METHOD AND STRUCTURE FOR FABRI CATING I'11-V N TRI DE
LAYERS ON SI LI CON SUBSTRATES Thi s application clains
priority under 35 U S.C. 120 of provisiona
application no. 60/648,710, filed on February 2,

2005, the entire contents of which are hereby

i ncorporated by reference. BACKGROUND OF THE

I NVENTION Field of the Invention [0001] Hi gh quality
epitaxial Il1-V nitride layers of nonocrystalline
materials are grown on silicon substrates using
buffer growh techniques. Description of the Rel ated
Art [0002] Inthe field of group Ill-V nitrides grown
on Si  substrates, high quality nitride filnms and

rel evant structures are necessary to inprove the
perfornmance of sem conductor devices. Currently,

sem conduct or devices having nitride layers with high

GAEEP A SRy R SORRARIGRITNY fu v mmmioe

with the rel apa¥ERE ONeSIICON STBYTRATHSJ

nitrides on silicon include: 1) The large lattice
m smatch (17% between GaN and silicon; 2) The | arge

th | msmat.ch (30% 50% .bet ween n Llicon; . .

5y THE BBBPCROH, ii0s Teikrifh R b U et BLebi S Brpvisional
applicdtién Hd.racled4 17 105, 11188 o?l FéHfiﬁélSﬁQ}jQOOBg thb %_nthre contents

growth of nitrides by wusing amonia; and 5). H g
of whirch aye hegeky igcerparated dy faferanagr own on the Si

substrate. [0005] Additional disadvantages

associated with the related art technol ogy include

hi gh cost, i NBACKGROUNDY 1 THE INVENTION

difficulties of
Field of the Invention

[0001] High quality epitaxial III-V nitride layers of

monocrystalline materials are grown on silicon substrates using buffer

growth techniques.

Description of the Related Art

[0002] In the field of group III-V nitrides grown on Si
substrates, high quality nitride films and relevant structures are
necessary to improve the performance of semiconductor devices.
Currently, semiconductor devices having nitride layers with high
compatibility with the silicon substrate are difficult to achieve.

[0003] The problems associated with the related art
technologies of growing nitrides on silicon include:

1) The large lattice mismatch (17%) between GaN and silicon;

2) The large thermal mismatch (30%~50%) between GaN and
silicon;

3} The poor wetting of GaN on silicon substrate;
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integration with Si-based el ectronic devices. These
probl ens nust be overcone in order for the

technol ogy to suppl ant other technol ogi es where
sapphire or SiCis used as a substrate. [0006] Thus,
effective technol ogy obtaining nitrides on silicon is
hi ghly desired. SUVMARY OF THE | NVENTI ON [0007] It is
accordingly an object of the invention to overcone

t he 4) ditsadvaidages ofthehsi salRicediarihe {HROSEWIH of hitrides by
an object .of the invention to provide high quality
usgng aamenia) apdy nitride |ayers of monocrystalline

mat ¢ igﬁh%ﬁ%ﬁ%n&?}ﬁ%gggﬁ AWM ae A rslré*:,(l)g)\%% !0%1:{&1% Si substrate.

sili ers gr ow ng- an

$0005] ur Adatitiohhe Hidddeantages shbssdatslbatitat @ddYrelated art
using a.nmetal organic chem cal vapor deposition

techiotoey ineldwls figh corb insadSciensruhytuetausieccund difficulties of
intghlon | SR iR AlPodle MROBELY S AL SRR st be

romthe silicon “substra

overcbialtn ofdet fdrayes segimpgattodstipglentother technologies where
tenperatures. The transition structure compensates
SapPlFAr S i Hsad@s q sybstratehe |attice ni smatch

14 i j ...and then,. :
FO0UBE S Rl BBl ok FERb el I Rih 0 QuryRRS, prngiticon is
higBiNdasiredot her 111-V nitride layers. Uilizing this

techni que/ structure permts the fabrication of
sem conductor structures formed by high quality 111-V

nitride |ayers g%ﬁﬁﬁﬁ%ﬁﬁrﬁqﬂ@ﬁi%ﬁhe
invention, inp ; e ing the
[0007] | &t is crcotdifglpnth tdigesBlof Nthemi e HolD % 5898 rcome the

. between GaN and silicon result in high-density
disgrypgtagesopkthmeclptedagt.-acki ng of heteroepitaxial |y

FofSL™, 5P 88 Ul in N Bl i S i AP i
T st ot il st g b on
ov@?ﬁgﬁgf;gg -[s;ig(ssgn waferspby ﬁrqst grovx)r/ing an tI‘a]FfJISitiOIg ystructur_e as
the bufler on a silicon substrate by using a metal organic chemical vapor
deposition (MOCVD) technique. The transition structure consists of at
least three layers of monocrystalline material spaced apart from the silicon
substrate by aluminium nitride, AIN, layers gi"own at different
temperatures. The transition structure compensates thermal strain and
reduces the latticé mismatch between gallium nitride, GaN, and silicon,
and then, permits the growth of a high quality monocrystalline GaN and
other M-V nitride layers. Utilizing this technique/structure permits the
fabrication of semiconductor structures formed by high quality II-V
nitride layers on silicon wafers.

[0009] The invention, in part, is directed at overcoming the large

lattice (17%) and thermal mismatch (30%~50%) between GaN and silicon
result in high-density dislocations and film cracking of heteroepitaxially
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i nventi on overcones these problens by providing
uni que buffer gromh techniques and a conbi nati on
structure as buffer on silicon. [0010] In the
invention, in a first step the silicon wafer is
chemcally etched to produce a hydrogen-term nated
surface, which renoves surface defects and anorphous
native oxides in the ordinary surface of silicon in

grovhe GaN. oflhsliporsdnnehet stedflenxithesnvektsnepolivaxiial the poor

rowt h, . inpossible. After the chem cal
Wettr%%ﬁ?@é%‘lt% s#fqqr: §H fsi whieh dewpedssathagizgst nucleation

ond RGeS, U PORURPoy OB Bogl o, . T

invehtbonobvatreomas umepeepmlslemwh}hmrbwdangmnam@ wfer growth
ew seconds. After the surface of EGSI licon is

tecRpiEReR) Ak § COTHIRAUPIL SHRICEVES 88 P WHIepn slsem t he
mm | S1h Yhk hﬁ'ﬁreﬁﬁgbe ‘ih‘%g firQt ?teﬂ b QTR hla i&0femically

|um appl 1 ed simil taneousiy“to continue t
etchpdttaxpabdgeoat hy drapessemhirsaedesatfaceswhicle xeassresf surface

def%‘%’t"si%s%lsoo PP Caaling erides Tl e, or ot s Gnof Rilicon in

‘éﬁ? a%e‘)f rel€ngt | b df%élhaémﬁ% ”H%%&%Bﬁ&% ngac%g?aﬁ growth

bét vieen sifl i con and amoni A n t he
impwghblet ehfter ahor ehedichl glealnihy, Ahdl siHoohewafdrainéshded in a

