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The invention relates to a bulk nitride nono-crystal. especially for use as
a substrate for epitaxy. Such a substrate for epitaxy is particularly

sui t abl wofmarespueparati on of nitride sem conductor | ayerBCT/RLO2/goGtess for
manufacturing of various opto-electronic, devices. Known nitride-based

opt o- el ectroni c devi ces are manufactured on sapphire or sili¢B8%carbide
substrates, differing fromthe thereafter deposited nitri LB I .e.
het er oepi-t axy). In the nbst commonl y - used Metall o- Or gani c,mmﬂumﬁ&por
Deposition - (MOCVD) nethod, GaN depositing is performed f antromitel and
‘ret al | o- organi ¢ conpounds from the gaseous phase, and the growth rates .
attained nake it inpossible to r8ubkstsete forlopitdcyl ayer. However, MOCVD cannot
produce a bul k crystal having a substantial -thickness. In .order to reduce
surface di sl ocgheoimvestivh fejated tdablilkrnitridleanonscrybtabdspetdaldys fdrede ana sutappbi r e

or silicon substrate.. However, the reducti on %{) su%a e dislocation .
density dereritigy. Suchasubsigiseior eptiarn 15 Resticnlarbpanierls. foARsERaEAtoReetIiden at

has been BEﬂRBﬁ&?ct&Pfaylefs ?ﬁ??'ﬁgagegs%f ﬁh%hmafaﬁngEfyaxmasleptjocaxafoﬂi& i&feggal 11 um

nitride, involves epitaxia positing using hal ogens”in the gaseous phase

and is called | i de ase Epj ) ol ' eLn GaN .
films" MK Kel %‘m‘%‘ Ryn'%@é&rﬁ?égrgﬁ ‘zé% F’PA‘"‘&@% E@e‘?% ”%9539&%@‘5‘5‘@3%;’ Sitphive U

" Fabri cat isDitofdcatthide substratdsn Gafferirigg ftone nihet thegafierodeposttedrmitride’ 13 \(Yang,

T. Sands, A{gpl ..Phys. Lett. 75 (10) (1999)]. The nethod al |l ows generation

of GaN subS¥FeePEEXY)-i nches in di aneter, but the quality is insufficient

for application in |aser diodes, because the surface density of defects
still remains In thee mest commonlycpped vistalloiganies Chemicaly Mapem NPegsiicRat es

have tilt wst a e e of . dj ' i i A 0wt h
on het er o AQEVE] BeaBl BaRCEGUSRRE 1ehakApict BRI oDl A Rlrellio]
decr ease..icompbtusdsnfrdmbthe (gaseogs phesefpid ha ghowilardesbtiaidemgke it imploBtibie)to

met ho_d. ! r}egemesa lr)TElIcq%gdr. ﬁov%v'gr,lﬁﬁﬁrVﬁ %ax];ﬂort %%o &Y ulﬁncrit'sr’gﬁ h%@ﬁl%ha' ubstantial

thickness. In order to reduce surface dislocation density a buffer layer is first deposite:d on

sapphire or silicon substrate.. However, the reduction of surface dislocation density

achieved is not bigger than to about 10%/cm?.

B Anc;ther method that has been proposed for't.h.e manufaéttlring of bulk mono-
crystalline gallium nlit'ride, invo‘lvés epitaxial depositing using halogens in the gaseous
phase and is called ﬁalide Vapor Phase Epitaxy (HVPE) [“Optical patterning of GaN

* films” M.K.Kelly, O.Ambacher, Appl. Phys. Lett. 69 (12) (1996) and “Fabritation of thin-
film InGaN light-emitting diode membranes” W.S.Wrong, T. Sands, Appl. Phys. Lett. 75
-'(10) (1999)]. The method allows generation of GaN substrates 2 inches in diameter, but the
quality is insufficient for application in laser diodes, because the surface density of defects
still remains in the 10’ to 10%cm? range. Besides, the HVPE GaN substrates have tilted
crystal axes because of distortion caused by epitaxial growth on hetero-substrates, for

example on sapphire.

Recenfly, defect density decrease is attained by using the Epitaxial Lateral

- Overgrowth (ELOG) method. In this method, a GaN layer is first grown on the sapphire

substrate, and then 8i0; is deposited in the form of strips or grids. Next, such a substrate
may be used for lateral GaN growing, reducing the defects density to about 107/cm?.
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substrate, and then Si(2 is deposited in the formof strips or gpigspr
such a substrate may be used for |ateral GaN grow ng, reducing the def ects

density to about 107/cn2. *GD0002* 2 6 APR 2006 WO 03/0
PCT/ PLYS B89 Due to si gnificant differences in chem cz’m&(mﬂﬂ

crystal l ographic and electrical propenties of substrates such as sapphire
or silicon carbide and sem conductor nitride layers deposited thereon by
het ero- epi taxy, big technological effert is needed to advance progress in

opt o- el ectronjcs. hand I
nitride and oPHEefO FIIFFlIﬁicEfngL ﬁ?len@ﬁoﬂ cgi%‘l'\,\%a?eq%&rsr@%f gr y%{a)n%k?%)%écgg?cg%?hem
di fficul topaurber igirats ikl a%@{;ﬁh&elo@ sBiceg rarbidzcmd demicandut toe nittllﬁwﬁycrs .

convention of 1989. throughout. this applicati rd . net hods of
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because . of defﬁc 05|t|on of the nitrides into metals and N2. In the Hi gh
N|trogennF9é%§ met hod [, , Prospects for high-pressure crystal.
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pl at el et accabding mbth%rﬂl:JﬁAQ genvlegﬁlpm&héﬁgg’ eqshlg ‘P”Irt'? u%fapﬁ l‘f% ]é %Faﬁﬁ%rgl i um
requires_t tur ¢ bezagded
o 506 mEOEIER PR allof o %ﬁ““éﬁ‘?‘f‘??‘?ﬁ?go?mﬁfagﬁﬁm roagieﬁr to

| ower t hef dé@mpsisiionrdsf thamitddes namaeqatsasmﬁ Tn thei H{ghtNérC@eDvﬁrﬁSSB
was proven articul ar

ble t |
e Do Bythah b Reaspects FigBPrsEiRe dueter g oh T BiHed YRR AE e 87 e'r””‘
cont ai ns rhgét k@'hgs "?Béé s%?‘b?%ﬁ@été?(msl}] Itiéﬁ?ampomn fr m&s@s byesmplyiogduct ed

at tenpe ur e up to 550C and presSure 500 yi el di nﬁ crystals, of -
about 54|mtrdgea| atmo[sphe;bwmﬁ@ }Mhhpms%tre B@JTO‘M@I\Pf %beéFaEaN SHRE e%l}tsmalﬁa ted
crystal gr
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recrystallization of gallium mtrb‘%ﬁ’!ﬁﬁ within the feedstock conprising
finely cw@@%ﬂprﬂ@u@ﬁﬂf[ e ol h of gal liumnitride in

supercritical ammonia" WK‘OIls et al . Cryst. Gowh 22 4131-4%1
(2001)]. In another known method, supercntlcal ammoma was proposed 'to lower ihe

temperature and decrease pressure during the growth process. It was proven in particular
that it is possible to obtain crystalline gallium nitride by synthesis from gallium and
ammonia, provided that the lattér contains alkali-metal amides (KNH, or LiNH;). The
processes were conducted at temperatures of up to 550°C and pressure 500 MPa, yielding
crystals of about 5pm in size [,AMMONO method of BN, AIN, and GaN synthesis and
crystal grbwth” R. Dwilinski et al., Proc. EGW-3, Warsaw, June 22-24, 1998, MRS

Internet Journal of Nitride Semiconductor Research, http:/nsr.mij.mrs.org/3/25].

Uée of supercritical ammonia also allowed recrystallization of gallium nitride
within the feedstock comprising finely crystalline GaN [,,Crystal Growth of gallium nitride
in supercritical ammonia” J.W.Kolis et al., J. Cryst. Growth 222, 431-434 (2001)].
Recrystallization was ﬁade possible by introduction of amide (KINHg) into supercritical
ammonia, along with a small quantity of é halogen (KI). Processes conducted at 400°C and
340 MPa gave GaN crystals about 0.5 mm in size. However, no chemical transport

processes were observed in the supercritical solution, in particular no growth on seeds.



Recrystal lization was made possible by introduction of am de (KNHR) APRR6
supercritical ammonia, along with a small quantity of a hal ogen (KI).
Procesg@asgengiict ed at 400C and 340 MPa gave GaN crystpﬂ'@l”dl?gmwo. 5 nmmin
si ze. However, no chem cal transport gr ocesses were observed in the
supercritical solution, in particular fio gromh on seeds. 2 6 APR 2006 WO
03/ 035945 3 PCT/ PL02/ 00077 The thus obtained nitride nono-crystals are of
no industrial use as substrates for epitaxy, mainly because of their

i nsuf fici ent $jz@uadbtdiiddesitider mohapeystdls tiret ofiveo afdvsiial vis¢ as swhstrisa fer i ng

devi ces depends prinmarily on.crystalline qualit f._the optically active
| ayers, epithxgspainlysbacpussofdhsin iggwngient %&?ﬁlﬁre@ﬁﬁg%@?‘ In case of GaN- .

based | aser diodes, it is beneficial to |lower dislocation d@ﬁéi'té’ ia1ﬂ he
‘GaN subst r at eLifetjree of optidabsamigendicing Aevipes dergRqsRranqryy ORCF BRI FHA'Pi cul t
in the nmefhods used so far. i ; id16Gush HemityPIDEAE 8£SalNor .
nmanuf act ﬁhﬁQPE?Pjﬁ a(?ﬁf’?l?gf’rssé%na\%sggﬁgﬁ :&Elau ev?aé%(gacan beltyperfo'r nmed only on
r epr oduc bl 15ePEbAAL BSs FRREtAUtslowet tishication dersiipin thedial s¥pstratpleepiesent
invention arns tg provide a bulk nitrjde nono-crystal . .es i all use
as a subkiss thae H08lemdpind:this is BERSTREY (i q“%tynghlq W%ﬂés Pied E%Ei re\)n the ber

opt o- el egt roni cs .and ' hS s@dH bRl Rpsidoriuttisy ddvickycan be
devel opi @n‘glwwaﬂpﬁoﬁ%gﬁg%ﬁ?ﬂgs_esp%ci ally for, use as a substrate
for epit peomseddtaly oeeeprotictble sybstratdetheeting stct qualit PeAficARRS: mono- cryst al-
according to the present invention has parameters as defined in the

i ndependent ¢l pigWredent iveiBon winid @ piowiderabelkminide saenererysiah esprReiadly e ar e

defined in the respective dependent clains;, The | j

rel at es. ase @staosyaaigsor &P‘tm&agmb’lﬂg& _‘lﬂgityiadlé’wr%%g% 5?3?/9 ba+&g-g%{r%%ss ?Irl%t e
for epi ! 3 A6 PRESAN haf tRe | 28l yedevelopinpul bulki nitiide momeerystylst al
charactef‘ ed at 1t 1s a nmono-crystal of galli qu@£| tride and its

Cr 0SS- Seespeaiallynforus arnsubsratefotiepiirar asdsfivediy e appen dgtmsl 1 attice of
galliumnitride has a surface area greater than 10Q m®, i‘t1 i's nmore than
1.0 p. mthi ck Aangik sigide-momreystat faacerdifigstodbapresent dBYRSEPY NaS PATARELPrs 25 |

106/cn2, while its B yolune.is.sufficjient t.o pr

furt her - flebaed %H}eemﬁ‘%mpﬂwa?fa“ﬁ{? 6I %deﬂd]rw’lt{}?e gﬂ"gﬂ%ﬁﬁf"g?"e a?)ibﬁg&gsms?ﬁ 'face

area pr ef&gﬁgh}ﬁ] e LGRS vel&geﬁm-ﬁt cliigs; (The peeent inventionoelateslalsods tha usg of o a
e c

bul k nitri nono-cryst al aracterized in, that it is a nono-crystal of
gal | i um dbebulkitigemanorapstelfg &jsUbSERGLL BELB on in a plane perpendi cul ar
;?e; 2?0 5 of h’]?‘k)x(eagrzgeer‘xlt irlwaezl'zicl)rf reelfg;s tgoaal. %)Lllljcnllitr}{cferrlriglmei)- r}?gtala chsalrje{ctté’j‘rclz%d 83 it
is 2 mono-crystal of gallium nitride and its ‘cross-section in a plane perpendicular to c-axis
of hexagonal lattice of gallium nitride has a surface area greater than 100 mm?, it is more
than 1.0 |.Lm thick and its C-plane surface dislocation density is less than 10%/cm?, while its
volume is sufﬁciént' to produce at least one further_-processable' non-polar A-plane or M-~

plane plate having a surface area preferably at least 100 mm?’.

The present invention relates also to a bulk nitride mono-crystal characterized in
that it is a mono-crystal of gallium-containing nitride and its cross-section in a plane
perpendicular to c-axis of hexagonal lattice of gallium nitride has a surface area greater
than 100 mm?, it is more than 1.0-p.'m thick and its C-plane surface dislocation density is

' less than 10%cm’.

