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FORM NG CRYSTALLINE GALLI UM NI TRIDE BACKGROUND OF THE | NVENTI ON The
invention relates to methods for forming crystalline gallium nitride. In
particul aRyobipaednvention relates to nmethods for high terg@f,agq“{z%ogr owt h of
crystalline galliumnitride in a supercritical solvent. Crystalline gallium
nitride is useful as a material for applications in 5 electronic devices

i ncluding, but not limted to, light-emitting diodes and | aser di odes.

Currently, galliumnitride ¢edTAELINE SAITIONM NITRIDE whi ch are

produced by known processes, are adequate for sone applications, however

for many other applicati oMETHOD EQRIFQRMINGCRYESTALEINE | i ne size and
gquality are not adequate. Several . urrently used to produce
galliumnitride 10 crystalline su@m%ﬁ'@%r ocesses incl ude

het eroepi taxial growth of galliumnitride on a substrate, such as a

sapphire of silicon carbide. The heter+oepitaxial growh process often

results in defEACRGROUNDIOF THEINVENTIONare not-limted to, high
concentrations of at |east one of dislocations, vacancies, and inpurities.

These defects may have_undesirabl e and detrjnental _effects op, epitaxially
grown gal liumnitride, iﬁ‘a‘ﬁ&‘qﬁ'&? %H'Féré‘bl‘?ed“ﬁl tﬁnm% ogalljum
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Presently, heteystalline gallivmb nitridel in arsupercriticdbsojveatt h processes require

conpl ex and tedious steps to reduce defect concentrations in the gallium
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about 0.01 inches (about 250 mcrons) in thickness. Further, the known

met hods are noCurresdyngalium, aitridec(Gad) crystal crize; aush geawth.awhish (e | produced thyi de
crystal's that gesyl bro'c&sés',”a%eaﬂ&fﬁ&t for Sthd 'apPRichtibhs, However for many other

applications, the gallium nitride crystalline size and quality are not adequate.

Several processes are currently used to produce gallium nitride

10 crystalline substrates. The processes include heteroepitaxial growth of gallium nitride

on a substrate, such as a sapphire ot silicon carbide. The heteroepitaxial growth

process often results in defects, wiich include, but are not limited to, high

concentrations of at least one of dislocations, vacancies, and impurities. These defects

may have undesirable and detrimental effects on epitaxially grown gallium nitride,

15 and may adversely influence operation of *he resultant gallium nitride-based electronic

device. These adverse influences include compromised electronic performance and

operation.  Presently, heteroepitaxial gallium nitride growth processes require
complex and tedious steps to reduce defect concentrations in the gallium nitride.

Known gallium nitride growth processes do not provide large gallium

20 - nitride crystals, for example gallium nitride crystals greater than about 0.8 inches
(about 2 centimeters) in diameter or greater than about 0.01 inches (about 250
microns) in thickness. Further, the known methods are not known to provide for
production of large gallium nitride crystals that result in single-crystal gallium nitride

boules, for example gallium nitride crystals of about 1 inch in diameter and about 0.5



boul es, for exanple galliumnitride crystals of about 1 inch in dianeter
and about 0.5 WD 01/24921 PCT/ US00/ 26704 inches in thickness, which are
suitable for formng wafers. Thus, applications for galliumnitride are
i mt edwbis/dase1si ze constraints. Al so, nobst known gal | POEUSAA6VMe cryst al
production processes do not. provide high-quality galliumnitride crystals
t hat possess | ow concentrations of 5 inpurities and dislocations with :
adequate size and growh rates for electronic device applications. Further,

the known gal [iumnitride cryvstal . |.QF S re no believed to
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noder at e- coghllig@lnfitriderard lintiied due toystdeongpraimBict i on. Therefore, applications
for gallium nitride are further limted due to quality and

cost-of -production facfors. 10 Small. galliumnjtride crystals, such as
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ni trogen-vacancy defects, whi, advers [ nces.cert ai.n i um
nitride crydRoSeratERosy &?lni‘!ﬂ‘lgl.m%o‘ifﬁ‘?‘lcﬂﬁ%ﬁfé‘,’“‘tﬂ@%ﬁ’oﬁ@é‘gm"&ﬁﬁ%ﬂ’% be
limted to %Etﬂ#’&k%tﬁrﬁiﬂﬁéd@ﬁ@t@ﬂhdl' paAdobt-dfoducliod faktoss. ze of about 15
mllimeters to about 20 mmin dianeter and only about 0.2 mmin

t hickness. 20 This galliumnitrid roducti on process .nay,al so ffer from
smal | 8@l i um nitrigesméuﬁlg'ﬁpntff'gﬁ\;'ﬁﬂ yeh a4 W@P@ﬁ?ﬂl“&x‘ﬂ?soai‘ﬁ%l%&?es of .
abou' 0.1 dongﬁh{)jggéﬁn@égédggﬂﬁauﬁﬁﬂ@) neRd] afpresiites id Hranpe f or m of

crystalline pna?e ets an h a size | ess than about 0.4

mllineters ffomhbouba0eo bbmn 20dienend at tempesarestip @aangenofosbont (200G ton
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crystal s to yaeadeqimt, i tepi® @8 @ifocatfuns density) o st galliumaiigide applications.
15 The gallium nitride crystalline quality formed by this process, however, exhibits a
high concentration of undesirable nitrogen-vacancy defects, which adversely
influences certain gallium nitride crystal applic~tions. Additionally, this process
appears to be limited to producing a maximum gal':um nitride crystal size of about 15
millimeters (mm) to about 20 mm in diameter and only about 0.2 mm in thickness.
20 This gallium nitride production process may also suffer from small gallium nitride
crystal growth rates, for example growth rates of abou* 0.1 mm/hr.

Small g-allium nitride crystals, for example in the form of crystalline
platelets and/or needles with a size less than about G.4 millimeters (mm), have been
grown in supercritical ammonia (NH3) in pressure vessels. These supercritical

25 ammonia growth processes exhibit slow growth rates, and thus do not enabie boules
or large gallium nitride crystals to be readily produced. Also, the pressure vessels
limit these gallium nitride growth processes. The pressure vessels limit the
supercritical ammonia growth process to a pressure less than about 5 kbar, and thus

limit the supercritical ammonia growth process temperature and reaction rae.
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limt these galliumnitride growth processes. The pressure vessels limt
the supercritical amonia growh process to a pressure |ess than about 5
kbar, and _thus linmit the supercritical ammonia growth process tenperature
and react VSN2 2 . .. '|;PY&FI S60YFC. I Ni | MPi Me4TA _Mwswvgﬁ/ 24921
PCT/ USOQ' 26704 Gal liumnitride growth on an existing substrate has been
proposed by a chem cal vapor deposition (CVD) process. The CVD process may
use reactions, such as, but not limted to, GaCl+NH3 or Ga(CH3) 3+NH3.
These CVD processes ar ' | Lgi of: limted
GaliRGh hﬁﬁ@@gr&ﬁttp&: %ﬁd%ﬁlg.swsttgiee Ha§ %g%n al?‘gg%ﬁ% by a

capability for growing |large, thick 5 ga Ptri cry

substrates; pehemicphvapondeposition EVDY perceds. Jhe OV priwessimmypne reaclishs) digh use of
an existing substrate, such ire i Licon_carbide, that may
result in an”ﬂ??&gg?lr B‘B‘f‘&g |‘%rta¢?@§%s 9@‘%3%@@%?@‘&%#\?& RFRFe§sas| areim
nitride crystbdliegdiotte liiddby atTleast onEYR IhREEEpabilifyi fof gfeWink %gﬁ,t:ﬁ&c%gh

e.

costs of galliumnitride gromh, —which, of course, 'is undesira
Further, Sgal | 83iiym Pi‘PﬂW%?‘éM%WWB#F%PR@%@F%é%@;%?fys%kmlahé' dueampamg of

gal I ium and N@,Nﬁ , I.G=1r r | ux _qr.owt h,
and netathesis :ngtgg? %ﬁéltﬁggpgﬁﬁ%%ﬁﬁg\@/ﬁﬁ@%@%&r@cﬁggﬁ&, &1‘415%%[%? posed
growt h  pr ocesansungdesirable latticeentistmatchpandosibseguer holv galtiumaiitride lcn@iae groweh
produce hi gh- gual i% fect f ree q%‘l I%lején n'IBi de iO? cr_zsta_l line form 15
Therefore, a §X5 i WWRehTY P RRCSSH Jilyitsmay, Isad fp bﬁg &¥s of galtivm pifidecgrowtha| | i um
nitride cryst ahithQf chirgd) isihdeditaplel S needed. Further, a galliumnitride
crystal growh process that can produce large galliumnitride crystals i-
needed. SUMVARY OF THE _] NVENTI.ON A .gal li u itride growh process forms
crystal e gal I i um ni t‘J!“F’B%’: gal{fym Q’gﬁﬁﬂﬂﬁg@%ﬂﬁbﬁ BUReesgase such s geasting
provi ding a SeupARuAdhliNER,t teldvilRd ﬂ?és@ﬂzb@!'diﬁo?’l‘ibﬂ& ﬂﬁu@ﬁhx%?@%gm

rce ga rite,

sol vent; providing a capsule; disposing the so I um
m neral i zer amgtathesiy geactipps (Galitdguhave besnl proposede .Theseupmpostidsgrositing t he

processes are believed to be costly, and are not believed to produce high-quality,

defect free gallium nitride in crystalline form.

15 Therefore, a gallium nitride crystal growth process that produces
gallium nitride crystals of high quality is needed. Further, a gallium nitride crystal
growth process that can produce large gallium nitride crystals i~ needed.

SUMMARY OF THE INVENTION

A gallium nitride growth process forms crystailine gallium nitride. The
20 process comprises the steps of providing a source gallium nitride; providing
mineralizer; providing solvent; providing a capsule; disposing the source gailium
nitride, mineralizer and solvent in the capsule; sealing the capsule; disposing the
capsule in a pressure cell; and subjecting the pressure cell to high pressure and high
temperature (HPHT) conditions for a length of time sufficient to dissolve the source

25 gallium nitride and re-precipitate it into at least one gallium nitride crystal.

