NI TRI DE SEM CONDUCTOR SUBSTRATE AND MANUFACTURI NG
METHOD THEREOF BACKGROUND OF THE | NVENTION Field of
the Invention The present invention relates to a
nitride sem conductor substrate obtained by growing a
NITRIDES EMICONDUICTOR SUBSTRATH AND 88A NUFACTURING METHOD
(GaN) filmon a base substrate, and to a nethod for
manuf acturing the sane. Dﬁggﬁﬁ@ﬁi on of the Related Art
GaN is a nitride sem conductor having Wirzite
structure, and has a direct transition bandgap of 3.4
eV correspondi ng to the bl ue wavel ength range of
visible rays at_room tenperature. forms a solid
solution with IBACEGR d QF 5 FQWEISITBQngap ener gy,
and exhibits a characteristic of a direct transition

Field oéthednyehtionor over the entire conposition range of the
solid solution. Thus, GaNis widely used as a materi al
f Athe @réseathinventidnt riehgestto\a igjdei sempanducul subsaate ibtned by growing
light emtting device. CGenerally, a GaN filmis forned

a nitrfR Rr@NQustPHlhatéh ARgR1IGh SARRNIGaN) (2EPBh basd hitskte, and to a
carbide (SIC) or silicon (Si) by MOCVD (Metal Organic

' jtion) or HVPE (Hydride Vapor

meth@ﬂ%@é‘@d?@’i@% ﬂ%:: oéd. However, the base substrate and

the GaN film have different lattice constants and

t hermal expansi on coefficients, which nmakes it

difficult to growepitaxially the GaN filmon the
Description of thesRelated Arthi s difficulty occurs to a nitride

sem conduct or including ALN, InN, GlnN, Al GN and

GaAN m\a initridb esesiaeonduetyr hsvifa \Wuroe ciractoerand tes a direct transition

difficulty, for reduction of lattice strain, a nethod

band%a% sluggesvedork@pbading t8 thefiles wa¥RhgiM fangsidT Vigible rays at room
attice constant on a base substrate at a relatively

temp‘%erWret, OB ALt olR#3H vAFHPMINEardBAN {0l (BB 4 BsdeHp Efdray, and exhibits
ayer . F1EG159%

a characteristic of a direct transition semiconductor over the entire composition range of the
solid solution. Thus, GaN is widely used as a material for a light emitting device, in particular a
blue light emitting device.

Generally, a GaN film is formed on a base substrate made of sapphire (Al,O3), silicon
carbide (SiC) or silicon (Si) by MOCVD (Metal Organic Chemical Vapor Deposition) or
HVPE (Hydride Vapor Phase Epitaxy) method. However, the base substrate and the GaN film
have different lattice constants and thermal expansion coefficients, which makes it difficult to
grow epitaxially the GaN film on the base substrate. This difficulty occurs to a nitride
semiconductor including AIN, InN, GalnN, AlGaN and GaAlInN in the same way as GaN.

To overcome the difficulty, for reduction of lattice strain, a method is suggested to form

a buffer layer with similar lattice constant on a base substrate at a relatively low temperature

and grow a GaN film on the buffer layer.
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[TIEMIELEvVELENvVEEEvVEEEvVELETEELEErEr *@0002* However
di sadvant ageously this nethod uses a hi gh cost base
substrate and an additional growth apparatus to form
the buffer layer. And, the nmethod grows epitaxially

t ipowdsRl disddVanfgtowr]yditisk atahb@usdensShigh tostt biBe Gubbstrate and an
filmis still hi gh. Thus, there is |[imtation in

additioRRY &6 H PpdrRus te tl’fé:' que? J\h(ghﬂle Sthéd Q)ws epitaxially the
BB A At B

e case i re base substrat

GaN Elff}rﬂspetaq a Fqﬁ:a?%G%el\llés]:l}lg:nrp & @eﬁﬁgﬁ{)% Lglr%]?r 3‘585 there is limitation in

however, to use the GaN fi I m.as a substrate of
appligatien fiep lasendiede of nhghtgmifinediodése substrate shoul d be
separated fromthe GaN fil mgrown substrate. That is,
aflhahe tase oGanapplira base gnbsirateynit iseasys wpgroiv & Gadisilm on the sapphire
substrate, |laser beans are illum nated on the
base Sifbp@dtt irethedse:] Db stréit @echaiyiie t Hdvesap phugeah® @ad film as a substrate of
substrate is separated fromthe GaN filmby thernal

anothdf ABEROSHHE | APphilOWEMC ubsirte 'SBAMIAN &S sdPafdied %8 1R GaN film-grown
separ at’e the sapphl re base substrate and a separation

substy 'I% t %\:/r etth}éli\Plr-% 1S Igr% Onvﬁ’le% r%r[feaQe Qul?sgja%n]aser beams are

. pensi ve con base su stratet is Iowco

llum; yﬁ@ﬁﬁ? sanwh trﬁ ase JupaiEe. pad e gpRhiFe aée Svl?sgmetlﬁée%awd from the
film thereby obtaining a GaN substrate. However, it

GaN ifidmriyt themrat deeorgpesiia gioeewer f§ leqwises mheh Hik;te sppasais dhe sapphire
substrate so far, and the silicon base substrate is

base aftsente ahd heepadatianngeld@Nw.i | m growt h. Furt her,
al t hough the GaN filmis grown on the silicon

SURS{JIA B AWBURARALIORed FrbBlekS aﬂ&ﬁg oV beéh hge RASRW a GaN film
substrate due to differences in thernal expanS| on

on ancﬁ%teﬂe'ngﬂv@ @cheg gaseI Ribbik£E 1P %SIBW| q ue }%Hr ateCthe KAIcBABase substrate

suggests a formng a
from @5:@6}\5{ Igl@%lt %g{egg a??)? 285%83:{ 2{ S]‘}%V\f%t?'va er 19 {s ot %as%g‘ Ig¥o the GaN
film pé?tge? stlgqurpla Sg éﬁgtyage{l?@lr gaé;é%f tﬁm?%lg?cgg rs?atgels often etched during

substrate to reduce m ni num stress reqw red to renove

GaN film geewyilih Frnghdsaa) thougly drerGalé filintie groyymon g sigor substrate, warpage or

cracks may occur to the base substrate due to differences in thermal expansion coefficient and
lattice constant.

Meanwhile, Korean Patent No. 519326 suggests a technique for forming a plurality of
grooves on a lower surface of a sapphire base substrate at a regular interval in a predetermined
crystal orientation and forming a GaN layer on an upper surface of the sapphire base substrate
to reduce minimum stress required to.remove the sapphire base substrate after growing bulk
gallium nitride, thereby reducing microcracks which may occur to the bulk gallium nitride and
improving a crystal characteristic of the bulk gallium nitride. However, this patent uses the

sapphire substrate as a base substrate for growing GaN, and thus requires a considerable time



galliumnitride, thereby reducing m crocracks which
may occur to the bulk galliumnitride and inproving a
crystal characteristic of the bulk galliumnitride.
However, this patent uses the sapphire substrate as a

to sepAPe tl&%ﬁ% Hifd Sast GlibsiiafindthaSadN sépiatidhUbeld AHAf BB patent forms the
considerable tine 2 to separate the sapphire base

grooved' Qﬁ%fl@?&w%rﬁ@é 0 ﬂfr@tbh%n js&htdto ’%@%cetslﬁ'e es agplied when
patent forns t groo on the lower surface o -

separ%ma thle éagf)ega e r%tg bl?c%]\%eavtsgghtgolgxz (%Jr% g)if er 1%38%21\/ iy eﬁh%n ascertain that the
inventors of the present invention ascert ain that the

groovgs dermss! At ealat interyal qise apeticati v i preypRiingnwpmage jof ¢racks of the
in preventing warpage or cracks of the substrate due

substrate dlieftb diféaremceiin thamahexpansipa esxifocicutowicn growmg thi&aN film.
growing the GaN film SUMVARY OF THE | NVENTI ON
Therefore, the present invention is designed to solve
t he above-nentioned problens of the prior arts, and
therefore it is auMmBieRy off THRENVESEIMN | nvention to

