-1 DI AMOND SI NGLE CRYSTAL COWPCSI TE SUBSTRATE AND METHOD FOR MANUFACTURI NG
THE SAME BACKGROUND OF THE I NVENTION 1. Field of the invention [0001] The
present invention relates to a dianond single crystal conposite substrate
and a nethod for manufacturing the sage, and nore particularly . relates to
a high-quality dianond single crystal conposite substrate wth a | arge
area that can be used in sem conductor materials, electronic parts,

optical parts and the like, and a nmethod for manufacturing the sane. 2.
Descri ption of tHRIAMONP SENGLEMIRNSTRL. LOMAASTIWNT SOBSTRALEANR , di anond

has nunerous superi or ﬁE&h@StﬁbgsﬂkgﬁFﬂgﬁgﬁ?ﬂad?ﬁE 8 r materials, such

as a high thermal conductivity, ctron/positive hole nobility, a
high dielectric breakdown field, a low dielectric |oss, a broad band gap

~and the like. Especially i ears I ' light-emtting
devices utilizing this brogahggﬁgbgépeﬁ ?Fgl%ﬁgg*gtﬁﬁtransistors W th
superior high-frequency characteristics and the |Iike have been devel oped.

[0003] As int se.of.other sem conductor materials, a high-quality
si ngl e crys?élpgﬁ gt?gt%h?s ﬂ%%ﬁ§h°?n order to utilize dianond as a
sem conductor. Currently, dianond single crystals that are obtai ned

i ndustri all inly hi gh-t enperature hi gh-pressure synthesis nethods
are superioroPﬂTherngﬁéfPE??@?EF??%?TQl%@eﬁé&%ﬁﬁﬁmﬁQxPtQ#ﬁﬂﬁQﬂzﬂ |y produced
singl e cryssahgleandyssal bempdslidesumst sre condlustpstisapstgat es fromthe

-2 standpoi nt oé ghéslcal gro erties; however, the size of _the single
crystal s obPAMREACTUrLRg tRE T3 ARY MOk particularly relates to

a high-quality diamond single crystal composite substrate
with a large area that can be used in semiconductor
materials, electronic parts, optical parts and the like,

and a method for manufacturing the same.
2. Description of the Prior Art

[0002] As a semiconductor material, diamond has
numercus superior characteristics not found in other
materials, such as a high thermal conductivity, a high
electron/positive hole mobility, a high dielectric
breakdown field, a low dielectric loss, a broad band gap
and the like. FEspecially in recent years, ultraviolet
light-emitting devices utilizing this broad band gap,
field effect transistors with superior high-frequency
characteristics and the like have been developed.

[0003] As in the case of other semiconductor materials,
a high-quality single crystal substrate is needed in
order to utilize diamond as a semiconductor. Currently,
diamond single crystals that are obtained industrially
mainly by high-temperature high-pressure synthesis
methods are superior in terms of crystallinity even
compared to naturally produced single crystals, and can

be utilized as semiconductor substrates from the



In the case of such small substrates, sem conductor wafer processes
utilizing steppers, electron beam exposure or the |like generally use in
the mcro-fabrication or the |ike of Si or the |ike becone a problem In
the case of small substrates, it is dibticult to use such working devices
that were designed for use with wafers having a dianeter of several

I nches, and even if working devices especially neant for use wth small
substrates ar i,ntroduced, the difficulty of peripheral processes such as
t he phot o- re§§§{ld8‘6?art‘4? n@ﬁw%%%k%ah@@wtlw | agyavern esdles etizd GOD4]

Accordi ngly, thers exqred| ery s 4med r&gtgpﬁe@b%@ﬁnﬁg:ed atr(ﬂecu}'ﬁnggratcc?{g_ single
crystals by disposing a plurality of high pressure phase su gtances t hat
have substant?atl§ cisr ehmuch yanall gruksitztiems s dnius rfduationy waifest r at es
that act as prsteisdOr vapos; h, hen _grow ng a single
crystal on top of these nuclei’ ﬁas&%%gn’ %%gcortsoéld e S O%é’d"ef@

obt ai ni ng di @M®ntike e list alse substhretmeis: iohatabrdve td drage taeea (see

Japanese Patent, Hubdd i e (2298 S%. g%ﬁ en . the nethod for

obt ai ning | ar gee sclsang leq%r% ;%skeacbceoc’r%&}en tpotlo?r’ %eg\&nP £aGoPicati on

No. 3- 75298MWRik sihatrates siinglis diffiaulsubst nakesuedNporking a
nucl ei .for vapor phase growh

lurality of jused
plurality o éﬂ*b%%]q?h%%g%ﬁeh%ﬁ%ﬁe@% CEntIAE s Bt Haf e&Fe hagipletel v

ordinarily do not have
i dentical, blitanatstead skeseradl dmehesr,i endativens iffhabrakegseehtky

v 1 g RSB fBF RUHCfh Birhera Lo hEcomicr g
parts have gmowtduupedndahiees ivifilouldiyf ber patipReLes. proc8ssedelgehs in the
broad sense.,d R pho?otdesge: Bk i39%pF0r2tn tant *he T ke s tndr ™ " "2
resolved.
[0004] Accordingly, for example, a method for obtaining
large integrated single crystals by disposing a plurality
of high pressure phase substances that have substantially
the same crystal orientations, thus forming substrates
that act as nuclei for vapor phase growth, and then
growing a single crystal on top of these nuclei, has been
proposed as a method for obtaining diamond single crystal
substrates that have a large area (see Japanese Patent
Publication No. 3-75298 A).
[0005] When the method for obtaining large single
crystals according to Japanese Patent Publication No. 3-
75298 A is used, the singlé crystal substrates comprising
a plurality of substrates that are used as nuclei for
vapor phase growth ordinarily do not have growth plane
orientations that are completely identical, but instead
have plane orientations that are slightly different from
each other. When a single crystal is integrated by
performing single crystal vapor phase growth from here,
the connecting parts have growth boundaries with
different angles, i. e., defects in the broad sense, that

are called small angle boundaries, and these grain



boundaries do not substantially disappear even if crystal growth is
continued. Accordingly, the sem conductor physical properties of region
straddling such small angle boundaries are inferior to those of a conplete
single crystal, and if a device or the3H ke is manufactured on top of the

integrated single crystal, the performance is lost in the areas that
straddle the small angle boundaries. SUMVARY OF THE | NVENTI ON [ 0006] The