A bulk mono-crystal of gallium-containing nitride according to the present
invention is cx;ystallized on the surface of a seed crystal.with at least a crystalline layer of
gallium-containing nitride, having a dislocation density less than 106 / em®.



than 100 m®2, it is nore than 1.0 mthick and its C- plane surfac«z6 APR 2006
dislocation density is |less than 106/cn2. A bul k nono-gdéstanegd; gallium
cont ai"Yﬁ’ﬁ@{“}ﬂ”ff}i de accordihg to the present invention js.crystallized on
the surface of a seed.crystal with at .jeast a crystalline |ayer of
galliumcontaining nitride, having a dislocation density |less than 106 |
cn2. 2 6 APR 2006 WD 03/035945 PCT/ PL0O2/ 00077 .4 A bul k nmono-crystal of

| 1§ uf t ai ni nitrid ding to the t __iovepti
D £ ona Ty Aiobil wonercasint, Shreh B seuentig RAR  podoRUER IO TRl |
concent r‘ﬁ*%én‘?i%?ﬁﬂypﬁg Mgodall‘}"ﬁ%pw W08 Hohorcdrd/or degpinati amgl/@rméagretiodopartsi es
or e

requi red I nt ended Use of fhe sane, for exanple as a substrate for
epi t axy.inlcontdnerapamst franll&r I/Wﬁgrt@ﬂ@;rlr/ éﬁ‘ge‘}PB%‘I%ﬁPéEn%BP%%%ﬁ%qu& r @iqrgffxg of -
gal l'i um contajnin nitride ' gsant invention has a

di sl ocat‘PEﬁﬁ‘dﬁiH?iOt%hec?agéeeg?ro&%‘%j%%s&w%%gh%??or??e ?;rre time the FWHM of the
X-ray rocking curve from (.0002 I ' - RS LSRG umIdeataiih
nitri de nono- %P%l%&&&’&%ﬁﬁzﬁ? gmt%ﬁ(%niem%h@?gﬁé&gglsttaabl %ﬁfglg: ugea asga
subst r at ﬁtﬁ% ac%Qtid‘iI%% the 'Fjﬁes@xliltiﬁi/étﬁ%nﬂlés a distodation idensityélage Wi B Gmitangretof a
respective G oup 'l elenents feedstcgg(&i n a urﬁeqoﬁp@tiﬁgé i?@llo ent ggnd
cryst al | theasainertinog the HWETYieef &gl Xiraymro SRS GO PR & SGFT ace - of
seed crystal, -with over-saturation of the supercritical solution with
respect #5°%he - desi red gal liumcontaining nitride being reached by neans of

tenperat ure g@gg@ﬂéﬂﬁ@gg g,,roﬁgrecggf%i{:gcc‘a%@& filel infvEntfdH Alstiesbld Yoruseeahad

“involving dis containing Goup X 11 elepents in a
super cri LiwsgthteSot ¥fittiky aidobainst dlyld mathod imvelving gissolition €HALEPEFHG FHoUPi de
on a surface of seed crystal, at tenperature.nhi : I qd: Uigini-oner
than in XiH eemens fﬁeﬂﬁﬁc%%é‘é&q“ﬁtﬁg{)%‘ﬁe@?@?? f’fy%{agﬁ{zégwggtg %%ﬁ\?gi%ns 'NH3
and/or its deriVatiyes, andriBdudes drand, oith elepsmntsionf ofGheumptreritical

| east pofasm um or sodiumions, the feedstock conﬁigi)ts essent.i.al |

of
gal | i um eontih Mithgrespept todtheatedired erlligmpaniainiag nrde eibg BN 4 Wl
i ncludi ng azides, imde am do-.i m , am des, hydri des,
gal | ium’ %P%Fwwa%?taﬁn%{%@g%sgﬁﬁs% ‘alloys, as well as netallic
el enents of Group Xl I, preferabl.y. |1 4 Li 851 cHkainthst Geou
present inventIPbgn,bt%‘P%B%Iai’inf Pd3R o&ﬁg cggﬁogﬂ%ﬁgn%ftgcfeégfﬁal of . ¢ . P
gal | i um ceft gichieRd iRialsubsteritiolaslvennesd crysalizatomof a\gelliva-comtmpineatiliides

f 100Ct S | .
o on 2 surface of seed crystal, at temperature higher- apd/or pressure lower than in the

dissolution process.

| The supercritical solvent contains NHj ‘and/or its derivatives, and includes ions of
elements of Group I - at least potassium or sodium ions, the feedstock consists essentially
of gallium-containing nitride and/or its precursors, selected frqm a group including azides,
imides, amido-imides, amides, hydrides, gallium-containing metal compounds and alloys,

as well as metallic elements of Group X1II prgférably metallic gallium.
According to the present invention, crystallization of a bulk moqo-crystal of
gallium-containing nitride takes place in an autoclave, at temperatures from 100°C to
800°C and at pressures from 10 MPa to 1000 MPa and & molar ratio of -alkali metal ions to

the remaining components of the supercritical solvent ranges from 1:200 to 1:2.
Depositing a bulk mono-crystal of galliﬁrn—containmg nitride may include lateral
groﬁh of gallium-containing nitride on a plurality of surfaces susceptible for such growth,

placed on a crystal seed and spaced apart from each other.



800C and at pressures from 10 MPa to 1000 MPa-and a nolar ratio of g abK3kis
metal ions to the renmaining conponents of the supercritical solvent ranges
from 1: 290 08/035949. Depositing a bul k nono-crystal of gallpevecededni Nng
ntride may include lateral growh of galliumcontaining nitride on a
plurality of surfaces. susceptible for su¢h growh, placed on a crystal
seed -and spaced apart fromeach other. 2 6 APR 2006 WO 03/035945

PCT/ PLO2/ 00077 5 The substrate for epitaxy according to the present

i nvention has ghelsatittatefoe epiteydaczording fothe Prebéift ifintidNi Ik able¥ dhe Qhirface
sem conduct ] ngIJ nitride |ayers without any additional pro: treatment. In

. the pref ePRigPlefIsHitakial gropmth of semigandusiingnitrise layera withous apy sdditionaltpre-de
nono- cry own in a direction parallel to c-axis of hexagonal lattice
of galliumnitride seed in a supercritical NH3 containing galliumconplex
conpounds at - NH3_npl ar, ratio of re than 1:50, .in ‘order tao, have a

t hi ckness hi gh B2 °u%’%9if%?do %é)ldﬁmg?t’ ﬁea%rFSGBE]@V?’qurhiéql@tei)f%ﬁEEMFI@%AQBP%M
or M pl anerygtdl lgkdwi 1 4 dirébtios pasilleBiote-atih ofhdxafortal 14tH8¢ oPEAfifhEEide seed in
enbodi nent, the present. invention relates to a bulk nitride nono-crystal

grown on & Suewerineal Nih qentaining gallivmaromplex eampqupds at GaslNKs plarsativsofohores
supercrit gcal : I pJ I L. e u ' not . s© rmuch

surf.ace F%%g%#ggé&?ga%ogdgg?%gsgm%gf% éé}oq‘%gpﬁi p Etlz egg\é%&gooﬁgu@f“gl?l' :
devi ce f oprosdssablerAeplane ©hdl-plane geHivm-nigridl substrags. i | | ustrate the present

i nvention and Fig.. 1 shows a dependence of GaN solubility in supercritical
ammoni a contai ni ng potassiumanide (at nolar ratio of KNH2: NH3=0, 07) on

pressure at T=20&] Aitthef pRéifbiced Embodigest) MeSpreden® HREAEHE BelMee LS ARGIBW Of
a fracture of a substrate for epitaxy according to the invention, Fig. 3a

presents BIAPR-qryad ogr@umyon @nsave shaviiae subdantial tiliedforyetel atis dysmepiseof of a

bul k nitrj S ‘ PESGT: kL Ve =f r f.or .epi t.axy
ccor di ng ra e NeChdtainfan Bl ooyt Uafodtngs, AR 3R Sa R RebEY
.3b shows faughoesspsito derneast hifstinge of 4 hitrédeafemicondmtbrdeficgfiiried thepdont | de
obt.ai ned by HVPE net hod and having a very |l ow content of Goup | netals,

Fig. 4 present Thanciompanyinpcliavgngy fliatrhte ale pRAOR) inveatich ahd FRE 1 Biws SaN
nono- crystal gccordi to,the invention, Fig. 5 shows change of tenperature
inside th °%?&?6%ﬁ°af$eagﬁ W‘?P&“_Xt ma_SLlP&FE{t_’aﬁ't ﬂ*%%g@w@%msxaﬁﬁsm eglate
presents afuidigRtiofof mgmg%o,w?t b résSredf TR0t L TLSoRE %gﬁi Wbws
tenperature in Exanple 2, FI'g. présents change of tenperafur€ Tn tine in
t he aut ocflarescence anisasgone vishuRE a fraghueenpf @ sBbstrity fog epitaxy according to the

invention, Fig. 3a presents SIMS (Secondary Ion Mass Spectroscopy) profiles of a sample -

of a bulk nitride mono-crystal, especially for use as a substrate for epitaxy according to the
invention with a high Group I metals cc.a'n’tent, while Fig. 3b shows for comparison SIMS
profiles of a sample of gallium nitride obtained by HVPE method and having a very low
content of Group I metals, Fig. 4 presents an X-ray rocking curve from (0002) plane of the
bulk GaN mono-crystal according to the invention, Fig. 5 shows change of temperature
inside the autoclave in time at a constant pressure in Example 1, Fig. 6 presents change of
pressure in time inside the autoclave at constant temperé.mre in Example 2, Fig. 7. presents
change of temperature in time in the autoclave at constant volume in Eicample 3, Fig. 8
presents change of temperature in time for Example 4, Fig. 9 presents 'chahge of
' temperature in time for Example 5, Fig. 10 presents chang_e of temperature in time for
Example 6, Fig. 11 to 15 present change of temperature in time for Example 7 to 11, Fig.
16-18 illustrate subsequent phases of manufacturing three exempléry bulk nitride mono-
crystals according to the present inven'ti'on - formed by 1atera1 g'rowth method.
Additionally, Fig. 19 and 20 show sectional views of :dpto-electronic devices — a ridge



presents change of. tenperature in time for Exanple 4, Fig. 9 'presgnigr 2006
‘change of tenperature in tine for Exanple 5, Fig. 10 presents change of
t enper aivaremssvdsi ne for Exanple 6, Fig. 11 to 15 presenpcrirangencof
tenperature in tine for Exanple 7 to 11, Fig. 16-18 illustrate subsequent
phases of manufacturing three exenplarySbulk nitride nono- crystals
according to the present invention - formed by |ateral growth nethod.
Additionally, Fig. 19 and" 20 show séctional views of opto-electronic
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devi ces such as LED LD can be forned by epitaxi-al nmethods such as MOCVD

| and HVPE. A fuﬁhﬁ{emgflgﬁgﬁgﬁbl& g'ﬂ‘l -lcafitaﬁiingr il NGelAle HEASErAtP! at e

possessing A= or urfac Ich are suitable for epitaxial ° .
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one nitride opto-el ectronic devi ferabl y hWtride.: ) due

"aser st riparstos it s R KB PEE G tordiel i flfi FRRRTMER %
processi ngdyvMaa¥BIVPBBE or ot her net hods of epitaxial deposition thereon
of nitride layers, the surface area being preferably higher thanl O m®2,

most preferabl X fi-aReprblasabiehorFolaSUP & Miplaf@plfte nveit amanpossdsitgd in
a supercritical state. Essentially, the supercritical solvent contains a
ni t r ogen- &enr M-plane gurfasies avhichaarg siigsshie for epitkaslideppsitips ofpitridelayerg) angl for.

. contain other g I | SO & adSEl f g n@sigkhese
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Supercritical solvent meaﬁs: a ﬂu1d | in a supercritical state, Essentially, the
supercritical solvent contains a nitrogen-containing solvent and ions of alkali metals. It can
- also contain other cbmponents in addition to the solvent itself as long as these components

do not substantially influence or disturb function of supercritical solvent.

Su[;ercritical solution is used when referring to the supercritical solvent when it
contains Group XIII element(s), in particular gallium - in a soluble.form originating from

the dissolution of feedstock containing Group XIII element(s), in particular gallium.

