NITRIDE SEMICONDUCTOR SUBSTRATE AND MANUFACTURING
METHOD THEREOF BACKGROUND OF THE INVENTION Field of the
Invention The present invention relates to a nitride semiconductor

substrate obtained by growing a nitride semiconductor film such as
galtitramit gy (GON)DIT DO 2B 8 RIS T as] [AMIAIN BF AETGINXEE METHOD
manufacturing the same. Description of the Related Art GaN is a nitride
semiconductor having Wurzite strudtlEBF&id has a direct transition

bandgap of 3.4 eV corresponding to the blue wavelength range of visible
rays at room temperature, forms a solid solution with InN and AIN to

control a bandgap energy, and exhibits a characteristic of a direct

transition semiconducdtorSVeRMENRPE dEHIPDSTHON P& of the solid

_solution. Thus, GaN is widely used as a material for a light emitting
Fi Ci lar a blue light emitting device. Generally, a GaN film is

formed on a base supstrate made of sapphire (A1203), sili bid :
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the GaN tilm on thebase 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

DestiinoR dpatbediissuggested to form a buffer layer with similar lattice
constant on a base substrate at a relatively low temperature and grow a

GaNGfiln ign: therhisffemavaid ddewayen disadvan tage s atismethigct transition
uses a high cost base substrate and an

bandgap of 3.4 eV corresponding to the blue wavelength range of visible rays at room

temperature, forms a solid solution with InN and AIN to control a bandgap energy, and exhibits
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,03), silicon
carbide (SiC) or silicon (Si) by MOCVD (Metal Organic Chemical Vapor Deposition) or
HVPE (Hydrid’e 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.



additional growth apparatus to form the buffer layer. And, the method
grows epitaxially the GaN film, but a. dislocation density in the GaN film is
still high. Thus, there is limitation in application to a laser diode or a
light-emitting diode. In the case of a sapphire base substrate, it is easy to
grovriaveady, fillon the cappkireibasetissbsisatednhiiae level bhe cutsentte and an
technique, however, to use the GaN film as a substrate of another device,
additosaippbirehbasensiibstratershdul didEcs epanataddrom thel®dNfilws-grotamially the
substrate. That is, after the GaN film is grown on the sapphire base
Gadllistrateyt lastslbesiors doesiiiiumihatedditheisappHirghbddesubswdtelimitation in
and the sapphire base substrate is separated from the GaN film by
apphiertital @ecorpdsidonr Mbaldwatitingdififés much time to separate the
sapphire base substrate and a separation yield is low. 'to solve the .
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on an inexpensive silicon base substrate that is low cosﬁ%y&ﬁgparate th
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con substrate, warpage or craCks may occur ase supstrate due
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eanwhile, Korean Patent No. 519326 suggests a technique for forming a
G PSRV ES-ORH IR BIMRCEOf 3 SARRD HRI8R8E.SUBSEAIR R Be sapphire

regular interval in a predetermined crystal orientation and forming a GaN

balRYEbaRRMMPReEBMiRee dhe 1Isapphire base substrate to reduce
minimum stress required to remove the sapphire base substrate after

growjagsukigalbum-nitidentieseideraducing microctrekwtiicty may a GaN film
occur to the bulk gallium nitride and improving a crystal characteristic of
onthe inedpgaliamilnitnideskH ovbevat, this ipdtentusesdhepsapphireibubstrate substrate
as a base substrate for growing GaN, and thus requires a considerable
frqimige GaN film, thereby obtaining a GaN substrate. However, it is not easy to grow the GaN
film on the silicon base substrate so far, and the silicon base substrate is often etched during
GaN film growth. Further, although the GaN film is grown on the silicon 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



2 to separate the sapphire base substrate and has low separation yield.

And, this patent forms the grooves on the lower surface of the sapphire

base substrate to reduce stresses applied when separating the base

substrate, however the inventors of the present invention ascertain that
to {bgargogNesfprmetast auteglaaiatansabarecinehieativecin preyehtingatent forms the

warpage or cracks of the substrate due to difference in thermal expansion
groevefficietittwoenr growirgdhth GadNpliline, BISVMARNOP rEtHE NWENT KpNied when