present invegtj e in order to, ercone the abovenentioned
probl ems; i tﬂlaslﬁgﬁ}ég%jsgg %?Je T RS ?%E%ﬁﬂlffn@%?ﬁﬁ’wlf Ewbvierystal
| arge- area, @rghthqial coytihaednd stAGEi ks V! dns MRS rate that
is used in sgﬂggggd#ctor mat eri al s, electronlﬁggﬁéis, optical parts and
the like, an et holt PRY T tHefh P ack o9 190y $wea \g [0007]smai loraeylet 0

sol ve the abovendatiesesror Dbf&iFor td | i he follow ng
two aspects: }EOOO 1d§1% A di anond si ngf}gé%?;as%t aai @éogr%oegét %ﬁzlgtols?trate
which are cofsY? bt e okt & FHefige 19t dtheli Giden d s imagiue acenyrsidalon
substrates vidi oni 10 M ptane Qd ety i_§po i de by side.and

i nt egr at ed veﬂrﬂal | by grow ng &Eﬁ Zgr}olﬁédlé;{}%&%a?r’y;%% i’etr%é’ffé@ﬁmﬁy Fapor
phase synt hes{¥t 1R nChhiapashehedyistmastdlsf thee spiadide aniilent at i on of t he
mai n pl ane dowratdydg said plurality of dianond single crystal substrates,
excl udi ng one dianond single crystal substrate, fromthe {100} plane is

| ess than 1 degree, the deviation of the plane orientation of the main

plane of the excluded one sg@ﬁ&ﬂﬁieo%rfﬂﬁtiﬁyéééignP'an? is 1 to8
degrees, said one dianond single crystal su is disposed in the
outernost circunferential part when the dianmond single crystal substrates
are dispOSGQO@o%q -4 The present invention was made in order to
overcome the abovementioned problems; it is an object of
the present invention to provide a large-area, high-
quality diamond single crystal composite substrate that
is used in semiconductor materials, electronic parts,
optical parts and the like, and a method for
manufacturing the same.
[0007] In order to solve the abovementioned problems,
the present invention has the following two aspects:
[0008] (1) A diamond single crystal composite substrate
which are constructed from a plurality of diamond single
crystal substrates with uniform plane orientations
disposed side by side and integrated overall by growing
diamond single crystals thereon by vapor phase synthesis,
in which the deviation of the plane orientation of the
main plane of each of said plurality of diamond single
crystal substrates, excluding one diamond single crystal
substrate, from the {100} plane is less than 1 degree,
the deviation of the plane orientation of the main plane
of the excluded one substrate from the {100} plane is 1
to 8 degrees, said one diamond single crystal substrate
is disposed in the outermost circumferential part when

the diamond single crystal substrates are disposed side



by side, and is disposed so that the <100> direction in the main plane of
said one substrate faces in the outer circunferential direction of the

di sposed substrates, and dianond single crystals are then grown by vapor
phase synthesis so that the dianond sifAgle crystal grown from said one
di anond single substrate is caused to cover single crystals grown on the
ot her substrates, to achieve an overall integration. [00091 (2) A nethod

for manufactyyi dj nd single .crystal conposite substrate which are
construct ed o%lng%g’ p‘li'%iﬁrgﬁ’ t@l%l?O%?%n%‘?vadt%%g%e T HEPa didgsdtiosn 8 wit h
uni f orm pl anehernain ghlams off sHOERdbse dubye Sdde @rbs 1 egfatgd Qveral | by

gr ow ng diaqgnd SiP | e cr%ﬁt |] s thereon by vapor phase synthesis, the
net hod conpr 7 EFRYH ‘glb‘?fb‘%& rfgl%ﬁcpﬂﬁfawfé VR dishased Subgiteadiepst and
substrates idiaded §{ieg Ve B Of a o HU ANE- o ib?“v% JoQn ?lfgsghe mai n

pl ane of each of sajd plurality of dianond single crystal Eh Strates,

excl udi ng orfYHiSHh P ithate tdrg dimamonshRimale cnyemalhgrp¥@0Xrpmane i s

| ess than 1 e esha g s deviqt l.an rientat. of the main
pl ane of the excluded one sﬁﬁéﬁﬁéfg“?%Eﬁgﬁﬁg1%1%8f%6Fa§§ %gg%rto 8
degrees; diSPBIhFEHA RIS W Pofthd ottt subgiteategst ab ashhisveat es

side by sidey mwich 1an fd. npnt that said one substrate is disposed in
the outernost circunferential part and the <100> direction in the nain

pl ane of sailPAI subdst)r & aetioss fior meeudacenrinir audfiemendi alingleect i on
phase. synt heete o CREPTTRS o badrate WaleRRpE: SPRgrEuRHiohom d one
substrate i Pladidddnt @fciamogidawinglsi nglyetalystbksrageswaien t he ot her
SUbStrateS1u%ﬁf%&gi%M%n%nogﬁgﬁ%gkiohgtgg%%%ggg'side by side and

integrated overall by growing diamond single crystals

thereon by vapor phase synthesis, the method comprising:

providing a plurality of diamond single crystal

substrates in which the deviation of the plane

orientation of the main plane of each of said plurality

of diamond single crystal substrates, excluding one

diamond single crystal substrate, from the {100} plane is

less than 1 degree and the deviation of the plane

orientation of the main plane of the excluded one

substrate from the {100} plane is 1 to 8 degrees;

disposing said plurality of diamond single crystal

substrates side by side in such an arrangement that said

one substrate is disposed in the outermost

circumferential part and the <100> direction in the main

plane of said one substrate faces in the outer

circumferential direction of the disposed substrates; and

growing diamond single crystals by vapor phase synthesis

so that the diamond single crystal grown from said one

substrate is caused to cover diamond single crystals

grown on the other substrates, to achieve an overall

integration.



-5 [0010] In the specification, the term"conposite substrate"” is used to
mean a body constructed froma plurality of substrates unless otherw se
specified. Brief DESCRIPTION OF THE DRAWNGS [0011] Fig. 1 is a schematic
di agram of the disposition of the diampnd single crystal substrates used
in the present invention. [0012] Fig. 2 is a schematic di agram of the

di anond single crystal substrates used in the present invention. [0013]

Fig. 3is a ﬁf e tic dlqﬁéan1of t he substrate dlsp05|t|on in Conparative
Exanple 1, i Ien dn SReGE e agrionguhder Zesn dFemapspdsed. [ 0014]

Fig. 4is a_@ﬂ:@i‘.’f&iﬁeﬂ' QI_' AR o tlﬂ%%ns‘é\b%bfd?t %ong'tﬂie%leh' @B ol gCoNpar ati ve
Exanple 3, in which an off- substrate is nmounted in the center. [0015] Fig.

