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5 Field of the Invention This invention relates to m croel ectron

and fabrication methods, and nore particularly to galliumnitride*G00002

sem conduct or devices and fabrication nmethods therefor. 10 Background of
the Invention Galliumnitride is being widely investigated for
+mcroelectronic devices including but not limted to transistors, field
emtters and optoel ectronic devices. It will be understood that, as used
herei n, gaPNPEPARTIAXIAeGRAYE IMEMIGEY NITRERES LBHYERGaPY iSHATRISE MUBFTHEESuch as
“alumnumagal liumnitride) indiumgalliumnitride and al um num i ndi um
galliumnitride. A major problemin fabricating, galliumnitride-based

m croel ectronic devices is the fabrication of galliumnitride sem conduct or
| ayers having | ow defect densities. It is known that one contributor to.
defect density is the substggiceaPNs¥bliseled Resedadd i Um 20 nitride |ayer is
grown. Accordingly) although galTrumnitrrde layers have been grown on
sapphi re substTas eyentign was kadswith Govermaeat swped tunderafficy obYavzlowi ng

gal liumnitride-l ayer I HUMARLL AR i£heare

t hensel vg%scs?%&rrga%%%dEq%%gél&?a%?ngg%s‘u @rlgté gsfb?\éfvﬁ?{l ﬁé’p@nﬁ?%g t hese
advances,0660nThé Gedematbic ina@ havdcdiairedghideniistiyvdrsiodesi rable. 25 It also is
known .t o produce | ow defect density galliumnitride |ayers by formng a
mask on a layer of galliumnitride, the mask including at |east one opening
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This invention relates to microelectronic devices and fabrication methods, and

more particularly to gallium nitride semiconductor devices and fabrication methods
therefor.
10

Background of the Invention

~Gallium nitride is being widely investigated for microelectronic devices
including but not limited to transistors, field emitters and optoelectronic devices. It

will be understood that, as used herein, gallium nitride also includes alloys of gallium

—
h

nitride such as aluminum gallium nitride, indium gallium nitride and aluminum
indium gallium nitride.
A major problem in fabricating gallium nitride-based microelectronic devices
is the fabrication of gallium nitride semiconductor layers having low defect densities.
It is known that one contributor to defect density is the substrate on which the gallium
20  nitride layer is grown. Accordingly, although gallium nitride layers have been grown
on sapphire substrates, it is known to reduce defect density by growing gallium nitride
lavers on aluminum nitride buffer layers which are themselves formed on silicon
carbide substrates. Notwithstanding these advances, continued reduction in defect
density is desirable.

25 It also is known to produce low defect density gallium nitride layers by

forming a mask on a layer of gallium nitride, the mask including at least one opening
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therein that exposes the underlying |ayer of gallium ni trilge, iyn&g@at erally
growi ng the underlying |layer of galliumnitride through th 2,M t one
openi ng al® YW #7t he mash. This technique often is referrd&¢{EOHE73*
"Epitaxial Lateral Overgrowmh" (ELO). The layer of galliumnitride may be

| ateral |y gtheysin that éxpokdsah@ahderlyghyeriofgaltioml igiiesarid Iaerallyeromil the form a

single layer on the mask. | n order to forma continuous |ayer of gallium
nitride wi tHn‘?%Hyat%ﬁ%W%se}W@éw@P thyapgh the at laas;@eeﬁaemw%oﬂae formed on

the | at eral hsioVeNigieihlqedb fidriSrdtekred B6s " BYRLpialllRfal (e pdGRnBELICBast one
opening that is offset fromthe opening in the underlying mask. ELO then

agai n i s peflhelayecfigainoyhitideemaypeniaregalyi giowhangbibo gallivastitrids cohlssashy

overgrow a def ect ,10 densjty .conti nuou alliumnitride |ayer.
W o oet e O st MR £ e BB RR b iR SRS B st iblant e yer
ELO of gal | gallivminitridelovithSeldesaly Idvedefedt densityanpésdnd ntksk Ay belFbitaidrons
entitled La%%r al E itaxm Low Defect Density GaNLayers Via Orgaonetallic
Vapor Phase'g#t2 50’(‘63 galiup F{t“%lﬁ_}"’:ﬁ Whﬁﬁﬂé‘:‘ﬂ”ﬂéﬁ it Ieagppne oppningghatg,
Novenber 3, offR9fromRRe o0&l iaGHOund2 %n%nﬂégpﬁi@ﬂﬂepﬁ'%ﬂyp% gyion Via

R

Lateral 15 Epitaxy in Selectively Go N Structures to Zheleva et al,
Appl . Phys. thraigh the apgningy in thisecond magk toothereb pyerggov a sgpond 2oav defedt74, t he
di scl osyr es < Whl ¢ e Ny pQk.at e er.ein -h ference. 1t, al so
s knony ¢ oSl A ROG RRLB s DS R RS L et Temist, § by
form ng at inghistemné otvergromn layerp IO bfgatiiuny niledéd isidescribey cfor eXangsit,lihum
nitride to 20 fine at |east o sidewall therein. A_|layer of gallium
nitride is %ﬁBﬁﬁW&P%‘%ﬂnf‘Qe‘gﬁWr)%%ﬁﬂ oy Defect LensigeGeNd@xgrs| Vid Lat er al

growt h pr ef@)‘:g%hbiﬁethﬁ}&ﬁlﬁztpm‘ P{?Ese%?i:jak} {oGarh 8L 4T, Ziﬁgglﬂlryg%tﬂ. YBE'A, gg‘a* gsce

within the trenches. Lateral gr wth'al so pref y“continues until 'the
gal | i um ni tNNowabead.e997 rent. 2638-g64Pumand Peivdeaatien Dedsvakddycliart Binaldtgrabver gr ows

onto t t - oSt Inonder to facjlitate |ate O nd
o oduca nuciaied) il SR8 Bropf (O Bhucrite’ B RRE R ARl RSl 3t
di rection, Z%lhdot bf) Gztobich27 697, ppadd? b4 Mh ehetdishssrdslof ohichray hbebyasked.

Lateral grawth fromthe sidgewalls of trenches and/or posts also is referred
to as " pend@‘i‘%’b‘?r?t‘igbereé{hlﬁ”e "ef¢Scri bed, for exanple) in publications

entitled Pendeo-Egid ﬁﬂbwﬁ\té\'ﬁ?b\'iu@zpfa?éﬁ{l gh@furd At it owlertdt Rbsigal |1 um

Nitride Filnms by Zheleva et al., Journal "of Electronic Mterials) "Vol. 28,
No. 30 4, madpuaing atlga ongpendhSripgst inan umdstbieplayenof golfliu@anittidertoNi tri de

This Fihhns j ' et al plied Physics Letter Vol ... 75, No. 2)

July 168, inddhath BTN Fvet herePE A IS8 PR RS BB B whr e e

Iher eid n]c by rfﬂfnlef}grac Eagtlx‘:ln_@éiale(lﬂan.enﬁte?e Bidinal yreiﬁlftablprtmds gheace Gi|1@t the Rietali@ar ge,

ow defect galljumnitride.layers for croel ectroni c appljcations.

However, aZ8'D yf:rﬁﬁe%lPsr?et“Hg't"Yﬁﬁﬁreﬁches’_{/T&aatﬁ’ial?@‘793’2“7_&&50?’%/2\“@ tinues

PCT/ | 1S001248Pthe lghif¥un ﬁiﬂﬂe%ﬁtﬁf Rd46wh 88n0he gREWANTaRrIlY SRrgleWsces is the
i

growh of the galliumnitr | ayers on a silicon carbide substrate.
Not wi t hst a@fofge &ps P te pesis binderdsr torfesibiats latgral graveth @nd praduponedention si | i con

car bi dgzsu .St | | ati viel xpensi ve. .Noregver,, i.t nmay be
i i cart b enmuioh sha PR B8 BRIl Rt MR B op B e e ey o
back il | unitreath fisorsmapy be ntbekéd: dchterblegrauthefre lthesidevedisif denties apdiarie
Accor di ngl é 8%[2]'(3 use_of an underlying silicon carbide substrate for

fabricatindg® ?W??FFH%? Peedegep ey il s dspqribetliPrexamBicdAver sel y i npact
the cost apdbRdatigRitntidd PORRoWpitaxy: 4 New Approach for Lateral Growth of

Gallium Nitride Films by Zheleva et al., Journal of Electronic Materials, Vol. 28, No.
30 4, February 1999, pp. L5-L8; and Pendeoepitaxy of Gallium Nitride Thin Films by
Linthicum et al., Applied Physics Letters, Vol. 75, No. 2, July 1999, pp. 196-198, the

disclosures of which are hereby incorporated herein by reference.

ELO and pendeoepitaxy can provide relatively large, low defect gallium

nitride layers for microelectronic applications. However, a major concern that may
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galliumnitride devices. 10 Sunmary of the |nvention The P2 ed&mf™Minventi on
pendeoepid edrad7l y grows sidewal |'s of posts in an under| yPEHUSHYA73¥m ni tri de
| ayer that itself is on a sapphire substrate, by treating the underlying
gal I ium ni{r.j o) | kB fffm verti cal
growt h of h(f]na{* tﬁ?ﬂﬁrﬁg%?{oﬂﬁ glg&} éfc#%hﬁ ﬁ%ﬁ%ﬂ%ﬁl%Fﬁ%E%@nh?ﬁ {é%ée%\g W th the
15 pendeoejtiti@bayeds ograsilidonafartithesulpatrate.udoniithstahding silénealcadidedfs t he posts.

of gal || AR PR AO TR G B BHEoeh PGP BB AR AP T BER GBp! i cat i ons

for galliumdaiivel Qe Ciemay Mo UBieMe dseGaicbi babald substiatdstin ioftical
: sem conductor |ayers maybe fabricated by etching an under]lying gallium

nitridé | apecesowharedwck ilureingtisnsmpybedesiisd.drerpyss sgicon sadide2popiBiepost i n

t he underlying. gal liumnitri o . i
+under | yi nﬁ% 5%’%}“.%%#}1‘? i gm@%ﬁﬁ?{%{g@%&%gé? ﬂ%%rg%ggg{aﬁﬁﬁzg{ﬁéa%éﬁ%ﬁgal l'ium
nitride t@arnaggicodatttdnidstiicturesinag adieyerly imphoethatcostandior apydicatiemcdl
includes a trench floor. The galliumnitride sidewalls are laterally grown
into the &Rllinggytridgdlevictench, to thereby forma galliumnitride
sem conductor |ayer. However, prior to performng the 25 |aterally grow ng
step, the sapphire substrate and/or the underlying galliumnitride |ayer is

treated to prevent growth of Sahimamwofithelinyentiorom the trench floor from
interfering w the lateral growth .of.the |1 i taide.sjidewal | s of the
at |east one pggf PfozeRg ’?Yleg%gf'%lg%dggfpl%ﬁ'eat”?’ rgé%g ?ld%ﬂsogﬁﬁgt?r"zhgubstrate may
be et ched ubgBaidgdlematitride ksjer hateitdetfdn oh a 38pphirefsabentd, py dreaying thecr eat e a
sapphire floor .and to prevent verticgl ﬁ,g)r]?,\/vth of galliumnitride fromthe

§ FrP %

sapphi re tneBlying gallivmmitride faygpand/ o0t ine 8Y0sfraB 1 RESY SR Ve, gal 1 i um

nitride si lok Baifilimt ﬁ'ic_ﬁtfrdrﬁﬁﬁttréﬁ@ﬁﬂBQﬁﬁoﬁ%t@rfEﬁ%@hh'tlﬁs’J‘St one trench.
Alternatively or~In addition, the trench floor na e masked with a nmask.