Therefore, the present invention is designed to solve the above-mentioned
serpretienis: dhsheupsiortartsvand therefosetitriscdnhobjsstof ithepresepgertain that the

invention to provide a nitride semiconductor substrate, in which a nitride
groseatidormiedtr filrpgslaraviensh arbareiisebetritePaNEG UL WarPagR O cracks of the

cracks, and to provide a method for manufacturing the same and a nitride
subsiiHR ORI SEPE AR AR PN SRsTEB i I ShetRe iSSP aN HEN

present invention to provide a method for manufacturing a nitride

semiconductor substrate, in which it does not require a long time to

separate a base substr%ﬂw%?%ﬁjﬁ@gh, and to provide a

ure

nitride semiconductor substrate manufac ereby. To achieve the
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trenches on a lower surface of a base strate, and In particular, t
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esses applied larger towards a peripheral portion of the base substrate

setMESRuGERWIRG&-Ritrice wemiconduatos M artie Pass sHBRItAed M MiRrsubstrate
words, the present invention forms a plurality of the trenches such that

widitehesghihetrenchesadoinps andhenlewen suriaesudidhease substmatea nitride
get smaller from a central portion of the base substrate towards the

seipRupberal pobtinmc widths.ofithe tierbhes get larger from a central portion
of the base substrate towards the peripheral portion, or depths of the
trendhesagethargbjcirond the present invention to provide a method for manufacturing a
nitride semiconductor substrate, in which it does not require a long time to separate a base
substrate and a separation yield is high, and to provide a nitride semiconductor substrate
manufactured thereby.

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.



central portion of the base substrate towards the peripheral portion. 3
According to an aspect of the present invention, a nitride semiconductor
substrate comprises a base substrate; and a nitride semiconductor film
grown on a surface of the base substrate, wherein the base substrate has
a lowecstifigce havimp@plfality ptfirst irenches, fomiedepsraliebiduetichsubstrate
other in a first direction, and pitches of the first trenches get smaller from
cormprentral pettiohofthedndse st rete wndrdonlparipteral potipnface of the base
According to another embodiment of the present invention, a nitride
subseiisontiRibIhS TIsse AHDEEHSOSEs ko hakausiAssthatin & faPi i e! first trenches
semiconductor film grown on a surface of the base substrate, wherein the
forwé@gﬁﬁgkraémso%wéras%rr%bégq%&%@%pﬂmﬁwﬂhﬁs firffeiitibes get smaller
formed parallel to each other in a first direction idths of the first
frofpeh bR iar gl iirorAss SERIFAICIONS G Fid %ﬂﬁlgf}ate towards a
peri eraégortlonnéﬁcordl 0 ano hﬁtembodlment o the
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and widths of the first trenches get larger from a central portion of th
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substrate according to each of the above embodiments, the lower surface
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parallel to each other in a second direction intersecting the first direction,
and prefedalylypitebesotihe decand freékchescget sroatien, or widihs @miconductor
depths of the second trenches get larger from the central portion of the
sulase Swbstrate tobracdsithegperjpleralipaiticemircthd sarndilvagragthenfirstirface of
trenches. And, preferably the base substrate is made of silicon.
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.

In the nitride semiconductor substrate according to each of the above embodiments, 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 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



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 film on a
filsusfageuefadrcobaise b sitbienppepiidtoth@ditiistresathfesmation surface, wherein
surface, wherein pitches of the first trenches get smaller from a central
pitgartiontbé thetbaselsuhstratedbwdrds a cpetipherelponiche Agcosdingae towards a
another embodiment of the present invention, a method for manufacturing
peaphitrilecsgeniconductor substrate comprises forming a plurality of first
trenches on a surface of a base substrate parallel to each other in a first
diredirsarding torpsigre mnodEnsahticdisduetent fmyepios sursibeofomganufacturing
base substrate opposite to the first trench formation surface, wherein
a Iyiifth SCBT RBIROLRIREHEY GemRiigeritanrs eabtral porfibiranehsaga a surface of
substrate towards a peripheral portion. According to another embodiment
a W?ﬁé%?@é%ﬁ?ﬁ?%ﬁﬂ&ﬁ?g st B r%%tﬁ%&fé%%%wg {ofige niride semiconductor
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peripheral portion. The method for manufacturing a nitride semiconductor
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comprise forming a plurality of second trenches on the surface of the
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first direction, and preferably pitches of the second trenches get smaller

a REVidtes0F pleplis of dhen seeonddrchescgenlangefdromdhenteidtrabmiconductor
portion of the base substrate towards the peripheral portion in the same

filmvaw asstiiadirsi ti@nbhessubstrate opposite to the first trench formation surface, wherein

depths of the first trenches get larger from a central portion of the base substrate towards a

peripheral portion.

