim 5
wherein said starting diamond comprises impurities or intentionally
additives in amounts less than less than 100 parts per. million.

14. A chemically vapor deposited diamond body having reduced
density and stress gradients comprising a low pressure chemically vapor
deposited diamond body having compressed voids comprising a gaseous
material.

15. A chemically vapor deposited diamond body according to
claim 14 wherein comprising said diamond treated at a temperature and
pressure where diamond is the themodynamically stable phase for
reducing the size of voids.

16. A chemically vapor deposited diamond body according to
claim 14 comprising densified low pressure chemically vapor deposited
diamond body.

17. A chemically vapor deposxted diamond body according to
claim 16 wherein said densified low pressure chemically vapor deposited

diamond comprises compressed voids.



19. 18. A chem cally vapor deposited di anond body a aim

16 wherein'said densified | ow pressure chemcally vapor d ﬂﬂ mmmiw u

- conprises voi ds containing gaseous C(l%stltuents at high pressure. :
0

A chem cal ly vapor deposited di anond dy according to claim 18 wher e| n
said densified | ow pressure chenically vapor deposited di anond conprises

voi ds contai ni ng € d fd ARMond BodPactdrding ton
pressure. Z%Agﬁee%ﬁgfaﬁ‘ ’VHéBf‘ eﬁésx 0Si tedodl ao d bod ﬁ%ccf:qegl ng to

cl ai m 18 conpirim 1§ whereimsai 'Sssé‘ﬁébem VaHﬂ’

orientation. d,amondzgom/prﬁagvuasl ddnwm% gasgvusiconstitlientoatchighdy accor di ng
to claim 18 havi n% of at |east about 6 cm K 22. A chem cal ly vapor

deposi ted di dNGTiMI5ody according to claim 18 having a thicknesses w thin
the range of 0. 3-119. nNdhemtaﬂyvapordepQ@tedAdm Mymmnaé@osi ted

di anond body ﬁ‘qug"pﬂe‘[e?“gﬁ‘t'ﬂ“ﬁﬁ@ﬂé"&%é&éﬁgﬁﬂé. e e r Sfépdsited about

1.6 ml[err] en "usi ng avi n anebe vveen
about 300 to diapwond n@mrmvmdscon ining, gaseayusconstituents, %‘g'b%

di anond body @é&rsfichtivh pesg{,?é m 18 conprising |ess t han 4000 parts per
Vapor deposi 1 6d i ﬁiﬁic%md X WBPAF AgPRD dmand bedy ke ST 12 oo
parts per nil¢laiif 18fcomprising diantord griding having a «1j0xi<dds or <111>

orientation.

21. A chemically vapor deposited diamond body according to
claim 18 having of at least about 6 W/cm-K.

22. A chemically vapor deposited diamond body according to
claim 18 having a thicknesses within the range of 0.3-10 millimeters.

23. A chemically vapor deposited diamond body according to
claim 18 having an absorbance of less than about 1.6 mil-! when using
light having a wavelength in the range between about 300 to 1400
nanometers.

24. A chemically vapor deposited diamond body according to
claim 18 comprising less than 4000 parts per million of impurities and
additional ingredients. '

25. A chemically vapor deposited diamond body according to
claim 18 comprising less than 100 parts per million of impurities and
additional ingredients.