I n yelS5 ot ipendeatyituxivd grored of theegallhe nitsdengjdeyad]lsiof thapasts. dehus.ayidely s

sel ectively.. hed .t.o expose the, sa ire substrat . - VRAY .2004 WO
01/ 5730y BYERLEGEPR B oRR esc‘?‘%%?%“%ﬁ?%b%%%?%epf%‘&f‘.’fgf‘]rclmlé“j“éédt 8oLt de
post t ops tirésy alley feeudBTeSIhnti@r Ieditapplivatibaaior @allinmm gadde denices.t ri de

t hereon, conpared to (_)n%%al liumnitride.. Fo]l ow n}% grow h,_ . at Iﬁ&gst one
m croel ect r oni MesPeeEiGaRy. saliyp nifEde semicendugior 13Y5r THRY P BENSHRT B¥nduct or

layer. 5 E%ﬁ@gmrﬁdagﬁg%%}h@ghl Nirid@NayeP B8 b lsYprtEreGabititMiétidede 1daayer on a

sapphire su rate | to selectively expose the sapphire substrate
and d20i nenapost &uthe voderlying galking miride dayst anshat leastanthtrénehtiméieunder | yi ng

nrirido opeire i s R oo JRSLTTE Posf Bl CRlfien AuPlop

i ncl udes apéapalienifldeidewhlle Thalt leadnont treheleinsiudeswirtnobifidone Tae | east one
10 post is]?_rovvn laterally into the at | east one trench, toth%ebyforma
1 e

gal | i um nigeRivaenitsiigisidsnelle arsrlatesllyieroven aye themt jeastnedreaclHp Hfr _
under | yi ngo gl Lok el BY@lctatdi e HOARRE bRoPIRHBARRL thite sapphi r e

substrate’is e o defene at |east one post in the underlying
gal | i @8n nildteralhe gloawing stapadhe sapphize supsphiersdonstundedying gdllizm nigéda one
trench layer is treated to prevent growth of gallium nitride from the trench floor from
interfering with the lateral growth of the gallium nitride sidewalls of the at least one
post into the at least one trench.
The sapphire substrate may be etched beneath the at least one trench
30 sufficiently deep to create a sapphire floor and to prevent vertical growth of gallium
nitride from the sapphire floor from interfering with the lateral growth of the gallium
nitride sidewalls of the at least one post into the at least one trench. Alternatively or
in addition, the trench floor may be masked with a mask. In yet other alternatives, the

underlying gallium nitride layer is selectively etched to expose the sapphire substrate
3



15'in the underlying galliumnitride layer and in the sappflli re su)?qs}trate.
The at le post each includes a galliumnitride top, q%(%%p m
nitride sﬁ@te%]\/g?fuand a sapphire sidewall. The at |east oné A" %Phcl udes
a sapphire floor. Mre preferably, the sapphire substrate is etched

suf fi ci ent | §ndieresie reagnbénedlvor.y Ehe galhim gitddt how fopgaldoi may b maskde td r om t he

Sapon e ¥ ARl AR BELSLAR ML DA, Shpul ol eiBl e N e 20
trench. ForFelimving grovitheat 3OS ficsdefiewahic dasice ma%rtb@ fomiiahh tige ShQah Wi dth
rati o exceeds Ebout 1/4. In another enbodi nent, the sapphire fToor is

masked wi t MEGFRERIGAR4UCtPRIYees nucl eati on of gal lium nitride thereon
conpared; t0 on SERRThER spbdif¥f 3;3 i b Substrate
i ncl udes an al um num ni tS?iégel 2@’ %%ﬁ% e;‘@ﬂéﬁ%%%‘g?ﬁ?%ﬁ%b@ﬁg et chi ng

. step, the guibpfraieisratehedde s¢lestivelyaxgosetbe sdpphire substraterand defind dtdeast eyeer bot h
are etched ivel y_expose th apphir.e substrate.._In other

enbodi nent Sr?o(g%ﬁgiagg%aﬁmnr%tre ﬁg{ ﬁﬁgpgg%{fyélgfgagflg@nétggi: Y Bectiddss¥e hat t he
trenches exgosnehchmicdudebe g&Hﬁxlﬁhhﬂh@ioSﬂdFiﬁd apaliukeAligidelsidanamt Thesekssiabl y
pr oceeds pendeoegti‘tam ally by laterally overgrowing 30 the galliumnitride

si dewal | orft eReh gsludesasanppire deox. ofhe gajiumm aitadssideall of theat leastrong t ri de
sem conguct ik 3YRL LIRS ; j ha | i.um nitride
Cop. may b honle Rt Bl ink Pn RREABRL Lo MEQDY Bonl BRI 1 e
t her eon corfpaaeddedtodayeral |iumnitride. 4 WD 01/37327 1 2 NAY 2004

PCT/ US00/ 27354 rding.to ot her aspect of.the. present ipventjon, the
trench fl oor m?}‘g@'aﬁays%é‘ﬁnﬁfcﬂwggﬁﬁﬁg‘% Mt Waﬁﬁﬁq%ﬁ‘rwwtﬁésm deto
expose t he sabyaly, (e sapfitid absratSpesdHed aatvel, oaRAHOSEEsY biOp&ald thym ni tri de
| ayer on aﬁ“ﬁ%?h' relﬁubst_r,ate may be etched to define at |l'east one post in

the under | yAY4%§ B2 BiiEde lpyensnd inthe wpphirepubstate,and ehleast andregehier | yi ng
gal | i umsni G4 d@iniehg gdiiEnAlitd € 38er AREINRASE !:Hgﬁﬁ'ﬂ.t%e t[g? aﬁg%t%ngl dewal |

and the at- | east one %rench_ I'ncludes a trencﬂ?lppﬁoor. ast one floor
i s masked WPstigach mghides agallinmeniwidd éopa algaliifunt higridetsidevatitand naapygiste i S

| ateral ly i t.he.at ] east. qgne trengh o thereby _forma gallium

nitride se%{dg%éu?bg?t IF%Sflg?? b ?’v\&‘gu(geésa@??%%@ é&%\/ lorg pgferady: theps al so may

be nmasked. s#phire sabistiyte is bﬁhﬁisdfﬁdsﬁtl)ﬂdb%gftd peiverrenndl frORUAGS daBAsh One top
Y

are masked si.rru%rt aneously, for exanple by perform % a directional
deposi t i on™tHdg e the sapphie oerrem dnterferizavith Sissstoprd lateially growing theot on t he

st SEY""‘?‘!’S S ghfudliiRideaRHRALb! BT RRQYe ptfifto B R1¢48! JHTLA Fge buTfer
example, the sapphire sidewall height to sapphire floor width ratio exceeds about 1/4.
In another embodiment, the sapphire floor is masked with a mask that reduces
nucleation of gallium nitride thereon compared to on sappbhire.
In yet other embodiments, the sapphire substrate includes an aluminum nitride
25  buffer layer thereon. During the etching step, the gallium nitride layer and the
aluminum nitride buffer layer both are etched to selectively expose the sapphire
substrate. In other embodiments, the sapphire substrate also is selectively etched so
- that the trenches extend into the sapphire substrate.
Lateral growth preferably proceeds pendeoepitaxially by laterally overgrowing
30  the gallium nitride sidewall onto the gallium nitride top, to thereby form a gallium
nitride semiconductor layer. Prior to pendeoepitaxial growth, the gallium nitride top
may be masked with a mask that reduces nucleation of gallium nitride thereon

compared to on gallium nitride.



present, it may be etched to define the posts and trenchqs) \gy % mask may
be for AR7ike aluminumnitride buffer layer. In anothgT/edooerssative, the |
trench rloor may be 15 located in the galliumnitride layer itself, and the

galliumnitride trench floor may be masked as was describged above.

Enbodi nent s of Aﬁ‘é?rpi%ﬁf’ﬁp?‘g?rd”épg"ér?? gﬁrﬂfﬁﬁlbﬁ“v%riqc’tﬁlcg’ﬁ?rggdh@%%fﬁ?)ﬁ Fto the !

present | RUGIRHI it & Bthsk RRErBKEo R SfHERRE h@ecﬁtﬁ@&?é@ttﬁe apghisnsupegael yi ng
e.

galliumnitride layer on the sapphirte substra The underlying gallium
nitride | Spesificalyl arenderlyingedaHimonirid¢ leyenoroneapplyse subpigatamaydsst one :
trench. The, af. | [ gal 1.1 e p and a
A e e A U e

floor.5A tatdrialthgalderlyingiatlfundsitlide/layere Xiherd kaktame pastliyclédesmtopendal | i um
nitride sidewal] of the at |east one post into_ the_at |east one trench. In

