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(e.g., aluminum nitride), an N-type gallium nitride ("GaN") material 14, an InGaN material 16

(and/or GaN multiple quantum wells), and a P-type GaN material 18 on top of one another in
series. The LED 10 also includes a first contact 20 on the P-type GaN material 18 and a second
contact 22 on the N-type GaN material 14.

[0003] The LED 10 should be configurable to emit at a wide range of wavelengths. It is
believed that the wavelength at which the LED 10 emits is at least partially related to the amount
of indium (In) in the InGaN material 16. For example, a larger amount of indium in the InGaN

material 16 has been associated with longer emission wavelengths of the LED 10.

[0004] One technique for enhancing the incorporation of indium in the InGaN material 16
is to form the GaN/InGaN materials 14, 16, and 18 on nitrogen-polarity surfaces rather than on
gallium-polarity surfaces via nitrodizing the substrate 12. However, one operational difficulty
of this technique is that the nitrodizing product of the substrate 12 may interfere with subsequent
deposition of the GaN/InGaN materials 14, 16, and 18 thercon. Thus, several improvements in

forming LED structures on nitrogen-polarity surfaces of substrates may be desirable.
BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1A is a cross-sectional view of a portion of an LED in accordance with the

prior art.



[ 0006] Figure 1B is a schematic perspective view of a crystal plane in a
GN I nGN material in accordance with enbodi nents of the technol ogy.

[ 0007] Fi gaipeon/ioseoa fl ow diagramillustrating a nmethod fPer/usSerriong9an LED
structure with N-polarity in accordance with enbodi nents of the technol ogy.

[ 0008] Fi e 3Aj.s a ftlowdiagramillustratin procedure for ge tihg a
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technol ogy. [0011] Fi gures 4A-4C are cross-sectional diagrams illustrating a
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nitrogen-rich environnent at a substrate surface in accordance w

enbodi remirgnoénttahe stlsthivoudgee in[a0oardicicguithectBbadsmantt obthedé g gy .
illustrating a nmethod for formng an LED structure with N-polarity in
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[ 0013] Vari ous enbodi nents _of m croel ectronic, substrates havi ngl1 LEDs forned
t her eorperforming the procedure of Figure 3A 1n accordance with embodiments of the technology.

[0010] Figure 3C is a cross-sectional diagram illustrating a portion of a substrate treated in

the plasma reactor of Figure 3B in accordance with embodiments of the technology.

[0011] Figures 4A-4C are cross-sectional diagrams illustrating a portion of a substrate
undergoing another procedure for generating a nitrogen-rich environment at a substrate surface

in accordance with embodiments of the technology.

[0012] Figure 5 is a flow diagram illustrating a method for forming an LED structure with

N-polarity in accordance with further embodiments of the technology.
DETAILED DESCRIPTION

[0013] Various embodiments of microelectronic substrates having LEDs formed thereon
and associated methods of manufacturing are described below. The term "microelectronic
substrate" is used throughout to include substrates upon which and/or in which microelectronic
devices, micromechanical devices, data storage elements, read/write components, and other
features are fabricated. The term "silicon" generally refers to a single crystalline silicon material
having a face-centered diamond cubic structure with a lattice spacing of 5.430710A. The term
"silicon (1,0,0)" and the term "silicon (1,1,1)" generally refer to crystal lattice orientations of
(1,0,0) and (1,1,1) as defined by the Miller index, respectively. A discussion of the Miller index
can be found in the Handbook of Semiconductor Silicon Technology by William C. O'Mara, the
disclosure of which is incorporated herein in its entirety. A person skilled in the relevant art will
also understand that the technology may have additional embodiments, and that the technology
may be practiced without several of the details of the embodiments described below with

reference to Figures 2A-5.
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surface of the silicon wafer via Van der Waals forces, hydrogen bonds,
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[0025] It is also believed that the formed LED structure can have improved lattice quality
over prior art LED structures because no silicon nitride (SiN) is formed on the surface of the
silicon wafer. Without being bound by theory, it is believed that if silicon nitride (SiN) is

formed on the surface of the silicon wafer, precursors for forming the GaN and/or InGaN
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on the surface of the silicon wafer. ntrol variabl
f eedbadR)oot tho lsulfasmiteysiliensl waler, ¢heeGaNilo@hN Ipresirsogs wmay teaddy niRHeitave s t y,

thermal input.to the pl asma .chanber d/.or the silicon wa and/ or ot her
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techni ques and/ or operating paraneters of the generated plasma may be used.
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310 i nah¢ldés optichudiybésposilihg aabsfigpmateridil ntonthic dairfabe of hiagrbiticod Wlaferabefore

power source 314 electrically coupled.to the support 312. The chanber 311
i ncl udeermaingdae diE3 sEuelyifnl &3 ong carbodimaety theabutier gpgfemaletrn inglude glymainpgy m a

seal ed Gy r(g{lﬁﬁ YorrhQP b¥&ohbetif AP ehrrtlor fiesifi 'ferzfvﬂtgad 89 oghides a
gas inlet 32 proxi mate’to an upper portion of the vessel 316 and a ga
out | et td#thytdumimate(TMdA), bottania PSHLOHN @fl/dr ehor esgable 3dmpositienspl sorber

reactor 310 .can aJ so include a vacuum punp (no hown) coupled to the gas
out | et e33bpdirgents yhebuffsr mepterind san pls mctysls Zé%ﬁﬁ%é‘? (SZS@E) arf%@fﬁhrrﬁuaﬂé? huffeh, a

gas conhabiiif %M’ ROME sﬁf}%ﬁ{ Sf &Q%‘lfcﬁﬁ'(@f&r i JMéélcQ/ﬁhﬁB@?%n&/g} gﬁlet?’ efaplne
power source 314 creates a bias voftage etween the support 312 and the lid
318 t o tediadles.sh and/ or to naintain plasnma 324 between the lid 318 and a
silicon wafer 328 held on the support 312. The plasma 324 can then form a
ni troggoezyich emmguronAeRt yvoiaBRineilkStrairpld hrdeeiudé 300 orchére@fy MaftRiged28
wi thout formng silicon nitride (SiN), as discussed in nore detail bel ow

wi th r efdreangenmentpt tpgpteprgamafnssfact giin siligon wafe ix pesorlagee with watbodinggtsam
illustragtin ortipn.,of the.siligo fer procgessed in. I