0 he, surface free of phous silicon nitride. In
MGLYR; i FRagikgy agf lé?aﬁeﬁet%%qvgy%bw & 130WRKofn 4 fRecond step,

ﬂleSWaféloﬁb ft?a{ll %P%b(g&tégcfdj gh% of! Qllﬁﬁﬁﬁﬂ} %?eacu[rggg rWlthout

vari ous uxe ammoni a to
amefomiaufurn fiew gecbnds Aifteri the, stf@adlof ihehsilizaniietovered with

bt TsBomeiataran o AhWaLibamy GEaai % TH7iher eaiected to a

flux Q}feéxdrﬁbé&d ‘ﬁ\ﬁﬁsaﬁlmﬁﬁ?ﬁﬁheéﬁ?ggd%ﬁﬂhl 801%%1‘5’7 H:f%%htmue the

surface e structure so our
epltdjaawgf@wthqamubmfaltaﬂmpemtﬁlrw mfemmmfal:&nﬁ 1300 %K. The

al um ni um only row a thin AlNIg at the
ProP@ﬁ%e?‘éPBF%%‘seéf ﬂ%o TREon ok AMRER! OFﬁeSﬂﬂO@x nigride, SiNx,

corE B0 0okl Um0 TR\ SHBL 4 LR o g geacion
betﬂs&@&ZOsﬂ]éonTh&né\l Nuayens piovithe MOCVD chamber at high
temperature. High quality AIN can be obtained on the surface free of
amorphous silicon nitride. In a third step, after the AIN layer is grown on
~ the silicon wafer, the structure is subjected to a various fluxes of Ga, Al
and ammonia to form a layer of aluminium gallium nitride, AlGaN, with
varied aluminium composition, xX. The thickness of the AlGaN is
proportional to the reciprocal of x. This AlGaN layer introduces a
compressive strain to the upper surface of the structure so far. In a fourth
step, the wafer is subjected to a flux of ammonia and aluminium only to
grow a thin AIN layer at the temperatures of about 900+20 ¢K. Then, the

flux is change to gallium and ammeonia to continue the epitaxial growth of

GaN at the temperatures of about 1300420 °K. The AIN layers provide
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conpressive strain to the top layer further. Afifth

step repeats the fourth step, and it can be repeated

nore than one tine. Wthin the repeated structure,

di sl ocations generated at the surface of silicon are

also at least partially stopped at the ALN GaN

interfaces. In a sixth step, an A GN &GN

superl attice having greater than about five,
corppetsiabisirainrio thretopdaydrsfuptben dnﬁftﬂnestecppreﬁeaﬁal\the fourth

stefy A 0T At FePEARTh Sapt taan g i s Bathing the fepeated

strdbalRs Qﬁél@@aﬁ@ﬁ%‘ $nEREEd M Gre FiPRLEYof élncan%%eﬁfsh at least
steEQ 1@10 is grown at the tenperatures of about
0s

eldf @itesth@dAleﬁGtaN snw@yf,adwghquual |$1yth step, an

B G R i e B S 5 Sty e

perSbdd @@%r&‘@ﬁeén kv eMdpVBr Rl @t%%lﬁ@'a@ﬁre@m‘ﬂo%ta§300+20 °K.
the nitrogen source. [0011] is to be understood

The haupedletitictie stoaelyaicn ga@mrbnsal dlSHE@Ccmrm i andantkdrieses the

s BRSSO oS B0 £ SXCIRL S B0 o

theeﬁé@h 1198 Bf abldfit 130@0 OR, #Sd&diftd®th 118! Why, high quality
| PTITON OF THE DRAW NGS [ 0012] The acconpan |ngg

epltﬁrfaal tgsrared TRy ndeilesy Smah/adeﬁl&‘raﬂ‘h orHadium gallium nitride,

erstandi ng of the inuvention dr,
Iy BISE Bt b SECOh et oyt PR fosduriase using
ammdﬁlatatkﬁtl‘i’@ﬁ%rbgéh%lﬁ%éw to explain the principles
of the enbodi ments of the invention. [0013] FIG 1
[QQL ] r altedsatechemaindexhtaoflnghaf Gotwt theé ufaregeirgd general

ppar a used | es.of. the present

deTHRHET AT BIRMEE delalifdcBarauibtighop-antremplary and
expiRhhfry@lardd a8& tiRBndbH U UpRovideC IheiHig te% ti

I:ﬁrT‘oog?iﬂl?rﬁnt of the present |n\E/)e(r)1‘tn| on; FIGs. -Bga on of the
invehfiostascldmede process of the grovvth of the

transition structure on a silicon substrate in

accordance with the present invention;, FIG 3a

i | It ust Itr at eBRIEF DESCRPTIONOF THEDRAWINGY f ace

wi t hou

[0012] The accompanying drawings are included to provide a further

understanding of the invention. The drawings illustrate embodiments of
the invention and together with the description serve to explain the
principles of the embodiments of the invention.
[0013] FIG. 1 illustrates a schematic drawing of growth furnace of an

MOCVD apparatus used in examples of the present invention;

FIG. 2 is a schematic drawing of an epitaxial transition structure
according to an embodiment of the present invention;

FIGs. 3a-3g illustrates the process of the growth of the transition
structure on a silicon substrate in accordance with the present invention;

FIG. 3a illustrates the pre-seeding Al to a Si(111) surface without

background ammonia;



S

background ammonia; -4 FIG 3b illustrates the growh
of the first layer of ALN on Si(111) arising after
the Al pre-seeding with background amoni a and the
formation of 2D AIN platfornms during the growth of
ALIN, FIG 3c illustrates 2D growth of AlGaN with
different alum nium conposition corresponding to the
| ayer thickness on the AIN nentioned above; FIG 3d

i || BEGr &esltibeageouwhd gfovitie ofetendirdl Mayayef AN on Si(111)
relative low tenperature and the growth of )
ariging cfenttheaddl pie-snedingewith r beckgeound ampeaniy and the