5is a scheﬁﬂﬂ¥Q?LﬁtébF%ﬁnﬁﬂbﬁﬂﬁéﬁﬁﬁbymﬂéﬁé ofhepwéeei epecafledpar ati ve
Exanple 4, in which the <100> direction of the off-substrate faces the
center of the disposed substrates. [0016] Fig. 6 is a nodel diagram of the
state followi ng singleBaigdt SESGRIWII ONn OB FPEr BRAWENESanpl e 1. [0017]

Fig. 7 is ap Hodql, di am;of; _t II Sin st al. romﬂh in
Conmparative Exangle %g5 0 1§f E s%%%h?gﬂg nn§%PQH| % §h1o§ ¥885§
foll owi ng $ifnghe dﬂ%@paﬂ gn@gﬂh cmy@baﬂasabsteaEﬁanpbed31n[ﬁﬁé9] F|g 9is

a nodel dia followng single crystal growh in
Cowparativegéggkgﬁ i %eﬁkgégf Fig. 10 is a nodel diagramof the state

foll owi ng sil@§R&]cry&iigl @rdwt b snhEonapacativgrimaspl €hd. d DERSHEED

T o T U PR R ER, EYRGRLYENI Sl 0028 ThReBLSE eTh oLV EGRL on W !
[0013] Fig. 3 is a schematic diagram of the substrate
disposition in Comparative Example 1, in which a
plurality of off-substrates are disposed.
[0014] Fig. 4 is a schematic diagram of the substrate
disposition in Comparative Example 3, in which an off-
substrate is mounted in the center.
[0015] Fig. 5 is a schematic diagram of the substrate
disposition in Comparative Example 4, in which the <100>
direction of the off-substrate faces the center of the
disposed substrates.
[0016] Fig. 6 is a model diagram of the state following
single crystal growth in Comparative Example 1.
[0017j Fig. 7 is a model diagram of the state following
single crystal growth in Comparative Example 2.
[0018] Fig. 8 is a model diagram of the state following
single crystal growth in Comparative Example 3.
[0019] Fig. 9 is a model diagram of the state following
single crystal growth in Comparative Example 4.
[0020] Fig. 10 is a model diagram of the state

following single crystal growth in Comparative Example 5.
DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] The present invention will be described below.



ingle crystal growth fromdianond single crystal substrates by
g08§§Lrlthsegsynthgsis ngthod, it is known that a difference in growth
rate is generated between the substrate plane orientation of a certain |
single crystal substrate and a plane origgntation that is slightly deviate
fromthis first plane orientation (the deviation apgle fron1Ehe reference
plane orientation is hereafter referred to as the "off-angle") (e. g., sge
Jpn. J. Appl. Phys. Vol. 35 (1996) pp. 4724-4727). As is glso i ndi cate
in this docuk@A221t hi SnpRénehenonystatogspivtiofisomheinmdiel sibsjreat e pl ane

. . : . . ht be
rientation } sent __inventors_thought that it m .
golssi bl e tobg %%lgg gulg%- g%g%tgi 15 ?%?g?-%ﬁ?%%_%ﬁg‘hg}%s]ﬁ W%Odgfsdﬂst riat e
with no snalisahgpﬁnbbhﬂuaai@Eff@rem¢¢|imr@EfW$hS;&@@ﬂ@ﬁﬁﬁgﬁgkﬂﬁigfgrg e
rystal subs oryed .ntegrating an rom ng a si i

gu)l:/)st rate byﬁé%%%{l {;:') as%%@%%%%%&f??%ﬁﬁlﬂ%%% yof Gerfiedreryst ﬁl
substrates, ahtghe nethwodal csubmntdeetand g g s a@.entAGGYdicRglY 4 & he

’ . research based on this approach.

P0023] Th s §eoalr R i Fted i s (oo Rinne prdsasationorthon.
Speci fi cal | ydeviwt i -amgle ffont hthe méf@:@{d@rﬁlaatdeo%ﬁfenttagigﬁ;&sP'n:i”ﬁ of

i bstr at hereafter referred to a
subst rat o) MEAFHRR heiTad droms Gl © Grpaeie” Jouibst nat epebr opnthe
{100} pl ane d.s M8l atpHyess wdian 3k (q@@rege,p@n§7tQQe_4gf2fQ9nggg oL g?ggpl ane
orientation .of th in pl.ane of the excluded one renaining Substrate
(hereafter HéF%H%{;?4T}QH§RFﬁedo@Pﬂm@Gbs¢mdﬁe?ﬁempm@npne1§{100} p!anehls set
at 1 to 8 degregsicudis REISDRBe %ﬁb%tf%%%‘%HQibr%Eﬁeh?agiﬁﬁoigd{iggk © ‘
out er nost prcunferential part when the diranond single crys aI_ Strates
are di spose?hﬁ BEWPI devert@ress thpgpbsedhas it might be possible

to obtain a substantially large-sized single crystal
substrate with no small angle boundaries by utilizing
this phenomenon in a single crystal substrate formed by
integrating and growing a single crystal substrate by
vapor phase synthesis from a plurality of single crystal
substrates, and a method for manufacturing the same.
Accordingly, the present inventors conducted diligent
research based on this approach.