Feact or0 bRt "N iRk e b AR R LG DSl B0
2011/ 10089 8PEIRt B2 4dA26 41321t £phABak @gitor ABd SR eWRr killtabldtypes SGeadth®. Ddd con
waf er 328 includes a plurality of silicon atons 330 proxinate to a surface
329 of ¥pEPLafjiagdssngaastonp discayied gplongn marp deted atiboreforense suFreaee3B329 may
be oxygen term nated, hydroxyl term nated, and/or having other suitable

t ermi nd0028 gr oup®thdr00az] Af phaipaddetyreod0hi(blpdgS4 atimried <8 3¢ nemtinp enitdgor bed

d/ th i t ached t f 329 of the sil. f 328 vi
ooak ] A o Pl Rt o 10 NE R DPUTER SEBRETEE P HEET, BT ABABECY o
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bonds. like prior art techniques, the nitrogen atons 2 are not attached
t o t he murtd acecrdRdhomittdgengildsnpom thafrdasnB2ehaniber.c deahraauesbiondpplyingninergy

332" db AOLOT Bt icduhRe o e hr e falE duios s0Re R hB G

waf er 32&mnother embodiment, the nitrogen plasma may be generated by a remote plasma source and

may be directed to the plasma chamber with a plasma guide. In further embodiments, the

nitrogen plasma may be generated via other suitable techniques.

[0029] A subsequent stage of the procedure 300 (block 306) includes applying the

generated plasma to the surface of the silicon wafer. While applying the nitrogen plasma to the



[ 0035] Fi gures 4A-4C are cross-sectional diagrans illustrating a portion of
a substrate 402 undergoing a procedure 400 for generating a nitrogen-rich
envi r onmewo 2at1/106@9t proxi mate a surface 404 in accor damrc@/Gsaih/ogshndi ment s
of the technology. As shown in Figure 4A, an initial stage of the procedure
400 can inclu depositing a nitride.mterial on t surface 404 of the
substr é&l&fgﬁﬁﬁf.d (R b B itces 4t OLDB PEathOvA DA deiogh F b @dﬁdﬂ‘i?ecsraidﬂ)é“’(‘%ﬁtl\l) ,
al um nymdpipht ?%n&&% wf’geﬁ‘ﬁgﬁrgg' aﬁ/@ﬁéprﬁﬁh%% Binfoltd bASMARLET Hal hddnBrafed

t hi ckness T. Techniques for depositing the nitride material 406 can i nclude
cheni calitroggporlashesp dsstriod mafse\didjconationdc d SiNYyterbedfeposd b dlre §ukialdy of MEGxonVBE,
and/ or other suitable techniques. In one enbodinent, the nitride materi al
406 may"BE€ general |y anmorphous. In other enbodinments, the nitride materi al
406 may be partially crystalline. [0036] A subsequent stage of the procedure
400 car93#Y| ude e 808 PRGOHMONE AtlasiFnienEr GaR SORFIRUOYHE MG dimat Hastinemlgea

mat er i i S one
erbod et e SR bOUEE BediE afifol A3l B RigRuRL EElFadg Plaght
faci | i tatemptwer-bagd @bntoslled inayithérogenhainonBored Plaginh aragidtadis Aed&ss variable

el ectromagnetic radi ati on_and/or other suitable techniques may be used to

faci | i tiR@ecedhackrreet fanm for aqiiqvingkAcsacd ratpombelipmas asgn The semgintet A,
the M gk iy A8PPe BhRtRaAf Ind G MLaeRLA MR RYRY (OIS ¢ O

t he surtace trate ast one operating par
(e.g., deoesaovhuve soffidi@@tnergy t@daat ifermatioh @fisilicyn niridel (SIN) on thé surédde aff itlan
and/ or heat, et be. adjusted so that the mgrated nitrogen atons do

ot { ORI DI oBROL GRS T €1 IREShoniTak RoRere Mmefide qgSircal bisving
2011/1 %ﬁggg R H%Qlé}%{tgg-?ﬁg%rp{l%ttﬁ@gkasﬁlg %h?ﬁh@&‘%&&?ﬁ ﬂletsﬁlg&)ﬁrlvﬁr? gﬁdﬁ Qiaythpre

contai ned ©r trappe attice structure o e substrate

[ 0038] Andblle bpsthage cafditids. pn otdedambodidnsaathenalitatle teemyichgnd/beopdritingde
material 406 fr the surface 404 of the substrate 402 prior to formation
of  LED IR0 MNP RIEISTCBMBUSH.  he substrate 402, In one

enbodi ment, renmoving the nitride material 406 can include wet etching the
nitridd0fkleri alFigos Hhds geschemptig daagram adustentiag of phasmet ichdteog 310 rﬁé@fugtf@rhi ng

tenperature,. and et chant Siti .based on the thickness af _the

i v adlafapdfe HiEORT, 60 RERRL, S8 FaRRLa e W EREA of echiFiony a
406 camd shehwde HigseBBatheqldsatd resbityr Bt0GHEIGGes DdHdhDer 8IBI, AGupBdIES 1 Stdkida e
techni ques. The procedure 400 can then include form ng an LED structure on

t he sulsbemheed 4oand pewehwurdctydgastridatii cpugled toithe serpadi Sl skhecrhambpr 311
refer enﬁ@a&efos aF{f%gerleﬁ 620'0u%1%§z%9)]a1|1: Ie%"cl{r%ecar%lggau?ﬁéw&vﬂg %cgtrfoi}‘rrp} 4 Isela es(f ernatirlorqgleg’t

1
met hod or formng a structu pol ari n-accordance wWth

furt heringadeadi drambsr ®f 1.t e tieeitte300¥%lsoAcIsd@VWIgdsinfck 300 @rdximate tb Ahtupplr
stage of the method 500 (block 502) can include formng an N-polarity GaN

mat er i dloren ef hapsssehs B anche gaupetat 328 peammpiedtp ddeotionm persan ESithe vessaliddbn
carbid 11 G [ 03 d/ or ot ' I rate materials.
[ 0040] PHeoNE L BAABRRNT e SR Mt Kbl O KD PHERY GSHE FRGlk
deposi t322dor evacuating gases from the chamber 311.
[0032] In operation, a gas containing nitrogen enters the chamber 311 via the gas inlet
320. The power source 314 creates a bias voltage between the support 312 and the lid 318 to
establish and/or to maintain plasma 324 between the lid 318 and a silicon wafer 328 held on the
support 312. The plasma 324 can then form a nitrogen-rich environment proximate to a surface
of the silicon wafer 328 without forming silicon nitride (SiN), as discussed in more detail below

with reference to Figure 3C.

