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DI MENSI ONS AND METHODS OF MANUFACTURI NG TECHNI CAL FI ELD [ 0001] The present

di scl osurwoisi1rwbsbed to solid state lighting ("SSL") deecras3oiimcis2s
devices with light emtting diodes ("LEDs")) with reduced di mensions (e.g.,
t hi cknesses) and net hods of manufacturi ng. BACKGROUND [ 0002] SSL devi ces can
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lateral contacts. As shownp METIIODS dPMANEFRTdAENGe 10 includes a
substrate 12 carrying an LED structure 11 conprised of N-type gallium

nitride (GaN) 14, GaNindiumgalliumnitride (InGN) nmultiple quantumwells
("MMs") 16, and P-type GaN 18. The SSL device 10 also includes a first
contact 20 on the N-type GaN 14 and a second contact 22 on the P-type GaN
18. As EEQHNI(FALIEIEDDe 1B, the first and second contacts 20 and 22 can
include first and second contact fingers 20a, 20b, 22a, and 22b,
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illustration purposes) coupled to one another by a cross nenber 23. The
second YR maufaEtyinge 2B) incl udes a reflective and conductive nateri al
(e.g., alumnunm). [0003] SSL devices with vertical contacts are often

pref er rgdeRegaywstpef their higher light extraction efficiencies, better
thermal properties, and superior current spreading characteristics than
those with lateral contacts. However, in the SSL device 10" of Figures 2A
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conductive fingers 21 (three are shown for illustration purposes) coupled to one another by a
cross member 23. The second contact 22 (Figure 2B) includes a reflective and conductive

material (e.g., aluminum).

[0003] SSL devices with vertical contacts are often preferred because of their higher light
extraction efficiencies, better thermal properties, and superior current spreading characteristics
than those with lateral contacts. However, in the SSL device 10' of Figures 2A and 2B, the N-
type GaN 14 typically has a large thickness of about 4-6pum to reduce the dislocation density in
the N-type GaN 14 to an acceptable level. The large thickness may also be required for
adequate current spreading through the N-type GaN 14 and for roughening and/or forming other
light extraction features on the surface of the N-type GaN 14.

[0004] Forming thick layers of N-type GaN 14 via epitaxial growth is operationally

difficult, time consuming, and expensive. For example, the relatively thick N-type GaN 14 may
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[0005]Figure | Ais a schematic cross-sectional diagramof an SSL device in

accordance with the prior art. [0006] Figure 1B is a schematic plan view of

t he SSL dwoizee/iozsobi gure 1A. [0007] Figure 2A is a schenmCirasesioss4s3ect i onal
di agram of another SSL device in accordance with the prior art.

[ 0008] Figure 2B is.a schematic. plan vi Fw of the SSL device jn.Figure ZAI;]
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is a schematic circui't diagram of an SSL devi ce a process iIn

accor dandedai($10) £ aldidi et Snad-nitive" t matnak dgyausg 00atdydi gatrcaald (ex..aGaN or

cross-sectjonal view of an SSL i ce in accordance wth additjona
enbodi ﬁaﬁe@gwtﬂ%ﬁ? dEnmsIogg e ﬁ?@%&?@ﬁ%@sﬁ%ﬂ%@% S GRERIY erG of
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[ 0013] Fi gures 6A-6D are cross-sectional views of an SSL ‘devi ce having
di f f er entsmatch may result in thermal stress causing warpage in the substrate 12 and/or other crystal

defects in the N-type GaN 14 during epitaxial growth.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1A is a schematic cross-sectional diagram of an SSL device in accordance
with the prior art.

[0006] Figure 1B is a schematic plan view of the SSL device in Figure 1A.

[0007] Figure 2A is a schematic cross-sectional diagram of another SSL device in

accordance with the prior art.
[0008] Figure 2B is a schematic plan view of the SSL device in Figure 2A.

[0009] Figures 3A-3H are cross-sectional views of an SSL device undergoing a process in

accordance with embodiments of the technology.

[0010] Figure 31 is a schematic circuit diagram of an SSL device formed by a process in

accordance with embodiments of the technology.

[0011] Figure 4 is a cross-sectional view of an SSL device in accordance with additional

embodiments of the technology.

[0012] Figure 5 is a cross-sectional view of an SSL device in accordance with

embodiments of the technology.

