DEVI CES FORMVED FROM ANON- POLAR PLANE CE A CRYSTALLI NE MATERI AL AND ME' | HOD
OF MAKI NG THE SAME This application clains the benefit of U S. Provisional
Application No. 61/166,184, filed on April 2, 2009, entitled "DEVI CES
FORVMED FRGWbANGNTB@LAR PLANE CE A CRYSTALLI NG MATERI AL pANBsRNRESGP OF

MAKI NG THE SAME, " which application is hereby incorporated in its entirety
herein by reference. TECI I NI CAL E111, 1) The present invention
relates to b , stalline materia
Artabedh hgﬂﬁg’n"qggﬁda}rmq]%qa {(9}[’@ & ’ﬁqﬁq’q"ﬁfo P (JF{‘?} Fi R ; v“ié‘\ ‘,‘Q‘/‘gr“ RXEVHP hods of
meki ng the sane. Cne enbodlnent‘%%mﬂ??%bW%&fW‘ non pol ar LEDs or nethods of
maki ng the saneg, nore particularly, non-polar LEF)s fromlIll-nitride
105en1conductdW“WBPé?WéW@”HﬁH“W@Fﬁ%H@“ﬁP”ﬁ@kﬁﬁ@“ﬂﬁé“@&ﬁé“ﬂigmcﬂGRQUND Thi s
secti on pmilgedi\idokgRgantRiMyareN-rOLAR Potices AR ovnativowm:iriel &tied t o vari ous
aspect $ ohvitrhe> oi sekies unesiMatwnas @p]dz@z&ﬁf]lcb%dmanﬁi{m@fn llCJJ]@Ll%Qi]]Q?IL@WQL These
background statenents are not adm ssions of prior art. The useful ness of
gal I'i um nirteingdeni((sh ), and its ternary and quaternary conpounds

i ncorporating 15al um num and i ndium (Al GaN, InGN, Al InGN), has been well

establ i shed, fiuk pl@%almxln@mml'mn; o} €] l@ngtdigét !1(91“929];)!(11%'()51' R 1@!111@:@9(,1 MlsBcr @b.vtlllcm et
ese devices are

?5:)??8.??;(}&9?]?6% ang ohlqﬁﬁ bth(l %1(, m Ll:ll'\lglild 111(,1510(]5 [y 1kméqu, ;,amtl cej(gl\u/;vuﬁ)&cluual “ﬁb"”%tf’ ecul ar
bean1eplt&?ﬁmfkﬂéf*T“mﬁlﬁﬁdﬁ%ﬁ%ﬁﬁﬂ@&ﬁf%mﬁﬁéhP@&WMVQ%dWm@ébwéit|on ( MOCVD) ,
and h98r|d@wvﬂ%@wwphﬁgeheﬂw¢awyh@mmVPE) As shown in Figure |, GaN and its
all oys are nost stable in the hexagonal wirtzite crystal structure, in
20whi ch t heCKiROygbure i s described by two (or three) equival ent basal plane
axes that are rotated 120" with respect to each other (the a-axes), all or
whi ch are pci psReiipub@idedbock@outkThGhio CrdXirBucesflr@bdieh rbiaddhd WSLT . @ELSHARN exanpl e

c-plane 2, 15@&%3:136'&@1' d@:r(!@ufgied a@(n)d(,l{%nag \)&Rﬁ‘rh@c b(s@:’QHQ slhiullmls ﬂq oﬂhn‘%nbgﬂ‘?ﬂn 10T di(?I'TB occupy
alternatl ]hesm’rery el ement s

i ncl u d din thhcp Hsglilz{(ﬁb (th%llllm%lgll( t((JdNé‘mém lt“é.lty nd G hcé‘lfuyi(imfmﬂcfs nmuagglgpos sess 8

| £i dk '8 poHt G BEIAHPTN KON SIS beoRivel ceadkiseidslor capngle it itz plt e

st r uct ur evightdihbiltegolp pezioabgokvidcnpadiasiczdtioaindeyias Cukddents arinprilggotechnol ogy
for el ect goni:g vandoptoalee himig ndemi. ces q@z[iml(IQMS (,N’il)tiﬁcim(i@‘mtz cheliBa gfpgwn al ong
t he p0| ar (109051@&1]&1@@&\!’]9”&1‘](1}W\G@\d&{ ph(m'é Qm@& ?F&LP I‘t c- pl ane quant um wel | structures
in 111-nitride (111-N) based optool ectronic and electronlc deV|ces suffer

fromthe unde$\| [:hg\p'l *ﬁhg]%qn(trd%mi(ﬁign t})I’srL%&()ssth?‘lo {mhc TIC}\ yon il \\(u VG u%?a]’su u(,lm% in o the

exi stgnce of @lezoe ectric E The strong
bui It <7 n &I'8 *é‘t“ %‘“‘8‘“%‘? PER T B EHY e é&f‘i“’bﬁ“%‘éﬂh“ i"@ﬂl‘?‘)i W r‘ﬂ”ll“y bdegr ade

t he uschi 18y gfa-stqyedie hich arNperpattiends ik gninBGEheliapp flbamts «t oueldcmonat | ng t he
spontaneom&mandmpmﬁmoehe@Ummcmm@hamm&amm@mu@EteghsmmnpﬁaNﬂﬂp&Q@hﬁptron|c
devi ces i Sk @y GELOW; ltmh@udlei\{d vﬁlﬁﬁm QQmﬂQﬂuQQmé}]ﬁ mplllﬁng%% a Bih{%]mmug(ln@[%?ﬁ/ l?hpd a-p

| anes of thlh]g{ Xﬁ d%‘ lh %l P/ L ‘:ll N ALUTC Lelsl)ll‘-; ]mzm?‘ ATiC ]elql/dil m. urnbers’ of N at oms
and are eharge-neutra hennore séquent non pol ar Iayers are
equi vgient to he bul w |l not be polarized al ong

t he gi owt h di Lum,{u n%plc, le ]m)lo"{/lo: (}u,lmmc ‘V\;[] (H)lnbgfLY(&al \g,%;mn]étgﬁlaﬂ&ﬁaap ERRE) .B)rugst Sith a
non- pol arP 8ty lrloéh‘ﬁ‘ Iﬁ%‘utﬁlwﬁ*ﬂe &‘I‘“ﬁ‘“*” W s sigl yitide N dsedkipstaiogic méed t o

i ncr ease ddynic devices suffer from the undesirable quastum-conlined Sturk eftect (GCSE), due to the existence of strong
piezoelectric and spentancous polarizations. The strong buiit-in electric ields along the e-direction can significantly

degrade the uselulness of these HH-N materials,

30 One approach o eliminating the spontancous and piczocicewic polarization effects in GaN oplociectronic
devices is 1o grow Lhe devices on non-polar planes, the ni-planes and a-planes of the crysial, Such planes contain
equal numbers of Ga and N atoms and are chiarge-neutral, Furthermaore, subsequent non-polar lavers are equivalent
Lo one angther so the bulk crystal will not be polarized along the growth divection, However, growth of GaN
semiconductor wafers with a non-polar surface remains difficult. Accordingly, there exists 4 need W increase the

35 etliciency and improve operating characteristies for Hl-nitride based optoelectronio and clectronic devices, for
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35efficiency and inprove operating characteristics for 111-nitride hasecl
opt oel eetroni c and el ectroni c devices, for exanple LEDs. SUMVARY

One aspect of the present disclosure is to address problens or ci

i sadvant age® 20fotesrel ated art or provide at |east adyapiyagesi9ascribed
herein in whole or in part. 5Another aspect of the present disclosure is to
i ncrease usage of a-plane and m plane faces of crystalline materials, such
as hexagonahploriaurt zite structured crystal, in creating electronic

devi ces. Anot her aspect of the present disclosure is to increase

t he. usageumMaren- pol ar Uces of polar crystalline materials, such as 111-N
materials, and nore particularly GaN, in creating el ectronic devices.

Anot her aspect ()lﬁftsp&,he{h‘p]f @& losAt § Gl QB b s of tQ,d(ivmr'cQ ¥i®he tch@( 81 i AL N

ef fici enCYc.lsQrdvgtthQs (lc Ll@hﬂ@ln H]QMQD&%IFUELOE]C fici ency of ‘a sem conductor diode or
light-emtting di odes (L Anot her aspect of the pr esent

di sel O%t ire | SA]I:UQT‘I asm)lro(t)ly msch?dzﬂmt U%P)E}I J]?drl* 1%13&), 015 [)]cti' m}/l uH)ldnc mu,s ottb)[st.thunal quant um

eff|C|enc¥ 5 ar'“f aces of
111-N s emnciblﬁh,dléc ol ko )ytéctl Iu?il %ut%(ﬂ B filgi i creating LlLLllOlllL ctAﬁbst her aspect of the
present disclosure is to inprove the extraction efficiency or the internal
quant um ef fi ci ‘BHES “8F* F PHEPIEHPEEP Ry UievHaSsELHEDS Pl e pt oiyidtge non- pol ar
pl anes of miprlals el eAf-H ond b tugimsre paBlifisodiinewts cl@eooridicng t o the present

i nvention provide inethods, structures and apparatus that can provide a
sem conduct or Avodepor! hERsinctiestt ng imtovk BastacanciBehdy viehedicod@uanegi on Wit h
nore nrnon- Blﬂnli@Ey old sbmiNntﬁlamdQ@leéﬁthﬁlinmtd@;r(il.tl.js)l t han p0| ar 111-N sem conduct or
mat eri al . Enbodi ments according to the present invention provide

met hods, struciung %pc@ln)dl @}Rﬁ%ﬂlﬁ&%t & ha‘Lqu’@iﬂ, RNk q%lc@y &%mm%%ﬂq&’tﬁlh(?r di ode or

an LED In COPIER-CIILmg digdes 5 PINE TON-pelar T4 Y 11
ZOSentcongLT%?(glp R flﬁiaﬁlgﬂwt% cﬁ‘l‘“tﬂﬁ Stgﬁmﬂmbﬂ%q$%6?8H5 have

fewer defects P ea than the bottom di ode_region.

Enbodi ments acddr PWl“t@4?ﬁﬂ“%?%§eﬁ?”WWW@HﬁWUH“b?%VFﬂ@”Hétﬁﬁd@mmgtructures
and appar&ﬁu@wﬂﬂéﬁ“cﬁﬁ“%@%ﬁﬂdewawﬁewwneﬂ1ﬁ@%¢wv%ﬂBWMGmddemor an LID
including a cavity in a Ninon) diode material, an active diode region on a
stir t'hee of ﬂhem%%Wftym&HH“awvepMWNCdeﬂv®gMbﬂswnmatmﬂeae@b@Mp@rtlon of the
cavity. 2bividhedicimerbsdi@ce orldhnging 0 cishe «presentgioh ﬂMzQﬂlet@ifbo peMi de met hods,

struct ur egnanduapRanabhSothak Gabkdseniof; pol ar planes of 111-N
sem conductor material in an LED to increase an out put efficiency.

These aspects trmmtaet e&%gtoet J)tysuf?-m%lnlog mtt@m&ﬁm ﬁtttu?ﬁ%m d,ms?tttt L@ting 111-N
sem conduct o 1 roni c_devi ces, a

i ght ![Juwu{, a dei 1u)nguclm t,mr!llqn aij] 101 dt.c l]( dné lmllﬁn d <1(,llvt, 1((‘)lt)1p(b)6l.r lt%)lh 11081 évli[ Ié e.

Addi t ?@nat““a% N e yhegythe r'ﬁ“tw “@B"%‘f“““t‘%é’“t weﬁfllde%ww it ayghag e bofyr t h i N part
in the desegkicgti on which follows 30and, in part, will be obvious fromthe
description, or may be | earned by practice of the invention.

Embodiments according Lo the present invention provide methods, structares and apparatus that ¢an
provide a semiconductor diode or an LED including a cavity in a bottom diode material, an active diode region on a

surface ol the cavity and a top diode region in at 1east a portion of the cavity.

25 Hanbodiments ageording Lo the present invention provide methods, structures and apparatus thal can use

nor-polar planes of TH-N semiconductor myaterial in an LI w0 increase an owpui efliciency.

These aspects may be especiaily applicable 1 devices incorporating HI-N semiconductors, including but

not fimited to oploelectronic deviees, & light cmiting diode, o laser diode and a photoveltaic device,

Additional aspects and wilities of the invention will be set forth in part in the description which lollows

30 and, in parl, will be olwvious from the description, or may be learned by practice of the ivention,



HR DT DESCRI PTION OF Ti]! 1) RAWNGS These and/or other aspects and
utilities of the prese"t general inventive concept will becone apparent and
nore readily apprechtted Iltomthe foll ow ng description of the

enbodl i nentve,20fvakess i n conjunction wth the acconpanyi pgygsanwnes; of
which: S5Figure 1 is a diagramthat illustrates an exenpl ary hexagona
crystal strucium uding c-planes, mplanes and a-planes. Figure 2 is a

di agr am t mat:r bl:swstrratesnankexenpl ary configuration of a sem conduct or

di ode. Figure 3 is a flowhart illustrating an enbodi nent of a

nmet hod for forma gldf‘aﬂuh@ ahadientieof 111&.6;)1053@-[ Qx@lnldfl;lﬁ‘tt%nuégj @1@1&%;@9&;9( Qi gto t he
i nvention 11101%Q.L:(1119 H)Blﬁm‘l%d fed (R 19!{)@19{{( 1;;[Lunz‘%¥ the Llnl)(Hﬁ]tuci Falgz?m %)1@5@9&1%11]?1%(:'[ I Onal view
of arelated art GaN |ayer over a substrate. 5.7 are

di agr ans th P 'tfhié ?bspectlve cross-sectional views ol an exenplary
deV|ce55truct% g q emtting diode including Ill -N active regions
usi ng Ron- p0| ar“”f”l f" g digeram hat illustrates gL Lllf B mglg(])nr;lluurétl Tllaxtuéagngaullb.rgd)ggm éné&;tul-, onal

vi ew of affémstli nent of a sem conductor di ode including 111-N nateri al
active regions oriented to non-polar planes M use in an exenplary LI1D
devi ce. 15Fi guiigredisi fipapgtipt tegicancrepgsy gagtitonak swicevincof &de. enbodi nent of a
sem conduct or di ode including 111-N material active regions oriented to
non- poI ar p| anewref op lepskrt dinstijtmg @wewpilnmt y & ngghod themino@ an embodiment o' Fi gures 10a-|
Qd i || ust sa@kcid@iEdi@sScos8E itnadwimi ew of van ous enbodi nent of sem conduct or
di odes including non-polar Il1l-N active regions M use an in exenplary LED

devicep DI nu n")nglq l$@ﬁlx | dQN]s&Es M&QRLHMEM §t a a:QtR@Il ﬁfdﬁ r!l(}@o\)é{’ dlsllxbsLnQ w be nade
in detail to the enbodi nents of the present general i"ventive concept,

exanpl es of whiighsay ‘QL (lmlg.uu%agd[ 1@tts@g, ;&sﬁbukﬂ%@ﬁ%gﬂpﬁm’h ONE %1%\%&,\ G Lﬁ}g{ﬂer ein

like refer i € t hr oughou odi ment s
arc descr%ﬁngﬁupﬂn &ﬂﬁmgpﬂ%ﬁ ‘8“%% W“mm°?%5m““%§ent general nwenti ve
concept by referrgq& , %g s. As shown in Fig a di ode can

i ncl ude a bot t'¢H &l dd“Fébféﬂm o oL et ere g ?BH%M%EUFBﬁmé@OJHﬁH a top

25di ode r@Q?@H“Qﬂ@wmamPWﬁ§WWHW@@%W%@HbUGWHF&dwY@BDkOW the top of the device
and a second electrical contact 250 on the bottom of the device. Each

regi 015220, 23024 dillestires cont-aMomiiviophentodiper €« sifheddiothd: ioannbaNcoupl ed to
a subst r atn@ei2L@ive I‘Aﬁ)l]ﬁhﬂm10ind$hn[ﬁl.alg)lalﬁcel'lewc 4 B conguenbhodhent the substrate 210
can be coupled between the ho 110111 contact 250 and the active diode

regi on 230. Wiidues 1ki- 1gmm1@m& aclobsuStidhatiesor @i bbdoGadn dicdQashf ulad Ul[iﬁhngi t is

errpha3| Zeg}nﬁ)ch@lll Tm\(g\nt m@nﬂ ldl e n]q;uulznls )mytLﬁlgdtﬁflgt _SUCh confi atmati ons and ot her
gnu:tures ancl methods embodyi ng thé invention will be 30apparent to one of

or cl i naryuskhlidpiscrpTioN oF EMBODIMENTS

20 Reference will now be made in detail to the embodiments of the presens gencral inventive concept,
examples ol which are illustrated in the sccampanying drawings, wherein like relerence numerals refer 1o like
clements threughout. The embodiments are deseribed below in order 10 explain the present gencral inventive

concepl by referring to the figures.