provide a nitride sem conductor substrate, in which a

ni hel’e‘ilc‘)eres’ﬁlr(l,1 Va??s{%gyﬁ&gﬁng 1|s @eklén&f I%Vg%l\%nth@ 3%\5 mentlongd problems of

rate crac
net hod fo n facturlng the and a.
the p§‘8FnaEtéﬂa’EF£ttg$ {518t 1508 BTG 1oL e AP haNEBYOn e frgvide a nitride
anot her object of the present invention to provide a
semiqepepaier Jubstratgniir whichra nigide samicondyetos diincis rgdeivn on a base substrate
substrate, in which it does not require a long tine to

withomie parpape oa clxake and ub pravadeca arethed foe pmnafacningitkd shnesand a nitride
high, and to provide a nitride sem conductor substrate

semidbRAudteCiubsede hbatfbired®ersRi eve the above-nenti oned
obj ects, the present invention forns a plurality of

tne ﬂ;@ih%%he? rbb?ec't Qp@f ?x‘éﬁén@?ﬁveﬂfioﬁ t gﬁﬁg&u? ?ﬁertl?c%d:for #Hhufacturing a

in particula esent inventi or s

mtrldg ps&nccg)g ?rméub%tjrg&gn} %hlc%s?rcf%e not 1@ glldﬁ Sltmrlg stshis chseparate a base
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present invention fornms a plurality of the trenches
manudaggured Hgrelyi t ches of the trenches

To achieve the above-mentioned objects, the present invention forms a plurality of
trenches on a lower surface of a base substrate, and in particular, the present invention forms
the trenches configured to absorb or reduce stresses applied larger towards a peripheral portion
of the base substrate when growing a nitride semiconductor film on the base substrate. In other
words, the present invention forms a plurality of the trenches such that pitches of the trenches
formed on the lower surface of the base substrate get smaller from a central portion of the base
 substrate towards the peripheral portion, widths of the trenches get larger from a central portion
of the base substrate towards the peripheral portion, or depths of the trenches get larger from a

central portion of the base substrate towards the peripheral portion.



formed on the | ower surface of the base substrate get

smaller froma central portion of the base substrate
towards the peripheral portion, widths of the trenches

get larger froma central portion of the base

SURIbFALE td %Wai%&tt Gﬁtﬂéeff')ﬂe@é?ﬁ‘ riaven®eh! h Ofltrider seyEBRéMRicRE substrate

t he trenches get larger froma central portion of the

comp 8% g%ssturo@&eﬁetﬁtw gﬁnh{‘ ?e%rﬁ%{)ﬁcmg Zﬁlmog olwO8h a?surface of the base

ccording to an aspe vention

nitride . se onduct or bstrate ri ses a, bhas
subst i, HeEiG (1 AP AT HF GBS oD MOV %Pbﬁfta;‘t\'z?i fifirgt trenches
surface of the base substrate, wherein the base
formeh prselfehte epghsother By firsf diresden, tradimighes o the £1tst tfenshes get smaller
first trenches forned parallel to each other in a
from ficergtal gortmotof i, base dulpiratiewans atpesplidralgtortierenches get
smaller froma central portion of the base substrate
t QuRbABNA td ahdhBe embodiaicht 0N theApRe¢i iRgertidnaAAiitiRle semiconductor
enbodi nent of the present invention, a nitride
substﬁ%&ﬂé?slégtaogase SHiRehleahRd %q{mfd'e%@ﬁlc%nﬁf?&@r ﬁHﬁ’%&&@ﬁ ®n a surface of
and a nitride sentconductor I mgrown on a surface of
stra wher,e the b 158 Substrate

h
the bitisg\%él?gti ,f\g eé'elﬁxat/ élse S l?s!trflt ats 2t [opwer stitace havin % eplurallty of first

trenclzaq%gfgggqf{) g%r,rg clf etlp Hatéglf Fe) ? 1r? %1 g%c@@{,larn aﬂﬂgl : e ttb?n?lést trenches get
central portion of the base substrate towards a

largemfzorn atrenal postiern ofithe hesssrbstrale tovvardsct prsiphesabpertigent  of
the present invention, a nitride sem conductor
S Wbrdaie te€ anpthers embadibmae of uiles preatre; ineerdioa, Aiditriddesemiconductor
sem conductor filmgrown on a surface of the base

substBDSS A Rs aVhi8E 8Likstlale aR@ 9 hif1dR SemddoRdh@sr filrh @AW on a surface of
surface having a plurallty of first trenches Torned

the bA& dﬁ{?%ﬁt?@h&@ hh@IHASE stitbudtel RdsSt 10Wek %ﬁfﬂa&nhaﬁﬁ’ga plurality of first

irst trenches get larger froma
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substrate accordlgg %o each of the above. enpodi nments,

largex fm 3 cspigpl ROGHILRIENG PaserubHEG N A RTPDFR PGP has a
plurality of second trenches formed parallel to each
otlhéhe nitride ssedeandudior swhsirate acenrdingde eheiyofi the abpvesgmbodiments, the
direction, and preferably pitches of the second

lowett suefacé G’Stl@&iasessmistrab farthesihds b pluaalitgeyd tstond ftrenbleessfermettiparallel to
trenches get |arger fromthe

each other in a second direction intersecting the first direction, and preferably pitches of the
second trenches get smaller or widths or depths of the second trenches get larger from the
central portion of the base substrate towards the peripheral portion in the same way as the first
trenches.

And, preferably the base substrate is made of silicon.

According to another aspect of the present invention, a method for manufacturing a

nitride semiconductor substrate comprises forming a plurality of first trenches on a surface of a

base substrate parallel to each other in a first direction; and forming a nitride semiconductor



central portion of the base substrate towards the

peri pheral portion in the sane way as the first
trenches. And, preferably the base substrate is nade
of silicon. According to another aspect of the present

film dr¥ SiFAcRIbf the BRIhAMstrRE ofPoite a6 tthe fifd t_ncH fdrimatien surface, wherein
sem conduct or substrate conprises formng a plurality

pitche%fofftH ﬁf'st ttfeﬁ@l?égfg% ﬁlaﬁersliﬂ&{laacceenﬂgl Igortlgﬁ‘%? tﬁe“t%te fb&rate towards a
parallel to eac ina first direction; 5
. forlmgg a nitride sem conductor 4 filmon a surface
peripheral BN s e substrate opposite to the first trench
formatjon surface, wherein pitches of the first
t rssending ganothen pmbpdimeghefih Eéfﬁs?félmﬁ‘élﬂf’nao%ms@of‘ figr manufacturing
base substrate towards a peripheral portion.
a nitride semitionductar suheitdte coraptissd ifersring o fplurhlety of dggritenches on a surface of
invention, a nmethod for manufacturing a nitride
a bas® ﬁiﬁsﬁ@t@%ﬁdﬂél tc et totladr én @iy difeR o ;aihdi fogmiag [l ndtridel seshiconductor
of first trenches on a surface of a base substrate

film (?'g{i Ahire SrAnEBER QbB&Lte o @snfe'tf) %Be ﬂksrt eehé P FornAlGn surface, wherein

rmng a nitride semco UCtOF I mon a surface of

w1dth]s o? r{ﬁ? Bsﬁstge% e%?%e lgﬁg?férlo;rx]le tcgrgﬁ%goo);ornf%fe {hﬁetglg? substrate towards a

trenches get larger froma central portion of the base
periphgrl Rortige "t owar ds a peri pheral portion. According to
anot her enbodi ment of the present invention, a nethod
f dvccarging wangthiengmbadiment pidbe peaveridnvEPBra Bathed far manufacturing
conprises formng a plurality of first trenches on a
a nitrilarsémenddctorasubstsate sohptiseatfernpag alphehlityof dasthrenthsron ansurface of
a first direction; and formng a nitride sem conduct or

a basé 'st'llmrﬁl'é pardllél tcﬁ@&ththérhﬁ‘ alFasedifdeon; AdSofRPe S fifideSemiconductor
the first trench formation surface, wherein depths of

film 51?5 sﬁff&% of{tﬁgr‘t‘) esinehte o &S{e th "tREFiRt QEHEH frnRA6A s@Face, wherein

ase su strate to a peripheral portion.
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y further conprise formng a plurality of second

Peflplﬁ‘?r%‘rﬂ%'é%n on the

The method for manufacturing a nitride semiconductor substrate according to each of
the above embodiments may further comprise forming a plurality of second trenches on the
surface of the base substrate parallel to each other in a second direction intersecting the first
direction, and preferably pitches of the second trenches get smaller or widths or depths of the
second trenches get larger from the central portion of the base substrate towards the peripheral
portion in the same way as the first trenches.