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



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 5 invention may further
inveativpriseye mowag thapase suhstiage hiebieeminigstae: nitfiele forming the nitride

semiconductor film, at this time, in the case that the base substrate is
sermaoié wisilidon, ahbibase:, Sulbistrete nhay the besnovkiraisingrnee etChillign, the base

As such, the present invention forms the trenches on the lower surface of
sultbfentsaney babstrared anddrvobetidular, the present invention forms the

trenches such that pitches of the trenches get smaller or the widths or
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substrate towards the peripheral portion, thereby sufficiently absorbing or
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FIG. 3 is a bottom view illustrating examples of trenches formed on a

subwes uEface afacbaseraubstralsiRcaorsing toanembedisnsit AL th8: is known as
present invention. FIG. 4 is a cross-sectional view illustrating a GaN

hagubgbiate mianid aetuied aceer dingtteranother embodiment of the present
invention.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view illustrating a GaN substrate manufactured according to
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. 5 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. 5 is a cross-sectional view illustrating a Gall 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
an$Ubsr a8 ANk ihgeaN film is formed on a surface of the base substrate
according to examples of the present invention 6 and comparison
examples. DESCRIPTION OF THE PREFERRED EMBODIMENT
Hereinafter, preferred embodiments of the present invention will be
described in detaf CRithliersroncEHD thietaddORipamniz OdrEMings. Prior to
the description, it should be understood that the terms used in the
spedificeitioficanpt tharap perbddineldined Sivopichenstibeccorsividadesimitedin detail
to general and dictionary meanings, but interpreted based on the
withaelRinees apdhecseepranBrelpoiihg trteeHRRC AP BEpEets Brtiaidrigengerstood
invention on the basis of the principle that the inventor is allowed to
thaydhméctarms sthprdpriaRes FortAR Hekisprisatoh iﬁ%%&%tﬁ%ﬁémmed as
foII wing description shows a la er xists on anothe er this m
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ustrating the GaN substrate eferring to FIGs. | and 2, the GaN
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a base sub rate 10 and a N film 20 formed on the base substrate 10.

lay#} this elkegitanty the HRsESUPsl AR 10 e SINGIR GHEIR] BIHEDRtween.

wafer. However, the present invention is not limited in this regard, for
example sapphiredHk2Q3)iatasilicen GamidediG) maybe ugede (GaN) substrate

However, use of the single crystal silicon wafer is easy and
manufactured according to an embodiment of the present invention. FIG. 2 is a bottom view
illustrating the GaN substrate of FIG. 1. Referring to FIGs. 1 and 2, the GaN substrate
according to an embodiment of the present invention comprises a base substrate 10 and a GaN
film 20 formed on the base substrate 10.

In this embodiment, 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



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. llere, as shown in FIG. 2, the

trenches 11 and 12 include first trenches 11 and second trenches 12
12ipéeizacting thedfindletperiphesl phriddndoe pitehiese (Ripatdteel first adeb a¢legindter, when

trenches 11 and 12 get smaller from a central portion of the base
thesGhbist Ak i b iboywawals arpeipherappodidngef thebdsehsubsiphteall forTihabpf the base

is, the trenches 11 and 7 12 get denser towards the peripheral portion of
sultbieatrase, subsiraseiOpapbiestmbdibtawr hwHane thibaN 20 filrmesgsasepptible to

stresses are applied larger towards the peripheral portion of the base
WaspAsStRit s Rek P eREARBY - pBR SHBEAep OrtidRbf tharpsea bt iperbepl the larger

more susceptible to warpage or cracks. Accordingly, the trenches 11 and
Strﬂ?‘ﬁl@%‘?ﬁi&%%’ﬁlﬂf’é@rﬁ({ﬁ’é’%rger stresses applied to the peripheral

portion. Specifically, .the pitches (P).of the first and second frenches 11 .
Bt VTG0 L CE Aty BielHEh 8L OCOR RGBT DL, TRails be adjusted
.the pitches (P) of the trenches 11 and 12 formed on the central portjon

il S ablohe L indy b £ Pt 18 EERES (D) 3t o (FERReL and 12

11 and 12 formed on the peripheral portion of the base substrate 10 may
forped th?WﬁHP?ﬁ‘éoﬁiPé%E% by My Hecgb Iped ok b §liatid disdrtches (P) of the
group, and adjusted gradually by groups. Alternatively, the pitches (P)
trenehysbid eadH 2djustatiindepeerdeeth). pamdomadtths bhtheubsithdd Manhd 0.01 cm.
12 may be adjusted properly within the range of 1 pro to 1 mm. Further,
Ardiepthpi(ches{ Bhentre heresupddabelcianimyebeh atjusted prdivertyl withinlindy groups.
range of 5 pm to 900 pun when thickness of the base substrate 10 is 50 In
AltegrafRinly.whei piichsayendiffes entlidedesidihigdspenéetititkness of the base
substrate 10. Meanwhile, specific values of the exemplary pitches, widths

and dagtddhsrl thengpredies |lapef 12 apavdesindiybilyrropeke iphrcEgornge of 1

That is, the dimension of stresses applied to the
pm to 1 mm. Further, depths (d) of the trenches 11 and 12 may be adjusted properly within the

range of 5 /m to 900 ym when thickness of the base substrate 10 is 50 m to 1 mm, which

may be different depending on the thickness of the base substrate 10.