Dissolution of feedstock means a process (either reversible or irreversible) in
~ which said feedstock is taken up to the supercritical solvent as Grotip XIII element(s), in

particular gallium in a soluble form, possibly Group XIII element(s)-complex compounds,

by
[

in particular gallium-complex compounds. ™

Group XIII element(s)-complex .cofnpounds, in .pa_rtici;lar gallium—c'om_plex

compounds are complex compounds, in which a Group XIII element(s), in particular
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such as N at[_:[ﬁ derivatives, like NH2 , NH2-, etc.
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~inmportant parameters is rface ocat1on nsit
publ i cat | ammonblmsicerocesEaaiording todbe presert ix@mntiEiP@carﬁedjmﬁd V\/nen quality of a
nitride nmono- crystal is discussed. It has been already proved by
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near-di sl ocation region. So, if the amount of dislocations is not too
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di sl ocati gy log&{‘%lltvyell %‘O&Vﬁrth ysed etching procedure' should be confirned
by TEM maasE ment s en eval uating the surface dislocation density of

bul k nitride t t SSEN v t f the
par anet er wergaggtog:’ @d%ﬁ%ﬁ%}t od%l 'Sr;ﬁllrg%:g e]%{c%goctaﬁéb\sﬁ%ﬁﬁ% g?o‘%ogbepi C
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crystal . Such, dafk p0|n cqul d pe near-djslocation regions, due to
ot oat fon SRR} fsifcabredolt ﬁ&ﬁ%ﬂﬁaﬁqycﬂw&%%%crwmc pBsezyabions that sevstAlY ue

of det er Mgy Hifetcitld Hore! éfﬁﬁ%ﬁﬂ)}nirpféa? bifshocath region. So, if the amount of dislocations -

is not too high, counting of etch pits is the easiest way of determining of dislocation

density. However, used etching procedure should be confirmed by TEM measurements.
When evaluating the surface dislocation density of bulk nitride mono-crystals of the
present invention the values of the parameter were oBtained from the cathodoluminescence
maps by microscopic observation of dark points on the surface of electron-beam-excited
qrystal. Such dark points could be near-dislocatio_n regions, due to creation of irradiative
recombination centers. This is another technique of determining: of dislocation deﬂsity and
the results obtained have been confirmed by TEM measurements, Throughout the present

specification Dislocation Density and EPD are used as equivalent terms.

Measurements of FWHM of the X-ray rocking cur\;e and SIMS (Sééondary Ion
Mass Spectroscopy) profiles of the samples of bulk nitride mono-crystals according to the

invention were employed in a course of evaluation of the qua.h'ty of the samples obtained.

In accordance with the present mventlon a bulk mono-crystal of gallium-containing
mtnde have both large size and high quality. Such a bulk mono-crystal of gallium-
containing nitride can have a surface area of more than 2 cm® and a surface dislocation
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of galliumcontaining nitri I NG t one onor
and/ or atrePgﬁg‘{%ﬁﬂ’é"g’c‘B ‘?J'g 6‘%6‘}" %B’n& /E%Snt to alter
the optical, electrical and netic propertles of the substrate. = Donor
dopant s, accepf‘%"rorféi'éﬁéﬁttée W&ng%ﬁeﬁ‘ kcmaagamsylé»fesab@mw%wa Pitgi¢pemayt |
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Preferably t nor . opants are se omthe g oup consi sting
Si and O. mAgnemcockmamtr todmlpanﬂis dpgcdndlcctﬁnalaarai praghetic prbperivey of rtbevsubsiget i ¢

conant CooRe APRLAIBReEt Sobls TPEAGRLS Bhard S BEFRF it 1A e
concent r ad @flscted dcberdipnes ﬂwdeﬁfeaepbpéméenﬁnﬂls aubetrie| Prefiiably the amrart

and depend on the desired end applicatjon of the nitride. 'Ir%) pically
concent r a$9R3AE 25¢ selreie® Teasp Hin SroHR feRsIfting Ri1Riand; @ A agcepterdppants Mg 'and

Zn are preferred. Any known magnetic dopant can be included into the substrate of the

H

present invention. A preferred magnetic dopant is Mn and pdssibly also Ni and Cr. The.
concentrations of the donor and acceptor dopants are well-known in the art and depend on
the desired end application of the nitride. Typically, concentrations of these dopants range

from 10'7 to 10*! / cm?.

Due-to the producﬁon process, the bulk mono-crystal of gallium-containing nitride
can also contain alkali elements, usually in an amount of more than about 0.1 pprp.'
Generally it is desired to keep the alkali-elements content lower than 10 ppm, although it is
difficult to specify what concentration of alkali metals in a bulk mono-crystal of galliuin-

containing nitride has a disadvantageous influence on its properties.

A bulk mono- cryStal of gaIliuh’:-contaiirﬁng nitride may additionally comprise traces
of Ti, Fe, Co, Cr, and Ni introduced in the productmn process in effect of corrosion of the .
autoclave under the process conditioh. Such trace impurities do not adversely affect the use

of the mono-crystal of the present invention as a substrate for epitaxy.
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Such crystals are available from a number of sources, among others they are produced by
NICHIA, ATMI, TDI, SUMITOMO and other manufacturers. Seed crystals can be also
obtained by HNP method, under which growth of GaN crystals occurs ‘spontaneously in
molten gallium under a high pressure nitrogen atmosphcre Recently a paper “Growth of
bulk GaN single crystals by the prcssure—controllcd solution growth method” by T. Inoue,
Y. Seki, O. Oda , S. Kurai, Y.Yamada and T. Taguchi was published in J. Cryst. Growth
229, 35-40 (2001). The authors described a method for producing GaN, similar to HNP
method, however crystal growth is initiated by.a slow increase of nitrogen pressure and -
simultaneously maintaining a uniform temperature and not by generating a temperature
difference within a cruciblé with a molten gallium. It was reported that the method allows
growing. GaN mono-crystals having up to 10 mm in diameter. Still further method suitable
for obtaining seed crystals involves -melﬁng a mixture of sodium azide, metallic gallium
and metallic sodium. With increasing temperature sodium azide'deco_mposes and releases

atomic nitrogen, which in turn reacts with géliium,, forming a desired gallium nitride.
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stripes 5. Lateral overgrowth of bulk mono-crystal of gallium containing nitride may be

also carried out on selected side walls 6 only.

As it is shown in Fi.g_. 18, a bulk mono-crystal of gallium containing nitride 7 may
be formed on a part of a prifnary substrate 3 only. In effect, a surface dislocation density of
a nitride layer 7 is substantially lower than dislocation density of a primary substrate 3. In
this case a primary substrate 3 is covered in part only with a mask layer 4, and a nitride
layer 5 is grown from the openings in a mask layer 4 upward and laterally. In such a
manner stripes made of nitride semiconductor are obtained, having a T-shape cross-
- section. Afterwards, mask layer 4 is removed and a primary substrate 3 covered with
stripes having the T-shape cross-section is obtained. On the side walls of the stripes a bulk

mono-crystal gallium containing nitride 7 is formed by lateral overgrowth.

GalIiwn-cOntaiping nitride seed crystals, having the same composition as a bulk

mono-crystal of gallium-contairﬁng nitride, are used as homo-seed crystals. Preferably the
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a bulk mono-crystal of gallium-containing nitride may be grown on all planes *

of such a seed crystal or a growth on selected planes of the seed may be realized.

When a bulk mono-crystal consisting essentially of gallium nitride is crystallized
on a homo-seed crystal in form of a flat plate with two parallel faces perpendicular to e
axis of hexagonaJ lattice of gallium nitride, and bulk mono-crystals of GaN are grown on
both such faces of the seed crystal, the resulting mono-crystals have different growth faces,
one being nitrogen-terminated face and the other — gallium-terminated face. It has been
notgd that nitrogen-terminated face has a beﬁer crystalline quality than the gallium-
terminated one. Generally, mono-crystal layer with nitrogen-terminated growth face has
better overall properties than a layer with gallium-terminated growth face. In particular,
the mono-crystal layer with nitrogen-terminated growth face has lower surface dislocation
density than a layer with gallium-terminated growth face. Also the layer with nitrogen-
terminated growth face has lower values of FWHM of the X-ray rocking curve than a layer
with gallium-terminated growth face. The surface dislocation density on nitrogen-
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supercritical solvent..and crystalTlization of a gallium cont aning nitride
on a sur fsaBeation ebdht. emncmrmcal splutiom wdth respecirtat galiumfcanteining suitedec beingcal
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supercriti sol vent , and crystallrzatron of galliumnitride on a

surface c?‘PF‘?éb%PCbF’?’é"laH’rzat‘%ﬂ ot & gplbm pitdde pp @rrerfaern@ﬁ fsed srestaly pletepgEat e han
in the dirggid-4hiiRR pRIsQEE RSwer than in the dissolution process.

Typically, the supercritical solvent contains NH; and/or its derivatives, and includes
ions of elements of Group I - at least potassium or sodium ions, the feedstock consists
essentially of gallium-containing nitride and/or its precursors, selected from a group
including azides, imides, amido-imides, amides, ‘hydrides, gallium-containing metal
compounds and alloys, as well as:metallic: Group XIII elements especially metallic
gallium,

In the process in which a bulk.nitride mono-crystal of the present invention is
obtained crystallization of gallium-containing nitride takes place in an autoclave, at
tetnperatur‘e's ranging from 100°C to 800°C and at pressures from 10 MPa to- 1000 MPa and
a. molar ratio of jons of elements of Group I to the rematnmg components of the '
supercritical solvent ranges from 1:200 to 1:2. As a source of alkali-metal ions alkali
metals or alkali metal compounds, excluding those containing halogens, are used. The

. growth of a bulk mono-crystal of gallium-containing nitride is controlled by means of



Typical ly, the supercritical solvent contains NH3 and/or its deri I MRS
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galliumin a formof galliumcontaining nitride crystals.having a total
surfaceaé?aébfsﬁ?cb@fé’ﬁtalsﬁéﬁd-a total surface area of seed crystals used.
Preferably, galliumcontaining nitride consists essentially of gallium
nitride. A cadwrefferablygelliunaeantainipg nitride aonsists essertially ofl gélinmumigsdd, eads t o
obt ai ning thick bul k.- nono-crystal of galliumcontaining nitride.

Dependi ng on 4 barefid icombiitiemofitht abdevdisassdl feathres kends to obtairting thiclobulky st al

erbodi mENRCERTIRL of AR ORATR G SRR DEPSPInE o A TP o e BUOIBETER | n a
pl ane  thickness of the mono-crystal of 250 microns or bigger may be reached. In a particularly
preferred embodiment a bulk gallium nitride mono-crystal having a cross-section in a plane .
perpendicular to c-axis of hexagonal lattice of gallium nitride é surface area greater than
100 mm?, while its volume is sufficient to produce at least one further-processable non-

polar A-plane or M-plane plate having a surface area at least 100 mm?,

The bulk mono-crystal of gallium-containing nitride may include a seed crystal. In
such a product at least one surface of a bulk mono-crystal of 'gallium-containjng nitride is
suitable for epitaxial growth of nitride semiconductor layers without any further pré- -
treatment. | |

As it was mentioned above, a bulk nitride mono-crystal of the present invention is

- obtained by a supefcritical crystallization process, which includes at least two steps: a
dissolution step at a first tethperature and at a first pressure and a crystallization steb ata
second temperature and at a second pressure. Since geperally high pressures and/or high

temperatures are involved, the process is preferably conducted in an autoclave. The two



per pendi cular to c-axis of hexagonal lattice of galliumnitride
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Efng? r[p . eferably, "'the dissolution step and the
ys .a ' zat| Olaresf_lereé\tgly?rtﬁe &9&%%&%}5 il tHe@Rpdtallization step are conducted - at least

partially - simultaneously in the same autoclave. For such an embodiment pressure is

practically uniform within the reaction vessel, while temperature difference between the
dissolution zone and crystallization zone should be at Jeast 1 °C, and preferably from 5 °C
to 150 °C. Furthermore, the temperature difference between the dissolution zone and
crystallization zone should be controlled so as to ensure a chemical transport in the

supercritical solution, which takes place through convection in an autoclave.

In the present invention ‘many materials containing Group X1 element(s), in
particular gallium, which are soluble in the supercritical solvent under the conditions of the
present invention, can be used as a feédstock. Typically, a gallium-containing feedstock
will be a 'substance or mixture of substances, which contains at least gallium, .and
optionally alkali metals, other Group XIII element(s), nitrogen, and/or hydrogen, such as
metallic elements of Group XIII, in particular Ga, alloys and inter-metallic compouﬁds,
hydrides, amides, imides, amido-irflides, azides. Suitable gallium-containing feedstocks

can be selected from the group consisting of gallium nitride - GaN, azides such as Ga(N3)3,




partially - sinultaneously in the sane autocl ave. For such an embodt frepfiR 2006
pressure is practically uniformwthin the reaction vessel, while
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P cxample of ammonia derivative is hydrazine. Most preferably the solvent is ammonia. To

reduce corrosion of the reactor and to avoid side-reactions, halogens e.g. in the form of
halides are preferably not intentionally added into the reactor. Although traces of halogens
may be introduced into the system in the form of unavoidable impurities of the starting
materials, care should be taken to keep the amount of halogen aé low as possible. Due to
the use of a nitrogen-containing solvent such as ammonia it is not necessary to include

nitride compounds into the feedstock.