[0013] Figures 6A-6D are cross-sectional views of an SSL device having different

indentation cross sections in accordance with embodiments of the technology.
DETAILED DESCRIPTION

[0014] Various embodiments of SSL devices, assemblies, and methods of manufacturing
are described below. As used hereinafter, the term "SSL device" generally refers to devices

with LEDs, laser diodes ("LDs"), and/or other suitable sources of illumination other than
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i ndentation cross sections in accordance wth enbodi nents of the

t echnol ogy. DETAI LED DESCRI PTI ON [ 0014] Vari ous enbodi nents of SSL devi ces,
assenbl i esQ 2arediop®vhods of manufacturing are descri bed peraw201A96483%d
hereinafter, the term"SSL device" generally refers to devices with LEDs,

| aser di odes_ ("LDs"), nd/ or ot her suitabl ¢ ources. of illumnation other
t han \fb%féﬁimé%p _ S@@ze&ag%@mwpé@@é%rhefrﬂea%ﬁffswmaﬂ%ﬂ gy a
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technol ogy may haveé additional enbodi nents, and that the t nol ogy may be
pract i oeithont sdveul of theatetdils of thehemldelimedts dedcribbrebdobwodimefidrsnadeas Eigubesd Ael ow
wth rgsference to Figures 3A5. [0015] Figures 3A-3H are schenmatic
cross-sectional diagrans of an SSL device 100 undergoing a process in

accordance with enbodi ments of the technol ogy. As shown in Fi %;re 3A,
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ot her enbodi ments, the substrate material 102 may al so incl ude openings,

channelmsateagld] & cat mludsusitieere widiaethee srystbtorishigiipds (§.80 571 1hH@).opluindmen-

buf f er terial., 1 el.ected 1q faciditate t rmati on, O e
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buffer material 103 can i nclude at | east one of AN, AlGaN, zinc nitride

(ZnN) , ithasgateshanndimeniethesubsteitd matpsiekF(2ahas acgmraglyrmdenar surfigdeon] adexjmatee
wetting, of the,surface 10 the substrat e terial 102 by .th irst
andl or 02 oaF L RBERE Shor PR BRI (BRSPS Bt o e

t he optih€ln@d opalids! chaBh@s 1aall/ot OfhcRfAe fQiirtS @dt siech)t he fi rst
sem conductor nmaterial 104 nay be fornmed directly on the substrate nateri al

102. [ Q@éh! n cefcalgtioRMPNATdeitisial 10§ chh b8 scREIRH ¢ RANGLRI h &8 Rlatigh of G can
i ncl ude N-type

first and second semiconductor materials 104 and 108 and the active region 106 on the substrate
material 102. In certain embodiments, the optional buffer material 103 can include at least one
of AIN, AlGaN, zinc nitride (ZnN), GaN, and/or other suitable materials configured to allow
adequate wetting of the surface 101 of the substrate material 102 by the first and/or second
semiconductor materials 104 and 108. In other embodiments, the optional buffer material 103
may be omitted, and the first semiconductor material 104 may be formed directly on the

substrate material 102.

[0018] In certain embodiments, the first semiconductor material 104 can include N-type
GaN (e.g., doped with silicon (Si)), and the second semiconductor material 108 can include P-
type GaN (e.g., doped with magnesium (Mg)). In other embodiments, the first semiconductor

material 104 can include P-type GaN, and the second semiconductor material 108 can include
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GaN (e.g., doped with silicon (Si)), and the second sem conductor nateri al
108 can include P- type GaN (e.g., doped with magnesium (My)). In other
enbodi nernwe,20td2800r st sem conductor material 104 can i mciras$seo1RPO648pe GaN,
and the second sem conductor materi aI 108 can include WO
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gr owt h ©CBEEWRHIRSs. [ 0021] Fi gure 3B shows another stage of the process in
which a first masking material 112 is deposited on a surface 108a of the
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et chi ngpuitelplg cpitaxil ggowthdeghatques.her suit abl e t echni ques.

[0021] Figure 3B shows another stage of the process in which a first masking material 112
is deposited on a surface 108a of the second semiconductor material 108 and patterned to form a
plurality of first openings 114. The first openings 114 individually expose a portion of the
surface 108a (shown with phantom lines) of the second semiconductor material 108. In one
embodiment, the first masking material 112 can include a photoresist and may be patterned
using photolithography and/or other suitable techniques. In other embodiments, the first
masking material 112 can include silicon oxide (Si0O,), silicon nitride, and/or other suitable

"hard" masking materials that may be patterned by depositing and patterning a photoresist (not
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[ 0022] As shown in Figure 3B, another stage of the process includes renoving
a portion of the SSL structure 111 through the openings 114 in the first
maski ng rsioeni2zlo2shd2 and form ng one or nore |laterally paasdoiiocsnt ati ons
116 in the SSL structure 111. In Figure 3B, two indentations 116 are shown
for illustration purposes though the SSL tru ture 111 can |n de one,
three, S8R B %}ﬁv BEREY rSHPYIRBI % PRtiIRBeR! B [Hitaws ltnﬁolﬁ‘é‘te&l% TeBHg Yeles

for rer@éﬂlﬁg dhEchf tdn‘aybr%fthetrg ta%%—te%ﬁrﬁ ure 111 can include reactive ion
etching, wet €etchin | aser a ation, and/or other suitable nmateri al