Another gallium nitride growth process for forming crystailine gallium
comprises providing of providing a source gallium nitride; providing mineralizer;

providing solvent; providing a capsule; disposing the source gallium nitride,
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capsule in a pressure cell; and subjecting the pressure cell to high
pressure and high tenperature (HPHT) conditions for a |length of tine
sufficient to dissolve the source 25 galliumnitride and re-precipitate it
into at weasdmine galliumnitride crystal. Another gal IRGHVSM2470¢e growt h
process for formng crystalline gallium conprises providing of providing a
source galliumnitride; providing mneralizes; providing solvent;

provi ding a capsul e; disposing the source gal I lumnitride. 3 WO 01/ 24921
PC / U500/ 26 7fiherallhdahd bdI¥&k iike calsshleesaanhgtﬂef&pmmbeméeﬁlchﬁmé %
capsul e; disposing the capsule in a presSure cell; and Subjecting the
pressur e celpressereteelihandrsubi um tamrqastghcqlbmp@shwmswre andPhigh temoprratuteons f or

"e- pr aci pi 1 AHEATD ORpORT R o, nBlnn O e ARIEHS il i’ urkl BRNER 71

hi gh 5 pressyifride ang r@p@hpk&&ﬁtﬁh&taﬂﬂ&s( bﬂ-@hmymtﬁm criysthl; QUoling théGighr essur e
in the high pressure and hig F@erat ure ‘)‘F [gem)w ng the gallium
nitrideScr ysnrassgrefanénhlsméemmwed ﬂdrsé“"tﬁ'ﬁd rq.he& 8tBePEISENTE R the pigh)

system and ek drbi8\HPHTY: demovifd i Buffiul hiftide CARiLs FRAPuRT WAt er
and m neral é@s%@ﬂe %\L{é rd gal( um) ni t(r’l 0% g?owtuh 6rocess fo torm ng
crystalline hlglﬁ)pgsdul'e and) high temmumﬂﬂ’ﬂ'ﬁ)ssypﬂemmm wgshing: the allivm nitride
conprises two nd u a seed galliumnitride crystal
in one end u‘fﬂ’st‘ ’I“a?fféseico&f)gﬂ\v%@tﬁdg%gsrlgﬁdgﬂgsour ce galliumnitride with

m neralizer and solvent in the other end unit of a capsule; disposing

sol vent in each of thea deienl galliuml mmdesgrowdalplrwgsst lier dira'pmlg erysalliposi ng

the capsule in a pressure cell;, .and su t|n the ressu I L Lo hi gh
pressur@® andsatiygno @Hp&ﬁ%&ﬂ?‘@%ﬁmﬂ%ﬁaﬁ ﬁﬁ eﬂﬁ &% re and

hi gh t enper agjsoRing P galiifii RitfideOéryStall angHelendl udit afemwéafpsae :ediposingdi ssol ve
the source galliumnitri de and re- precipitate it into at |east one gallium

nitride cr yssoarce galligm nitride l‘j‘f‘thE!“e’QB?q" andsalyant jnjtbe gihstend Wb%fés"épﬁ%"r' form ng
rystal li ne sing itk jh S8 AR ¢ (8ie Bh hiel B Uekapiuld dfipeliaethe0al |1 um

as the source mat er i providing a capsul e that conpri'ses two
opposed end capsuls jn alpressuss cejl; aml;mbabctmg the pressure cell to high pressure and high

15 temperature (HPHT) conditions in a high pressure and high temperature (HPHT)

system for a length of time sufficient to dissolve the source gallium nitride and re-

precipitate it into at least one gallium nitride crystal.

A still further gallium nitride growth process for forming rystalline

gallium nitride comprises providing solid or liquefied gallium as the source gailium

20 material; providing a capsule that comprises two opposed end units; disposing a seed
gallium nitride crystal in one end unit of the capsule; disposing the source gallium

. with mineralizer and solvent in the other end unit of the capsule; disposing solvent in

each of the capsule end units; sealing the capsule; disposing the capsule in a pressure

cell; subjecting the pressure cell to high pressure and high temperature (HPHT)

25 conditions for a length of time sufficient to react the source gallium with the nitrogen-
containing solvent under the HPHT growth conditions to form gallium nitride; and
subjecting the capsule to high pressure and high temperature (HPHT) conditions for a

length of time sufficient to dissolve the formed gallium nitride and re-precipitate it

into at least one gallium nitride crystal.
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galliumnitride crystal in one end unit of the capsule; disposing the
source gallium with mneralizer and solvent in the other end unit of the
capsul e; di sposing solvent in each of the capsule end units; sealing the
capsul e; woop#eng the capsule in a pressure cell; subj BET/USH/A6AY pressure
cell to high pressure and high tenperature (HPHT) 25 conditions for a
l-ength of tinme sufficient to react the source galliumw th the nitrogen-
cont ai ni ng sol vent under the HPHT growm h conditions to formagallium
nitride; and subjecti I‘lg:eﬁmmapﬂsd providedfoy lyalhinesmittide cAptisfoghed Bygehat ur e
(HPHT) conditions f?: | ength _of tine sufficient to dissolve the forned
gal |'i um ni t r i ofcabaygst Féb‘HFé’GF‘iﬁ dPrOcEsses. i nto at | east one galliumnitride
crystal. 4 WO 01/24921 PCT/USOQJ26704 The invention also provides for
galliumnitride crystalfhelOnfi®@coes apetts, alvaabue ah@esaﬁbxﬁV?e'aﬂﬁésCHQﬁQ

processes. These and other aspects advant ages and salient features of the
i nvent i on wi | invggmrmllé:pm@mawenb&vmnhe following degpiled descriptiory avhichi, ptemn,

bar 19 ar & dos PEGCEPrefaieh e Bholld Gabife NORGH T SRA ARG By, 0

di scl ose enbomce'mefmna‘ chdm:ters nireoglionn .thBfdrdeFin G- Siiieldse | schbddimaritE dPRAYY NGS
Figure 1 is a flowhart illustrating a galliumnitride growth process, as
10 enbodi ed b{PVEMEOM nvention: Figure 2 is a flowhart illustrating another
galliumnitride growth process, as enbodied by the invention; Figure 3 is

a flowchart i BRESE DESCRIPAHONOETHEIDRAWINGS ri de growt h process, as

enbodi ed by the inventi on' t 5 Figure 4 is a flowhart illustrating another
galliumnitride growth GESS, ase odi ed by t.he inyention; Figure 5 is
a part-sectional schem‘ﬁ‘ il 15 a fopghar, “5‘?“"33 Ejh §EOWth process, as

10 embodied by the invention;

Figure 2 is a flowchart illustrating another gallium nitride growth
process, as embodied by the invention;

Figure 3 is a flowchart illustrating another gallium nitride growth

process, as embodied by the invention;

15 Figure 4 is a flowchart illustrating another gallium nitride growth

process, as embodied by the invention;

Figure 5 is a part-sectional schematic illustration of a high pressure
high temperature pressure cell for gallium nitride growth processes, as embodied by

the invention;

20 Figure 6 is a scanning electron micrograph of untreated, source gallium
nitride powder; and

Figure 7 is a scanning electron micrograph of treated gallium nitride
having hexagonal features, which are characteristic of a hexagonal (wurtzite)
crystalline lattice structure, which has been grown under a gailium nitride growth

25 process, as embodied by the invention.



hi gh tenperature pressure cell for galliumnitride growth processes, as
enbodied by the invention; 20 Figure 6 is a scanning el ectron m crograph
of untreated, source gallium nitride powder, and'Figure 7 is a scanning
el ect r orwodu82)r aph of treated galliumnitride having BEEMYHIM  eat ures,
whi ch are characteristic of a hexagonal (wurtzite) «crystalline lattice
structure, which has been grown under a galliumnitride growh 25 process,
as enbodi ed by the invention. 5 WD 01124921 PCT/ US00/ 26704 DESCRI PTI ON OF
THE | NVENTI (PESGREETHON OFEHEINVENHONt ri de (GaN) grown by gal liumnitride

grom h processes includes the steps of crystallization (precipitation) of

source or starter gaj 'skﬂiﬁiéhf[%jlﬂﬁl mﬁ&et@mi‘ gfq,w'{,wéﬁg;mqﬂ“d' Wit 11 de)
into crystalline galliumnitride. 5 The galliumnitrrde growth process, as
enbodi ed by grbeesses\inciudesrthe isteps ofi ckrystallization (pregipitgtiong \oft sodjceporestamere and

hi gh (el evate t el rature.(as described Law). in .supercriti.cal fluid
sol vent, su Q‘é“ 5‘%%@8‘65@%’0%%% '%I'\B‘gﬁ?%, 'L?o‘f’ysgﬂg'?ﬁogﬂgﬁ'g? nlltgg"st one
of ammogi a, ThedgMint Qitri@d grAWHP pReisCasSehbeiiéd by Uehinvention] isnohdlodd dred t o,

met hyl am ne or ‘et hyl enedi ami ne, The termsupercritical fluid neans a dense

gas that 10 high (rievated) Reessusm @R high Jeleyated) amperaise(as descaibed ReloN) g ag
tenperature B%ﬁﬁéé’f‘hﬁiﬁ sbl¥€nt, 4R a's‘amsgehsoﬁthiﬂmgfsbﬁém?yorrescﬁﬁﬁxe afleast
ur ds l'y les diff

Supercritica are genera vi scous —and use nore readily
t han | i qui dsonehefremmoniap bydrazing ori an logganicosoleant,vsuch s butynasf limjtedyea,ds. A

ni trogen-contajni ng organi ¢ sol.vent, t ' . SOl 4 t 100 ture,

such as nel dﬁ?‘h‘gmﬂﬁf' gﬁigﬁn Wflﬁehée gﬁf%@%p%ﬂ%ﬁeﬁsc%@"g%%{% under
reacti og 15 is hSiraihed ABORE its EHGcal Gniperaa®) Wiicls isys tetiperatudel abive| which thet r i de
and well-crystallized galliumnitride defi _He ree of cr%/stal linity in
the source wSmelPﬂlﬂ“FE@bﬂstsw@xéHﬁ?’%‘,m‘ﬁgﬁ?‘ ?g"&ﬁ%‘?é‘yllf’ &eregus and ym

3! tride lac kaff{‘%%afv fealthy? alaACRuids2Wwkver poR@ke @l Smilde Soibativer sty Xofr ay
i ffracti on peaks and an absence of detectabl e higher
liquids. A nitrogen-containing organic solvent that is a solid at room temperature,
such as melamine, may also provide a suitable supercritical solvent under reaction
15 constitutions. The terms poorly crystallized gallium nitride and well-crystallized
gallium nitride define degree of crystailinity in the source gallium nitride. For
example, poorly crystallized gallium nitride lacks recognizable facets and is
characterized by broad x-ray diffraction peaks and an absence of detectable higher
order diffraction peaks with d-spacings in a range from about 1.0 Angstroms to about

20 1.6 Angstroms.