. a pref er r 881981¥RY aRdiisiat 1eapeong tr q“%télls"tch@ﬁ%afrF%‘?Mooéxf[gﬁagle?srsﬂPBC ﬁﬂ%r Yapphire

substrat e Sucd) ek ndaBE Al 18sil &R ofARE 21Ok 0BAFESt iNalelgSTréw A althi UM

nitride top, a galltumnitride sidewall and a sapphire sidewall and the at
| east onetherat ekt dnadtendmdo thesehythim e gillivor nitritresesngnmdieter RyerorApves er abl y

is free of, a.vertical, .galliummnitri | aver Lre

s dewal | RECHRT $55VEBERPSAOR 2l b e MG i?‘]%rﬁ’égg'k?‘ggéleg%oﬁ?%% A mask
may bgy i nghdigiedt Rastione tepdp asked dimaltarisddslgnfoabxample by petfordag buf f er | ayer
al so may be 30 included hetveen the sapphjre substraie apd the Eﬁﬁderlyi ng
gal | i um nAteqtigeali dgpesitiomthapiorms parpskey threlatera! toRFPd SI0OF BUGL PR IRG nit ri de

top. The GRSk Ad8sd h80kesaibhd b6 vERSenQR AiSinb AP R RIRPlyaGeNDr i se same |
material. Qher enbodinments of galliumnitride sem conductor structures

accor di ngptesertttitmpy ds etvhed to/dafinedire pdstsanddrencches) ontbe maglamanibe domigskt r at e
and an under,] ying. gal I.i um,5 0l 37327 2 7354
nitride | S0P AHinE wipdgeer B%tfpgflaf.%eﬁ%m%é@g.ﬁ)’ﬁ%ﬁ%"?‘ﬁ%@nﬁ tride

| ayer14 ncloeakes it ihergiliindhith®@AsjeraRelfpedithapdliah riids treactefldoranaibe The at

| east one post includes_a gallitumnitride top and a galliumnitride
si dewal | , maskediag avagdescaihsd abpie. t rench i ncl udes a trench floor. A mask is

i ncl uded on thF Bbdinfad ﬁiu?‘xf FitEde dehRndufBfsteurd@hdcbiiprothé ri de | ayer
Tny ? ga dewal |

extends | atera rom-t rumnitride si of the at |east one
post i nt optebent atvehtiers¢andnelude @ sapphire substiptecindrap evidentihogi BaHwn nitride t r ench

hat . pr of BYERRYTE BiRBPEaLoY R St T RFe B PR Tl ATk et ° 1O

f 1 00rpg Ana@basiibnespBshhid dtdeasbond @énchahe aflesq of@yokieag wviudeds galtiumas
descri bed above. At | east one mcroel ectronic device may 10 be formed in
the gal | i g top @ed 8 @alligenritiidecidewajie rLhe Ak leastaAng grepch @5%‘6?& % EADRAYE be

enpl oyed r . 1 h Rl @l hcapaidct or | ayers
t hat can ﬂg%rg ‘f%?végleél‘ad télg‘fnfl ggﬁg W‘é’?@@&ﬁ%@‘%’rﬁm or gﬁllﬁg aval lability

gal | i um niidewalbofthe hclesst ihe pedsyntodlye d3deast ond tedh. 52 BrefesfedDescri pti on O

The Drawi n -igures 1-5 are craoss-sect. | views aof fir [ nitride
n cr oel ecf'%ﬁ?fﬁ'@%gtt’ ﬁl?cﬁt {FASOng TR e’ftﬁ?‘ge‘rlﬂg)&sgf@pﬁgﬁﬁ%égfl {lcosﬁ&éggt){sh,e%?ccor di ng
to thes pr gagthe pbyeath PaludE psIEEmElride 16y, RlIRmS nBedd didevadll atideans of ot her
galliumnitride mcroelectronic structures during jnternedi ate fabrication

dae | g, | .
steps, acewpbiragdewali mrd e ableatt onpieneh waludep? ppghire doer ' Lhe sgrpfes |
Cross-sechig Efe}@bﬁy\ﬁ e oé' ﬁtvech? alB@h e ﬁthEf Idfeollafill ﬁf'el s%ﬁ%l{iﬂin' C |
structures rrng 1’nternmedi ate tabrication steps, according o the

sidewall height to sapphire floor width ratio may exceed about 1/4. A mask may be
included on the sapphire floor and an aluminum nitride buffer layer also may be

30 included between the sapphire substrate and the underlying gallium nitride layer. A
mask also may be included on the gallium nitride top. The mask on the floor and the
mask on the top preferably comprise same material.

Other embodiments of gallium nitride semiconductor structures according to

the present invention also can include a sapphire substrate and an underlying gallium
5



present invention. Figures 17-22 are cross-sectional views of st%i ot her

gal I i um ngLri i croelectronic structures during interne ?ENSAY i cation
st eps, acq;(‘:l%rolllﬁjéﬂo the 25 present invention. Detail ed De 15 /|EJ ?OI/ JO‘

Preferred Enbodi nents The present invention now will be described nore
ful |y her einitaidedayenin ther sapgirieersubsttate. t The wdedying pyliling: rdrbeil @3 includewhi ch

preferred diments of the 30 inventio e shown. This inyention my,
however , bgﬁ%g oag?eee@ats(f% pr?éwd(ﬂ? }ef’%rroélﬁfrc?g‘r ch agtmympastdgqlu%@ %onstrued as

linited to galimneningdh t6pahe a geliuhOiitriicRRIeRLN; ankdabd flleast HRSEeRARRILRNt S are
provi ded so that this disclosure will be thorough and conplete, and w |

fully convéyreirk fleepph mesk isniacludedon the at keast one renchididor.candithe gabumrt . In the .

drawi ngs, thedt MvekBassisql egi r for clarity.
ke 605 Wby S0 6R8m oM B AR ER 3D R B BERE A1 S8l e

el enent s t mtodeghasdeast ote tngrich. brea predered teotbdd inteait, tidieencarfloet &resipphiveh as a
| ayer, reqgi 00 Ok sausgstr te IS,r ferr%ﬁ to. bei gg "of%" fr "ont 0" anot her
el ement, it OoQ%n BRESHHEIROGAT P2 &t B R hdan thaipre fab Xemriee enent s
may al so beare afatsial aMBE AR b t1RAFACE ABOCI AR RMLNEERHS hithEInaRg 14 et YRHT at ed
herein includes S its conplenmentary conductivity type enbodi ment as well.
Ref erring MY bE@reYiger as was descripadabgue.oft feagone aticragleetsdni¢ demicd may de

sem coqsluc r £$i: - gl . i,frents of the present invention
now W bgeg%@ggﬁgg%ﬁﬂgﬁgﬁgﬁm% #&“@8%@‘9‘%&; underlying galliumnitride
I ayeL _ 104( ks gg mctgmgw,?angmMQfg&mplfm aslalsslisgtxiat]eet?ﬂ%rgxlﬂ)img(:galﬁfiﬁ a)
sapphire . subst r refera Wit C- n
orientati oﬁl}ggen%mdf%#uﬁééfaé’%?%ﬁ%} c?’hh‘ﬁ'ﬁﬁ‘é‘é’ d&EFCgﬁl%‘ﬁ’i“ﬁﬁ %\VFP?t&éd}éﬁgﬁgr

gal I'i um ni avdildbilippgdlEimlntyide ddaeds thdbisy @by B¢ prdvaaaphi ¢ desi gnati on
conventions used herein are well known to those having skill in the art,
and need not be described further. The galliumnitride |ayer 104 may be
betweepy 0.5 and 2. QUm t hi cly,: . he, . 1000C on a | ow tenperature
(600C) I S alum numnitri diﬁr& SRR TR ow t enperature (500)

gal I'i um ni tri deFigufesdrS hmycerss-582ionblhdewsafirdiegatisinh airdamidrecisappid r e

substrate 102a in.a.cald wall rtical and inductively heated netal organic
vapor phas‘gém% rfsawwgttegﬂ?‘{]%ti:%r‘?w@t% SgRACPTAiRS RthORIGHA IMHeRtom moni a at

1500 seem and 3Pi@Qres GCID 4 dioRESdttidhdl WRsWs of BiYRr ghIBWM hiRfde nigfeld-1hh;RI tri de

| ayer on a sapphire substrate including an alumnumnitride buffer 20 |ayer
i s descri b¥grciuResAnsIngdaiermyiate fabrication stepsr asgendingt te thrpresrat HMiventiori.cal  and
Lum n ent Pr L es_1af f I i ially Gown GaN
Filrneby Usi oAbk ctosi e aagarelfortl o of bR gelth Al ¥, = 0,

Phys. Let tmic4@{&)ronivstimbtutes difif3 intgrmedBrfadR&itioh Istepgtaat@tiggnb ¢hevapor Phase
Epi t axi al Go%agﬁt.a H gh Qa~ality GaN Film Using art AIN Buffer Layer to

Amano et Jfresen PBhys. Lett., 25 48(5), February | 986, pp. 353-355;

Inflz~ence of Bubkes 1¥2YQFScroR-dbRorlREPRS b 8N Stheld 'ihé?ﬂﬁhh%y Si ngl e
Crystal GaN Wer Sapphire Substrate to Kuznia et al™, J. Appl. Phys. 73(9),
May 1, 199BicrosiectramgGimotgres daang BtegwetiatosfahgeaGanseps, faetordingytethet 0 Nakanur a,
Japanese - Appl i ed Physics, Vol. 30, No. 10A, Cctober 1991, pp.
L1705-%§I #%caqiﬁg&&%dtﬁgct of GaN acrd AIN Buffer Layers on GaN Film
Properties

Detailed Description Of Preferred Embodiments

The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
30  invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art.

In the drawings, the thickness of layers and regions are exaggerated for clarity. Like
6



. al so referre

30' Gown on Both G Plane and A-Pl ane Sapphire to Doverspitke Ma¥ 04 , Jour nal
of El eciy®mi/szdbterials, Vol. 24, No. 4, 1995, pp. 269- 2FGy/usboee7ds4sscl osur es
of which are hereby incorporated herein by reference. StiII referring to

Figure |, the underlyi. alliymnitr er saplurallty of
si dewal | s ™ e{ngfe %i‘fg‘?g‘?lgwrftf‘ %uﬂlr‘?ﬂ{edlg%@ﬁe B?f}elr#%%‘gt%ﬁ F?Skill in the 7
WO 01/ 3732ferdetit MY 2Q04ydPGELIIRQRPk2ERtE iatdfertdtitd ab bemgl"dnevw "oate?05 may be

t hought of as being defined by a plurality of spaced apart posts 106, that

al so may Beother demert, itgambe disgetlyon the plbgpalemprt-or GrterveRng SFECNISTRAY si dewal | s
105 may al ?s%(#%%rés@ﬁy%Bfegtrqraéach%h[&&gﬁ éft ngngé(d é’rtcﬁ Y &pdidd NerBih 1ﬁélﬁ<'il£shes 107,

to as rli'ying ga umnitride |ayer 104.
The 5 S§i dembhmlch%]tamyomdmnvxlqetypbem@bdmwht aswdleéi ng defined by a series of

alternating tr hes 107 a ost 0 Mor eover. Jost 106 may be
. provi ded, that ?“BE“PW&EI Fﬁ" 5%?%%?%3%5@3 q]%’agt one trench
107 adj ace&hlcbh@uo%m&uemp&sﬂt:corhing% enbbE@mensaITIhOndsdnbivelfich s k6ll 106 and
the trenches 107 that define the sidewalls |05 may be fabrlcated by

sel ect i ve betdessribgd afgsbews i ewte\le 2p pndaslying gaé]erHﬂ%Wéfr Ofgis graver
convent i opgl, sg\B&iL{Eé gbfsrl%ér\]ég&?t?a‘{fi?z in{cw‘a'eé ) sbfiffe gﬁli(gg%gﬂa?fg%mat the

si dewal | s nee e or ona rat may be
oblique t Ipmffafably WAt €100Y) (cl—]ilanml) loheﬂthﬁcm faed ulsdpreﬁ‘tmbld indiedesaint hough t he