[0033] Figure 3C is a cross-sectional diagram illustrating a portion of the silicon wafer

328 processed in the plasma reactor 310 of Figure 3B in accordance with embodiments of the



GaN wi t h heavy magnesi um (M) doping onto the substrate via MOCVD, MEB,

LPE, HVPE, and/or other suitable types of deposition techniques. Wthout
bei ng boumo 2by/mb@dry, it is believed that when the nmagREFiusa0idopi1nzy
concentration is above a threshold (e.g., about 1xE20/cm 3), the GaN forned

on the sybstrate is substantially N-.polari Thus,, form an N-polarity
GaN matlef nafogéfanAsg% it _I@Hs%gd}’&?s%}klw@ el 32 CBides 6??{@@&3514@@? dHAms
dopi ng BRNEAHaf oA burfePs Mo CABRYIIHcbR Waf@NIK OrhBhdthot S ARICHRAGHEL P1Y
paraneters to achieve a desired N-polarity lattice structure 1n the GN

mat er i ahay lba @tyzen tembiosaticde hydoxyloteminmgtean aNdfool levirttgy oBaN soatlde i tatmicational so
i ncl ude dﬁﬁositing GaN with other types of suitable dopants. The nethod 500

can t hef®tHicl ude depositing a first LED seni conductor material, formng an
active region of the LED, and depositing a second LED sem conduct or

mat eri dPO34s di Senkisdidy Phnifioeen #emaidb2Bbbe adiorped asrdir acswiss aftpgigedo she

[ 0041] F, O j ' A t pgci i ppnt s
of the PO ouynEPLOPualek 32 bl RRKIRRFERLAL Fbr AR RERE b BRAL I
but t hahaywbe atarhedos tiel tiafat®B39 ohhehslisoaceafsr tiaovidn devivails fgrcty onhydiegen

di scl osure. For exanple, several WD 2011/106609PCT/US2011/ 026192

enbodi rionds Eplilknpriqragiceehiiaicsobe rELPLER aloped L sr amefgttachadda she ssbigec A% of de
mat er i : r 4. can: S e t: Vi t he
1 o Sebi e A o oD s R Bl A PRSHRR shibrl R A9
sever alrea adti ivogsh @dmt B32 do aoefhumesli@tiwidd (300 onetic berfyer3Rorofeltt dilicon
MOCVD, MEB, LPE, HVPE, and/or other suitable types of deposition systens.
Many of VfRe3% ement s of one enmbodi ment may be conbi ned with ot her

enbodi nents in addition to or in lieu of the elenents of the other

enbodi 83N, FoFigxemphdC egusaiscativhaldlipgrams ilbfstratieg ppodiedwl e sBR0rateedl2al so

i ncl ude _cgausi ng_sone ,of e.nitrogen atao to.mqgrate to t he surface of
the ot IIGBROUaT S Pber el (e mBihE R 2 Prer T ot i Ll sl el s
ref er engfrat0464 aHh&drdbhicd GithAGRBSdinBAEL Yof thd &cHhS6ERS Wseshb®mNiatFibiid1 4420n
except as by the appended clains. WO 2011/106609PCT/ US2011/ 026192 CLAI M5

|/ We clinitigd stage af thet preecdues 4G ean mgluse|deghtitiegr mitridg nefitersd 400 Em) the surface
conpri siNg:-.£XpPQsin suyf ace. of substrate to.a.nitrogen- ai ni.n
compos: 1Pa B REREBfen IR g deBitodis Gpdnife e REERLFN Ayt

ni t r ogefitride CONIBNY ki oM FHer afuithiasditrRpicOXaftBibe Witk & uhicRess of. thehsiqasd fad e
with the nitrogen-containing conposition; adjusting at |east one operating
par anet@possfm@a}svdytrm mierig 100zen infludhehosiied tveneedapesitine (CVD), atomic layer

(r:]ioﬁnr)ggie e;)gsgﬁ(g@wtﬂ% 191%95,' MB%? a%w:o? ottlpe?tsuftabbefe ?e'cinrn%ggsn_ f1°d) eaicnq. oncgrnent, the
nitride material 406 may be generally amorphous. In other embodiments, the nitride material

406 may be partially crystalline.

[0036] A subsequent stage of the procedure 400 can include causing at least some of the
nitrogen from the nitride material 406 to migrate toward the surface 404 of the substrate 402. In
one embodiment, heat (as represented by the arrows 408) may be applied to facilitate the
migration of nitrogen atoms. In other embodiments, eclectromagnetic radiation and/or other

suitable techniques may be used to facilitate the migration of nitrogen atoms.

[0037] As shown in Figure 4B, the migrated nitrogen atoms can form a nitrogen-rich layer
410 proximate to the surface 404 of the substrate 402. At least one operating parameter (e.g., an
amount of heat, a radiation intensity, a duration of radiation and/or heat, etc.) may be adjusted so

that the migrated nitrogen atoms do not form a nitrodized product with the substrate material.



does not react with the substrate material to forma nitrodi zing product;
and formng an LED structure on the surface of the substrate with the

ni t r ogen-wocehiengéoponment , the LED structure having a niPCragemipadiazity. 2.
The nethod of claim1 wherein: the substrate includes a silicon wafer; the
substr terial includes silicon posi n rface of th