I h
STV RS OORHL LS byl %§9gh§§%?99e'smﬁ%d65 Wi QEEErakig

116a aftfftl&’e SSIC otk tgicdaWahroudhl file o@m@gm infth@ ftdt hersisidp hagaial 08aamnd fdrﬂihﬁlg
second sem conductor naterial 108 into the first sem conductor naterial 104
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form ng the insulating material 118 can include thermal oxidation, chem cal
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suitabl'e techniques. In the illustrated enbodiment, the in ing materi al
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the indentgtions 116. In o nbodl i nsu naterl 8 may
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The second ortlg 118h is @n the second sidewall 116b of the individual

i ndent aBYoRLSH HRble PR RS Y 2llfhodi nent s, t he second openings 115 can al so

expose other portions of the |nsulat|ng material 118. [0027] After form ng
the sed8MPlopenidyshorisin Fieare e é@%thﬁrn@%f‘de%theewewﬁ @a’fl H@Clwler §?P0§H’6‘gsaé‘cond
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openi ngs Ia reactive ion etching tching, l'aser ablation, and/or
ot her Shtf&bhﬁdnmmﬁmhﬁﬂewammddéhah@dhﬁmqﬂé&1nﬂﬁﬁﬂhﬁmHﬂ5u§ﬂmahﬁﬂmﬁﬂbmdmﬂﬁht
the material renoval operation is stopped at the surface 108a of the second
sem conductor material 108 and the second sidewall 116b of the indentations
116. In other enbodinents, the material renoval nmay continue to renove a
portion of the second sem conductor nmaterial 108 and/or the second sidewall
116b.



[ 0028] As shown in Figure 3E, after renoving the first and second portions
118a and 118b of the insulating material 118 (Figure 3D), the remaining

i nsul ati ngorzat2eroesb 118 i ncludes a first section 120 onPCmaISkemas4828 dewal |
116a and a second section 121 on the second sidewall 116b of the

i ndentations 116. In_the illustrated. enbodinent, the first section 120
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sem conductor material "108. The second section 121 only partially covers
t he secapdr déppemvah|("AYBY), acinidsya depootich €d 1291 andont etheli sigtableytoctthiques.

f 108a. of t d i.conduct : jal 108.
2012/ i?ﬁég%)%&l%ﬁefggcefﬂ%gﬁgt FO0} A DeieBalf 1S 3@}%&3 2805 PofidsbEtdreen
the firgtoRNGISEARNd 68 8R4 1968 of R Tiﬁaé&t&?o%s Qfi 6t he otHas UhBbdiREn RN ih&llathkd } n

the individual 1ndentations 116. gap 123 exposes at |least a portion o
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region 106 at | east on the second sidewal |l 116b. [00301Cbntinuiﬂ§»on Wi th
Fi gur e Becralydhaspme pagu dfferehk figpb Eestirst psking| mgteritlot A Mgewret Ik d ki ng
mat er i f - e egl t [ 8
and patuiafec BmpABRHE (RE Reckidorhiral 36305 SE RO, Elea ML Broml’r
openi ngorildd.118beoft kiar dnsopeing n@atetidd 1i18di Mihdufitst ypoeti@osld 8atis| @ashe ascpard i on
of the indentations 116.@%0031]As shown in Figure 3F, the process can

i ncl udescagrEnePhaateriab hltic thhg scerdarqripn 180 isnen thenwecppbisidewsll dAed of he

t hr ough, §i0eb N e QRGN NGS ﬁI&hGrTQﬁ?&QﬁgHﬁ,t ﬂh‘é%e%hecfﬂeﬂin 1325 Gap alsBCe{XBgfe
copper, alumnum gold, silver, and/or other suitable nétal or neta

al | oys.otHegbrticgy @$ tHeansudepeaniterg 1t1IBe conductive material 122 can incl ude
CvD, ALD, sputtering, electroplating, and/or other suitable deposition
techni ques7) | n tARer fbibisk tisd RAoRIGRAIIFENY 5, thO Broee3dbEILddeemBY AL e fibP#éhd

includes a first end 122a that is generally co-planar with the surface 108a
of the ssewwpriens cidadodtldBb ehtheringylatipgmateiel tidnduaehvie seoed pagningl i so

I ncl Udevsiaa S%(\:qudn eeacc(i]%' 122\)!?etier% dLg gercﬂétlao%t aWi/tlrr1 tdpee sfu%tr Slt Sa nljiclorrégnuc\;ft r
material® 104 t%r%ug TR gap ?LIE%‘(?” n-other énB%al fent < ?1?18 TSt endvt22a
may be te@e@fRed Ihr@eillitrasdr éabalidhesa tRf nlahia$ e6aowh Petaciondycicppedrat aid al
108. In further enbodi nents, the second end 122b may be in direct contact

wi t h bouHaehe0dq pkthesserprd pruicorstuctpatragtEgl Hi§sanghthetsseongesifemalt ddloaf toe

t hrough_th a 3 bsequent | h hird maskin terial 157 nay.be
Foroved o SRIRATESL QHRERAThGs, AL GBS rRERAP ARG  Erogin 4Rt

st age off thd@cpiids@sisoriduclod eRgerfadl 08 Hgl/@thebaohd sidewdi2416 the SSL structure
111. The el ectrode 124 can include copper, alum num gold, silver, and/or
anot herog2gt abl ea f@odn iRFigRE 3k, AtdrQ¥mbARFRE MhCan@RrordforticiRUL KL LA 81 8b

el ectropl ating, and/or other suitable deposition techniques. In the

i |l ust redttedinentbond meterial  He(Fegue BPodbe t@vaihiag issuldtmgtmagenidldd 8 iddddesiarfirst