- Gl ' e gr.gut h of the
forfai 7 & AL BN PlallordD R WL BRodlE Pl "ner 1 oce
FI FIGf 3d lusstrates Ahagomant bf K13de wih Getéred¥esiluminium
and or any desired device structure; FIG 4a is a

corppogition . arasrRdinEofe dhi lewss dhpekneyavpni HagAlbF mentioned
abbyd grown under the optimzed conditions of
pré-seeding Al on a Si(111) wafer in accordance with

t heFfEeSdritluishrant ithe; growdh dbthes sédorld BN arePBtAEMtive low
i mmge of a conparative ALN grown without pre-seeding

g . .
terppeaieniagisk the grogithiafl yubagqrentrigN.skhe bidayer structure is
j r ' transm ssion el ectron m croscopy
reégr?gg% a%é?é%‘l{}%ﬁ{?%t erface of ALN grown under the

OptFIGiz8d iltasttaté 9 1Ee Yropth-of@RIANE X/ GaIN dupeflhtdde having
waf er_in accordance with the present invention; FIG
at Inast §fivgrperiedsir on sel ected-area diffraction pattern

o B, SITHEL B8l T OB R L o any

desieed deafreestabbutdie present invention; FIG 6 is a
1.0nx 1.0m Atomic Force Mcroscope (AFM image of _
Al dNG witaHs\aarli-Oue=Al.Ogenpdeinic disgcgrdiarosodpe (ARBI) image of

All\?%triow.nzﬁ%dce?n&liet EBH?nized conditions of pre-seeding Al on a Si(111)
wafer in accordance with the present invention;

FIG. 4b is an 1.0umx1.0pm AFM image of a comparative AIN grown
without pre-seeding Al technique on a Si{111) wafer;

FIG. 5a is a high-resolution transmission electron microscopy image
of the interface of AIN grown under the optimized conditions of pre-
seeding Al on a Si(111) wafer in accordance with the present invention;

FIG. 5b is an electron selected-area diffraction pattern of the
interface of AIN grown under the optimized conditions of pre-seeding Al on
a Si(111) wafer in accordance with the present invention;

FIG. 6 is a 1.0umx1.0pm Atomic Force Microscope (AFM) image of
AlGaN with various Al compositions grown under the optimized conditions
of pre-seeding Al on a Si(111) wafer in accordance with the present
invention;

FIGs. 7(a)-7(b} are an optical micrograph of the surface morphology

of a comparative GaN layer with a thin AIN buffer only on a silicon
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of pre-seeding Al on a Si(111) wafer in accordance
wWth the present invention; FIGs. 7(a)-7(b) are an
optical mcrograph of the surface norphology of a
conparative GaN |ayer with a thin ALN buffer only on
a silicon -5 substrate (a) and one opti cal

m crograph of the surface norphol ogy of a GaN | ayer
with the transition structure on a silicon substrate

pn ccordance with,.t resent ion FI 3
subBeestE (8L L BRE kel nRGEREGPH AL Banrihet mprpholdey of

GdMNelaylerargith| QﬂeSttfé&‘iélﬁb% Oftrachhid COR U tb?h&?ttlesh'ﬂ)strate in

accordance with the present invention; FIG IS

acgoBipnce, wihatM pregrntoivanGan (Byer with the

tra n structure n a con substrat .

bl aredsuit HaeSagbrtM GBI oh: (e GaN gaper with the
trarfiiGkABSSUIBRRI 88 4 BRASOEuBsEal |1ﬁy£écdwhﬂcé REith the present

transition structure on a 2-inch silicon wafer in

Il’l‘amimruance with the present invention; FIG 11 is a

h d f LED t th th .
T AR 1 GrfSsBr dcourb e AU s &t R, laver with the
tra"i‘fs‘iﬁ{)ﬁaé't?ﬁci’ﬁttehoflh&? Sﬂfc%%eglt.lbstﬂ%l\f@ i eﬁfbo gﬁﬁe with tii%) present

are graphical illustrations of X-ray ref ect|V|ty
inwemdiorBL spectrum (b) measured on a LED structure with

LCegGant st Shened ekt A CAES Gptnn e
LRS00 OACL 108 LR L B1 ARG i e
proderd iBiventiostr at e t hat was heated to 1573 OK; and

oc%}& nigogc}’{ R%xhgeerlng%llcog awp nbet g nLg)%c esCttruc:ture with the
transition structure on a silicon substrate in accordance with the present
invention;

FIGs. 12a-12b are graphical illustrations of X-ray reflectivity (a} and
PL spectrum (b) measured on a LED structure with the transition
structure on a silicon substrate in accordance with the present invention;

FIG. 13 shows an electron diffraction pattern of AIN grown at lower
temperature, i.e. 1073 °K;

FIG. 14 shows an AFM image of a Si substrate that was heated to
1573 °K; and

FIG. 15 shows the relationship between defect occurrence and AIN

growth temperature.

DETAILED DESCRIPTION

[0014] Advantages of the present invention will become more
apparent from the detailed description given hereinafter. However, it

should be understood that the detailed description and specific examples,
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growm h tenperature. DETAI LED DESCRI PTI ON [ 0014]
Advant ages of the present invention will becone nore
apparent fromthe detail ed description given

herei nafter. However, it should be understood that

the detail ed description and specific exanples, -6
whil e indicating preferred enbodi nents of the
i nvention, are given by way of illustration only,

since various changes and nodifications within the
whilsi idicaaggusbeareel emboripents oh the linveatione are given by way

ot o] skil L [ rt.fro hi,s i
of IRRSIBRm Bolyr S v Bl fhahlif Hid pEMaHiihng yjthin the
spitit Ahdesdoyess e ifvenGon wilbdktatRsSappardist £ tRose skilled in
I\/DCVDtechnlguels|Ilustr_ated|n Fl 1, in which a

the grt frean this detpiladdesgriptiensi | i con substrate due to

0018 28 STBINLEN ol BEBES  rocs o

ushig\d eV egrhifBiae Boihessatid RHOPIGMY ik WliEch a surface
related art, ieldin oor quality product. [0016]

nitridation jof | the pdicen gude tdge dpailiengresenpeonf mmmonia and

AR R VR A A SRR IR 53800 anc G

havel pteviglsBl I1seert h@ajddt reditets 0Bl gbrdBlesis S8r shehaélated art,
can i npinge on a substrate nounted on a stage 30. The

yieddisgepgor duplity pradect-A heater 40 can raise the
(%Tgl atgre 19 g%ra%%?a{/\?&érﬁ%%% &%SW%% (giw glt-‘ﬂ%th furnace of an

1
recursors tointerac e su

MOO¥Theipgdrditis vestieth vixarhpieseiatsd Hsch@Ohfkenfdds. In a

2 shows an epitaxial transition structure according

reacdiogh chemploer dbntindgtst 3@ glesdhe intvedurdan @vpreeursors that
caf ARTEC0R%E, 4Tl B hos I SBT3 MG e 50 can
rotakés BRahdhtdr hostant ibbaHe es@perafurchto AheWHBsi®bd range to
allpyy Hiso GreaMERTM teh iateract with the substrate. The chamber 10 is
vented via the exhaust 50.