Subst r AEETh K gt @H&ggﬁla%@ﬂ%mﬁyté é‘ﬁ“‘ﬁﬁ&éﬁﬁ‘l’gﬁ{ e EilHECS pEucHre ngéen

pl asma §,guphdsghe surface of the silicon wafer; generating the

ni trogen-rich enV|ronnent I ncl udes adsor bi ng nltrogen atons fromthe

ni 099825 ARRc G BYTARGGluct 0 Sl IEARe YBRGTY I MARL ARG

f or ces; usting t one operating parane es 'ad) us

at | eastorpnige Qirfae rmloanf&h@ bl&fsg@tedmlspr’ic)t taforratidnasMieE ID e etiAds Wneths Watfaddhat
the nitrogen plasma does not react with silicon at the surface of the

si | i corfOdef die substrase A% I euererphadimend. l(esm)ng thaaitridy mriegat HX Erindudqyvetur e

|nclude t y n It
|nd|un}ggﬁﬁggﬁ?ﬁyﬁhfdgl%$QE£@§ QKPEE%B§§%% Zﬁgkgkeéfgﬁsggﬁl h%mEUFFhl§ of
t he silte@peraed,emd etdhdhEipokQRMOHRET bbJﬁi’ethldkﬁiBﬁ;l"Ezf Bhe diedenmbtfecial 406. cinai m
1 wherein: the substrate includes a silicon wafer
other embodiments, removing the nitride material 406 can 1nclude laser ablation, dry etching,
and/or using other suitable techniques. The procedure 400 can then include forming an LED

structure on the substrate 402 with the nitrogen-rich layer 410 as discussed with reference to

Figures 2.

[0039] Figure 5 is a flow diagram illustrating a method 500 for forming an LED structure
with N-polarity in accordance with further embodiments of the technology. As shown in Figure
5, an initial stage of the method 500 (block 502) can include forming an N-polarity GaN
material on a substrate. The substrate can include silicon (Si), silicon carbide (SiC), sapphire

(ALLO3), and/or other suitable substrate materials.

[0040] In one embodiment, forming an N-polarity GaN material can include depositing
GaN with heavy magnesium (Mg) doping onto the substrate via MOCVD, MEB, LPE, HVPE,
and/or other suitable types of deposition techniques. Without being bound by theory, it is
believed that when the magnesium doping concentration is above a threshold (e.g., about
1xE*’/cm™), the GaN  formed on the substrate is substantially N-polarity. Thus, forming an N-
polarity GaN material can also include adjusting at least one of the magnesium doping
concentration, doping condition, and/or other suitable operation parameters to achieve a desired
N-polarity lattice structure in the GaN material. In other embodiments, forming an N-polarity
GaN material can also include depositing GaN with other types of suitable dopants. The method
500 can then include depositing a first LED semiconductor material, forming an active region of
the LED, and depositing a second LED semiconductor material, as discussed in more detail

above with reference to Figure 2.

[0041] From the foregoing, it will be appreciated that specific embodiments of the
technology have been described herein for purposes of illustration, but that various

modifications may be made without deviating from the disclosure. For example, several



the substrate material includes silicon (Si); exposing the surface of the
substrate includes depositing silicon nitride (SIN) on the surface of the
silicon wibepi/wb@deposited silicon nitride containi ngPaTflsee1alopgry2 of
nitrogen (N) atons; generating the nitrogen-rich environnment includes

causi ng | east me of fhe troge N). at.ons mgrate.into the surface
of t he ESRIodB e praecf&'é%t’%glaaﬂa&aﬁ (g @bﬁ?ﬂstaw%ﬂealafr MRgrighen e
| east QQerQPEF &k isEoRal AR RN sdb@é&u@%re%’d {Ha%lﬁfdelrﬁeﬁéﬂal%?oreffor%ﬁng@ﬁ%u nt

of heat, a radiation intensity, a duration of radiation and/ or heat Such
t hat t@%sguau@d Iniathangaamplky, savonaserlmdiments efidte pbeddusisi3i00 @nd 200 ey be

Fur t hemrRendais OGS SESLLPBliSeR: Saobr PhedhiibiTvhe: bispriromrRes

sur f aceyigly shfie SichicaRH AMRE @mboatnt Hfagﬂb@ QoﬁllBﬁleH ER1SSth 4GSRl &85 HASRIition
sequenti al I y depositing N-type &GN, GaN, and P-type GaN materials on the

sur f acgoof i heu of thecdemeets of thef ather etrhimdgntnts:o nFariaxpingke, §SicM)l cimbodemanisea

fromt surf the silicon waf.e

t e sulG Piieedin Pl e uS ief e Raire soe nk NG BBORG: MR AaTats T E

si i conyfrabd @f @rdilReh Walrd@driec@bvihe ARt nifNR rﬁz&@ﬁﬂt G sARSARIE ke ftRELURES
adj usting at |east one operating parameter such t hat the

ni t r ogdngwoentAi4(i. nfcaudipelyi thealsclives inoot liredat exgeptrsdiylthe eppeaded Hainsur f ace
of the silicon wafer to formsilicon nitride (SiN). 5. The nethod of claim
1 wherein: the substrate includes a silicon wafer; the substrate materi al
includes silicon (Si); and generating the nitrogen-rich environnent

i ncl udes adsorbing a plurality of nitrogen (N atonms onto the surface of
the silicon wafer without formng silicon nitride (SiN) on the surface of
the silicon wafer. WO 2011/106609PCT/ US2011/026192
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6. The nmethod of claim1l wherein: the substrate includes a silicon wafer;
the substrate material includes silicon (Si); exposing the surface of the
substrat ewpreole®9 generating a nitrogen plasma; and diPCEaiseelg/oed12
nitrogen plasma toward the surface of the silicon wafer; and generating the
nitrogen-rich environnent includes a€§§>b|ng a pIurallty of nitrogen (N)
atons fromthe nitrogen plasnma onto M§rface of the silicon wafer

wi thout formng silicon nitride (SiN) on the surface of the silicon wafer.
7. The method of claim1l wherein: the substrate includes a silicon wafer;
t he subsweaisgnmaterial includes silicon (Si); exposing the surface of the
substrate includes: generating a nitrogen plasma; and directing the
nitrogen pl asna tomard the surface of the silicon wafer; generating the

nitrogen-rich envj ncl. ude dsor bi ality. of nitrogen (N)
atoms from the ni Qgﬁq%f §ﬁgmﬁhﬁ%%eﬁgn@ﬁ%35@éﬁgb’fﬁ@l PFﬁcon wafer; and
adj usting t *’b%p@ém%%a@ﬁirfa@@%f QPQIRrh e Go PR hARRE B lcoh Mtk 8Smpslitis, 1tRg s%stﬂa%as'f
one of a plasma charge density and a plasma tenperature of the nitrogen

pl asma such that hemmgri subsitpsempleaighim does not react with silicon at the

surface of t h%er%![mg %Ol‘ﬂtr\é\gefnelrlcl‘} gn\tlgornrr?le%% lajt fQk Il;]rlogi{rrllaqe tlge su'}l}ace of the substrate

with the nitrogen-containing composition;
adjusting at least one operating parameter of exposing the surface of the substrate to the
nitrogen-containing composition such that the nitrogen-containing composition
does not react with the substrate material to form a nitrodizing product; and
forming an LED structure on the surface of the substrate with the nitrogen-rich

environment, the LED structure having a nitrogen polarity.