sidewal | s QS are shown in _Grosssec nin Fi ost.s 106 and
trenches Iab*mﬁ’é‘? nytgyde sad/ar sHium sgnde P FFslaY‘H&tﬂgﬁT ihg‘f‘r éﬁagﬂgrapkvcshaped or

have ot helje§ ﬁcoﬁ@erﬁllaﬁy‘ﬁbeﬂ'ﬁe}:eﬁrg%%vemkﬂo% th H1§336 R8dng MGl11kR iy £f,er abl y
extend into the buffer layer 102h and into the substrate 102a, so that

subsequentndagdd mhbn |d@$qr|¢bed g‘artl.m hTlegallium pitafle layat 104 mgy babetieer Pdewal | s
e TR s

si dewal | s % gallum e elaterally
grownliso faﬁimmamlrﬁﬁ-ﬂea»hffgalhj/druﬁﬂﬁmhrlmcleedq&yﬁnre](w@f)|gmllmhm1ﬁﬁietb1éfmhes 107.
Lateral growth of

d b 1 00C d 45
Torr. Thel ﬁi’FEEQﬂ'bs@g gﬁgltéﬂg‘;“égﬁ Sfﬁ%’wrﬁf’ Stérgﬁnﬁal@?é\f c‘%gdﬁ‘ y be used
in conbi ngﬁdl Hﬂlug‘ﬁ‘{ehy Heﬁ%et%fb?éﬁn‘f?vé?ol' PERE ep tzfxygﬁflstleinq.mr{y thikt aﬁidrﬁ)ys are

f or med, ition conventional precursors of aldm num or indium for
exanpl e, mE36iehalbnineamswdia add 5Q&sdrhandsi0f0 stdre hydmogen ditueat. aThe grodils g

direction hat onal to the 25 sjde s 10
Onder st oo F Rapt By REGIRR Bn ' sBpri s S P F B Wb MitracBte 0° |
duringot hWeaisercadntgaQﬁ\@ﬁblfe&@msandﬂwbhﬁmwﬁemm uzsezaedmmlamd the term

"vertical" denotes a directional parallel to the Slg, ﬂ19/§~* When t he
sapphi re éuwyteﬁ@ﬁ"éPr@vee&%%@aa@te’etﬂﬁ@le@d@ Baoxs Erigaviq! ﬁﬂ \A? #0m5a) i um

niride, bl (R MRECLRUSL DA ARk MshidadE dL Ay UBL 8L &y DD

sapphire. vertic gr owt fumnitride may take placefrom
t he sapphiMarch i crf8R, pp- d@ﬂsl?%MaztalargnmcMaemfBbce‘e\,ﬁp!thxméﬁecrvw" ajrdygh of the

galliumnigri nt o,,t S e tively,
because oé Hg' %?]gg:e)r,{\ﬁys'gg "’é\ﬁ‘%#@ it g%(%gjse egélél}gﬁi fpﬁb'lgug“és?ﬁr face of the
sapphps e @Bys)Eebenity @086 pl 353208 57 RnEd bff Bufer LbWrﬁbﬁ UmalD@ioymagadﬂ ium
nitride can nucleate well on alumnumnitride, andé eby

High Quality Single Crystal GaN Over Sapphire Substrate to Kuzniaetal., J. Appl.

Phys. 73(9), May 1, 1993, pp. 4700-4702; GaN Growth Using GaN Buffer Layer to

Nakamura, Japanese Journal of Applied Physics, Vol. 30, No. 10A, October 1991, pp.

L1705-L1707; The Effect of GaN and AIN Buffer Layers on GaN Film Properties

30  Grown on Both C-Plane and A-Plane Sapphire to Doverspike et al., Journal of
Electronic Materials, Vol. 24, No. 4, 1995, pp. 269-273, the disclosures of which are
hereby incorporated herein by reference.

Still referring to Figure 1, the underlying gallium nitride layer 104 includes a

plurality of sidewalls 105 therein. It will be understood by those having skill in the
7




8 ' WD 01137327 12 MAY 2~~J~ PCTI US00/ 27354 al | ow verticaLl AWM Jagiof the

gal I i um R{$oise2i romthe trench floor, which can interferpgcysyineg | ateral

grow h of the galliumnitride sidewalls. The conversion of the exposed

areas of the sur ac.g of the sapphire to _alum numnitride rrae/ be reduced and
Rifthe by

pref erabl y 2t eVl 190siey b theught gf svitorna dstised By ddureBly ©spIGeAg t he

gal l'i um ni taf;ﬁr@ﬁostf%&%@ﬁb%ayaoetr@ﬁ%ﬁ?Jéér'%‘iéggs"?-' HEst 400G BRyRe used
rat her than a conventional tenperature of about 1000C. However, this still

may not pr dherstdevals ftiexnriso be dfought dfias breing definksl lpna phueality obirerwhed he

sapphire s tnat ferring..adgain t Lgure.2 ccordin t he present
I nventi on, litB Z’eglgoar%f)ﬁgrﬁégig Ws%g’s?r? %}F émi?ﬁgrér% %ﬁé‘f% REY g?ﬁyf'i' g?‘{gﬁp}ey deep to
prevents vesidewalls Yromb aled bgeouphtroMas béing definiedbyt herizappiltdrgatingench f 1 oor
107a frominterfering with e step of laterally gxow ng the gallium

th
nitride si H&neher 406p0q pRsts;106. ddareovmie fngle Pp#itlfompay b prowidsd, thatanay ench.
For exanpl ' | ' ' : sapphire
fl oor w dt Eeiﬂ(;rir&%{%kgf H%gggﬁecﬁ%ahgs oer?elt?egl}té?(ll)tsw %@;‘}g%tét%sstgggl% (%é'n i ng on
t he verti caillboundarsped thgt thatphsts 506 andethe aenahes 107 tigt defiriei thesidewalide gr owt h.

Under the It d L bed below. the lateral growh rate of, gallium
nitride cagaﬁga&ggg %brmg ﬁegky tsﬁlgc%véare?%% a@(%ﬁﬁc?%ﬁ %’.ltaﬁ? gp“ﬁﬁé%c&("g

condi t1@nsothanconwettionalifethnigwsst Mord@ep, it wihgbebe uideestsédiguatht siequtid from
t he posts can coal esce over the trenches before the vertical gallium

nitride grBeRINOF RS PHRogANANeHRSSbREALe 1 &% bt mather mAYVRFAbdaLs Bisres? gal | i um
ni tride onptdify SERANAISELS HRRLAG LA IRER:H ik gde@fﬁﬁs 163 i}ctspm &b&L growt h.
rowmh of the la g

1
Referring now to Figure 3, continued g teral galltumnitride
| ayer 108asestior 8sFiguretl, thel pagisdfiand trerchesh 20 Tmdye defmeejongdted tegions that de | ayer

104, i i ] ' I itrid
Fayer  Bosnrec b YCinbd S RAE et Mo ca Ml Sl BTN fs s
descrilfed preferahiy extendintovibicthulfer Riyelioeb and Ago desabsthasvn0la) sftigur e 3,

continued vertical gtowmh.into trenches 107 may take place _at the bottom of
the trenc ?cqﬁeﬁtcﬁa%‘q%gltﬂ?%gré’wgbm?‘lf CHEUR %g}? St“EFé”q(ﬁétlgﬁ sthefal | i um
nitride | ageh oh BRarenol fbbe. trench floor 107a. Referring now to Figure 4,

growth is allowed to continue until the lateral growth fronts coalesce in
the trenches 10%cfaminghew tetfigyradethe stigwalls W5 ofithe undaslyinggabliten 8oridal | i um

n 11 0o OB G0UR Arh Bl KR L ABBRIERIE Sk BREE e
may t120n hecrches. ilatdrilgrowthesfaallmed hitride it bd sttainedracIO0IUDOTC hityer 108a.
Devi ces matys "?ér?.oT ee prfec(‘?lzrrsrgrgi TIEr(]} .':\llteert-?i,9?15311"10]/%%lnlaincllJ ﬁl—ﬂiatt rIIS(C)jOe sclcg%/r%gy l'l)g gsbéd ?
in combination with a 3000 sccm H, diluent. If gallium nitride alloys are formed,
additional conventional precursors of aluminum or indium, for example, may also be
used. As used herein, the term "lateral" means a direction that is orthogonal to the
25  sidewalls 105. It will also be understood that some vertical growth on fhe posts 106
may also take place during the lateral growth from sidewalls 105. As used herein, the
term "vertical” denotes a directional parallel to the sidewalls 105.
When the sapphire substrate is exposed to the gas phase during growth of
gallium nitride, it has been found that gallium nitride can nucleate on the sapphire.
30  Thus, vertical growth of gallium nitride may take place from the sapphire trench
floors, that can interfere with lateral growth of the gallium nitride sidewalls into the at
least one trench. Alternatively, because of the presence of ammonia, the exposed

areas of the surface of the sapphire may be converted to aluminum nitride.

Unfortunately, gallium nitride can nucleate well on aluminum nitride, and thereby
8




wo'oi /37327 12 MAY 2004 PCT/ US00/ 27354 Accordingly) in Figyr Y'S 0 allium
nitri devw?@ﬁ]./ pduct or structures 100 according to enbodi Fgg&@fn e
present 1nvenfion are illustrated. The galliumnitride structures 100
include the substrate 102. The substrate includes the sapphire substrate ~.
02a and t BBow[varicaligrowith pf tie spilitfrenitridgfeam theGpnch floph avhéchpgsiniinterferebst rat e L
02a. The al:.m itride Lo N Ltrhlde buffer |layer 102b nay be
about 200%@1&9%%%6#&%0%%%égﬁlgﬁlﬁg{dgdgﬂc{gh;ﬁmﬁi tride layer 104 is al so
i ncl uded on t h&hbubfwrsibmyfihe ERZdxedpras of the bindaceWwWishy @pphitdida. The
underl yin alliumnitride layer 104 may be between about 0.5 and 2. OUm
. thi ck, anglug%lg}urﬂéﬂ'rﬁpﬁ@d dF e%{lfgw@aﬁwehw&&d DU RISE BTty ( MOVPE) .
The under kathearGl bl Browihd e GRITURY Ritri@E Tk RkdnipBasteAetsfe ok bEsht €l ati vely
hi gh def ect Pf}lkgnsit . For éexg%’gl eu, dlirél_ocati on %Ie’nsie?%%gs of Eet ween about
. 10s and 101eHCanasele wrsdpatberghan & ponveatiensd temperatgregdlabouwth0A0YG.i de | ayer.
These hig Cly.: ities, may result frommsmtches in.attic
par amet er 21 Og%%%é{ehﬁggﬂgmﬁml pipre eé’f/ghre %53{1%%%{%%3%328% ?/Iil Flhge Al IO?um nitride
| ayer | O4theasapiplare siibstedtéler causes. These hi gh defect densities may i npact