Gallium nitride exhibits good solubility in supercritical NHs, provided it contains
alkali metals or their compounds, such as KNHz. The graph in Fig. 1 presents solubility of
GaN in supercritical solvent depending on pressure, for temperatures 400 and 500°C,
defined as a molar percentage: S = [GaN"'"%": (KNH, + NH;)] x 100%. In this example
KNH; in supercritical ammonia is used as a solvent and a molar ratio x = KNH, : NHj is

equal to 0,07. In this case Sm should be a smooth function of only three parameters:



ions. Preferably the solvent s ammonia, a derivative thereof or m%g%g‘,sms
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"gallium nitride in the form of a bulk mono-crystal of gallium nitride on the gallium-nitride
seed crystal. Fig. 2 in the drawing shows a microscopic view of a cross-section of one of
the obtained samples of crystal seed with two bulk nitride mono-crystals according to the
invention. In that sample a crystal seed obtained by HVPE method and having a thickness .
of ca. 100 pm was used. GaN layers crystalhzed on both sides of the seed were 250 pm
thick, in total. The brightness of the mtemal Seed layer is caused by a so-called yellow
luminescence typical for GaN and most probably caused by radiation processes involving -
native defects of a crystal, such as for example nitrogen vacancies. In the crystallized bulk
mono-crystal of GaN there is no yellow-luminescence effect, ‘and therefore they can be

- easily disti;xguishcd from the seed crystal under ﬂuofescencc microscope. Lack of yellow
luminescence effect may result from a low level of native defects in a substrate according
to the invention or from a high ﬁumber of non-radiation centers in the bulk mono-crjrstal of

GaN obtained. The latter explanation is probable in view of a presence of impurities such
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the ni ner 3¥iNa etwhesein Mt kre ap opliglbfmetaorffsuerncentration pf dhe rmisiepaliger inaneh| |
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of the mneralizer is not particularly r?stri cted and is selected so efa,s to
ensur e add§tmting produsty I %Bﬁ[mg ¢ yangp of 1:200 to I : 2, in the terms of the moles o

the metal ion based on the moles of the solvent (molar ratio). In a preferred embodiment

-

the concentration is from 1 : 100 to 1 : 5, more preferably 1 :20 to 1 : 8 moles of the metal

ion based on the moles of the solvent.

The presence of the alkali metél in the process can lead to the presence of alkali-

metal elements in the thus prepared nitride mono-crystals. It is pbssible that the amount of

-alkali fnetal elements is more than about 0.1 ppm, even more than 10 ppm. However, in

_ these amounts the alkali metals do not detrimentally effect the properties of the mono-

crystals. It has been found that even at an alkali metal content of 500 ppm, the operational

-_p'a.rameters of a nitride bulk mono-crystal according to the invention when used as a
substrate for epitaxy are still satisfactory.

The dissolved feedstock crystallizes in the crystallization step under the low
" solubility conditions on the crysta.llizatidn seed(s) which are provided in the autoclave.
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galliumcontaining nitride (the resulting product). It is usually in the
range .ofWQ03038& to 1 : 2, in the terms of the noles of PoOEPIEL@07II ON
based on the noles of the solvent (nolar ratio). In a preferred enbodi nent
the concentration is from1 : 100 to 1 :18, nore preferably 1 : 20 to 1 : 8
nol es of the nmetal ion based on the noles of the solvent. The presence of
the alkali metal in the process can lead to the presence of alkali- netal
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f eedst ock conytiiedlak beiag limitihge crystal lization step under the | ow
solubility conditions on the crystallization seed(s) which are provided in
the autocl ave. Ea@pRPR 2006 WO 03/ 035945 18 PCT/ PL02/ 00077 Due to the good
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aut ocl ave. apto e.was filled with 4.82
ammoni a, S IBFB%_BE “’Fﬁéh%lei’%b?%ﬂlg %g? ﬁﬂgf\ﬁogiﬁﬁﬂe |1?Pc1§° %é‘uﬁf\?@’r’ee‘(ﬁd 208at ed
to 400C. ﬁ(?[?és'ﬁ{eetehﬁbéfa%e R RUfAsdPNCSIPE ARY 8 days, with pressure maintained at

200 MPa. The autoclave was képt under such conditions for another 8 days (graph in Fig.

5). The process led to total dissolution of the feedstock and recrystallization of the galhum
nitride layer on the partly dxssolved seed crystal

Example 2

Two crucibles were introduced into -the 10. 9 cm’ hlgh-pressure autoclave, one .._
contammg 0.44 g gallium nitride feedstock in the form of 0.1 mm strips obtained using the
HVPE method, second contmmpg Oé,lr.gise_qd gmystals with double thickness, also obtained
using the HVPE method. 0.82é g 4N pﬁrity imetallic potassium was introduced into the
autoclave. The autoclave was filled with 5.43 g ammonia, and closed. The autoclave was
introduced into the oven and heated to 500°C. Pressure inside the autoclave was 350 MPa.
After 2 da)_'é, the pressure was decreased to 200 MPa, and temperature was maintained at
500°C and the autoclave was kept under these conditions for a further period of 4 days
(graph in Fig. 6). The process led to total dissolution of the feedstock and .recrysta.llization
of the galliﬁm nitride layer oh the partly .dissolved seed crystals.



MPa. The tenperature was increased to 500C after 8 days, with pred$SufR 2o
mai ntai ned at 200 MPa. The autocl ave was kept under such conditions for
anot herW® 68394 graph in Fig. 5). The process |led to totRGT/BRG49PTt i on of
the feedstock and recrystallization of the gallium nitride layer on the
partly dissol ved seed crystal. Exanple Y Two crucibl es were introduced into
the 10.9 cnB high-pressure autoclave, one containing 0.44 g gallium
nitride feedstock in the formof 0.1 nmstrips obtained usi-ng the HYPE
met hod, secondExammplaBning 0 g ;segd prystals with doubl e thickness, also
obt ai ned usi ng the HVPE net hod. O. 82; g 4N puri t3y nmetal | i c potassi um was

i ntroduced i Nt Pwbheucidlés Ontre Viatrodiredaikitco dea e onan high-pdsstiré laufocddeg one.
ammoni a, and cl osed. The autocl ave mas i.ntroduced jinto the oven and heated
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days (gr mﬁbdudsedﬁm the)autoaaee PFzcetarldve dvasdiltedtvaith 4ligssmioniapandélosdie The
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aut ocl ave, one. cont ai’ni ng Int formof 6N purity metallic
gal I'ium s.ade:rtﬂesemnhdmnnmg)r@ further pariad dﬂy@yal(grapbhm%cﬂ)u%‘hmgradm  C

met hod. 06g urit ta55| tro uced . t he
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aut ocl ave gu@perl-g4is.0duced into the oven and heated to 200C. The tenperature
was |ncreased after 2 days to SOOC, mmintaining pressure at 200MPa. The

aut ocl ave was l@g&‘p nder these conditions for a further period of 4 days
(graph in Fig. ]'f'he process led to total dissolution of the feedstock

and. recrystalilizati of . 1; r I t t.:al s.
Beami o 4 1. 0§ 8 e pieiol ok UrhRle rVRe A¥Eo s ified 38 etk 5
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, While in crystal |zat|on zone e. aut ocl ave a seed ystal, of gallium .
nitride oBbapHedayesd PF‘(} tEstalNgs) aﬁﬂ"’hé’dﬂd%%t g&smg ﬁ#‘%%&smﬁfh%ga‘ﬁﬂg &nd

surface anfiay @l or 306 Mm"aR QIrBEEhrdlest 2.5“9'52 WL PdcRY NUAS the autoclave was
charged with 1.2 g of metallic gallium 6N pure and 2.2 g of metallic potassium 4N pure. .

Subsequently the autoclave was filled with 15.9 g ammonia (5N), closed, introduced into
an oven and heated to 200°C. After 3 dé\ys - during which period metallic gallium was
dissolved forming gallium complexes in the supercritical solution, the temperature was
incrcas;cd to 450°C. A pressure inside the autoclave was at that temperature about 230
MPa. After further oné day, the high-temperature crystallization zone temperature was
increased to 500°C and temperature of the low-temperature dissolution zone was decreased
to about 370°C and the autoclave was maintained under those conditions for the next 20
days (graph in Fig. 8). As a result of the process, partial dissolution of the gallium nitride
feedstock took placé in the low-temperature zone and growth of gallium nitride in form of
a mono-crystal layer of 350 pm thickness on gallium nitride seed crystals - in the high-

.temperature zone.
Example 5

A 3.0 g sintered gallium nitride tablet was placed in low-temperature dissolution
zone of the 35.6 cm® high-pressure autoclave and gallium nitride seed crystal obtained by
using the HVPE method, having a thickness of 120 pm and surface area of 2.2 cm? was.



charged with 1.2 g of netallic gallium6N pure and 2.2 g of neta?lgi PR 2006
potassi um 4N-pure. Subsequently the autoclave was filled with 15.9 ¢
amni@éﬁ&ﬁuw)ﬁl osed, introduced into an oven and heat g@/® ARPEGE7 After 3
days - during which period netallic galliumwas dissolved formng gallium
conpl exes in the supercritical solutionpp the tenperature was increased to
450C. A pressure inside the autoclave was at that tenperature about 230
MPa. After further one day, the high-tenp&rature crystallization zone

t enper at ure i.n¢r.eased to 500 nd. t enper re of the re
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As a result “of the process, partial dissolution of the galljumnjtride
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and surf 3g8ahfife Alssdufof BBndis SedeABR12A00°C WE 96 B58Ge RE! FlA4120077
20 pl ace TR~ Fhe I'gh-tenperature crystaltization zone of the same
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t he autocl ave s . fi]J]l.ed with .9 nja,a cl o was
Lnon | nt reAtERtA Rircelotie by ah e e i b essch R Sowdthpgate
parti al | ygis@dhinalzége andiiftiey 18eh Gahpdrahteairy aallizattacone gawtir et gatiurohitride
supercritical solution with gallium conpl exes ther WO, da%/é 1tr_H.e_ : -

t enper at Wregdlivmtpdtridegged © ook Rlace 19 < form; ot dpyn baging distalithickesss&d o
500C, and,te ature of the |ow tenperature dissolution zone was
d'ecreaseoabtoB{TS and the autocl ave was maintained under those conditions
for the next 20 days (graph in Fig. 9). In result of the process,

subst anti al _di%’?&”ﬁ? Pon of the galliumnitride feedstock took place in the

I t t di | uti .and in t | -te t .
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nple .6 - g gal ttide

500 .tm | Tiumn obt ai ned usi ng the HVPE net hod-
was pl aceetystalsl dbteined also using the HVPE method were placed in the high-temperature zone,

and 3.56 g 4N purity metallic potassium was introduced. Next, the autoclave was filled
with 14.5 g (5N) ammonia and closed. Autoclave was then introduced into the oven and
heated to about 425°C. Pressure inside the autoclave was about 150 MPa, After one day,
temperature of thé high-temperature Izoﬁe was increased to 45_0°C, and temperature of the
low-temperature zone was declreased to 400°C and the autoclave was maintained under ™
those conditions for the next 8 days (graph in Fig. 10). In result of the process, partial
dissolution of the gallium nitride feedstock took place in the low-temperature zone and
growth of gallium nitride on the HVPE gallium nitride seed crystals took place in the high-

temperature zone.
Example 7

2 g gallium nitride obtained using the HVPE method was placed in low-
temperature zone of the 35.6 cm’ high-pressure autoclave, and 0.47 g 4N purity metallic
potassium was introduced, while 0.7 g gallium nitride seed crystals also obtained by using
the HVPE method were placed in "t]':le hi.gh-‘_cc:mpcratme zone,. Next, the autoclave was

filled with 16.5 g (5N) ammonia and closed. Autoclave was then introduced into the oven



tenperature zone of the 35.6 cnB high-pressure autoclave, 0.8 g gabl ARRTR006
nitride seed crystals obtained also using the HVPE nethod were placed in
the high-tenperature zone, and 3.56 g 4N purity netallic potassium was
i-nt roduced. Next, the autoclave was filled wth 14.5 g IgS ammoni a and
cl osed. WALBHI%Y e was then introduced into the oven and ?ﬁ%‘r‘&@”?ﬁ about
425C. Pressure inside the autoclave was I'ibout 150 MPa. After one day,
tenperature of the high-tenperature zon% was increased to 450C, and
tenperature of the |owtenperature zone was decreased to 400C and the

aut ocl ave was muai nt ai ned under.- those conditions for the next 8 days
(graph i n afd geated Yo 500°C.cRugbureinsidache avtockye wasratioat 308iMBa| Aftenonesflay,he

gal liumnitride feedstoc 00k place in the lowte ture zone and.growt h
of gal 11 uirmpeRmico e oigmeri o b it LERDEC) o8 Fe B pe e
the high tennanpdratife ZaRe wipdbiehed fo 250°Qahd ithdniictlab el ewabinainigded shag t he
HVPE net hod was placed in |ow tenperature _zone of the 35.6 cnB

hi gh- pr esdhgse candiions fer, thg mexb 8 4iays) (greplp in Fige ht In result ofthe Pspeass. rastial
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aut ocl ave growth of ighlliméh wittide Idn theggdl6ih Aitmidniseed ety stdlo sedurredlu iro thea \héghwas
then introduced into the oven 2 6 APR 2006 WD 03/ 035945 21 PCT/ PL02/ 00077
and heat edSREFIBYRZONSr essure i nsi de the autocl ave was about 300 MPa. After
one day, tenperature of the high-tenperature zone was increased to 550C,
and tenperatur &xample§ he |owtenperature zone was decreased to 450C and
t-he autocl ave was mai ntai ned under those conditions for the next 8 days
(graph in Fig. .(DapinglGaN wsthiMgbf the process, partial dissolution of the
galliumnitride feedstock took place in the | owtenperature zone and

growt h of gal | iAnrambtuiti afe0.6rg ohgallivah Initride rerystald of averdge thiskmebs ofabautri@d i n
t he hi gh- tenperature, zone. I Dopi ng, GaN wi t h An anpunf of 0.5
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t he hi gh- tazystallizationezone of the autoclave, three seed crystals of gallium nitride obtained by the