Here, the first trenches and/or the second trenches may be formed using a sawing wheel
or photolithography.

And, the nitride semiconductor film may be formed using MOCVD or HVPE.

The method for manufacturing a nitride semiconductor substrate of the present



surface of the base substrate parallel to each other
in a second direction intersecting the first
direction, and preferably pitches of the second
trenches get smaller or widths or depths of the

1nven§6§ oy t fueheN @Snpeise | RGO BRMbhke sGivtiatedlafipPrfbiridgOthe nitride
t he base substrate towards the peripheral portion |n

semlcloggu(ﬁ }ﬂ§ tlI’(ﬁ mf thE $hs tfl@tr}ﬁp %gfse gdﬁgtﬁqb §shlﬁacié Sfilicon, the base
trenc es énd or the secong trenches may e forne

wh hotolith hy. And, th
subsffs e B A0E s R may be T or mea. usi ng’ MOOVD

or HYPE. The method for manufacturing a nitride
sehi Bk the Bresaiipayentiiop fgrms the pradispon the; IHWéhP‘t“&?e of the base
may further conprise removing the base substrate after
substfate, rmind gn tpagicnlary thd epressetrinyontencfooms fthe trenchies tshghs thiat pisches of the
in the case that the base substrate is made of
trenclids| de€ Olalldrg thasadths ubaépiad 6f thiayrehehes @evlagghr WRind chevehtral portion
etching. As such, the present invention forns the

of thd B%@ %ﬁ@s?rag:ntowa?ds tﬁé“?&rlﬁl&zﬁ pfidH, tﬂe%y%ﬁ?clelﬁﬂbéﬁsﬁﬁﬁr% or reducing

|n partlcu ar he pr esent I nvention forns t

stresstgfﬁ,éi)1 edslg?gue? r}rgrrtl] Effclﬁ ﬁéﬁt?al ?% ?({rh Pﬁyfe l%aLg '}?Qﬁtsat ?c}wardi the peripheral

he Wi S or renc
i the central .portion 5& substr
portqriy Aot dh D FFSERle iyenty tC%ert%earbb%? VY Meie i?mlconductor
absorbing or reducing stresses applied |arger from
substratefree af warpageor ictasksin smie diasse of alsdicoatbase gibsirets thaids known as
peri pheral portion. Therefore, the present invention
hard waform atndtride aerhicghdwpted filinythatebni de sem conduct or
substrate free of warpage or cracks in spite of use of
a silicon base substrate that is known as hard to
forma nitride sem conductor filmthereon. BRIEF

DESCRI PTI ON CEFMED@@MIN%IE'GF THESRAWINGS

cross-sectional viewillustrating a GaN substrate

n’?ng}e it% % rﬁ{e})%ﬁ l%%:cgﬁ)rng]ﬁ %N gustl%ﬂng gtt?eﬂ) mn{%\;sira%fmclir[h?actured according to

|IIustrat| ng the GaN substrate of FIG 1.
an embodiment of the present invention.

FIG. 2 is a bottom view illustrating the GaN substrate of FIG. 1.

FIG. 3 is a bottom view illustrating examples of trenches formed on a lower surface of a
base substrate according to an embodiment of the present invention.

FIG. 4 is a cross-sectional view illustrating a GaN substrate manufactured according to
another embodiment of the present invention.

FIG. § is a cross-sectional view illustrating a GaN substrate manufactured according to
another embodiment of the present invention.

FIG. 6 shows photographs of cracks of a GaN film or warpage of a substrate, in which
trenches of different shapes are formed on a lower surface of the base substrate and the GaN

film is formed on a surface of the base substrate according to examples of the present invention



FIG 3 is a bottomviewillustrating exanpl es of
trenches forned on a | ower surface of a base
substrate according to an enbodi nent of the present
invention. FIG 4 is a cross-sectional view
andcb&bﬁﬁbﬁ%kmﬁgbg GaN substrate manufactured according to
anot her enbodi nent of the present invention. FIG 5 is
a cross-sectional viewillustrating a GaN substrate
manuf actured according to another embodi ment of the

present acks
o 2 can PERTRIPTIQN S D PR BB IR
trenches of different shapes are forped on a_| owe
s dtereipaftess prefrared sapbodiments ot theaesenhiveniien will b rigscrlbed in detail
formed.on a surface of the base substrate accordi to

with efaenseds thef acchmppryisg dtawingse Btibote the dasediptionpit shaddmbe understood
exanpl es. DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

that thiete@mealst®lin thy §feeificatore alhd diendppesdedf clhines ghoakEnédt be construed as
invention will be described in detail wth reference

llmltetdQO B r AR TRA ML A LAY MBS intBFgr&Ed b&seli 3@ the meanings and concepts
escrl ptl on, it should be understood that the terns

correéé)a) Jlng o oe?ﬁg%&lia%h&{tr ue ggre%grﬁ 1}1@%“?1t1§H %ﬁqge: ﬁ%sga?f TH% 8r1n01ple that the
di cti onar i ngs, but int based on the

inventgr A ?ﬁ@‘geiwd"g%ﬁwagmappmrr@ﬁg hf eftoextpgaemﬁ% Jf the case that he
aspects of the present invention on the basis of the

followsing risbgsinsion o ws Helayemezasis on anethgr layiwe dhisomee be Aeterpreted that the
terns appropriately for the best explanation. In the

layer amyexishdiredtlyeon dnotHeoWayegordethadilpter armyHeomsrmsédtherebetween.
exi sts on another layer, this may be interpreted that

t TG, 112)8ra Naysseebdnalli viewt ilVus@RtimN Gt hanivnaydtrider (@aN) substrate
third layer may be interposed therebetween. FIG IS

manu?acﬁl’r@c?%c ?&hgqa% eYI'lkﬁ)‘ﬁ'lr{nl:ﬂtl{ﬁttﬁ@ fe@gnt‘Eln(ifé'i‘itllohUl’*"l(‘f‘'2t fs'éjﬁottom view
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Referring Fl Gs. and 2, the GaN substrate
accordiugdp an ﬁ@ﬂbpalr%mlt ShisReShI IngpnijQReRRISEN PRI LHEFR 10 and a GaN

conprises a base substrate 10 and a GaN
film 20 formed on the base substrate 10.