t he performance of mcroel ectronic devices formed in the underlying gallium
nitride |ayer PRo¥rrirg again pdfgungds ACFORIRS 1 the PERSSRYyINYNtign the sanpditee 5, the

under{gyin i j Lk i ] i : .dewal | s 1
Cel TRyt el 107h 8 AN SRR Mo IR Dolddl UM B nREEENS [ D
of trenché&emith? saphbiraasnciefoori 1924 fimboingsriering wih the deepal laserathy ghvsviogl | que
and of various. el ongated s . The posts ]06 include a gall.i nitride
top, a gaheigﬁﬁ{“m Ppg«geesxgq%ag@&??hea%&eaépwwﬁg ’rng) @‘F&g@éﬁoj‘e g'ﬁHChI' Lr:%‘q’rat | east
one trencBxdnigle, tHefatid oF arPAppiErd didswalllkkight y b %&@PQMH Rodrlveidth :191%2

e

preferablg is free of a vertical galliumnitride |ayer thereon.
¢

sapphi re B¢ gdeast 1/4n Siherratios may pepsed deperstingwrths viegtgabtogpisrad gl i s at

| east<ll 4 : LAY # t’gpggﬂﬁl,e DI : : teral

gal | |1u%1 nfatt%?é}ggpgggghl?g \éﬁl{el{(ate nds fi%{rge?wee%grﬁlgﬁ ty&g?eﬁsl?etcli%\i’/a}h s 105 of

t he under lajeralgroathl natemfrgatliumdeitdideyean be@4dsterThan thatvertimhl grawth tate.ni tri de | ayer
108a may formed usi.ng net al or L C_vapor phase epi.taxy. at abqut

T000- 110087457dhEP8 cathiom ot B sLhGHently QBT GERPR. drep dopeet Sap 8588prmol /i n
and ammnihg podlkiSin édalebe®Bver FrdMréRUedFefoieeRe VéHidd paninh Meddeodowkt fih @ 3000
sccm H~ diluent, to formthe lateral galliumnitride [ayer 108a. The

gal | i um niheticaehes gt cesnlis fFomrmusteation of galliwo nifride on Hid sgpplire fwbsiyetet i cal
gal liggm n rihfi?fe%%g?lﬁ]thjqutgraﬁ g'i%"”ﬁ)(t ends vertically fromthe posts 106. As
, el

shown 1 n H"gure ater galliumnitride | ayer 108a coal esces at the
i nterfaces 108Refenirfgoraw @ Kigmieidnuautmukdpeivah ofjtlel lataral pallinind@trdieni conduct or

| ayer 108a 1 WO 01137327 12 NAY 2004 PCT/ US00/ 27354 (i n trenches. It
nas been PUTISRRAREE R GRATDET TN eGPy EE ERRP AT P gal 1 am

ni tride | gieeificdiBAosts MRS mstsy1 080t0BEmRANVRRAGRE AT hm iRtk avef 168B.t BRowthdewal | s
105 with the sane density as vertically fromthe underlying galliumnitride

| ayer 104Somiiipgs fartuertical groaith gy begmainfained e waa jescriboBia coanedivpeavith

rel atyvel ¥ | aw d i t f ' .

Accori i ng lyglfu%t“he&{ %?cge? a%g{éllI;I\{Pﬁgngh?{%tﬁgggp%@él%i%%%nﬁ%ﬁﬁ%b% e7vr|h%ye qual ity
gal | i um ntake pldee stahe bettuohu of the treatkes) &l void 109 predarallyaemains bEiwgien ehed,

m cr oel ectroni c,.devices 110 be fornmed,.in the lateral galliumnitride
seni condulél[e gPlg;‘;‘/‘BTn‘i@%&?yqrgg_&}/?‘i“f&eéﬁnﬁ%ﬂﬁﬂ 8tood that a mask need not
be used to faméfﬁﬁ{r%ﬁoﬂﬁtoqf}%ﬁﬂeuw_ﬁ idg109RE1t6 eftiuk AhtiBthe Ykl s 100 of
Figure 5, because lateral 10 growmh is directed fromthe sidewalls |05.

Fi gures ogreoth frpnis cealesse in hertreaphnsdidimahths interferadilffe.tto farlvea pentinaigus

i nvergd' Onga]lium nitride semiconductor layer in the trenches. The total growth time may be
approximately 60 minutes. As shown in Figure 5, microelectronic devices 110 may
then be formed in the lateral gallium nitride semiconductor layer 108a. Devices may

also be formed in vertical gallium nitride layer 108b.



As'shown in Figure 6, a mask 201 is forned on the trench f or 107a When
formng%{;ﬁ.’% 7201 on the trench floors 107a', the treng /{f@/ t be
etched in e sapphire substrate 102a. Rather, as shovvn In gure 6, the
trench may only be 15 etched through the alumi numnitride buffer |ayer
102b. However, iAccgidinglidnfinghae é,tgadidlnhmlmﬁmwm;ndunﬂgr stkudtdres Ok he art that

the trench gééo%&ﬁlg%% BB BRENE Sl el dPinS AR SUBURRLE 21 f rfiBat®

illustrate the T rench

substrat e mayctbhees rtﬁﬂ kresdiudei thérsubsas | 02.0The $ubswite inclaiee theaapptliteaubatdiye, the

trench may etched only partially intg the alumnumnitride buffer |ayer
102b, 20 répﬁ%fﬁ ‘f ﬁ*ﬁﬁlw MIWF%P%fglﬁywm%r)amerﬁ@ﬁpmmsqbéréa%mserTheayer

102b ass shQjmnibimfighde & need not
be etched i ntol thelal umnﬁ/al;héﬂll”%{l?ltnéitgag ??éerrlaééggfﬁhgggmgg&glopb%@g‘th r at her

t he mask Zdll;ckray be formed on the exposed port i on of the aluminumnitride
buffer | ayer |ve e not extend
into the alum né%erl#l? é’%ﬁ?# ltPayea ernﬁ)t 8 ars ?UJedfngE 't?‘éff%)f%?fe Wi t hin
t he gal | i ud2b dppadise Hﬂ:ysabstﬂa@aﬂfwhnd“hbhﬂdémﬁ&g gmuxﬁmytnlae 1dyer D®ROmaybé he

gal liumnitride f r. it will be understood that although the
mask 201 i é %‘WSW’I]!’(E@ Oﬁa‘if’é{zwgaﬁle and may é"sf@mé‘? YSH® TREAIOFSATA YAPPT | de buf fer
layer {@2bp hds'E: eER@;@ (ﬂW(DVPE)’e'TEé‘@lcﬁﬂﬂlﬁgtgﬁllﬁlmﬂﬁﬁle 1B Reherally hsaR Pe thinner

or thicker. been found, according t present invention, that
gal | i um ni vmdedee@ti'éewsly ligh defget|deasity. prpmxalbwslomu@ardmnesmfor phous and

crystal ! nGRLELIG 308 SClb' R Shb! 608 LloH] HEupll OB Rl g 2nd certain

nmetal s such as tu ten. Accordin 'he - 6oF SI°g
t echni que, Iayencﬁl“t&seh?rghrdﬁ&lct éanajies ﬁtay@eﬂ;unrfmai ﬁﬁstnﬂﬂdfheb&ﬁfﬁttﬁéé@ﬁﬁ&h@ﬁtér@n may be

used to d Sit i ri such as silicon djaoxid 5|I con nitride
and/ or tuﬁ%@?@ﬁ“@‘ﬁ%?ér@ggmg Sreundeslyag saliumyyt 43 ﬁP‘haﬂéoaoes not 11
WO 01/13732dthér &ub&Yﬁesﬁlmm&gaéﬁnﬁ*ﬁh%i ﬁxe%@ﬂBhﬁdxﬁé‘bfy on the mask,

it can be forcesd to.grow off the sidewalls of the posts on&z The remai ni ng

pr ocessi ngT&FRPEcHnicgyifes forgiegd an &tsﬂméerbamg@bumws@eé%ye}:i res 1-S, and
d be d h
need not be desggj l?&ﬂm%g@'[vgumx%%'e&nlngQ o Py nltjujsd e L‘lrlde ?l'tl’lr raﬁlu eI%ltr%% er the

enbodi ments according t e presen I'nv
sapphi re slapathldunclid@ahd slustichefbidawalls ¢ 08 tiak ynaglee ﬂeﬁﬂbdrif)eahe plural@tyt i cal

growt h of II' es re floor frominterfering with the
step of % Li{(}k %[W&kjpﬁ mé{é’l FFG‘iahpgﬂbhﬁéWﬁéeiﬁaP;gsaweﬂhe at | east one
post it 0 sﬁdf@vafﬂ% mhaaAse ot te Eﬁ@mlnoﬁsselmg%téiﬁﬁ%ﬁésbeﬂc'p@s@qn@%qd&rb Wi th

Figures 1-5, and need not be described herein again. However, 1n contrast
wi th Fi gurgslium gitrifetop; g gpliyminitrige sidgwald andig kapphire kidawald, aidithegreatt oxi de,

511§ 00N "l dl RO ey BURARI EROEPFIo2 Ol o Py AT ARG Sy o

galliumnitri ayer e ms ave a Rfest Bout 1000
or less and armyudaega’dbnmedtndn layeetharedar rI‘jne e:gapg&la Is:duwamhélrghde shppife 104 usi ng

| ow pressure Slt n (CVD) of silicon dioxide andlor
silicon niufjic’rc’r(’.ivégtr}rI Q%ng«%&)épi/ﬁ T on beam or thermal evaporation may be
15 used to depasddtinuiHpgsitiethe dImlpﬂaﬁ Bfﬁfgﬁrd 5 tmhfe% ReliuhPni{RVhge an array
of openi ngls therein, using conventional photolithography techniques.
08a extends from the plurality of sidewalls ]05 of the underlying galhum nitride
layer 104. The latera] gallium nitride layer 108a may be formed using metalorganic
vapor phase epitaxy at about 1000-1100°C and 45 Torr. Precursors of triethygallium
(TEG) at 13-39umol/min and ammonia (NH3) at 1500 sccm may be used in
30  combination with a 3000 sccm H> diluent, to form the lateral gallium nitride layer
108a. The gallium nitride semiconductor structure 100 also includes the vertical
gallium nitride layer 108b that extends vertically from the posts 106.