2. The method of claim 1 wherein:

the substrate includes a silicon wafer;

the substrate material includes silicon (Si);

exposing the surface of the substrate includes:
generating a nitrogen plasma;
directing the nitrogen plasma toward the surface of the silicon wafer;

generating the nitrogen-rich environment includes adsorbing nitrogen atoms from the
nitrogen plasma onto the surface of the silicon wafer via Van der Waals forces;

adjusting the at least one operating parameter includes adjusting at least one of a plasma
charge density and a plasma temperature such that the nitrogen plasma does not
react with silicon at the surface of the silicon wafer to form silicon nitride (SiN);
and

forming the LED structure includes sequentially depositing N-type gallium nitride
(GaN), indium-gallium nitride (InGaN), and P-type GaN materials on the surface

of the silicon wafer.

11-



8. The method of claim 1l wherein: the substrate includes a silicon wafer
having a lattice structure; the substrate material includes silicon (Si);
exposi ng wheosumb@ee of the substrate includes depositi RgTAiSRéiaopc1nttri de
(SiN) on the surface of the silicon wafer, the deposited silicon nitride

cont ai ni ng plurglity. o itro atonms; generating the nitrogen-rich
environnentaincId@5§négﬂiPﬂﬁm§fg é%ﬂsone of the nitrogen (N) atoms to

m grate intqpt B sakifgsdRh diensidricon wafer, the mgrated nitrogen (N
atonms being trapped in the lattice sfructure of the silicon wafer wthout

formng a snheaﬂmnn&tm&mhﬂ@ﬁmm¢msﬂmem&h)structure with the silicon (Si) in

the silicon wafer. ereLn he su b tr i ncl udes
Lo Tl bon neBpsing 1 slie 1ol B2 b ol HaeTifl sl PERTE EDoal Bt re
surface of the S%lﬂ%é@&iethb @Mc%%f&%@%’e%és%d §ihcbﬁ' Alrifd E(gﬂtﬂﬁm%% Imlra‘ﬁ &he
surface of the silicon wafer, the deposi [icon nitride contalnlng a

plurality of nltnngqgm«hma&mmws and generating the nitrogen-rich

envi ronnent |ncI sin east sone, of the.nitro

o orate | nt GOHENEE R HoBT e cR TR EA WRREs CHRir HdCRBenba0F Dl REPESh
includes renmovi ngnyhgoHe RO HhikbRek: %tbltﬁ@@uﬁaéerbﬂﬁle(s'ih&\@n Wafemmeaﬁ{ &ePorof

the silicon wafer before formng the LED structure. he net hod of claim
1 wherein: the sub@mh@L@ndncludes a silicon wafer haV|ng a lattice
structure; at'i sa ?earq.atogé Io%eral‘[llqglp%gaegeter 1ncfudes (aﬁjlksﬁng at least one of an

amount of heat, a radiation intensity, a duration of radiation and/or heat such that
the migrated nitrogen (N) atoms do not react with silicon at the surface of the
silicon wafer to form silicon nitride (SiN); and

the method further includes removing the deposited silicon nitride (SiN) from the surface
of the silicon wafer; and

forming the LED structure includes sequentially depositing N-type GaN, InGaN, and P-
type GaN materials on the surface of the silicon wafer after the silicon nitride

(SiN) is removed from the surface of the silicon wafer.

4. The method of claim 1 wherein:

the substrate includes a silicon wafer;

the substrate material includes silicon (Si); and

adjusting the at least one operating parameter includes adjusting at least one operating
parameter such that the nitrogen-containing composition does not react with

silicon at the surface of the silicon wafer to form silicon nitride (SiN).

5. The method of claim 1 wherein:

the substrate includes a silicon wafer;

the substrate material includes silicon (Si); and

generating the nitrogen-rich environment includes adsorbing a plurality of nitrogen (N)
atoms onto the surface of the silicon wafer without forming silicon nitride (SiN)

on the surface of the silicon wafer.

-12-



exposing the surface of the substrate includes depositing silicon nitride
(SIN on the surface of the silicon wafer, the deposited silicon nitride
cont ai ni yoaopl/ws@bi ty of nitrogen (N) atons; and gener RCIrAF2011826192

nitrogen-rich environment incl udes causing at | east sone of the nitrogen
(N) atomsto mgrate i (g rface of the silicon wafer, the mgrated
nitrogen (N)°ato eﬂﬁ?tﬁﬂf?? Whﬁreﬂlhe lattice structure of the silicon

waf er wit houte §@siFhRndudls! alsg%nq,g,gf&l de (SIN) crystal structure with the
silicon (Si) in the silicon wafer; and the method further includes renoving

t he deposit gbe mHstr@t@mlanérﬁaiiitd:éuc(eSism)com(Slmthe surface of the silicon wafer
before form ng the LED thod for formng an LED,

conpri si ng: %%H‘ﬁsaf ‘?ﬁ&%s“gﬂmﬁlteé%‘é‘{ggat e to a nitrogen-containing
conposi tion, the SHbaliRAh Kithavh glsﬁas%st rate material; increasing a

ni trogen (N) concentratton i i the substrate material at |east proxi mate the

surface of the subsctieg tewitrdgen ipbasmiattowadrthe anfagt of thy Sdtmip(mifﬂi; amd Wi t hout
formnganltrod Zi roduct. .of the subst e materi al formn LE
T et o e OrdchRatig M REOEHtirD catifgril Bhiten <k SRR Bo R Al e
the LED structure:hayifeh alenh%ga%la@f@ﬂaadﬂté Yhe ddrfackhst tBLhREN Ok afet %ﬂl‘iblltl
wherein: the substrate includes a Silicon wafer; the substrate materi al