HVPE method were placed. The seed crystals had a thickness of 120 micron and total

surface area of 1.0 cm®. Then the autoclave was charged with 0.07 g of metallic gallium,
1.36 g of metallic sodium of 3N purity, and 0.01g of metallic magnesium which played the
role of acceptor dopant. Subsequently, the autoclave was filled with 15.4g of ammonia -
(5N), closed, put into a furnaces and heated to tempgréture of 200°C. After 1 day — during
which period metallic gallium was reacted to form gallium in the soluble form in the
supercritiéal solution — the autoclave was heated so that temperature in the crystallization
zone was increased to 500°C, while temperature in the dissolution zone was increased to
400°C. The resulting pressure wals about 230 MPa. The autoclave was kept in these
conditions for the next 8 days (graph in Fig. 12). As a result of this process, partial
dissolution of material in the dissolution zone and growth of gallium nitride on gallium-
nitride seeds in the crystallization zone took place. The resulting crystals of gallium nitride
were in the form of two-sided mono-crystalline layers having a total thickness of 450
-microns. The doping was cﬂ‘éctivc in the layér grown on N-terminated face of GaN seed.
That layer had a thickness of about 270 microns. Its cathodoluminescence spectrum at
room temperature had a broad peak with a ma:dmum at about 2.9 eV (blue). The presence

of magnesium was also confirmed by SIMS measurement at the level of 10" / cm?.



crystallization zone of the autoclave, three seed crystals of gallium
nitride obtained by the HYPE nethod were placed. The seed crystal$ ARy 2008
t hi ckness of 120 micron and total surface area of 1.0 cnR. Then the -
aut ocl ave was charged with 0.07 g of netallic gallium 1.36 g of netallic
sodi unwaf 0338sgarity, and 0.01 g of netal lic magnesi um wWRCAPIHREPEY t he
rol e of acceptor dopant. Subsequently, the autoclave was filled with 15.4g
of amonia (5N), closed, put into a f #2naces and heated to t enper at ure of
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closed, put into a furnaces and heated to tenperature of 200C. After | day
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crystals of gallium nitride were in the form of two-sided mono-crystalline layers having a
total thickness of 500 microns. The layer grown at N-terminated side had good crystalline
quality: the FWHM of X-ray rock.?ng ‘curve from (0002) plane was 66 arcsec and the
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dislocation density calculated from the cathodoluminescence map was 6 x 10* / cm?.
Example 10
(Preparation of AlGaN)

An amount of 0.2g of microcrystalline aluminum nitride in the form of one sintered
pellet, was placed into the low-teinperatllre dissolution- zone of the high-pressure autoclave
of 36.2 cm® capacity. In the high-temperature crystallization zone of the autoclave, two
seed crystals of gallium nitride obtained by the HVPE method were placed. The seed
crystalshad a thickness of 120 micron and tota] surface .arca of 1.1 cm?. Then the autoclave
was charged with 0.12 g of metallic gallium and 1.39‘g of metallic sodium of 3N purity.
Subsequently, the autoclave was ﬁliéd with 15.7 g of ammonia (5N), closed, put into a
furnaces and heated to temperature of 200°C. After 1-day — during which period metallic



that tenperature in the crystallization zone was increased to 5506 WhRRI 2806
tenperature in the dissolution zone was increased to 450C. The resulting
pressure was about 260 MPa. The autoclave was kept in these conditions for .
t-he nexyo@sosys (graph in Fig. 13). As a result of thi §Cﬁhqfqﬁ,%§077partial

di ssol-ution of material in the dissolution zone and growth of gallium,
nitride on galliumnitride seeds in th@3crystallization zone took pl ace.
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Subsequent Iy, "t he autoclave was fi'lled wt anmoni a
put i nto growtluefhaddesGanel dnegallium-nitride sqeds i theccrpétalliofion zshe ¢oolt phiag. The

R e e o e
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the crystallization zone was_increased to 500C, while tenperature in the

di ssol ut i Beaspesmenias welkasdi3E mneasurgment. Botheteehnignasivigldedyroasistant Ahaentaiiout
230 MPa. I 0 ket sul se conditions for 1 day, then the

t enper at ua;lgg%%?élgﬁggé%uf on andwklira%?gl | i zation zones were increased during
1 day by 50C,E nd R«f aut ocl ave was maintained in these conditions for
anot her 2 days ’%ﬁ?péé) in Fig. 14). As a result of this process, partial

di ssolution of, AIN in t di ssol uti zone, and . growmh of Al o, 2Gao. 8N on
gal |'i um ni tri ofeh amayet ‘?grjﬁ%tﬂn@e\"ﬁ%ﬁﬁ?%‘ﬂ i$y salliven nigiie Ogﬁwége fipekness of

resultin r bl r . [ :
onor cr yoaiuy 24Emordh, Gofnitl BT Rcbididd o &8 ifchtiof S HAVEE 00 picron

cont ent wgistesievasplaced dnioythedomatenperfatura dissalution zone of the high-pressure autoclave
of 4 cm diameter, 48 cm length, and 600 cm® total capacity. In the high-temperature

crystallization zone of the autoclave, twenty seed crystals of gallium nitride obtained by
the HVPE method were placed. The seeds had initial thickness of 600 fhicron, but were
carefully polished from both sides. After such polishing, the seed crystals had a thickness
of 250 micron and total surface area of 25 cm®. Then the autoclave was charged with 1.9 g
of metallic gailium and 22.6 g of metallic sodium of 3N purity. Subsequently, the
autoclave was filled with 256 g of ammonia (5N), closed, put into a furnaces and heated to
‘temperature of 200°C. After 3 days — during which period metallic gallium was reacted to
form gallium in the soluble form in the supercritical solution — the autoclave was heated so
that temperature in the crystallization zone was increased to 550°C, while temperature in

 the dissolution zone was increased to 450°C. The resulting preséurc was about 260 MPa.
The autoclave was kept in these conditions for the next 16 days (graph in Fig. 15). As a
result of this process, partial dissolution of material in the dissolution zone and growth of
gallium nitride on gallium-nitride seeds in the crystallization zone took place. The resulting
crystals of gallium nitride were in the form of two-sided mono-crystalline layers having a
total thickness of 1000 microns. '



measurenent, as well as EDX measurenent. Both techni ques yiel ded gniﬁikﬁgt
Al content at the level of 20 at.% (in cation sublattice). Exanp 1
amount  ofo @&fizgsef | owcrystalline-quality galliumnitrids ,P%%,ﬁ.ge
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| ayers having a total thickness of 1000 mcrons. 2 6 APR 2006 WO
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bulk mono-crystal of GaN deposited on nitrogen-terminated faces of the seed crystals were
of good quality. '

Example 21

Procedure as described in Example 20 has been repeated except that on the gallium-
terminated face of each seed crystal a second seed crystai of the same size has been
arranged with its gallium-terminated face facing the gallium-terminated face of the first
seed crystal, before placing them in the high-temperature zone of the autoclave. Similar
results were obtained, since growth of GaN on gallium-terminated faces of each individual
seed has been prevented by a presence a second seed crystal and a bulk mono-crystal of
GaN deposited on nitrogen-terminated faces of the seed crystals were of good quality.
Actually, each pair of seed crystals used has formed a single flat piece of GaN with

nitrogen-terminated faces on both sides of the same.

Example 22



procedure described in details in Exanple 9. Exanple 20, Procedur; £S5\ 0
described in Exanple 19 (with the best quality of bul k nmono-crystd glR @aQ\I
deposited on nitrogen-ternm nated face of the seed crystal nentioned in
previ ous (Par agraph) has been repeated except. that galliumterm nated faces
of crysWQ 033848 have been coated by netallic |ayer nmaBeT/EBLO30P72r
before placing themin the high-tenperatyre zone of the autoclave. Sinilar
results were obtained, since growh of N on gallium term nated face of

t he seeds has al so been prevented by a-presence of netallic |ayer and a

bul k mono--crystal of GaN deposited on nitrogen term nated faces of the seed
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in Fig. 17, OW Ng a“cross-sect or epi taxy.
A pri nary tafilestayat 8 shaslddeewitbisedrange ofi Shas 5686k ThereristhaEmiobf thisknefof

sapphire pl.ate | havi a . flat, surface perpendicuylar e C axis a, huffer
Taver 5 Sassmirenditir vl Sther o ity e, HoMOGULE sathod s Aang
anmoni a- arui.bos'{ thelsain@et hyl gal liun) as gaseous reagents and thereafter in
a standard growth tenperature a nitride sem conductor |layer 3 . was
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the sapphire plate 1 with the supercritical solution containing ammonia and to keep the

supercritical solution in the unpolluted condition so that the quality of the bulk mono-
crystal of GaN is not adversely affected, free surfaces of sapphire plate 1 are covered b;'y
mask layer 4. Such mask layer 4 is made of a material insoluble in the supercﬁtical o
solution or of a material which - when dissolved in supercritical solution - does not -
introduce any polluting species. Silver — Ag, is a suitable material for forming the mask

layer 4.

The primary substrate prepared as described above was placed in the high-
temperature zone of the same autoclave as used in Examples 1-10, 12-21 and a bulk mono-
crystal of GaN was deposited under the same conditions as in Example 9. It has turned out
that lateral overgrowth has dominated and on a primary substrate 3 as shown in Fig. 17-B
constituting a seed crystal, duriﬁg 2 70 hours process, a nitride layer 7 was deposiied in
form of a bulk mono-crystal of GaN (Fig. 17-D). The deposited GaN layer 7 was more
than 1 pum thick. Its thickness was nearly 300 um.

Example 23

Procedure as described in Example 22 was repeated except that different primary
substrate was used as seed-crystal.



nitride sem conductor |ayer 3 other than that inpaired by MOCVD met B AP RUIER

for depositing the same. Next, the nitride seniconductor |ayer 3 was
etched | g[,-.t0 'obtain a surface having a striped str re with

par al | ewbs(%(‘que"s“ 5 (Fig. 17-B). In order to avoid a reacl”#&%’fzm?-’ﬁe
sapphire plate’l with the supercritical ggol uti on containing amonia and to
keep the supercritical solution in the unpolluted condition so that the
qual ity of the bulk m)no- crystal of GaN i s not adversely affected, free
surfaces of sapphire pl ar.e overed psk | ayer 4, .Such rrask | ayer
4 is made of a%E"aftaEP]i“éq aﬁ’s I‘Lﬁﬁeé PPPStRe E%p@’:ﬁﬁf 1a%eE 1~ @ aityide pEmicopd tora
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i nt.roduce any polluting species. Silver - Ag, is a suitable material for
form ng t e nbsk layenpetripes SThere fonmedrandshe sappaire platebwasteragvadescr i bed
above was placed in the high tenperature zone of the sane autocl ave as
used in Exanpl &ae ihibGrefhPedirianmy mbﬁdtkwmmdnced:uy%higleﬁen@fﬂhmzmpﬁﬁlet ed
under the same conditions as i | at er al
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constituting a seed crystal, during a 70 hours nltrlde Ia e
was deposited Fhthersgmsupsangthen pr subsfrate with g aéigy(epsaposity o2 Pa‘ﬁ%‘?—:{

deposi tedg 'o%% %@?3 %’é%lsotﬂ%dlﬁr‘tﬁéﬂlgﬁmﬁﬁéa&@ AHBRF RSN8R! dng 300

as descri'bed in Exanple 22 was repeated except that

m Exanpl e Pr oc-e ur
di f f er ent similarmesplts swehsobtained.was used as seed-crystal. 2 6 APR 2006 WO
03/ 035945 PCT/ PL02/ 0111177 26 On sapphire plate 1 - after depositing the
buffer layer 2Examphli24ide sem' conductor |l ayer 3 was fornmed by HYPE. The
| ayer was nore than 30 m surface of the nitride |ayer 3
stripes 5 wer e SEBisRguetayUt hlés%r r%‘%% Ha \as removed. The thus
prepared primary substrate was pl. aced in the hi gh-tenperature zone _of the
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Example 24 .- , I . oo ,
10°/cm” made by the method of crystallization from supercritical solution disclosed in the

Polish Patent Application No.P-347918.

As shown in Fig. 19, on the substrate 101 there are formed in turn by MOCVD
method, a ‘puffer layer 102 made of 4 um AlgosGaogsN, an n-type contact layer 103 of 5
pum AlggsGagosN doped with Si, a crack-preventing layer 104 of 0.15 pm IngosGagosN
doped with Si, formed at 800°C, an n-type clad layer 105 of super lattice c'omprilsing 100

layers of 2.5 nm (25 A) AlgosGagesN doped with Si of 5 x10'® /em® and 100 layers of 2.5

nm un-doped Alg;1GagoN and an n-type optical guide layer 106 of 0.15 pm un-doped
Alo15GaggsN. Any other layers than the n-type clad layer 105 may be omitted depending

on the device characteristics.