[0023] This research led to the perfection of the
present invention. Specifically, the off-angle of the
plane orientation of the main plane of each of a
plurality of substrates (hereafter referred to as the
“main substrate”), excluding one diamond single crystal
substrate, from the {100} plane is set at less than 1
degree, and the off-angle of the plane orientation of the
main plane of the excluded one remaining substrate
(hereafter referred to as the Yoff-substrate”) from the
{100} plane is set at 1 to 8 degrees. Furthermore, this
off-substrate is disposed in the outermost
circumferential part when the diamond single crystal
substrates are disposed side by side, and is disposed so

that the <100> direction in the main plane of this off-



i on | [ [ ff -7 substrate faces
that the <100> direction in the nmain plane of this o
in the outer circunferential direction of the disposed substrates. Wen

[ [ hase synthesis in this
di anond single crystals were then gro by vapor p _
st at e, thegfollomﬁng phenomenon was cmﬁ?'rned nanely, the growth rate in
the lateral direction onto the main substrates fromthe off-substrate was
greater than the growh rate in the nmain direction as a novel effect of

the present ismbentriade. f@e@sequelahbyou’tae éhﬂ%ﬁf&féﬁﬁ%%l §h
frompthe of f - %ubtrate ﬁoveredt e main substrates Inare |ve hort

time of time, thidSPRERAeTIRGTE0ERErI VWhergRaanend S’hm&sl@h@tmmatm of an
|hcrease in WQeerahénOPrbﬁheb§|vggefﬁﬁhﬁéé %gﬁ@h %ggfﬁ Ousdg%%g%;gfemhere

: wt h was f ormed al ongsi de e naln su an i
Ig;?er al gr oIO h Iguingr HBGan@thh‘éa%f*fosﬁbsne@t e mdmrky, Sthd hat the

oryeral . Ehgrmﬁeﬁté”*ﬁ”‘."%‘??"f“gﬁ E LB oM Rt AT ent 1§t he
tal subsirate was espec :
ﬂnyz of f - angFBPBETRkes FaPh Ehbsefhteubstiass Wa’mrgﬂexlﬁé}f eHarhawever, this

le is pre&es y I nd is ideal oseto zero
gggrees Eur?ﬁe‘?pn%rggt%tgﬁ?@%ﬁ%@e{ﬁfﬁegﬁ Thé s Wg% e(#f
of f - subst r at Bh¢ spreseni Hegerlebon. tuﬂmn&ﬂquentkyuﬂﬁhéﬁérﬁéﬂé %r@%ﬁk@?s i's

and o £ substr ot 1oT S et AR (yid- ik SR e e SRR o oryst al

d of f-substrate, it is deswab
: gzbstrat es WebStrates cimra Jremtasngﬂ]yarsrmartalﬂla{ee@fpgqm@hag@msand t hat the

urfa es be 1 Qo0 (00261 Furthernore, in
Plegg(rad 1(:)(r)I ?kr:at&;di spo‘&{ tion a(S)JTld Bubsth epﬁlﬁ@‘:’&*@l‘m@uﬁ’ﬁ Pte, it is

desi rabl e t hetcreaasss el ulist rmtees dfe lditspesedrotd sadaperar rectangul ar
conspicuous in cases where growth was performed alongside
the main substrates than in cases where lateral growth
was performed from the off-substrate alone, so that the
effect of the present invention in increasing the size of
the single crystal substrate was especially evident.
[0024] It is sufficient if the this off-angle of the
main substrate is less than 1 degree; however, this
angle is preferably 0.5 degrees or less, and is ideally
close to zero degrees. Furthermore, it is sufficient if
the off-angle of the off-substrate is 1 to 8 degrees;
however, an angle of 4 to 5 degrees is ideal.
[0025) Furthermore, in regard to the shape of the main
substrate and off-substrate, it is desirable that these
substrates be single crystal substrates with a cubic or
rectanqular parallelepiped shape, and that the plane
orientation of the side surfaces be {100}.
[0026] Furthermore, in regard to the disposition of the
main substrate and off-substrate, it is desirable that
these substrates be disposed in a sguare or rectangular
configuration, i. e., that these substrates be disposed
s0 that the interfaces between the substrates have a

cruciform shape, and that these substrates be disposed so




configuration, i. e., that these substrates be disposed so that the
interfaces between the substrates have a cruciformshape, and that these
substrates be disposed so -8 that the off-substrate is disposed in the
position of an outernost peripheral ceogrer. [0027] Furthernore, in regard
to the <100> direction in the main plane of the off-substrate, a direction
that faces in the outer circunferential corner edge or angle of the

off-substratg i €Dre f%ficient for integration and growth than a
direction fa Pﬁg b bt erubstratmt s ehtiresed de dgthe mositficulst rat e.

[0028] The doab®nfost ngdeipgkyssplcsoi@osite substrate of the present
invention is @n integrated single crystal in which no small angle
boundari es af oﬁ?bse WO Y@t B ntrdardurtfaaddie i tdddidiimemt ifomi $n

conposite subgs md e SAh&l SO B Used ) cQnaductor, .substrate by
manuf acturing devi ces; however, this é%%%gélqusgbslﬁgFgqua%%ﬁg utilized
as a di-anond&F8l ¥ st eubsiraumf enmmgsiedsioogner adge sur hageear ea and

the intrinsigr gameondygs éﬁ?ﬂ | Sti of dianond by cutting out
only the integrated ayer%ﬁrt e5%55§%%%§¥ﬁ§ﬁ?F?%e%oﬁo PIKALdPYe- ar ea,
hi gh- qual i t AT} arsneEbsithgire a ohipsact icsufsicriaige than ohee@bt ai ned by using the

he. aboverentioiad CatHed Por el At A CPEleatae. This composite
substrate cdfd28luti Mheed iamorskemiingiductrystaat ebinpbsitel sabsepheeparts,
TP Getar B0 S R CEERE P ERIasRea® BRaiBrEIFaLe0aTi ARCt REVFRbent
embodi nent , Hrowhighamongmsiliglaégle boundaries are present on the

outermost surface. In addition, this composite substrate

can also be used as a semiconductor substrate by

manufacturing devices; however, this composite substrate

can be utilized as a diamond single crystal substrate

possessing a large surface area.and the intrinsic

semiconductor characteristics of diamond by cutting out

only the integrated layer of the outermost surface.

[0029] A large-area, high-quality diamond single

crystal substrate can be obtained by using the diamond

single crystal composite substrate of the present

invention and the abovementioned method for manufacturing

the same. This composite substrate can be utilized in

semiconductor materials, electronic parts, optical parts

and the like.

[0030] The present invention will be described in

detail below in terms of examples.

