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of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

[0001] High quahty epitaxial IH-V nitride layers of

monocrystalline materials are grown on silicon substrates using buffer

growth technigues.

Description of the Related Art
[0002] In the field of group HNI-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 oproblems associated with the related art
technologies of growing nitrides on silicon include:

1} The large lattice mismatch (17%) between GalN 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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[0002]In the field of group Ill-V nitrides grown on
Si substrates, high quality nitride filns and

rel evant structures are necessary to inprove the
performance of semi conductor devices. Currently,
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[0006] Thus, effective technology obtaining nitrides on silicon is

~highly desired.

SUMMARY OF THE INVENTION

[0007] The present invention seeks to overcome to at least some
extent, or at least ameliorate, one or more of the problems of the prior art.

[0007a] According to a first aspect of the present invehtion, there is
pro{rided a semiconductor structure, comprising: a substrate; a transition
structure including AIN, AlGaN and GaN layers; and a superlattice
structure including AlGaN and GaN layers.
| [0007b] According to a second aspect of the present invention, there is
provided a method of producing a semiconductor structure, comprising:
providing a substrate; depositing a transition structure includihg AIN,
AlGaN and GaN layers; and depositing a superlattice structui‘e inéluding
 AlGaN and GaN layers.



4) The nitridation of the Si surface during the
gromh of nitrides by using ammonia; and 5). Hi gh
density cracking of nitride filnms grown on the Si
substrate. [ 0005] Additional disadvantages
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[ 00081 According to an enbodi nent of the present
invention, there is provided high quality epitaxial
I11-V nitride layers of nonocrystalline materials
that can be grown on overlying large silicon wafers
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PO111 It is to be understood that both the foregoing
general description and the foll ow ng detail ed
description are exenplary and expl anatory and are

i ntended to provide further explanation of the

i nvention as clainmed. BRI EF DESCRI PTI ON OF THE

DRAW NGS 100121 The acconpanyi ng drawi ngs are

i ncluded to provide a further understandi ng of the
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the temperatures of about 130020 °K, if desired. In this way, high quality
epitaxial layers of III-V nitrides, such as AlGaN or indium gallium nitride,
InGaN, can be grown on a silicon wafer by MOCVD technique using
ammonia as the nitrogen source.

[0011] It is to be understood that both the foregoing general
description and the following detailed description are exemplary and
explanatory and are intended to provide further explanation of the

invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[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;
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FIG 3b illustrates the gromh of the first |ayer of

MN on Si(111) arising after the Al pre-seeding with
background ammoni a and the formation of 2D MN

platforns during the growmth of AN FIG 3c
illustrates 2D growth of AlGaN with different

al um ni um conposition corresponding to the | ayer

t hi ckness on the MN nmentioned above; FIG 3d
illustrates the gromh of the second MN | ayer at
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FIG. 3f illustrates the growth of the top GaN layer and or any
desired device structiire;

FIG. 4a is a 1.0pmx1.Oum Atomic Force Microscope (AFM) image of
AIN grown under the optimized conditions of pre-seeding Al on a Si(111)
wafer in accordance with the present invention;

FIG. 4b is an 1.0pumx1.0pm 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 1.0pmx1.0pm Atomic Force Microscope (AFM) image of
AlGaN with various Al compositions grown under the optimized conditions
of pre-seeding Al on a Si(11l) 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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FIG 5b is an electron selected-area diffraction
pattern of the interface of MN grown under the

opti m zed conditions of pre-seeding Al on a Si(111)
waf er in accordance with the present invention;

FIG 6 is a 1.0gnx1.0gm Atom ¢ Force M croscope (AFM
i mge of AlGN with various Al conpositions grown
under the optim zed conditions of pre-seeding Al on a
Si (111) wafer in accordance with the present
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the present invention (b); .FIG 8 is a .
tragsgldQu sdpacigreane sligen srlsteaie regudagpce vithdhe present
indd@Rsd-tion structure on a silicon substrate in
accordance with the present invention; FIG 9

i s BRIG. 3yrisxd. 34opAkMSpmgaFM an&ggd\ dfageGaN tlayéharith the
transition structure_on a sti)l i con. substrate in

transeldeR SEACHTE PR ReSIHPRR SHPSERREHE gfcordance wiflg thepresent

inventdi-ckness mappi ng i mage of a GaN |l ayer with the
transi’tion structure on a 2-inch silicon wafer in
accBr@dande i thiadknespr ssappingnuewigeonf a GaN layer with the

transition structure on a 2-inch silicon wafer in accordance with the
present inventior;