As shown in Figure 2, u diode can include a bottom diode region 220, an active diode region 230 and a op
25 diede region 240, a Lirst clectrical coniact 260 on the top of the device and a second electrical contact 250 on the
bottom ol the device. Fuch region 220, 230, 240 can contein multiple layers. The diode can be counled Lo «
substrate 210 As shown in Figure 2, in ene embodiment the substrate 210 can be coupled between the bottom
contact 250 and the active diode region 230, While Figure 2 illustrates a vertical diode structuze, it is emphasized
the invention is not limited o such configurations and other structures and methods embodying the invention will be

30 apparent 1o one of ordinary skill,

As used herein, “op” and “bottom” For designating regions is considered nonlimiting, & matter of

convenience. For example, consider a diode lormed above a substrate with its top region formed above i3 bottom
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As used herein, "top" and "bottont for designating regions is considered
nonlimting, a nmatter of conveni ence. For exanple, consider a diode forned
above a substrate with its top region fornmed above its bottom WO

2010/ 114956l0R6{0d$2B840/ 029552 region. |If the diode is fbipyshipybgpded to a
handl e wafer and then the substrate is renmpved, the frame of reference for
viewing the diode typically is flipped. In this case, the top region wll
be vi ewed rasnbahngdelipavpbicdoothomviie gida hhhieRathom dicode of.egtan 220

alld tlieqg QxE\mElJuQQQth)%QMIQP11%49 lpﬂgt‘i@cnl'hcm yq;h)ﬁ'yﬂ% b(Q\p(RQ{ﬁ L% Q.Q}RI gollmypes For
S5exanple, if the bottom di ode region 2 220 i's predom nant fy n-type doped

(with an el'ectron donor such phosphorous arsenlcd orda?tinﬁny) Theh t he
top di ode regi redom nant | t ype dope th an el ectron
acgep i OI‘ s UC% gm lubiom dl(\/\ﬁ, u%lme”(]oa rﬁ?ll ¢ lmdlodgé <ra)}/v$ 8'é1¥‘\f@r1§‘é opgwge(loﬁxétl)tpanltm di ode

regi on 220“§Hﬂ”ﬁhémﬁbﬁmﬁhoﬁﬁ"hogwohMQHGUa?@m%ﬁ@$ewéb@ymheavn%vmﬁoped to

i nprove dewvitcerghamactcem gt dicsrziothe ok hofmeont @gt i36Qveleedtd eadply
connects k@ sh@o@chini@mlin@de vE8ghoORw23Re L4 Q%QMh(@ diode nr’lglp,g(hdlc via (not

10 Shown) o5 ARRKNEF XHIRL uecBll@ARE some porti on of the substrate 210
can have the sane pre dom nant doplng ype (e.g., 11 or p) as the top di ode

region 240 or th?(d o&mhsgl;&’u&uwo L?sao ia aum c'lA\)dczc%lon ﬂlgl 3 Lkamal Q{l)()cl)lg LA Vid 1%'([)“ cal

cont ac tween suc

Exenpl § ahé‘t"? ST IS Gl HEs e I"Vé’“ ﬂl"bd@*“l“édf’ &ty Iy % sew%w%nwmq
NUMEr ous ﬁ&cﬂ@ﬁ&?mPﬁWWUd%ﬂg°ﬁh"¢ﬁ®@md@dAawpPWGE@H@H%@&M@h@uthM%emand/Or
cor r espondd mge e eeh diddareans Wk sutshe: 2act | ve di ode region may be an 15
intrinsic region. In an DM the top diode region 240, the active diode

r egi on 230, andetine shohiamnei-oe it e 7@(&.&12(2@11%% xlﬂﬁl(ﬁi“ﬂl:ﬁsqgjtz@i% qultiple

times to 'znQQ(LMQBmRQI(hu@c%a?ﬂ( fJ)l%yl%!‘j)&ldlﬁp(gV!b{, lur]n lHn) 19 Ll‘vL ((ltl(l'liaxc%l(llill md:h u,l illl S where
el ectr,gns.an n%nmﬁ%ﬂ onbl ne and generate 0t

| aser, "t h"m”“’"t"“é\}’ e ”|’°é°¢i "8‘9‘( ‘?@(’)’48’% WY digp ‘“rﬁi"l"%}d"m*t“fff1 Uefyegem 8?“Létﬁ“"lr}g\(:’ ([a) of @
Reflect|V@W““NWW“WQW@hSmwmm€ﬂkﬂm%@maéﬂeGMUhﬂ@medmemanw@somawmnoathy for

t he gener at@dn kcboghine dhogear@atena coherent or substantkdly 20coherent |ight
source. I n anot her exanple of a diode, the active diode region 230 may
not be a separlainalmymgwoi a llasayl&raclibdlﬁo( &@ﬂnhﬁ) e szninuthhju O 1AL Q[lfL@Q(i ng bet ween

the t op d!.tR'QQvoul@lgld&ial 1A e bQ ()L‘lel\g 1q§. U[l]@iglhgnhl wercale «ht,fﬂ uuqcn s*q)ﬂ‘mﬂ@ée of a solar
cell, ,hhe_active di ode region 2 can be a sSingle er o rately
Co uwld [ mo

n- doped or ra eTy p- doped senlconductor material to absorb incident
phot ons and generate an el ectron-hol e pair. 25The 111-N conpounds used to

form the d|ode“?m‘Jumg“ﬁl“mﬂbWT“Vhoﬂh‘fﬂ“?h@%émoT“gw“P¥”TW“W%@“art. G oup
111- N confolted: Can el e bivramy, ortledrraioyind ke ddarernary forms. 11x
anples ol'111-N conpounds include alumnumnitride (Al N, gallitun nitride
(GaN), "Klima b fguovlcgfygoltrigdi the sy diale yeianid) cquat exiraryolootrpeundsed Those of

or moderalely p-doped semiconductor material to absorly incident photons and generate an electron-hole pair.

25 The IE-N compounds used to form the diode regions are well known to those ol skill in the art. Group HI-N
compounds can include binary, 1erpary, and quaterary forms, Examples of 11-N compounds inelude aluminum
nitride (AIN), gallium nitride (GaN), indium nitride (InN), and their terary and guaternary compowils. Those of
skii! in the art understand how 1o sefect and process these materiuls based on desired propertics such as emitied light

wavelengtl, bandgaps, lattice constants, doping levels, ete.

30 Figure 3 is a flowchart that illustrates an example method lor making a LED. In this cxample, the LED is
created rom GaN crystalling material, but the invention should not be considered w be limited 1 such materiat, For
examnple, the invention may be made fron: other polar materials or other pelar HI-N semiconductor materials, b (his
example, the active diode region is formed between surfaces of the top and botom diode regions, much of or the
majorily of such surfaces being non-polar plane surfaces. In another example, the surlaces between which the active

35 region is positioned inctude more non-polar m-plane IH-N semicorductor faces than ¢-plase polar semiconductor
faces. In another example, these surfaces include more non-polar a-plane 1IN semiconductor faces than ¢-plane
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skill in the art understand how to select and process these materials based
on desired properties such as emtted |ight wavel ength, bandgaps, lattice
constants, doping levels, etc. 30Figure 3 is it flowhart that illustrates
an exanpl ewmebjvadissor making a LED. In this exanple, tpeprbbRiisokseated Dom
GaN crystalline material, but the inshould not be considered to be limted
to such material. For exanple, the invention may be nmade from other pol ar
mat eri al s p@r S@ﬁ(«h@ﬂhiﬁpmbﬁnl] Wbty dNh 1s>eninc;mndulct(mﬂk doltpdlur BilbE Sec@X@BPLgucestne acti ve

di ode r eg'k@ﬂdo‘u@e f Qﬁc@(ﬂ]n@@k%@ﬂn R Lp%%§ sllg iu’., ];uh\%l 1';091 pﬁp@qgnlﬁ&)l:l fucgt xigts Qqe r egl ons,

mJCh Of Orl]llti(.(. I dn%” Cl L?\an(_ l}(. SlH d(,{., ol L’l[i a%}{?sw] 113 ()r(]gl n(}(?]n \\"LO a{‘]l Lane’ s)lalr aces I n
anot her exarrpT he BRI WP DR R ER Y a ey gty s

posi t i oned#PniE |"Uﬂ‘é“’ ﬁ‘b*f“é“ ‘WO‘H ”‘tﬁtﬂl“éﬁ“”‘?* APl presty| ‘MMh\‘“kl(tslemL eoridedt orlofaces t han
c-p | afe pokar (emiicohidustor). Deeger ctumplanatdhar hexanplie,ichitese ssuybfiaces

i ncl ude norsEniRANPak@h:@pRean schildmdNs @t conductor faces than c-plane 4 WO
2010/ 114956PC1/ US2010/ 029552 pol ar sei ni coi |l ductor Rees. |n another

exanpl e, the Sﬂﬂgﬁlf‘LaQﬁsllﬁ[saﬂmﬁlflplutph&ssnQﬂhcm|111@=FL1H@!’> @ﬂ@p fieqes, Qlcat hﬁ§\¢du§ur faces is

at | east qgsulplly@t_ a (ﬁN%L‘im@l’mlL {}ch Inll\rnle&vh or 091 IWH fmlm,{l on (: sUl >]>0t%n )p)‘bi il supslelcusur face area
ol polar e:pl onduct or. faces of thes reces. ™ n™andt her exanpl e,

the surfat es“‘“(l)v lyt’ Hbm[“g FOAN B SET O i 6&1’@”"?‘(—9@1 "'*b‘H%‘ éb’éft“?/\)é@ﬁ "‘\N"l‘i‘b‘hdht"hb tictive
di ode Pegt“tﬁﬁ“‘f & ofif h‘ﬁ&‘ jegicandhsigtrepats: Abi sgiccgielzromib maygo Wittir: chraee seaofichas pol ar
crystal nuti@ra:akT (peingor,ucon n 0k cihaidy wilveliha vak @JNaﬂﬁ&icQﬁ)mfmw Splianes. of GaN or
ot her 1113(“11%&3 b Al &L (- 1l ‘nt)a]'ﬂ s >§1E1p1§%%@ﬁ9'1a?m 01%% IOQ'RF%( sQo a bL h»% cl%&ttég,i\(nlgﬂﬁ egron

Isg(r:nl ggﬁ dggj Mg @ rlluglg Lnulqi.:l'ﬂ'ljl) C dlébd%rqﬂqpsti.mlu{l](lilldt)l 4] {1619123%1(.}é5l1(ﬁr b%iécgiﬂye N I'STIh own in
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Although the example method iilustrated in Figure 3 s steps 310 through 350 performed in a cortain order, the

30 invention should not be construed as limited o such order. As onc alternative examptie, contacls may be fornied at
alty point during the method (e.g., they may be forned on a separate physical substrale 1o which the diode regions

are later connected},

Figure 4 illustrates an example of a conventional bulk polar GaN layer 12, As shown in Figure 4, the polar
GalN dayer 12 s formed on a sapphire wafer substrate 14, however, other materials for the substrate may be used,
35 such as silicon or silicon carbide. The substrate 10 may be, for example, a bulk silicon waler, 1 bulk germanium
walfer, & semicenductor-on-insutalor (SO substrate, or a strained semiconductor-on-insulator (8801} substrate. The

substrate 10 may include or consist essentially ol'a lirst semiconductor material, e.g., sapphire. Orientation of the
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to Ibrmthe. PN junction interface (e.g., including a depletion region).

In step 340, a top diode region is fornmed. For exanple, this step may
include epit axially growing GaN on the Stalettlat resulting fromstep 330,
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hori zontal sidewalls depending on an orlentatlon) in the bul k GaN can be
formed. The nunber of trenches may be 1 or nore to even hundreds or nore
dependi ng upon the desired application. 25Mer the bottom diode region is
configured, an active diode region is formed (operation block 330). In one
enbodi nent, the active diode region can be epitaxitilly grown. As shown in
Figure 6, direction of exenplary epitaxial growh is indicated by the
arrows 610. Gowmh of an active diode region 230 on exposed GaN surfaces on
tops or bottonms or horizontal planes 522 of the projections can grow



300 xenp Itt ry active chode region 230 can be doped in situ during
epitaxial gmh or ex situ by ion iniplantation. In one enbodi nent, the
active diode region 230 is intrinsic (e.g., intrinsically (loped).
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feature oﬁmbﬂémgf%U%ﬁU?%#@%Bmh“v%mFﬂﬁure 7 is that the top diode region 240
can partlally (not shown) or conpletely fill an opening such as the opening
530 orlan Openiimy cinlpditys degetijvyian b otkivde eginon 0280w iOhebofiugatiodrreicofin ihe
St ruct ur easthown!, d-ltﬂuh'_ciug-iﬂ 18 10 dole rdg h@-ﬁm@uh@l tha QR ildim@d;eiwme&ioﬁ) rflw@zﬂ'@" can till

nul tiple %ﬁﬂhﬂgcﬁ»ﬂ&ﬁfﬁnﬁhﬁﬁa (%Hq%rm‘k-’ﬁ%n% ’gcﬁtxrlh %anl%[}thg‘(e\’: that nhn ho"llIum (F:)[dl ve diode
regions 230 i.n multiple openi ngs/wenches. Thi's arc flcularly

advant agedous for LEDs because it can reduce or minimnze the area of the top
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25hori zont al  greWCH? firdsrpie A" inapiigupl daecd @ntgts con Sigmad iorpraieyck HYar  gr owt h
from the dowpligieegd: ge gutbR@nsurfaneshp cecricl conacAfi1@¢ unt-R@pit-opudicedeqr egi on is
coni pl et eduacaddi:t jronal o PHRGRS §icng uﬁxlz@@@m#ﬂ@ﬂﬂonﬁ AN 10@()1)@5’?@ 2458 ¢ le“ onal ly be

enpl oyed (tpgn llg’fl? UHJ ﬁEb@mﬁLoﬁlQUsrb?SQQ Dlg L8 mul%m\ ‘1%9& q H& lqujﬁg,bsj,cmmﬁ.wlno dne gﬁlu 1&9 onduct or

devi ceg. or_se Pn uct or product : and
bot t offt coRt Act'E e EH BRI E‘d&‘d‘ el fongg H‘é“ ‘é‘ﬂfﬁ‘o&’i ﬁé’ﬁ’H“‘ “Hiyeteatsi grp ‘br‘g@'k“"SSO) In
addition,m%%wﬁes@Mewﬁhawymwew%deewbmﬁunem@@ﬂeamhnnehUd@yb@mdwmg to a
conduct i vendwailaieriddendisngivh On &id30dine, 1k «bengivigtapanplckagaqa¥ountd Nng poi nt
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After the top diode region 240 is configured, electrical contacts can be
conned (operation block 350) as shown in Figure 8. In one enbodi nent, an
exenphwy top electrical contact 814 and an exenplary bottom el ectri cal
contact 8lXoaosy/ipseyi ded to respectively directly cont ggfthea,dher, and
bott om di ode regi ons 220, 240 for each openinghrench. Electrical contacts
812, 814 can be formed by various material s/ processes known to one skilled
in 35t he awmwmﬁah$abMeum&@ewhawemﬁmmudheuahemtmhnedmaﬂmm@ﬁbavman i ncl ude,
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relatlvely transparent conductive materi %s dU Adi UMt n oxi de.
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cont ac s 912, én, ?_]emnf Lus g n 11{. ()m(;:in (tmhl K,ls geﬂ )éld & Bys IP(lé]f é,(_,lglj]-los f\bu, utv.ﬁél top

di ode %egﬁéﬁ“ﬁ%@mpﬁ”%@Pﬁ%@bﬁﬁﬂiﬂﬁ“§U¥@e€e“@¥wﬂﬁeﬂﬁGpmdﬁééewvegven 240 may
be pIanarP@eﬁﬂ%ymaﬂsuntabkeymeéﬁmnqwemsﬂmhm@@ymEGMGmm&amznﬁ@hanmmak

phmari zat p1omay {:LIMP), alll @nSaCH HehdtmAlihag e tha: handven SHRshLS dﬁﬁ}@gz@cltg lup

Al ternati (\!(QII(Ys 9@ o ggi RJQPM() @u%@r\nﬁ%e p v cof Bt ) il O\Nn) may
be used to)s‘ecurellymﬁl eétklcal Qlconneét8$ ﬁ{J}Kém§ht’?P£p‘ %ﬁﬁ“&o t he

top di ode’ reblon 240. AIternatlver or in addltlon an adhering agent or

gl ue 53yer t sho mn% e used to securely bond t he handl e substrate
910 t6 t he toﬁn R %g*u“ #“’2‘21’6““%%@% "“‘t“H%‘”E%EW&’th”&@?‘% cPEO &l tche bot t om
cont act s PHOUEHATHE sddgty trhosiranidan choteic inigueBr cxAmighowainim sdowbki gure 9,
one top ehgc&s9ma&nean&aehmaLAm@ndmmﬂgh@ﬁ&h@ﬁhﬁhﬁﬂhi«@qlm&@ﬂhﬁ@&Jﬂl 2 can

be pr ovi d@g\ meJUL riy\fp FQher, r(pbr inQBQRLQQ u)&ulll?p]g’ hlﬁ&lll s“ill}a]((,:sE(! M e po mmnu,d n ons 230
in a corre terna |ve W h di rate 910

may bﬁ el ig% q [of 011 ﬁ moR ()pt!dH)gl%om dm(IL “lbhm Uﬂéké%éitﬂkﬁ;@h)f ’330 nH/él lﬁé(ﬁj(f“o% tfs‘UbSt rate 910
can i Atl udé or |ntegrate t he top contacts 914 fir the top diode region 240.