The gallium nitride growth process, as embodied by the invention,
produces a high-quality gallium nitride, which is essentially defect-free gallium nitride
so the gallium nitride defects do not adversely influence its use in various
applications. The gallium nitride growth process, as embodied by the invention, will

25 now be discussed with reference to Figs. 1-4 that are flowcharts of gallium nitride
growth processes and steps, within the scope of the invention. The illustrated gallium
nitride growth processes and steps are merely exemplary and are not intended to limit

the invention.

A gallium nitride growth process, as illustrated in Fig. 1, comprises




order diffraction peaks wth d-spacings in a range from about 1.0 Angstrons
to about 20 1.6 Angstrons. The galliumnitride growth process, as enbodi ed
by the invention, produces a high-quality galliumnitride, which is
essenti alwgonmbact -free galliumnitride so the gallium PET/PPWR6Mf ect s do
not adversely influence its use in various applications. The gallium
nitride gromh process, as enbodied by the invention, wll 25 now be

di scussed with reference to Figs. 1-4 that are flowharts of gallium
nitride gropkoRidiigos segesgalidn aitﬁaes,sommhﬁu mligeralizendn cieptS1e Thevsoakdeon. The
il lustrated gal lium_ nitride g wge rocesses and ste‘gs are nerely

exenpl ary an@&allym nifgide WF@W&% 4t deast operof popdyrrsiaHize aalhwngmdﬁuwhl tride
growt h proce I [ r 4

PCT/ USOQ 267 5{5“‘%‘?%‘%. c?Hﬁ%'{ Hiffle, E%‘Eg’%?sl Al d’ﬁﬁé £} fysthbing "gtium

m neral i zer, nitrides ampcditinatibhethersof. CEhe sguick |galdmm mmddmayﬂvy pammndl ‘apisit | east

f I | | LI itrid al | d ||
i1 de.® ool H e AR v dbe K R TiOE R 7 oot P, and
conbi nat i ons «gifyepqép silne source galliumnitride may be provided "as-is" 5

inits raw form. Alternatlvely, t he source galllumnltrlde can be
conpacted into a "pill" in step S 1. 1. The source galliumnitride may then

be conbined with at | chaesoyrrs sgilium wimride; may then be combined githat feastone ity 5
m xture in Skmamlgér%d SHlvént t&ﬁhhqr}aixmr@nﬂstwsz Qéb Isrzqabﬂwnm dfd mol vent,

and mneralizer can provided i ndividually t he capsule as 10 separate
and di sti nct galliummitsidacsgivent: and mineralizer sawpe mdemdmxdmuno thetsapshlessn

COfT'prI S gal Lum nit L S e r zer
can be” Sa0ci ortreg abd i ffofr-PntiS°lnaifis o e sE3' TS, FRAR IR OC g
of the m xt uicompfise gﬂﬁmﬁﬁuﬂe@dmtledse onoruiuhé edlvm dndemiyetdlizercan tb’el de

growth process, as enbodi ed he in tion. 5 The sour‘c alliuy
nitride, sol mﬂ?naﬂmemm%lm In %ﬁé¥ wggeré e compacting ot the ixture in

step S3 need not be conducted in the gallium nitride growth process, as embodied by

the invention.

15 The source gallium nitride, solvent, and mineralizer, whe;her as a
mixture that is compacted or nét compacted, are then placed inside a capsule in step
S4. Optionally, additional mineralizer can be added to the capsule in step $4.1. The
capsule, which will be described hereinafter, can then be filled with a nitrogen-
containing solvent, for example at least one of ammonia or hydrazine, or an organic
20 solvent, including, but not limited to, methylamine, melamine, or ethylenediamine, in
step S5. The capsule is then sealed in step S6, disposed in a pressure cell, and
subjected to high pressure and high temperature (HPHT) conditions in an appropriate
HPHT system, in step S7. The HPHT conditions are maintained for a length of time
sufficient to dissolve the source gallium nitride and re-precipitate it onto at least one
25 gallium nitride crystal, gallium nitride boule, or gallium nitride crystal seed.
Maintaining HPHT conditions yields large single gallium nitride crystals, for exampie
single gallium nitride crystals having a diameter and thickness in a range from about
0.02 inch (about 0.05cm) to about 12 inches (about 30 cm), for example a size in a
range from about 2 inches to about 6 inches. The pressure during step S7, as

30 embodied by the invention, is in a range from greater than about 5 kbar to about 80
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m xture that is conpacted or not conpacted, are then placed inside a
capsule in step S4. Optionally, additional mneralizer can be added to the
capsule in step S4. 1. The capsule, which will beée desqﬁl ol i nafter,
can t herW@8UM92 ed with a nitrogen- containing solvent, | e at

| east one of ammoni a or hydrazine, or an organic 20 solvent, I ncl udi ng, but
not limted to, methylam ne, nelanmne, or ethylenediamne, in step S5. The
capsule is then sealed in step S6, dlsposed in a, pressure cell, and

subj ect ed .t kbar gmwmraéurarﬁw*ﬁpgﬁ? qf Shrosalim pindeqrystal EESHRProcess és inn an
appropriate JEFEEeﬁVe%B% 590%(?%&7: HPHT conditions are nuintained
|

for alengtho |C|en ssolve the source galliumnitride and
re-precipitate it onto at | east one 25 galliumnitride crystal, gallium

nitride boule, or gal rI'hurHHHT sym as gmnaillowedaab cotWBi'nrﬂ;en 88 ragd m—ﬂﬁgh
conditions yields |arge al n|tr tals, for

single gal | iRIFSSHELS i g ‘E£ 8 bﬁﬁ?‘ﬁ‘“ﬂf’ ti'lﬁare[ Wﬁ%z a range
from abgut QpRE syd?é‘rh aﬁ@bﬁ&diur@célﬁﬁf@teﬂ mmtre:uéxai@w by béing m&utmmtern) for

exanple a size in ranq_e from about 2 inches tq about,K 6 nches The

pressure duraﬂﬁgmmfélpﬁ‘:@ B% W@ﬁﬁ@&f‘é’&’%@“gl‘m gaflipannitrids crlfsﬁalﬁ igclyds. ange
from greaterb&Fﬂ ?ﬂﬂ# hfogic%glm 8Qnd fi (4841 PCTI USCO 26704
enperat ure’ f’or

kbar, and th step S7o the galliumnitride crystal growth
process is in a range between about 550C to about 3000C. The HPHT system
is then allowed to codheiminssaligerssas embpdicdbyrihe invepsians somprisest feastianped i n

and pr ossur cotcupl i akplle SRy ficipe sEude 3 LETRHE or LuRTMely ant Cpley 2V ST B

m ner al1paci dgniddsheudh aserbat neiclinited oo, lvaHaJ NgNHhear@aKNl—hrrunatmdddaedyst al s

include, but are pot limted,to dr.ochl ric acid.
(HNOB) . The SPMPSRBAS; smmonium,s aé‘ﬁ'b%‘ﬁl?éﬁ ‘ﬂ QB@E&? g\gjg“t | east
one of al ka&u!ﬁ&n&mh&ahls% Sidh!d3, Bittniot ﬁmed wmca.s.xf& ahe ANOPMhimh Li 3N,

My3N2, and Ca3Na am des, such as, but _not limited to, LiNH2, NaNH2,
and KNH2; ur@& Sahﬁi m@?%@@‘@éﬁ%ﬁﬁfﬂ s“emm‘%ﬁ'ﬁ ay P%ng‘d%asé@ id§QFtas ot

limted to Mdﬁﬁe@&gso%g fluid&lshélfas solvents.

15 The filling and sealing steps, steps S5 and S6 respectively, will now be
described. The capsule is filled with a nitrogen-containing solvent, for example at
least one of ammonia or hydrazine or an organic solvent, including, but not limited to,
methylamine, melamine, or ethylenediamine, without admitting air or water, which
are undesirable in the gallium nitride formation process. To fill the capsule in step S5,

20 without admitting air or water, the capsule is filled and connected to a negative
pressure source, such as a vacuum manifold, and evacuated. The capsule is then
chilled to a temperat{ue below room temperature (about 72 °F) and vapor-phase
solvent can be admitted to the manifold. The vapor-phase solvent then condenses in
the capsule. For example, if the nitrogen-containing solvent comprises ammonia, the

25 condensation can be performed at dry ice or liquid-nitrogen temperatures.