On the n-type nitride semiconductor layers 103 to 106, there is formed an active
layer 107, which éomprises multi-quantum well structure made by combination of 4.5 nm
‘un-doped GaN well-layer and 10 nm Alg;5sGapgsN barrier layer, wherein the well layer
may be un-doped while the barrier layer may be doped with n-type dopant such as Si of
10" t0 10" /om®. In the preferred case, the most upside barrier layer may be un-doped to
prevent Mg-difﬁxsion from the next layer, p&ype carrier_conﬁrﬁng layer 108 containing p-

type dopant such as Mg,



Sem conductor UV | aser diode / GaN substrate In the encl osed dr ag\nsnép%lzoﬂs

- 19 shows a sectional view of a ridge type UV |laser diode 100 having an
active Myen03ssssAl 1Gal -, , N (0<-x<0.7) nul ti-quantum wel | pci@fozoedks Uct ur e,
which is formed on the inventive substrate 101 of GaN having a defect
density of 106/cn® nmade by the nmethod &7 crystal lization from
supercritical solution disclosed in the Polish Patent Application

No. P- 347918. As@;hown in Fig. 19, on the substrate 101 there are forned in
turn by MOCVD ttltuidstbmrrtanﬂei}er, thérgas fokhad 0.95

n-type cont ct H%B m Al o, 05c;aoi gﬁ g{)mg%géwﬂut%h&g?&@ CompFising &
crack- pr eJenPe %&é’? H‘gole@ 40§ ﬂfﬂ%@me@loMNdﬂkpmd with M of If Rrimétl at

25 nm (2500 o PO R 1B B g ”'@ew%%q BN doarliin a3 nywaes. of
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105 may b o @b wmngfﬂumdqmddmhhig)amwaypm&ﬁms ye@’lllb?lf‘]nﬁly
nitride s M@/gfgzi 3 4 there Is fornmed an active

107, whi cﬁ corrprl es M Ot@?rlﬁﬁrﬁ@nﬁ%%l&tme éléﬂﬁamtliﬁymayf
4.5 rim mmnemd@hﬂmlohm@aaﬁc%&&ﬂgn# 0, 15Gao. 85N barrier | ayer,
wherein the well 1ayer mnmay be un-doped while the barrier |ayer may be

doped wi th n { SThe akepaiati Blbviasd Winalriaghhtn 18ad 8 2h 68, L Ratieufl Sl 8T e

case, the nost upside barri‘er |ayer
My- di f f usiSiie atehedh qritiealrgide laxgretQ9 rs:lweo ¢ g it thi€leREd. MTHAAdsanBEd AR e i

cont ai ni ng_BB B‘g@e do ant su h as l\/g 6 APR 2006 WO 03/ 035945
PCT/ PL02/ BO0#7 %B'F &cEpds 9@ of Nifhuea stslpfld:macelm;t@ezmofru de

sem conduQ@i/al, £ pegtedtiierlaye 160- 6fm@z NENg. ) a 108 10 nm
p-Al 0. 3Ga0 7N dgped Wi tgygs %?gléc n&%m ﬁage{ 36% %g‘ﬂ?é&?d g‘iﬁ?dénqlayer
109 of 0. Pad glegtredes 23 and dﬂﬂe’ﬂl-w.lth My, a p-type super lattice clad™ .
| ayer 110 of 90 layers (0.45m of 2.5 nmp-A1l0.1 G0,9N 2.5 nm

Al 0. 05Gao. 95N Exemplsa2$t one of them doped with My) and a p-type contact

| ayer 111 of 15 nm p- GaN doped with My of 1021 /cnB. Any other |ayers
than the p-typ8emicdduciyreslud Ihferriiyde/GaN eibsnlad dependi ng on the device
characteristics. The |aser diode is provided with a ridge strip nmade by

etching in a nBongbluehaer diolid formation with an active layer of InyGa;, N (0<y<0.7) MQW
structure in place of AlGaN MQW structure, except using a substrate of GaN having a
defect density of 10%/cm?in place of substrate of GaN having a defect density of 10%cm? in

the above Example 24, the same procedure as the Example 24 is carried out to form a blue
laser diode (LD) having the following structure:

p-GaN contact layer 111 doped with Mg of 10® /e,

p-type superlattice clad layer 110 of p-AlpesGagesN doped with Mg/ un-doped
Alp 0sGaposN,

p-type optical guide layer 109 of GaN,
p-type electron confining layer 108 of p-Alg 3Gag /N doped with.Mg, '

MQW active layer 107 of un-doped Ing 1GaggN well-layer / Ing ; Gay, 9N barrier layer
doped with Si of 10'7 to 10 /em®, '

n-type optical guide layer 106 of un-doped GaN,

n-type superlattice clad layer 105 of Al osGapgsN doped with Si / un-doped
Alg0sGaggsN,



side etched optical guide layer 109 is up to 0.1 min thickness. Tg
described device is also provided with a strip-like p-electrode 1 g AR 2006
Ni / Au,we ostossos| i ke n-el ectrode 121 of Ti/A, a protecPCVRLONN7 162 of
Zr2, a dielectric multi-layer 164 of SiO2 and Ti 2, and pad el ectrodes 122
and 123 of N -Ti-Au. Exanple 25 Sem cor8uct or bl ue | aser di ode/ GaN
substrate For a blue |aser diode formation with an active | ayer of

| nyGal _yN (0<y<0.7) MQW structure in place of Al GaN MQWstructure, except

_using a substral.e Rfivesa I M4 Bf I GG NIt tithali, 104/ cn in pl ace of
substrate of Cc;aN r?gv\ilengh%r%\gf ect density. 5of 106/cn2 in the above Exanple

24, the sane %[?5§Qbﬁt§cté}§yetrh©3FF@H}}},L@aO%QNidapgcﬁWfthsd out to forma blue

| aser di ode (LD)- having t'he followng structure: p-GaN contact |ayer 111

-doped with My EF AR Noupgrlattice clad layer 110 of -
p- Al 0. 05Ga0, 9%%%%%%2% {/\(ﬂ? I\/lg'fslcyuaqu'-gsdoped Al 0. sGa0. 95N, p-type optical guide

| ayer 109 of Rt [ ' LW G £ 2108 of p-Al03Ga0 7N doped
wth v, now B B P HEURE A UARTH SR ITIBE L0 el [~ ayer /
"1 no, 1Ga0. 9N barri ei %@yer doped with Si of 1017 to 1019 /cnB, n-type :
optical gui de 4*8¥®1° 4906 of un-doped GaN, n-type superlattice clad | ayer 105
of Al 0. 05Gao. 95N, doped wi.t Slaé/ un-doped Alo.osGao. 95N, 2 6 APR 2006 WO
03/ 035945 PCTABITESBEPPIBYORIASEK - prevent i ng | ayer- 104 of | no. 05Gao. 95N.

doped with Si, n-type contact |ayer 103-of Al 0.0 . 95N doped wth.9i,
buffer |ayer Substofte Afop.apiiesy. &5 QDG &@@E&Sriﬁﬁmﬁ h&r e ng* & H’é‘F‘g“ct

density of 104/.cnR. | 1 ' | S Bhit sXud Sdeh@di€nd OF
epi t axy a?gmbcbotng’ilﬁgﬁlafg%x%xrﬁg{ﬁ%rﬁgd %F%Q%ﬁﬁﬁ?gﬁﬁ?%ﬁg&%ﬂl ri elt sem 1(E):orﬁd,ugct or
| aser as dfnfitdiale nafeesloh theFsubstra®, foo bpitaxyeas mgntivoed sbame Wathep manercaystalline

ggg\cl)zi’ tLmr;gqqidgflggq%&!égggc{%Yf#%glogvegghrgwﬁgbﬂ rate for epitaxy as nentioned
_n-type GaN contact layer 8;
crack-preventing layer 9 made of un-doped InGaN,
n-type AlGaN superlattice clad layer 10 (emittef)
n-type GaN optical guide layer 11,
InGaN active layer 12 in form of single- or multi-quantum-well layer,
p-type AlGaN barrier layer 13,
p-type GaN optical guide layer 14,
p-type AlGaN superlattice clad layer 15, and
p-type GaN contact layer 16. o _ : -
After the above layers were deposited, the whole device was annealed in MOCVD
reactor under nitrogen at 700°C, in order to reduce resistivity of p-type nitride

semiconductor layers.

After this annealing, the external surface of the p-type contact layer-is protected
with $i0; layer. Next, the structure is etched in order to form stripes, and to expose mirrors
. of a resonator and a surface of n-type sub-contact layer. The SiO, protective layer formed

on the external surface of p-type contact layer is removed by wet etching.

Typic-ally ridges. are formed, which are then covered with ZrO; protective layer 17.
At the top part of the ridges p-type electrodes 18 are formed so as to make an ohmic

contact at p-type contact layers 16..Subsequently, on a surface of n-type contact layer 8 n-



nitride layer 7 formed by lateral overgrowth: n-type GaN contact Bd&y&pPR 3006
crack-preventing | ayer 9 nade of un-doped InGaN, n-type AnGaN superl attice
cl ad | aupdsobogsemtter) n-type GaN optical guide Iayerpé,l'l, Lb %@ active
layer 12 in formof single- or multi-quantumwell |ayer, /8 {/)?) Al GaN
barrier layer 13, p-type GaN optical gpepde |ayer 14, p-type Al GaN

superl attice clad |layer 15, and' p-type GaN contact |ayer 16. After the
above | ayers were deposited, the whole device was anneal ed in MOCVD react or

under ni ; 700C, in order to reducg resistivity of p-type nitride
seni condtﬁ%gﬁfgé%efs%ﬂﬁ -29“5:% ?éﬁﬂ&%ﬁﬁﬁnﬂ’, P °1te>'i‘? & %’é’? %lg?‘?gol{@é B4s0t e
p-type cdaiglestiic ijtblayer 8 ndelcfSiGATION Dile #) AlterhaY 8Frandirdnt of REOSIHdUGHYr € 1S
etched in order to formstripes, and to expose mrrors of a resonatof and

a sur f acdaxsrs withipihis giglectiammulti-layes, and alye as sresaltiof thestari thet this/leyerfooversd  on

the exter § of. R r..is renoved t chi ng.

Typically ri Bg%s&rg‘%gmf%{F %péé\[%%gﬂhg\?}%e %lgééﬁ)dg%\}l@%&"%%?ﬁ% @Eeﬁgﬁtrﬁﬂlﬂ‘ve

| ayer 17 layeftfuridtiond apa heyet 20 frefideting titgadiatioh Wikt §- 6k ad @feck®dane sh@mied so

as to make an OQ i cont act a‘TL p-ﬂype contact |ayers 16.. Subsequently, on
ey Ja effgct

m c . Cl t 2q U
a surf ac&YRsPad elecirgde &2 Fitpide sapRopdegdoniasay3s Bown in Fig. 20
PCT/ PLO24008 4ihed9 type el ectrodes 19 are formed and arranged in parallel to
p-type electrodes. Also a dielectric nmulti-layer is nmade of SiQ2/Ti Q2. Due

to alternate . Si nd Ti 02, layers within thi.g dielectric
nul ti -1 ayer, g;ll%%g% 0 %egglruggeuogﬁn%ggn({"ﬁg’rfl%@fs %’ﬁ&ﬁ“‘?ﬂ?@ﬁ%y&ﬁ‘ }ge@g Mt he
whol e st forddr 6 senfvedight effettivdy. 2Dk 10 imbyRed @ﬂuﬂﬁg roT@Ssulk Hfbﬂa-&%ﬁﬂtdf%ﬂriage
dielectric multi- layer functions as a layer 20 reflecting the radiation.