Further, the handle substrate 910 can include or be coupled to a device or

package. 201 n breas gbeegppreEDs plagire et baNcioring rigerfyyberqe haboguant um

ef fi ci encdodt seigaigitand irecipoli@r regenpbt. bbnenolinGaM:haec esutd e «acid vear &gi on. The

exenpl ar yoneh heecanhad inoRnt: «SRM, 130, mﬁlthlg(@udgu,@nd!{()or exenpl al y embodi ment s

shown in Figures 8-9 can deliver Ingher internal quantum efficiency because

non- po | ar nk p |l @rQ@L@lu(ﬁbﬁ]b@lngxll@&%@mpl{) lh NwR’mg £ mtyh»@du@plﬂ]é N %u QLLQQSTLE&Q&%’@]

Furt h MU PG O hola NE RN 113 cl L( EL..‘)){}H( g (L\IT(.,El an 3 h | ane
polarggrﬂgﬂ' qnn%%] an% kit P She oF [3 L“meﬁémﬁ’?‘bﬁTH?ﬁﬂemPﬂblon 220,

the acti emtﬁgd@b?@@ﬁﬁf“@geméﬁﬂf8“”?ﬁ%“ﬁdb“HW%U%m%egﬁoﬁ“?%mﬂGduhﬁmene
enbodlnenﬂmwﬁevﬂbmWaﬁee&eP1ampL®MESy@$MGaNDwam»@omHWamhmnmm@$a£e bet ween

t he bot t omvchicodive i@ giloRnun220 ba Reo bR lcaElpb M@ (d"kh@ﬂﬁu (Ji’bﬁlgle@ndua%(} 1bue afihnONE

enmbodi ner\Ls.zuw@@ﬂl’()@Q[ @ngmaﬂlh'nﬂ%ﬁm% u\%ptp yacnﬁ'gux 8&1 or Dlmgn (pu,LMdnqL g\n ]I nltmer face
between t e, 3ei1 e, diode redon 250, B 240,

sel ected ¢ d‘m”m“um“mHﬁod Ag"t5 P‘%“ﬁ?ﬁf“%&llgﬁmbff“ﬁﬁglﬂE“deS|rable to
|ncreaseI%mﬁéV%éﬁP&@é“Hﬁﬂﬁdﬁ“WB@bGW@ﬁ“bL&mém@amm@bm@elawMBmaWEAﬁﬁN in a
convspondmwgﬂdeww¢emﬂhmo@mﬂeemewphamymenh@dmwemmmupemhnmesq@mAmmnmpolar
phase Gahh gant: 1[393[)‘;15”161,&@1&5@990[ xe\, 1ﬁ&%t|5 M ut ) uBQI(}@rlLagﬁNil(th e Q)Idtﬁg U}Il@[l ¥Ld WI'MIF easi ng a
di mensi on of sidewall 524 or decreasing a dinmension of botton1surf|tee 522.
I n one exenpl ary enbodi nent, portions of non-polar plane GaN can be
increased relative to polar plane GaN by renovi ng sel ected portions of the
pol ar GaN material during fabrication. Figures 10a-101) are a diagramthat
illustrates an exenplary configuration of a sem conductor diode. As shown
in



35Fi gure 10a, portions containing polar c-plane GaNin the. top diode

regi on 1040 can be reduced or renmpbved. Renpval of a top surface indicated
in Figure, 10a stopped at the top diode regitni, however embodinments are
not intended voybesSc) |inmted, or exanple, GaN materi gbp{:gFp¥absssoul d
continue into the active diode region. As shown in Figure 10b, portions
contai ning polar c-plane GaNin the top diode region 1040 can be reduced or
repl aced wirtdna8s 10t40peicontvaci:s 0 LOddues Refiereneer muabenaukQ16 i ndicates a

pl anari zing | ayer such as an insul ator In one exetnplary
enbodi ment, ponitohaRS:pRY LlO&E)Rm0baknspl @NE1GAN: CANLRE A& LRI !uﬁ(qtu EIQIL ative to
p0| ar pl aen @Mu@}\é ol @}QU;Q& sug,l‘.ﬁ)[t;mLﬂn@;my]pngf__ﬁ&l(QIQRL (g] xlFa(?lrnL hlig?] $0n igi 7S I%T ;E)Ol tir

| ane GaN ure
Ip| |aBSt r at eiléwmm lrml ﬁusu <9LIS an gxuq%ldliylgrmld.ut dtét] i)id ﬁcmbgfm &loﬁ(é‘ﬁif &’Bﬁdﬁi‘f‘ﬁlbf""ﬂi‘*‘é&é“ Wh]él‘ e

portions &8t as H“htjj‘"‘bt&k‘ PPl g e SGAN wbmen aldiciv dodiedel0ie firon 1680 ar e
renoved prigm duoillisipraatekongéontheic ap sdicode:o @@l ORre bOAPare Eingiien 4Qcl is a
di agr am t Babm bibde Lkﬁitnf @i AR ﬁ%&@lng}unqﬁ% dlglgnfl(. 1(9)%(051’::'[ &LQ)P arc l‘\l(hl(,t(l §§’u@u$§%§}{§ t OI’

di ode wher. an of oerelon
active di S)%éig(l?l uii{ 8?\1(1& g;blnundlpﬁﬁ n Ol]L unlmdm uu althsldnmq é)lﬁu éPl&pL @Hﬁl&éﬂ or r ermved

prior to FRFHAY ‘0‘?%‘”‘0‘]““ b HoH e é"‘“‘é’t‘i‘lﬂét"l’“a.'td‘é’ Ltb‘r““l%i‘r*ﬂf““‘ME)f*b“iw'l‘“f*f“one embodi nent,
subst dft i ghfepigtordiggel ar pl ane GaN materi al grown in the c-plane can be
elimnated (e.g., renoved) &oat a depletion region, active diode region or
10semn conduct d]'urlldli, iy ehcied embadiments, iRyl @p/or bhipmsel: @gtugd zenbodinngnts, top

cont act s andéen ilyekhonmao niNaGhs: zlGﬁﬂmmeZxﬂqD hokn dY-%(l()ILg,Q}Q f !uglel&ﬁ@w& Q of gduce
l'ight inpi,pgidg.an polar GaN material in at |east one of a bottom diode
region, an active diode region or a top diode reglon I n one enbodi nent of

n LED a bott qmn@!m%%A’u,nz%aln L@Qm‘h(ﬁtﬁ% Ll&glugu)hl 19%122)22&) Cin be (anIh uﬂctc,igc w}{dn[lgj ! eclt Ive
conduqu]l ve 15 can ref w |
t

exi t RS Vo “‘m“‘ﬁ’i“ mf““é'f]‘ et Tehar gl oy tyaER Py *g‘tfﬁ“f ‘éi%é‘* orpgegxanmpl e, a
reflecti ve'tsof f‘(‘)’nﬁ“@'f ébﬂ"l‘v‘f"&hﬁ‘*"*’t@h‘tl%b’t’m‘eam} th endotichemRorh spdbend: alsévesiach as such
as si | ver mothgogndhdenchendiodictBni pleseie i B @ hl caghdivevibotdomsakeet r ode can be

used in C@lﬂj&x‘“ﬂﬁﬁlj ogln:alWLr;nlglllo@ﬂVll'til}gngnl &!Es@msm ssive .SUbSt rate or an Opti call y i
transl ucent hra"sparent substrate. In one enbodi nent of an LED, a reflective

| ayer can be lhﬂ%@&nﬁ%ﬁlﬁ@tﬁdin@ﬂb aeen L\’bﬁﬁjl @‘l%ﬁﬂm 1«1?L§ d( 4 Llll sQu%luW]wd lﬂ, )(219191 i ode
regl 05022(90&,;@ lon 240 to

di rect int 'éf“lzz{ﬁ% ‘“’“‘"’“&‘l °f* "m'h 363? ‘3‘”(55(?"{’ Ri’dhé lI_EoﬂJ Lf’fjbﬁf”é“@'éf‘é% lé%f‘ ‘%m‘l bee or
a desi red”‘“sldtl)f“éi'ffé"L ‘ﬁiﬁ‘r‘“'@%é‘rﬁp'l“é““‘a' nged ol e ioprectibayrdye catr beldierest | y bet ween
a hell o imidi ddergegiton 1220s@ndiot he rsubstiyatenddea sThewe ahdaetive; | ayer can
be for medwbyn s ikabligno@t eri al s/ processes known to one skilled in the art.
One enbodi nent of a sem conductor diode can include a first regl on having a

first dOpant t()}{&%hodﬁiﬂnl@ﬁts&nyc,%ndzcﬁr @glc cum Qz[lm@nﬁlm%g%ﬁ% KL’I 1%:\[ %1%1 chr)'u (maayulvn.g a

secon £t . [ p. | an Ive
; eg| O%S be?g’\?(vre]' und 1¥(h(§1d% ?13121 1\m ri]s um(l Fobmid\ pI, (ébosm, 1(1) 1? lll\m)élnl hC‘% a1y én dll'légli"ﬁw i S at a

non- pol arh"i“h“éh"llé gl ““t”Hé‘é*“'Bf ‘f Frvefgesit “cb?"“ﬁ’% By ¥ ey g oo Heatedoeast one
non- pol ar®t peeret efrofeaeeroft i adrer b of gt lirgmd scs@¢ ofids. rogi 1BRsnicoldMpB fiodt e
semnm conduetee horgdén@de vop@ stacked structire. A ratio of non-polar surfuces/polar surfaces of the {irst region
adjacent the active region is greaser than 1. In one embodiment, at least the active region is & 11I-N erystalline
30 material. In one embodiment, the active region is a pr junction or a depletion region ol s pn junction. Tn one
embodiment, the active region is an intrinsic region or a quantiun well structure between the fisst and second
regions. In this disclosure, a depletion region can be one type of active diode region or active region. First and

secand contacts can be correspondingly provided Lo the [irst and second regions.

The wavelength of the light emitted, and theretore its color, depends on the buad gap energy ol the
35 materials forming the p-n junction of an LED, LIIDs incorporating IH-N material can emit light including blue,
green, inltared, ultraviolet and white (.., based on or incorporating a blue light).  For example, blue LEDs can be

based on the wide band gap semiconductors GaN (gallium nitride) and nGaN (ndium sallium niwide). In
! £ . . !

)



have a horizontal or vertical stacked structure. A ratio of non-polar
surfaces/pol ar surfaces of the first region adjacent the active region is
greater than 1. 11l one einbodinlent, at |least the active regionis a lll-N
cryst aH newdGuaiigyisal . I n (I nc enbodi nent, the active peguomidi o, pn
junction or a depletion region ola pn junction. In one enbodi nent, the
active region is an intrinsic region or a quantumwell structure between

t he firStb@Mdmgﬁtﬁhdm¢®gﬁEﬂ@%hMWHMHNSndhﬁﬁhQSUmmpmacﬂ@@hﬂ&h@miﬂ@@iOn can be
one type Qﬁm@a@)tdué{@wdf 19@;@“';@991'1 Re) le[spcﬁ&ltgllyg(l @Lg, qelaty h}Fl!]L gﬁlka/\@\r&?@ng%%%?ﬂ thOI’lt acts

can be cor llinﬁéip qulf.{lgxhﬁl{lp L QlYm gﬁagumtgx %n‘? Ipu,jfu 10 u.pc.q lLlE(.ed% %nglsc inc L9 he

wavel engt h h ““mﬁﬁ§ on the
band gap é?%’é’f-“gy“’&*f"T*ﬁ@‘“%lsr fﬁ‘f%‘faﬁi “ﬁ’dj““% h'é“p%ﬁ%‘ljwew'wrr %fw%m“umuwmwos

i ncor pSr afi-ng Tove Nxpetear i al can enmit |ight hicluding blue, green, infrued,
ultraviolet and white (e.g., based on or ineothorating a blue light). For
exanpl e, bl ue hbicpnpgdoantbduchas it Cuwiihgehviddecchdnd gaplicgen € endugtor s GaN
(galIlt"lxuﬂmhnmda%hg&dlh&tﬁﬁNn&amﬁhmHﬂkgﬁhbhﬁﬁlim&nﬁggmﬁ<nnhmwgnyentlonal

LEDS one lﬂt}l@'gtbgl% OI l!()lq}()qd 1nfg\3 SC1 IIE()Q§UnlUI LL)/SJ:HIHL llldl[j mllef f | Cl ency I'S t hat dl € pOl ar
c-plane of th nt erna] flClency dECrease of an active region or a

g?r:’ : ?Zponﬁlnngnllgz EPTT{(‘)LO%DRH%I an 11{}; dlﬂ.(ﬂ tLplX m,m (ﬁ{g o th de]) c}(/n?oln elngltibnllt()?zdél );n}e(bcl Llléi 25 to
experlgncémﬁhwﬁﬁapééﬁ’“PHEéF?“@Péﬁ%?“@Vé%“ﬂﬂﬂ“ﬂP' §uos piHaos isatichent , a
green | i ghtrreimlf-tpengodEle) cosgllimepett ed t o experience an increase in
efficiency Over 52x, over 5x, over 1.0x or nore. In one

enbodi ment oflambPUE&$®gﬁ@HiiIM@¥hafmhkmemhhghmm@EDda@mmmdkngum®MMhe

appl i cat i onpes atuegfnbi: GinBNGY seARN 1R WIDHEmERAR, 20k LIRS 1@k ﬁ@;&e& moldRLBset han 5

times gre@ggﬁmmnpkgu&nﬁnuggy&ﬁggémgﬁeater nore than 25 tinmes greater or
nore because of non-pol ar - senlconductor crystalllne naterlal