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



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
adjsisiedofmiatertaliiae asitdepiasefstibsicatedOlanthsize afdlfexbhaespecific values,
substrate 10. Therefore, the pitches, widths and depths of the trenches
while aitchi? Mayfbeatjusted piopely2oraysorfisedreddidbetive dhressalspths may be
applied to the central and peripheral portions of the base substrate 10 and
adjtirtedtrsedliffbee hebo thehdibetalioely, amdrbhiey nrembitiimednorthghe pitches, widths
exemplary range. And, although this embodiment shows that the pitches
andpippihtrpatba@Ested and 12 are 8 adjusted while the widths and depths
of the trenches 11 and 12 are fixed at specific values, while hP@tches P) of
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Various sh apes may orme on the lower surface of the base substrate
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shape only in one direction such that pitches get smaller from the central

thé’ﬁ’éﬂﬁﬁb;%m% tﬁ%@%@ Rh&HA RAOs ANdscasRROMAY IRtEkeet3d Bree directions.

trenches may intersect in three directions. The GaN film 20 is formed on a

surfage efdhaibase subsiraie d00npRsie 1oL BlaNabssUEE dppviig thehe lower
trenches 11 and 12. By a proper forming method to be described later, the

suffad fivng0hnayivhve H piape? thicknespadoonding tethudiose: afesstbed dater, the
GaN substrate, for example 10 to 500 um. And, as the thickness of the

GdBaldil2 2Gchangeproperwhidthsesnat cpitbhe scoptieotenChesol b &dll 52bsfrate, for
the base substrate 10 may change. As the stresses change

example 10 to 500 m. And, as the thickness of the GaN film 20 changes, the widths and

pitches of the trenches 11 and 12 of the base substrate 10 may change. As the stresses change
depending on the thickness of the GaN film 20, the widths and pitches of the trenches 11 and
12 should be adjusted.

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.



depending on the thickness of the GaN film 20, the widths and pitches of
the trenches 11 and 12 should be adjusted. Meanwhile, the principle of
the present invention is applied to a nitride semiconductor including A1N,
InN, GalnN, AlGaN and GaAlInN in the same way as a pure GaN.
Thereforstithedn abhiben 20 raay bebieplacgdnby swiahiAnaiitigel the GaN substrate of
semiconductor, and besides may be multilayered such that a plurality of
thelayevs tndhadingra nitriseusemicdncuctes filmodrer stackedn FIG edimdiment, trenches
cross-sectional view illustrating a GaN substrate manufactured according
114 dormmstierdovsodinfent of tHagsragetintéatione Hersimaftaichere(®Rand depths (d),
substrate of this embodiment is described focusing on a distinction from
andtye dzN Wulostraadronches dbavst ErgsodinteAtco rierdismictioh bBireBtpstrate 10a
the GaN substrate of this embodiment and the GaN substrate of the ,
lovpdva RFfiBeRIhBrItieta Shia deReoTtHSHIRAHOMSIth P as I dfsstresses applied

embodiment, trenches 1 la formed on a lower surLace of ljbase substrate

larg PR tHe RAMBSBHAEETEY I BESRL R aHUP WIS YW Bt ige Warpage of
cr tl(’%/ Edegsg‘lclﬁ\%r%é Ia er frbosrt?a I’CI:I S}%Ee 1<P ?lm(% of téiil% bﬁg Sfutlﬁgt{ atlgches filla may be

e?a por ion. nc gtI’UC'[UI’ Sor

S s SRR, Pl aropr foWAris. (e RRrRRCIAPORN SLINE RSP anly for
ngsfl% trat fda %ﬁereby preventlng warpage or cracks from occurring 15 Y

the substrate. Specifically, the widths (W) of the nche 1lla

e G R B n D S5CT i PGB VAN mthod for
defined r em Ilfcatl nd as describe bove

iy AN DR SR B (o LR 8 et o ickncs of

dﬁ%%g{ digt?? nPICERR A0 9;&? i Ltﬁa%er@sbﬁ;agtgwa'%a%%& %ff a@eb%%'!ubstrate

as the base substrate 10a and size of the
opase substrate 1 Oa. FIG. 5 is a cross-sectional view illustrating a GaN
substrate manufactured according to

FIG. 5 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 substrates of the above
embodiments. |

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 zm to 900 ym when thickness of the