Example 1

[0031] In the present embodiment, four diamond single
crystal substrates obtained by high-temperature high-
pressure synthesis were prepared. The substrates were
three-dimensional bodies with a size of 5 mm

(longitudinal and lateral) and a thickness of 0.5 mm, and



crystal substrates obtained by high-tenperature high- pressure synthesis
were prepared. The substrates were three-dinensional bodies with a size of
5 mm (longitudinal and lateral) and a thickness o 0.5 nm and -9 were
polished on the main surfaces and side -9« faces. The plane orientations
serving as references for the maiin surfaces and side surfaces were all
{100}, and the off- angles of the nain surfaces of the three substrates

serving as S S re 0. rees, 0.4 degrees and 0.9

degr ees, rersrg'g%ﬁ ggﬁ'%ﬁ%ﬁeoéf SnﬂﬁéHSSu faree i Pi4F reltefages he one

substrate seﬂ“henglaseaqueﬁtasmbﬁsraéﬂvinlg\/aés deSE SR EES - fd:f”ﬁﬁléarn’{%’{rf as
he

is shown I Ng Egg c%s L ﬁ é00> direction 4 of the nain surface o
of f-substrat 8 2 Faced P FHACFIEERFER %?ret¢%#cﬁkQﬂ}(ﬂ&nﬂuﬁhﬁenﬁﬁ%ﬂ angl e

(upward in thegkégler dheesaiondurReses e@ﬁetﬂ’é' d@é b%élfbeteasx' S
perpendiculag__to the main surface of the dianond si ng e crystal

substrate. %ﬁggfnﬁhﬁ§em§h%s??%ﬁ%%aV%$elcW%ﬁﬁxﬂaﬂ dﬁgneesﬂ W.4 substrate

hol der in th@eglrse@saxﬁcﬂom s hovr-dds Fi ga + kg | s were
grown by vapo ﬁgase rowth on these susbl;';set?ajf es u5| ng a tﬁ gé I5y known

ni crowave plas Bret HolP Cer et gﬁfltﬁfvt%%cﬂ@&thl@rt@ @ viingwa sbelnow.
M crowave f reffenglyst2add ;Ghj;a r W Chanber_ i nt er nal
< AW4:5NME/ %WFEﬂfeg 85 tSw rate: 5

pressure: 1.33 x 109 Pa gas flow r
sccm  Substr %ereh‘be‘?%ﬂur]e %GI@m\ﬁJ}raqmﬂ 300 fthabesmh@033] As a

result of fiduRf£HdBif Ghe ¥ 1 5L 2 Faleg?in?fbanend single crystal

conposite substrate,
the outer circumferential angle (upward in the <l111>

direction). Reference numeral 3 is the axis perpendicular
to the main surface of the dlamond single crystal
substrate.

[0032] These substrates were disposed “as is” in a
substrate holder in the disposition shown in Fig. 1.
Then, single crystals were grown by vapor phase growth on
these substrates using a universally known microwave
‘plasma CVD method. The growth conditions are shown below.
Microwave frequency: 2.45 GHz

Microwave power: 5 kW

Chamber internal pressure: 1.33 x 10* pa

H, gas flow rate: 100 sccm

CH, gas flow rate: 5 sccm

Substrate temperature: 900°C

Growth time: 300 hours

[0033] As a result of film formation, as is shown in
Fig. 2, a diamond single crystal composite substrate,
square of 10 mm x 10 mm, was obtained in which the
thickness_of the vapor phase synthesized single crystal
layer was 3 mm, and in which a single crystal layer 8
grown from the off—Substrate covered the entire surface

and was integrally connected. Reference numeral 7




square of 10 mm x. 10 nm was obtained in which the thickness of the vapor
phase synt hesi zed single crystal layer was 3 nm and in which a single
crystal layer 8 grown fromthe off-substrate covered the entire surface
and was integrally connected. Referencelfidnmeral 7 _ 10 represents a single
crystal layer grown fromthe main substrates. [00341 The integrated single
crystal layer on the single crystal conposite substrate was cut out by

| aser cuttingl ositive hol bility of the hydrogenated
5% &'p“é‘-if%r%ﬁﬁﬁa"ﬁi nfae\FF‘p%r%l’tqwrbsf% tpamaded by Hal |

s0gl & he
surface transm ssion Tayer
measur enent ;sWsstaratexsul t, a hi gh speed value of 1000 cm/V.sec was

obtai ned. | Ne the results obtained in cases where single
crystal s WerlgE ngr%)l/m ﬁm He' R GO I Elsh vt daviar oBxaimel e | for

sanpl es in whimfl ¢ heryffalan@goftd R{PBRITL S YRSt rc%tte%u"t‘_’e‘b%t ;[%ie?d
e

(sanples in i,ch a plurality of off-substrates were pres , sanples in
whi ch the ofcfm‘{]c%{bqfe adF{ tHhe Fosidiys hetle webiddtivedf saepl es in which the

di sposi ti on myfdridiemitded WRSIFREL LWas Yald sanples.in which the
orientation of the off-substrate mass vgfﬁgg;%%gﬁf %gpgggé Fbéd as
conpar at i ve "EXBRHEUTeA RS MRdyatednpar Hallemersnpkrenteonpar at i ve

Subl ected 15 g owh T Ao ErRg) G arysPhr 1008, ERATbs Y Ao taies ve as
the size usdf%3RIExafsré 1thenresgltst hbtadordaiat useexahpkessihfeesi ze
SUbstrate conditiane ead GrenBort: shscsaie: soRvtl e5Adkhfans 40 R Table L
- 11 Tabl e ¥xample 1 for samples in which the off-angles of the main

substrates were varied (samples in which a plurality of

off-substrates were present), samples in which the off-

angle of the off-substrate was varied, samples in which

the disposition of the off-substrate was varied, and

samples in which the orientation of the off-substrate was

varied, will be described as comparative examples. Among

these comparative examples, comparative examples in which

the disposition of the off-substrate was varied were

subjected to growth from 9 single crystal substrates of

the same size as the size used in Example 1. 1In the

other comparative examples, the size and number of the

substrates were the same as in Example 1. These |

substrate conditions and disposition conditions are

summarized in Table 1.