In On%GrTbOd' ”Emu}@ unﬁjl uanlnuLglr(ign (!Vgs ol l]lc Lup {nglahuﬁom cfjodL 191,[10Hs iy EL 1% 1? di]é;{, c}(f at i on, an

efficienc Yo G20 greater,
nore than ﬁd t?%ﬁ?‘ﬁ?%%f%?“”%ﬂ?@“tﬁﬁﬁ“ h‘f‘ﬁ“’rﬂ%@”greater or nore because of
non-polar 111-N sem conductor crystalline nmateri al In one

enbodi nent ofIéf“LU%deJFd°@F“WP&H¥“EEBhhéﬁ@@ﬁ%ﬁbmﬁbﬁFH%maﬁbF?@at|on an

ef fi ci encyrdeahic henawrigl flarpsR! ¢livrpg. frieBtdenucennr 8 dilvancbrdihg mesogneat er
nor e thanotl@qfiidams greater, nore than 25 times greater or nore because 01
non-pol ar 111-N sem conductor crystalline material. 15In one exenplary
enbodizoent , dopinagh &yalySmRiintne et @‘Rl 1@6@ GLmb Ot Ry Q&L@lhlﬂ &OIRRS may be in the

range of ‘,(,911:(7“ u"l:tqahlmlglm(i(ﬂ%tlmla‘plgbc%wq /E w 10 unﬁ)dnnfni}soh Lfmvumcmda @a‘_ﬁr \e}g on may be

bel ow | g] Ht"ges caused
by |tS|ng“BéW PWE@HmﬁﬁVéf?ﬁwuﬁh ”UﬂPthﬁP“W@ﬁ%ﬂ“ﬁﬁ“ﬁﬁﬂ@%ﬁr&b%é“@ﬁéquency
shi | | andfigrirgiss o hefll-Rfrfsibicermdsendi@uy ot cged vantagesocanole seediced

accor di ngeat @ sewhadd. meaitcsudfint e @l hos-adid: Rihe 1120 st xngho@mmh@ln Yan
enbOdQﬁrenitL%le’g@ ()d&&@l(! m@ﬁi M@ai@gm%mzd!l&m A] §L11H r]:ds%llg é&nﬂ&ignu QB na”nyln I | -

;Sﬁyeﬁ?:]du(gltuxquti HfﬁNRT(PIHIll(.di\.l‘{llu)i}(ﬁhl(?l mldlu[;rﬁa_iancbg hn om ag Lq dndfﬁg;ﬁ) E(i u()iTng %v% %nIbligOVI dég of the

(e.qg., se?@%?ﬁb@”@b?fa&FéP“ﬂF%Nwh) I'n sone enbodi nents, growth along a
first direction ol the Ill-N crystalline sem conductor material can be
encour aged or “YFORCHPAPE G ds b e i piush it debed g e ouragedit chn sone
enbodi mentde ogdigwhh G a0 blde-dsei-arscpdapec N seNc@nyostzatalslcin bt Gedgei conduct or
mat er B@al canuzblei-gneoour aged over polar plane Il11-N crystalline

sem conductor material. In some enbodi nents, a-illailehnplane oriented

111-N cr ySt al |I m@mi} %nlubzﬁlgnﬂlllﬂts@ﬂy lmfs&ﬁu JLEILQ@QMQ% sﬂﬂ&&dd{ cﬂg(,%q df%ﬂ%g% C- pl ane
onlll-N qo *§E aolm slkngl &M %fﬂqqk‘l%ﬁ Ylml%sti iei)r].)h(,QI()lls n?]'un(, Relulgu drog L? ly m.gly gllu'n uted on

a single chip. If & plurality of such semiconductor components, devices ar products are formed Jor a single device or

on a single chip, preferably they have identical electrically conligurations and substantially identical performance,

35 As noted above, this invention has a wide variely of applications. While not limited 1o LED sechnology,
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AhhOUgh el [ thOCHI TI CO s were described using non-polar planes, it is
understood that any Orientation that Call reduce or elimnate the
characteristic disadvantages of c-plane 111-N sem conductor niaterials can

be used (ewg.20108Q®a6m - pl anar, sem-)olar). | p&ETRI01NLY552
sem conductor di odes may be described in the context of a single diode or
active diode region; however, one skilled in the art will understand that

nost appl iveatvkensemegubriedmulitiinple cdiodes, typically integrated on a single
chip. I'F a phwahty of such sem conductor conmponents, devices or products are
Milled M a sifghardew gepolicagn wosbnghitent Mambnei.efcakby cloh@yniave

i denti cal nﬁluel@ttwmﬁl@tli by 1119901 u&ltgcu&@lt ll 599§£1L@Lrlglbéilﬂp@z;n?cn&n 2l llné/unlmgl%n& \s?n@‘llidu
per formange, .39 a W de varie 11

appl i cations. lVW](. c.InD(glmu? olahc [V (tnfmd {1(, ’”fff:‘ﬂ“tﬁ 0f slﬁj)@]l 36Ls>1}1 V| 10\7\6 aces in the spLuh(Yllmn
2010/ 174958 ﬁ&‘ﬁf‘tﬂﬁbi@?‘@’?’%@? SPR PRI Tl O ARTUSER (Patap ploiteati ons

W t hintec h‘ﬁ@@l@fqy is described in wnnuﬁmywih el entedige., it nsubhing! 1l$1pleﬂhifnh tatulveR otod: One
enbodi mentkilied ih @02 NE LB ., sricEX AR RRPAdiRenL wuh ot Gres of H@Qﬂ%@iuhﬂl@t a

\I,D\na[ LI tcﬁlaagﬁ{ljgétl rré)ﬁeaacﬁ);slr%f&gh}‘éllne e [%{1 nﬁgluﬁpllmt&uu mca/thcwu )un;bisldlc, mc'?dx s(,pclu Pc tC(ﬁgﬂECt ion

i nvent i on”FHE™ éﬁ)ﬁé‘éﬂ“’éﬁé@%‘“‘gf‘ d‘é’ﬁ&‘i‘ﬂ"‘t&ﬁ?“&?@é‘“' R AT (R UV ““b‘l*"‘a‘(‘fé‘éd‘i f§repdes sped
i cati df Sarisiproprpnet s iamriogrogd tes mefoertiiaigpaiontdiemsameiventsodi ment . Furt her,
when a paﬁltﬂlllﬂimblﬁﬂﬁf cf @aiititoe, cxeSiblirp@{gtneijus@iic vehanathe k&t e Gegskihed in

connect i Ok Wlst,lhdl@né(n LeﬂleQén{mﬂgmmddt.nﬂ!o@nn@}ﬂ@nnllcts& @q hbtl chﬂ&mg__l 1¥zd (,«uﬁ)c \Mpﬂch lun the.
pur vi ew Ot(}li sﬂ%d& 1&){1 111?5 Lmbo( Jmums lmw \fu re, or

characteristic inleonnect IB(tlhaﬁm(run?ndmu_mgr mtnhténu,g(#gtéatl wﬁ.ﬁkllgmhy
Eg;f’lhéér?::lgat o ililt)ngalcw Lm(?mdlmcms (%Uu, bu,asgll fll\ngﬁn lhtvuvl\aépn élﬂsu nt lhn isdésugaré(glg\? lg{l.(l}lé{fe S may have
del i nédt edPPH e &L rEs “é‘h‘b'&l“tﬂ‘ ’ﬁ(‘a‘t‘”%b"é“ ‘éBr’F@‘ﬂbr“U@dﬂ o et dor tynsdroa@r
dependent prigiplie agdhigiipor ‘pertrormiindecoiEratodingys isomeiopocetkidres: meype able to
be per | br nmedaivévaanmaliihera ik weaeh desfibhd Qxcil}s‘kmd L)ltll%nﬁé?ﬁﬁlls){hus BiGted thy bhe addi tion,

exenpl ary, bAGEAE N Y2 1 Ses Wl GEQEdance w

enbodi nen:(}];‘ri UO’” t %lllg)ullhglzn hé?itnf:g 1%&,&:{{121 ‘ﬁd: (& “Irr:glil)]mmc W ll]li%{](hmd] ‘éﬁg“‘d‘f“ nts

ar e descr I béd eyo e C ums. are inftended io LLHlblﬁLé(l iggb(ﬁ)l if\élagdtubt nt%sf,}i)gé]é ﬁbht’ﬂ ﬁ]glual%a,r at us
enbodifents; “‘*i”ﬁ&‘t‘“\mé*\i‘éf”* I’tbhé"lrré‘t[ PoERehth OB rENes!Har goude giventiaridedstt o be
limted thepebyn collitchoughe dolbw ieabedbm@nt s ofh it hiedpr@s ek oloiMeRt b have
been il | ustppi-aek -anci (Glﬁﬁ&ﬂ{At@ﬁ@luuﬂ)ﬁua“@&ll) dnle 1&15&&9&@%;@&90' by those skilled

‘If POEnhI:e 2’r &}Il}i?(,lr.gig]}sfuﬁ l;glnug/ﬁ‘,élTOWXE\ 1@1?[&. h!}’il] [ty lln Ell{j‘liqlll dbli\’dil\g ﬁléol ll%?iléli Ar b l(l?‘}él,‘lt()i dﬁggglr ‘::TIEE?S

are ther e‘f“b?%‘ D! tf)““b“é “l‘:%ﬁ%’i‘“ﬂ“é’i‘“@d‘"‘i’ O T"““r %é ﬁléé‘t %"H“‘P}‘Uﬁlt"f e @“‘T) attydic t han
| i mit Phg BYise hesipihyehei ormsidesoribed” HenénmsiSoopecef cnteheCiinventi on i s thus
i ndi cat edmﬂ@lyiutuk'lleuﬁﬂﬂﬁmdﬁd akiah PBug:hy ﬂltmh@hhctphaﬂ nQynsﬁthndt 1h£s%gﬁulﬂguﬂ€30r I pt ion,

and al | Chﬁﬂﬂ@&h\"ﬂh@ﬁ&&le%ls\M &msnlmtnhﬁu @Wpﬂgun@ﬂg llﬂlg‘nge of EC]UI val ency of
the elaints are intended to be enb raceéi t her el n. used in thls

di scl osure, th;(g]m; §rm(,fQ>111§flﬁ)()(§%¥?Jllx i's 20non-excl u5| ve tnmd neans "preferably,
but not limter! " Terns in the cl al ms shoul d be given their broadest

: zt teLpr e;gtslcr_)lrh)g\?]g%!idsut[ lgpil:nié\,\qmdt clotnplmts mm%g, 1%15[ L,EIHYHQI%T }1/1 \l,(]mémldt)l.alé)zc%ﬁsé)ifE E ra]_::];[jh
den VATt NEPESH L B EEHREE U8 RGP EIBEhTR Tty AN AN Bt on o

connect i ongFEBYplsiidgeer gy nyiothersecaxX arfdinglyet diagit pgiid savdreionnc | udi ng"
de"vatives thereof ttnd simlar transitional terns or phrases are used
synonynousl y withnethedofpikingd drgt cofjrise provididek harceddgohgt depoadsehiopéncended”

ternms) ondyutiRéacBbingbinasRSuieOns sl NG Pfs fdldhe G ARSI Eessehti al |y o
ShOU| d bamféplﬂ@ 1@@5{#911@&)] thg 0@@5@1])1@&“&1@& Li’\iﬁlgllglli]mld]a]ﬁl%l{l ,gi"l[sbu)ipltpptnmgp} {o be

interprete 2 sixt ra unl ess for" and an
assoc?éat ermlPr'zL ?as[ sual.llzl'uoi 1Hd Provig Ing.m acliye 1&,&8?11&11)&T% “r‘h“flﬁlf Fé‘ utdogu]mée?dthéé l@ﬂff i CI ent

st ruct ur ¢ty pa fbd’r“h‘i“éU’t‘,"h]“"“E‘Jr‘fb’t“i“dW“ | 3elow isa listf somehod ii itens:
(1) A method of neking a diode conprises formng a first cladding |ayer
i ncl udi ng one (HA ryhde ! pakinga dpfic comprises forming  first diode region; lorming an active region adjacent
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30pol ar crystalline materi; 11, wherein major gices of the one or nore fins
are non-polar; formng an active region over one or nore 01' said major
ntees; and Conning a second cl addi ng | ayer adjacent to said active region.
(2) A nethed wiymassing a di ode conprises providing a fipariysfhagdisag | ayer
of a polar sem conductor crystalline material including a first surface
Wn) one O nore holes forned therein, sidewalls of the one or nore holes
bei ng non-Ugdisadiodd iyiesudimhes@al dxc spnhaonduetior ceh ystal ke mbtefki.al ;

provi di ng sansee0ad: leilua,dQluﬂghdlcaM@[i(,ln?{'sgzgpmzﬁ L fon- p{tihﬁglt bk S a; ”ert AGER ma‘pd

provi di ng »ﬁ’rﬂu@mLY.%dE)&ngE‘um‘.M%Y posed hethe inkt and second cl adding | ayers
extendi ng at | east partla y |n o the Cfie or nore holes. (3)A nethod

gL{T}Jblenrgeal glnogcfszmmI (meku r F&?]t unnifnot mgaompx1sudno\fldlggl :qgcef 1#{12 i;ﬁ(l)]rr,:{amg}i gng‘ldlg(?]dagl ode

r egi on Jadj 4Lem" ‘L‘"Hé““éﬁl‘:t‘ i"\ﬂé‘d‘r eyar Ot wioR diger regforalineht g s vegiodareioe sur f aces

of the fi réeeig bee rprégioOh saidj Gdentiontiiieh acdiil Vi@l regiggiranpotinatoaine phavs pol ar i s
great er t ham-grmas@awodys@ne matiagrore surfaces of the first diode region that
are polar. (4) A method of neking a light emtting diode conprises

pr ovi di ng a fi f'ﬁﬁ m@iﬂm@@l%.uﬂ@gl lglmﬂmlllllgrdmbntgﬂpﬁgs 1@& I(i!ngv ﬁmlﬁm d%ﬁq%ﬂ;ﬁ%ﬂlu%dl acent.
t he f I rst ﬂg ibgingbiOi 1%9 uq)lni\l;mnngf dlL dbli\’(, ([IJ(IT 19%011 hmn i qugstumwm uug[_n n]fu%] ﬂ a acent t he

active, regl on 'é‘t““\}‘él’“élimbde regi on
and thd séi‘f h‘d‘“‘ﬂr“&ﬁ dehips ‘g‘fi‘é‘ﬁ"‘*d‘éf”i‘ %‘é‘bHHa’“‘E‘%‘“‘é&“"r‘fbﬁ%‘c’:‘l “heerpbapee il ehe. 111- N
seni conducarn eergist el b dree pmeipieddwer defects per unit are( SnMe evrhdgie ofioomaki ng a | i ght
emtting diode conprises providing a bottomdiode region froma || I-N

sem conduct or ffat egicapimalilge htngan dagtinvesediodes regintnddfuromi; Bnhibd .-

sen conduetvdrin inBilo@ni dke 1ﬁldji<ﬁt¢(ﬁﬁﬁtm & havdaetd, £HFh JnQidl'liQ{gel the@840 Mg d(%nq“]f Q(rpm ng a
top di odedl(,@ghlgglJf,ﬁlptm,@ Il -Nsem conductor nateri al d)j acent the active

di ode region, WiaGll the active and top diode regions have fewer del bets

ge{ i ;E![St ear €a F7h/@19u1¥o ﬁmqé?&t ?@chgﬁ?g?%\f; g:!lnms pluw(lum lmlmm dm& d ?d ln)hatpcg lLf.lOiT) of f g?:,(r: 23

a cavity |'“r’1m{l ]\p%b'“{”@'é%"ﬁ FEaE g e g ‘1‘”“‘f15%ﬁ‘l”‘r‘l‘@*“‘é‘ﬁ” %i‘&‘f'r“\ﬂé"“d BH’é”“F@gI“on on a
sorl ki e ofturdicgayory « repribcdepwdi ting a top diode material in the cavity.
15(7) A nethod of making a light enmtting diode conprises providing bottom
active and t op®dhiothed ¢ agivenbzh dopugendipde bonpiNesenitcohduyationduwatelsdlal lyera” d

pr ovi di ngOan)n-rllp@‘]LalK}l bk b botddh (&ﬂm@ﬂmdﬁgﬁlﬂﬁst R kil tllgﬁh tnhﬁonl-i-aﬁppi\@ ahdACr ease an

out pubpef fd“’p"“@‘n&y( stu@quvﬁ&l i Ql{u%ﬁﬁnﬁ !puelg Na[m&nﬁlum 113 ilunl tyu for mméﬁm aclive mt hod of
making a |.i. e Co rovj (g){ nduct or

cryst al li Ir(icén P{d])l/(,umwf Gl 3Ldsgmtpln lsm!du, Tné. m 11 cfsl(}g (,Wb( «,gu ‘P‘d’ﬁf"a’ldt?ﬂié‘gf"%g‘i" on havi ng

at | east B eriopdipdegigpy ﬁ‘d‘e‘“é‘F 1‘°Q‘hé’d"‘|“ﬁ“’%1 non-pol ar plane and at 20l east one
second surface aligned in a polar plane of the 111-N sem et nductor nateri al
| ayer; form ng@aheaetd vedingp bdenfisgitioh cadjsaentinghavatioceastorome fir st

sur f ace anodictnbeatsicligashingn isRO0Eeios Wi tace Lafm ti hfam@@t(ﬁaomn%l@@lﬂadé@gi on; and

form ng anteRLAQLE: l@gh QL l(ﬂmlgaiq(%%uk xaﬁm %s&u‘m‘ﬁﬁ aglm‘?ﬂ‘&l 1[5%9' on.
(9) A nethod of nmaking a light emtting di ode conpri ses pI’OVI ding a bottom

di ode r egl on O(fI (})Jx;]n;','l'th ()ﬁl@lmwglq}ﬂlg H% Q»rduﬂ%nﬁ&m ]I)H’}\idm" a luqldmcg e ’mn ?)a%mﬂ an fcg\!LOde

region adjace t1 l? mdio regl on on - po Su
Hide 1%1011 adjacent e Ilsl diode region; and lornTing a second (]lOdL n,gmn adjs lu_ll[ Llu, «ibll\’{, diode region,

wherein a first portion of the active diode region has a fisst output light efiiciency and a second portion ol the active

diode region has a4 second fower oulput Light elliciency.
30 The above-listed embodiments may each be further modilicd according to e features described below,

Alleast one of the active and top diode regions may have more tota) Hne defects than the bottom diode

region.