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

10



another embodiment of the present invention. Hereinafter, the GaN

substrate of this embodiment is described focusing on a distinction from

the GaN substrates of the above embodiments. The distinction between

the GaN substrate of this embodiment and the GaN substrates of the
basgbovenaraodineris s alsirseitife ohiieacheseimathenvandsxémhification, and as

embodiment, the trenches 11 b formed on a lower surface of a base
dessuibsfrabeQthdavestive ddfoepiteipesdiRy and madtbd f/jommidddethsXdiilm 20 to

of the trenches | Ib get larger from a central portion of the base substrate
be fietsibwhidsr apedpheradiponion tRhiscthadctr Siidotereddlibasadl dbsci and size of

reduce stresses applied larger towards the peripheral portion of the base
thedigsa fiehteiraoB Oherabyoprédehting warpage or cracks from occurnng to

the substrate. Specifically, the depths (dg of the trenches 11 b may

adjuéfé’d ’ﬁrgﬁeﬁ‘ﬁ‘?‘ﬁﬂﬁé TS T AR S0 Gir WikeTrRRERRES 4 figs. 4 and s
se substrate Igb is 50 /em to h different d di
ST A et r%eﬂ%éﬁéf%tg}gﬁhe shapes
poalues gre defi grllﬂ VA or exem blification, angl s degc( hove, they .
May'h ?%Elsﬁeren ependi nrﬁ ona rﬁ”ecf SPRSHRing the ﬁ Sten pvention

is %enﬁg 38 qﬂ&% b & 9@ %}% g‘&@sqgé chﬁhﬁr ?%Otﬁj;e Eﬁﬁo%m of the base

0 and size o e base substrate 10b, aS|I| afer.”And, In

suﬁ&?aéa&?%dﬁ*@%ﬁét e-aeaeodiment §f lfhshothe %@&QRQ%R@%&E@%\% surface

and 5 may have trenches of various shapes and further have an arbitrary
of BRMbInation-afthe shapes shown in FTGs. 4 and S. Therefore, the nitride
semiconductor substrate of the present invention is configured to absorb

or reglisgegstiaspes applied lakgeniathRpearipheral partion akthedhaisetor substrate

substrate by adjusting the pitches, widths or depths of the trenches
acdardiiedtiontthertowerisufsioa iofdheiaseisubsiiataltBulggeduenthhodiment shows a

method for manufacturing the nitride semiconductor substrate
single crystal silicon wafer as the base substrate 10 and the GaN film 20 as a nitride
semiconductor film, the present invention is not limited in this regard.

First, a silicon wafer with (111) surface orientation is prepared as the base substrate 10.

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



according to the present invention is described in detail. Although this
embodiment shows a single crystal silicon wafer as the base substrate 10
and the GaN film 20 as a nitride semiconductor film, the present invention
is not limited in this regard. First, a silicon wafer with (1 1 1) surface

suk¥igRtationds prepaseduastthe base aubsiratend Q. pAplurabityngf grenehefiid. At this
11, 12, 11a and 1lb of the above-mentioned structure and shape are
tinformeghomthrolgwietysutiasenpfithe)bastespinditate d0dthheftienchechddaccording to
12, llaand | Ib may be formed by a sawing wheel used to saw a wafer or
patoyriphbtbtitobnap masiseddre Bosenficonpaictors fhbridatisnvprocdss! lecthaling to the
case of the sawing wheel, thickness of the sawing wheel defines widths
cugfthectrésredestan fabpication wabnidbe THeweidthshefithectrehepascshoyp infFlG. 5 is
aand |11 b may be adjusted by selectively using a sawing wheel having
formpsk R gsRrstioion 6 RhAIPA eI lam&eﬁit%éécg%w&@rﬁ%ﬁr%éh@%dltil}liZ?a%res more
a and | Ib may be adjusted by a sawing depth of the sawing wheel and a
cofESlative location between the sawing wheel and the base substrate 10,

respectively. Me nw(pLJi .40 the case of the photglithogr , an.etchin .
mas U(%Sfﬂ%fgl\fésa& gﬁeﬁr[?’b%alss ﬁggﬁ&o%lagesﬁé%%?ﬁ)[g 8?%%%%?@3%?%@3 Jghaving a

degpeg ?ﬁ%%%? s!tsrt}cgtmrﬂlee 1?5‘ (Itvhﬁ 'H}"’eios ”rgacﬁe%%%cp &% ]a.ldgsglbesatrt%%ek]ﬂgs by a well-
and the bade SubStrate 18'is etcried U Ing a properpetchlng gas orﬁlqwa.