[0017] FIG. 2 shows an epitaxial transition structure according to an
embodiment of the present invention. Over a substrate 100 is formed an
accommodating structure 110 and a GaN and top device structure 120.

[0018] FIGs 3a-3f illustrate the process of the growth of the
transition structure on a silicon substrate 100 in accordance with a
preferred embodiment of the present invention. As shown in FIG. 3a, Al is
pre-seeded to a Si(111) surface without background ammonia. FIG. 3b
shows the growth of a first layer of AIN 102 using background ammonia
on the Si{111) substrate 100 after the background pre-seeding, and 2D
AIN platforms are formed during the growth of AIN. As shown in FIG. 3d,
the 2D growth of an AlGaN layer 104 proceeds with different aluminum
composition corresponding to the layer thickness of the AIN layer 102.

FIG. 3d shows the growth of a second AIN layer 106 at relative low
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preferred enbodi nent of the present invention. As

shown in FIG 3a, Al is pre-seeded to a Si(111)

surface without background ammnia. FIG 3b shows

the growh of a first layer of AIN 102 using

background ammonia on the Si(111) substrate 100

after the background pre-seeding, and 2D AIN

platforns are formed during the growh of AIN As

shown in Flé-:\ 3d, the 2D grow h of an Al GaN | ayer o
ternparaigeedad e Breavil sfdiic avbrradent CsMbdaver d98. This bi-

r ' t hi e Al .

IR B ripedief pEtEte PhEoeE, ode® 4 PpidiHesulting
strikbuat isefatmed bpwerowirigerpeXlGialN AraNd stlperttivt h1 06, as is

the su guent _GaN | a 108. This bi-_|ayer i
sheyn int Ef@ 5@- rEpe é&@a@G@J& alpesiatsiceobl0 canghaveten periods,
Vi C t:i.n > j 0 y i .
bl e oy e ot HSHIG e 18 Seb PR, M spropriate
nufeerbpbltiGdl campdel fortiece FIG. Gdshvawe thegroethads top GaN

but the invenBi on is not restricted.to ten peri ods,

strgeiurgy ! Ly pr BEraREly b alesiredy 8evigs stalethee feandyg, formed
OV‘%II Be %Fgﬁg\f\ﬁcéqgﬂromh of atop GaN structure 112.
e

ternately any desired device structure can be
@018} Dvénrthee detpds ithe theentid? defRR1Md Iprotuss hecludes, in
det.ail, the_inventiye device and process includes, in
Paffaripitiglly suhiegting ghecsnhgirate tQ i §papb alyminymyinp prder to

o ) he f  onnof
suBPASOE PSS SoaRRs SIS, ROt ppre than
13a6hrievn ramidevy stanlocnestallihe akliN,t head thpratéphting precisely

recisely  designed nmultiple layers to_conpensate the
desigperaMaliiies 19ydm thecompsasase ether thermal shess from the

. e . . ity . ‘

sublRaR e HBLRES i Bl BbBedt, dlls HBuldor high quality

nitFidés @n kilicome sefbdthetespref élusdaesddgi MG s2.0f Ihhéne of the
invention, epitaxial growh is perfornmed on the to

prefgrrescembodimentscof iq mvontign.cepitiged growib isi pt?régﬁned on
SRR (I BPSHTIS gyt chemcal | ethina

[0020hg Phecsfikon wafer may be first prepared by wet chemical
etching, such as an RCA-type etch. A preferred chemical etching process
including two main steps: (i) formation of an about 1-2 nm thick SiO;
layer by boiling in a solution of HCI: HyO2: H20 (1:2:5); and (ii) formation
of a hydrogen saturated surface by etching in a water solution of HF
(10:1), resulting in a hydrogen-terminated surface. Then, the silicon wafer
is transferred to MOCVD load chamber.

[0021] The silicon wafer is further prepared to result in the
desorption of hydrogen and formation of a clean silicon surface by heating
to about 1300 °K for a few minutes. Formation of this surface signifies a
Si(111) surface reconstruction transition from 7x7 to 1x1. This 1x1

surface reconstruction of Si(111) provides a transition surface lattice

structure for the subsequent growth of AIN as described later on.
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including two main steps: (i) formation of an about
1-2 nmthick SiQ |ayer by boiling in a solution of
HCl . H202: H20 (1:2:5); and (ii) formation of a
hydr ogen saturated surface by etching in a water
solution of HF (10:1), resulting in a

hydr ogen-term nated surface. Then, the silicon wafer
is transferred to MOCVD | oad chanber. [0021] The
silicon wafer is further Efepared to result in the

(RQAZDHt | Gnast thedr elgan asiticenr ratnfaee ofs apedramed, a flux of

ilicon surface by.heatin 0 ut. 1300 Ol, a
agigiii i gL ISR et BRRAL GRS [t surface for
a foix( éécBn&é! rBth FEQIIRS ih UC Fdve ﬁnbﬁ@_mézieté @muﬁ{iﬁmﬂlxgoxtéhng the

1x1. This 1x1 surface reconstruction of Si illl)

S1 sugtacte sThe alumingine rprogir gee may the érimethyt @mmingm (TMA).

Aty i 2 R o B P NS S BFE B8P, Tl it 1-2-
mchdlhysrdlof alufimiug) rhec wgef W flnaher agibjected to a flux of
initially subjects to the surface for a few seconds,

amgapaia gl |alyminiygnt aresvriagppiicd sultapcovsbr tagcontinue

the PPitaigh lahi uacrg AN APV FE 525 Pl By cpmged to the

babkgtRaid Wed @imd9i=P! ener alkhYingovehed bdtrdte?- to the growth
nonol ayers of alum nium the wafer is further
tersppfaiatred the mwstilingdprogtiasniod Nl kongds wammot be prevented.

ied sinul ly. ti th
THE AR o RElsh IR AD P AT BRoteE S e atip surface.
This pesassesupprddies Mrclkghnitivh MBAbRISUS ediddiDnitiRle, SiNx,
substrate to the growh tenperature, the resulting

compopgtdoerothg swiseedy dunmmilicore thadviorredlue thethe reaction

befgRE] ° 8l & 2, BB RICC In2 iy IACVERC Bhifiied ot hien

terfpepd@irBhous silicon nitride, SiNx, conpounds on the
surface of the silicon that formdue to the reaction
HROABEn Eilorden tmehéaroribs bast lepitastuDlayeaniarbsequent AIN

grog%ﬁ{] é§(itce %g@tgfltc e%ﬁjggolé%%ﬁeﬁA qr\rl'gl%%rét%r%b(t)ta in%ttlggs k{%%tn about
1300 °K. The temperature where minimized defects (less than 20 a.u.) are
observed is in the range of about 1200 to 1450 °K, as is shown in Fig. 15.
Due the absence of amorphous SilNx, the AIN shows a surface structure of
2-dimensional (2-D) growth, while the formation of SiNx leads to islands
of AIN.