FIG. 11 is a schematic drawing of a LED structure 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 te
1573 °K; and |

FIG. 15 shows the relationship between defect occurrence and AIN
growth temperature.

DETAILED DESCRIPTION

JO014] 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,

-6-



FIG 11 is a schematic drawing of a LED structure
wWth the transition structure on a silicon substrate
in accordance with the present invention; FI Gs.
12a-12b are graphical illustrations of X-ray
reflectivity (a) and PL spectrum (b) neasured on a
LED structure with the transition structure on a
silicon substrate in accordance with the present

i nventi on; FIG 13 shows an el ectron

il H G448 (REIELA Bl AU e VB ATREL U by we
of JustsbhabAl, dinceesartaa ethan@elS43d Ghbdiftidions within the
FIG 15 shows the rel ationship between defect

spitcane drepeapidthmigieayitan Palscoms appeeang tethose skilled in
thPERIRLET BN Q%SC%)% ages of the present
I nvent1 on Wl(ii? e 3

cone re apparent fromthe detail ed
{BRLH] pt Agrogese forhpradurdhy eritridhe leeyars o1 silkbouwubdieates by

e QA0S Nat, L8 958 Al SHds st P&, 31 B8R L Surtace
pitridation of the silicon substrate due to the presence of ammonia and
film cracking caused by large thermal mismatch between silicon and GalN
have previously been major sources of problems in the related art,
yvielding poor quality product. _

[0016] FIG. 1 illustrates a schematic drawing of growth furnace of an
MOCVD apparatus used in examples of the present invention. In a .
reaction chamber 10, inlets 20 allow the introduction of precursors that
can impinge on a substrate mounted on a stage 30. The state 30 can
rotate. A heater 40 can raise the temperature to the desired range to
allow the precursors to interact 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 8i{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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whil e indicating preferred enbodi nents of the

i nvention, are given by way of illustration only,
since various changes and nodifications within the
spirit and scope of the invention will becone
apparent to those skilled in the art fromthis
detai |l ed description. [ 0015] A process for
producing nitride layers on silicon substrates by
using MOCVD technique is illustrated in FIG 1, in
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Finally, the inproved process allows growth of high
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enbodi nents of the invention, epitaxial growmh is
perfornmed on the top surface of a 2-inch Si(111)
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[0020] The silicon wafer may be first prepared by wet
chem cal etching, such as an RCA-type etch. A
preferred chem cal etching process including two main
steps: (i) formation of an about 1-2 nmthick Si02
| ayer by boiling in a solution of HCl: H202: H20
(1:2:5); and (ii) formation of a hydrogen saturated
surface by etching in a water solution of HF (10:1),
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(0023 r phowsdsr | tioc ohtaint theldess) apitadalnpaard ssuhsegment AIN

surface of. tthe silicaon that,fo due to r i
rciinds roSTiPR GOt A Ao e Rpve) SRS rERF R about
130K e 88 abef Sture wheR2alintmizxdesfctes Qbiatian 29 a.u.) are

best epitaxial layer, subsequent MN growth is carried
obsenvedtisdngtihef rangdiof ahpat d20PtoE4a81°K, @sdisishawa e Jiig- 15.