Toa. - TrecBE Fhird o e PEGeandd Sher LGeRGET oR N REPY SOGhalTIAN o
co- pl angg inichiibiel 18690 A 0Grakdlambaifnbe, IRNAcaRE! I0Mubadniallydfors tho

insulating material 118. As a result, the WO 2012/ 102800PCT/ US2011/ 064828
second fgectidovalll Pbbafndttae aifrsidnat i20g thvtiesibatantidlyy eephnatwih hredsurface 108a

lectrically isqlates the el ectrode, 124 int urality, of electrod
ol oo todeteng snrTeanticion et abaft, e FrefsRtigh 3ok ohsmb iy EORTE M ode
el ementgcdddadewabi6nARd hdPa)scedil Sider1L£8Re8HiIARBEondt he emendosdof ae

124b may be recessed fromthe second end 121a of the second section 121
and/ or seegndramecantiheipr waictiabl 8. conf i gur ati ons. [ 0033] Subsequently, a
passivation material 126 nay be fornmed on the el ectrode 124 and the
insulating material 118. The passivation material 126 can include silicon
oxide, silicon nitride, and/or other suitable non-conductive materials. In
the illustrated enbodi nent, the passivdation material 126 includes an
opening 127 proximate a peripheral region of the SSL structure 111. In

ot her enbodi nents, the passivation material 126 can include the opening 127
in other regions of the SSL structure 111.




[ 0034] As shown in Figure 3G the process further includes formng a first

bondi ng material 128 on the SSL structure 111. The first bonding materi al

128 can iwol2oeoeswpper, a gold/tin alloy, a nickel/tin &Cragoianddfses ot her
suitable nmetals or netal alloys formed using CVD, ALD, sputtering,

el ectroplating, and/or other suitable technigues. In the illustrated

enbodi n@@,l t he 49 %ﬁ‘tsu%%ﬂpnbz%ﬁatfm%be&%mtge Fist and escond seeigt |3 14 1He

el ect r Qe i i ] S| i i i t her
cmbod naaiy it PIGAAPEN Atnd Bl R BRSRY L. T b o gped I )
coupl edbottiort diethe Ifegtsemtmnd@etor (nOERES] WAt HButs, theisagpnidaacttbnbl? 1t dveemyt cavier ats

bel i d that when the fi ] d ) jal 104 is f d h
opt g_ﬁﬁa%a%@éwne@rélﬁ%er fist parp b1 7?&3}%‘??6@5@ é’;_ﬁm'{ﬁi ﬁ@@dﬁ&lﬂr%{%b ral %1%2? ,
the 11 b meAngUsh Qartilh vl il Gl Qhdial iK@cafattﬁw_éxa@sglgggﬁ{ﬂammeof

di sl ocations proximate the surface 104a. t he epi taxi conti nues,
t he di dirscanionsiuctoahescrl d0dl/srdisubed wn s®re dotil rhelom tithonterawottdErgure 5.

resul ting. in higher qual.it rysta rmations. Thus, by renovjnpg .an

ot alas SR sttt SelBE Srh deroronament Ale ARt 16 i e
104a,  tdigofUrR&Esal( O6b BN SintMth Qfenfioal RGAL HRNS: Y B8 JISILGRI b Boftids dFiifest
sem conductor material 104. [0036] As shown ih Figure 3H the SSL structure
111 i s dotwmelegianol 0 at &aast erths sérond atdewaB0 16lavi ng a second bondi ng materi al
131. The carrier substrate 130 can include a ceram c substrate, a silicon
substr g0e30ja net@intiduin@yonswhs Fid@ire 3Eamnditiosr seigb @ tisdiproadsk @ah yadsdcobrigimpra er
substrates. The second bonding material 131 can be generally simlar to or
di f f er dhird fragking Heatenigl kS 7 e wyfage H¥Saf the secopp semjcodudiergmatstian %Ki ng
mat er i . ; i i i | i -
pondi ng ity AR tnikd iSFkg A ARIIS0 (eblh TR G 0 ) BoBhit RE! e third
2012/ 10800 RCTT195A01duaD§ 48 péke St asqusintidy of the dalthadbnsl B, (e. g., a copper
contact) may be fornmed in the first sem conductor material 104. [0037]In
the illgg3rnat ed LORRAITRNEigutc S, tHO pidtdRNdaatih@ige ddiBsltindantddduesh dsaltifist
and second indentations 116 and 118".) divide the SSL structure 111 into

t hree rl@giintesth¢ iglentalipnsetl 6 thdiughdbathisd epsninigs 419. dbe catlucameimatsiriatl 122 ¢finons