[0024] In order to confirm the formation of the 2-D surface
structure, an atomic force microscopy (AFM) experiment was conducted
on 70-nm AIN surfaced Si wafers processed with the pre-seeding Al
technique compared to Si wafers that had not been seeded. The AFM
morphology of AIN grown with the pre-seeding Al technique is illustrated
in FIG. 4a. The surface shows a flat-topped terrace structure, which is a
typical 2-D growth at this initial stage. The same thick AIN grown without

the pre-seeding Al technique was also scanned using AFM, as is

9.



growth is carried out at a preferred tenperature of

not | ess than about 1300 OK. The tenperature where

m nimzed defects (less than 20 a.u.) are observed

is in the range of about 1200 to 1450 OK, as is shown

in Fig. 15. Due the absence of anorphous Si Nx, the

AIN shows a surface structure of 2-dinensional (2-D)

growh, while the formation of SiNx | eads to islands
of AIN. [0024] In order to confirmthe formation of
illysteatedin Wifadb. Ther sietface shmwavonistafidreteucture with various

. m F [ t duct ed 70-
silfb TR s Opttald B ntE B TN pre- coedi ng
foo25¢chmheue teaBparRAuire oMaie ANty _%HHE' 3&2 RE@0seeding

seeded. The AFM norphol ogy of ALN grown wit
Al geehnnni mpsAbbseoted hue tmndrisstiontddetron wiGoséapy (TEM).

FiGh Pen he?5 s B sRoblin i ins st of dhefinfdnts OLQUN erown
unflee thaptimiLdd AN NS oMp-BHe dihH Al er?a%ﬁ?l_jig N9whker. There

i
. technique was al so scanned using A as iIs
1s | hplis@iwt edmiorpho@s4bmarheab ucktnghats tha iANaBH interface.
ructure with va(%ijous si zes ichis a

typi cal.
| Fu%hbffrﬁ%?]gq, oRafOIPSIGIG: o1l ur| f q%sq%téyc?}agz in the (111)
plefitd UeidfReofattite MMM ANehE' ©08RSHR%e A obtained.

techni que was observed by a transm ssion electron
Sughcaosroperisiadte rakri@nshis makes thegiffedsal ldttier mismatch

TEM i e of 1.he interface of ALN grown. under.the
betygren AN i i Breahy e sommared AC the ull Jatioe constant
miva8eh. There is not any anorphous material existing
at the ANSI interface. Furthernore, a coincidence
[Q026]r FiGti%le sbowsaans ebfctBini selehted-atdd diffrantion (SAD)

e GBS ) NS SO B
e s{Aadite ol sois bl il D AIDEABKR: sucure
Theri preaseedingd 62 echn@usprovides am effectivermethod to avoid the
for%r(lezlit?grtleo - 8IN% z&i Elflé a§1t isgpfaggAering the growth of AIN. The high
preferred growth temperature of 1300 °K leads to monocrystalline AIN on
the Si (111) wafer. ‘
[0027] After obtaining monocrystalline AIN grown on the Si(111)
wafer, an AlGaN layer is grown on the top of the AIN at a preferred
temperature of about 1300120 °K. The AlGaN layer thickness can be
varied from about 80 nm to 160 nm with Al composition of about
20%~60%. However, the Al composition is constant in the AlGaN layer,
but its thickness should be proportional to the reciprocal of the Al
composition in the AlGaN layer. That is, the thicker AlGaN layer, the
smaller Al composition in the layer. Selection of the AlGaN thickness and
composition depends on whole device structure expected on the Si(111)
wafer. This AlGaN layer reduces the lattice constant from that of AIN to

close to that of GaN and introduces a compressive strain to subsequent
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pattern of the interface. Cear and regular SAD

patterns indicate perfect «crystal structures of AIN

and Si, and there is no internediate structure. The

pre-seeding Al technique provides an effective nethod

to avoid the formation of SiNx at the Si surface

during the growth of AIN. The high preferred growth

tenperature of 1300 OK | eads to nonocrystalline ALN

on the Si (111) wafer. [0027] After obtaining
dem@no@wwarer i REG A RhgwewanoexamplSiAIGEN sunfdar maenphology of

y.er n the.t.op Al N at
tne EparnEiRvefipH; ofS PR ahdlt Uso0sd dRiodhetg &R srowth
mddBY RS rdthisddess can be vari ed fromabout 80 nmto
160 nmw th Al conposition of about 20% 60%
[ROR8Er | Thedharmed mpighaten besweendtalNtand Sihe thbmalln of the

| ayer but ijt.s thicknes shou orti onal
nite R ep Pt el S Yy P R the Afalle? thermar
exﬂ)@ﬂ@bn dbaficient 6hSi thé® Kﬁét OF G| Brek. tehigie sctf‘ﬁﬂri Enerates
1n1t]n¢&|‘(£§05| tion in the |ayer. Sel ection of the Al

delmanand dhepositltiog fHlependsks nﬂhmnbeo@mp& is cooling

dopig Hiphy s B Th il CotRadnt PP ek tnaibots tierature.
[6029] OSThEOtyIEA] BlorEHY _106%;2 dMGaNdGEes gPoRAMBACSS kV®strates

strain to subsequent vice structure.
widhansABh besfﬁﬁrpllae’emmﬂuosm fiaddGrof(phoPeggpe G:frackh eare observed

ton served in this. AFM i
in BAERERN il T SPave 6 PAREE §RE iBsknid 1 kel cbfibensate
thdTkSiBI€ RRakvesm G Aindafdir. | AN hf_hdm}am q{axlehalfferent thermal
nitride filmcracking on the Si wafer. Due t
expagsionr corffigintse gfandiffarenbeteimperatunss, Slartchenhe thermal

t hat. of GalN. .la get ile strai ener,at e h
xRRPiPRI FOCECTheot dAhl P PPS nePRE KL Findhag gl Gal when
texﬁgaﬁlt@rbs i§ ORldTar a@fﬁ doomKhe %Mtthz%e&a@l& abyr AIN layer

out 1300 OK,"to roomtenperature. [00
Intrgghilees cmphessyy aifre®Md |$1mb@€rcnwnto rﬁ}ﬂﬂ ka,ytm rBesisles the
Al(\é\"?lgg&%peéfl %E'&Jrérgn on aS rtselgg V\ﬁng I%ple layer Dsetracture is
adopted to compensate the tensile stress from the Si substrate.