1300 . 1h r WL defs
D %%csg%g%rﬁc gf a. u. ;hgﬁ“e 0 sér%g/lgd [ sé}?@ﬁ%tgﬁe rang‘%%g‘ucme of
2-dibgitisidRaD {2-D)1468v K, while i thesfoowmtion Bf GiNkSleaBaeo islands

t he absence of anorphous Si Nx, the AIN shows a
of AlNface structure of 2-dinmensional (2-D) growh,

%ﬂ Uhe, ot | @ Yo theadsrhatibal ¥dshel 22bN. surface

I'n order to confirmthe formation of the 2-D
straustiees eass tatootier fyrearmitrostepy dAEB ) nexpassvepy wapnducted

experi ment. was .conducted on 70-nm AIN surfaced S .
ongdBerEl DL SSUEHTH th VSR o Seautory Hib Bifpyacedivg Al
tecARATRAE CebPadbd V&S @iswhhat fias hell heerbeeededdedh®he AFM

AFM nor phol ogy of MN grown with the pit-seeding Al
marphieiogyuef AN grayes dherprr-eeeding Ahtechaigye ds illustrated

. a t- e r i i a . .

n A0 S LSRR b 226 b e b Uiched wicn o

typibalcR-IMrotehratitiibdnitidlhetape e The edinng tiickt Athgirope without
was al so_scanned using AFM as .is illustrated i .

ther| Broseedmg oh (EEETINeVES [ALPanTIITR L HPBR M, as is

various sizes, which is a typical 3-dinensional
(3-1)) growh. 9.



[0025] The interface structure of the AN grown with
the pre-seeding Al technique was observed by a
transm ssion el ectron mcroscopy (TEM. FIG 5a shows
a high-resolution TEMinmage of the interface of M
grown under the optim zed conditions of pre-seeding
Al on a Si(111) wafer. There is not any anorphous
material existing at the MN-Si interface.
Furthernore, a coincidence of four lattice constants

of Si jnth 11 pl ane and five | tt|ce constant
ilhggeratd f FHG. ‘%oﬁ% $Rowp g Hlend siEpchr various
81239%'?&95% . Wéféaétﬁ Bﬁﬁgh&o%‘!ffé hherbhective lattice

m smat ch en MN and SI greatly reduced conpared
{Q025F blh& ihtarfacestowestzanof the AdNgrown wido28d pEeGeeding
shows an el.ectro cted-area di,ffraction

Al S%?Et%’ﬁﬁ‘ SOV AP RPSERY “é‘?fbafc% SHSHURE PRGPArTEAB S5y (TEM).

FIRabhesisws Rdhipil-eeutioal TEMY sthake S ritetint&Faed otVDsuN grown
and Si, and there is no internedjate structure.

un&ﬁt the atiagizad eendiipgs ol prsvsending Al ery acyi( hlel)rf@tldehere

dﬁ??\n gh?hed}g?%‘\%{lﬁa%f %‘iﬁé&?ﬁe% %%n%r e Slr r ggrggltﬂg% hmterfa"ce

areyire coindidéfceXofl Eaus ladiaro nonyisik | 6in8i AbNilee (111)

' the Si 1 waf er . 007 fte oht ai ni ] .
pl«wnaeﬂyﬁ ]letta%e PRES -41531@50 @%neaw obtained.

SuthGENdraN RN sSa tf QWA HIR ﬁlﬁkﬁ@fthtethf&%x%t laﬁtlce mismatch
preferred tenperature of out 130020 oK. The Al GaN

betwgeasr AllNiagich8s greaidy nteduaq‘.d egnipanedaisotte Bollnmttice k@Mmstant
ol V\A% Al conposition of about 20% 60% However, the
A% GHnosition is constant in the Al GaN | ayer, but

[0026]i CRITes S1s hdidvs hen pelepabhl @BRIctédalrB€ diffraction (SAD)
reci procal of the A conposition in the Al GaN | ayer.

pattgrn gfsthe merfacek &d e%htr ead %glélﬁr SfHé RAFACTOS 1r;thate perfect
er&hl Cgﬁjlfcltapeé Bt E‘kljﬁ &lh E‘rr@lé% structure.

t ness and conposi |on pen vice
Thetpmswdangxﬁled:edqumet peoified 14 ezt"iizfcewe miketisod\ tGadkoid the

oS YA L i TR S BIRLC A 2 e

pré%ﬁ%ngﬁd%ﬁ#kéﬁﬁkl%re SeV3eE ot Ieﬁ@l%%emoﬁ'o@rﬁs@nﬁ*!@m on

an exanpl e Al GaN surface norphol ogy of the priesent
the Svéhll)dnafms observed inthis AFMinmage, the 2-D