In this émbodiment, the base substrate 10 uses a single crystal silicon wafer. However,
the present invention is not limited in this regard, for example sapphire (Al;O3) or silicon
carbide (SiC) may be used. However, use of the single crystal silicon wafer is easy and
convenient to remove the base substrate by wet etching._

A plurality of trenches 11 and 12 are formed on a surface of the base substrate 10
opposite to the GaN film formation surface. Here, as shown in FIG 2, the trenches 11 and 12
include first trenches 11 and second trenches 12 intersecting the first trenches 11. And, pitches
(P) of the first and second trenches 11 and 12 get smaller from a central portion of the base

substrate 10 towards a peripheral portion of the base substrate 10. That is, the trenches 11 and



film20 formed on the base substrate 10. In this
enbodi nent, the base substrate 10 uses a single
crystal silicon wafer. However, the present invention
isnot limted in this regard, for exanple sapphire

12 get AdrdeBlovRirdsSthe #ﬁﬂﬁherﬁlﬁi&h&ﬁoﬁ the GhsdAbstdfe UEAs described later, when

However, use o single crystal silicon wafer is

the GER0 MRTis r%%esrﬁllegggs al:eoaiﬁpﬁ?@ ﬁ\g@tﬁg’ heSpEhEAL for®¥n of the base

wet etc uralit s 11 and 12 atre

subst{ag ﬁ‘ﬁemﬁgm"ﬁf %lilileir.ri)g gﬁﬁg{l I)%Et?(gﬁ?f glg uats)?s_ér}gls‘ir%tel?o 1S eS Isﬁs%eptible to
FIG 2, the trenches 11 a i ncl ude first trenche

warpage efneradksc dyraordingln HBS trf?%eﬁtlér%’@clz At aigradsio absord the larger
trenches 11. And, pitches (P) of the first and second

stresses eppdied $o the penighdral pmtiosmal [ er from a central portion
of the base substrate 10 towards a peripheral portion

of Siebifichidy @he piHek @ )eofliBe fifstahd s&cont h@nthiesrid hdd 12Imanbe adjusted
7 12 get denser towards the peripheral portion of the

wﬂh@%ﬁ&f? ?r%gséi{ §b¢ P10 A% daS§had ﬁdtﬂeafn?crhgs \Mgfﬂf tltnéq?re&q%ls 11 and 12

iS grown, stresses are "arger to
t he peripheral portion of the base substrate 10, and
formechers the Ientpal poptiney ofi the baseisubsteste (hmayp R d s ghsandathe pitehes (P) of the
is nore susceptible to warpage or cracks.

CAr 4idh t &ﬁiﬁh% %héb F41 6% 1
trencg%s@r%{d ﬁiey%"é‘?gg’il tﬁ@? sséagjpgg{)bﬁhl delzfd togste%gegerl ph er%a}{ooe 001 am.
portion. Specifically,, the ltCh
And, Sogpitches iR m%bﬁog{egpeﬁab%@ Tbiraa b ed gl by eroups.
the range of 0.01 cmto 1. cnl That is, the pitches
Altergajvebyf thetmatchess(d ey beleaglh @Idjmged indeperdentty. t he cent ral
portion of the base substrate 10 may be 1.0 cm and the

pi Asdegid{s)ofahe trbwches enathal mdy banadjided propedy ovithid éhe range of 1
peri pheral portion of the base substrate 10 nay be

(m tcpl 31%11 ‘Fﬁhhex,AHﬂ)thé h8 PkCh&RheS) 1 BRY lpﬁlagrﬁé%ﬁ@tedq%operly within the

I'n each group, and adjusted gradua [y by groups
Alternatlvely the pitches g be each adjuste

rangq AfapEhERAPY ym nian tickress obfhe s B4 13 S 1%1 mm, which

may be adjusted properly within the range of | gmto
may Be differdnt Hégeatingdeh shi¢lheswdf thdiBase sabtdaesill and 12

may be adjusted properly within the

Meanwhile, specific values of the exemplary pitches, widths and depths of the trenches
11 and 12 are defined only for exemplification. That is, the dimension of stresses applied to the
central and peripheral portions of the base substrate 10 and difference range in stress dimension
therebetween may be different depending on a method for forming the GaN film 20 to be
described later, process conditions of the method or thickness of the GaN film 20, and besides
kind of material used as the base substrate 10 and size of the base substrate 10. Therefore, the
pitches, widths and depths of the trenches 11 and 12 may be adjusted properly to absorb or
reduce the stresses applied to the central and peripheral portions of the base substrate 10 and

the stress difference therebetween, and they are not limited to the exemplary range.

And, although this embodiment shows that the pitches (P) of the trenches 11 and 12 are
8



range of 5 gmto 900 gm when thickness of the base
substrate 10 is 50 gmto 1 mm which nmay be different
dependi ng on the thickness of the base substrate 10.
Meanwhi |l e, specific values of the exenplary pitches,

adjustlddiviife BH0WRIRIR ARl Qdpth6f tHe QRGBS 111dnd@ MY ol fiREE at specific values,
defined only for exenplification. That is, the

whilegéiﬁgi gl?)g?f) {heS diched ‘n %?ﬁ ! 1i2erqa)t Be th(gfl ragltﬁghﬁ %&lllgﬂlg Gy depths may be

portions 0O e base su
. difference range |n stress dinension .therebetween .

adjusisi, o d9SEH Rk DU HRRIIGR: 30 ARV CPBIPIRBPRARGIE Fis RiCHes, widihs
film20 to be described |ater, process conditions of

and deptas mays@distedhi ckness of the GaN film 20, and
besides kind of material used as the base substrate
1 (Fuather, sitheugf FiGse 1 lhad @ substhatthe tte@cheshld ramdol2eformpd on the lower
pitches, wi dths and depths of the trenches 11 and 12

surfab@yf the basy sifseste MNORRIdeyt Atarighh2aple, e préRiti@editid is not limited in
stresses applied to the central and periphera

this rggdf'r?.i ARs Rfshbhf iRFI6. SURSIhA! & P08 Shapkd %@tﬂeeﬁgmg% on the lower

erence therebetween, and they are not Iimte

dth
t he. X | any, range d, alth his_.e [ -
surtaf G B HHRG A GRS TR o b OB T I B e Al b formed in a
are 8 adjusted ile the w dths and depths of th .
stripg shapg ply ?111 ong, Hec\fgnép%h a‘ag(él\%c?gf ggtﬁg}ﬁllp{ omhe ggr}tra? portion towards
while pitches (P) of the trenches 11 and 12 may be
the périphethl aadionhAnd astshewn in HKpBHe), raychse maydptgeseetdn thyge directions.
descri bed below. Alternatively, an arbitrary
cOhiid @Galvifiim 20viznfgrrhéeop atsatfece, ofwhelbhs subsiehtel @ Ptopposimyto the lower
be adjusted. Further, although FIGs. 1 and 2 show t hat

surfatBavif e Mehshchds BNendl 22 Oy BRMoRR foiding QYKod ®Ubd @Erigdd later, the
the base substrate 10 intersect at right angle, the

GaN gﬂﬁ R4 Eﬁgbe} ﬁﬁél&%# éc%ﬁdﬂ'\% ﬂ'o!'burfxmeﬁ)f neg8r 4 Gag‘gxbstrate, for

a
S'S ovvnglln Fl , trenches of various shapes may be

exampff 15 o 300,/ b oo fac 5%y By o FiaRC Rl SRS 0 wiats ana

formed in a stripe shape only in one direction such
pitchehaf thpitteatles 1dedndsi?adfl the baseosubstiate ¢ @ mayathapge.tAothe stresses change
towards the peripheral portion. And, as shown in FIG

depeﬁdiﬁ'\? bn the SKASSs d¥ete IGANSTiERCD, the wibithe @nd ipiteledsi cfibe trdfshes 11 and
GaN fil'm20 is forned on a surface of the base

12 sh%Hf?iS‘Jeranﬁlfstede opposite to the | ower

Meanwhile, the principle of the present invention is applied to a nitride semiconductor
including AIN, InN, GalnN, AlGaN and GaAlInN in the same way as a pure GaN. Therefore,
the GaN film 20 may be replaced by such a nitride semiconductor, and besides may be
multilayered such that a plurality of layers including a nitride semiconductor film are stacked.