Alight output efficieney in & biue ght LED may be more than 2 times greater, more than 5 Lmes greater,

more than [0 times greater, or more than 25 times greater, A light output efliciency in a green light LED may be
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2501- N sem conchmaterial; and formng a top diode region adjacent the
active di ode region. (I 0) Anethod Oinaking a light emtting
di ode conprises providing a first diode region; Ibrmng an iictive diode
regi on adja@ento/tiwsscfirst diode region; and form ng a se¢eusifliode region
adj acent the active diode region, whoa first portion of the active diode
reginn haS a first output light efficiency and a second portion of the
active di ode lreginoredins kg ise & omdatawerc But Pites da:ghdér mef finck eneyeac3@The a
boyef f i st eig:erhadi.mRnit: switBYhERDM: 1)h@ mfn@-thh\erummglliil |11%Q LI%CQQLQM&Q ntnq s h’le

features d@§i9¢“ px@fjmbrgxl W ?ﬁAtms g@ﬁ@t/\lglqeuthiul umwm :ullz x\ 101 lqnl(IiU Ppiﬁg(. nmv‘?o r egl ons

may have nor ¢ t g g ec S
2010/ 11495%81‘-76?%%26‘ ‘67“d G55 HEFE " HER DU ﬁ*eiéi @r“@’at“éf’”“'f“ner@l gl 5 times

greater, HEPEICePey b o1 BT L grwakeaioe bor? treraeatrery 1265 ficnesegneater) A

i ght at (ipestereedifor giremeys ions @awhi te |ight LED may be nore than 2 tines
greater, nore than 5 lines greater, nore than 10 tinmes greater, or nore
than 25 tines greaten-polhAskieghts iomtbRpuk: dle(f(.fld."‘ﬁlil RITHG Yhe kv b E(@V})lgl s%;l web 1 ght LED

my be MO8y 111 1@@@110% l]tdll H@SA 191(0%?1&)@50’1 ar m?h wreel ﬂ%ﬂ h(§lm£ 11 §c ig dea}z EL chll\f{.iL"l n 10 than I 0
ti mes greate At Sout put |C|ency in

an infrar&d" Iplm(' L"F“‘Li‘( 3‘“} VR 1“““%] N n%?'ei?flﬁé‘ﬁ"héh ‘¥ Ior‘r‘e*g"“dg‘ééﬁ er, rnor e Mni 5
times %r eater, more th 13 t imes greater, or more than 25 tines greater.
Aratis of nosUFiti¢s é}’% SRR SR YOt PE e PEYTR PP 4 INEoHEL | ve
regi on to''potieEpieaner gurfivioeanrieg oty strecomprenihiaima o esssian 3t 1o ofin

non- pol ar 2surcksbeelsarieandnned hesshiot 120 Mpdiodendi@iotedoasicng lhﬁ vaGhd. V€ Tegion
t o pol ar - pl.apgiSurfate: A h&Re @Ma iibﬁ%n@s tgmt?‘h/gﬂsbamn 0N&s e h?(po iess TRT &, g\han 10
Or rmr e t (%r})n ?1911!., i(}]gb (ir])qb l(,a‘f:(g(ti} '.X 0“.01'\1 dUC Or rrat er | al

corr ES gl ng 2 No gocc u,&mnAyllk 101{ Jm((,m%(*n mtu.ﬂtn] 1%81% uvsgidamblge r egl on
ori ent g “"6‘6%“‘&?1"%‘dflf‘é‘&é‘“d]f‘*“ i“f’l "”N‘“ﬁleﬁi’ dorien Stk et 8 prads radli e | ess

t han 50% g8 of e ey APBoeion.ai dopihdipic K590 hegsliditragin 20%r « hessr tltant 5% A
porti on ofli-¥ heict:opodhede miagi@i @A sCU Lt GumasyRebak mswkl (31'@1@;@31‘ @f,9211- N

sem conductor material may be | ess than 50% |ess than 25% | ess than 15%
| ess than 10%To¢ cluldeﬁﬁont a8 A PRSI ifh@lﬂllonnln ahﬁmﬁﬁfﬁ ilx(\]/@/\lm Blﬂﬁm ru@lgj on, the

bot t om di ﬁlﬁ) (@Qxlm‘d rNtth@leJHull% ?Ll ¢ irl C Cf i ulfite of
ill-N semgconlgluctlor L(F)‘n]at)elrl al may g“ 1elss L OUQI ‘gbglﬁfl P8 ﬁ’l”}q“‘ggﬁ | ess than

: hg%bg?'?zrs]’] t ha{:ﬁ:%g\);/% %}H ll]§§)§ LOEEP@IL( (dn O(Bd] n g, v\liauun llu, ()bumw i5 rtmm 1'13{&59 lggepgfg:’ on,

surf ace oT““I“f” "éyo‘h&UE%‘”d? 0"sti‘t =il "va%e Jregtcerathaks5095s gr eat er
t han 75% dgrakin rvidiha g5 0coteerg tianitserdit st 19 5% deeper than its width oF hevegihothe r egi ons
may i ncl udetlonegncampe h: if widhernl bluhawy R e-abumcnum Bt it k@ o k) , gal lium

nitride (&aMN) acksn@b S0 0, t,lrlil W8 wkd lhn N)L avidBREknd ¢7hc%!n£s nk)_»e[l&r!?c )Mﬁ(‘s@‘lﬁg«n ﬂqa‘&)@n[n nary

ggﬁ??gﬁ?g(ﬁsa -EQEW ()! st e(I)D() e ! lgﬁ%(l() nm-or lus mlil H]c;lnu ()bqgsm IHLZ\S\")IE ipulgltet)plgéxﬁgaﬂ ry%g'@g‘gsg&or be

hol e. A s&M'&¥nd U]é’tlb‘r‘““dé%?i] é““may be conflgured over at least a part of the
opening. The trench may be at least 2 tines deeper than its wdth, at |east
5 times deeper® PHEMCE SR Hedr e At 4seaste. 1Q0times cdedpeicot anvite Wi dth or

t he tr enchppiigyAbewat! ulehstic &OdQ it k@S eepedpedidany t t SooMudichorndheat rench may

heat |ea5.¢ubslrt([c), anll ihﬁ@ﬁ;lr;ll&ﬂngﬁra sﬁ]gh@b@stidltmﬁ:su\!tvi: gt ho Q. stIllh@suEs[l QLnCh may be at | east
100 tines longer than its wdth. The widtf'n fy t he openi ngs nIa y be one of

450 1om or | €95 ad0Qinm@t: SRLESSuBRR 1D O 11875410 Qo QL pd g8, 1 00 nm
or |ess anlqlugq ss. .The width of the openings nay. he one of 5 umor

| ess, 2 um lILLH ugvsl( mam j—u ll’llll Hn, lmllm]l ugma may be a different Blﬂu{j{}%% (,Hévlintléuwﬁyl UG

i nt egrat eéf'“\}\/iL Piregeep B Y foatiate repons dhrdpyompr rgipdewsiopsing ks dorsd vith giirent ger mani um
or sapphi fogng cpeaupipis| hewpfid che disdebsibsatee dopplogie d itim dofhe chrnswliat ane pattern
openi ng n@youbed @b doddrdsd):s 18t bd dopeC @i @b patiNBai B dnd HAN DRURSLFsRL:Ere ARG

subst gat e,/MM.RE a single crystal substrate or a polycrystalline substrate.
30The di ode regions may be epitaxially growm. The bottom active and top

di ode r €gl ons ymay, up:%l‘ J?Lhi@li\fg 'gl[n%p diode regions muay be lormed by selective epitaxial growth including

~
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sem conductor crystalline material. The bottomregion may be a different
sem conductor crystalline material than at |east the active region or the
top diode region. 'The bottom and top di ode regi ons nay be doped with

di fferent deponguesacentrations. The top and active di odeLkR9ifHS,may be
doped with different doping concentrations. The bottom and top di ode
regions may be doped with &pants of different types. Diode regions may be

i n situ dopesdnorc ESiieinonplant ed)CVAY, dheastic-Reac ofD taheviagdi-wer.and. t op di ode
regi ons mgysshec '&lﬁ)(rl mﬁd)) BY:.-6i J\@&ztuh ¢ MQU@EM {f@)ﬂu@chrl e l;(,qv\ﬁphm;/(@ﬁ;?t }Jrq LD layer

met al - or gapi,Gi.ehehni cal vapor deposition (MOCVD), atnospheric-pressure CND
(APCVD), | ow (or reduced ) pressure ("VI) (LPCVD), ultra-hi gh vacuum CVD
(411 1VCVD)’ nﬂ]u?@ mm zlr\f mcfl 3 I ﬂ) 14 X g 1%52 PI’ tonrI < ll ay rer )_QpOS‘I tion

Al I"e"bot t'om “ { FUESSH" o ey e B e ayEat ed. At
I(ea]s% ) 3 poH e HF: ‘yﬂ"h'é““a‘é’t i“\}‘e“r‘%‘gi"b‘ﬁ ”’éBr“r”e@p‘blﬁ%i‘iﬂrig’“5@610%% woharcfade my be
| C 110At leasi: fae okt onciof t he bottom di ode region or the top di ode region
corresponding to a polar lace may be removed. The method may conprise an
intrinsic acti 'ﬂemr-levgimmnnrﬂrig: ﬂh'@il‘i&gtﬂéll\/@t‘gﬁ(ﬁﬁihgﬂli\?&){i(uﬁﬁ?ﬁ)ﬁl‘iﬁ&&} (a;)ldierp{,'gf)lh_lt (E))n The
regi on. The nethod may be a nethod of manufacturing an

nmet hod nay be tenamtdod wof noanubactuiinng LaD | asaldhede: ndhe Mt hed.s;ey be a
et hod of mRuk o6t ek, 2. ko ol S pous abel ow |5t s Turher
enbodi nent s i 0

crystall i ne nmeterial pwherglnmaj or liaces of the one or nore fins are
non-pol ar, said one or nole tins constrtutr ng a first cladding | ayer; an
la‘CtI Vel ertegI 03 E 51 Jg(%iéu%prfatagllf(lﬂl m)real{niul{/nlm uésmllma mstu g)wnkmdm "dé‘ié’i‘ﬁ{;}(‘)‘n‘gegl gd?: Pgt
c?gg{jr ng :mg';er"?‘bjf““‘éi"]561“%1‘?““t‘ir’y‘éﬂ”él‘“‘f“r“r‘re“?r‘r‘é‘t*eriid‘&lij‘Pf‘r‘rc“l‘ e eme femgdatotd sur f ace
Wi th one ©%Fognqyyiingend e schrod ddditelrgr &imd «dgialewak kgveofiiot.he one or i nore hol es
being lion-polar faces of the polar crystalline Material; a second cladding
| ayer opposi t eCtheodf fomgtsess (stchdias arvdolextengiing ratii| ieasbe pay hitad biy oient 0 t he
one orlsnopewhablediccianadyaan: ihdogd ok M@ KoRGle@fhoh-pd: r@fr@@@@rgprﬂe&%\@ﬁlp mtilt’lﬁl first and

second cl %qq!l@gdrjlgﬂMQ )ﬁmsm th ir;st smlm,a dndm(cg’}rg uqddsq rﬁm &Qmﬁc 01?& m mm(,ho' i :mtd radl ode
regl on, ere a second

di ode r egit(,(L)l\fﬁ,uﬁr U m{u )osgl bt huélrlértltrsl ‘mé““f*m(éﬁ iyl ms,rl\mér ein an ar ea Of one or nore
on- pol ar 15 gné Qi)és?nr%‘ o BROGT EEsPOHe: G e T ESOT REOR Tt di od
non-pol ar is P& PR o GHE G BT o Gpgess g Heori r st di ode
regi (F;n t hipde &pien s fhe uetive region, wherein uagyea A ohd qginre sepficts i Beginsdlicodiesico edipomi iwes a ni |
di ode 2P egicovccamiaot jov-eoldis eder hegi 0@ aOhe @mbre ditkes N 1w end Ganeslaiar.cgnyst al I i ne
materi al adjacent the first diode region; and a second di ode region
adj acent the a@tAie cdiiggads @Hna 111\4vherkedunn b uch@ASE oo Tl Qfauthe active
di ode regllgnlilﬁ‘?ﬁxfu@§@9&ﬁl$ld Qms'%dJ}QQH QQJ de mgldlgtnggrgrrdt |d(,}gl§1h lc{l\ﬁglmtglnglﬁrllear Ielg: ?n
gg%n ?OL:jg\CMIELB,FIm cagl i ?cgrmr O} 9](. dbmqnlﬁ rg mm rz)gcqamrgaél n?néuéli(ud)Hmfr ‘.1 Lﬁ.‘l sédurct Jig_uj_] |

d a top diode
Fegi on. {rom & Wﬁtk@@ it agggr%r Rt B S 4] BURHT B HeTH o btle
regi oRY  whek skivy ore 1B temipedindnetpddicode bregiioh seihave : hreder cdefieot s per
uni t ar eatltthanctinechettonpced o sevei@gi @b, whercin the active m((l_@)(lmﬁ, umg_-l’]{wg@‘,m]t ti ng_
di ode COMpldisRsmeaht QMGhLQAdg NREerial having a cavity therein; an active
diode rej, 0 n On a surface of the cavity; and depositing a top diode

material int h@) AQ@\(LlIan, L@Q(Jr)lpueés L l!og(h'rdu%mh Jh!i ngmg! QS ?ih&gr nrll,us\ue( 1<rdb0t tom
active and.to Sem conauc

m
region op a sur Ia(,(, n?thr_ Ct rgly .zm?dcpmrlmg atop ¢ tiade material i the cav ity.
30 (7) Alight cmiitting diode comprises bottom, active and top diode regions from HEN semiconductor

malterial, wherein non-polar III-N semiconductor material in ihe LED is configured to increase an outpul etliciency,

(8) A light emiuing diede corprises a bottom diode region of TII-N semiconductor crystalline layer on a
polar plane having at Ieast one first surface aligned in a non-polar plane and at least one second surface aligned in a
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material, wherein non-polar I1l-N sem conductor material in the LIM is
configured to increase an output efficiency. (X) Alight emtting
di ode conprises a bottom di ode region of I11-N sem conductor crystalline

| ayer on awpaariiplsane having at | east one first surfageraki@nedsshn a

non- pol ar plane and at | east one second surface aligned in a 14 polar

pl ane of the Il1-N sem conductor material |ayer; an active diode region

adj acei | i rtielgblhg@dtendneudid nedid S ni @eveand rphedpden e asts ones seaend
surface oOfindite 1ROt Lo Qg{hlgnﬂmd@-ngm@mh Qpb (g‘]d&dﬂml:t(ﬁ'g nBRL 19‘&;(:[ duf'z}& ent the
active diqde,region. (9)A light emitting diode conprises a bottom
di ode region of 111-N seniconductor material; an active 5di ode region

adj acent the bt de ion r surface of Ill-N
seni COI'l]_dUCt or %BI\ pgmumtilm goc{ f,c ]é sfs %namuanuumﬂlglllal\l éam%‘g{zélﬂz mdl[uhdé (“b.él’t\i' ve di ode

region> diodercgion (“T(“J‘)”“Jﬂ?“r“i’ girete reai "E’t‘ I“ﬁt}j"‘ﬂr‘kti(‘fk"ié‘bﬁwpimsfé’sw’am figiplged sdivode regi on
an acti ve dgicgden dagilon «ddjdadentont he first di ode region; and a second di ode
regi on adj acent the active diode region, wherein a first portion O the
active di ode r ggirgnhtheaisinglidli ostriseuiipubdekdzghtn «@fvt diglh egeydandnarseaond
portion Oflwinha]daﬁtan@oddichﬂdi5@@!11@5311\@@& ﬁgl&e@@ﬁq an%EonQHltcle ‘e (‘m'dtgw;on