BT TRAE: bl Somoc F9RT B, WSH kg the sican)

walfdr, rmeﬁtt@étm K‘a ﬁkisn gréownt b Hhe wabebf theeAlN 4the preferred
snal l er therma gan5| on coefficient of Si then that

ter@petﬁnrelefrg@wéné Q@*B@r%n%&ﬁe& A¥eTt HalckmRss can be
vatibd ”tro %& flegMN ha Gk ‘“ﬁf%&ﬂﬁﬁg@ﬁ' f about
IS COO rOﬁtt e gromt tenperature

20%}@9)%KHdv®etfe®pltht:eﬂbeDnipmtmn is[ Efi2&hntHe tlypiAd&aN layer,

N fil trat h
bl RE DU P EN Ty SOV HbToPRripeal fpafie (HFOFLPhcKs the Al
codp® s&lﬂﬁ? rkeehé rhltdﬁ\l Galybr f ikt fgheth‘éaihfcﬁef eﬁl@%ﬁ\l tf%er, the

crack I nNg is to rel ax or conpensa e the tensile stress
smialiemAlheorgposigiosy in e éaﬂereaﬁt:lnew dif fthe rAdfaN hlarckmless and

expansi on, coefficien di ff n temaer res,..an
cof Bt RsEendsL i, TholodpTice ShEltbutd FRBaHH 88 R Si 1
wak& gist Aittal NayeOre@adbaviBe heripecahyient Sobi @het of AIN to
then 900 K. Inserting such an MN | ayer_  introduces

cloge ripr Bradi ol Gt agxl t%tredeeeweﬁpn@nsmay eftraipefy gobsequent

the AlGall layer of the invention, a repeating
mul tipl e-layer structure isjgdopt ed to conpensate the
tensile stress fromthe Si substrate. [ 0030] One

preferred enbodi nent of the invention has one MN

| ayer and one GaN | ayer grown at different
tenperatures in every gromh cycle. At first, the
wafer is subjected to a flux of amronia and al um ni um
only to grow a thin MN layer at a preferred



at

conpensates the tensile stress fromthe Si substrate
within this repeated structure. 100311 Anot her
preferred enbodi nent of the invention utilizes a
structure having two periods of AN GaN bi -1| ayer.

FIG 7(b) shows optical mcrographs of the GaN | ayer
nmor phol ogy. The crack density is greatly reduced, and
sonme areas are crack-free. FIG 8 shows a
cross-section TEMinmage of the GaN Iayer with the

transition structure on a silicaqgn ra in wh
deviRg HrSPBES: iT0R- BEHRTYS o SFETRE Defipe mﬂz*p?'ﬁfogv of
thé eg%m '1&6@[{1&‘?' AW bBsesdBeid ahtd mt&g&gﬂ@zgu Browth

GaN |'ayer above the superlattices
qummtame&FM I mage, which shows a si m | ar surface

280, hfike MRetmh s95mialGnpvieet QeNCarhl i Ry &' of the

nitgiRlel ifilf  Sdadiing Mbandhsi B ogeferar By G:Bertﬁ9| Y@l thermal
usi ng MOCVD. When using MOCVD, the galli um_ al unmi num
expRIgSIANt asiaeicas mi SFitibed thatiek Gads lages spsierigpyzenerates

R R o e S APl s RR)® 5ncpotine

doarnfoiratid\sEiwth t@:ﬁ@asatum abeuh asoosﬁeap @om temperature

@&%M}Gaﬂasuperl %gghg%nggwt@ﬁgg eger%\,\ﬁubsu-ates

withf 8Mi 216 bRt 1%(&’ &f Shoes HERRE! ?Ed}r E)e?;fsejc?iﬁgﬁg dfe observed
Preferred enbodl nents of the invention use at | east

in the &g filmd Sheawaypiocrddungptrd erackieg i o relaxper compensate
The f.unction of the superd attj ruct.ure i s..40

the [t SheR it 8% 5 Bl A eRb RN dhvd diffedapt, thormal

expiigish (hRfficieats aces dillbrentki tinoéraitnt«s,f agel abbor Bhermal
sone dislocations and then decreases the dislocation