koS 0P RNAGL0ARRIVIB Y ATRIK ALY AISDER OLIAHIN source
of the trenches according to pattern of the etching mask, and allows finer

gafa ¥E?EH%&R%Q§?§1§‘%W&1W&%GA ICEALING 18NS, GHHENESEMGORANGIAN film. For

rication technigue. However, the trench structure shown in'FIC. 5 is

formed by jtion of' photoljt aph process or etchi ce A
o B R R SRR . e o
surface of the base substrate 10 having a desired trench structure. Th?
SOBSEINERTI0 iy Bl TAMA LS 1% Ao Sl AnAs DY S W hBHR. 2nd the N

sogr%hﬁ%% (%gégg M}%Cg\ésD %rs I_tlh\éptlEerrlrc]ﬁE:rs]Oacll‘é %&%%gcgrll%lec; BRAEEER of the base

substrate 10 to absorb or reduce the stresses applied larger from the central portion towards the
peripheral portion of the base substrate 10, faults such as cracks or peeling or warpage does not
occur to the grown GaN film 20 or the base substrate 10, and thus a high quality GaN film is
obtained.

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 (HNOs,

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

12



gas are simultaneously flowed into a reactor at 1000 to 1100 "C to grow a
GaN film, For example, the GaN film is grown with thickness 10 to 500
tarn by IIVPE method. Here, the Ga source gas may use GaC13 gas, or
HCI gas as a. carrier gas is flowed into Ga metal, and the N source gas
ratimaf/(Us@NHB gasias thetrbingredubre fonddd chrlthailoware shofaoendfihel , 4 or 5
base substrate 10 to absorb or reduce the stresses applied larger from
is dippeceinttht pottion tolvaeds shehap dripbescatyisition OF thecasedswisbtpatetching ratio
10, faults such as cracks or peeling or warpage does not occur to the
of HrowpIGaNfitmS20sonthatlyase sebstrate sdyiarulisadsied highageralitpeaaltion with
film is obtained. And, a proper buffer layer may be formed before forming
10%her Gad\ sl th2 G carech finer edisanyisasotherd film may be formed on the
GaN film 20. A GaN substrate according to the present invention is
obtaiesa thibudhthisecaisobat thrrebrissubspritdlss arndee Lgwrhsamanlicon carbide,
substrate as a substrate of a device, the base substrate 10 may be
thesbpgr AT elAoRed. hs tREersB b ehe SN B Fatthfid e¥igheas thermal
base substrate 10 made of silicon, and the base substrate 10 may be
decgippatyitiafibies Braanesenthe Riisod. That is, removal of the silicon
base substrate 10 is made such that a nitric acid.solution (HNO3, .70%
ST et el e i e o i ERER
of a mixing 12 ratio of 0.1 to 10 to produce an etching solution, and the

expert enlg( lln ar{lé)le

aN°Stbstate Shiown in FIG. 1, 4 or 5 is dipped in the etching solution,

SO ﬂﬁ&vﬂ? é%%gv% l?)%%ﬁi%%ﬁh]soolﬁ Ll ‘éﬁgl"\é'éhc?a{h?si%}‘ Qig(ﬁgﬂlloﬁ% IOFO\x;aQQage of a

um/min. sequen acetic acid solution is added to the etching

sulR@ibton, With 10, 0ndess: serthal (e FeAniRgRUIceR i [EMPVRGRce of the base

Meanwhile, in the case that the base substrate 10 is made of sapphire or
susiisemcaidethaiRase substrate o sy barareyestbaanatb@rate according to

well-known method such as thermal decomposition using laser or
ex&Ho0Rd @EREiRGt invention and comparison examples. Each sample shown in FIG. 6(a)
to (d) are prepared such that a 6-inch silicon wafer (thickness: 670 m) is divided into six
rectangular areas, trenches of the same structure are formed on the six areas, the six areas are
cut into each other, and a GaN film (thickness: 60 pm) 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 ¢mand the same widths of 500 pm.

Referring to FIG. 6(a), trenches are formed with regular pitches (1 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