[0030] © One preferred embodiment of the invention has one AIN layer
and one GaN layer grown at different temperatures in every growth cycle.
At first, the wafer is subjected to a flux of ammonia and aluminium only
to grow a thin AIN layer at a preferred temperature of about 900+20 °K.
Then, the flux is changed to gallium and ammonia to continue the
epitaxial growth of GaN at a preferred temperature of about 1300+20 °K.
This bi-layer structure can be repeated more than one time. The repeat
period depends on the thickness of expected device structure. Within the
repeated structure, dislocations generated at the surface of the Si wafer
are also partially stopped at the AIN/GaN interfaces. As a result, when the

temperature is cooling down, the compressive stress from the AIN layers
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inthe GaN film The way to reduce the cracking is to

relax or conpensate the tensile stress fromthe S

waf er. ALN and GaN have different thermal expansion

coefficients at different tenperatures, and the

thermal expansion coefficient of AN becones |arger

that that of GaN when tenperature is higher then 900

OK. Inserting such an AIN |ayer introduces

conpressi ve stress to subsequent GaN | ayer. Besi des
copppensaten the dgasilerstrens {tovetbeod, subsepéaryislin this repeated

strﬂj&ﬁ* ple-layer structure is adopted to conpensate
ensile stress fromthe Si substrate. [0030] One

[oeBt] r ednetherdi pasieried tehebodireath Ctrf il=1 Qmarfdcsh utilizes a
ayer _and one GaN_| ay eréﬂNown at differen
Strp@ﬁ%? heyies tyve rReeeds gf ﬁCt%hElbé lamt Fﬁc‘rsF (b} pleows optical

mlgﬁélap;h 3 Bfgélv%g&t N tlgyA%NE{l% e ar a pr e ert egie%g’l i greatly

redecqbr ahdr gonfe abeame 00260 frecTNEXG. BhehbkmeX al 8ross-section
changed to al lium and anmpnia to continue the
&pirsgeaol Nhlagan aithathy drensisien stpistararen i silicon

suﬂpﬁgt ég{) %%cg(ﬂ-é H}sl%c?hohaé{% &}E: 1gclleﬁq.1%e(c‘iaﬂo ~10% cm™ in

repea nor e n one peat perro

thel €pan dsyanbélosy the @amlatolfceekpeelwdcﬂle&/ ir@ e€he GaN layer above
structure. Wthin the repeated structure,
thejsypstlattices Yened dp @dplﬂnf’rﬁéﬂ AltMdmags, whichsphomses similar

suffaReh3RRARY Al AL ARREC Ate LIS AL O LGRS A6 a8 phire.

are errperat ure i s cool

[omazpnpﬂ&sels\tm@ﬁumsxdmm&fge gAllN.lﬂlﬁyﬂltﬁmrrLilh and nitrogen
g
onpensates t he tensile stress fromthe Si substrate

ar%ptrﬁfeﬁabb{ grewpetistee MOGNRPur WhemossipgAMREYD, the gallium,

il
atBpah Bhd A0RERN oeib il S PE Ao PEPR by appiving
prédifssor (lahtsHals thapt icaal m¢1ucleogﬁma:lnﬁylofganh@rn66ml(ﬁy eFimethyl

nmor phol ogy. The crack densit @))é Is greatly reduced,
alugring Abandormmprik(NHek. FIG 8 shows a

f
FOGRT 5751 9P, pL R4 B B NGRS BURNIL, iGing o 1o
twahiyC pdriteidliis| geawinovrdehs ttypi of rﬁ@@ﬁbﬁdx@mstrii&ure grown

pré:vrlrz)gsllyn at a preferred temperature of 1300+20 °K. Preferred
embodiments of the invention use at least five periods. A typical
superlattice has ten periods. The function of the superlattice structure is
to introduce multiple interfaces with different strain across the interfaces.
This kind of interface absorbs some dislocations and then decreases the
dislocation density.

[0034] Finally, a GaN layer is grown at a preferred temperature of
1300420 °K, if desired. FIG.10 shows a thickness mapping of GaN grown
on a 2-inch Si wafer in accordance with the invention. The total thickness
of the epitaxial materials is about 1.5 micrometers with a standard

deviation of 5.2%, which is comparable to that of GaN grown on a

sapphire substrate. In this way, high quality epitaxial layers of HI-V
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the GaN | ayer bel ow the superlattices to -108 cm2 in
the GaN | ayer above the superlattices. FIG 9 is a

pl an-vi ew AFM i mage, which shows a simlar surface

nor phol ogy to that of the state of the art GaN grown

on sapphire. [0032] The structures contai ning

gallium alum numand nitrogen are preferably grown

usi ng MOCVD. Wen using MOCVD, the gallium al um num

nltrogen cont ai ni ng structures are obtained by
mta}&gﬁsy. D e dibedt oretnstipa salinm qifrifaciogeN, and nitride-

R e L

thé\ sTadd:Gaafepoy | MK]G)VE h@cylhrlil@de\/\@lsh@g drdBidniaPas i1@@s nitrogen
is gr own ontheto th esup ort structure grown
SOBF%| Hasthyd &albuém e&’l‘rl\é@ t%ﬁp qtgabus; ssogegoand trimethyl

t use at | east
al ﬂqﬁflﬁﬁ{ FFMQEEQA ypl cal superlllc’r(l:ven .o

ive attice has ten

mss]js ATheitahgireferred drhboditpent aift itee debideC ktfifcture is a
[ o i ntroduce rrultlplelnterfaces with different

nitgilespRse 193 SFRET Ak Fiddd) Watdo Tichd 1othawe éheasdiematic

oL B AT ALOERSLRD P30 S GE P B with o

prefeonsa aintdineigrsfethd Bigertiinur evef a shad2@téds fdrined an AIN
desired. FIG 10 shows a thickness mapping of GaN
laygr s 2 a anpidiorsstiygtare 220 Eedan subaegHenky formed n-

Ganwa¥§ﬁra?§ .13'}85}‘1 %ﬁ%@%l&%ﬁ??ﬁ 1e8£1éxh§H8§té$1§ﬁ%glr (MQW) 240.

S 1S a mcromsersvw

Firliﬁliy} at peGadl capphg Wirabuure &ofpahsll F10s. thzd £{d G show
rown on a sapphire substrate. In this way, high
raesalittion (huex Jiffyaptions HR-XRD, xumesr paes, Plsushectrum

T R Y PO e gt e 5

distirgnsshéed rdeaﬂﬁﬁ“bﬁcﬁrm\&’lcms ddrl an#smp Auaditeloffthe epitaxial
MOCVD t echni que_usi ng ammoniia as the nitrogen

nitgkier B@teriplsene thg Amissieg Tvdprainated kgfather ke sakagearound
438t rimethyl alum num (TMA) as the al um num source.