- expranyppy coelijonery 10fFAN| Bpcomegaiprgsyethats thaswal fpalj when

did t of 0 j B9, P4
werlpEATE ‘1S PRREIA dhen ool MED iehiinSLERCapmARY tayer
mt&duwé:ercdmpmmjastmssm tbh stibsequeent@GaN. ldﬂrmr tBt-mkies the

nes f the e axial materials i b
il ERERe Pl e ArSCehafh dRsAHn SruBite 8 itrurrure is
ad(bﬁteﬂot!@&hﬁ%ﬁshﬁb @ tedilCaNe S BMin PR Bi SRR 4R,

substrate. "In this way, high quality epitaxial |ayers
[91030] - \Onaiprefetzed eubpdunent chthoinventiombss onehiN layer

mtrl nGN., . and ni b str res
vl GoN el B LG R BT SRUE e cyce.
At ﬁk&ﬁ atk wafer isbyubjdcred ttecwmwef dfirngnRMEBHI ﬁlﬁﬁuﬁhﬁa only
ni trogen source, trimethyl gal [ium (TM3

as th
to geawiahispdrelayied at prwiehsred GMRRIATETVAf aé)@UttrPeOO*QO °’K.
Thérll,u %@u?ﬁ&o% Cénanged to gallium and ammonia to continue the

epitaxial growth of GalN at a preferred temperature of about 130020 °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 cocling down, the compressive stress from the AIN layers

-11 -



—
SN

[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 formed an MN | ayer 210 and a transition
structure 220. Over a subsequently formed nGaN | ayer
230 is formed the Al GaN nol ecul ar quantum wel | (MQW

oo A3 TSP IR A LY Sl P e

stréichifraacti on, HR- XRD, curves and PL spectrum recorded
fromthe LED structure. In_the figures each part of_.

OR31ED Agoghest mTglarserd dembediment \¢fi thei favenfiqr utlizes a
. aekn o )
str%%%gre?ﬁ%gl{,r@ tﬁﬂryﬁgﬁdﬁs.anitm ﬁ%ﬁgﬂgﬁ]ﬁ et Ff(*gy ?mesl‘bcrvtr;se optical

mat eri a a e emssio at ed
micographs oofnthel 3BaNniayer [ 008pholdgye The, cracks ldeuistybis greatly

oted that the tenperature Eﬁr‘%rﬁﬁ$n N degfnds on, ..
requeth et | PG AXHE ATRL SRR el AFNT SRR BroPRwetion
TEM fifadea¥LHhenGhie 15crSuhel Bk Sradsitich Stni/iper M W 8ilicon
is used for growmh, "and there are fewer defects in

subsizan inTiwhicke mber disleeatean densiybe fadsipcdbom 1485 cm= in
1473.01 N i s, eonsi
K Bt g Mt SR chi 2RBL SRyl above

thobupbribsicpIFIed 9 & syiphedswIFH iniagd, oshiohsshows a similar
result, the tenperature is preferred to not be |less .
surfpge merphclogy &K that R stateR! s 3R Gr pwh o sapphire.

M ca Fﬂ]ﬁ%t s r@oh'ﬂ&nfiﬁ% i, Oh1uphihhiROBAS - nitrogen

e per Timt of the tenperature can be up to 1450

ard pCeferdblyhgrdvenpesisnguMOCY Y. oVhieghysisle MOEVE), otlhe gallium,
into the Si substrate becones too strong, .resulting .