As shown in Figure 5, the lateral gallium nitride layer 108a coalesces at the

interfaces 108c to form a continuous lateral gallium nitride semiconductor layer 108a
10



. selective'e

As'shown in Figure 11, the underlying galliumnitride |awey \ay ggghed
t hr oughwig§/zdsray of openings to define the plurality ofpquasses21i58 in the
under | yi ng gal I | umnitride layer 104 and the plurality of trenches 107

t her ebet ween. posts each_20.include, the sidewall a top having
t he mask Eb@et“l‘?ﬁ? on. thaﬁ%m foung g’&tg‘é%ﬂﬁlu PR Sgﬁltleﬁé?thﬁlupaﬁrgﬁﬂgthe post s

106 and t pRNGRAHRIHE {ayRF @Ong@{eﬁl@moyn&%mgat@y;néfaﬂyffaga BB didewaid g5 as
descri bed above, the ‘posts may al so formed, 21% sel ecti veI rowi ng the

post s fromltarth@mqleylswga@mwlmfmmﬁhed@dp%\yégg amtrh%ief@f% - a cappi ng
| ayer on %H? C:t]}%ﬁﬁtepf{l §Elhﬁmorﬂ ‘ﬁ”a’(’;’g%i%@%&% a%la@‘}‘é]g ﬁ@fc&nﬁe Wiy,and 25

e use own in si’dewal | s
105. of5t h&)rwnd:apleyessghzgab cruth mctmnddgly d;mlateilaﬂ@aﬂnum mlaickerlaydryogbom to form

a lateral galliumnitri alnt trenche Lateral growh
may pr oce@’g S ?%@g]y cF?’“W‘F uci?é ed?? Jl‘g‘bsda YHowt h
and/ or nug|gal s %c%leﬁﬂ@n&@@w@& fl%W§é Borkefin el ACOMlidAGhiBepr ef erably

ellmnatedg'gy t’he mask . Referring to Figure 13, continued growh of the
| at eral gsdnhicenduator ﬂaydew&;y df wilbalgo bau&@gsto@f thrcamagy eeedmobbe uspd tpat er al

gal lium nw HLAE ol ”gaﬁgur&%% § HRUE LR @i s Phg OPABLAGE belBelIdaNS for

verti cal al ned as was n connection w
Fi gure) 12groiz.2h is diBcd/fdaB the sRIEWaB@(DOi 354 Referring now to Figure 14

conti nued growh of e. lateral mnitrid 108a causes | ateral
over or ont h-ont B8RS CUSnStsge Stng® PoboiEnis phicaond? Mz earant GRFMam ni ¢ 1 de
| ayer 108Rs sﬁmrmg\%(b hinPAAR 20Pts PUREDEOM irelBlY DG TBTA! AVRGd as was
described in connection with Figure 12. 5 Referring now to Flgure 15,

growt h i sfoamingibe mask 3&hen thedranak floorsHO7a'athertesncly pergkriot be st¢hed #B@l esce in
the trenc %%a;é;%?re%bétﬂ?e taerlia]ﬁ-i:e?sa %gxgn irf Plg[l [Nk &&ﬁh'ﬂ@iﬁy }Jét eral

gal I i um ni € sem conductor T ayer etren referring
t o Figur eetthed thromgh lthel dualmim mltrhdn/mdfet dnyeolmibn Udowaeer,lit wiEbd at er al

over grow h ront coal esce sk 209 a he interfaces, |

forma 10Y ﬁﬁwmgo%ﬁ 1“&3@?&%‘%&?? ﬁfsf’r“i“’d' eseé‘f‘He dmﬁ’tfg?or | ayer
108b.  Thegg ﬁﬁé subs@k Hodd, m@mmma@amﬁ mgupeat Q¥ tR0réHCcAYI88 107k & thel €

cont i nuous grovvth step nay be used. As shown in Figure 16, mcroelectronic

devi ces | mphms/subh@ate bayfbsrmasiied withiaemai28d ajln gfill riashar gitemative. dbdri conduct or

| ayer 108 tron dev I f over gr own
| at er al gg?rlcyurgnﬁlyﬁ? j%ar?ally%?o® %%Tq’%n a2h er I’lla G ]tlbngl gures
| 7- 2220 st iakHer mah%huﬁmbm@lwghnhsalofnmmnnn&swer|lxyeenozmas s&roam inl ustr at ed.

Figures 17-22 conbine the mask 201 on the f]oor of .the trenches 107, as was
i | [ ust r at Bguiep- Anglgt another pemgjive, thefeensa arebu bg §lahgd Inie EHUP M o5t s 106,

as was || hisdeltRirfee1dyBr & f%ﬂ:u:{t%l]lﬁut rhthettht haa@lezwﬁﬁtr/%w&%éd%tthé Bgpd¥egk 201 at

the bottomof the t he mask he top of the posts 106,
pr ef er abl yorgon afélefabmreulmmltmdbﬂ)affebl@wryl@hdllpy@fa@@ﬁlbt yltm?p’lelgié t he same

material . trébﬁ% & may gotydxtend into the aluminum nitride buffer layer, but rather may

25  terminate within the gallium nitride layer 104, and the mask 201 may be formed on
the gallium nitride floor. Finally, it will be understood that although the mask 201 1is
shown to have the same thickness as the aluminum nitride buffer layer 102b, it need
not have the same thickness. Rather, it can be thinner or thicker.

It has been found, according to the brcsent invention, that gallium nitride does

30 notnucleate appreciably on certain amorphous and crystalline materials, such as
silicon dioxide, silicon nitride and certain metals such as tungsten. Accordingly, a
"line of sight" deposition technique, such as thermal evaporation or electron beam
evaporation, may be used to deposit a masking material such as silicon dioxide,

silicon nitride and/or tungsten on the trench floors. Since the gallium nitride does not
11



for exanple, line of sight of deposition techniques, such as ther rral
evaporatl%(ﬂy g ectron beam evaporati on of maski ng mater gg

silicon dioxl de, S|I|con nitride and/or netal such as tungsten nay e used.
If the mask material is deposited after the etching step, it covers only
the verti cahudenté ameisﬁcallyen titemeask oip caLisef faceed to Erovhelf residewklls oPtheand t he
bottom surfac orﬁ of. the trenches P;&97 ga alliumnitride
preferably nu ea es ENE PROCEYIng) SfePs Gh ISHEFS r?ﬁ‘?ongﬁ?it%g"fso t hat

gal | i um ni tFugdmspnﬁfaaﬂabéwn@mkwe@he&@agammrélhe sidewal | s 105 of the posts.
Al ternatively, ks 201 and Z09 may conprise different materials

and/ or be of di f?‘@f"@ﬁt 1 Iﬁllgkﬁ@%Otm@]?WFWﬁ@%@é&@ the PFEIngﬁr es 17-22
are sims arm@@ntﬁngllﬁ@?%u% 146y, Maﬁﬁﬁgz sﬂ%tratl?ee @fz‘lsigét'c u?@&&ﬂ éQo detail .

It will be understood that thé nas eforrre on an
sapphi re f|rseyensiertiel gg‘b‘dwfaaéluhﬁmmdedmmmmpmmdl@hﬁmmtnrme de fl oor

of layer 1 r..on S | 11 umni de, fl I | 04. Stated
differentl 8/3 ﬁ? hh% ' eonfé e’%ﬁﬁﬁovﬁgg gle BW%B&T#V’?W géfhela&fﬁ/ﬂl FEPRE | ayer
10: 1, full ymtohheuglha@ahb trenivh]lds wasWes€Hted 18 2onnketid Witk 8buREeTL§ 1o Yedy 354
n|tr|delayer 8{? E into alumnumnitride buffer |ayer. '102b, fully

t hrough al JRE PEF‘iE Té%'lnai‘ﬁélp Hiopsven Hupamtrag ayith Kigpses d- %&pE‘Weé dubst r at e

102a. Nbreoweh mdsResutRbEX SiBssh &]Bxxrdg' esxl%g bitGQd 2B tgff%/srté}x' A& 209 gm or

thicker than alum numnitride layer Accor di ng sapphl e substrates
may be usedngludedgrothe h\ndﬁrl)gtm galluum 8itrid¢ hayerel Ode fihe andki 20D malyhgee 5, t o

thereby proqyi h avai/l abi he dr s. .and

speci fi cat Sglcgﬁﬁskgﬁé %‘?‘@g% eﬁ“’é‘ Inbaé'etiftjf’ Jc %BPB@%MW%@HB@?WSH s of

t he i nvent |1mra0dus1aguduapg:bs@@eﬁmﬁic@1 V& De 6@t1@ﬂ@Wﬁ6’f sﬂic*&:ﬁ)ﬂx&&@e used in a

generic andggi/g i!ﬁ tive sense onl%, and not gqr poses of limtation, the
()]

scope of tH# 1 B Agpraative Pl’@ﬁranbqaﬁbﬂrft mghpvigoratien mybe4 1 2
MAY Z0Q4 Clygid® dk Foﬁt fRERGH Fie hAR foﬁ%ﬁﬂ&ﬂdgé‘wvw@aﬂ'aﬁ‘{a}r% ﬁ}% wonduct or

| ayer conprising the steps of: 5 etching an und ride
| ayer on aﬂw@ph‘iﬁl@ msmtrcmabp}mtdlthdgfawap@hnrcﬂxesubstrate to define at

| east one post e under | all iium ni rldela er and.in the sapphire
substrate and afA 5 ég‘”{‘ I%ﬁkguf%/ie]ngﬁq'l“ﬂert]}qggﬁ 8‘?‘1’95% Har }sleLﬁlaeH tRIPRgR | ayer
and in thetlﬁadiﬁlyldepSthdtb&Ieﬁne B Lhlith @R PbstONEs msé ufReNidg el ng a
galliumnitride, top alliumnitride sidewall and a sapphl re sidewall

the at | ea§tt“6‘|’1@yﬁrr@4c%’ e plaealititiofrigenghesd 97 harebetweror  Thefpesteieactt he sapphi re
si devab hﬁicﬂme tf'né)sxﬁ@\?aﬂm aﬂcdI a&géva\f{\? Q%P-A txﬂris'k(ﬁos)fﬁtﬁgc#xs ifwilpd, baterally

growing the galliumnitri eS| I"'east "one posSt ‘into the a
| east one tm@nsihoct that dgroaply tHeqrorts 406 and irerrchis 107 ae pesferaisle fotmeddyy | ayer . 15

2. Arrethod n the step of .etching conprises the

step of etmhl g Pﬂdegtgglblgﬁf Fl%scgh%dsgtggﬁgh%ﬁ?sﬁ @F%%ﬁ?g 9?’5%?3](3

verti cal ggmmhhg the poats frommmindeti§hngfgalitint higrideARPdtiane tHenFomihg @m i nterfering
with the ste Iaterslly gr.ow ng theqngalllum nitride sidewalls of the at

| east one H&‘g’fn?l 1Ay omythe tops pEthepogme Combinationsxf sglectivergreWlandc cor di ng t o

C ai m 45 whgh&itRe ERGid0l4 Sdgp is perforned between the steps of

et ching and Ialt gral1 goigrog?\nfagr}ge maski ng the sapphire floor with a mask that

reduces nucl eat Assh@¥n geFigimngrh2, the sidewalls 105 of the underlying gallium nitride

layer 104 are laterally grown to form a lateral gallium nitride layer 108a in the
- trenches 107. Lateral growth may proceed as was described above. It will be
understood that growth and/or nucleation on the top of the posts 106 is reduced and
30  preferably eliminated by the mask 209.