111, 111" d 111").. E f.the t i 1171 111" 111" ith
Sorr ssnbius Bst Ehitinur EMaSinP e St SRS rent oL pal atio" TesbiienY o
i ndi vi Gtuahbpbsaﬁlgfﬂlé ThnGRAl € N N2 RafTENLG VD, ,Aﬂlﬁﬂgpun@ﬂﬁg,l&é’c"taoﬁla&ihg,

active region 106 (identified individually as first, second, and third
active afd hey qwgble dawsitioangcla@icp, Enthet Husketed rranbod mensnthgceanductive

materi al .10 i~dent i.fi ed i.ndi,vi~dual Ly as second sem c ctor el n

Too " o til (R B § i o2t B s BRn ABCRT nBRR APt it Fac®  REF B e
st r uct weeontlsemibdHA3ShALriapq 08l Nithet ddRdSSveShateGilure didol idctudeha seasdd @fd
substrate 130, the substrate material 102 and the optional buffer materi al

103 nmyl 28k in diestednfacomithibe first semisendustardueearl Hdtterdugh thogapi12. ghi etbiging,
exfol i af| %’&imé"r’% %tecﬁ%sﬁ%ndag%a?!rﬁam & rrecselélseitda?rb% %&\ec G?ﬁ&%E% 8a| N Qtﬂgusfe%ond

enbodi men r enmovi ng e su nat eri a and e optional er
mat er i akmiddadeanr hrtstabpped IatfudhgWnhttenddanefseédnd dndr BX2bs@ny Genflukicor
material 104. In other enbodi ments, the process can al so include renoving a

por t i orfoatact wih ppthsthe Siavtisermisanducsnr maeteresli1Q0 and therachine £deéons LMF theawgh dlagap
bR ch . y . AR .

e P SPGB B SIALRBORL Y RS Ao SR B ST GRISHE o,
b | i ed bet t he cqnt 132 and .the el ectrode 124. In . ,
our rontVF o Anutog o TEHEC AT Bt Raay easia FPbR Chdices o mine TRSR G o

t he. firpy & getdRdanfhaaant. lﬁéael&ftrordQQ2@!c§ﬁtiﬁ&Q@e é'c%f)er\/ iaﬁnﬁiﬂﬁm‘: %BﬁE silver,
sem conduct or el enent 104', the first active el enent 106', and the second

sem corader enothkesmtablcli0stal pnmeta aflpy sarmed giio £ VILIALDThmitteiing t cleattoplaging,
el ement 6' .converts a partion of the current [ntpo |.ight that
ext r aotiad o AIGEaH PP e ke Qe b TErked SrPadindit BoAdiouPrtd 27 s
r leactn rlagﬁﬁshﬁlrfaﬂcé §b4d RARRCAE AL A the ElacBUDRE BE tht|sedhdfse@BonBgcthl Mmaferial
el ectrode

108. The electrode 124 also has a second surface 124b that is generally co-planar with the

second end 121a of the second section 121 of the insulating material 118. As a result, the
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el ement 125a toward the first sem conductor el enent 104" in the second
region 111" via the conductive material 122 in the first indentation 116
(as i ndi caibediznp28ohe arrow 136). In the second regi on 1PCT/uskoriioes8SEL
structure 111, the current then flows fromthe first sem conductor materi al

104" toward the second el ectr.ode el e t 125b vi he. active regi on 106"
and the@e%@o%%at}%fﬁlc%fﬂewsgkaﬂ%fr@wl&ﬁﬂ%@pa% 4 &ieegwé Y BT pds G 37).
The secondn@c hivikuly gﬁa@Etm}]QGe"lerﬁaﬂ%{'@%% nginﬁieh%dipfam}o Rs Bfst tdA€orkl _%fﬂﬁrd nt o

i ght that may be extracted throug rst sem conductor material 104.
WO 2012140286 6lRGIENIS2602.11364 818175004 I éthtreembehabitaght kecond corigbei itdbmat i on

116", the current then flows omthe second electro el ement 125b to. the
first SEdeeoHaLResihGseaps shd %Lﬂ'offtﬁe s500n¢ ﬁ?frﬂ&nrl?@iaa of 7y Tgre Pt wafable

struct yeallliyi@ the conductive material 122 (as indicated by the phantom
arrow 138). In the third region 111" of the SSL structure 111, the current

then fl from i sen.: . I "ot t

el ect rJgé\%ell enen%lmgﬂ‘i‘gﬁ@’? g Ifa}rﬁ&elg%%ﬂoglﬁatgé%lin?f#%}gk% %%g"o(ﬁﬁég{e#gg%ee?é n%d
sem conbécisatatinptaitedhl LIB8" Thapakdiditioat @akchyl 11 car imdt3Q)icdedade gikaghi ng
the el ectrode 124. The third active el enent. 106" converts a further portion
of t he Naildeeard/phogher jsgHeble men-geagugiveepaictalbedIn HioihKtratsd qmbagiment, the
sem co : | ; 2 . : S i i-qur < he
irot aoflonBpEHE 0 Btuded 33 [P0 dP @ BhehD BBl (B ssta
third agluttue: €l lenmenétierlddodirh@as, thapaksh@on nawdial 26 sacmohds e epunehpct