" 10effici %pCIYwi ()Th@hﬁiqg\éxgmy ln§¥s§<‘q d%o Jmﬂm diOd Hgion mﬂ sclgoend wm U ml h ]lm:“ i ed
accordjng ta the feanres descri bed Lthé active and

ow. At |east one

top regl ons &Yy have nore total Ilne defects than the bottom di ode region.
A light output_efficiency in it blue light Li 0) may be nore than 2 tines
greater, nore PhEACHIY; ‘f‘“r?é’g““d’r“ééﬁ @eh be frgegnogdifigineeading ¢ fregugr datisd b nor e t han
25 tinmes greater. A light output efficiency in a green light LEI) nmay be

15 nore than 2M{hselde gdreand omiggion iphare sBretidgiais defprledtdie bouprpdielc thian 10 ti mes
greater or nore than 25 tinmes greater. A light output efficiency in a white
l'i ght LED ri mys& oriprogesicedian bRe {ehipsl mgrheatretha 2 ow erctdnanre Batsiuvegegr.eat er,
nor e t han:bo i iMeses greal: e O 2WOLE pthan 1iAboll¥BisiqgF @Ak LenArbhght out put
effi C|16ncy1mk Mant ulaﬁlstgnﬁé“nglc,@;m dnglEthxl mo@l hﬁﬁﬁ{m@&,mm )ﬁnolichlalpﬂ%mgbg /gr eater,

g?:a:t te'l:]an 15,51 ltt éﬂ?l?ucgo) 114 \ﬁnuf li:g[;ﬂ?,]’ igmcyhm more lpm iumfs f;sér 1 gg']r,i]dﬁtllﬁltsggflﬁ,é}%hﬁtgn I'2T15)I’ tel ﬁrs]

2 times gt' e&’c“ét‘““‘r?b?‘ X ‘P“Haﬁ“‘%“*ﬁ“ﬁe 1‘@?“@‘&'{‘ greioggr @l ARIG-EP s mo0dimeat er  or
nore t han? o8ss Ehyve gorghag tiaes greaen, more thagh 0 phads iRign1cofr moo PrapS Limgs sy fAl liglc evpar ea i n

t he bott omidingden megiamn: fiachd g tdenatticyfeltegiQRnt OmPobar mpk ango g f i we
area may BEuMRLGe AR IR ratio of no surface area in the bolltfill

di ode region !lacing the. active region to polar-plane surface area may be

?rg;/eb;hﬂl? rm e mﬂhﬁ&ln swlr&P.r ﬁmt{lh%’lpmgé%n Qb ?V”]T ‘I‘;ﬁ “““‘“F"’“ JRe. d%m e 'Sr r gtg: ?“

lice A pot f“m)hh“ “’r‘”‘g@f‘ﬁ“e Aé(‘f”i’[ Ch "é]{“dﬂé‘“ ST BREBP it ‘é’ﬁ"“ﬂ b“"‘{“ Wiy 'tﬁ“?’ “sun ace
of 111- N BEff'Eontietdmonarer hal 2 meghibs npede it hancd09%0. | ess t han 25% | ess
than 15% |ess than 10% or less than 5% A portfimof the top diode region
oriented to a Tpolar cgumfgedll-troncitiuig el condudibon « waper juglc. ayriber | ess

t han 30% it ees ditdapo2bdfed loe $Sar tuh&nnl]JER(QLHJLQ)S{SAONEHUJLQ}%l@l’ussll]@&ﬁ”utkhanm5% A DOU

ion of t h&;/o ]@s@th!nMe’/: r]@gﬂ 19“)% & 'Lssﬁlub@ t'\g(mmc“)lqg%p (il@(glw mn (Qlumlhq p&l Surlate (qde regl on
oriented Bﬂ\z e Iess

t han 50% ’”‘“Bt“ﬂ‘a‘"‘ ”E‘Sld} ‘b‘y(f"t G ”‘t*l%”%tr‘.‘“%s‘ﬁ/é”/"r e %“**‘t F\%\rlf“llﬁ%od‘r‘“ ‘ﬁe%‘ ’%’h’én 5%
30porti onl"’dﬂ'l"” ¢ Recae iy hy ‘éﬁ?“b‘ﬁ"‘“t%@ Pt dinicdizodeiconadionaertd hgitop di ode
regi on oricetngdotigleda mome o lharsis usfac &%okss bidisd sem: condustharswmt eri al  may
be great efonkhanc 0% @ Bak@ln &daich 3% (Queat: eir 0 §-REN 108151(/9 e sgﬁ@%hﬁr}l t han
95% sgnm(;l-ht@u)lqlmgll\cl\)@m (y%g.]& Qnuslh 1[’@(%6 g.lﬁﬁék'l?? A) roALCT JmngB,E oF mdluf llimng'%‘/., 'l ow ng;

alumnumnitri & rumnitr (1nN), and

their ternar y ]gcrb? liu&%ﬁtlﬁx(f pﬂll(gnm mnp)p npﬁ llm\m ' dlumumm mm( %}QHS‘HII’L?. it Ién(:l ude GaN.
The bottom re  gur th arm ope ng, P B T'HE opening is
a trenc h ‘Ne) déugl “C')lfdb IB‘P élld IHFH él 1LY “Kl L1“ *ltlll ny cmnpoumls TI]L diade regions may include GaN.

The bottom region may be contigured with an opening, wherein the opening is a trench, recess or hole. The

35 diode may comprise a semiconductor device configured over at least a part of the opening. The treneh may be at
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35di ode may conprise a sem conductor device configured over at |east a part
of the opening. The trench may be at WO 2010/ 114956PCT7US2010/ 029552 | east
2 times deeper than its width, at least 5ti flies deeper than its w dth,
at | east |wd fimmpsdeeper than its width or the trenchpgpyshe#bssheast 100
times deeper than its width. The trench may he at |east 10 tines |onger
than its width or the trench in ay beat least 100 tinmes |onger than its

Wi dt h.  Thecang dedadegier thah & vapenicmgsisnayepb @R idof 145100 N @pel 286 Bswid0O um or

| ess, 350 uRALGH m: 1|yetﬁﬁlxdslaaﬂnmm@& a8 Fidn19R u&mng{ bl OIS I(ﬁﬂgs 1§Qu (i 19(\1(]’ ess. The

wi dt h of tnhtﬁg 1Q;Rﬁ‘ﬂ'1yr%9§ lgimyunpselm%u%a an 1{5 \ﬂr’dbl th W.ld[ll 0 lPL ()Ill(ll]ii'lé,s m1y hL D¢ olfﬁ(?mn andeln;;n

or |ess | ons

further cofpi®’ é”é‘“éf“dvkﬁ] ‘Bé‘ TEM Kt @g‘ygﬁ”‘élﬂ “W”t“ﬁo ‘53‘ % l&bs ’f’ éi‘f"é"' UKORiPSt r at e Ry
conpri Se $‘1<‘Y‘P‘~é@yr‘?”l§§b’r Waaﬁluumlmfm@hlmphlk%e A surilice OF the substrate
exposed in the insulator pa Itemopening may be a (100) surface of the

si | i con subst r Ht dode grohs e oubstreate Trayod evdidi nghec ciy@tdalice supstr ate or a
pol ycryst athd mer@ubsbiuat fay cdiQikh €1iddQLdn@Mhun aGHHME a0t do0R: \,glislgge\p()@gi}ons may

be the SaRR i) Q&-ﬂﬂu&!&ah 1(1‘13/%([: y(%k)?slnhlwn)?lhu ﬂlu@l ﬁm e, amdm SlTthi(. R%m asing ﬁ»ldpn may
be a differ ctor crystalllnemaerla han at ‘| eas active

ndu
regim or “Pgm t'o b‘)y lw"c?é”b ?‘%ﬁ?l(bn The bottom and top di ode regions may he
doped i th di qu, %nt dopi ng é)ncent rations. The top and active di ode
regions may be do’ ey’ “"“ PP ERY ™ A EBREERPI RS T BR & T Sebter om and
top di ode“ﬂ*f-ﬂ-‘g*i“@h‘s“ “H)ﬁv“‘b@“d@lpéwwﬂtﬂh ngleyis plan b deasothe elivé ementhe Wpylpésezioh AGS
regi ons may bhemial 1$idbds rgopedy @ kopbonnh HinphantiRdombibbs [ 1Bast wORe. 8kt he active
r eg' on an(}icntngpm\mu @(Q@l uﬂt@gh&ni dm?xx ut}@um lPJnL Wﬁéjhowl 1§(ﬁ!) )%%éc ?iEi?) 1&;9!: Euai{)[)c,(?wxlhgr owt h

i ncluding, c.chem cal va

at rmspher|hém§\'r°!ads]1 “ﬁg%‘ﬁ\/ﬂml(?}iﬁt‘f\/ﬁ)*y b ““”d“'l‘g‘?“’%ﬁﬂ'&‘gd ) pressure CVD (LPCVD),
ultra- gl gh-vac uum )CVIZIQI Ull VEJVD? nmol ecul ar beam epitaxy (MBE), or atom c

| ayer 'deposi ti‘on AL wive region dnd L"""‘*ﬁh‘ég“ﬂ’(?f‘%%ﬁi“’“’é{& ?lV"é"“alﬁ%f‘ Y §p"t egi ons nmay
be repeat éH“‘*“‘At““l“é‘é@t“ iSH FPE o (MG VEE th Vs eryenC\dorP@gpondiong 20t 0 a
pol ar Deercrrag-)pessreffvert.v DAr-edstenan Qorvirornvighblcdusechabt.omidiade regi on or
t he top duedewkegi.gmn:canresponding to a polar face may be renoved.

The di ode nay conprise an intrinsic active region. The active region nmay

conpr i se a de p!ill@ltuli{ﬁiﬂ acli@ gll(lqn 1wy f:,lTh @m}di Qgﬁmm)/mh' % l@)ﬂ 0 l{HEQ}Li\'L@%I()@'&)ﬁ&;}(}q‘!hip d e, or a

phOtO It @ 0 i nray e repte eBst applion of the oo diode i )n) ! Ode
conpr :égl f% 8%9? 991& cfolQ At\ ?1 [f(? m?l‘l.j l] Eddﬁa\l Lgt( orl 1& loi)dx{q’:ﬁxLHonq,&mauﬁléhnbr NOW

filla a p%l U R I E (WRNT materl al , wherein maj or faces of the one or nore
has are non-pol ar; 5form ng all actlve regi on over one or nore of said

maj or thces: AREFOHEHYIS T BEEAE Al TG ey am s sddensaiod act i ve
region. Alrreiodrody o ki Ing dadedir othe@onpiricsi ng: providing a first

cl addi ng | ayer of a polar sem conductor crystalline material including a
first surface with one O nore holes fornmed therein, sidewalls 01 the one
or nore hol es being non-polar faces of the polar
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10sem conductor crystal hne material; providing a second cl addi ng | ayer
opposite. the first surface; and provkling an active region
i nt erposed between the first and second cl adding | ayers extendi ng at | east
partially Wonowhesene or nore holes. A nethod of nmeki pgr@sfhRfsss:
conprising: 15formng a first diode region; formng an active region
adj acent the first diode region; and formng a second di ode region
|aljacent\@p§ ﬁgg& ve region, wherein an area of one or niore surfaces of
the lirst d de reglon adj acent the active region that are 11011-polar is
greater than ammanesuofizaneiosupmare surfaces of the first diode region that
arc polar. 204, A nethod of making a light unit tt i ag cli ode conprising:
providing i fil8t"al"8ae Pelicot Fomn Bge dnRetioveldr viie régiloniaticacent the
first di OQﬁhJoﬁgﬁ Qcﬂ@lm@ﬂg{mn polar; form ng a second di ode r egl on ad] acent
t he active di ode region, mhereln at least a portion of the active diode
r egi on %and themﬁeemn@WdF@dewregwonue@m®@$p®ndmwo a non-pol ar plane of the
11 -N senlcoqg%% el §} 1: F ial. A nethod of making a |ight
em ttl ng dl Od Frp‘i},b(l] Clitd (mg dr)hl ACH A, l]ll()sdl&dtB\fd.tutgl(Lj}}n d| Ode regl on from a 111 N
sem conduct or naterlal fornlng an active cliode region [lboma Ill-N
sem condugt or ﬂﬁ&%[1§meQh%ﬁuﬂ%“n]e bott om di ode region; ancl .
conning a top diode regiron nom a T11- N seni conductor materi al adj acent the
itetiye di ode meginm irnhieiie wotoheoactiiveuandytop: di-edganag ens.have fewer
detects per unit area than the bottom diode region. 6. A nmethocl o | nmalnng
a |ight e« ()Itl’ilﬂh{,ék} bh“B‘B‘é“ 16zﬁ,p~.lid \xgilsﬁbl 1C oﬁcr{bvinﬂimhgbuag KPS s dileels mat er i al :
5fornnng ank@MhloYersithgcet tom di ode material; forming all active dlode
region on a surface of the. cavity; and deposinng a top diode material in
the cavit y. providing a second cladding layer opposile the Iirst surface; and

providing an active region interposed hetween e first and second cladding layers exiending at least

partially into the one or more holes.

3. A method of making a diode comprising:
15 {orming a Lirst diode region;
lerming an active region adjacent ke {irst diode region; and
forming a second diode region adjacent the active region, wherein an area of one or more surlaces of the
first diode region adjacent the netive region that are non-polar is preater than an avea of one or more surfaces ol he

first diode region that are polar.

20 4. Amethod of making & Jight emitting diode comprising:
providing a {irst diode region;
lorming an active diode region adjavent the lirst diede region; and
forming a second divde region adjzcent the active diode region, wherein at least a portion of the aglive
diode region and the second diede region correspond Lo a nor-polar plane of the TH-N semiconeuetor crystatiing

25  material.

5. A method of making a light emiting diode comprising;
providing a bottons diode region [rem « HI-N semiconducier material;

lorming an active diede region from & HH-N semiconductor material adjacent the bottom diode region; and
17



7. A nethod of making a light emtting diode conprising: providing bottom
active and top diode regions from111-N sem conductor material; and

10provi ding non-polar |11-N sem conductor material in the LSI) to increase
an out put wbikgiensy to over a prescribed amount. 8. Axgpibad,ebssyeking a
light emtting diode conprising: providing I'll-N sem conductor crystalline
| ayer on a polar plane; formng a bottom diode region having at |east one
first surface ahziiagmeddil)dﬁwﬁmﬂﬁ)ph anesxangdab: dlaﬁaﬁid‘iu&ﬁl@u J@ﬁ@@&nQitjﬁ undace
aligned in a polar phne of the 111-N sem conductor inlayer;
forglng an™ A8t e g de PRy 8 G ddj-agert' e e renbec st first surface and
the at | east one second surface O the bottom di ode region; ﬁndc!fforE!ng a
top di ode regi cent tive diode region. 9. A nethod of nmaking a
i ght eni ttl %g}e?j‘iilgaol taking Jgflll L,mmqu %jmnmlsmqw ng a bot t om di ode regl on of
[11-N sen1condm&ﬁmgd@mmummmmumm form ng an active diode region adjacent the
bot t om_di ode regi on on a non-polar surface of Ill-N sem conductor material;
and forming a PEFE(HYES grsdiokdiwtknt the active di ode region. 10. A
i ode rogi on: Tar B heE ok SN L SR ERTR LG acent the Tirst diode

i ode region; formng

regi on; gnd ammummdmﬁQWMngman&emmﬂd di ode regi on adjacent the active

di ode regi,on, rst portion of tile active diode region has a
firsc ou?ﬁut I|mmF?W“%W%ﬁk@@ﬁ%ywﬁﬁﬁuﬁméﬁ%ond portion of the active di ode

region has a Sﬁﬁgnﬂbuluw\ﬁnwQMEJBUMLu %Q;LQ{IJ-&%Q%QEQTAHHﬁ?Q%O/ 029552 |i ght

eff|C|ency 1 1 The nmethod of one of clains -10, wherein the active region
is 1110N senm dendustoapolail-N @Wu(@@plpleglpl@hld ;hng i3 1o increase an oulpt efficiency 10 over a

preseribed amount.