Next p-t yp&he sbstpate o epitaxy aceqiding to theprepent inyasgion odesulting ie ap dnaressed | n

ffect nifsi Aser. in Fig. 20 i ined . The
Chue. pr odeiisaiee HTEONEELAbMIE LA AGN - impl B SBecikd Ui IR Ed ') i
in orderl00mW éuven epbreting if & eottinueby moBeat tipeshalt Ovwesht deadiiyt vf DO las/bu? K

nono-crystal,. of nitrid in .th uhstrate for_epitaxy according to the
present iaﬁael'ﬁ?‘f Sfavelengil 400 g, Y"ﬁl Bﬁ 1MGreaseq Siggificantly. The substrate for epitaxy

according to the present invention being a layer of bulk mono-crystalline nitride containing

gallium and optionally other above mentioned elements is suitable - due to its good
crystalline quality - for use in opto-electronics for manufacturing optoelectronic
semiquductor devices based on nitrides, in particular for manufacturing semiconductor

«

laser diodes.



resi stance to COD (Catastrophic Optical Damage) - it may be expectdd AFRaR006
lifetinme of a 100nW | aser, operating in a continuous node at threshold
current density of 2,0 kA/cn2 and |ight wavel ength 405 nm wll be
rncreased significantly. The substrate f£@o-epitaxy according to the
present invention being a |layer of bulk nono-crystalline nitride containing
gal lium and optionally other above nentioned elenents is suitable - due to
its good crystalline quality - for useC]i[aﬂnsopt o-el ectronics for

manuf act uri ng optoel ectronic sem conductor devices based on nitrides, in
particul ar for manufacturing sem coagdﬁct or .l aser agi.ode%.. %16 ,tAPR 2006..- 30
Cains 1. A bul K.di bulkaéride monerapystal chamacierizaddn;thal 4t GApips,at Ipgst QG IBURLY o

| east one TBUEEY frohhé Elof cBsiIRIBIUbford AWB: SRBBoR! dndbr Haganodcpaanel/ or
acceptors and/ or magnet| pants, that it is a nono-crystal of gallium
nitride and its grogs-section | p h§ Wk ar 3 i f
hexagonal latti ctﬁ,ato?t bsaﬁléjawﬁf}{gtfa?cfgl gzggurg gﬁlﬁ agg&glrts:gréggggﬁtg%ﬁ ﬁlt%aﬁlailgo
me2, it is gependidaam td,cOaxid of hévagknalraktice of Galliuemritde hasce seifadecarea greater
density is less than 106/cn2, while its vo um;.r, ils suffi ci erllt Qo %roduce at
| east one fthan h@Q My odieisdngredham b wiw thifk doq)its Gaplape jirfacs S5105a4PR YRIRIVIY o
surface ar i & attibest bid furtheBlplocadsatiial f
maxi num (F%ﬁtgﬁﬁﬁ@)’(ﬁ@$ lirsﬁ)? %%Qggﬁl%nitg@grlogge to 60 arcsec? 2. ,A bul k
nitride nonwnepolst Alplaecoidiplanetpiate having a surfagsarese prefargtlyl af leastH Q0 mms and

qual ity does not deteri.ora ] t hi ckn i G 0 t al
according to cl afht eé?@}‘*ﬁﬁ%%ﬁ?‘é?‘f‘?é‘awa?ﬁ?w %82{)%%%&5?2% %ﬁgﬁgnt s
of Goup | {JAilRa&e 1989). 4. A bulk nitride nono-crystal according to any

one of the preceding clains 1 to 3, characterized in that it contains also

el ements such as; Th, bLﬁg,niGRi,e fRonéResM -ac&ordifightd! Kaiths 1] cRaraRagzear wSthat its
according to any one of the precedi'ng clains 1 to 4, characterized in that
addi ti onal | quality deestnat detedaraterwitinthiaknessccept or and/ or magnetic dopants in
concentrations from1017 / cnB to 1021 / cnmB8. 6. A bulk nitride
nmono- cryst al accyrAivigk hitriddynoaperystaltdoeordingctedilaign &loati2ysharacteriged in that it
characterized in that it is cr%stﬁdr{s}jgiﬁg %Ig a surface of a seed crystal. 7.
A bul k ni t reenaipnHlee elersntsiof SEewt b 1%P%i m 6, characterized in that a
seed . . . .

4. A bulk nitride mono-crystal according to any one of the preceding claims 1 to 3,

characterized in that it contains also elements such as Ti, Fe, Co, Cr and Ni.

5. A bulk nitride mono-crystal according to any one of the preceding claims 1 to 4,
characterized in that additionally it contains donor and/or acceptor and/or magnetic

dopants in concentrations from 107/ em®to 10*' / em’.

6. A bulk nitride mono-crystal according to any one of the preceding claims 1 to 5,

characterized in that it is crystallized on a surface of a seed crystal.

7. A bulk nitride mono-crystal according to claim 6, characterized in that a seed

crystal is a gallium-nitride seed crystal.

8. A bulk nitride mono-crystal according to claim 7, characterized in that a seed is
in form of a flat plate with two parallel faces perpendicular to c-axis of hexagonal lattice of
gallium nitride, while the bulk mono-crystal of gallium nitride is crystallized on the
nitrogen-terminated (000-1) face of the seed only, the gallium-terminated (0001) face

being blocked in order to prevent growth of gallium nitride mono-crystal thereon.



crystal is a galliumnitride seed crystal. 8. A bulk nitride nono-2c8 yYRa2006
according to claim7, characterized in that a seed is in formof a flat
plate with two parallel faces perpendicular to c-axis of hexagonal lattice
of galliumnitride, while the bul k nonoggrystal of galliumnitride is
crystallized on the nitrogen-term nated (000-1) face of the seed only, the
galliumterm nated (0001) face being blocked in order to prevent growh of

I itrid -crystal th 2 6.APR 2006 -3 . itr
L o ary et a1 ac oo Py T mpRrEyShafetiint 1 SRR, 6. hapBeriZe il thal bedebd'®,
a hetero- S%ffstmg% RlersaRBdinfRe ofid ?ﬂﬁfe eRichh Qerbide bihthel likeg with & hop niteipe

er

nitride bu ayer at least on its G plane, consisting gssentially ?f
gal | i um ni thuiffde Jayandt kehss dnuitskC-phane; consisting sseenjiallypf pallismyaitrde; o thedilk ne

buffer layer,. while at |east | it b RGergbin facgs of
the het er o4k ‘%‘?’I’é"%v@rlg8ryv§npapﬁzeg%E)lﬁltéﬁeﬁe‘gt?‘iirgaeﬁrkfa“sd&&ealt6§£,{A{&tt’JPk %i t rryi de
nONO- Cryst gbmafkay dirfaged of thllicterdeseed atelvovered eaiti aygotkbavamadk.t o 9,
characterized in that it is crystallized on a plurality of surfaces

susceptible for jpahepak nidde Mdhodrystilactirtingde any bae sfirthapesedieg opimpaded
apart from each other and the remalning surfages of ‘L?ge seed ﬁ%@%ﬁ' are
covered wi t%) chapctsrieed in thapitsis. crystallizedoen g nwrhtygdf sislagessupeery pigFalg
to any one of the.precedi ng cl ad - ter iaAq b LS

surface di s¥8¥H PHeuHYe s’eogﬁl?fﬁ%r%eéﬁgqaé?dmana fergﬁf%%g%?gerg gsdé@;etnl(l)él ne

104/ cn2. 12 rAckidthdideticBigtaranrconensd twth cirateativemased in that it contains
at |l east one elenent of Goup |I (IUPAC 1989), that it is a nono-crystal of

gal | i um cont ai ni NG bk H@idRNHord-SrySa&TofIREd o0ty dheaof the preeeding phids dubar
to c-axis of hexagonal l|attice of galliumcontaining nitride has. a .surface
area gr eat el0, ichamctengednnghatiits susfagepdislogation dengtyen regerg}?gnmage%s%?q 13e0se

di sl ocati on 1(ilhepsizty is less than 10(/cnR2, while its volunme is sufficient
to produce Q'Y 7%E85t " one furt her - processabl e non-pol ar A-pl ane or M pl ane

plate having a s ‘f%@#mg% E{;{q@;gr RichadbsetiZath tha WeollHns 4 9hst S il

full width at ha ray rocking curve 1s close to 60

arcsec. 13.0ngﬂbﬁ(nﬁpAtqgggpno-crystaI according to claim12,
characterized inthat it is essentially flat so that its curving is |ess

than 20 micron. t:l'n%% itAs B WonBldystd o MPpRuk I Rtadling GRAGE laR@ ifsOcrbssdicBlid2 in a
characterized in that it has a ) . . .
plane perpendicular to c-axis of hexagonal lattice of gallium-containing nitride has a
surface area greater than 100 mm?2, it is more than 1,0 pm thick and its surface dislocation
density is less than 10%cm?, while its volume is sufficient to produce at least one further-
processable non-polar A-plane or M-plane plate having a surface area, preferably at least

100 mmz, and

that the full width at half maximum (FWHM) of the X-ray rocking curve is close to

60 arcsec.

13. A bulk nitride mono-crystal according to claim 12, characterized in that it is

essentially flat so that its curving is less than 20 micron.

14. A bulk nitride mono-crystal according to claim 12, characterized in that it has a

high value of more than 10E5 Q /em? in a sheet resistance, preferably more 10E7 Q /cm’.

15. A bulk nitride mono-crystal according to any one of the preceding claims 12 to

14, characterized in that it is at least 100 pm thick.



hi gh value of nore than | OE5 SZ /cn2 in a sheet resistance, preferabl

nore 10E7 Q /cnR2. 15. A bulk nitride nono-crystal according to any2 énﬁfyﬂ)?m
the preceding clainms 12 to 14, characterized in that it is at |east 100 gm
thick. 2 6 APR 2006 -32 16. A bulk nitri.de -nono-crystal according to claim
15, characterized in that its volune is sufficient to produce at |east one
further-processabl e non-pol ar A-plane or M plane plate having a surface
area at |east 100 . .17. A bul k nitride no: crystal. agcordi.ng to.any, _one
of the precedi ngt 4Bk piride, mopg-crysyal, aggor rfgzgodc?éﬁntall‘?atCE?ItaCtﬁgée%al%maP ét e
area great ef,1fHans 2FeRnt B flodi@batylestt @at GirthdrprodessablndnipdlareAgilaf orlM-
inch) in formof a flat plane perpendicular to c-axis of its hexagonal

lattice. 18plave plalekhamingra stefapmarea erlgast 400 gsor ding to any one of the
preceding clains 12 to 17, characterized in that its quality does not
det eri orate w thlz A bidkesside honoAcrpssaliacoordinigde anpwoe of astmtceémml'dmg%to

any one of the precedi | ai 12 to 18, characterized i.n that it

contai ns al Cgﬁr@ﬁ@ﬁ??{]@ft%@%ggs ¢ Slﬂr:&lﬁlsﬁf?alﬁgg r%%ez AT BTGECTADIY Srefter than S
nono- cryst almBehRheeNof § QnéH)Yin 388n OF at i pineGREpendicalaritd-akss 6Pits hAbkagonal
characterized In that it contains also elenments such as Ti, Fe, Co, C and

Ni . 21. A blafticeni tri de nono-crystal according to any one of the preceding
clains 12 to 20, characterized in that additionally it contains donor
and/ or accept or Bhd¥ bulkmagidemano-adypalracsoridmgctorrow wne af thergededmg clonp 12 tong

to 1021 / cpB..22. A bul i.trid no-cryst.al .acecordin o any one of the
precedi ng CP‘J};ic%raitﬁng@]ln;&allgﬂép@é{{@ﬁ '}Ogé%%ﬁlof%%’fvﬁ ttﬁ:clg%ééf‘yst al>ll ized on a
surface of a seed cr s@al,._ZS. A bulk nitride nono-crystal a corqi.n tot
claim22, charact®rdt éé nifgidemenoscryy cc‘&r%talanl”'é’ngoéi}elqrﬁ"rﬁ D a; gt
nitride seegg _Q:BX%Etl%lr']iz i ithﬁipéﬂngaiﬁg 4154 HlemBmE 8f Grp IRIURACOrMbNg to claim

23, characterize %ha a see crystal has the sane conposition as the
bul k nitride mong, g trldd RSG5 actohdinfy Bl ol bl HHrERARRCREA2 10
according to cl a?orh‘gﬁ,ﬁﬁ(@hg@%c erafggﬁmlanc%t dg%% [gotﬁ a see?rcrystg;(f 1ariq'd t he
bul k ni tri dey rebaRcefiyad @l thatdhainsdinedseeltmants gudf asda) Fé, (o, Or and Ne. 26. A

bul k nitride nono-crystal according to claim22, characterized in that a

seed crystal is2p AeurrMtrERefoRE§stal acsamity toeny Dink iof die gracddirgeclaimst 12eto
like, with a top nitride buffe_r,laﬁer_ at | east onéE]iG%s one side and the.
bul k nitri d&o, dan that addytionally it eqntains depor andfor Acceniore pnd/gi magnetic
least one, preferablyalhibilerdf oA (1 AGRE of the hetero-seed are

22. A bulk nitride mono-crystal according to any one of the preceding claims 12 to

21, characterized in that it is crystallized on a surface of a seed crystal.

23. A bulk nitride mono-crystal according to claim 22, characterized in that a seed

crystal is a gallium-containing nitride seed crystal.

24. A bulk nitride mono-crystal according to claim 23, characterized in that a seed

crystal has the same composition as the bulk nitride mono-crystal (homo-seed).

25. A bulk nitride mono-crystal according to claim 24, characterized in that both a

seed crystal and the bulk nitride mono-crystal consist essentially of gallium nitride.

26. A bulk nitride mono-crystal according to claim 22, characterized in that a seed
crystal is a hetero-seed made of sapphire, silicon carbide or the like, with a top nitride
buffer layer at least on its one side and the bulk nitride mono-crystal is crystallized on the
buffer layer, while at least one, preferably all the remaining surfaces of the hetero-seed are

covered with a protective mask.



covered with a protective mask. 2 6 APR 2006 -33 27. A bulk nitride
nono-crystal according to claim 26, characterized in that a top 21fi APR RE56
buffer |ayer and the bulk nitride nono-crystal crystallized on the buffer
tayer consist essentially of galliumnityide. 28. A bulk nitride
nono-crystal according to any one of the preceding clains 22 to 27,
characterized in that it is crystallized on a plurality of surfaces
susceptible for lateral growmh of the nitride, the_surfaces. bei.ng spaced
apart from each %?t-tfebull:é‘n‘ﬂglq’?emPWﬁ‘iaE@ccoE‘[m ?;R:_%]?I’?sz%t fharaciize r‘?gtﬂaéla BPe
covered wi tln];r?depf)@ﬁfﬁ'cfa gﬁaﬁm:ﬁe bl nifrid honBidysdCoryRANZES VAl @l RERPNIFHY

to any one of the precéeding clains 22 to 28, characCterized in that it is
crystal | i zedbneist esséroiably o€ galliomyndtride. in form of a plate with two parallel
pl anes essentially perpendicular to c-axis of its hexagonal l|attice and the
bul k nono-cryst28. A bulkmysidalnhémoentyssal aatérdingrtb angsnedf theepremdmgmlaists2.t030.