Refemring to Figure 13, continued growth of the lateral gallium nitride layer
108a causes vertical growth of the lateral gallium nitride layer 108a through the array
of openings. Conditions for vertical growth may be maintained as was described in
connection with Figure 12.

12



nitride thereon conpared to on sapphire. 25 15 ~ 2 NAY £27-wya¢. 206§ net hod
accor di o tiws78d7ai m 1 wherein the etching step conposes tPeI/HS@R7I540f
etching the underlying gal liumnitride layer and an alum numnitride andl or
5 galliumnitry buf f er n esphlr ctively
expose the sapBﬁfP@n%’ffg‘éF’ rea}(ra\dccﬁ’é F?\cg o g%%? l?astérra?%aqm%ﬂ n%‘%[dﬁ

under | yi npygal 08k leandes lmrdleodeagtema@do ke mm 200f n‘oetbnh ay envergrubviatatdrelast one
trench in the underlyin alltumnitride |ayer an the buffe‘T[lr?v | ayer,

the at | eSdHugAdTigedtyey d?:rﬁ&ﬂacwiﬂpwrfwn‘?‘tersr% ‘6‘6 & THHIPIER i tri de

si dewal | @ggdégnggdﬁmcgmgcgbﬁwlﬂq:l%\rngalI the at |east one trench
-including a sapphicc floor , A nmethod according to Claim4 wherein

the etkhing stBpfeodrgavstesFigime 15t gowsh is atlowied byycartioue patelrthg laterabal | i um

de | he buff h
Subst r ot eoPBBPRBEPYNS o lrRbCh AR oG BRTRR A G ApE e R AR RSP P O T

are post 1atbrm%uumdﬁxrtﬂxde déﬂ]l@ﬁlhhd:tdfﬂa@bﬁl’%d@nth%ytﬁdhchdsn the buffer |ayer and
is the 15 sapp

ire substrate, and at | east one trench in t L& der | yi ng
gal | i um ni tri detill gfewing o Figarel g&wfhawﬁo ﬁffﬂi"’qdﬁotc%t‘%“&dﬂﬁ‘ljle@ 2§t rate,
the at S8 80 RO cmgécuqbaq}q@naei homtm inkdrBRed PUBA, o k4 UM ni tride

Si devvaII a sapphire sid the at | east one trench including a
sapphiQ e ®mtinuous «mr@owmmm@m@mdc paynicendgcter fayer W eThe tord step of

T e LeRie SRR g A Rirtlesl X SR LY MBLIEAAG e el | U

nitride s one". rumnitri'de top)

t o t her ebye hisedmAz sg@dvh irumgmctlra, dﬂcr&élﬁttﬁ@ﬂddl@zhm 111 ayrery. thérﬁbd\fcﬁd@&lih SHEET 1
2 MAY 2004 7. A nethod _according to claiml: V\/nereil n the steg P | aterally
gr owi ng .@e&t@r@b@éhwﬂyﬂtﬂﬁ@sw&@nwt%@ﬁh%Bat Hdicgegleq o Gigvise &ISPop with a
mask t hat %fﬂ&"?&ﬁleﬂgﬁgx%%% | 9&51' aﬂmrﬁ‘p&ﬁaéjﬁ yE"RigeON conpared to on

galliumnitride, ep of latefally growi ng conprises the
step ¥ | at er aFingllyvefegingvtd ﬁ@ulretael?g&l |st1ummrcmbq@nmmﬁah¢ pgfenthe at | east

one post onta.the nask ther e for . a aII|u onduct or
Cayer 6. PRETspRG TR CHr FIEES L REOr aienk Ehood Pletfos? SPURCTSI T

growi ng lﬁeribﬁesf 07, ayvwes Bysitdied miTEpured 6fl©[WItH@1@ha§k€HEtome msp ofthel ectronic
device in the galliumnitride sem conductor | ayer AE q‘og lfaccordl ng to
O ai m1 weestsel09, eviwassillagrated iaFigirad 1 4t wlé&éa’éarswdtthaé ¢ 355205 ¥r i ng the
under Y1 (e SRR UPYI AR, LAVGE ol 0 o BRAG) bPURYBNL 10 SetRabp, A et hod

of fabricating a galliumni e sem con uct r corrprl si ng he st eps
of : ea(chi #rg famednitrultaneogyald proferably cdardpndealyesaMaanahl Aedondinglyi t ri de
and/ or galllumnltrldeabufer | ayer on apphire substrate to define

at | east BREXPBE ling af sighbet Qﬁﬁa@PPg/m‘;Bm@affw %ﬁ.ﬂemécwag%%maﬁa the buffer

layer andeiglirdnGiatn &Qﬁorﬁﬁ&ﬂ&ﬂhﬁéﬁtﬂﬁﬁaﬁﬂﬂ%ﬁbh’ hd"ﬁh&iﬂ dibiide ¥ili¢dndetrideyer and
the buffer layer, the | east one post including a to and a sidewal |, the

at | east améortmesplcnich ﬂﬁ:ﬂuumtﬁgmay be vend: Ththeinash maeriads depgsitedaferthoor with
a mask; a&ghlhggt%f)% L&(/eﬂsrcg@@{}% tﬂ?ca?%\gﬁ}fy@slr eQhe ldMsudacE¥The PORs PRST 1 nto

the at | east t'r énc ere ma ga I|um nitride sem conduct or
| ayer25 and the bottom surfaces (floors) of the trenches 107. The gallium nitride preferably

nucleates little, if at all, on the masks 201 and 209, so that gallium nitride preferably

only grows from the sidewalls 105 of the posts. Alternatively, the masks 201 and 209

may comprise different materials and/or be of different thicknesses. The remaining

steps of Figures 17-22 are similar to Figures 11-16, and need not be described again in
30  detail.

It will be understood that the masks 201 may be formed on an exposed
sapphire floor of the substrate 102a, on an exposed aluminum nitride floor of layer
102b, or on an exposed gallium nitride floor in layer 104. Stated differently, the

trenches may be etched partly into gallium nitride layer 104, fully through gallium
13



17 i ,~ 2 M4Y 200 i EI1. A method according to Caim1l fj\n the
step of ekghiRese0npri ses the step of etching the underlyip 5 ,&-}_,,g‘{n 5
nitride |ayer to expose the sapphire substrate and thereby create at | east

one sapphire floor; and wherein the step of maski ng rises the step of
maski ng t haitege laéf%trslto“eﬁ%i'ﬂé’alﬁﬁHl%n‘ﬁm@dﬂdv\mﬁfﬂdamé 2h, Yﬂ?é@ﬂﬁbes nucl eati on

f | AL d
gccg?dl lﬂ;”}(ugh{gi ﬁarﬁ?fl]lthhggagr&%er con%?ﬁagg’nﬁfb %gBmP : §u%st?r3t &% R’Q[gtd (east
one top wi thg thickessk of the mask 261 oy badlionetithen d:rdhl@l\mtharﬁﬂumhemenmnddﬁe st eps
of oK\ 00y B, RSt 0O R e e PR . 0Py e

performed s taneous

step ofs etmhndtgpemcmrdusteslatyhe ﬁttl@@eﬁ}fprahﬁbﬂdt@ cédend/bfikich WiAmbaARY] | um
nitride |ayer d aB al.um numnitride andlor 20 galliumnitride buffer
o

| ayer on the s EWIREANdSperiticatigry there have P"é&&ls"éﬁféd péqal preferras

under | yi nQeri5d dimeiis B tHel n east ono
trench in the underl §|I{1 Iggeerlllna%{g{riﬁl %P?crnll éb%%%%réﬁ‘%@ Eilegltagléyer t he at
(east one lﬁ@étlnﬁgelmmhan dasmppraMSanrﬂydmd/\abﬂfpr plrposzs of Emsthtiamyehd r ench

i ncludi ng an nium.nifr.ide or . D SHEET , 12 MAY 2004 15. A
net hod acc%r TG O« r’inclmm%’ vﬁ%é?‘@l‘ tP%g’lé’?’é?ﬁD‘g?’%ski ng conprises ' the
step of etching the underlying galliumnitride | ayer and an al um num
nitride and/or , 5 galliumnitride buffer layer o ,the sapphire substrate
and the sapphire substrate, to define at |east one post in the underlying
galliumnitride layer, in the buffer layer and in the Sapphire substrate
and at | east one trench in the underlying galliumnitride |ayer, the buffer
| ayer and the sapphire substrate, the at | east one post including a top and
a sidewall, the at |east one trench including a sapphire floor. 10 16. A
met hod according to Caim 10 wherein the step of laterally grow ng
conprises the step of laterally overgrowing the galliumnitride sidewall of
the at |east one post onto the galliumnitride top, to thereby forma
galliumnitride sem conductor |layer. 15 17. A nethod according to Cl aim 10:
wherein the step of laterally growing is preceded by the step of masking
the galliumnitride top with a mask that reduces nucl eation of gallium
nitride thereon conpared to on galliumnitride; and wherein the step of

| aterally growing conprises the step of laterally overgrow ng 20 -t he
galliumnitride sidewall of the at | east one post onto the nmask, to thereby
forma galliumnitride sem conductor |ayer, 18. A nethod according to Caim
10 wherein the step of laterally growing is followed by the step of formng
at | east one mcroelectronic device in the galliumnitride 25 sem conduct or
| ayer. 19. A nethod according to Claim 10 wherein the step of etching is
preceded by the step of fornming the underlying galliumnitride |ayer on the
sapphire substrate. 19 AMENDED SHEET

14



12 MAY 2004 20. A galliumnitride sem conductor structure conprising: a
sapphire substrate; an underlying galliumnitride |ayer on the sapphire
substrate, the underlying galliumnitride |layer including therein at |east
one post and at | east one trench 5 extending into the sapphiz esayufgs r at e,
the at | east one post each including a galliumnitride top, a gallium
nitride sidewall, and a sapphire sidewall and the at | east one trench

i ncluding a sapphire floor, wherein the sapphire sidewall height to
sapphire floor width ratio exceeds'/4; and a lateral galliumnitride |ayer
that extends |laterally fromthe galliumnitride 1o sidewall of the at |east
one post inflgiMpe at | east one trench. 21. A structure according to Caim
20 wherein the sapphire floor is free of a vertical galliumnitride |ayer
thereon. 15 22. A strAdnethed atiebricating a gallimpitdecemiranduptot BHph SUNRItSinda
mask on the sapphire floor. 23. A structure according to Caim20 further
conpri si ng: therftestfi num nitri de and/ or galliumnitride buffer |ayer between
t he sapphire 20 substrate and the underlying galliumnitride | ayer, wherein
the at |%®ast oneclsBieg Ahynderlying opliyaenitide lRYX M acSanRPRe (LSRR sk thsuf f er
| ayer. 24. A structure according to Claim20 wherein the |ateral gallium
nitride | aysapphiretsybptrale: hdefingrtdeasiongarast ihihe wndegying gallivpp nitidey BYST f or m
a galliumnitride 2s sem conductor |ayer. 20 1.2 MAY 21?20~ 25. A .
structure adedintthegapshice substrate ang ehiepstepreneh iy theyupgeslyingpallive gifide um
nitride top; and wherein the lateral galliumnitride | ayer further extends
onto the rakwer aad timh dhee 5gPRhEnsubskate; i%tﬁrﬁhleﬁ?ﬁ Bee PeRs inelugding| aygafiums 26,
A structure according to Claim20 further conprising at |east one

ni croel ect r Biide Wevagallivm pifidegsidewallhand 8 spaR st udRa 8t lepslie trench A
galliumnitride sem conductor structure conprisSi nﬁ: lo a sapB,hi re .