i ncl udes silicon fpShipg dednmtnd@é%ND\gntth@esunﬁaw@fqbnSldlmn wefecent rati on
i ncl udes adsorbing a plurality of nitrogen (N atons onto the surface of
the silicon wafer without formng silicon nitride (SiN) on the surface of

the silicon maf erThe%ﬁethJJ‘@fHﬁthth@ifeuP' aim 11l wherein: the substrate
includes a silicon wafer; the substrate material includes silicon (Si); and

i ncreasi ng tth@SLfnstrat@gmiuC(dSI)a Sdmwoemferat ion includes: contacting the surface
of the sili Cﬁe s%lrgtre n\{\gtér?al?ncrlllll es s 1con Pél?sma and
exposing the surface of the substrate includes:
generating a nitrogen plasma; and
directing the nitrogen plasma toward the surface of the silicon wafer;
generating the nitrogen-rich environment includes adsorbing a plurality of nitrogen (N)
atoms from the nitrogen plasma onto the surface of the silicon wafer; and
adjusting the at least one operating parameter includes adjusting at least one of a plasma
charge density and a plasma temperature of the nitrogen plasma such that the

nitrogen plasma does not react with silicon at the surface of the silicon wafer to

form silicon nitride (SiN).

8. The method of claim 1 wherein:

the substrate includes a silicon wafer having a lattice structure;

the substrate material includes silicon (Si);

exposing the surface of the substrate includes depositing silicon nitride (SiN) on the
surface of the silicon wafer, the deposited silicon nitride containing a plurality of
nitrogen (N) atoms;

generating the nitrogen-rich environment includes causing at least some of the nitrogen
(N) atoms to migrate into the surface of the silicon wafer, the migrated nitrogen

(N) atoms being trapped in the lattice structure of the silicon wafer without
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adsorbing a plurality of nitrogen (N) atons fromthe nitrogen plasnma onto
the surface of the silicon wafer without formng silicon nitride (SiN) on
t he surf awe 20fr/wb@9si | i con wafer. 14. The nmethod of cl aiPeTAB2eheeE@Pn: t he
substrate includes a silicon wafer; the substrate material includes silicon

(Si); and |ncreas the.nitro concentration |ncludes appl yi. a
ni trogen plasma IBMYRg AciaoacR g é CEY ) SEHC st wHb thecdligosi (R 1 gtfbeiyﬁﬂgqq ty

of nitrogen (N af.gps fromthe nitrogen plasma onto the surface of the
silicon wafer; and controlling the energy of the applied nitrogen plasnma
such that the nitrogen pl asma does not react with silicon (Si) in the
silicon wafer to rlde (SIN) on the surface of the silicon
wafer. WO ébll/l E%%Pﬁ% PHSEI2 15, The nethod of claim 11

wher ei n: thqh§HH§EQQQﬁﬂh&%ggggﬁmgmﬁ&J|con waf er; the substrate materia
I ncludes silicon (S I ncreasi ng the nltrogen (N) concentration

I ncl udes: the substrate rnaterlal includes silicon (Si);
exposing the surface of the substrate includes depositing silicon nitride (SiN) on the
surface of the silicon wafer, the deposited silicon nitride containing a plurality of
nitrogen (N) atoms; and
generating the nitrogen-rich environment includes causing at least some of the nitrogen
(N) atoms to migrate into the surface of the silicon wafer; and
the method further includes removing the deposited silicon nitride (SiN) from the surface

of the silicon wafer before forming the LED structure.

10.  The method of claim 1 wherein:

the substrate includes a silicon wafer having a lattice structure;

the substrate material includes silicon (Si);

exposing the surface of the substrate includes depositing silicon nitride (SiN) on the
surface of the silicon wafer, the deposited silicon nitride containing a plurality of
nitrogen (N) atoms; and

generating the nitrogen-rich environment includes causing at least some of the nitrogen
(N) atoms to migrate into the surface of the silicon wafer, the migrated nitrogen
(N) atoms being trapped in the lattice structure of the silicon wafer without
forming a silicon nitride (SiN) crystal structure with the silicon (Si) in the silicon
wafer; and

the method further includes removing the deposited silicon nitride (SiN) from the surface

of the silicon wafer before forming the LED structure.
11. A method for forming an LED, comprising;:

exposing a surface of a substrate to a nitrogen-containing composition, the substrate

having a substrate material;
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applying a nitrogen plasma to the surface of the silicon wafer; adsorbing a
plurality of nitrogen (N) atons fromthe nitrogen plasma onto the surface
of the siwpcon/medoer; and controlling the energy of thePapalSe@d/onivz ogen

pl asma such that the adsorbed nitrogen atons are adsorbed on the surface of
the silicon wafer via.a nnkﬁﬁular i nt.eraction_ havin action eq$rgy

i nlerar
| ess than adBuEasite kOir9geI(N) cenceptration {hHif WPSERts t%ah% & proximate the

substrate includeg@Sidfi 4R YRLSle withe t@@qﬁ%g&%oﬁ%ﬁﬁ% ok il tféﬂe%ﬁbhﬂ con
(Si); and increasing the nitrogen (N) concentration incfudes: applying a

ni trogen pl asma tforming asutrédizieg pfodubeofsht sudstrateahaeralatndachi ng a plurality
of nitrogenefgnl}[?1 ato omthe nitr ontothe surface.of the

silicon waf dPTMGRGR oﬁtw%ret AR eflagacsf AR PTG Witk rbduioganaiTha

such that the ni te'hQQ@t’ﬁn@ﬁtOﬂEEL@flfstﬁicttlﬁglﬂggngﬁnitﬁfgeﬁ Bfa% of the silicon
wafer not via a nolecular interaction havinhg ann eractl on energy greater

t han about 50 kcal/ m)l 17. The nmethod of claim 11 wherein: the substrate
i ncl udes aS|I|c ﬁ Rér] gﬁ %rate material includes silicon (Si); and
i ncreasi ng tHe n| 0‘% ¢ HF&th on includes migrating a plurality of

ni trogen ('\Dthélﬁmaﬂenﬁ&udég% siohacgeof the silicon wafer w thout form ng
silicon nitride (SIN on the surface of the silicon wafer. 18. The net hod
of claim 11 tiherbsirate nidteriad ibdudeatsdicomSiuded a silicon waf er;
increasing the nitrogen (N) concentration includes adsorbing a plurality of nitrogen (N)
atoms onto the surface of the silicon wafer without forming silicon nitride (SiN)

on the surface of the silicon wafer.