The capsule can then be isolated so as to seal the capsule in step S6 by
closing a valve to the negative pressure source. The capsule can then be separated
from at least one of the manifold or the valve by a pinching-off step using a cold-
welding apparatus, which is well known in the art. The pinching-off step is

8
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sulfide, and nitrate salts, such as, but not limted to, NaCl, * Li2S, and
KNG3; lithium (Li) salts; and conbinations thereof. The mneralizers may
be provided as solids or as additives dissolved in fluids, such as

sol vents. WBOIR492f i | | i ng and seal i ng steps, steps S5 and BET/USGIR6IY; ve| y,

wi Il now be described. The capsule is filled with a nitrogen-containing
solvent, for exanple at |east one of ammonia or hydrazine or an organic
solvent, including, but not limted to, methylam: ne, nelamne, or

et hyl enedi ani particulpniy effectiyel if the aapsulerisctopper eThe \iptegtity of the ssalemay disl e i n

the gallium nﬁl#ngﬁgiy%kpgﬁw% 'eFv;p&?ﬁg'ss' To fill the capsule in step S5, 20

W t hout admt g al capsule is filled and connected to a
negative pressure source, such as a vacuum nani fold, and evacuated. The
capsul e is then chil | €thet capaule candepmésuree célk lcompriseo any appropadte rfern abmut 72

F) and vapor-phase solvent, can be admtted t.g th jfold. The .
v;por-phage S(%F%hfhetﬂ?h‘r‘f“bﬂ‘t‘fb‘gnggg’“f Rrocesido 4 [?Pg.t ‘F&g Fresigrang pighy o
ni trogen-g£ont nieRiures la¥ BRbodiQdTHY theafivefisRNTRe HPHT sydemGARdDPRA thoRighan be

performed at dry ice or liquid-nitrogen tenperatures. The capsule can then
be isol ated s@ressuresoandchigh tomperagiyes Fan comBrise# Messhevice| whichan indludeeatt o t he

negative pressure I.C p ther : I, | east
one of the. manPCyR s e ok S8Rk Sl il 5 oG IRERE Bt oty
wel di ng appar akeugresswlevicé conprises bnd ofbapision-cylimdea ptess; Ehiselypressha regrahédralst ep i s
8 WD 01/24921 PCT/ USOQ 29{1ﬂ4 particul arIX effective if tt&e calg)sul eis

copper. The i fEbGr PESFIE 'é""é':%ﬂ’ssrrﬁ?cﬁge -BRVLPRESS 2R @ LoR9d:es PIESS. €AY di ng.

The. capsyll € PpdhRhAFEHKNoNnEStHosCSIRIll mehedy, appropriate formthat permt
the galliumnitride growh process to withstand the high pressures and high

5.tenperatures, as enbodied by the ipvention. The HPHT system that applies
the high pressures and ﬁiffjﬁhﬁreﬂ?b%f‘m‘ ¢ EBWH?P@&‘%%%@"&F@V‘%@{" whi ch

can i ncl ude atinyenGas wilf BE disbussedivith REPEcPI L. 2. FRCafSRTE gf‘ovi&a‘i'n §iBp §21.Way
limting of the invention, the press devicé conprises one of a
pi st on- cyl i ndékhesapsuls; comprisgsttworappesed gnd unitsathatoare separated by a baffle with one
or more apertures. A gallium nitride crystal seed is provided in step S22, and
15 disposed in one end unit of the capsule in step S23. Source gallium nitride is provided
together with mineralizer and solvent in step S24, and is disposed in the other end unit
of a capsule in step S25. Solvent, as embodied by the invention, is disposed in each of
the capsule end units in step S26. The gallium nitride growth process then continues

with step S6, as illustrated in Fig. 1.

20 The gallium nitride seed may comprise a gallium nitride crystal.
Alternatively, the gallium nitride seed may comprise a gallium nitride crystal that
includes a thin film of a suitable protective material, such as platinum, on the gallium
nitride seed. The thin protective film prevents dissolution of the gallium nitride seed
prior to gallium nitride crystal growth under the elevated pressure and elevated

25 temperatures, as embodied by the invention. The gallium nitride, which is used in the
gallium nitride growth process of Fig. 1, may also comprise gallium nitride crystals as
the starting gallium nitride in step S1.

Another gallium nitride growth process, as embodied by the invention,

comprises spontaneous gallium nitride crystal nucleation from source gallium nitride,

9



cubic-, or octahedral -anvil press; a recessed-anvil press; and a
toriod-type press, each 10 of which are known to those of skill in the
art. A further galliumnitride crystal gromh process, as enbodied by the’
i nvent i OWQ 01921 be di scussed with respect to Fig. 2. AFCIPRINE™ME by ovi ded
in step S21. The capsule conprlses two opposed end units that are
separated by a baffle with one nore apertures. A galliumnitride
crystal seed is provided in step §$ and 15 di sposed.in one end unit of

the capsul esydh %tgéﬂ‘“gzﬁlm depomder. g hjus |SB?H“m°?‘|‘§ %Pé'“}'% nifride Frysigl nyclegtiemer wit h
m neral i zer %t gilﬂvggtrﬁﬂlé%cleﬁﬁﬁ%o Whith Rﬁé‘rdgdlﬁhrﬁ il *efy&:afﬂ“d uni t

of a capsulg | vent, as e by the 1 nvention,
di sposed i ngmllnmii occuheThneqmtcleegamm nitride poivdersis provisied at Ih‘hotg:aﬂ Iunm’rn nitride

growt h proce then cOo th, ste 6, as ill 1. 20
The"gal |1 umph e areran Sl T ts i ot BAICSE 5P prefies o1k gt B oiSpopdh ' e

Al ternag i Vehyar shiée mahd Hpmrrsyizémdm Sﬁeﬂedrptésﬁ%ﬁﬁdi ERvatedimpetublrey, be i de
crystal that includes a thin filmof a suitable protective material, such

as pl at i nunembediedhby @mmweatmm- met temperaweediffereptial petween, theicold angdchot endy,

prevents diss Qf pﬁ:ggl g nitride
crystal gro ﬁsﬁlﬁ}i&?;} 153219&%:{ e%:l egggli}{r%%g?] @It%\%g%‘gc?oggztm%ﬂg% ures, as
enbodi ed by séudpee igaligmt hitide iibedgaisl dissoivedt zridde,cry&tall[zhdl undes ehk [HPHThe

galliumnitride gromh process of Fi ocorrprlse galliumnitride

crystal's as °°'!q¥é°“§fk&'ﬁf?rqﬁ“ﬂgs&PP‘Pﬁ?ﬂ“ﬁgﬁp?'B@“H&é/%’i’ﬁé Anot her gal | i um

nitride gromh process, as enbodied by the inventi on conpri ses
spont aggous gal | i um niRe galRinthivtideqirovwnt Pradassi m:ﬁmtadsuyuncmgaiohj may nitride,
9 WO 01124921 PCT/ US00/ 26704 such as gal | i um tri g@ gnv\dfgt& Thi s

15 %

%

spont aneous algaluse srlidar tiapefiedgallmy as g W&%\P}a&'ﬁ ESSURI | i um .
nitride nuclgy W&uﬁ Glfutn tehdiewitd e dlﬁ'é"ﬂeﬁ«lcbﬁt g%%ﬁ@ﬁndeﬂih@‘ﬁﬁm N
occur. The source ga |um nitride powder 1s provi at a "hot end unit"

of the pres :grnveh aehditionsh ias lemibodied dyetbel inventionyf tot foempgallbum mitride| | Thisat. i s
) Sposed 10 hbRaveBfllung QG o RockletThs BRLAEY 1! e iNEALSE ST S and

el evated-te
15 described with reference to Fig. 3. In Fig. 3, step S31 comprises of providing gallium

p-

at a hot unit of a pressure cell. Next, in step $32, the gallium reacts with ammonia
(NHs) to form gallium nitride (GaN). The process, as embodied by Fig. 3, then
pr« =eeds to the HPHT conditions as in step S7.

Another alternate gallium nitride growth process, as embodied by the

20 invention, comprises creating a temperature differential within the pressure cell, in
which .this process uses a two-zone capsule. The temperature differential may be
created by providing a_greater degree of heat to one end unit of the capsule compared

to the other end unit of the capsule in step S7. This alternate gallium nitride growth
process is depicted in the flowchart of Fig. 4. The steps illustrated in Fig. 4 are

25 similar to those in Fig. 1, and the differences between these processes will be
explained hereinafter. In the growth process of Fig. 4, the heat source is differentially

applied with respect to the pressure cell, as in step S7.1 during the application of the

HPHT conditions. This application changes the temperatures applied to the pressure

cell and creates differential temperatures therein. End units of the pressure cell can be

30 held at one temperature, for example ambient temperature, while a central portion of

10



enbodi ed by the invention, the tenperature differential between the cold
and hot end wunits of ,the pressure cell is in a range from about 5C to
about 300C. Thus, the source galliumnitride powder is dissolved and
recryst al woasessender the HPHT conditions thus form ng sBERUSMARSIE gal | i um
nitride crystals. 10 The galliumnitride growh process, as enbodi ed by the
iI'-nvention, may also use solid or liquefied gallium as a source material,
in a hot end of the pressure cell. The source galliumreacts with the

ni t r ogen- contthe prasepre 6ellcip teated) & an geprepriate eMpeEE | @pefationsofaheodi ed
by the invent] : | L, ek S €5 ' t i

nitride gr owt%aﬂgxrn(l)hlesie?érg%&?##gg%%%%‘%‘gﬁgh?%%% t?gﬁ?{)@m&f Fﬁé@l‘ escri bed
wi t h ref er encihatt woltidgdefihe dempérampre diffes¢nsjalsS&ithinother pressareotcelhr providie nfpr
gallium at a hat uam.t of 3 g_reaisure cell. Next, in step S32, the gallium
reacts with aYARHRE ERLYRDEINCG FOFMEHHSal | i um nitride (GaN). The process, as
enbodied by Fig. 3. then pn seeds to the HPHT conditions as in step S7.
Anot her gl ternate gal | iThdifférentide hestiapidiring GRCEPHT 2Bnditibi ias embydiéd sy 20

i nvention, conprises creating a tenperature differential within the
pressure cell Eheilnve%i‘vcl‘i?lﬂ-‘ﬁ?vg’%r%é% limited tg, $toRs. 9f EYmMEMBYIG placemeat of

t enper at ure djfif abeial : : el . e of
heat to one e %ﬂ%ﬁ{&ho s? e é‘ggé"u?{é?‘?g‘frgﬂ%ﬁm‘% ltg ﬁ%gﬁw&faﬁ%ﬁ%ﬁﬂ%ﬁ? B%f t he
capsul e i n st pressS cellhusingdn axiliarcheaser to heat thietsoixée galliomt ditride i thehighies

depicted in the flowhart .of _Eig. 4. Thea. s illustrated in Fig. 4 are 25
si Irc1)1I | ar tl) t hﬁgi?efaﬂm’r—'f’b‘; “T?ogﬁ%g‘%’ﬁséurﬁﬁgﬁéﬁ(ﬁ@%%é Bé’?@ﬂ‘ nsof"f:félstgatpﬁlﬁg?@@%es
wi Il be 1expl aifferdriflciea stahé galliurh mitkide squrosved miio 6L the préssire Tell4 AnoliRr heat

source is differentially applied with respect to the pressure cell, as in
step S7.1 dur fiffgrential heatng duming the HPHT gendi tepFOmPFises PEoviding shegallivm ot  on
changes the ! GHRE SukeCend il b the! fledslie BIICHRH 2Cthifit hedillelEmER! 85 his
differential tenperatures therein.” End units of the pressure cell can be 30
hel d at one t pertion of the pressune celbdeats up ita cbitents moemrsadilytta createthe temperatuet r al
portion of 1giq\g\o %4 24921 PCT/ USO0/ 26704 the pressure cell, is heated to
an appropri at enperature. Operation of the

15 An exemplary pressure cell 1, as embodied by the invention, is
illustrated in Fig. 5. The capsule 10 is illustrated disposed in a HPHT system 100.
The capsule 10 comprises two mating end units, 11 and 12, respectively. Sealing
gasket materia.s {not illustrated for ease of illustration) are disposed at one or more
end units to prevent leakage from the capsule 10 under HPHT conditions in the HPHT

20 system 100. In Fig. 5, a source gallium nitride 15 is disposed in the end unit 12. The
end unit 12 is disposed proximate a heat source 16, schematically illustrated in Fig. 5.