el enments 108', 108", and 108" formthree serially coupled junctions 202

(i dent iYW regiRnpiod tha 3L stuctyreddl. second, and third junctions 202', 202",
and 202") corresponding to the first, second and third regions 111', 111",
and 1119034 t he /Sskhewn uetligec13G, theepioeesi fuethyr, indbudgs ddrrieged miaftt kandirtehe

term"junction, geperally refers tao.an.interf.acial s bet.ween at | east
two et BrEn o8 SHE IR S etR B0 oTR ol PRAGRR sBi e B R seRar i Knrefar en
char ge goad/iN aNdy, Ghasiaghifral1sy,| &8/or BURR shildUIRcQANR of rﬁéi;il@ﬁ’lo%y Rorhle@N§ing R/ €
shown in Figure 4, in other enbodinents, the SSL device 100 may i ncl ude

one, twhl.Dospugtihieg, ckgiropleties. modioe pthef syitahlst tedmequee2 In the idestieted cmbodiraentst he

SSL devj c 0 i ncl N i ndent ati.ons .11 i gur e . that di.vi t he
Sor of b€ Fed POadBY et g I IR S0 i e GRas s 12 e brdlntd f 27 b

[ 0043] \hé¢ haskivapieh nGatb@UN Y It BERE ¥mbblindhthehd EYEbohbal hhieribinl ZKARS Shof
the first and/or second sem conductor naterials 104 and 108 can be snal |
becaus ethtreisclastradally saupledtobe glseoded] dcent regi ons 111', 111", and 111"
of the SSL structure 111 is small. Thus, a small thickness of the first
sem corn@0d3jor maWehowl behdband/ oy tleerondissleaticeah thac twdien et Erdt abmicd8dunagr be
sufficient .to pr.oyi de adeguate | ateral curre readjng in each of the
first, "adgdHd i qrmefidmrtﬂ@ Paﬁﬁ@aﬁﬁf@ np4tgrial @ﬁ@ﬁﬁ@qdy thg sHbyrameieRk s

corr esp@Rsistht ol LAWERIURE RhtcHAION6A ifilifBy cHMint U kb QumBly I8V aEOR MY

be produced nore efficiently and cheaply than conventional devi ces.
[ 0044] Erbradianetht suidficet HWda SAUs the epicixial erdvith cvannirayeeidipomtieds ¢aaddste and/or

extraction efficiencies when conpared to conventional devices. As_sho in
Fi gur & OHREMeCORRING pith iy o BER. 1qydtng, i hiedual Y Al feriiont: AReridal o

(e.g., r@ﬁbaﬁlg%“ihﬁfaﬁ pBﬁﬂ)HTcﬁSthe At cREMRLEST Makk@Didd BB R ELAN 1 @fa, e
first sem conductor nmaterial 104 except a small area occupied by the WO

2012/ 10280PEF/dgsd§) of 0648 28 s omtydst red@2d i thedrst segintongecter mutedal H4 he
active region 106 can be readily extracted through the first sem conduct or
mat er i g0036)4. As shown in Figure 3H, the SSL structure 111 is bonded to a carrier substrate 130

having a second bonding material 131. The carrier substrate 130 can include a ceramic
substrate, a silicon substrate, a metal alloy substrate, and/or other suitable types of carrier
substrates. The second bonding material 131 can be generally similar to or different from the
first bonding material 128. The first and second bonding materials 128 and 131 may be bonded

with each other via solid-solid bonding, welding, and/or other suitable techniques.



[ 0045] Enbodi nents of the SSL device 100 can al so operate with | ower power
consunption because the SSL structure 111 may operate at higher voltages
t han conweotznrmbksodevi ces. As shown in Figure 4, the SSPCStusaii 06482811

i ncl udes a plurality of serially coupled junctions 202. If a voltage drop

acr oss uncti o s Vo lts), then the SSL structyre 111
Ry opef ugm? C%t%qt.q&#ts%gn@ ORBET ) 'BRY pafeinicdria therf semiropdygial n
enbodi nBALSal fo#e nunber of junctions Nin the SSL structure 111 nay be

sel ected to achieve a desired operating voltage (e.g., 12 volts 24 vol ts,

48 vol t 603’ﬁr ot I’igrthg Yl lﬁs%t?l & gr%i)(?(ﬁ&%ntv %Ilieu ?\xszg 11;r1(ientat1%P£) qllbﬁ(Y(f ﬁtlh f?Lt

down anvert|n dut put > volt age

is at h;b&hﬁlrmdéﬂtat&ﬁls 1F16r arﬁixiimYP amadnﬁlemﬁtmmlmlmaw VR ’bRnEVIdentified
efficiently when the output voltage is 24 volts instead of 12 volts. As a

resul t ,indivighailngs festi seeend, ged tpiskggiony | dhbbll"nei 51159 Haeh sfsﬂlestblieeé@g}@@ 111