Subsequently, the effect of the present invention is described through
concrete experimental examples. FIG. 6 shows photographs of faults
such as 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 ReefGatfilmas darmeehoinetheeciharcdurate bivthesbeBeesiflistratee substrate in
according to examples of the present invention and comparison
muxaiynpleseidachas ainplésisovthire G pitaheto TH} areipreparetisucheigtal to the
a 6-inch silicon wafer (thickness: 670 inn) is divided into six rectangular
vergirehpitttencpieshed: thé sarmestractonepare! forthéd@m the shummayetsetisix effect is
areas are cut into each other, and a GaNT film (thickness: 60 ,nn) is
improwd, ontdtsurfase:ofteacthasebstoppsitevioptiye trahchestraldtiten foasnirgks at the
surface. In each sample, the trenches have the same depths of 150 /!m
perpicttiesdioe widths of 500 /tm. Referring to FIG. 6(a), trenches are
formed with regular pitches (1 mm) in one direction, and it is viewed with _
nakd&Byinthist Fhe sbstranshraswarpage andedevcanNmiseddherbgksubstrate in
and peeling caused by the cracks and warpage. Referring to FIG, 6(b),
MRS RIS BRI |VeEN SO ST BRES B <8 SbShatieiRitchies get smaller
mutually perpendicular directions with regular pitches. The horizontal
fropitéisessiral dERINO WA the %ﬁﬂé%%ﬁeﬁégl(%bf%mgf‘ﬁmgoe?.sf rHft 4,
vertical pitches: 1 Dint), and it is viewed that the substrate has warpage
2 wnditd GaNafithithay craeksha3Retésirretts 1. Gcyatrescians eesks of the GaN
formed on the lower surface of the base substrate in mutually
filperpendicular directions with regular pitches. The horizontal pitches are
equal to the vertical pitches (pitches: 0.5 mm), and as compared with
FIG I6ghpuivahsagedpresoedtibat efie cldtiledpiosesihtinm rrd viespid therthtes, while
substrate has warpage and the GaN film has cracks at the peripheral

indagsitieg preferred embodiments of the invention, are given by way of illustration only, since

various changes and modifications within the spirit and scope of the invention will become

apparent to those skilled in the art from this detailed description.

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 cracks 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 made of silicon, the base substrate is simply

14



Referring to FIG. 6(d), trenches are formed on the lower surface of the
base substrate in mutually perpendicular directions. According to the
present invention, the pitches get smaller from the central portion towards
the peripheral portion by four pitch gradation of 10 lint, 4 ulm, 2 mm and

rerdoM¥ANbARG HeinivigwRethbiahiheaswhsteaiging tteevafivaipagr andicsacks@fsubstrate
the GaN film. It should be understood that the detailed description and

wispbotficiexatoplesstwdnlehigidiceating preferred embodiments of the
invention, are given by way of illustration only, since various changes and
modifications within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed description.
APPLICABILITY TO THE INDUSTRY As described above, the present
invention forms the trenches on the lower surf-tee 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 cracks 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
made of silicon, the base substrate is simply 14 removed by a chemical
method such as wet etching to obtain a nitride semiconductor substrate
with short time, low cost, and high yield. 15 MCSLLP

15



What is claimed is: 1. 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 MCSLLP
plurality of first trenches formed parallel to each other in a first direction,
wianepitched af the first trenches get smaller from a central portion of the
base substrate towards a peripheral portion. 2. The nitride semiconductor
substrate according to claim 1, wherein the lower surface of the base
substrate further has a plurality of second trenches formed parallel to
eacH other il\aisedondrdirediionistérgetting thefinsg:direction, and
pitches of the second trenches get smaller from the central portion of the
base betsstrarérabwairds the peripheral portion. 3. A nitride semiconductor
substrate, comprising: a base substrate; and a nitride semiconductor film
grovirBHds seFseB B thic bRsE b st ateuiiise &l e fsad® sistrate has
a lower surface having a plurality of first trenches formed parallel to each

otheV 5 Ristgirketior A wiMthS PTHE et rEnhdasgatIAHgEtrom gt trenches
central portion of the base substrate towards a peripheral partion. 4. The
R R LD S A 4 SRR 3, WS e o ot sl

surfac o{ the.bas% sy strate, f rthe{Ohas Sglug?li%%[ Se%%?ld trenches

fm%r?n%ﬁ %apﬁngPooeac% Sfﬁglrﬂlaﬁ rz:?iltgec‘())vﬁw direction in é}%le}:tlhg the first

direction, and 16 MCSLLP widths of the second trenches get larger from
the central portion of the base substrate towards

2. The nitride semiconductor substrate according to claim 1,

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
pitches of the second trenches 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



the peripheral porti on. 5. 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
widinelions andiepthset the finskiraoshas gehdargeifandraneentiiakpesiian towards

of the base substrate towards a peripheral portion. 6. The nitride
thespanjgRrdyeigibsubstrate according to claim 5, 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 depths of the second trenches get larger from the central portion of

the Base suldstiatie¢owaramdintopevipieial porpoisitz; The nitride

semiconductor substrate according to claim 2, 4 or 6, wherein the first

and séegsrdleivattiond intersect at right angle. 8. The nitride

semiconductor substrate according to any one of claims | to 6, wherein

the BA¥EISEBRISRINHRIIYBRENBANS. MRt ProPariamiliRittring a

nitride semiconductor substrate, comprising: .forming a plur lit fir
trencHESh 4% ﬁ%fcé%’lsg%% SsbiStPite Wil 88 ch R ‘fﬁ%{}‘tffn gs f%}léstt trenches

direction. and M P9 formin |tr|de to f| on.a
foupiRediFthe B58e suBs?rath oﬁ%rggﬁe% rﬁ‘tS t(r%?& ft:orma]fnhes get larger from

a cenﬁgl Hdr}ﬁlher ta%tc]esbsftraqg tg é{s A peéi%%i{&% !ﬁ{ from a central

porto ase Su strate towar portion.