FIG. 4 is a cross-sectional view illustrating a GaN substrate manufactured according to
another embodiment of the present invention. Hereinafter, the GaN substrate of this
embodiment is described focusing on a distinction from the GaN substrate of the above

embodiment.



surface having the trenches 11 and 12. By a proper
form ng nethod to be described later, the @GN film 20
may have a proper thickness according to purpose of
use of a GaN substrate, for exanple 10 to 500 um

Anthe d@stintfiéh bdtvekin @R G sithgatedlitit tmbedinehpddiete GalBsubstrate of
wi dths and pitches of the trenches 11 and 12 of the

the akg)‘c\'é %ng)ldggﬁ%nﬁtlsf%é&tl %koﬁ'ggeg s, ﬂﬁoth%gw&%d:'s eﬁxstgg éﬁhﬁﬂ%em trenches
l1a f%“@%éﬁfl&?wap SERE S b B Ry et Bl e o

invention is applied to a nitride sen1conductor

and wigibs (W) tmwenqlﬁwl@ﬂmgem@n\ﬂ seirabpoytionefithe bpsg substrate 10a
same way as a pure GaN. Therefore, the GaN film 20

towandayg pespherpl partion.chhis trechastnicture dHowe i ahsachiot tsducasteesses applied
besides may be nultilayered such that a plurality of

larged @Wards the perishienq) partivr of e basndubdstigte d Darthédebynpedventing warpage or
stacked. FIG 4 is a cross-sectional view illustrating

crack§1 fr@ﬁ%&ﬂﬁ‘ﬁ{g Blthe QW&HB@CS}%\{cﬁ?caﬂs? GRE Vidds (W) oﬁﬂgtli’&{ch%s 11a may be

mbodi nent of the present Inventi on. Hereinafter
bstrate

. f
sSR! o ) ARETED ! B ReE e gt ony

the above enbodinent. 9 The distinction between the
exemphfitagiohs andae deferibhd sbevd dbigynmmay tendiffiereat Gaperslings or at method for
of the above enbodinent is a structure of trenches.

formihg t1 GEN fiarXisto berlebdiibed arbro piodesstcondikionsdtthe niethad or thickness of
forned on a | ower surface of a base substrate |

the C?ﬁvfﬁgi P& 1GRBF RhfefinPesel R tabhsd 8 AAtel a ande cW'tFl& Bsse substrate

t'he trenches 11 a get larger froma central
10a. portion of the base substrate | Oa towards a
peri pheral portion. This trench structure allows to

o phir AFTORbRATORA Ghe Y Al pAnRe Sael PR e gocording o

preventing warpage or cracks fromoccurring to the
anotth mboglgrgentsggcth, PIESGY | INVRRE1QK; dﬂﬁglr{a@;r, othet GaN substrate of this
trenches 11 a may be adjusted in the range of 1 gmto
embodiment iklalesaréred fokesispeei 4 idistinatiere $roar ¢hed éfalNneubstratey of the above
for exenplification, and as descri bed above, they may
embodindlitd.f er ent dependi ng on a net hod for

The distinction between the GaN substrate of this embodiment and the GaN substrates
of the above embodiments is a structure of trenches. In other words, in this embodiment, the
trenches 11b formed on a lower surface of a base substrate 10b have the same pitches (P) and
widths (W), and depths (d) of the trenches 11b get larger from a central portion of the base
substrate 10b towards a peripheral portion. This trench structure allows to absorb or reduce
stresses applied larger towards the peripheral portion of the base substrate 10b, thereby
preventing warpage or cracks from occurring to the substrate. Specifically, the depths (d) of the

trenches 11b may be adjusted properly in the range of 5 m to 900 ym when thickness of the

base substrate 10b is 50 ¢m to 1 mm, which may be different depending on the thickness of the

10



formng the GaN film 20 to be described | ater, process
conditions of the nethod or thickness of the GN film
20, kind of material used as the base substrate 10a
and size of the base substrate 1 Ga. FIG 5 is a

base §Ube&sie 966! HoWalery tRV¥petikidSialurt aftddefired Nn$t Rsitex@inplification, and as
manuf actured according to another enbodi nent of the

descr@%& gﬁ(weeh%}%g ?Hﬁ%}’nﬁ)@dlfﬂé?n? Héﬁ%ﬁfglrg %ogCJ‘ufgxleﬁgH' gﬁ#%%fr%t e @faN film 20 to

I'S descr

distinction from sub a f th
be defbh Mt P Dot REh i Ge Slns BRI S e Rest SFuR XS Giry 20 and size of
of this enbodi nent and the &GN substrates of the
thebaé%éwtré%@@r aeibican wafes st ructure of trenches. In ot her
words, in this enbodinent, the trenches 11 b forned
orArdl, limthersageriaces the embodiseens 0bE1G dt, ¢he entboduaerts oh&1Gs. 4 and 5
same pitches (P) and widths (W, and depths (d) of
may hde tigheReshefSvalibls gkipek and €iirter daveac atitiary cpaibinavionaff the shapes
the base substrate 10b towards a peripheral portion.

showd M BIGY. 8700 55 ThECEHE, 8h@hltQdS sdnflcARRIETOP s@WsthRMGRe present invention
stresses applied |arger towards the peripheral portion

is cor%f gurede t bfbs bsgrbrsetdu% Sre%gé% ag&apgcg ﬂs?%%r t? ﬁ%’ ggﬁﬁl{égal%w&ggf the base

rac rom occurring

oSBT ISTIR o U R0 o v

when t hi ckness of the base substrate 10b is 50 gmto
of thelbagersubstirieh nay be different depending on the
thi ckness of the 10 base substrate |1 Ob. However, the
s Babsdquentiy| aemethiod def i madifartiyng ahe exigndd iskimi@inductpr substrate
and as described above, they may be different

accorgﬁn@QB ¢he Qr&E‘ntamU&{tﬁ)‘ﬁdis faescribed th gtailnAlEeNbH tHigreBodithent shows a
be "descri bed | ater, process conditions of the nethod

smgl@ I Q;S'EHI Cﬁp&ﬁls wafert Qsetl‘?%'age lsﬁB ?ereaW &ﬁﬂzfﬁeo@aNt REnbASEs a nitride
strate | b, a si i Con waf , in the sane way
ment of FLG 1, iments of FIGs. 4

Semlcé’ﬁau%m %?ﬁa ESY BHERU 1<§fn°¥ g?’i‘tsggnt Fapes. tciand further

have an arbit r onbi natl on of the shaoes

ikt asilionn watemishd] B SurfiseeoniniA a4 BRRTed A ﬂav%se substrate 10.

substrate of the present invention
A plurality of trenches 11, 12, 11a and 11b of the above-mentioned structure and shape are

formed on the lower surface of the base substrate 10. The trenches 11, 12, 11a and 11b may be
formed by a sawing wheel used to saw a wafer or by photolithography used in a semiconductor
fabrication process. In the case of the sawing wheel, thickness of the sawing wheel defines
widths of the trenches 11, 12, 11a and 11b. The widths of the trenches 11, 12, 11a and 11b may

be adjusted by selectively using a sawing wheel having thickness of 0.01 to 1 mm. Depths and

pitches of the trenches 11, 12, 11a and 11b may be adjusted by a sawing depth of the sawing
wheel and a relative location between the sawing wheel and the base substrate 10, respectively.
Meanwhile, in the case of the photolithography, an etching mask (a photoresist pattern or a

silicon oxide pattern) of desired structure and shape is formed on the lower surface of the base

11



is configured to absorb or reduce stresses applied

| arger to the peripheral portion of the base
substrate by adjusting the pitches, widths or depths
of the trenches fornmed on the |lower surface of the

substRA@S 80, B Shé Bh& subkeeq06ap elched asifiR tahs8péradiching gas or liquid. At this
nanufacturlng the nitride sem conductor substrate

time lﬁ%é gpl'%htﬁ fﬁﬁgﬁ?%ﬁo}hg\fﬁ@ 1t<91rés b wiRESHS th@@lrehéhes according to

hows a single

h
patterga%sifn Wﬁ% rggsk aﬂé tap?\a% fi Bgr:?ﬁ £ms C}ﬁéﬂr{bghtr ' alw?n Qlth%adacg&ﬁmg to the
curtef SROTAUGIPT FOBRANEI 5P e HOMEES: dif Rerh GF B siovghin FIG. S i

is prepared as the base substrate 10. A plurality of

formedr by e¢petition of photolithegraphdprbgess asfetelting pbepess, madtthehraguires more
structure and shape are forned on the |ower surface

costsOof the base substrate 10. The trenches 11, 12, 11 a
and 11 b may be formed by a sawi ng wheel used to saw

a yk&Juefily, Bie GARIMAN M RIOARGY oS SEHfAR oF tIREWAsE @Mteoro having a
fabrication process. In the case of the saw ng wheel,

desu%aﬂg%é %?rﬁit%} ti[gl% cﬁW‘g any}ﬁ% Béj?&ﬁgl‘n%g p c}?" d&e@? (?thél&gss by a well-
knowgaahed ety MORYR €43 B Bl Shavfrg e iasetsethsrand N souree