can be re fif " e

convont!ahal Taebfl 4t Y5 FEBiaFnd pdiRebLif SR8 e fiGabb el 14,
wi th rgidngfic®idddvifiglyraSirdAedtitondattodelsmanpsl 194N Y04, wad uaagg th@ atchee reglon

el ectrode 124 and the contact 132, in other enbodi nent

subst r at08 (idsotiBehindhadusdly aa fewnwaend. vad grrdsishive @ﬁa@ets I\Qé ﬂr% ﬁilcbﬂoé”d sk m
an el eghrode, for M‘Sn A8k 119% (ﬁ%ntﬁﬁb%wﬁhdladﬁélg}’ a§ s%coﬂd‘ SE&E(%H&IE(B‘[OI‘

enbodi nent's, sur eatures enin es, not

be f or robemans 108 lfOISI‘,SahldSGS’I )Jﬁ)mluﬁﬁe@ @eﬂiﬂltyefouplled J—lﬁ&tlﬁlﬁ&t mrthas 88D irtguichd 1.
substrate material 102 and the optional buffer material 103. [0047]Figure 5

i's a crgesg|sect i Ofa bordaw He SOL IBLctRY i CB 2@k Lalride SRUHARC E30M thd substrate
enbodi nents of the technol ogy. The SSL device 200 includes certain

conponenaterigdifidreatlithe gptrankhbuffey materidI03 denyi keercroged from thafiest3pmicdodesien ,

unli ke t devi ce , 100 ip,.Fi.qure 3H.,.in the S 0.. bot

Frrse - aiSachETE i fonms Byt Sortbndiforiher PR Graingg: R o
118 onlgmiRAihém! tomdMbeihetsiiBsthdtd flatcaiafl 162 aRNehSoEtRNAI berfdLRacAsdl 051&R, be
respectively. As a result, the conductive naterial 122 is in direct contact

wi t h t hséopied ot a§9rﬁa@eo Hfcefothe fastescagontloaoy matdsiet h04.hén pthes embadinwatso rqlu:

sidewal|s 116a 004 SS- Sec

o it e B0 (A RE e i & Bt oo TR ey R &R RGBT e fhoB ednce
wi t h enhedidemas wicht g r&@&c@ N @dbcatidiedcpSity HXI ethd @lstisBlidéd@sctiemhtinl
conponent s generally simlar to the SSL deV|ce 100 in Figure 3H except the

|ndentaﬂﬂon 116 in the SSL device 300 has a generally rectangular, a
"scal | oped,” a WD 2012/ 102800PCT/ US2011/ 064828 trapezoi dal, and an ova
cross d960639on i MAFslgwres: BigueBHy dgpecopevaion, alvnltager mlagr‘oeeipbb@ti betmtesn thehe

i ndentation 6 C also in ot her suitabl ctional pes.
[ 0049] FPBIFt f;é ?‘6‘?’2‘581%50‘1? ﬂ‘ﬁndﬁ’i TCRRONSH B SEiCAt “E @ﬁt@iﬁ%é}eﬁr@%iﬂﬁﬁ%t s
of the fsshNOLAAYtN3Y G REENhEERG IRGIDRIGIAA 1952 BERAIES0RE 1211 s tHeatkon,

but that various nodifications may be nmade w thout deviating fromthe
di scl osamecontincteddemen 04irthwyfirst actifie clemene Hits aofl tonecenbediiceductonylchent

com negbt ot STORr TBRLE ) add Lo ho or L Jist ol e elerts

as by i@ aRPRAYSE c&lr&itdBthrough the first semiconductor material 104.
[0040] After reaching the first indentation 116', the current flows from the first electrode
clement 125a toward the first semiconductor element 104" in the second region 111" via the
conductive material 122 in the first indentation 116' (as indicated by the arrow 136). In the
second region 111" of the SSL structure 111, the current then flows from the first semiconductor
material 104" toward the second electrode element 125b via the active region 106" and the
second semiconductor material 108" (as indicated by the arrow 137). The second active element
106" converts another portion of the current into light that may be extracted through the first

semiconductor material 104.



WO 2012/ 102800PCT/ US2011/ 064828 CLAIMS | claim 1. A solid state lighting
(SSL) device, conprising: a first sem conductor material; a second

sem conduwwOap1zmes®ni al spaced apart fromthe first sem eomdaiseaioncsses eri al ;
an active region between the first and second sem conductor materials; an

i ndent a t first , th t dth
second | @é‘ﬁf claﬂd ?frr'er ; gpgc%ga ﬂf?gtﬂtlafl.lﬁ@' %%ﬁegr %ﬁceﬂlﬂ\é%’ér ol ﬁ%sg‘?%@n ©
coveri ngoige SRERAA] togtﬁgmts%aaﬁ&&% AR foae 1%}@ eﬁgfg Jggbmmn%f the

exposing a portion o i rst sem conductor materia conductive
mat er i &S strichec ilhdent ﬁb icomdlm:tide avifcameh2 (dse'ndinaied by Itlrﬁgphmtom alad)w 188)3 In

conductkve n&terl al P gg ect con th the firs con
mat eri gh¢ third iggiogg|l ﬁ o PSE) SAC wh eﬁﬁ”ﬁ YRt FHEL Howe i o h dle ot
mat eri abmi nitdeS mafribt f()élp'eco%}dl fhE AR élEétftﬁle(e%'ﬁgnt 'TQSce%'a%e tHid& B 6C RIhn

sem conductor material 1ncludes a P-type GaN material; the active redgion
i ncl udelDoGadwdi thei sexorhlstmicomdictori vhetefihh GAYY (mulindigitel tmath& wmowe [189); befhee