ARG SR BHEPETY-Contp0SH] S EONER A CORPRcdy BY applying

préctesr YL Hrons @lat BN intRRE LAktBy] icalliud0 BMOY, trimethyl
where 200-nm MN is grown on Si. By TEM electron
alwhirfwacTvoh) shdwwmaeavaddta)- patterns, which

i . . ‘ .
RSEE G PRE 0 SR, A AU Gy S dl Mg Fwo 1o

twézﬁty? Q?E‘Rﬁlst @? @H&rifﬁ ?irl]ih elée\Fwﬁ gﬁgtehé mtgbﬁbrtlétxﬁiMMﬁ grown
t ha e surrace o e oS IS estrqQye result,

Prexiqpslyy iy By ePrelpTEeds temBpETatye | e Vé?@%ior"ﬁ- Preferred

e %%%%P%é Gor WReSNAYEREiBE LREPSAldYE HepPepaaBas. of A typical
the de M\ as a f h

ect density In function of “grow ]
superiptice has teitheehodih e hedbfrediomdehthe pupsriatiiomsbzmgure is

o e SR A SRS oo o e
ThROKt MNP fintdlga & R or®s tdnd @lisloBATIbNS ¢eIEEhen decreases the

_occurring at about 1300 to 1350 K. A defect density
disggcatpmdansidy. | ess i s enconpassed by the preferred

B 38R, 5 00 AL S A0 e o

1336:69@ rog, li;g deknBde Rl@nlbgahmﬁﬂa Eﬁd&k@m@@pﬁgdﬁf(&@ grown
ensity of 30 a.u. can be atfained using a .
ontae%ﬁ@pét‘%waf%w ascren e ARSI veREoTK Ther togal thickness

of 48ECEhidend’ Walizt) & BboiAl 108 hebekal@tls Gith a_ standard
tenpetrature of no [ess than about 1100 K can be used.
deyiatisf] ofs52%eswhich tisecompartbbn teothats afhéaN grown on a

fallown roblens;. . 004 The l.arge latti.c
sanplaiig SHOPERSE. BB Heisn MaIn IR S £y epiakisly Byery of m-v
using MN as the first buffer layer with a 5:4

coi nci dence between ALN(000i}-and Si(111) lattice to
reduce the lattice msmatch to 1.3%



[0041] The large thermal m smatch (30% 50% between
@GN and silicon and high density cracking of nitride
films grown on Si substrates are sol ved by using

Al GaN Al N GaN heterostructure grown at different
tenperatures to conpensate 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

.anponi a i.s sol by usi.ng pre-seedi.ng,Al onto the Si_ .
nitg{flaa Bt A5 ISFEN i RGP S BRI RN BT a i dhitride-
babb® I&fidd REMAPES ¥udh 4NEHDY brdeandRtods, 136 bR grown on

avoi d the reacti on between ammoni a and the  Si

the wilieare wafer [tg0 8P CAJR cicghniliye usieg iamemriianas the nitrogen

ercopes.the lLattic ] t.C nd <:her mal __m smat.ch .
ot Bl ralling A P A, RoppeRe 8B Brimetioy
ahliriem (TAR) ayviihe elaudntim gobircaur f ace nitridati on.
The invention allo t he groo\g,h ofL@ high quality
S

I9935he 4ebpiealspralerisre ctboslimiens Msthedsvisy sigusiee is a
nittRERCHALLY LEES F%gﬁ% & N@g%msggye AHR SRR A 1" §LK8S $he schematic

structure. I nventive structure can
drapeirgg ofvthé LEIhetructunk tdmo at siliogn i smbstragdiiat &cqordenss with a
ich is.a . benefi 0.l ndustri mass _pr.oducti on.
pryGoee) SREBERBFRG o R PR DPPe ETeb A SYOTRET 15 Fimecien AIN
lay@ir QD aRdSk tebstbAt §Fuchiu@2902l dder Aisubsé§uEhtlPormed n-
‘and rel evant structures are required to inprove the

Gapb laysr e és dorrped hesAlGaNrmelgoplarn gugataey wels(MEM 240.
: rar eV r. ith t nit.xi
FidlY o BLGRN, Bapb R Sy IR 8 frobhredt, iRl £30 Sfhq 220 show

higihdesilGtiohh X - hatffandisi,r HRAHRDpraseeteanidn Plhespectrum

present invention has many a%gn ages, such as | ow .
recogeed fromgthe LHk SEEGIE; In 'Ié@é‘ieér cagh pRrE Gahe LED is
- \M G- | Al Q- i - i t . R
e B B R B85 sryapl ki o the dhitadal
nitsislecinfaiterialsh adidnent snshemn isedenmated tyethd plue color around