0.01 to 1 mm Depths and pitches of the trenches 11,
gas at@ simulanemulyl flowadiyntoea sadictos taed 089 ta 1880 Bgtoderemh ad$aN film. For
the sawing wheel and a relative Iocatlon bet ween t he

exmggg%wg fﬁ%lhq i§‘2ﬂo&1{‘§ln¥ﬁﬁﬁk§eﬁp% L& by WHegﬁ)ldyHere the Ga

e case 0 hot o |thography,
etching mask (a photoresist pattern or a sili
source ygag E1ay ise é“rq‘?;ls s, g Gl @gs as # Gawigr saSaﬁcﬂ(prl@tq @a metal, and the N
formed on the | ower surface of the base 11 substrate
sourcg (gas anay t$eeNbhsgass Abshe areaches are fermedeen thei lagven spifagseef the base
etching gas or liquid. At this tine, the
substfHtO 1 ®to Aoty @phyuceelie straxpdsyappli¢dirger fimnpileaeasalgrortion towards the
wi dt hs of the trenches according to pattern of the

per1p§$rﬁh[bd}90ﬂf'8§ﬁ1e bassudkirawg 0f falled sueBtab 8Fa0Rs bNReRlihH 6r warpage does not
sawi ng wheel according to the current sem conductor

occu S%B)Bé %Mpé\]e@llﬁpbg léf theH?a %%stra{ehﬁ) LhEMAR asﬁlrgH %Hl‘it? GaN film is

or me by repetr’tion of
.phot ol i t hograph process or etching process, and thus
obt E%guires nor e

And, a proper buffer layer may be formed before forming the GaN film 20, and if
necessary, another film may be formed on the GaN film 20.

A GaN substrate according to the present invention is obtained through the above-
mentioned process, and to use the GaN substrate as a substrate of a device, the base substrate
10 may be separated or removed. In this embodiment, the GaN substrate uses the base substrate
10 made of silicon, and the base substrate 10 may be simply removed by a wet etching method.
That is, removal of the silicon base substrate 10 is made such that a nitric acid solution (HNO3,

70%) and a hydrofluoric acid solution (HF, 5%) are properly mixed in the range of a mixing

12



costs. Subsequently, the GaN film 20 is forned on a
surface of the base substrate 10 having a desired
trench structure. The GaN film 20 may be fornmed up to
a desired thickness by a well- known nethod such as
ratio MEVE 00 td PBucRih&ehinDReialidn, @al ihe G& sabitfatesi@am iarrG. 1, 4 or 5
N source gas are sinu taneously flowed into a reactor

is dlpﬁﬁdef'n@%e#cﬂfnr]%]s%%tgn S EHaP etbaS@NbSirht@10F0 'Eem@\)&a'mltl?an etching ratio

I's grown mnt t hi ckness 10 to 500 um by

HVP .

of 1 t@ &QE ;ﬁ%rﬁb%uagaggl;a%g%}c&cugﬁuq% 181 toI tﬁ? gﬁlz%ng solution with
netal, and the N source gas may use NH3 gas. As the

10% orrlessc kethatthe rémainmbg siliconherdntoved. sur f ace of t he base
substrate 10 to absorb or reduce the stresses applied

| aviggfwHile O thé BaseqRatitRd barestibsiatd MR MEt&letdT@apphire or silicon carbide,
peri pheral portion of the base substrate 10, faults

the b%éé‘:@ piafe! 36 kréaﬂbepf‘e%ﬁdx{)ésor ; PRAGRIAGRWI BlethRC Skth as thermal

egrovvn base substrate 10, and
Nfllm|s obt ai ned. And, a

a h| it
decorBP?fbtéor“‘E m@%rloé)‘)b%nﬁfrwg €r med before forning the
GaN film 20, and if necessary, .another film
f orubseausntly, hthecaffeqti pintbe) Preseah NpVGRbOR r ist ée%?&‘gg@/ o‘g{?g'gh concrete
to the present invention is obtained through the
experithental-examptesoned process, and to use the GaN substrate

as a substrate of a device, the base substrate 10 nay

beFI6e paghaire tpltodrgpmsvefdfaults stidh as erdokdiofranGaNt filen GaNarpage of a
substrate uses the base substrate 10 made of silicon,

substf’arﬂed ih r\@hl@ﬁ%ﬁnéﬁ&%fr &leRrehP shRLs e FdiRldYord @MBWRH stifac® of the base

et chi ng net hod That is, renoval of the silicon

substgag1 & Hll%s(t("v?_}ﬁ'\@m %fa&&&?ﬁ% tl’?é"ﬁ!!ﬂg %‘?Faﬁgro?gﬂga E’ifs ascfl'bf*rate according to
NG R e SERENT aifdal o m i o
and the GaN substrate shown in FIG 1, 4 or

to (dpiayspprgpanad tshieh dhat 4 franadosilieoro wafes o thigkness: rﬁe70ba@els divided into six
substrate 10 is renoved with an etching ratio of 1 to

rectaﬁl@ﬁ’ar%ﬂéaﬁ‘,1 Brenched S £ eHeedatleYstrudiir@ Rt fofm@F bl tie0dik i@t thé six areas are
ded to the etching solution with

cut into each other, and a GaN film (thickness: 60 ym) is grown on a surface of each area

opposite to the trench structure forming surface. In each sample, the trenches have the same

depths of 150 ¢m and the same widths of 500 /m.
Referring to FIG. 6(a), trenches are formed with regular pitches (I mm) in one direction,

and it is viewed with naked eye that the substrate has warpage and the GaN film has cracks and
peeling caused by the cracks and warpage.

Referring to FIG. 6(b), trenches are formed on the lower surface of the base substrate in
mutually perpendicular directions with regular pitches. The horizontal pitches are different

from the vertical pitches (horizontal pitches: 0.5 mm, vertical pitches: 1 mm), and it is viewed

that the substrate has warpage and the GaN film has cracks.
13



10% or |less, so that the remaining silicon is renoved.
Meanwhile, in the case that the base substrate 10 is
made of sapphire or silicon carbide, the base
substrate 10 may be renoved by anot her well-known

Wﬁié?&%ng 4§ PI@ (L)) BeRBes aRRANBPSH tHeQBwbSduMhct 85 Bie Hake substrate in
di anond "gri ndi ng. Subsequently, the effect of the

mutuf fé&ﬁéndl%h\{frn&ﬁe%ﬂo éwﬂﬁé?@lgggtchg 943 moﬁg&ﬁﬁﬁaﬁhei are equal to the

exanp ows phot ogr ap
faults such as. cracks .of a GaN,fi.l r e of a
vertical Bugea (RICheR ot 4P @n cBBaTe hrTICT 6. ‘gﬂ%ﬁ%espraw‘émon effect is
formed on a | ower surface of the base substrate and
imprdéved, BNt is Viewed thao thesubstrate hes otadngrge snd fthe &adf filnhdas cracks at the
base substrate according to exanples of the present

[ﬁnph&ﬁp 1iom and conpari son exanpl es. Each sanpl e shown
in FIG 6(a) to (d) are prepared such that a 6-inch

S'I&%ﬁ@r‘?ﬁ \Q@fFﬁr} fg tx% O3 e erg &'Uﬁtﬁeslogv'e?’ étﬂﬁi‘ée oﬂl{% bk substrate in
G1'ar ~ar ?

rectang rencnes o e Ssane structure are

s B0 e 4 SR 1 SR s s st st

grown on a surface of each area o p05|te to the
from theegpntrakportion tovearflp theipegpberal pasbon by fam@itck grasiation phed mn, 4 mo,
trenches have the sane depths of 150 an and the sane