The heat source 16 may inciude a graphite tube. The heat source 16 is
placed in the pressure cell 1 so as to be in thermal communication with the capsule’s
contents, and pressure medium 119 may be disposed therebetween. The capsule 10 is

25 placed in a press device 101 of the HPHT system 100. The press device includes a die
102 that surrounds the periphery of the pressure cell, and opposed punches 103 that
surround the end units, 11 and 12, of the pressure cell. Each of the die 102 and the
opposed punches 103 apply pressure to the pressure cell during the gallium nitride

growth process, in amounts sufficient to form gallium aitride crystals, as embodied by

11



galliumnitride gromh process conducted with different heat zones, for
exanpl e those that would define tenperature differentials within the
pressure cell, provide for varying galliumnitride growh ra% S4 5 The

di ffer erWO8I1248¥at i ng during the HPHT conditions, as en&dEY® @ t he

I nvention, include, but are not limted to, steps of: asymetric pl acenent
of galliumnitride source in the pressure cell within a |ower tenperature
end of the theimsemion. cell; using an auxiliary heater to heat the source
galliumnitride in the-higher tenperature end unit of the pressure cell;

and using a heating sgurce, th ener.ates, 10 differenti eat t he
galliumnitride soucmH%ﬁ‘bd ﬁ?f?ﬁzg:?"@ﬂgesﬁﬁgggtu@g @%ﬁeﬁ.&ﬁn 7tR‘@flm’ca#”fefierent I al
heat i ng dur i t&reiah €héBipbule Q0 Garttiep hreh@bePbatfloRhicaas 18ty istisiosdd wngah! | um
nitride source end unit of the pressure cell with a thinner heater elenent,

so this porthe end wits Heangrlds Jie baffle|strueture: 18 agls as ppagtishburiesanddmpedasadi |y to
creat e éhgytt?%]%%ﬁ%ﬂ&fbet%ﬂ tgé gﬁ hefils; 1 Lahd'YD. eﬁ%{%&‘ﬁ’%&m%z?é PHEng& 4 1, as

enbodi e e |1nvention, | ustrated I n ; e capsule 10 is
i | lustrated ldass posamll possibly-Ppluralips ofcapettaes 19.Tand canpeuorméofca mesh,s9s t wo

mating end units,, 11 and. 12, respectively. Sealing. gasket. materjia.c (not

i |l ustrat edulPBﬁase'é s freq W?céﬁ.of@ﬁsweg? ﬁ’ecﬁngﬂlf}g%dcgg'eﬁﬁ@ Wreaﬁlbf’éa’eend
units to presnd&mits, |1 akdOE if fréd Bnt RErsthdudtion LadetBeHPHPdondiionb, 5o &6 i n the
HPHT 20 system 100. In Fig. 5, a source galliumnitride 15 is disposed in

the end uni tresut inTh enm%ﬂﬁlii‘_lmzni@ed?% HseaWh stengallium niwide amtalce 16,
schemat1|0cal lynifohrhy%ég%ﬁﬂnﬁﬂilﬂ hoﬂ;g%ggﬁft source 16 may include a

graphi te tube. source 16°1s p I'n the pressure cell 1 so as to
be in thermal conmunication with the capsule's contents, and pressure
nmedi um 119 may be di sFogkes theendyait\ideis illustrated 25 coptaining 3 gallipm nitrideed in a

press device e cue I ' ' a die
102 t hat surcrr%sggnlaésbf' t#;el" B‘QE‘F‘;%@‘;;’E’E t %vsr(;e}gasgélgﬁ@e:ﬁﬁ%;sﬁ? ggé)dgggghpunc hes
LO3 that sufufthernghlliune nitride growth , is lathieved, b2 camfbet fepregantativeiraf « dédrmed Each of
the die 102 and the. opposed nches 10 ure.to the.pressure
cell during 5&%%@4‘[&#% gstLane"bq' %’W’#ﬁg@gﬁﬁg?ﬂﬁ@fﬂ%’s”ﬁﬂ%fgﬁ ent to
form galsl i unpynt idvetidal Vtows25 illGstRrEIs Patters that are believed to be-formed in

the end units, 11 and 12, of the pressure cell 10 under HPHT conditions.

The capsule 10 is generally formed of copper or a copper capsule with

an inert-metal liner, since c« pper does not readily corrode or become embrittled by the

HPHT reaction conditions, and also exhibits desirable cold-welding properties.

20 Further, copper is a desirable material for the capsule 10 because it exhibits low
permeability for hydrogen, which would have a deleterious effect on the HPHT
apparatus if it leaked from the capsule. Alternatively, the capsule 10 may aiso be

formed of platinum, since platinum will exhibit similar benefits as those discussed

above with respect to copper.

25 The gallium nitride growth process, as embodied by the invention, will
now be further described with reference to examples. These examples are not
intended to limit the invention in any way. The dimensions, amounts, volumes,

weights, and measured variables are provided in approximate units.
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11 WO 01/ 24921 PCT/ US00126704 the invention. The end unit 12 conprises
solvent and mneralizer 17 that are filled . therein. The capsule 10 further
i'ncludes a baffle structure 18 that is di sposed between the end units, 11
and 12. Twooboti e structure 18 acts as a partial barri ePCHE§0V26Mddes 5
free convention between the end units, 1 1 and 12. The baffle structure 18
irncl udes at |east one and possibly a plurality of apertures 19, and can be

formed of a negammE!ong as it inpedes free convection between the end
units. 'Convectron in each of the end units, 11 and 12, is free and stirs

the reaction under the HPHT conditions, so as to result in an enhanced
gal liumnitride crystal® GoRPaE ¢RPsE Baving With 3 intemal yelume pf @hout OGdcm’, is

uniformty, a | TR r ' . : : uni t
1 TS Y st Pl iRl Y015 SR e) BERRAGRRI iR ot bR U0
50 is represepévader,vebont C:013ag|dfubizNi (minetelizeek cand pabouni®i02? gfofr tdndensgdl | | um
nitride gromh is achieved,_or can be representative of a forned I'1ium
i i de & yst APMPHALSQEN.| TIF FABSIe & U Sralkd dor prarRels s Folf dYelding s TBrodi ed
15 by the inveniiQapsuf¥ fsQhén giacdd Witk aobresshiteCoMIINGt 4 isidn pré\3tas@nfdipfl heved
to be -formed Iin the end units, 11 and 12, of the pressure cell 10 under

HPHT condi t i oHPHTByslemaJde ipressuge £l igelidescat lsast aneraf godinmeablaside JrCH apdpper

capsule with i - et i ' I PP e g i corrode
or becone errbini%gﬁsgg{ %§ﬁFh®g¢)iPEﬁ‘£sFee;c[ Ion 'co‘ﬁo?%?lg%si?‘dg% h{%@% leuéﬁil its
desirabl e col ihciudediinthe presues ¢elleof th HPHUTsyttem, The pressure selbiscthean eatedent
material for the capsule 10 because jt.exhibits |ow per biljity for

hydr ogen'? whi é‘i‘lem‘&@‘c anue %‘Zﬂ%&' an ﬁ%’ﬁ‘fat?ﬁprfﬁg'eﬁge “‘z}adéi”a(%ﬂs i f
it | eaked frogpd¢hegpsul e. Alternatively, the capsule 10 may al so be

formed of platinum since platinumw | exhibit simlar benefits as those
di scussed above with res&}gct to copper. 25 The galliumnitride growh

process, as enbodi ed byAt e completion oh the,pleyated, tsmpseatyre 2ndh slevarted PFESHE® i t h
reference 10 e¥R¥RIn8Sthe Pr&site RYRTPLESled dd MK pressure within the pressure cell is

lowered. The contents of the pressure cell are recovered and washed, as discussed

1" above. The final gallium nitride product comprises a fine white gallium nitride
powder. Scanning electron micrographs of the gallium nitride powder before and
after the gallium nitride growth process, as embodied by the invention, are provided in
Figs. 4 and 5. Figure 4 illustrates ntreated gallium nitride powder. Figure 5
illustrates gallium nitride having hexagonal features, which are characteristic of a

20 hexagonal (wurtzite) crystalline lattice structure, in which the gallium nitride has been
grown under a gallium nitride growth process, as embodied by the invention.