43{)I | ustrative of the best node of the invention and
H¥%r i nci pl es thereof, and that nodifications and

ObB6] ongoweyedt ShoUl RSt thitogR: thpéRiulrd fbP8rowing
art w thout departing for the spirit and scope of the
AlN depandsen the Broction ieéthedHl. uﬁ’é@ﬁsﬂ@oﬂlﬂ & beed for the first

lay]e.i' 'Br} %He %il §uB¥trta@§, acﬂ%%e?fteweraﬂ%%n{jseﬂsghafiogsgrowth, 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 9K, 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

-13-



What is clained is: 1. A sem conduct or
structure, conprising: a substrate; a transition
structure including M\, Al GaN and GaN | ayers; and a
superlattice structure including Al GaN and GaN

| ayers. 2. The sem conductor structure of claim
1, wherein the substrate conprises Si(111). 3.
The semi conductor structure of claim1, wherein al
Iayers are deposited using netal organic chemra

vapor ositiaon ( .. Jhe m_conduct or
ditkRpHeny eBovs (HAPASY mg?tsmﬁ,aag}ip%dl FeRlr gpdyestaliine
m%téh%ﬁ.t i op4 Id s (thel SEIRYLr aldpl rafRNidhere a Si
. e sem conductor structure of c a|n1 wher &i n

subsiGaie imﬂemﬂ 1ay87 8 %n The AfMamaget incBIGy b4 shows that the
su:ql%cg Solft 1 1sad§:gt?'§}§nr3§t eA\tQ_, % esxﬁ% UAf & br%%d %%%9 tﬁis Si layer
will be very poor.

[0038] FIG. 15 shows the temperature dependence of the defect
density in AIN as a function of growth temperature. The highest defect
density is normalized to 100 when the growth temperature of 900 °K is
used. The most preferred 1300 °K temperature is near the bottom of the
curve, with the minimum defects occurring at about 1300 to 1350 °K. A
defect density of 20 a.u. or less is encompassed by the preferred about
1220 oK to 1473 oK temperature range. If the device can tolerate a higher
defect density, a wider temperature range can be used. For example, a
defect density of 30 a.u. can be attained using a temperature than no less
than about 1150 °K. I a defect density of 50 a.u. can be tolerated, a
temperature of no less than about 1100 °K can be used.

[0039] As a result, the invention solves the following problems:

[0040] The large lattice mismatch (17%) between GaN and silicon is
solve(i 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.

~14 -



6. The sem conductor structure of claiml1, wherein
the MN layer in the transition structure is deposited
at a substrate tenperature about 900 K. 7. The
sem conductor structure of claim1, wherein a GaN A1N
bi-layer in the transition structure is repeated at

| east once. 8. The sem conductor structure of
claim1, wherein a AlGN &GN bi-layer in the
superlattice is deposi ted at a substrate tenperature

ﬁcf d L OO gmg&ymt?e %veerné:}qp osﬁ%m Coﬁgéﬁo rlattfce mismatch

andl ri:htepﬁlaﬁ YRRhAchi B@t\#ébrﬂmlatrﬁﬂ Sf by @éinkelaigh- (flaéhty AIN as
five periods. 10. The sem conductor structu
theofbuffer daver pivianevoidimgr B3 pigrigee | eihgdabpe. The “Invention

0, AP Rbnt 1G] £99EPL LAY HIBCS! B Siychire o o i
substiptd Hyngising a specially designed AlGaN/GaN/AIN strain release
structure.

[0044] Also, the inventive structure can be grown in one run without
any intermediate process, which is a benefit to industrial mass
production.

[0045] Accordingly, in the field of group-llI nitride grown on Si
substrates, high quality nitride films and relevant structures are required
to improve the performance of devices. Currently, these devices were very
rarely. achieved. Compared with the nitride device grown on other
substrates, such as sapphire and SiC, the method and structure
presented in the present invention has many advantages, such as low
cost, larger substrate size and easier to integrate with Si-based electronic
devices.