2 mm}’\érﬁllt hgnm cﬁg ewdehat 1 erkgb&f’até: lsq‘r@e(é‘t) wa ?@ GRE Sra@kEof the GaN
or ne

regu ar pitches In one rection,

and it is viewed wth naked eye that the substrate has
ﬁhnmarpage and the GaN film has cracks and peeling

caused by the cracks and warpage. Referring to FIG

6 (Ib)shouldebr mederstoed ftbatnthd drtaiteded¢seniptions gnd specifi¢ expaples, while

base substrate in nutually perpendicul ar directions
indicwlidghprefgted @mtoidiradias of thednvumtiodont givepityckhgsobillastration only, since

different fromthe vertical pitches (horizontal

variolb EHB’%@ 5 afld IndaMficaiRnt ivaddin e §186 andl séBPk, ofaRE ihventiSn will become
Vi ewe that the substrate has warpage and the GaN

appalfeh {B‘tﬂ&% g[l%ﬁ%ﬁ elzﬁ‘togg&qflirs' ?ﬁllg@d{sjcﬁﬁtl&ﬁ trenches

forme wer surrace o ase substrate
in

APPLICABILITY TO THE INDUSTRY

As described above, the present invention forms the trenches on the lower surface of
the base substrate before growing the nitride semiconductor film such as to reduce the pitches
or increase the widths or depths from the central portion of the base substrate towards the
peripheral portion, thereby preventing warpage of the substrate and crécks of the GaN film
caused by thermal distortion occurring when growing the nitride semiconductor film.

Accordingly, the present invention can obtain a high quality nitride semiconductor
substrate free of warpage or cracks in spite of use of a silicon base substrate that is known as
hard to form a nitride semiconductor film thereon.

And, in the case that a base substrate is m.ade of silicon, the base substrate is simply

14



mut ual Iy perpendi cul ar directions with regul ar
pitches. The horizontal pitches are equal to the
vertical pitches (pitches: 0.5 mr), and as conpared
with FIG 6(b), warpage prevention effect is
removedByoy éttbmibaltméthod Suchi 8Wadd etdhfig th bt b Siltridé eeiRdnductor substrate
war page and the GaN fil m has cracks at the periphera
with m&ttinsm 10»8%@5[1&}9%1*1 ficld. G 6(d), trenches are formed
| ower surface” of the base substrate in
nutually per pendi cul ar directions. According to the
present invention, the pitches get snmaller fromthe
central portion towards the peripheral portion by four
pitch gradation of 10 Mm 4 nmm 2 nmand | nlm and
it is viewed that the substrate is free of warpage and
cracks of the GaN film It shoul d be understood that
the detail ed description and specific exanples, while
i ndi cating preferred enbodi nrents of the invention, are

given by way of illustration only, since various
changes and nodifications within the spirit and scope
of the invention will beconme apparent to those

skilled in the art fromthis detailed description.
APPLI CABI LI TY TO THE | NDUSTRY As descri bed above, the
present invention forns the trenches on the | ower
surface of the base substrate before grow ng the
nitride sem conductor filmsuch as to reduce the
pitches or increase the widths or depths fromthe
central portion of the base substrate towards the

peri pheral portion, thereby preventing warpage of the
substrate and cracks of the GaN film caused by
thermal distortion occurring when growing the nitride
sem conductor film Accordingly, the present invention
can obtain a high quality nitride sen conduct or
substrate free of warpage or cracks in spite of use of
a silicon base substrate that is known as hard to
forma nitride sem conductor filmthereon. And, in the
case that a base substrate is nade of silicon, the
base substrate is sinply 14



renoved by a chem cal nmethod such as wet etching to
obtain a nitride sem conductor substrate wth short
time, low cost, and high yield. 15 Wat is clainmed is:
1. Anitride sem conductor substrate, conprising: a
Whathagiginseddst rate; and a nitride sem conductor film grown
on a surtface of the base substrate, wherein the base
substrate has a | ower surface having a plurality of
first trenches forned parallel to each other in a
fiorst diyection, .and pitches of the.first trenches get
S r%al | er A flﬁr(ﬁﬁ Sthgcé?ﬂqugﬁor B'Ehsfrf‘tgncoé? P base substrate
towards a peripheral portion. 2. The nitride
s@haoHPSEEradubst rat e according to claim 1, wherein
the | ower surface of the base substrate further has a
plaunitzide sgmizbndwtemidim grommainessut epretithp pasd Jubktratey each
other in a second direction intersecting the first
diwleedih ahe basd suttachkss aflotvbe seérenishvinge acplamligeof first trenches
smaller fromthe central portion of the base substrate

formddOMRAIES to bh& BEEF RBNETRYt BREGSM ind DitcRes bl the FRst trenches get smaller
sem conduct or substrate, conprising: a base

fom IR B0 on e MR AR A ek MB 20 ©7

substrate has a |l ower surface having a plurality of

first trenches forned parallel to each other in a

first direction, and widths of the first trenches get

| & ger frhsmitride samiconfugien wbgrtepccopting tosdaigybst r at e

towards a peripheral portion. 4. The nitride

sevlieccondtie tlowes sinfaceadv £ tlac basedsubgtrate Lirthermhds anplraity of second
the | ower surface of the base substrate further has a

trenchitls fohddt parglie]l $€ 6uhCothérigacResnd dife¥eon paemedtrlg the fieddlection, and
other in a second direction intersecting the first

pitch&d JreRd §e@nd B8thes get smaller from the central portion of the base substrate towards

the peripheral portion.

3. A nitride semiconductor substrate, comprising:

a base substrate; and

a nitride semiconductor film grown on a surface of the base substrate,

wherein the base substrate has a lower surface having a plurality of first trenches

formed parallel to each other in a first direction, and widths of the first trenches get larger from

a central portion of the base substrate towards a peripheral portion.

4, The nitride semiconductor substrate according to claim 3,
wherein the lower surface of the base substrate further has a plurality of second

trenches formed parallel to each other in a second direction intersecting the first direction, and

16



16 wdths of the second trenches get |arger fromthe
central portion of the base substrate towards the
peri pheral portion. 5. A nitride sem conductor
substrate, conprising: a base substrate; and a

widthBiof EhedcoiTireishesi gétdarget fromgthe\wented) partioir dfate bade dubstrate towards
base substrate, wherein the base substrate has a | ower

thepé%ﬁ&%?ﬁnﬁ@ﬂjng a plurality of first trenches forned
parall el to each other in a first direction, and
depths of the first trenches get larger from a
central portion of the base substrate towards a
peri pheral portiaon. 6. The nitride sem conductor
subst r at/NHEEOTNARYIAUGIOE PAISHA:, RIS t he | over
surface of the base substrate further has a plurality
ofa bascaubdtraterandches formed parallel to each other in a
second direction intersecting the first direction, and
d epiitiitle gémidoadwrerdfilth groemalmessugfate bfithg dasd substratbie
central portion of the base substrate towards the
PeYHePRRItAE bRASY Li¥Rrate” hasT REoWeE kindiReSRAVikLAOMGFaDEyY of first trenches
substrate according to claim2, 4 or 6, wherein the
i di rectj: ' e I
formeg BabficF e EROAN (R EHAPToA BhFUBREL ofthe T HenBRE Bt arger rom
any one of  clains 0 6 wherein t he .base substrate
a cenﬁrg RoERR %éth% L?ﬁechhs.]ﬁa‘g‘f oyl a%stwalpbgrla} MIHERacturing a
nitride sem conductor substrate, conprising: formng
a plurality of first trenches on a surface of a base
substrate parallel to each other in a first
di6r ect i difie mundle 5¥miconducter substrate acberdingriiccdadutt or fil m
on a surface of the base substrate opposite to the
f iviifekeif rtBOABwEO siEAdOBS Ky bakesubstrate further has a plurality of second

trenches formed parallel to each other in a second direction intersecting the first direction, and
depths of the second trenches get larger from the central portion of the base substrate towards

the peripheral portion.