EXAMPLE I

A second exemplary of the gallium nitride growth process, as
embodied by the invention, uses a pressure cell and provides a temperature gradient to
25 the pressure cell and its contents to grow gallium nitride crystals. In this process, a
platinum capsule having an internal volume of about 0.06cm’ is loaded with a reactant
pill in a unit of the capsule. The reactant pill comprises approximately 0.017 g of
poorly-crystallized gallium nitride powder, about 0.012 g of LizN, and about 0.001 g

of NH4Cl.
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intended to limt the invention in any way. The di mensi ons, anounts,

vol unmes, weights, and neasured vari ables are provided in approxinate
units. 12 WD 01124921 PCT/ US00/ 26704 EXAMPLE | A copper..c havi ng
with anWeudsdl vol ume of about 0.04cn8, is filled w’FH"%B?Sﬁ%E‘% mat el y
0.017 grams (g) of poorly-crystallized source galliumnitride powder,
about 0.012 g of Li3N (mneralizer), and about 0.022 g of condensed 5

anmoni a (solvent). Th ule:i hﬁ'ﬂ?i] e |9ig?o r; wel di ng.
The seal ed capsul e i'§. ﬁgﬁ %ﬁ%ﬁed&wt ?’nga p esg‘gul?g&ge |%Sé%fafc§% g’teon press
assenbl y i n pasitiddedibn shespiim Thetbaffler impedescfreeaionvéction betwsemthe hndgod oold of

sodi um chl ori de (NaCl) and nesi um qgxi de O pressure.mediun A
graphite i nGPgseQ,ftt-ﬁéaﬁsﬁnﬁ'gw'[’%r%g ipgessn.}rﬁgaﬁ&g&a{e%g?%g%%éeégqyr the dyepliof. ¢ e
HPHT syst emAp;EFUiitﬂitﬂ§M3Q £6f kmhfoniahie I&ohde%@édeﬁtﬁihe]&?ﬁlh.efl‘ﬁé’& dle is
tenperature of about 800C and an el evated pressure of about 25 kbar for

about |5 hourhensgaledasmealldistance ghovsrthe baffle| evat ed t enperatw e and el evat ed
pressure conditions, -the pressure cell is cooled, and the pressure within

the pressure cell is phOugcad s Iﬂgoss@miﬁm pidssird @elb) RS vl INa1 €
recovered and washed, as discussed t above. 'The final galliumnitride

product conpand MgO pressureemediumend al graphite indire¢tcheatinginbie: - Thespressurawsllds ect r on

m crographs of the gal.liummnitri p re a lium

nitride grofisROAIR s!§§‘°‘é§’°é?wﬁ%‘a'9§‘<¥ '&Wﬁ?ﬁ%\%ﬁf i%g?m rrseﬁ%r%’\g/‘ﬁ a‘gaLi n

Figs. 4 and hablished![ntthé prdsburé célbby positdningnthe apsuld hearmiei dpperiendoofitier .

Figure 5 illustrates_galliumnitride havt'bn% hexag%?allmef eatlures, whi ch are

char act'@r i starsswe cell.2d] e‘é_?&ﬁ%&?s‘“{%ﬁ‘ﬁst § VBRSSPI (FReCIPELE ('R ERAR uct ur e,

in which th%ﬁ%“ghﬁ’gib%&ér'eﬂ& PRS 1S OF thePré¥éiite el Bre heldd kddny Penipefabiiréle growt h
enbodi e EXAMPLE

process, as by the invention. H A second_exenplary of the

gal | i um ni t rihile aycenter popion fshe prassurectelidsiheaicd Py theegraphiterindimet-heating o
pressure ceItLbea}qu_ﬁ;}ﬁvgegl%ém&éenperature gradient to

Operation of the gallium nitride growth process under HPHT

15 conditions with different hot zone temperatures provides different gallium nitride
growth rates and growth results. For example, operation of a pressure cell containing
poorly-crystallized gallium nitride powder, Li;N, NH:Cl, and ammonia under HPHT
conditions with a temperature of about 800°C fo. about 1 hour yields large white
gallium nitride polycrystalline masses both above ard below the baffle. An operation

20 of a similar pressure cell under HPHT conditions at about 600°C for about 1 hour,
results in the top end unit of the pressure cell containing large white gallium nitride
polycrystalline masses, and gallium nitride powder that resembles the starting gallium

nitride, as discussed above, in the other end unit.

While various embodiments are described herein, it will be appreciated
25 from the specification that various combinations of elements, variations or
improvements therein may be made by those skilled in the art, and are within the

scope of the invention.
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25 the pressure cell and its contents to grow galliumnitride crystals. In
this process, a platinumcapsule havi nﬁ”an i nternal volune of about 0.06cn8

i's loaded with a reactant pill I"l lllﬂ ljl/ﬂ;ﬂljcapsul e. The reactant pill
conpri seswpirdRimatel y 0.017 g 11ized FEANYGSWREM ri de

powder, about 0.012 g of Li 3N, and about 0. 00 of NHAC . 13 WO 01/ 24921
PCT/ USO0/ 26704 A partial barrier, or baffle, | S d| sposed inside the capsul e
to be positiqned on the pill. The baffle i npedes free convection between

the hot and cSLAMSids of the capsul e, when the pressure cell is heated, as
enbodi ed by the invention. Approximtely 0.032 g of ammpnia is condensed

into the capsule. The capspl gallism dfitrideesow@AbRIest ﬁ:ﬂ&bﬁni&%sérgﬂﬂﬁn@%ﬁﬂﬁni he
I C

baffle. The capsule is disposed within a pressure cell i ncl udes NadCl
and MJO pr essmtéd?réhﬁm%eéﬁ@népfﬁlfn&phl te indirect-heating tube. The pressure
cell is disposed in a piston press assenbly in a HPHT system A

tenperature gradient is rﬁﬁq@igoﬁ&e%amamt,ﬁ@,dg(pgsure cell by positioning
t he capsul e near the upper end of the 10 pressure cell. This capsule

position causes the upper end of the capsule to remain cooler than the

| oner end® The ends of mm&%m- izerdl1) are held at room t enper at ur e
while a center portion of the pressure cell is heated by the graphite

i ndi rect-heating tube bfdvidi vehepgrature. Qperation of the gallium
nitride grow h process under HPHT 15 conditions with different hot zone

t enper atures provides dlffe ent aII| nitride growh rates and growh
results. For exanple, Li5i0 f“%lﬁg;ssure cel | containing
poorly-crystallized galllun1n|tr|de powder, L13N, NH. Cl, and ammoni a under

HPHT conditions with adispogsy delsoured galliopi nfA@S bheralidélnd sbivefit ¥ @heds
|l arge white galliumnitride polycrystalline nmasses both above and bel ow
the baffle. Af2BW%ation 20 of a simlar pressure cell under HPHT
conditions at about 600C for about 1 hour, results in the top end unit of

the presggre cell cont aisénlingtHedaglephi te galliumnitride
disposing the capsule in a pressure cell (1); and

subjecting the pressure cell to high pressure and high temperature (HPHT)
conditions for a length of time sufficient to dissolve the source gallium nitride and re-

precipitate the source gallium nitride onto at least one gallium n. ride crystal.

15 2. The process according to claim 1, wherein the step of subjecting the
pressure cell to high pressure and high temperature (HPHT) conditions comprises
disposing the pressure cell in a high pressure and high temperature (HPHT) system (100).

3. The process according to claim 2, the method further comprising the
steps of:

20 cooling the high pressure and high temperature (HPHT) system;

relieving the pressure in the high pressure and high temperature (HPHT),

and

15



pol ycrystal l i ne masses, and .gallium nitride powder that resenbles the

starting gallium nitride, aﬂ!mB mﬂ j. , inthe other end unit. Wile
vari ous enbodi nents are desc " E“Ivm Il 'be a | 25 from
the sped¥@P¥MPon that vario Bﬂi g D vof el enent w@%ﬁq&ons or

| nprovenents therein may be made by those skilled in the art, and are
within the scope of the invention. 14 WO 01/24921 1111111!' 2111211! 11111
11111 11 111 PCT/ USQO0/ 26704 L S CLAIMS: 1._Agalliymnitride growh
process for forming cTROVIg 'gﬁé’ag‘ﬁ‘l“? mifde Wf@féd@?mt ® high, pressure: ang el g
providing a Tﬁ%&% APHTYYstend.r | de (15); 5 providing mneralizer (17);
provi di ng scg nt (%7); f)?r?ovi ding a capsule (10); disposing the source
galliumnitride, mneralizer and solyent in tge cagsul e; %g seal ing the
capsul e: di sposi ng t hé JRgJuecess arcqrdipgtosclum dowhereth)the siep G‘HP%‘E?E&@ t he
pressure cel g B Y h edsGrERNAHAiEH CentgeRlil: (HPENYiyheds for
a |l ength of a}lérleﬁl Eillfll?‘% Ci gﬁ? t&(;ngii%gg%l e the sour%{a gadlél fumnitri dsg and re-
preci pi§ate colmprisssurce galliumnitride onto at | east one galliuma ride
crystal. 15 2. The process according to claim1, wherein the step of

subj ecting the Pfesswggﬁ@ghk gefliu Bifidy Gy T ANCash ofl of (/1ETaRd Wiferd HPHT)
condi ti ons conpri ses I sposi g the presstre cell 1n a high pressure and
hi gh t enper akidgse (HPHT) system (100). 3. The process according to claim 2,
the nmethod further conprising the steps of:

5. The process according to claim 4, wherein the mineral acids are
selected from hydrochloric acid (HCI) or nitric acid (HNO3).

10 6. The process according to claim 1, further comprising the step of:

forming a mixture comprising the source gallium nitride and at least one

of the mineralizer and solvent, and then disposing the mixture in the capsule.

7. The process according to claim 6, further comprising the step of

compacting the mixture.

15 8. The process according to claim 1, wherein the at least one gailium
nitride crystal comprises at least one of gallium nitride crystal or gallium nitnide boule.

9. The process according to claim 8, wherein the diameter of the gallium
nitride crystal or gallium nitride boule is in a range from about 1 inch to about 6 inches.

10. The process according to claim 8, wherein the thickness of the at least
20 one of gallium nitride crystals or gallium nitride boules is in a range from about 0.02

inches to about 12 inches.

11. The process according to claim 1, wherein the solvent comprises one

of a nitrogen-containing solvent or an organic solvent.