[0036] However, it should be noted that the temperature for growing
AIN depends on the function of the AIN. When the AIN is used for the first
layer on the Si Substrate, a higher temperature is used for growth, and
there are fewer defects in the AIN. The temperature can thus be from
about 1220 °K to 1473 °K when only AIN itself is considered. In the
invention, only a few (typically 1 to 2) layers of Al is applied to suppress Si
nitration. As a result, the temperature is preferred to not be less than
and 1300 °K, otherwise the formation of Al-N bonds cannot overwhelm the
formation of Si-N bonds. The upper limit of the temperature can be up to
1450 °K. If the temperature is too high, Al diffusion into the Si substrate
becomes too strong, resulting in poor morphology.

[0037] For example, FIG. 13 shows AIN grown at lower temperature,
i.e. 1073 °K, where 200-nm AIN is grown on Si. By TEM, electron
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[0035] A typical preferred enbodi nent of the device
structure is a nitride-based LED grown on a Si(111)
wafer. FIG 11 shows the schematic drawi ng of the
LED structure on a silicon substrate in accordance
with a preferred enbodi nent of the invention. Over a
substrate is fornmed an AIN layer 210 and a
transition structure 220. Over a subsequently forned
n- GaN | ayer 230 is forned the Al GaN nol ecul ar
diffraationm sketws (d/tsmrdenlg peftierald, y wehiph Gahdisapes ngolycrystalline

malp AL okl ioRP R Pl TP A et B, Pl AREDEARY Whare 2 Si

suBétr&@@% Helted €6 ATk T orpd gV BR el WCTHE €1 4] é’hév@@ that the
figures, each part of the LED is distinguished

suriaeardfythesBi ¢é destiaymdes AgoadresystAIN fprahed yowefr thie Si layer
1tgg)ﬁatamal nitride materials, and the em ssion is
wi ¥y the blue color around 430 nm [0036]

[BOBSEr . Fid. SIDUKLRE A9 ednbpetathPe JEPRSIGLLY Coff Qfele defect

growng AIN depends on the function of" the ALN.
densigy ADNAIN as ediunetiomeoff grasvth Itepperainche Thie highest defect

deliY iprerimafiged diet DR Bers the, ey Ramipfsust of 200 oK is
usé& PRRA LGS %I AdTel-RidE 1860 J@%ﬂﬁf&ﬁﬁuéez@n%r ¥R dftoth of the

when only AIN itself is considered. In th
curvey emthoithe onhymarhedefecigpbcaliiymg attoalz)uit éﬁ@ﬂstcoﬂ%lo °K. A

Si . t ti
defeds PE! of REHE" %?2%'&@3511%3%&%%58@5%% hEbiftermed about
12380 %14@@1@( Wi drifufOraREd ONF fle ateviﬂeb@.ﬂii%ofé@a&oa higher

overwhel mthe formation of Si-N bonds. The upper
defelcmderm‘lq’t,rm widepaeaipemtuan tamgepcan bel458dOKFolrfexample, a

deleip PN Sl dibs cRBPS PG IR HITPRAGHE tha no less
thd® 09y 50l 4037111Ro rde?é&frﬁkﬁm&' (ﬁ- 5@)3a$,{‘0¥§11 AldNtolerated, a

grown at lower tenperature, i.e. 1073 OK, where
tergporatmraii ncslegsusothamabﬁut 1ByO0r EK/lcaell betused. - 13

(BAdaEeacn st dheorderlon AL E.UBLER, pocbiems:

[0546] | ePhe Ahrd Ot @ nliSHRALA! UBs) WBRIER BAN and silicon is
solved by using AIN as the first buffer layer with a 5:4 coincidence
between AlN(OOOi) and Si(111) lattice to reduce the lattice mismatch to
1.3%.

[0041] The large thermal mismatch (30%~50%) between GaN and
silicon and high density cracking of nitride films grown on Si substrates
are solved by using AlGaN/AIN/GaN heterostructure grown at different
temperatures to compensate the tensile stress from the Si substrate.

[0042] The poor wetting of GaN on silicon substrate and the
nitridation of the Si surface during the growth of nitrides by using
ammonia is solved by using pre-seeding Al onto the Si surface and high-
temperature growth of AIN to improve the wetting property of the nitrides

on Si and to avoid the reaction between ammonia and the Si surface.
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substrate is heated to 1573 OK. The AFMimage in FIG
14 shows that the surface of the Si is destroyed. As
a result, ALN forrmed over this Si layer wll be very
poor. [0038] FIG 15 shows the tenperature dependence
of the defect density in ALN as a function of growh
tenperature. The hi ghest defect density is

normal i zed to 100 when the grow h tenperature of 900

OK is used. The nost preferred 1300 OK tenperature
[Q093L, Areombngbm Hic tiRFCngign @verFemes htharlattigen mismatch
VA u t Q- . f
anf SHEFRSRIiYRRA] PR baledld S b odulie pian B8R AN as

thepriafiffer ddyebonhile 1226idiHgt 8i IidaéK herpatianur eThe invention
range. |If the device can tolerate a higher defect .
allgwhsthe  growiner fehpdh atupbty angEdeadepiceystigictpge on a Si

w00 o S8 5L 2 b RN SR S rca

strifttarelef ect density of 50 a.u. can be tolerated, a
tqe%rature of no less than about 1100 K can be used.
f | Allse, tBgynyentine stRyeRincoeaz Hevgowméen one run without

A R e

prothudi@oALN as the first buffer layer with a 5:4
coi ncj dence hetween ALN(0001) and Si(11l1) lattice to )
b t Aecomdingbe #Hi sthg dieldo of 1gamgp{lBoayridsegrown on Si

b A% T TR AT AR e requied

to gnproveOnhsipeathshaates! dvvicsn Getkebitlyshege devices were very
Al GaN Al N GaN _heterostructure grown at different
raneypachioyeds FempHsshsuitd tthe tritsidee daviess sgfomgm on  other