8. A methad of making a light emitiing diode comprising:

providing 11-N semiconductor erystalline layer on a polar planc;
forming a bottom diede region having at least one Lirst surface aligned na non-polar plane and at least one
15 second surlace aligned in & polar plane of the 111-N semicorductor material layer;
forming an active diode region adjacent the at least one st surface and the at least one second surface of
the botiom diode region; and

forming a top diode region adjacent the active diode region.

9. A method of making a light emitting diode comprising;
20 providing a bottom diode region of 11-N semiconduclor maierial;
Torming an active diode region adjacent the bottom diode region on a non-polar sartace of 11N
senmiconductor material; and

forming  top diode region adjacent the active diode region.

10, Amethod of making a light emiliing diode comprising;
25 providing a [irst diode region;
forming an active diode region adjacent the lirst diode region; and
forming & second diede region adjacent the active diode region, wherein a Frst portion of the active diode
region has a (st ouput light elficiency and a secord portion ol the aetive diode region las a second lower oulpul
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to a non-polar surface. 17.The nethod of one of clains | -10, wherein at

| east one of the active and top diode | egions has nore total 5line detects
than the bottom di ode region 13. The nmethod of One of clainms 1-10, wherein a
l'i ght out pwo sefdipisency in a blue light LED is nore thappdsdiiBsss9reater,
nore than 5 tinmes greater, nore than 10 fitiles greater or nore than 25
(hues greater. 14The nethod of one of clains 1-10, wherein a |ight output

ef fi ci encyiglivdmigengreen hglit LED is nore than 2 tinmes greater, nore than 5
times greater, nore than 10 tines greater or nore than 25 tinmes greater.
1015. The nethod of one of clains 1-10, wherein a |ight output efficiency in
a white |ilght TEMIk)olog: offgkies Itihamer@ bd dTBSicGh @all-B Egmichildficd®r hlan cdreddnieSs
greater, nore tPan 10 tinmes greater or nore than 25 tines greaten 16. The
met hod of “oH&SF ¥i'Xi ms 1- 10, wherein a |ight output efficiency in a
ultraviolet light LEDis nore than 2 times greater nore thtmb5 tines
%?ﬁggr of qg:}: {)h]{, %eru&ol ol og]:‘?.ti)@q rlg\ll'\]’v‘ie“i’“é“]l .«1I§] luiél 0|1(. 0?1Ht‘u,uvu %ni_imf 1%1 1éﬁ%qu‘1seaﬁ§1 (glhmll :’1| r-gl-ﬂf
LLD i s 5notie dethama2hbbiomes: rgoeat er, nore t han 5 tinmes greater, nore than 10
times greater or in ore than 25 tinies greater. | H The nethod of one of
clainms | -10, wherein a ratio of non-polar surface area in the hottom di ode
regi on faélng Fheuwewhmef%eghomw@mmpnwammpManemﬁUﬁM@m@uHnﬁamiﬁmnmre t han
one. 19. Tp et 9 Lone of claims 1 -10, wherein a ratio of non-pol ar
sudhce aréa’i “d%“m”HMiP@Wﬁﬁﬂ%ﬁ@“#@gpﬁﬁ“ﬁéé? AgorHe ddrvEYegi on to

pol ar-pl ane surface a Fe a is nnre than 2 nore than 4, nore than 10 or

T o iP0: RTINS TR 61,008 01, FLONIR 5, A0 WIS END. ByP0T L0 O
mat eri al 1iSesb:ess obd am 55&%&1(,111@,5}5)1&1“&]0 ua&%l,dm asscihan 11113@%/9:3@-_658 t han 10% or

| ess than 5% The nethod of one of clains 1 0O, wherein a pmLion of the top
di ode region oriented to a polar surthce of |I11-N sem conductor nateri al
is |ed§ than S0Meibegsncbhams25%phd@s Sl han «B%nc iessind hanr:dQ%en.ess t han
5%

times greater, more than 5 Limes greater, more than 10 imes greater or more than 23 times greater.

16. The method of one of clains 1-10, wherein a tight output efliciency in a uliraviolet light LED is more than

2 limes greater, more than § times greater, more than 10 times greater or more than 25 times greafer.

17. The method o one of claims 1-10, wherein  light outpu efficiency in an infrared light LD is more than 2

15 times greater, more than 5 times greater, more than 10 tdmes greater or more than 25 times preater,

18, The method ol one af claims 1-10, wherein a ratio of nen-polar surface area in the boltom diode region

facing the aclive region o polar-plane surface arca is more than one.

19, The method of one of clains 1-14, wherein a ratio ol non-polar surlace arca in the botlom diede region

lacing the active region to polar-plane surface arca is more than 2, more than 4, more than 10 or more tan 50,

20 24, The method of one ol claims 1-10, wherein & portion of the active diode region oricnted 10 a polar surlace

of HI-N semiconductor material is Jess than 50%, less than 25%, less than 15%, less than 10% or less than 3%.

21. The method ol one of claims 1-10, wherein a portion of the Lop diode region oriented 1o a polar surface of
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99. The net hod of one of clains 1-10, wherein a portion of the active diode
region, the bottom diode region or the top diode region oriented to a pol ar
surface of 111-N sem conductor material is |less than 50% |ess than 25%

| ess t han Wwb%i0hie8se t han 10% or |ess than 5% 523. The pefhodi@hoQne of
clainms 1-10, wherein a portion of the active diode region, the bottom di ode
region or the top diode region oriented to a non-polar surlace of Ill-N
semn condudt-®EenRBatienn @il S lgreatoed it hanss0%0.gr eat-hatihan 1.45% sgr eat er t han
85% or greater than 95% 24.The nethod of one of clains |- 10, wherein the
di ode regions include one or nore of the foll ow ng: al um num
nitride (ALN),Thgafoll eimmayt diipsd @0, (vGaiN)a,poriiandi terain divae xdgﬁm(tmu,omaiﬂduigihﬁil

ternary ar]]dU yat er.nar. }Ocorrpo unds. The nethod of one of clains -10,

wher ei n thé (HU( (,1(,{11011 011 mc L a I)o E) ~|u aueng IIJCEJ ann?\BloTﬁ\éx1%{Lﬁdﬂl “8]&. mdhl@n%‘f&u, btf"al nNE

1- 10, whenei 1B%I$aelq(la®¢%(0mhr|ﬁlgj‘ypn is tow th an opening, wherein the Qpel n
ng is a trench, recess or hole. 97. The nethod of claim 26, conprising a
suni conduct oi device configured over at |east a part of the opening

1528. The et hotke ofoChaierse 6,1 - WaBF @i Portidh er tber@Rnchudd I'Sgixﬁllhelhﬁtanﬁtlio(@ 1'c§ii)lnps deeper
than its width, at least 5 tinmes deeper than its wdth, at |east 10 tines
deeper t h8R"F e (R iooReTe o ¢ P ""“t"?'“éi‘f&ﬂ‘i‘§‘%’t‘*“‘]"k‘-ﬁr&‘s“t“*“’l@@"’F‘il%’é@ Seewer than its
width. 28 7Fhe,methody.of o &l.al.0%26, wherein the trench is at |east 10
times longer than its width or the trench is at least 100 tittles | onger
than its wdth. 30. The nmethod of claim 26, wherein the width of the

openi Ngs s Oon@e GdhodkdneloNkinQi- ](ll eﬁﬁ!l}lAQleLIlL@i&]ﬁQ{]B(IL%I&%H nm?l,aglhagmmnpr | ess, 200
nmor |ess, 100 11111 or |ess and 50 nmor less. 31 .The nethod of claim
26, wherein t FE™RFEHCORNG Feivd peidd (g Hdemoinie @M. By onuy essye@um or | ess
and 11bnnwg,[,(m|1(§ss WO 2010/ 114956PC1' / US2010/ 029552 32. The net hod of one
of clains 1-10, wherein the diode regions are epitaxially grown.

25, The method of one of claims 1-10, whercin the diode regions includes GaN.
26, The method of one of claims [-10, wherein the bottom region is configured with an opening, wherein the

apening is a lrench, recess or hale.

27. The method of claim 26, comprisizg a semiconductor device configured over at Joast a part of the opening

15 28 The method of claims 26, wherein the trench is st feast 2 times deeper than iis widtl, at least 3 Gnes deeper

than its width, at least 10 tines deeper than its widih or the trench is st least 100 times deeper than Hs width,

29, The method of claims 26, wherein the trench is at least 10 tmes longer than g width or the tench is at

least 100 tiimes longer than its widih.

30. The method of claim 26, wherein the width of the openings s one ol 450 am or less, 400 mm or less, 350

20 mn or less, 200 mn or less, 100 nm or less and 50 nm or dess,

31, The method of elaim 26, wherein the width of the openings is one of 3 um or less, 2 um or less and 1 um or

less.
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33. The nethod of one o telains 1-10, further conprising a CM OS devi ce
inmMth a substrate. 34. The nethod of One of clains -10, wherein a
substrate COnipri ses silicon, germaniumor sapphire. 35. The nethod of
clai m 34, wobeosimisas surface of the substrate exposed ipelbSoidigidsat or
pattern opening is a 5(100) surface of the silicon substrate, and wherein
the SUbstrate is a single crystal substrate or a polycrystalline substrate.
36. The nethodTlefcione vofol gliai A8, wheren ik, divnhigfoad «t chifaedpodlnom  active and top
di ode |l egions are the sanme sem conductor erystaHille material. 37. The

met hod of one of clains | -10, wherein the bottomregion is a different
sem conduét-or Trygiedbilopavecld:@il At s atpdseastMihievi@stchve viegiwnweor the top

di ode region. 38. The nethod of one of clains | -10, wherein the bottom
and top diode regions are doped with different doping concentrations.  39.
The net hod* of BRBCUR olepegi dms!- 10 pireinhigriaie pnpties stiop. candivaetsiwercdi ode regi ons
are doped with d| ffer ent dopi ng concentrations. 1540.'the nethod of one of
C,\/\ll(1116}1 I h tom and top di ode reql ons are doped with (| eptons of

di fferent typese “"A‘i’" ﬁ‘ﬁ'ém’r?ét“’ﬁ‘(‘)‘ﬂ’ ‘GG RE O e girped M baiglighgeeigicade regi ons
rei tu dop@dynuitnelinddh ﬁin,tlﬁudand el surr%tl Dlesngfu u?std?sulgtmtc Oﬁjp()lk’(,lys e 10,
wherein at | east one of the active and top di ode regions are ﬁa ned by

sel ecti vesépitt-axi al growt h i ndudi ng netal -organi c chealical vapor
deposition (MOCVD), atnospheric-pressure 20CVD (APCVD), |ow (or reduced-)
pressure CVD (LPCVD), ultra-high-vacuum CVvD (U 1|VCVD), nol ecul ar beam
cpi t axy (M3E)““’B‘r‘“"‘é‘tfﬁ‘m"b“‘l*’ayé? VRSB Peippreif eied iy dicddioTire tretaod of one of
claims | g lQuehesglinthg, pottom a cli ye and top iegio ns are |opeat&

37, The method of one of chaims 1-10, wherein the bottom segion is a different semiconductor erystalline

10 material than at feast the active region or the op diode region.

38. The method ol one of claims 1-10, wherein the botom and top diode regions are doped with different

doping concentrations.

39. The method of one of claims 1-10, wherein the top and active diode regions are doped wilh dillerent

doping concentrations.

15 40, The method of one of claims 1-16, wherein the boltom and top diode regions are doped with dopants ol

ditferent types,

41, The method ol one of clains 1-14, wherein diode regions ure in situ doped or ion implanted.
42, The method of ene of claims 1-10, wherein at least one of the active and top diode regions are formed by
selective epitaxial growth including metal-organic chemical vapor deposition {MOCVI}, sumospheric-pressure

20 CVD (APCVD), low- (or reduced-) pressure CVD (LPCVDY, wlira-high-vacuum CVD (U] IVOVD), molecular beam

epitaxy (MI3I), or atomic layer deposition (ALDY),

43. The method of one of claims 1-10, wherein the bottom, active and Lop regions are repeated,
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WO 2010/ 114956pcpu S20 | 0/ 029552 44. The net hod of one of clains 1-10,
wherein at let St a portion of the active region con:esponding to a polar
lice is removed. 45The nethod of one of clains I1-10, wherein at |east a
portion Olwblrelvheissem di ode regi on or he top di ode regp&pusRigespending to
a polar lace is renoved. 546. The nethod of one of clains 10, conprising an
intrinsic active region 47. The nethod of one of clains | -10, wherein the
active redal coapridelnal deplien.ivonir @gisenorid 8 A ingtdho thrafonmigan: gk facttiri
lig an LI conprising the method of one of clainms 1-10. 49. A nethod of
manuf act ur i'hyy 4 f‘aser di ode conprising the method of one 01 clains 1-10.
50. A nethod of manufacturing a photo VO haic device conprisin& the nethod
of one of claipgs 1-10. ;r951qﬁoathQ conpri si ng: . . one or nore fins
of polar crystafline farerial; "WHayel Fewgor ofEouem grdc e ofieutodiore fins
are non- pakarcorG@hdhe @NQocERdil NS constituting a first cladding |ayer;
an active region forned around said one or nore fins; and a second cl addi ng
| ayer forned adjacent to said active region. 1 552. A di ode conpri sing:

a llirst et additngedoayiesc oofising | pakanieyshalbit icne amt erial including a first
surface with one or nore holes therein, sidewalls of the one or nore holes
bei ng non-polar faces of the polar crystalline material; a second cl addi ng
| ayer opp6si t et hgnofl pllosptol dinrs | e whandh texdtiendion grmaiseslh@astonpaint i al |y into the
one or nore holes; and 20an active region interposed between the first and
second cl adding | ayers. 53. A diode conprising: a first diode region; an
active reff on ‘HEACE R vRRENE § S cogbdelredidmene gividin 1-10.

49, A method of manufacturing a luser diode comprising the method of ane of claims 1-10.
50, Amethod of manulacturing a photovoliaic device comprising the method ol one ol ciaims 1-10,
16 51 A dionde comprising:

one or more fing of polar crystalline material, wherein major faces of the one or more {ins are non-polar,
said one or more {ins constituting a Arst cladding layer;
an active region formed around said one or more 1ins; and

a second cladding layer formed adjacent 1o said active region,

16 52, A diode comprising:
a Jirst eladding layer of a polar erystaliine malerial inclueing a first surface with one or more holes therein,
sidewalls of the one or morg holes being non-pelar faces of the polar crystadline materialy

a second cladding layer opposite the Hrst surface and extending at keast partially into the one o more holes:

and
20 an active region interposed between the (irst and second cladding layers.
53. A diode comprising:

a {irst diode region;
an active region adjacent the first diede region; and
a second diode region adjacent the active region, wherein an area of one or more surfaces ol the first diode
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a second di ode region adjacent the active region, wherein an area of one
orre surfaces of the first diocle region adjacent the active region that
aion-pol al is gre a icr than an area of one or nore SUrfaCCS of the first
di ode regiwowhimsase polar 54. A light emtting di odepepiPhh@ig.a first

di ode region; 5an active diode region of a Il1l-N sem conductor crystalline
mat eri al adjacent the first diode region; and a second (bode
regi on adjaventctiie@ctisvehdi-ote e Qe hver@inyat wheaske arRektdan of the
active di ode reglon corresponds to a non-polar plane of the first diode
regi on. S55EAM YRt eni tting di ode conprising: a bottom diode region froma
111-N sem conductor nate!: a | 10an active diode region froma Ill-N
senlconduqsor Nagbmm“ h%d Jacent t he bottom di ode region; and _ a top
di ode region fr " N"88if conduct or material adjacent the active diode
regi on, mhereunnim@mag&ﬁve and top diode regions have fewer defects per
unit area than the bottom di ode region. 56. A |ight en]tt!ngldlode

conpri Si ng: a'B@Wﬂ@ﬁﬁﬂ%&d@“Hh%@Wﬁaﬂmhawwﬂgw&meavmmyﬂWWGﬂémhwWESap active

dl Ode r egl On Q \LL%]LI%Q(I{L ll,}_-l?‘?d%{d(,{.lll the cl(;% ]() b"¥()b W Ll(.ll': dqtd [9[%(!] ll;-()lll L)J%lb(aib{lt Lodg) (,q!3 ’(12)96 ! nl n
the cavity. 5 7. ting di'o e conpri si bot't' oM™ act i ve
and top db@MQNMEgHGMSmWM@ﬂMMLhﬂNmﬁ@%nncondUCtOr naterlal, whem n non- pol ar
I'1'1-N sem conductor material in the LED is configured to increase an output
ef ficiency. 2058.A light emtting diode conprising: a bottom di ode
region of *111 ngéﬁﬁwbﬁdm@®©mgcrystalIine | ayer on a polar plaiiie having
2tGCl)ﬁSStSU$Pg.C21Ih[8)} ol dloclfld,g;.on fmm & I ﬁ sl.mlu)lrduum md[ rlt Egl ?[ | pl ﬁrslgmaggngbci g?St one

| nat ertbal | ayen jaive diode region from a ]H N sunlld'ht(lmﬁﬁ&&iéﬁ G Q08 h@GI IR @QJ} agent the at
| east one first sin-linme and the at |east one second surlaice ol the
25bot t om di odé ufi)é@ﬁkb‘ﬁlfm Eg 11-N semiconducior maierial adjacent the active diode region, wherein the active

and top diode regions have fewer defects per unit arca than the bottom diode region.