16




20 cooling the high pressure and high tenperature (HPHT) system relieving
the pressure in the high pressure and high tenperature (HPHT); and 15 |
FETEI12212222 VLD VL 1L L Iummmmﬂmm 01/24921 ¢ L M S

removi ng whewgsel i um ni tride cr NN Sl HS! i gh presBETUSHRETY; gh
tenperature (HPHT) system 4. The process aécofding to claim3, wherein the
step of renoving the galliumnitride crystals fromthe high pressure and
hi gh tenperature (HPHT), system 5 conptises:, washing the galliumnitride
crystals in at |east oré ofh%EP‘é"rsséﬁ & 5‘“’“3& HE‘."I"%‘. m%ﬁé"%‘&%%‘émmg
according to Edlv"dnﬂbd}ndﬂy@@ﬁﬁbﬁt bitFofMintidnid (NIE{) @8 hidrizing; @he tHetstgdri©¢Blvent is
hydrochloric acid (HCl) or nitric_acid (HNO3). 10 6. The process accordi ng
to claimi, fsalectrsfrommsthylamipe. melaming orgthylenediamingg a ni xture conpri sing
the source galliumnitride and at | east one of the mneralizer and

sol vent, and then di SPOR, Nphel fiBedid ¥bddiding b d1kieh CARRHEIR the! step! BESUDIRARS the
according to claim®6, further conprising the step of conpacting the

m xture. 515 8pregivee paibiockigh prassirel apd) high temperature (FfEFe¢conditions far 3 leagth ofne
gallium nitri I : ' ts regl?r!e'. I tr] yst al
or gallium ni P %géﬁ%%%n@o @gmhg& Ss?gx%%géfﬁ g@cncl)r [ r?gét 0 c+lgi|tl£r% gll,e s\{?\%!ggélgl?\lx he
di anet er of t hizridesihtol anteastring galliemamityide atystal cagagrisesam ni tri de boule is in a
range fromabout 1 inch to about 6 inches. 10. The process according to
claim8, wherein the thj 0 | nitride
crystals or galliumni tsr“.%{%&‘?%‘&?@‘sé%}‘g" ‘?etrlll 45%?53%\“6% %r?%%tg o%t%l"]oé gé}} I nches to
about 12 inches. 11. The process according to claiml, wherein the solvent
conpri ses one 14. The process according to claim 13, wherein the step of subjecting the

10 pressure cell to pressures greater than about 5 kbar comprises subjecting the pressure cell
to pressures in a range from about 5 kbar to about 80 kbar.

15. The process according to claim 1, wherein the step of subjecting the
pressure cell to high pressure and high temperature (HPHT) conditions for a length of
time sufficient to dissolve the source gallium nitride and re-precipitate the source gallium

15 nitride into at least one gallium nitride crystal comprises:

subjecting the pressure cell to a temperature in a range between about
550°C to about 3000°C.

16. The process according to claim 1, wherein the mineralizer comprises
at least one of alkali and alkaline-earth nitrides; amides; urea; ammonium salts; at least
20 one of halide salts, sulfide salts, lithium salts, and nitrate salts; and combinations thereof,
wherein the alkali and alkaline-earth nitrides are selected from Liz;N, MgsNa, or Ca;Nay;
the amides are selected from LiNH,, NaNH;, or KNH,; the ammonium salts are selected
from NH,F and NH,Cl; and at least one of halide salts, sulfide salts, lithium salts, and
nitrate salts are selected from NaCl, Li;S, and KNO,,

25 17. The process according to claim 1, wherein the mineralizers comprise

17



of a nitrogen-containing solvent or an organic solvent. 16 WO 01/24921 |
[*~rrrr 11111 ~~11 i~ 1 --H4—PCeHUS00/26704 C L MS 12. The process
according to claim 11l wherein ' - taining solvent conprises at
| east onWOM24¥hpnia (NH3) or mnmﬂmmﬁmgmhe or gani RCHBIEHI04 <

sel ected from net hyl am ne, nel am ne, . Orn etshyk€nedi am ne. 13. The process
according to claiml1l, wherein the step of subjecting the 5 pressure cell -
to- high pressure and high tenperature (HPHT) conditions for a | ength of
time suffi c?éﬁ?"?&“&&&%ﬂ@ﬁ?ﬂg source galliumnitride and re-precipitate
the source gallium nitride into at |east one galliumnitride crystal

conpri ses: subj ecti ngl& hThepreessracerding tb @laihel Suhepsin Gieeftes bf phidiapaut 5
kbar. 14. The progess according to ¢laim 13, wherein the step of subjecting
the 10 pr eég‘Eg"eg H “\%&‘FFPB’QE‘%S@VQ‘PBEPQWS@H’é‘ﬁg gEnittidghar conpri ses
subj ecting the pressure cell to pressures in a range fromabout 5 kbar to

about 80 kbar. 15. Thm.pfrm?@eesme@whg\@o tlaint 118, WhekeinWhe ke 'of pRviditeR Of
subjecting the pressure cell to hi pressure a r’r?erature (HPHT)

¢ h, nd high te €
condi ti%ns fYHCe,Sallimy pitrdsy comprises REpNIfing iaeﬁﬁ{llufvoma“-dewfsaéw_e{ Qsompeisigal | i um
ni tride andafgoRERE! fint Hef prdVent aickicab! indBallkmn Rirfitd Biof W Hekieh GRSt ONE
galliumnitride crystal conprises:. subjecting the pressare cell to a
t enper at ur e sibjecting theqpeessure weld to high pressussand high wmperatusn FRIIT )@ ndiTions forocess
according t ' X vgpﬁ{ | ) L Zer .. Ses | east one of
al kali and gllgﬁ ?ﬁagﬂé‘gr i PF‘% gﬁ?ﬁégﬁﬁ%&g&@ ygg@%&mﬁr@nﬁnﬁ%g?ﬁcﬁg%ama €| east
20 one of hadurckegadinim gitridelintoigdBiugetitricle ctyistalsi um sal ts, and nitrate salts;
and conbi nations thereof, wherein the alkali and alkaline-earth nitrides

are selgected from Li  olai el ) om
Li NH2, i(ﬁlaNHZ, or KNHZ 'tt%%% F‘clfmsﬂﬁs% Etg’sd%{"gﬁ il l{éekécﬁ: g'ﬁasg"g’r%ffsnluﬁ@éf % ,
NHACL; and atessuemeell tnkigipressuiré dud bighttemperativiei GBPHER | cosditibng for @rtesgth 0§, and

nitrate salts arg el Sdhsove b TobR palilis Tiiiad Bith £ eipitate the source gallium

nitride into at least one gallium nitride crystal further comprises creating a temperature
differential within the pressure cell.

15 21. The process according to claim 20, wherein the step of creating a
temperature differential within the pressure cell disposing a heat source (16) and the

pressure cell proximate one another.

22, The process according to claim 20, wherein the step of creating a
temperature differential within the pressure cell comprises at least one of asymmetrically
20 disposing the source gallium nitride in the pressure cell at a higher temperature end of the
pressure cell; providing an auxiliary heater to heat one end of the pressure cell; and
providing a heating source (16) that generates differential heat to the source gallium

nitride in the pressure cell.

23. The process according to claim 20, wherein the step of creating a
25 temperature differential within the pressure cell comprises providing a heater (16) for the

pressure cell proximate the source gallium nitride in the pressure cell with a thinner

18
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25 17. The process according to claim1, wherein the mneralizers conprise
17 WO 01/24921 | 1l1~I1~1 111~ ~"I1 (2111 11 11l PCT/USOQ 26704 CL MS |

ner et omowsentor provia vo. o ISEMRHIINEENR 75+ 5’ Semobadoqy oui i ng

a crystalline galliumnitride. 19. ‘i’heLprocesss*accordi ng to claim18,
wherein the step of providing a 5 source galliumnitride conprises
providing a galliumnitride crystal seed (50% caonprising a protective film
that prevent lhfiates silemendwhereby, dhey shinneys hegier ejemenp gepsrates more heae fnsigde the

subj ecting t LRI aﬁ%ﬁg.g ug Be 9&% Bl ?ﬁ?%ﬁg.@re‘a{e%e teBRGhit u{fﬁrénﬁg’.HD

conditions fo a | engt thnme s I ssol ve the source galfTium
nitride and re-precipitate the source galliumnitride into galliumnitride
crystals. 10 20. The pr2dccEhe proeess acenyding te icleimn 11 wherein diensteh of proyiding a
subj ecti ng. t@a% ul?E&ﬁ LE cell to high pressure and high tenperature (HPHT)
condi tions fofPaTen of time sufficient to dissolve the source gallium
nitride and re-precipitate the source gallium nitride into at |east one
gal lium @§itride cryst alpréviding@rcapmigthateamprisentwongating endownitat(lit,e12), one of

differential wthin th re LI . The. prace a, rdi,ng, t
claim 20, whe ieﬁdt"}{‘éts ?p@ﬁ 0 b%&etgﬁ’le n%’sége‘félﬁsbee{rba%l%gl %ﬂ%?cfeeﬁggtqngl agm@ﬁi n
the pressure gflctureli($$)0tan prevehmafress conveetiqnl 6§ hamdbétveen phie ead rumits eduring
proxi mat e one anot her. ) CEess accor q{mr}? to cl ai wherei n_t he

22. Th !
step of creat FYPIFCHNE the PIRSSUIE ﬁ?elép"(rﬁ(}ﬂ Bressvrg 2nd higt frpipesape ) sondgtions for

conprises at | eagih 6NEme sufliciehtts dissolve the sdtkcéliglliam MithideldmdSRLr&Spite theUm
nitride in the pressure cell at a higher_ tenperature end of the pressure

cel I ; pridvi di seyresrgatlive pitrideintgap least ope spliym ngrde eystalot t he pressure cell;

and providing a heating source (16) that generates differential heat to
the source gallium nit3s, dphd protdss adiorfingtorclfiftl 1, whedein THestély SCABfecarEMEd] NY
to claim20, wherein the step of creating a ..

pressure cell to high pressure and high temperature (HPHT) conditions for a length of

time sufficient to dissolve the source gallium nitride and re-precipitate the source gallium

nitride into at least one gallium nitride crystal comprises disposing the pressure cell in a

15 press device (100) that applies the high pressure conditions.