Mai nOF f - Substrate di sposition substratesubstrateOf-Of-Di spo-

of f - angl eof f - angl esubstrat esubstratesition
(degregs)(degregs)position<100>diagran1directlon 0.1, 0.4,CQuterCQuter
Exanpl e 10.94.5circumcircumFig. 1 ferenceference Conpara-QuterQuter
tive0.4, 0.52.2, 4. 1circumcircumFig. 3 Exanple 1ferenceference
Conpara-0.2 0.4 QuterQuter ' tive0.88.4circumcircumFig. 1 Exanple

2f erenceference Conpara--0.1, 0.1, (Quter 0.2, 0.3 tive,

2.9CentercircumFig. 4 0.4, 0.4 Exanple 3, ference) 0.5 0.8 Conpara-- Quter
0.3, 0.5, tive0.6 circumCenterFi g.xap1.eb 1
Main Off- Substrate disposition
substrate | substrate Off- ofr- Dispo-
off-angle | off-angle | substrate su:?ggite sition
(degrees) (degrees) position direction diagram
0.1, 0.4 Outer Outer
Example 1 6 9 d 4,5 circum- circum— Fig. 1
: ) ference ference
Compara- Outer Outer
tive 0.4, 0.5 2.2, 4.1 circum- clrcum- Fig. 3
Example 1 ference ference
Compara- 0.2, 0.4 Outer Outer
tive ) J 8- 8.4 circum- circum- Fig. 1
Example 2 i ference ference
Compara-— 0.1, 0.1, (Outer
tive 0.2, 0.3, 2.9 Center circum- Fig. 4
Example 3 0.4, 0.4, ference)
0.5, 0.8
Compara- 0 3'-0 5 Outer
tive Lot 3.8 circum- Center Fig. 5
0.6
Example 4 ference
[0036] Among the main substrates, as is shown in Fig. 3,

Comparative Example 1 is an example in which one off-
angle departs from the conditions for the main substrate
1.in the present invention, but in which the conditions
for the off-substrate 2 are satisfied, 1. e., a plurality
of off-substrates 2 are provided. As a result of diamond
single crystal growth under the same growth conditions as
in Example 1, single crystals were grown onto the
respective main substrates 1 in the lateral direction
.from the two off-substrates 2; however, since grown
single crystal layers 10 and 11 grown from the respective
off-substrates interfered with each other, there was no
full surface integration, and small angle boundaries 9
originating in the two substrates were present. Fig. 6
shows a model diagram of the state following growth.
Subsequently, the vapor phase synthesized single crystal

layer was cut out by laser cutting, and the positive hole



4f erence [00361 Anpbng the main substrates, as is shown in Fig. 3,
Egﬁgglztive Exanp{e 1is an gxanple in which one off-- angle departs from
the conditions for the main substrate 1 in the present invention, but in
which the conditions for the off-substrdte 2 are satisfied, i. e, a
plurality of off-substrates 2 are provided. As a result of diamond single
crystal growth under the sanme grow h conditions as in Exanple 1, single

| he | at er al
crystal s werRoBi0WeyOnkOchbeqt SSPEELHVEL IR HE s ]]gl nd
di ?/ectlon frgﬁnheytwo of -suﬁstratgsg)ﬁ %@%Aj;r\y/ G RFE e si ngl e
crystal | ayePsungagsgs1at g@bdmnarxbrrtemperafls@mx es cévfals;whféd #HeHall

interfered V\ﬁlégsgggﬁegigherAsth{.g A n% }%vglsltwiface inte \rﬁgl on, and

t.
smal | angl e boundari es orlglna ing’ i e presen
Fig. 6 showsxampbeel) dmﬁglmn@ﬁz/t ve sebatiasf eht9vhag. growm h.  Subsequently,

t he vapor ph nt e e crys | ayer, was cut out by | aser
cutti ng agdﬁ?%?%osht@%\k/% ﬂ% % #’f’ﬂplﬁ 4 Hé @Y &% sstimaddl i ng t he

smal | angl e wivbeimdighe etsfﬁ-tamglcb rtaﬁytlt@fﬂ)ﬁ-aédﬂs&%a\ﬂ@ d%\ﬁ@f{%t &gy tHal |

t a Io speed (conpared to anple 1) of 150 cni/
\r;egzgr\i/amsanoblf %@défs%ﬁ J&‘fﬁ)‘hqjaﬁq've AEX&l‘?ﬁI"étZ‘?lfs agdiemgrgdl e in

g uhpSSwmteh 8P range of the
\;I)\lpleggn: h?n\?feSl &:@fsttat’ﬂe hﬁﬁmﬁ on e Sfah%mg%:gl% e| ng grown under

result f a_dianond single cr _
the sanme gro r#]é)q:cjocmﬁ § ARvE-Asardone Eéﬁ@ﬂlﬁxémpaediamandl amond

single crystﬂlng/ﬂas cg:ry@mmmja@ Id’j;%‘nﬁﬁld}lt%ul%%ter ﬁl"aﬁg %P%%ﬁt ggggrlo%%el.rﬁ;lbst rate

egi one. pri S @RGSR Ateh e ionHONE Ve dc ol FPEYSUR L1 Apehinponl 17 a

singl e crysﬁfﬁeﬂdﬁ@&ﬁﬁﬁd@dt%éebe&ﬁﬁh%E%ﬁr%e%ﬂ&ﬁ@cﬁrmﬁf pat covering
the entire surface (Fig. 7). As a result, a single
crystal integrated over the entire surface was not
obtained.
[0038] Next, Cdmparative Example 3 is an example in
which the off-substrate 2 is disposed in the center so as
to be surrounded by the main substrates 1 as shown in Fig.
4. As result of a diamond single crystal being grown
under the same growth conditions as in the above-
mentioned Example 1, a single crystal was grown so that
this single crystal covered the three main substrates
present in an opposite orientation from the <100>
direction 4 of the off-substrate; however, there was no
expanded growth onto the other five main substrates, so
that single crystals grown from the respective substrates
were respectively present. As a result, small angle
boundaries 9 remained *as is” on the outermost surface
(Fig. 8).
[0039} Next, Comﬁarative Example 4 is an example in
which the <100> direction of the off-substrate 2 faces
the center of the disposed substrates as shown in Fig. 5.
As result of a diamond single crystal being grown under

the same growth conditions as in the above-mentioned




obt ai ned. [0038] Next, Conparative Exanple 3 is an exanple in whlch t he

of f-substrate 2 is disposed in the center so as to be surrounded by the
main substrates | as shown in Fig. 4. As result of a dianond single
crystal being grown under the same grawsh conditions as in the above-
nmentioned Exanple 1, a single crystal was grown so that this single
crystal covered the three main substrates present in an opposite
orientation fromthe_ <100> direction 4 of the off-substrate; however,

there was no X@%Biﬁdéd @r%&ﬁ%l%wﬁ¥yﬁ¢ﬁﬂcﬂfﬁwnflwethﬁulﬁt§u§§trates so that

single crystaisc8tovn From the §£5 _p%ﬁg ééjbf%é@é es, MI’S"I sc%ect i vely

present. As a result, small angle rles remai né dh the

out ermost suPfatke ewker %rcqlm?%n%mf tmemmrkmmx/ag:te?;?nmcﬁze;;fer? a{]he
<
contor of "t hee S pnag i3 PRAIEE ARl S i PR Rl raltesy |