13.  The method of claim 11 wherein:
the substrate includes a silicon wafer;
the substrate material includes silicon (Si); and
increasing the nitrogen (N) concentration includes:
contacting the surface of the silicon wafer with a nitrogen plasma; and
adsorbing a plurality of nitrogen (N) atoms from the nitrogen plasma onto the
surface of the silicon wafer without forming silicon nitride (SiN) on the

surface of the silicon wafer.

14.  The method of claim 11 wherein:
the substrate includes a silicon wafer;
the substrate material includes silicon (Si); and
increasing the nitrogen (N) concentration includes:
applying a nitrogen plasma to the surface of the silicon wafer;
adsorbing a plurality of nitrogen (N) atoms from the nitrogen plasma onto the
surface of the silicon wafer; and
controlling the energy of the applied nitrogen plasma such that the nitrogen
plasma does not react with silicon (Si) in the silicon wafer to form silicon

nitride (SiN) on the surface of the silicon wafer.
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WO 2011/ 106609PCT/ US2011/ 026192 the substrate material includes silicon
(Si); the nethod further includes depositing silicon nitride (SIN) onto the
surface ovotha/®bdopcon wafer; and increasing the nitrog@aT(USpo1dOR@ENt rati on
includes mgrating a plurality of nitrogen (N) atons fromthe deposited
silicon nitrjde (S [ nto.the rface of the silicon wafer w thout formng
silicon nitride (ﬁ? %’ hﬁé ?%‘éalghff}i’gére& the silicon wafer. 19. The

met hod of cligh Wpkdahisdi®dda sii@nsist rate includes a silicon wafer; and the
substrate material includes silicon (Si); the nethod further incl udes

deposi ting ghe sustratinatérte ifcBiddy soicon (Iihendur f ace of the silicon wafer; and

i ncreasi ng the ni.t rogen ( ncentratian includes mgrating a plurali ty of
ni trogen (N)TAEHIEL %g&%ﬂf%’% (@gﬁ%ie’f‘téﬁm?l”f“fl&%% nitride (SiN) into the

surface of the S!a}pry%g é(‘@ﬂ‘tr%geﬂ‘blfaﬂ%‘%otfh@rsﬁ?fw o?'tﬂé &ﬁ’ébn%éf%f de (SiN) on the
surface of the sificonm wafer; and the method further includes renoving the

deposited sili comdmtfomgdfeptlﬁalmy df rrotrogane(N)uatbmes drapi theheitoigen pbwmaaings the
before form ng the LEDEftru(géEre.. - 2Q. A nethod for formng an LED on
a substrate having a sUH&¢s B NYE Vafer: ®8npri sing: forning a

nitrogen-rich eanohﬂBl’l‘i%gtth@tenEI%@’«séf BleOaipiBd Grifo ! flaGRa QficH Bfat sh@ﬁago%&i
wi thout formng a nitrodi zing pfoduct with the substrate naterial on the

surface of the substr at@ogeanaomsrar rgsabed BD the sudteer ef wict hllepmmtafangem a
polarity on the surface of .t he substrﬁlte Wlth% n

1
BNV T ontent ol b oo P 2Bt EPR ST g gbout 10

nitrogen-rich envi ronr]@gpmbpcl udes adsorbing a plurality of nitrogen (N)
atons onto the surface of the substrate wi thout nitrodizing the substrate
material on the surface of the substrate. WD 2011/ 106609PCT/ US2011/ 026192

16. The method of claim 11 wherein:
the substrate includes a silicon wafer;
the substrate material includes silicon (Si); and
increasing the nitrogen (N) concentration includes:
applying a nitrogen plasma to the surface of the silicon wafer;
attaching a plurality of nitrogen (N) atoms from the nitrogen plasma onto the
surface of the silicon wafer; and
controlling the energy of the applied nitrogen plasma such that the nitrogen atoms
are attached on the surface of the silicon wafer not via a molecular

interaction having an interaction energy greater than about 50 kcal/mol.

17. The method of claim 11 wherein:

the substrate includes a silicon wafer;

the substrate material includes silicon (Si); and

increasing the nitrogen (N) concentration includes migrating a plurality of nitrogen (N)
atoms into the surface of the silicon wafer without forming silicon nitride (SiN)

on the surface of the silicon wafer.

18. The method of claim 11 wherein:

the substrate includes a silicon wafer;
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22. The nethod of claim 20 wherein formng the nitrogen-rich environnment

i ncl udes adsorbing nitrogen atons on the surface of the silicon wafer via a
nol ecul arwoOrbEV®edodon havi ng an i nteracti on energy | essPChas2@hout194.0

kcal / nmol . 23. The rrethod of claim 20 wherein form ng the

nitrogen-rich environment bing nitrogen atons on the surface
of the sili ctg?] l%é?r%tre Wﬂt?%l’ﬂ ‘F? lﬁﬁnfﬁgn c or coval ent bonds with the

substrate maheri@hod further 1nglﬂdesTH & oTRIBOG1iQn, GAdd( SRS &ho sfidhdd B e

nitrogen-rich environnent I ncl udes causing nitrogen atons to mgrate into
t he surface of trsehcssmlwafemaMf er W|thout form ng ionic or coval ent bonds
with the suhstrate

ht emttin ode, co i ng:
N nbet rat o hevae TRuliefinen soarcyfipn eyl o bk conuaiBost HEpE b

directly on a surd@fe fm ke dSpRREL dfiRon E}Ptrﬁl@t('S‘lﬁ) HRGIRD th'i’acteh@f fle! sificon
sem conductor material, the active region having a nitrogen-polarity

crystal structureyafaer web@mﬂomng sibnchucitrode (SalX eon dic sorfatehd thesilivan welgi.on;
and wherein the light emtting di ode does not include a nitrodizing product
of the substrate material at an interface between the surface of the

substrate ang therﬁelrﬁgthoégmlglgpplp%glrelﬂmt erial. 26. The |ight
emitting diode of claim25 wherein: the substrate includes a silicon wafer