26. The process according to claim 25, wherein the step of disposing the
pressure cell in a press device comprises disposing the pressure cell in a press device that

comprises at least one of a die (102) and punch (103) that apply the high pressure.
27. The process according to claim 1, further comprising the steps of:

20 compacting at least one of the source gallium nitride, a mixture
comprising gallium nitride and solvent, gallium nitride and mineralizer, or a mixture
comprising gallium nitride and solvent and mineralizer;

cooling the high pressure and high temperature (HPHT) system;

relieving the pressure in the high pressure and high temperature (HPHT);
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25 temperature differential within the pressure cell conprises providing a
heater (16) for the pressure —cell proximate the source galliumnitride in
the pressure cell with a thi 921 t 11! VITT Ty
L1111 Weey24810/ 26704 C L I‘Hlmlwuﬂnmﬂllm}{l , . Wwhere flr('#@% nner heater
el ement generates nore heat i*nsidetth® ressure cell and heats up the
source galliumnitride to create the tenperature differential. 24. The

process according to claim1, wherei n,t,gereTﬁste f providing a capsule
conprises: 5 provi di n&@"&‘&p@ﬁl@ﬁ{%@tﬂ 13 sg?%&glﬁé?ﬁhglgeéw&ﬂg 11,
12), one of oh B GRYEHPATH Syshed;Agdadapted to be disposed close to a heat
source (16), and a baffle " structure (18) that prevents free convection of

heat between the end units duri subj ecting,.the pressure cell to high

pressure and hi gh t enfyéshing the %ﬁ%ﬁ?“&‘iﬁrﬂyﬁgﬁka‘f'ﬁgﬂ oge Pél‘f’@fﬁﬁaﬁ‘inﬁ‘w

sufficient t;ﬁdgl ssolve the source galliumnitride and re-precipitate the
[

10 source ga umnitride into at |l east one galliumnitride crystal. 25.
The process according to claiml1, wherein the step of subjecti nq t he
\7

pressur® cell to hi gh2®r Agalium nifridegrysial fosmed by thg peocessarqording fRiFleimbhs for a

length of time sufficient to dissolve the source galliumnitride and
re-precipitate the sogycg g@ﬂi‘uhiM_{ﬁde'&l')lsfalﬂﬁmbdlbﬁthétprdceék?abc&ﬂﬁ%@@élhiwm. _
nitride crystal conprises disposing the pressure cell in a 15 press device
(100) that applies the high pressure cgonditjons., K 26. The process acgording
to claim25, wherein 8fe ThecProgass #f S, ﬂg‘” srein the SapsyieccquuTises Ane, of Aag s

devi ce conpr SisRRQE atBppiel BapRhIR With'ah ifié-netallisler ind¥e $16p/6fCdspokiaf the
conpri ses atdoﬁgegsct one.g_f %ﬁfgiaeﬂ.g( 102) and punch (103) thafp/applﬁ;/)t e high
pressure. 27ouithgalinmmitde, srinesaliger and slventin theicapsule ¢HRRTISES npr i si ng t he
steps of: 20 conpacting at | east one of the source galliumnitride, a

m xt ur§g conpri si ng g%ﬂﬂebﬁﬂgrthé édpgg_ﬁeW@Qbégﬁﬁ%_pr&;%{xﬂeiMfﬂid;ri de and
m neralrzer, or a mxture conprising galliumnitride and solvent and

~m neralizer; cooling the high presuslure and high tenperature (HPHT) systemn.
: evacuating the capsule;

chilling the capsule to a temperature below room temperature;
admitting vapor-phase solvent to the manifold;
condensing the vapor-phase solvent in the capsule.

15 31. The process according to claim 30, wherein the step of sealing the

capsule comprises:

closing off the capsule by at least one of pinching-off a section of the

capsule to seal the capsule and closing a valve to the negative pressure manifold.

32. A gallium nitride growth process for forming crystalline gallium

20 nitride, the process comprising:

providing a source gallium nitride (15);



relieving the pressure in the hirgh-pressure-and high tenperature (BPHT);
19 WO 01/24921 | I1~1~"1 111111 il PCT/US00/ 26704 * C
renoving the galliumnitride crunlwmllmmé’m Jﬁ“lhl gh pressure and high
t enper at UWO QIFRMT) system and. washing wnes i um ni t riF&EEPVRE i at

| east one of water and mneral acids. 5 28. Agalliumnitride crystal
formed by the process according to claiml. 29. Agalliumnitride crystal
fornmed by the process according.to.claim 27. 30. The process of claiml1,
wherein the capsul e conPPYEIRg mingral °r3i@]0pper capsul e or a copper capsul e
with an inert-netal liner, and the step of disposing the source gallium
nitride, mneralizer angrosidingsolvent(17h)e capsul e conpri ses; 10 connecting
the capsule (10) to a negative pressure manifold; evacuating the capsule;
chilling the capsule to_a t erat ur el ow roomtenperature; admtting
vapor - phase sol vent to P& 1 FBrY© ndensi ng t he vapor-phase solvent in
the capsule. 15 31. The process according to claim 30, wherein the step of
sealing the capsul e cocambigimg:thecdonsdeggllintd nitrde withps idast dyg ofi nhir@ralizeo amd Of
pi nching-of f a section of the capsule to seal the capsule and closing a
valve to ¥he r?esﬁﬁf'm\f@ FPEA T ¥ ani fol d. 32. A galliumnitride growh

process for formng crystalline gallium 20 nitride, the process

conprising: providing acompdctiftg glchixwee;ni tride (15); 20 WO 0U24921 1111111

112122 10 131 11 Vil PCTIUSOO 26704 M'S providing mneralizer (17);
disposing the mixture the capsule;

disposing at least one of mineralizer and solvent (17) to the capsule so the

capsule comprises source gailium nitride, mineralizer, and solvent;
10 sealing the capsule;
disposing the capsule in a pressure cell (1); and

subjecting the pressure cell to high pressure and high temperature (HPHT)
conditions for a length of time sufficient to dissolve the source gallium nitride and re-

precipitate the source gallium nitride into at least one gallium nitride crystal;
15 cooling the high pressure and high temperature (HPHT) system (100);
relieving the pressure in the high pressure and high temperature (HPHT);

removing the gallium nitride crystals from the high pressure and high
temperature (HPHT) system; and

washing the gallium nitride crystals in at least one of water and mineral
20 acids.

33. A gallium nitri_de growth process for forming crystalline gallium

21



provi ding solvent (17); providing a capsule (10); conbining the source
galliumnitride with at |east—one of a mneralizer and 5 a solvent to form
a mxture; conpacting the m [ ' the m xture the capsul e; '
di sposi MO249Hast one of mﬁmmﬂmmmmg vent (17) R4 sul e so
the capsul e conprises source*gaflitum®i ttri fle, mneralizer, and solvent; 10
sealing the capsul e; disposing the capsule in a pressure cell (1); and

subj ecting the pressure cell to high pressure and high tenperature (HPHT)
condi ti ons fratridg, theprgeess PMPHSRE:suf fi ci ent to di ssolve the source gallium
nitride and re- precipitate the source galliumnitride into at |east one
galliumnitride crystal.. ' btk . ' efyperature
(HPHT) system (100); ﬁ%ogr%fﬁ%k?lﬁgl%:ﬂgaégj@?ﬁﬁ%ﬁpﬁfégyg:ﬁﬂﬁle@nd hi gh
tenperature (HPHT); renoving the galliumnitride crystals fromthe high
pressure and hi gh teﬁpe@mgjs@rmspﬂi}msm@rﬁrya%w@m ©ge tend Wl pf e
nitride crys‘;taa£us[e,i n at | east one of water and mneral 20 acids. 33. A

gal liumnitri HE growt h- process for formng crystalline gallium 21 WO
01/24921 11111 11111111111111111 M1l PCT/US00/ 26704 nitride, the process
conpri sbng: provi di ngdispesimgs seuscy gatliumnaitrideowithi af deast \aae oyf pmrinsiplizerdandi t s
(11, 12); disposi r ' ity 1de crystal seed in one end unit of
the capsul es,Of‘%n g%o@?#gfﬁggﬁfétﬁggﬁg%m nitride with at |east one of

m neralizer and solvent in the other end unit of the capsule;
disposing solvent in each of the capsule end units;

subjecting the capsule to high pressure and high temperature (HPHT)

conditions with a created temperature differential in a high pressure and high temperature

10 (HPHT) system for a length of time sufficient to dissolve the source gallium nitride and
re-precipitate the source gallium nitride onto at least one gallium nitride crystal.

34. The process according to claim 33, the process further comprising the
steps of cooling the high pressure and high temperature (HPHT) system;

relieving the pressure in the high pressure and high temperature (HPHT);

15 removing the gallium nitride crystals from the high pressure and high
temperature (HPHT) system; and

washing the gallium nitride crystals in at least one of water and mineral
acids.

35. A gallium nitride crystal formed by the process according to claim 33.

20 36. A gallium nitride growth process for forming crystalline gallium

nitride, the process comprising:

providing source gallium (15), wherein the source gallium comprises at



di sposing solvent in each of the capsule end units; subjecting the capsule
to high pressure and high tenperature (HPHT).-. conditions with a created

tenperature differential in a fy hi gh tenperature 10 (HPHT)
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disposing the solvent and mineralizer separately to the source gallium
10 nitride;

subjecting the capsule to high pressure and high temperature (HPHT)
conditions for a length of time sufficient to react the liquefied gallium with the ammonia
under the HPHT growth conditions to form gallium nitride; and

subjecting the capsule to high pressure and high temperature (HPHT)
15 conditions for * length of time sufficient to dissolve the formed gallium nitride and re-
precipitate the source gallium nitride into at least one gallium nitride crystal.

37. The process according to claim 36, further comprising the steps of
cooling the high pressure and high temperature (HPHT) system;

relieving the pressure in the high pressure and high temperature (HPHT);

20 removing the gallium nitride crystals from the high pressure and high
temperature (HPHT) system; and

washing the gallium nitride crystals in at least one of water and mineral
acids.
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galliumnitride crystal fornmed by the proce according to claim36. 39. A
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the process conprising: providing a source galliumnitride (15); 5
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providing a capsule (10);

combining the source gallium nitride with at least one of a mineralizer and

a solvent to form a mixture;
10 disposing the mixture to the capsule;

disposing at least one of mineralizer and solvent to the capsule so the

capsule comprises source gallium nitride, mineralizer, and solvent;
sealing the capsule;
disposing the capsule in a pressure cell (17); and

15 subjecting the pressure cell to high pressure and high temperature (HPHT)
conditions in a the high pressure and high temperature (HPHT) system for 2 length of
time sufficient to dissolve the source gallium nitride and re-precipitate the source gallium

nitride into at least one gallium nitride crystal;
cooling the high pressure and high temperature (HPHT) system (100);
20 relieving the pressure in the high pressure and high temperature (HPHT);

removing the gallium nitride crystals from the high pressure and high
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