MCSLLP

6. The nitride semiconductor substrate according to claim 5,

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
depths of the Sécond 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

17



10. The method for manufacturing a nitride semiconductor substrate
according to claim 9, 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 pitches of the
secapghignghes getsmallerdsamibe eentsatostimief tag:kaserate opposite to the
substrate towards the peripheral portion. 11. A method for manufacturing

fira nésde semicondulie; substrate, comprising: forming a plurality of first
trenches on a surface of a base substrate parallel to each other in a first
directiomeiand thbrming thenfirdetsenticogdustor filmfiiomassoeface ptien of the base
base substrate opposite to the first trench formation surface, wherein

suliditiegofais finstipbachestgenlarger 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 $u bstrért]éeﬁ%?%]%ﬁ T SR BRE & SEAh B Rl SPR g gecording to
the fir V;[?%:(ection,,wherein widths of the second trenches get larger from

ol HORISH Bfthe base 18 MCSLLP substrate towards the

MCSLLF

peripheral portion..13. A method for manufacturing a nj ﬂge bstrat el
e L e R IR e kel o s gt

eaé;g%%lgyﬁaacs%&;nﬁ RRSEiSHRSLAS RIS HQ A, gfher in afirst direction;

wherein pitches of the second trenches get smaller from the central portion of the base

substrate towards the peripheral portion.

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



forming a nitride semiconductor film on a surface of the base substrate

opposite to the first trench formation surface, wherein depths of the first
trenches get larger from a central portion of the base substrate towards HCSLLP
peripheral portion. 14. The method for manufacturing a nitride

suSemIcCaRALeiansY assapding 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,
wherein depths of the second trenches get larger from the central portion
of thie base\ aulhstidte towarasitiegeiphératpartioducld. sthemetbadfosing:
manufacturing a nitride semiconductor substrate according to claim 10,
12 ofotdjnghereinality fifsfiendreedonddirestidns: infersect atuhgittamglellel to each
16. The method for manufacturing a nitride semiconductor substrate

otlzecordingf threekatm Mdl1 or 13, wherein the first trenches are formed using
a sawing wheel. 19 MCSL.I.P 17. The method for manufacturing a nitride
semiCBRYECIoH Siflsstratic ArbETainGg 1 oBlaim e or10bttED AR BB AsePRRSEItE to the
trenches are formed, using photolithography. 18. The method for

firsh HARAS SUMALCR MRS -semiconductor substrate according to claim 9, 11

or 13, heroin e IR SRNIBSEL I RIS IOES IAMORRn of e b

substrate towards a peripheral portion.

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,

wherein 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

claim9, 11 or 13,

wherein the first trenches are formed using a sawing wheel.
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Chemical Vapor Deposition) or HVPE (Hydride Vapor Phase Epitaxy). 19.
The method for manufacturing a nitride semiconductor substrate
according to claim 9, 11 or 13, wherein the base substrate is made of
silicon. 20. The method for manufacturing a nitride semiconductor

substyate aceREdiNgHQ ElakihDuddn@iib3a MERRY COMPHSING F peYIRg bR rding to
base substrate after forming the nitride semiconductor film. 21. The

clameshod ot manufacturing a nitride semiconductor substrate according to
claim 20, wherein the base substrate is made of silicon and removed
usingiwetietbhifigst 22ndiee arefhod:fonsingmiikstotithiog @initride
semiconductor substrate according to claim 10, 12 or 14, wherein the first
trenches are formed using a sawing wheel. 20 MCSLLP 23. The method
for manufacturing a nitride semiconductor substrate according to claim 10,
12 ot814, whEheimeteofirst tresvetiessuaresta mied sty coRsIRh ety apeording to
The method for manufacturing a nitride semiconductor substrate

clagipcbrding té: claim 10, 12 or 14, wherein the nitride semiconductor film is

formed using MOCVYD (Metal Qrganic. Chemijcal Vapor Deposition) or )
VPR VABOF PHASSTEBGe 155, e PRt o LA iy Oreani
e SeTcend T SYRSAIE 265 ARSI A0, 37 or 14, further
comprising:
19. The method for manufacturing a nitride semiconductor substrate according to
claim 9, 11 or 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.

20
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removing the base substrate after forming the nitride semiconductor film.

26. The method for manufacturing a nitride semiconductor substrate MCSLLP

according to claim 25, wherein the base substrate is made of silicon and
removed 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.

21