56. Alight emitting diode comprising:
4 boltom diode material having a cavity therein;
15 an active diode region on a surface of the cavity; and

depositing a top diode material in the cavily.

57. Aldight emitting diode comprising:
bottom, active and Lop dinde regions rom HI-N semiconductor material, wherein non-polar HI-N

semiconductor material i the LED js configured o inerease an oulput efficiency.

20 58, Alight emitting diode comprising:
a bottom diode region of H-N semiconductor erystalling layer on a polar plane having a1 least onc st
surface aligned in a non-pelar plane and at least one second surface aligned in a polar plane ol'the 13-N
semiconductor material layer;
an active dicde region adjrcent the at least ene first surface and the at least one sceond surlace of the
25 bouem diode region; and

& lop diode region adjacent the active diode region.



a top diode region adjacent the active diode region. WO o

2010/ 114956PC17US2010/ 029552 59. Alight emttilig diode conprising: a
bott om di ode regi on of 11l-N senm conductor material; an active diode
regi on adjwoenty/dyss bott om di ode regi on on a non-pol ar pePiERAGRH2 111 -N
sem conductor material; and 5a top diode region allacent the active diode
region. 60. Alight emtting diode conposing: a first diode region; an
active di edle reg%@mmaﬂWacenhhmhe first diode region; and a second
di ode region aq é ctlve di ode region, wherein a first portion
ofthe active cﬁ“ci’mdio d%ﬁﬁ“ ég“iﬁﬁm?PPEP“Butput light efficiency and a

second port I 0Ny @gfuvct( h@. 1@91} ltdy@mldll(,@g@m Gigd llL 1&1 ch ARon ?01§QLQIQQ q Illl g%{un%wiop ut i 9 ht
efficiency. 61. The diode of one of clains 51-60, wherein the active

regi on i sk Ndsemrkonduct or material corresponding to a non-pol ar
surilige. 67.The 51- 60, wherein at |east one of the

di. od
aCt | Ve and t Opd i.())éhﬂ(fblt"l()ﬂ i(él(,ull.nht_ clhil\’kt(}l()?ﬁdrgl()fll ne 15def eCt S t han t he bOt t Om d| Ode

region. 63. The dlode of one ofclalns 51-60, wherein a light output
efficiency,in a.bl.ug.light, kMis nore than 2 times greater, nore than 5

¢ wmpl Ising:

times greater, nore than 10 tines greater or nore than 25 tines greater.
64. The dlode-omunmemﬁﬁxclalns 51 -60, wherein a light output efficiency

in a green ght Lﬁ is nore than 2 times greater nore than 5 tines
great er, nnre‘?ﬁﬁﬁ'i@’%ﬁﬁﬁ@“&f%d?%@“dWmﬁﬂW than 25 tinmes greater. 2065. The

di ode of one Qlfb{,b& daﬂnﬁkﬁﬂxsdi@c@mthme\r\,@!o&zdg,;m lwlhgnqtaJlQH)(uQH}tuli@L dt_lkvg‘!h&log:é/mu ln a N\
Mte Ilght LED is nore than

a first output light elliciency and a second portion of the active diode region has a sccond lower output Hght

efliciency.

61. The diode of ene ol claims 51-60, whereln the active region is IH-N semiconductor material correspoiding

Lo a non-polar surface.

62, The diode o one ol claims 51-60, wherein at lesst one of (he active and op regions has more otad line

15 defeets than the botiom diode region.

63. The diode of one of elaims 31-60, wherein a light ewput efficiency in a blue light LEIY is more than ? tnles

greater, more than 5 linwes greater, more thae 10 times greater or more than 25 tmes greater,

64. The diode of one of claims 31-60, wherein a light output clficiency in s green Jight LED is more than 2

limes greater, more than 3 times grealer, more than 10 times greater or more than 23 times grealer,

20 65. The diode ol one of claims $1-60, wherein a light output efficiency in a white light LEID is more than 2

Limies greater, more than 5 limes greater, more than 10 tmes greater or more than 25 times greater,

66. The diode of one of ciaims 51-60, whercin & light output efliciency in a ultvaviolet light LIED is more than 2

times greater, more than 5 dmes greater, more than 10 times greater or more than 23 times greater.

67. The diode ol one of ¢laims 31-60, wherein 4 light outpat efficicacy in an infrarcd Hght LED is more than 2

25 times greater, more than 5 times greater, more than 10 times greater or more than 25 times greater,
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times greater, nore than 5 tinmes gtvater, nore than 10 tines greater or
nore than 25 tines greater. 66. The di ode of one of clains 51-60, wherein
a light output efficiency in a ultraviolet light LED is note than 2 tines
greater, nepestchanse tines greater, nore th all JO tingsygiRaLRsssO nore
than 25 tines greater. 67. The diode of one of clains 51-60, wherein a

| i ght output efficiency in an infrared |ight LED is nore than 2 25tines
greater, fbre tihdnkd obdongsrgr-gavierin « nor@ndihan s fritit heswguaateh, or nore
than 25 times greater. WO 2010/114956PCT/ US2010/029552 68. The di ode of
one ()1 CF5HECBICHY 1 MA@ S "FLt PY° B “Kon- pol ar surface area in the
bott om di ode region lacing the active region to polar-plane surface area is
nore than one.,, 69 The diode of one of clainms 51-60, wherein a ratio of
non- pol ar "surface atea 'l K PRe bOrTS Mt SHETY LY R RiMethy P HBL(EEY ve region
t o pol ar - ptiang: «&uf a6 e pRkeRndsS R hddah:, g,:mmm'élel,ltun@mm40 or TR @antshan 10 or
nore than 50. 570. The di ode of one of clains 51-60, wherein a portion of
the active diode region oriented to a polar surface of I11-N sem conductor
mat eri &l s | essdiddhanacd09gmsls egswivRm 4 &5% ol’llheS;S\fcfdih@mcgﬂaé(())/%}mldQ)St%olxrQ@{m:c 6110% or

|l ess than 5% 71. The di ode of one ofelanns 51-60, wherein a portion of
the top di'GUETFRGIBHEFT BEEEH G- a8 BoPPE fessdp 1Y%t prelm 6% rfeps s eni conduct or
material is less than 50% |ess than 25% |ess than 15% I|ess than 10% or
less than,5% . 72. The d_il,odgh?}f ,one of claims 51 -60, \therein a portion of
the activeé region. RS BO o a8 Faly YR B Sehisspginyd Oar Bt +eyi on

ori ented tign a&mﬁ@lhﬁlﬁrnﬁluﬁifl 268 uef 5()‘1/0! s leS;ie/i;, m&@ﬂnl@%g&gﬁz‘mm(grciss%lzm 4%5 | ess than
50% Il ess than 25% |ess than 15% I|ess than 10%or |less than 5% 73. The
di ode of one of clains 51-60, wherein a portion of the active |egion, the
bottom di ode rgi@ne ok ofchenst o, iodeporegir MRacOk: i‘u@ﬁl’)ﬂ, 86hotid d@hddN O QQllc@aE) surface
of 11%-N sem conductor material is greater than 50% greater than 75%
great éf t HERBEW G Y r Rkt Wt HARN gmggudwogpupiaigsdiinWd. lof g ads s el aj s

51- 60, whekeiduntne:diQde.kegi ons include one or nore of the Ibllow ng:
alumnumnitride (AIN), galliumnitride ((i aN ), indiumnitride (11IN),
and their ternary and quaternary conpounds 75. The di ode of one of clains
51- 60, whearei mdde: (ﬁlinﬁd@luﬁlﬁgli—@nﬁwrt'ii)Jn;lui‘liBR['thﬁi\g'cﬁm, Jﬁmuo-gn%dgi‘g%QQ ilgiopone of
clainms 51-60, wherein the bottomregion is configured with an openi ng,

wher ei n t Hel POGERHE  og-pek furlen el -N paiverste pinatdid fsgreater ihan 50%, greater than 75%

greater than 85% or greater than 93%,

15 74. The diode of one of claims 31-60, wherein the diode regions include one or more of the following:

aluminum sitride (AIN), gatlium nitride (GaN), indium nitride (1aN), and their 1ermary and qQuaternary

compounds.
75. The diode of one of claims 51-60, whercin the diode regions ineludes GalN.
76. The diode of one of claims 31-60, wherein the bottom region is configured with an opening, wherein the

20 opening is a trench, recess or hole,

77. The diode o claim 76, comprising a semicenductor device configured over at least a part ol the apening
78. I'he diode of claim 76, wherein the trerch is at deast 2 times deeper than ity width, at least 5 times deeper

than its width, at least 10 times deeper than its width or the wench is at least 100 times decper than its width.,
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77. The diode ofclaim 76, conprising a senicondgct?r_de¥gcemﬁonfigu[ﬁd over
at least a part of the opening 78. The di ode of claim 76, erein e
trench is at least 2 tines deeper than its width, at least 5 times deeper
than its wwotnenaiesd east 10 times deeper than its w dt hegpsdihgbdssench is at
| east 100 tines deeper than its wdth. WO 2010/114956PCI7USZOlP/029552h79
The di ode of claim 76, wherein the trench is it least 10 tines |onger than
its width7or theditdensh 7b.snhatn heast is 100 I(}ilil’]i'&Sund.LOtﬂg af wilih@me 1:dn S i idtlf go

| ' he di ode of c m 76, erein the width of the openings is one of 450 nm
or |ess 48%“??”WHJ$P“F@@§ 350 mu or less, 200 urn or less, 100 umor |ess
and 50 mu or |ess 581 The dlode of cIa|n176, wherein the wdth of the ]
glpgglengfs IO(?] eog)ﬁm 9 T‘m gol (,Hlmgg w LOLm lls \h&(ﬁ]eoli Hp (tpﬁ]ré]gsldﬁ%;)é%g g'lé i“i‘f“ltj %)8 él(}l) r@ ltléspeﬁsgts) 153“8;' Irye
grown. 83¢)|'l$hﬂ}()dinﬂd@s, ab) mQﬂ@w.\Qlfui .‘lealnr@& 51- 60: f urther conpr i si ng_ a CMOS
device integrated with a substrate. 84. The di ode of one of claim51-60,
wherein a substrate conpriseS 5ffi Q1), gernmaniumor sapphire. 1085. The

di ode 6f el ai miBdyde whereh, I'lfh@cilﬁM:r\\ficﬁﬁﬁh&'lﬁawtntles SUPSEE 218, BXRESEN i Mn §heE

insul ator pattern opening is a (100) surface of the silicon substrate, and
wherein t & substrate is a single crystal substrate or a polycrystalline
substrate. 86. The di ode of one clains 51-60, wherein the bottom aftlvg7
and top di.ode [t ons are the sane sem conductor crystalline materia

The dlgde of oWégﬂ “8?éi§¥m51“ B RAE U et hEe BEEHB#PYMRgi on is a different
seni i eondnet orerystailine 15ni aterl a 1 than at | east the active region or
Lgtet E)%paﬁép?gpﬁ di %]L (gm}bgg,l’ldglﬁgi lglr ]él ]d wmé)dsmo il (ﬁ S g(,]glfn ugagm% ?'\89 tsmmcer ein the
concentrations. 89.The diode or one of clains 51-60, mhereln the top and

active di @ﬂe rﬁcgdu;aﬂﬁ otktafc,eunmg@q 1(}Mm Hl; TqulL.[()%l )I%LS thgR%i:ngtgliupn(t)nns(a:p%lr}];'[e.r ations.

10 85, The diode of claim 84, wherein a surface ol the substrate exposed in the insulator pattemn apening is a (100)

surface of the silicon substrate, and whercin the substrate is  single crystal substrate or a polyerystalline substrate,

80. The divde of onc of claims 31-60, wheiein the botom, active and top diode regions are the same

semiconductor crysialline material,

87. The diode of one of claims 51-60, whercin (he butlnn region is a dilferent semiconductor crystalling

15 material than at least the active region or the wp diode region.

88. The diade of one of claims 51-60, wherein the bottom and top diode regions are daped with disterent

doping concentrations.

89, The diode of one of claims 51-60, wherein the (op and active diode regions are doped with different doping

coneentralions.

20 90 The diode ol ene ol claims 51-60, wherein the bottom and top diode regions are doped with dopants of

diflerem types,

91. The divde of one ol claims 51-60, wherein diode regions are in situ doped or jon imiptanted.
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2090. The di ode of one 01' clains 51-60, wherein the bottom and top diode
regions are doped with dopants of dillerent types. .The diode of one of
claims 51 -60, wherein diode region samin situ doped or i on inplanted. 26
WO 2010/ 119056 pcni95652010/ 029552 The di ode of pagyediadses 51- 60,
wherein at | east one or the active region and top diode region are forned
by select we epitaxial growh including neta |I-organic chem cal vapor
depositioﬁ°(N(EN@»mo@muW@wD%(ﬂ${Nm»uu®@mhommmamﬁduaeﬂm)mpmea&unamQVD
(LPCVD), %Ltl g Q nol ecul ar beam cpi t axy (Nﬂ31l) O
atonic |ay ““d““’H T ’“’“’“’ ‘("AL““& yoe %é@"’ﬁ‘ﬁ‘ *“‘HT“BG%‘"‘B‘P‘"’&%@‘6chi"i“t’i‘q“tr%bﬁs‘lt

wher ei nl |UVB (/b’@tfi)plm (@Qt deMi8 pRRE: ORLFEB), anﬁhl@lr\Qmﬁlﬁmbﬁ@(vl))%4511(,111 hﬁundl Ode of
one of clains 51 -60, wherein at |east a portion of the active region
correspon@ﬂﬁ@“ﬂ%)a'ﬁBWéWUﬁ%@émléumennved 95. The di ode of one of clains 5
| -60, wherein at |least a portion of the bottomcli ode reg mor the top cl
| ode reglon corresponding to a polar nice IS ItITIOV/CC . 1096.' The di ode of
one of Yel “hi ns 549960 "““é’b%‘b’l*"i’é’f’(’m@iw%iﬁ”‘F bpeen e feendaetieie ar sgiveh.  97. The di ode
01 one of clains 51-60, wherein the active region conprises a depletion
region. 98 An LED conprising the diode of one of clainms 51-60. 99, A | aser
di ode congils{WQmWhQUﬁﬁﬁﬁgm ?6 BB G HORE B 5 repioggroroer o%Ht t ai c

devi ce conpsiishR@ the diode if one Of clains 51-60.

95. The divde of ane ol claims 51-60, wherein at least a portion of the bottom diode region or the p diode

region corresponding 10 & polar lace is removed.

10 96 The diode ol ene of claims 31-60, conprising an intrinsic active region.
97. The diode of one of claims $1-60, wherein the active region comprises a depletion region.
98, An LIED comprising the diode of one ol ¢laims 51-60.
99, A laser diode comprising the diode of one of claims 51-60.
100, A photlovoltaic device comprising the diode of one of claims 31-60.