havi ng a | atth¢ subsstteuntiudes;a silmensutbet piat e mat eri al includes silicon (Si);

the first se nduct or incl s an N-type galliumnitride (GaN)

mat eri al ; HE ﬁlﬁ’rsfr?ltg nllaéﬂ?”ag hff%lslﬁ]dil&gngﬁ indiumgalliumnitride (InGaN)

mat eri al ; thge SRIPOH rSBIE: GRAHYGE @6poTRIET difdon REHMAESING &id MRE s TBE @fd al ;
and the silicon wafer includes a n| trogen-rich environnent at | east

proxi mat e t he sursilawe voffert hied si | i con wafer, the nitrogen-rich environment
T R AT, 8 S e R A
structure with thgomi P mhd @éﬁosit&i KhRo® it BN SN &lto the surface of the silicon
wafer without forming silicon nitride (SiN) on the surface of the silicon wafer;
and
the method further includes removing the deposited silicon nitride (SiN) from the surface

of the silicon wafer before forming the LED structure.

20. A method for forming an LED on a substrate having a substrate material,
comprising:
forming a nitrogen-rich environment at least proximate a surface of the substrate without
forming a nitrodizing product with the substrate material on the surface of the
substrate; and
forming an LED structure with a nitrogen polarity on the surface of the substrate with the

nitrogen-rich environment.
21.  The method of claim 20 wherein forming the nitrogen-rich environment includes

adsorbing a plurality of nitrogen (N) atoms onto the surface of the substrate without nitrodizing

the substrate material on the surface of the substrate.
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WO 2011/ 106609PCT/ US2011/ 026192 27. The light emtting diode of claim?25
wherein: the substrate includes a silicon wafer; the substrate materi al
i ncl udes WOIR20tIM9640Si ) ; the first sem conductor naterial PCRAISa@le®2@m2 N-t ype
galliumnitride (GN) material; the active region includes an indium
galliumnitrjde (lnGa erial; the second sem.conductor material
Pncl udes a P2 ypéllf@ame%ﬁf Flajm 29%@{%%@5% a@rﬁ”ﬁ?%ﬁ‘g““ch Ghaoppest eludes
i ncl udead%rm%adi{rbg@ fibinb SR OIS bl Micadl whiRlE viat RblRGEr RRIMGRA e
surface of the siTicon wafer and the N-type GaN material. 28. The |ight
em t ti ng idicogeontnainiass thanwbeutdiOrkcal/mel. subst rat e i ncl udes a silicon wafer;
the substrate material includes silicon (Si); and the light emtting diode
does not include crystalline silicon nitride (SiN) at the interface between
the surface gf thfhe%éthf@ef vl ho %yngr&ﬂ?o&ﬂiﬁ§¥he%ﬁmgeaqx#&?é&ﬁroﬁﬁf B ihaldes?9-
A nmethod for formng a [ight emtting diode {LED), Tonprising: 1Form ng a
gal | i uradserbimigdetr¢gaNjtoms e rthakurfare af shibsiticat wafer hthautdpantg ioadj arstoivalgnia
concentration of the dopant.such that the formed GaN material has
subst ariongdt P ghe § @‘éﬂe&%eé tty; and forming an LED structure on the forned
GaN material with the nitrogen polarity, the LED structure also having a
nitrogen polarity.

24.  The method of claim 20 wherein forming the nitrogen-rich environment includes

causing nitrogen atoms to migrate into the surface of the silicon wafer without forming ionic or

covalent bonds with the substrate material.

25. A light emitting diode, comprising:

a substrate having a substrate material;

a first semiconductor material directly on a surface of the substrate;

an active region on the first semiconductor material, the active region having a nitrogen-
polarity crystal structure;

a second semiconductor material on the active region; and

wherein the light emitting diode does not include a nitrodizing product of the substrate
material at an interface between the surface of the substrate and the first

semiconductor material.

26.  The light emitting diode of claim 25 wherein:

the substrate includes a silicon wafer having a lattice structure;

the substrate material includes silicon (Si);

the first semiconductor material includes an N-type gallium nitride (GaN) material;

the active region includes an indium gallium nitride (InGaN) material;

the second semiconductor material includes a P-type GaN material; and

the silicon wafer includes a nitrogen-rich environment at least proximate the surface of
the silicon wafer, the nitrogen-rich environment having a plurality of nitrogen (N)
atoms trapped in the lattice structure of the silicon wafer without forming a

silicon nitride (SiN) crystal structure with the silicon (Si) in the silicon wafer.
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30. The nethod of claim29 wherein: formng a GaN materi al includes
depositing the GaN material with a nmagnesi um dopant, the magnesi um dopant
havi ng a woroartos@®i on of at | east about 1xE20/cm 3 in Phe/uSaN1/eedieri al ;
and adjusting a concentration of the dopant includes adjusting a

concentration of i@a@gg&&&gg&ﬂgg?&%ﬁ%r\}vhtepe?& the forned GaN materi al

subst anti al |

‘nit
the substrate includes a silicon wafer;
the substrate material includes silicon (Si);
the first semiconductor material includes an N-type gallium nitride (GaN) material;
the active region includes an indium gallium nitride (InGaN) material;
the second semiconductor material includes a P-type GaN material; and
the light emitting diode does not include crystalline silicon nitride (SiN) at the interface

between the surface of the silicon wafer and the N-type GaN material.

28.  The light emitting diode of claim 25 wherein:

the substrate includes a silicon wafer;

the substrate material includes silicon (Si); and

the light emitting diode does not include crystalline silicon nitride (SiN) at the interface

between the surface of the silicon wafer and the first semiconductor material.

29. A method for forming a light emitting diode (LED), comprising:

forming a gallium nitride (GaN) material on a substrate with a dopant;

adjusting a concentration of the dopant such that the formed GaN material has
substantially nitrogen polarity; and

forming an LED structure on the formed GaN material with the nitrogen polarity, the

LED structure also having a nitrogen polarity.

30.  The method of claim 29 wherein:

forming a GaN material includes depositing the GaN material with a magnesium dopant,
the magnesium dopant having a concentration of at least about 1xE**/cm™ in the
GaN material; and

adjusting a concentration of the dopant includes adjusting a concentration of the
magnesium dopant such that the formed GaN material has substantially nitrogen

polarity.
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