subst rat®; Heludinged FaRRgedRer. ivherein the %@thgérd%'ﬁ PaightiosaRPhiEe Sogawidky e,
the underlying galliumnitride |ayer including therein at |east one post
and at | easftatiofxceednéhand he at | east one post each including a gallium
nitride top and a galliumnitride sidewall, the at |east one trench

incl udi ng a t r enteralwgiowingsthg galiummikide sidawall £f thsay lsastgne Pesinip the ak
buffer | ayer between the sapphire substrate and t hﬁ unqerl ying gallium
nitride | ayt8ast qpasrench to therehy form a:galliva e semiFONHECIS laYetast trench ext end
into the buffer layer; a mask on the at |east one trench floor; and a

| ateral galliumnitride |ayer that extends laterally fromthe gallium
nitride 20 sidewall of the at | east ong ost into Lhe atwj east one trench.
28. A stfucture &ccor & M§thed ascaidnate: reVhereindne stapcd ¢iPype coapyses

sapphire trench floor. 21 25
PP the step of etching the sapphire substrate sufficiently deep to prevent vertical growth of

gallium nitride from the sapphire floor from interfering with the step of laterally growing

the gallium nitride sidewalls of the at least one post into the at least one trench.

20 3. A method according to Claim 1 wherein the following step is performed
between the steps of etching and laterally growing:
masking the sapphire floor with a mask that reduces nucleation of gallium

nitride thereon compared to on sapphire.

25
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~ 2 1,1~=Y.200 29. A structure according to Claire 27 wherein the nask is a
first mask, the structure further conprising: 5 ~ a second nmask on the
galliumnitride top. 30. A structure according to O aim29 whefld MAYh280%
first mask and the second mask conprise same naterial. 10 . 31. A structure
according to d'aim27 further conprising as aluminumnitride buffer and/or
galliumnitride buffer |ayer between the sapphire substrate and the
underlying galliumnitride | ayer) wherein the at Least one post and the at
| east one trench ext endh methad atdrtingtd Cleim 1l vetigein thelebehid@ stog chmpdised thicstagr €
according to d ai m127 further conprising an alum numnitride buffer |ayer
bet ween the sapphi P& substrate and the underl ying galliumnitride |ayer)
wherein the at | easthingtke ydslying galliurmitridg layeeandian dweintm eitréla ambor end t hr ough
the buffer b ayghium nikdk buler Byl WL Bt CRLI sdiufd AhRsee Lfiticbcr

de

conprising an al um num nit buffe ayer apph| re

substrate and $bEateddefingianiepsipar Pestifhg uderldee safipmnitidgayerspdingife at | east

one pOEt and tﬁn&uaiyedaaaaueaara@e&eammmmgammﬂuggueudyam%mrbuﬂ&%e\rm and
into t esapplre suhst r at re._acc ing. ta i m erein
the lateral gaff?® ﬁlﬁn‘nﬁ {opERes g éifngﬁgal H"g?m@’ ?1 dﬂ’?@aﬁiﬁ’l i um
nitride top, tabmnwmtbdeﬁdwm,&mgtamtlommmqlMEsembmgrct or layer. ' 22
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10 followed by the step of forming at least one microelectronic device in the gallium nitride

semiconductor layer.

9. A method according to Claim 1 wherein the step of etching is preceded
by the step of forming the underlying gallium nitride layer on the sapphire substrate.
15
10. A method of fabricating a gallium nitride semiconductor layer comprising
the steps of:
etching an underlying gallium nitride layer and an aluminum nitride and/or
gallium nitride a buffer layer on the sapphire substrate to define at least one post in the
20  underlying gallium nitride layer and the buffer layer and at least one trench in the
underlying gallium nitride layer and the buffer layer, the at least one post including a
top and a sidewall, the at least one trench including a floor,
masking the at least one floor with a mask; and
laterally growing the sidewall of the at least one post into the at least one trench

25  to thereby form a gallium nitride semiconductor layer.
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wherein the step of masking comprises the step of masking the at least one
sap.phire floor with a mask that reduces nucleation of gallivm nitride thereon compared to
on sapphirg.
10
12, A-mcthcd according to Claim 11 further comprising the step of masking the

at least one top with a mask,

13. A method according te Claim 12 wherein the steps of masking the at Jeast
15  ome floor and masking the at least one top are performed simultaneously.

14, A method according to Claim 10 wherein the step of etching comprises the
step of:
etching the underlying gallium nitride layer and an aluminum nitride and/or
20  gallium nitride buffer layer on the sapphire substrate to define at least one post in the
underlying gallium nitride layer and in the buffer layer and at least one trench in the
underlying gallium nitride layer and the buffer layer, the at least one post including a top

and a sidewall, the at least one rench including an aluminum nitide floor.
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10
: 16. A method according to Claim 10 wherein the step of laterally growing
comprises the step of laterally overgrowing the gallium nitride sidewall of the at least one
post onto the gallium nitride top, to thereby form a gallium nitride semiconductor layer.
15 17. A method according to Claim 10:

wherein the step of laterally growing is preceded by the step of masking the
gallium nitride top with 2 mask that reduces nucleation of gallium nitride thereon
compared to on gallium nitride; and
wherein the step of laterally growing comprises the step of laterally overgrowing
20  the galliom nitride sidewall of the at least one post onto the mask, to thereby form a

gallium nitride semiconductor layer,

18. A method according to Claim 10 wherein the step of laterally growing is
fol!owed by the step of forming at least one microelectronic device in the gallium nitride

25  semiconductor layer.
19. A method according to Claim 10 wherein the step of etching is preceded by
the step of forming the underlying gallium nitride layer on the sapphire substrate.
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width ratio exceeds Y4, and

a lateral gallium nitride layer that extends laterally from the gallium nitride

10  sidewall of the at least one post into the at least one trench.

21. A structure according to Claim 20 wherein the sapphire floor is free of a

vertical gallium nitride layer thereon.

15 22. A structure according to Claim 20 further comprising:

a mask on the sapphire floor.

23. A structure according to Claim 20 further comprising:
an aluminum nitride and/or gallium nitride buffer layer between the sapphire
20 substrate and the underlying gallium nitride layer, wherein the at least one post and the

at least one trench extend through the buffer layer.

24. A structure according to Claim 20 wherein the lateral gallium nitride
layer further extends onto the gallium nitride top, to thereby form a gallium nitride

25  semiconductor layer.
20
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microelectronic device in the gallium nitride semiconductor layer.

27. A gallium nitride semiconductor structure comprising:
10 a sapphire substrate;
an underlying gallium nitride layer on the sapphire substrate, the underlying
gallium nitride layer including therein at least one post and at least one trench, the at
least one post each including a gallium nitride top and a gallium nitride sidewall, the at
least one trench including a trench floor;

15 an aluminum nitride and/or gallium nitride buffer layer between the sapphire
substrate and the underlying gallium nitride layer, wherein the at least one post and the
at least trench extend into the buffer layer;

a mask on the at least one trench floor; and
a lateral gallium nitride layer that extends laterally from the gallium nitride

20 sidewall of the at least one post into the at least one trench.

28. A structure according to Claim 27:
wherein the trench floor is a sapphire trench floor.
21
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10 31. A structure according to Claim 27 further comprising an aluminum nitnde

buffer and/or gallium nitride buffer layer between the sapphire substrate and the
underlying gallium nitride layer, wherein the at least one post and the at least one trench

extend into the bufferllayet.

15 32. A structure according to Claim 27 further comprising an aluminum nitride
buffer layer between the sapphire substrate and the underlying gallium nitride layer,
wherein the at Jeast one post and the at least one trench extend through the buffer layer.

33. A structure according to Claum 27 further comprising an aluminum nitride
20 buft‘cr layer between the sapphire substrate and the underlying gallium nitride layer,
wherein the at least one post and the at least one trench extend through the buffer layer and
intb the sapphire substrate,

34. A structure according to Claim 27 wherein the lateral gallium nitride layer
25  further extends onto the gallium nitride top, to thereby form a gallium nitride

semiconductor layer.

22

AMENDED SHEET



10Ty  910% u-u& ()- 10% 9& ()-!] 109%®5& ()-F% 10% u& ()-F 10\ 10\ 10\

710% & ()-wWU6~ = 1.10% u& ()-'h!'10%-& ()-Y ! 1 10%\6A6& ()-Y ! I-%QCVWIZ@-Y
1% 9" 10%u& ()-I Ff 10% u u& ()-U~]; 1!q 10%0& ()-s

T 10988& ()-s! E10YB8& () -s¥%B10% o& () 3 10-u 10-u 10-uy34 10% u& ()--];

1'q 10%0& ()-5 10988& ()-s! E10988& (!

410%0& ()-9-10% o& ()-!pl0%o0=0& ()-S Normal" "Heading 13]c" "Headi ng

23] c" "Heading 33]¢s " . 5 n c" " Headl ng
73] c" "Headi ng 83] 35 " Hll_%gﬁ @lﬁgt&d&?"@% a?lgasrka aﬂﬂm&ég‘l‘

Font %<&al: EP[ e%@@é@i@f?.mv{ﬂpz Txkt uvwxyz{|}~tO0 CL5X" WEIS&( X) 0+v. 2" 47r 9

<"?) AgDGHKPNPSTXZ\ 7 &-Bd oy dnditidig hiedde kop /a4 * XQB6Ti mes New :

RomanAri al Courier New'h Root EntryWr dDocunent
| HSUR () * 45 - ] 012%hereintholateral gallium nitride layer further extends onto the mask, to thereby

<=>7? @\BCDEFGHI fdstd I\uikaemiardd\vdidcalidclor Layaabcdef ghi j kI nmopgr st uvwxyz{| } ~

36. A structure according to Claim 27 further comprising at least one

micraelectronic device in the gallium nitride semiconductor layer.
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