center of the disposed s wn T h
di anond si ngh® %r%ﬁ'&lt besmal Yranwgl aingerin tﬂmlmaﬁ’ (Bl\ltdrl@qmﬂlttlln@ns as in

a SI yst grown in the latera
EilhrGegtj?\(;ﬁ Plra%ﬁrr: o?l% su@ﬁ%e% eerc? qﬂ eoﬁ’“@f“‘t"l% out er
ci rcunfer end‘-iélﬁaqme Elgast‘.’r)a.t eﬁuﬂm@@eeﬂ;ly t lr-tfrrga v\a%%m@hag@ggﬂﬁgaglr ce)\évt g
S sSna angl e grain
gp}[ Si Lgfi ﬁ;w ﬁf{:ﬂ% our é.tyé%a\'jieﬁé"yﬁrreé"é’ﬁt I O Wtﬂéﬁﬁﬁﬁ Isulrface
' wbsmmul d tﬂhﬂe aivehasde mobinasyzad %hed tiraaf%a ayer
s cut out ¢ pumi vaﬂe pggltldé hgie mobi ity in the

t and
g?feggfogUtstra &ﬁlﬂfw%h§l:ﬁéh AgLE bourdaries 9 at erdinary

t enper at ur e emge reMal neat axﬂasb)evlddhlat@ﬂslbyr &R0 meASuRenbhtyl t ag4! OW speed

le 1) of 100 Cw/
(conpared tg EX%%P a i%w speed (compared to Example 1) of 100 cm?/ V

.8ec was obtained. '

[0040] . Furthermore, an example in which a diamond
single érystal was grown in a vapor phase from the off-
substrate used in Example 1 without using another main
substrate will be described as Comparative Example 5. As
result of a diamond single crystal being grown under the
same growth conditions as in the above-mentioned Example
l.on a single crystal substrate with an off-angle of 4.5
degrees, a diamond single crystal was grown in the
lateral direction; however, the growth temperature and
the like could not be maintained in the lateral growth
region, so that a polycrystalline substance was grown in
the outer circumferential portion of the lateral growth
region (Fig. 10). Furthermore, in regard to the single
crystal size as well, the thickness was the same 3 mm as
in Example 1; however, the single crystal growth area
stopped at an expansion to a square of 6 mm x 6 mm.
[Example 2]

[0041) Next, an example in which the off-angle of the
off-substrate was varied will be described. The various
conditions other than the off-angle of the off-substrate

‘were the same as in the abovementioned Example 1. Here,



ained. [0040]. Furthernore, an exanple in which a dianond
é?ﬁ§|2?§r§gta| was 5romn]in a vapor phase fromthe off- substrate used in
Exanple 1 without using another main substrate will be described as
Conparative Exanple 5. As result of a-difanond single crystal being grown
under the same growth conditions as in the above-nentioned Exanple 1 on a
single crystal substrate with an off-angle of 4.5 degrees, a dianond

i ngl e cryst LNokh I r ' L on,  however, the grow h
Cemerature and iho e conl raott berunl LR AT el M et Sr omeh
region, so tRaEfarewtyengkeay | lneegubkthndegmh grove digréétsi,omtler

I rcunferent ti fgt ral growth. region I g. .
EurthernDre,a?%rfgéaéﬁgtg'%h@8%+%%$é %?@%?all%l > 4 Ié% qqéatlﬂ ckness
was the sameS@phe asith naExefptandle hofelel  dédresd NAlie @irsflal growth area

' 6.mmx 6 nm_ [Exanple 21 (0041]
ilfagl??egnagxggr e %fnsﬁék‘gﬁ]o‘?ﬁ%ﬁg#ﬁé :?é%'és‘iﬁs?lf?é:e ¥4 APstGHeE wde vari ed

will be desctimple s tel i gusvn chnsh tion snothesuBdamn ddie i6f rtg@lglaﬁee?fe tf]e

' ti d Exa
ﬂf{ﬁgbiﬂ?g g?"}gg{ g#r{]{eéﬁfq@h{k%g%aﬁg&%%m&% ent angl es,
i. e, 1.1 dupmgelss 13. 9 Hiegsess, &aerﬁgr@@s M efredl GRILRRSm First, in

of 1. anple with an off-angle of 1.1 degrees, the single
o o ol T o%’tr}ﬁet A QT AP HWaNG addidiongd gxiomghe foryst al

crystal grown _ _ _
grown from t20d meiurssubSiieattes dihddie e Q—ra%\éﬁrh\?g'a% %&n%ﬁgstiggaﬁ as In
t he above-nenti gned anpl.e 1. However, coverage s achreved as shown in
Fig. 2 in the'&dse C&fﬁ’%ﬁgspéﬁg’&ﬁ 1d diiSosasegadt ¥ for FoenhedmslaThe

t hi ckness O@Ibh&hvaﬁ@rp@h&%&n&ﬁﬂbBE%mée@amples having off-angles of
3.9 degrees and 5.1 degrees, complete coverage was not
achieved for the growth time of 300 hours; however,
coverage was achieved as shown in Fig. 2 by conducting an
additional growth for 45 hours and 55 hours, respectively.
The respective thicknesses of the vapor phase synthesized
single crystal layers in these cases were 3.3 mm and 3.4
mm. For these three embodiments, the integrated single
crystal layer was cut out by laser cutting, and the
positive hole mobility was evaluated by Hall measurement.
As a result, a high value of 1000 cm®’/ V.sec was obtained
in each case. | '
(00423 Finally, when similar growth was performed for
the sample having an off-angle of 7.9 degrees, complete -
coverage was not obtained in a growth time of 300 hours;
however, a single crystal layer grown from the off-
substrate covered the entire surface as shown in Fig. 2
in the case of subsequent additional growth for 200 hours.
The thickness of the single crystal layer was 4 mm.
Subsequently, the integrated single cfystal layer was cut
out by laser cutting, and the positive hole mobility was