A bulk nitrjde nono-.crystal accord] o claim29, .characteriz i.n that a
Seed and e ARG ks bRl BghaPEITE oE SHECA piFeoRtieth i
nitride andyben S8R hiride thef RS bend bitced® bpdre vt SachWRhdaialthe rerh AR
perpendi cular to c-axis of hexagonal | attice of galliumcontaining
nitride, (006fyesofdh¢ s@d-ctystalare ¢averedovitha protastive Begist al s of gal | i um
nitride are crystallized on both such faces of the seed crystal. 31. A bulk
nitride nono-cry2d.a balkartridie myortoecrgstali avc&dingahangpone of fedrecedingatlaints A2sto
crystallized on a seed, with one of the face er pendi cul ar .t o c:axjs of
hexagonal | %&,tqhégc@pzecbg} that th 18 Gﬁfséﬁtnllﬁeﬂgonn? 3?’?‘8'@ e({' Wétfk iy forppfoa f.!a?e .Wlth
covered by @R alrhild Pk 8sBRGAIPE@p SRR t€-ax M hexBgonaMabilekanBithé baIR

mono-crystal according to claim30, characterized in that it is

cryst al | i zecooercrystadéscerystallizeshen i surfases efthe sgsdicpstdli cul ar to c-axi s of
hexagonal lattice of galliumcontaining nitride, (0001) or (000-1), coated
by netal lic |aye3(. AHbelkentrhleynomderystal acspiditeg to Gam 29, whhtacterized vethat a seed

- t al ' : | ai ,_¢ch ter] inthat . it i .
Crystal |1 zotbibedn b B pivnarE A oRg GresgeE P ey Rids g Ethe ored fin
hexagonal | ahty §8, Qht plgR! Wit By & RraféIabld petpentialar (Q08%is Fhekfal lattice of

bl ocked by arranging on that plane of the 'seed a second seed crystal of
the sane sigaliwntdentaiing aiteide.o{0801)(@U0PP0d), vhidoitwg balkcmago-cristals of gallium

cor respondi rrlligriéeaaﬁg c%y%ta ‘iazeglogco%ﬁ'xdsu%fl fidi§ of f-h%%edsc?%ial. 2 6 APR 2006

31. A bulk nitride mono-crystal according to claim 30, characterized in that it is
crystallized on a seed with one of the faces perpendicular to c-axis of hexagonal lattice of
gallium-containing nitride, (0001) or (000-1), covered by metallic plate made preferably of

silver.

32. A bulk nitride mono-crystal according to claim 30, characterized in that it is
crystallized on a seed with one of the faces perpendicular to c-axis of hexagonal lattice of
gallium-containing nitride, (0001) or (000-1), coated by metallic layer, preferably made of

silver.

33. A bulk nitride mono-crystal according to claim 30, characterized in that it is
crystallized on a seed with one of the faces perpendicular to c-axis of hexagonal lattice of
gallium-containing nitride, (0001) or (000-1), blocked by arranging on that plane of the
seed a second seed crystal of the same size with the same face: (0001) or (000-1) facing the

corresponding face to be blocked of the first seed.



=34 34. A bulk nitride nono-crystal according to any preceding clains 31 to
33, characterized in that it is crystallized on nitrogen-term nat&APR 2006
(000-1) face of the seed only. 35. A bulk nitride nono-crystal according to
claim 34, characterized in that it has asghetter surface quality than a

bul k nono-crystal that can be crystallized on gallium term nated (0001)
face of the seed crystal 36. A bulk nitride nono-crystal according to

clai m 34, charac in that it has, |ower surface dislocation,densj
Chan & bul k monoeryaralk e “bato o8 petiines 8o, brisafinR s Af dar b
(0001) fac echqfacﬁeﬁlfze@ fEMaCiK ¥drjdtalliZed orthiRbhdn-Rirhinafdd (00019y faky 6t Mk sd@cangli ng
to claim 34, characterized in that it has a better electrical resistivity

than a bul k mONorCrygl nlt},ﬁ@&no%r%gﬁal%%&fl@g'tb% Iﬂa@a %A&&%a&f{ﬁa paked

(0001) face of the see crystal nitride nono-crystal according
t o cl ai m 34hetiehandeteequalgs than tahdtilki monasrystalwibat vanl bbescrybtallized oni galhiusn-

hal f Ki th bul k - t al

that can becerpeed PGSt i eF‘EJf?ﬁ%’Ptlé'p?ﬁ nated (0001) face of the seed
tal. 39. A by d d

ot becdi ng ol ai mestas DY HEReCHAREYUR Ssarting (g 08 SufeRReedm It iihes,

density on i Q@A &@%ﬁ%@@eﬂsﬁ?e’chﬁﬁ a%tﬁ?@noﬂoocr}gﬂil ﬁﬁ?caﬁl@e c‘f?_/lzﬁhllll%ed on

nitride nmono-crystal according to any one of claifis 1t aracterized
in that it gadliobitenmieated(00Q1htace ofitheneesl arysigl. di ssol ut i on of a respective
Goup X Il (IUPAC, 1989) elenents feedstock in a supercritical solvent,

wi th over-sat ur a37. anbwik nitride nsompedrystaltaccatiingad vlaim 34y eharacterized i tltaoittliaea
desired gallium cont aj ni ngﬁnl tride_ being reacged by neans OL‘?te ture

gradi ent amRftiF clseisisaliFesistian deangh gu r‘?QE‘%FWS i oo rysllipgdsep gaifium-
gal I'i um CO“Feﬂhi’ﬁhféﬁ(@(‘)dlZ'f PhSscellbhRGe of seed crystal at tenperature

hi gher and/or pressur ower than | n the di ssolution process. 41. A bulk

nitride mono-cry ?St%/ A b a&cﬂ{rﬁier}gor}\ﬁ% st d cé%n%%tbaélgﬁﬁ §ﬁ'&ﬁflac'téﬁzg@?ﬂ tl‘falf' has

supercriti cal ent contalns or derivatives I nc
i ons of el elmsmt salts oGfidlipridth (at URMGh BN (-F\MHM)aa”sthe p@tearsmnknmgmur@oﬂblanlm

i ons, thefe st ock co Sj Sts essent alllum 0 I.nj ni.tride

and/or its lﬁ’r ARMOpGrysta %‘F‘%‘éatne]&e F¥8 lgeé 8&611 nh&qwaﬁeép@bg)ega,%e iofithreseed

am do-i m degyggm des, hydrides, galliumcontaining metal 2 6 APR 2006 -35
39. A bulk nitride mono-crystal according to any one of the preceding claims 34 to

38, characterized in that its surface dislocation density on nitrogen-terminated face is close

to 10*/cm?.

40. A bulk nitride mono-crystal according to any one of claims 1 to 39,
characterized in that it is obtained by a method involving dissolution of a respective Group
XIII (IUPAC, 1989) elements feedstock in a supercritical solvent, with over-saturation of
the supercritical solution with respect to the desired gallium-containing nitride being
reached by means of temperature gradient and/or pressure change and crystallization of a
desired gallium-containing nitride on a surface of seed crystal at temperature higher and/or

pressure lower than in the dissolution process.

41. A bulk nitride mono-crystal according to claim 40, characterized in that the
supercritical solvent contains NH; and/or its derivatives, and includes ions of elements of
Group I (JUPAC 1989) - at least potassium or sodium ions, the feedstock consists
essentially of gallium-containing nitride and/or its precursors, selected from a group

including azides, imides, amido-imides, amides, hydrides, gallium-containing metal




conpounds and alloys, as well as netallic Goup X1l (1UPAC, 1989)

el ements, especially netallic gallium 42. A bulk nitride m)no-z:|5yé‘%FfaI2mEs
according to claima4l, characterized in that in the process in which it is
obt ai ned crystallization of galliumcont&sning nitride takes place in an
autocl ave, at tenperatures from 100C to NOT and at pressures from 10 MPa to
1000 MPa and a nolar ratio of ions of elenents of Goup I (I UPAC 1989) to

the remai nin coppon s of t S Criti I t from1:200 to
e A Bhact AT Rt deICa g PSS G RIARIHRE, 1967 et S BekeiY
in that as metaBRWatiunef al kali netal ions alkali netals or al kali netal

conpounds, excluding those containing hal ogens, are used. 44. A bulk

nitride mono-cryst | bakGRirfietBorddcrbtal 4BefhlinElopdIAad 81, chafhcteRizbd 8l that & the
crystallization is controlled by neans of adjusting tenperature and

pressure ofprdeess an shianit is petgingd ¢ristatiization of gabivm-gansaisigeaiigide takes place in
crystallizatio tep.. 45. A bul k niifdy : t i clal
44, charact®t ?@%cga\{eﬁ aE ngtpelratturfss k(ror(?r {/dsot)gﬁ? Igggbg: é{dy%%ep %%’3'%%% gljéogl ?(g%f%nté’ lﬁro g m

400 to 600 MiPadfd Amlrkatid bf | das 6P BRnENKS faGraag dU(TUPAT 1989y Itaithe 4lnaining
characterized in that it is crystallized in an autoclave with two

separ at ed z‘tﬂﬁ'@i&neﬁ*ﬁﬁmwpﬁﬁmﬁ%émﬁmré‘?%?§tf5qmi1'22@99it%ﬂ12'zone, and with a

tenperature difference between the two zones during crystallization not

hi gher than 150C43.pk dulk aittide monoisrystrd acediding toetimy4l, charsglekized iry fthakas a

nono-crystal acc [ l. al : racter] N [ .
crystalli zed Wi gégl:kgﬁtéigﬁafil%n%@gl} @% afogt iﬁglﬁﬂo et!élu%%rlr}@grulntdlg’cgfc%dé?%tﬂll%sﬁ in
the cryst al ¢dntdhinghalogems arfusehe autoclave with the two separated zones,

and maintaining a predetermned tenperature difference between the two

zones by using adaf fulk QitriB@iidmRscrifMasRbidingy td16lairh W, ZAAQSterikéd H HRE ifsO
control a chem cal (nass) transport between the two zones. 48. A bulk

ni tri de nonuyseligation iscenirelladgby meansiradsting tepmeratiigrandpsessyredfi dissphion
control of gqver-saturati (o .solution in the crystallization
& dgtgfflﬁslgaE%QFﬁW? En\‘,(\%ﬂrgg %g rg%thl‘ﬁ%tlo% th

zone of the®“Bath rate Zones and with a predeterm ned

tenperature difference. between the zones - i1s _achieved b ans. of .
using a feedst oc‘g’ rfgg’élpﬁ ﬂﬁngWBP'ﬁpﬁ&wﬁ%ﬂr ]inﬁrﬁ_oicllualgl ?%r%awteﬁé%cgﬁ g?‘bbtnlai ng
nitride crysyahBizb@u tB@peratudé pinghigrffais @0@toee00ficgher than a total surface
area of seed crystals used. 2 6 APR 2006 -36 49. A bulk nitride

mono-crystal accgy di B RitiFdmEho-bridtal héeor83 8 #ELhhaficlehiabd i that it is
crystallized in an autoclave with two separated zones, dissolution zone and crystallization
zone, and with a temperature difference between the two zones during crystallization not

higher than 150°C, preferably not higher than 100°C.

47. A bulk nitride mono-crystal according to claim 46, characterized in that it is
crystallized while controlling over-saturation of supercritical solution in the crystallization
zone of the autoclave with the two separated zones, and maintaining a predetermined
temperature difference between the two zones by using a baffle or baffles separating the

two zones, in order to control a chemical (mass) transport between the two zones.

48. A bulk nitride mono-crystal according to claim 46 or 47, characterized in that
control of over-saturation of supercritical solution in the crystallization zone of the
autoclave with two separate zones and with a predetermined temperature difference
between the two zones - is achieved by means of using a feedstock material containing
gallium in a form of a corresponding nitride crystals having a total surface area higher than

a total surface area of seed crystals used.



is grom in a direction parallel to c-axis of hexagonal lattice of gallium
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claim52 chabestsbié Ae;siamdloﬁma;nax& gllhfh-matide bubstreel t axy has a for m of
c-oriented GN bul k mono-crystal of 2-inch diameter. 54. Use according to
claim52 characterized in that a substrate for epitaxy has a formof A or
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decrease lifetime of a nitride semiconductor device formed thereon.

51. A bulk nitride mono-crystal according to any one of preceding claims 1 to 50,

characterized in that it is suitable for epitaxial growth of nitride semiconductor layers.

52. Use of a bulk nitride mono-crystal according to any one of claims 1 to 51 as a

substrate for epitaxy.

53. Use according to claim 52 characterized in that a substrate for epitaxy has a

form of c-oriented GaN bulk mono-crystal of 2-inch diameter.

54. Use according to claim 52 characterized in that a substrate for epitaxy has a
form of A- or M-plane gallium-containing nitride mono-crystal plate having a further-

processable surface area of at least 100 mm?®.

55. Use according to claim 52 characterized in that a substrate for epitaxy has a
form of A- or M-plane GaN mono-crystal plate having a further-processable surface area

of at least 100 cm?.