7. The nitride semiconductor substrate according to claim 2, 4 or 6,

wherein the first and second directions intersect at right angle.

8. The nitride semiconductor substrate according to any one of claims 1 to 6,

wherein the base substrate is made of silicon.

9. A method for manufacturing a nitride semiconductor substrate, comprising:
forming a plurality of first trenches on a surface of a base substrate parallel to each

other in a first direction; and
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wherein pitches of the first trenches get smaller from
a central portion of the base substrate towards a

peri pheral portion. 10. The method for manufacturing a
nitride sem conductor substrate according to claim?9,

f UbiniiAp aGRde sehiéndi@bNTiRE oft auefadd bf the Has® a@tBtdie opposite to the
trenches on the surface of the base substrate paralle

ﬁmt%éﬁdlﬁﬁ u8ﬁ§§ﬁhd'7 a second direction intersecting the
rection, wherein pitches of the second

nches [ler fro the cen ortio t he

R s, BE o e dEsPEhs B TONGF dioRpar {<Plial bohioR of the base
nethod for manufacturing a nitride senm conductor

substegilopagdse PeEipRpial BHER forming a plurality of first

trenches on a surface of a base substrate parallel to
each other in a first direction; and formng a
nitride sem conductor filmon a surface of the base
sulgst r at theopphsd tfer inanifacturihg b siitride sadlvohdidi®t subktrate according to
surface wherein widths of the first trenches get

claiml 93@&%{ rfc[n(ﬁ igneentral portion of the base substrate
omar ggrl her al portion 12. The met hod for

mafguf g;gtna;;gll naglty sécngqreil 1 Or o%nﬁing Cs{l%cesgibﬁltert%%f r5111.1bns(\t{]ratae parallel to

er conprisin

plurality second trenche he surface of the
each Bt&sens%ﬁ&g?rr%@lé%ﬁa? SProng e ABRIGRHRER | n a second
direction intersecting the first direction, wherein
wi wheein pitcheseofstbe 6erond rrenehes etyamalies frpsm ther eamirahportion of the base
central portion of the base 18 substrate towards the
substpxee ioplaedsahe perifiieai poitn. A net hod for manufacturing a
nitride sem conductor substrate, conprising: formng
a plurality of first trenches on a surface of a base
substrate parallel to each

11. A method for manufacturing a nitride semiconductor substrate, comprising:

forming a plurality of first trenches on a surface of a base substrate parallel to each
other in a first direction; and

forming a nitride semiconductor film on a surface of the base substrate opposite to the
first trench formation surface,

wherein widths of the first trenches get larger from a central portion of the base

substrate towards a peripheral portion.

12. ~ The method for manufacturing a nitride semiconductor substrate according to
claim 11, further comprising:

forming a plurality of second trenches on the surface of the base substrate parallel to
each other in a second direction intersecting the first direction,

wherein widths of the second trenches get larger from the central portion of the base

18



other in a first direction; and formng a nitride

sem conductor filmon a surface of the base substrate
opposite to the first trench formation surface,
wherein depths of the first trenches get larger froma

substraRtbwadds B pdriphe@ pdii®nbase substrate towards a
peripheral portion. 14. The nmethod for manufacturing a

nitride sem conductor substrate according to claim
13, further conprising: forning a plurality of second

18" S e B G R0 s i SP BRSSO bine:

first direction, wherein depths of the second trenches
gderning gehlupbibief fest denehes) orb@rsmfew of a bage prpshrate parallel to cach
substrate towards the peripheral portion. 15. The
other ired fistldirentiomaand act uri ng a nitri de semi conduct or
substrate according to claim110, 12 or 14, wherein

t femdihg tniteidd se@oRdudon figd beASuifécco Bbe tbasd subs@ltt opposite to the
angle. 16. The nethod for manufacturing a nitride

ﬁrsttl%ggﬁmgﬁgﬁg[rfa%gbstrate according to claim9, 11 or
3, V\,hereln the first trenches are formed using a
I

%we 058, 18,0 EOR TR LA R 1 e e

]ag, the first trenches are forned using
SubStrﬁP?&PWPT ﬁd’ﬁf‘ﬁb POFHON.The nethod for manufacturing a
nitride seniconductor substrate according to claim?9,
11 or 13, wherein the nitride sem conductor filmis
formed using MOCVD (Metal Organic
14. The method for manufacturing a nitride semiconductor substrate according to

claim 13, further comprising:

forming a plurality of second trenches on the surface of the base substrate parallel to
each other in a second direction intersecting the first direction,

whereiﬁ depths of the second trenches get larger from the central portion of the base

substrate towards the peripheral portion.

15. The method for manufacturing a nitride semiconductor substrate according to
claim 10, 12 or 14,

wherein the first and second directions intersect at right angle.
16. The method for manufacturing a nitride semiconductor substrate according to

claim 9, 11 or 13,

wherein the first trenches are formed using a sawing wheel.
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Chem cal Vapor Deposition) or HVPE (Hydride Vapor

Phase Epitaxy). 19. The nethod for manufacturing a

nitride sem conductor substrate according to claim?9

11 or 13, wherein the base substrate is made of

siihi con.TheOnethb® forahhafadt@ing R AHFAE semhichst R I} subdtfi€e according to

sem conduct or substrate according to claim9, 11 or

. i her conprising: renoving the base substrate

chnn§$3g§9¥%rn1ng the nitride sem conductor film 21. The

met hod

or nuf act uri.n nitride.sem conductor
o vt 8 OB RARRAT Gihe APl RSO RIRERARY he. base
substrate is made of silicon and renoved using wet
etching. 22. The nmethod for manufacturing a nitride
sem conduct or substrate according to claim10, 12 or
148. wherlierm¢thed forrmanufacuritges nitride famiverduetirsybsirate according to
sawi ng wheel. 20 23. The nethod for manufacturing a
claimmi, 1T bgl€3,sem conduct or substrate according to claim
10, 12 or 14, wherein the first trenches are forned

USiHageiR AL HidridROGnAPMGuckE - ik S TehfAdudiRé MOCVD (Metal Organic

manufacturing a nitride sem conductor subStrate

ac di to. . clai L2 00,14 erel. e nitride

CrenfGf PaiidthabBiof] RTVERePARE VAt MBGRAES
Organic Chem cal Vapor Deposition) or HVPE (Hydride
Vapor Phase Epitaxy). 25. The nethod for nmanufacturing
a nitride sem conductor substrate according to claim
109. 12 drheimethed, ferhmanudenipiing & niride serpigprdpctdisubsiese according to
substrate after formng the nitride sem conduct or

claimf9, 1 hor 13,

wherein the base substrate is made of silicon.

20. The method for manufacturing a nitride semiconductor substrate according to
claim 9, 11 or 13, further comprising:

removing the base substrate after forming the nitride semiconductor film.

21. The method for manufacturing a nitride semiconductor substrate according to
claim 20,

wherein the base substrate is made of silicon and removed using wet etching.
22. The method for manufacturing a nitride semiconductor substrate according to

claim 10, 12 or 14,

wherein the first trenches are formed using a sawing wheel.
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26. The nethod for manufacturing a nitride
sem conduct or substrate according to claim 25,
wherein the base substrate is nmade of silicon and
renoved using wet etching. 21
23. The method for manufacturing a nitride semiconductor substrate according to
claim 10, 12 or 14,

wherein the first trenches are formed using photolithography.

24. The method for manufacturing a nitride semiconductor substrate according to
claim 10, 12 or 14,
wherein the nitride semiconductor film is formed using MOCVD (Metal Organic

Chemical Vapor Deposition) or HVPE (Hydride Vapor Phase Epitaxy).

25. ~ The method for manufacturing a nitride semiconductor substrate according to
claim 10, 12 or 14, further comprising:

removing the base substrate after forming the nitride semiconductor film.
26. The method for manufacturing a nitride semiconductor substrate according to

claim 25,

wherein the base substrate is made of silicon and removed using wet etching.
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