evaluated by Hall measurement. As a result, the value

obtained, i. e., 900 cm*/ V.sec, was slightly lower than




single crystal layer in this case was 4 nm Wen simlar growh was
performed on the sanples having off-angles of 3.9 degrees and 5.1 degrees,
conpl ete coverage was not achieved for the growth. tinme-of 300 hours;
however, coverage was achi eved as showil5-n Fig. 2 by conducting an.
additional growth for 45 hours and 55 hours, respectively. The respective
t hi cknesses of the vapor phase synthesized single crystal |layers in these
cases were 3 n ) . these_three enbodi nents, the integrated
si ngl e crysFgﬁ%rggegh§a§b8§?h85?389e§agé?m8§?t hg, PAREVERe tBéSitive hol e
mobi |ity wasvelakuwsedsbyfialibntiegshighesbr uds as'gskigh-peheghnysbae of
1000 cm/ V g8 gcgﬁéuggg%ined in each case. [0042) Finally, when simlar
growt h was perfornmnme or~“the sanple having an off-angle of 7.9 degrees,
conpl ete coV@Pad¢ washus} obtehsedniDcatddovhdk td By 300, HpurS;

however, a SE99%§ grystal Ia¥er rown fromthe off- substrate covered the
entire surface’ as ShoMATFHAEHred by nthaemehhed orertpsenivehtbyuddie i onal
growth for 28BoheuesampTbe @highéefﬁegénﬁ NG & ARSI Al rfQVSFpas 4 Mm
Subsequentlyh.-éhe iftggrated single crystal layer was cut ~ out %y’laser
cutting, and tHR- P+ YeSHoPEe npbY el swhstrateq dilmt yade measur enent .
As a result,utheiyed ugs S&haEseduct qupﬁqggl ec, . was slightly

| ower than - 15 that of the abové%%%%ﬁg#%d anﬁFéV:; ﬁ%ﬂﬁ%@r, this value
was sufficiently high for use as a high-performance sem conductor. [00431
Thus, it was indicated that dianond single crystals manufactured by the
net hod represented by the above exanples of the present invention are

| arge-area, high-quality single crystal substrates that can be wutilized
as sem conductor substrates or the |ike.




-16 Cains 1. A dianond single crystal conposite substrate which are
constructed froma plurality of dianond single crystal substrates with

uni form pl ane orientations disposed sidggby side and integrated overall by
grow ng dianond single crystals thereon by vapor phase synthesis, in

whi ch the deviation of the plane orientation of the nain plane of each of
said plurality of dianond single crystal substrates', excluding one

di amond single crystal substrate, fr&&eims {100} plane is |less than
degree, the deviation of the plane orientation of the main plane of the
excl uded one substrate fromthe {100} plane is | to 8 degrees, said one

di amond singl e cryst al® slisgionat e inigledicspesad tombHe: Mt SEHDSEate
ci rcunf erent iyg| i par ?Mg% di nd single crystal substrates are
di sposed si de be éﬁre, %ﬁ&&%gtﬁpgggggdangPﬁ%%l hetk1dpanend ezinglein  the

mai n pl ane of°L¥&itdlosabsulrstteat e@itaces:ifprhhgl ouk o5 -5 Sidsuderenti al
ingle crystals are then

di rection of 4; ISP ubstrates, and dianond sing
grown by vaptﬁ%@%ﬁ%seg gzg%t E’gsﬁéd%af’ﬁaf‘mée%%lmcp‘é@w]_e ey ysteatimy own from

said one di afidamosingliegiabetkyatelStRapsesl 1P YS! rﬂs@%tﬁ{e[‘#'g -
crystals gro?g onikhe gthgr substrates, to achi éve an overdl gration.
2. A method for "nandf aetuf PRECELOR axbnEheimkine aristatt ioonpdsitte substrat e
which are comstnupladefsoneachpbarsdid YoAfrAiapPnd ingle crystal
substrates mﬁ%?s uEiforn15Iane orientaf?ons dﬁggoseghgﬁﬁgdbﬁ gﬁg and
integrated ove aF? b§uﬁﬁ E%Sdi%%ﬁﬁﬁﬂ¥ﬂgmﬂn? srlpstoalds s ihbdeeotryBy ayapor
phase synt hesilssttdee reihag €0PF i 6 N1 ady QW di hugallly of di amond
single crystal ubstrates in mh{ch %%% eviatﬁgﬁgo%hgﬂeappﬁﬁ “ori entation
g y €]P %e A e .
of the min o Qe Gra el off e dlsing aldieptation of the main plane
_ of the excluded one substrate from the {100} plane is 1
to 8 degrees, said one diamond single crystal substrate
1s disposed in the outermost circumferential part when
the diamond single crystal substrates are disposed side
by side, and is disposed so that the <100> direction in
the main plane of said one substrate faces in the outer
circumferential direction of the disposed substrates, and
diamond single Crystals are then grown by vapor phase
Synthesis so that a diamond single crystal grown from
said one diamond single substrate is caused to cover
- diamond single crystals grown on the other substrates, to

achieve an overall integration.

2. A method for manufacturing a diamond single
crystal composite substrate which are constructed from a
plurality of diamond single crystal substrates with
uniform plane orientations disposed side by side and
integrated overall by growing diamond single crystals
thereon by vapor bPhase synthesis, the method comprising:
providing a Plurality of diamond single crystal
substrates in which the deviation of the plane

orientation of the main plane of each of said plurality




-17 of dianond single crystal substrates, excluding one dianond single
crystal substrate, fromthe {100} plane is |ess than 1 degree and the
deviation of the plane orientation of _ ge mai n pl ane of the excluded one
substrate fromthe {100} plane is 1 to degrees; disposing said plurality
of dianmond single crystal substrates side by side in such an arrangenent
that said one substrate is disposed in the outernost circunferential part

and the <100»fddierbh@nsifglbecipsPal pb@perPitsd) bxiERptgrat e "faces in
t he outer cincunfﬁrential direction of the disposed substrates; and then
growi ng di anBAEMSPAGFENELGSERYSER] SRR Phas LT dihfedild Odo nlpme tife

di amond si nghessr ¥ahal 19HEYReET QY Sk LOPLaSHRSIdALGd $16aused to cover
di anond single, crystals giown on the other substrates, 'to achi eve an
over al | inte@Fé?pBﬁtlon of the main plane of the excluded one

substrate from the {100} plane is 1 to 8 degrees;
disposing said plurality of diamond single crystal
substrates side by side in such an arrangement that said
one substrate is disposed in the outermost
circumferential part and the <100> direction in the main
plane of said one substrate faces in the outer
circumferential direction of the disposed substrates; and
then growing diamond single crystals by vapor phaSe
synthesis so that the diamond single crystal grown from
said one substrate is caused to cover diamond single
crystals grown on the other substrates, to achieve an

overall integration.