.S trate. T, p i f n
subfifalts,” TRU rafosaRiifie, i PGa R B "I structure
pressiftad eirduhengréded toirmitical hid mhaes ¥vaisiapgs, such as low

amoni a i s sol ved, by using_pre-seeding A onto the Si )
cosfy IaEges Sppstiath sizceapd reasiek to) iptoghatt witNSidased electronic
deézi Love the wetting property of the nitrides on Si

and"to avoid the reaction between amoni a and the Si

[0046fe. It is to be understood that the foregoing descriptions and
specific embodiments shown herein are merely illustrative of the best
mode of the invention and the principles thereof, and that modifications
and additions may be easily made by those skilled in the art without
departing for the spirit and scope of the invention, which is therefore

understood to be limited only by the scope of the appended claims.
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-14 [0043] Accordingly, the invention overcones the
lattice msmatch and thermal m smatch between GaN
and Si by using high-quality AIN as the buffer |ayer
whil e avoiding Si surface nitridation. The invention
allows the growh of a high quality nitride device
structure on a Si  substrate by using a specially
desi gned Al GaN GaN ALN strain rel ease structure.
[0044] Also, the inventive structure can be grown in
Whakis caimietinisut any i nternedi ate process, which is a
benefit to industrial mass production. [0045]
Accordingly, in the field of group-IIl nitride grown

on $  subsdhalRRIudtbsRtAualict Y chint risq n%fl I ms and

rel evant structures are required rove the
peradnﬂuﬁueknf devices. Currently, these devi ces were

tevhaEgrign ShaEs indieRes Alne Wilan Ead GalifRrees and
anda%@eﬁmc@eg&aetmnau&ﬁigAmawm tead Lagihe

present 1 nvention has nany advant ages, such as | ow
cost, larger substrate size and easier to |nt egrate

with Si-hased electr Vi ces
- undér st oﬁ €t t?e?tmﬂ?éld%cﬁi@ﬁm (H%gf:'rl‘% §man ° Whebin the
tyjgyshown herein are nerely
suBEﬁ‘é'téb rr?;t?/[ig ofS?(Elii%

[ [ ustrat est node of the invention and
the principles thereof, and that nodifications and

OB TR B PR Bl Eers are
de#;é‘ﬁtéd“ﬁ%ﬂﬂ y it talbidethié ShhEEal 9hBor HBRBSAIAPAMLRPE).

imted on scope of the appehd
What ! S clained is: 1. A sem conductor structure,

conprising: a substrate;
WR. {lge sems1con uctor’ structure of claim 3, wherein applied

precursors are trimethyl gallium, trimethyl aluminum and ammonia.

S. The semiconductor structure of claim 1, wherein AlGaN and
GaN layers in the superlattice are deposited at a substrate temperature
about 1300 °K.

6. The semiconductor structure of claim 1, wherein the AIN
layer in the transition structure is deposited at a substrate temperature
about 900 °K.

7. The semiconductor structure of claim 1, wherein a GaN/AIN

bi-layer in the transition structure is repeated at least once.
8. The semiconductor structure of claim 1, wherein a
AlGaN/GaN bi-layer in the superlattice is deposited at a substrate

temperature around 1300 °K.

-16 -



a transition structure including AIN, Al GaN and GaN

| ayers; and a superlattice structure including Al GaN
and GaN | ayers. 2. The seni conductor structure of
claim1l1l, wherein the substrate conprises Si(111). 3.
The sem conductor structure of claim1, wherein all

| ayers are deposited using netal organi ¢ chem cal

vapor deposition (MOCVD). 4. The sem conduct or
structure of claim3, wherein applied precursors are
tridet hyThgaISemm:pnﬂmq’tet hysitriadture nuh acldiranmibni avhesein

nc/ SaR e T e, S EaPee e S hpedtT S @a%“*or five

peflodgbstrate tenperature about 1300 OK. 6. The
sem conductor structure of claim1, wherein the ALN
| ayer in the tranS|t|on structure is deposited at a
substr at r about 900 .7. . The . .
sont Rondtt SPRGEPUHGH" S e PR Claiit o[ theesmaRising at

1eaet oh%ye?ddlh'&nbﬂ‘ 1%&:6&@6@@6& Shr e strfichsrd epeat ed at
| east once. e sem conductor structure of claim

1, V\,herelna Al GaN GaN bi -l ayer in the superlattice
is pos ted strat fenmperature arqund 130
o PT06°A" “dhods 8onatidiicibl b seieondiiffpr - Structure,
coth %fs?h an Al GaN GaN bi -l ayer in the superlattice is

p05| ed for at least for five periods. 10. The
senpnmmdu@@rsuﬁisrtxwmre of claim1, further

risi, at , least one additional J|aye epopsited
eoPgCh aRoNion SBEHIE SROpFbMARy dAlCaN and GaN
la ygggnmduct or structure, conprising: providing a

substr at e;
deposmng a superlattice structure including AlGaN and GaN layers.

12. The method of claim 11, wherein the substrate comprises
Si(111).

13. The method of claim 11, wherein all depositions use MOCVD.

14. The method of claim 13, wherein applied precursors are

trimethyl gallium, trimethyl aluminum and ammonia.

15. The method of claim 11, wherein deposition of AlGaN and
GaN in the transition structure is carried out at a substrate temperature
around 1300 °K.

16. The method of claim 11, wherein deposition of AIN in the

transition structure is carried out at a substrate temperature about 900

oK.
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depositing a transition structure including ALN,

Al GaN and GaN | ayers; and depositing a superlattice
structure including AlGaN and GaN | ayers. 12. The

nmet hod of claim 11, wherein the substrate conprises

Si (111). 13. The nethod of claim 11, wherein all
depositions use MOCVD. 14. The nethod of claim 13,

wherei n applied precursors are trinethyl gallium

trinmethyl alum num and anmoni a. 15. The net hod of

cl ail 11Theheethod defpokim dd, ofheéteia Nl gpabitiGaNof rahEAIN bi-

tranS|t|0n St[UCture is Carr i ed out strate
layes dPoihst GRBSTIRTE SIIGEEB R DY 6epdtied 2l 1e38t 9Pcet ai m

11, wherein deposition of AINin the transition
structure is carried out at a substrate tenmperature
aboiB. 90The GKethdd of ¢laifihd lgrmhﬂmtlmﬁepbaltmll of AlGaN/GaN bi-

wher.ei n_deposi tion.of GaN Al N bi - a
layierafg) tihén SRR c8ITUSE T ptat éﬁdl QH&t n @, Substrate

t rot I&Q{ﬁ 9500lat m 11, wherein deposition of
eIk?&al\ﬁ&N bi- lTayer in the superlattice structure is

carried out at a substrate tenperature around 1300

O( 19 The method af  cl ai wherei n 05|

A GHRY akPE IREIBGE T chophd s St Cepgstig of (G GaN bi-
laycdlih! 88 tti&?ﬁr%l Phrd 18/8af%ed B8t at 1€8st fg}%ve eriods.
ay%"i‘ ﬁo‘% %?Ig‘cltlm 11 urtlﬁerS conpri si nél depSOSI ting gt

Ieast one additional l|layer on the structure. -18

20. The method of claim 11, further comprising depositing at

least one additional layer on the structure.
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