[0046] 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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providing a substrate; depositing a transition
structure including KIN, Al GaN and GaN | ayers; and
depositing a superlattice structure including Al GaN

and GaN | ayers. 12. The nethod of claim11.
wherein the substrate conprises Si(111). 13.
The nmethod of claim 11, wherein all depositions use
MOCVD. 14. The method of claim 13, wherein
applied precursors are trinmethyl gallium trinmethyl
al um num and anmoni a. 15. The method of claim

What isvilaieedh igieposition of AlGaN and GaN in the
transition structure is carried out at a substrate
tenperature around 1300 OK. 16. The et hod of
cl ai m 11A sehsicehdudapostrichirepcoMyprisinghe transition
structure is carried out at a substrate tenperature
abodSudgtrate;

" a transition structure including AIN, AlGalN and GaN layers; and
a superlattice structure including AlGaN and GaN layers.

2 The semiconductor structure of claim 1, wherein the

substrate comprises Si(111).

| 3. The semiconductor structure of claim 1, wherein all layers are

déposited using metalorganic chemical vapor deposition (MOCVD).

4, The semiconductor structure of claim 3, wherein applied

precursors are trimethyl gallium, trimethyl aluminum and ammonia.

3. The semiconducior 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 -



0 @ 17. The nmethod of claim 11, wherein
deposition of GaN ALN bilayer in the tranS|t| on
structure can be repeated at | east once. 18.
The nethod of claim 11, wherein deposition of

Al GaN GaN bi l ayer in the superlattice structure is
carried out at a substrate tenperature around 1300 K.
19. The method of claim 11, wherein deposition of

Al GaN GaN hi-layer in the superlattice structure is
carried out at Ieas for five

method ditec| gemiqonay C&FPFhe?mﬂ%tﬁlﬁ“ ot ngdaléﬁos]f’tlﬁgeg?l% an

. tfaedshdsttdd S at NEZEORr fi
Md&ﬁl@%?&@%&%*ﬂﬁe FABIRI’%%%%IK%IG&I CToONT NTRI DE T e
periods.

10. The semiconductor structure of claim 1, further comprising at
least one additional layer deposited on the structure. '

11. A method of producing a semiconductor structure,
comprising:

providing a substrate;

depositing a transition structure including AIN, AlGaN and GaN
layers; and

depositing 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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LAYERS ON SI LI CON SUBSTRATES ABSTRACT A met hod

and structure for fabricating IIl-V nitride |ayers on
silicon substrates includes a substrate, a transition
structure having Al GaN, MN and GaN | ayers, and a
superlattice structure having Al GaN and GaN | ayers.

In the invention, the large lattice msmatch (17%
between GaN and silicon is solved by using MN as the
first buffer layer with a 5:4 coincidence between :

Al N(0001) and Si(111) lattice to reduce the latti .
n sj(ffm Ch’%‘h@ mgtggzgd Pf:i)oé%iﬂé lﬂi]wherein deposition o (t}a&%f AIN bi-

layer in the transition structure can be repeated at least once.

18. The method of claim 11, wherein deposition of AlGaN/ GaN hi-
layer in the superlattice structure is carried out at a substrate

temperature around 1300 °K.

19. The method of claim 11, wherein deposition of AlGaN/GaN bi-

layer in the superlattice structure is carried out at least for five periods.

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

least one additional layer on the structure.
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METHOD AND STRUCTURE FOR FABRICATING HI-V NITRIDE
LAYERS ON SILICON SUBSTRATES

ABSTRACT
A method and structure for fabricating I1-V nitride layers on silicon
substrates includes a substrate, a transition structure having AlGaN, AIN
and GaN layers, and a superlattice structure having AlGaN and GalN
layers. In the invention, the large lattice mismatch (17%) between GaN
and silicon is solved by using AIN as the first buffer layer with a 5:4
coincidence between AIN(0001) and Si{(111} lattice to reduce the lattice

mismaitch to 1.3%.

[Figure 11)
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