Isggggéagécglgbgaﬁﬂse &egt{oldgrﬁ%ﬂ! a'i"hec Eh%"sds acstl%(e:tellgn%ﬁl‘én ltOI%'” convér%st asﬁlr(%he\?a plolrtlon of ahe

current into light that may be extracted through the first semiconductor material 104.

[0042] As a result, as shown in Figure 31, the first semiconductor elements 104', 104", and
104™, the first, second and third active elements 106", 106", and 106", and the second
semiconductor elements 108, 108", and 108™ form three serially coupled junctions 202
(identified individually as first, second, and third junctions 202", 202", and 202") corresponding
to the first, second and third regions 111', 111", and 111" in the SSL structure 111, respectively.
As used hereinafter, the term "junction” generally refers to an interfacial space between at least
two regions of a semiconductor crystal with opposite or otherwise different charge carrying
characteristics. Even though only three junctions 202 are shown in Figure 4, in other
embodiments, the SSL device 100 may include one, two, or other suitable number of junctions
202. In general terms, the SSL device 100 may include N indentations 116 (Figure 3H) that
divide the SSL structure 111 into N+1 junctions 202 with N being a positive integer.

[0043] Without being bound by theory, it is believed that the thickness of the first and/or
second semiconductor materials 104 and 108 can be small because the lateral spacing between
adjacent regions 111', 111", and 111" of the SSL structure 111 is small. Thus, a small thickness
of the first semiconductor material 104 and/or second semiconductor material 108 may be
sufficient to provide adequate lateral current spreading in each of the first, second and third
regions 111', 111", and 111". The small thickness corresponds to a low epitaxial growth time,
and thus the SSL device 100 may be produced more efficiently and cheaply than conventional

devices.

[0044] Embodiments of the SSL structure 111 can have improved light extraction
efficiencies when compared to conventional devices. As shown in Figure 3H, the SSL structure
111 does not have a non-transparent materials (e.g., metal contact figures) that occupies a

significant portion of the first semiconductor material 104 except a small area occupied by the
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extending into the first sem conductor material froma surface of the
second sem conductor material; the insulating material includes a first

i nsul at i goporziogssosubst antially covering the first sideealuS2andéss2$econd
portion partially covering the second sidewall; the first insulating

portion has first urface opp05|te J secon urface; the first surface of
the firdptach aIlil%g 1R raenetedn JnRetixF IRl %ff gHbe Rl pEckgthiugh 8 t he

second1§§ﬂ&ﬁg&gﬁﬁ&gfmg§h§fugl trmasecond surface of the first insulating
portion I's proxinate the first sem conductor material; the second

| nsul atpiekPor g DRSRs ! b She S0 ARRRY! 180 ASCaRATRAN: LAR T4t peudt of

t he sec[ I nsul'a I'ng portion e eyon sur ce (0] e secon

sem condugirmptiontbehisl the SSE, Sacand 1@Nethf ofditc SEGRNEr L dIfgkatiandopositionnl
extends toward the first sem conductor material; the insulating materi al

i ncl udelsvigeyagspbewedn Fighe i e SHngtraeeisnt | mshydey ¢ ﬂ?birﬁiwtq oadallit prupdedy
eXposi ']ﬁnc%toﬁg”zbhog[foaf voiPSe! rseﬁtac@?g"a%?%‘?é’fﬁn% Rl & '@ 1] Qxft{jﬁEh%P tﬂ@ s%icond

si dewal € con tive rec cont’

sem conguctugy 1Mty eperitBrao0QIV,thigh gapeigt the ennible of Umxfchoﬁg]d magouﬁdcertam
i nsul ating portions. 3. The SSL device of claim1 wherein: the indentation
has a siehodementethepembey af duestions N insthe S§Ierﬁré@tﬁamlzltlomahh@ eplpgird fa ahigye a

surfac 0 I r a f I rial

o {905 Sled D AGEAASAEL OPSUGHT TRl 208 00K A4S TS e

mat er i dk beXpedabattVwltaggdotvheohngtih@lin agomat sippy is more efficient when the output
voltage is at higher values. For example, the power supply may operate more efficiently when
the output voltage is 24 volts instead of 12 volts. As a result, lighting devices incorporating

embodiments of the SSL structure 111 can be more efficient by operating at higher voltage

levels than conventional devices.

[0046] Even though the SSL device 100 discussed above with reference to Figures 3A-3H
includes applying a voltage to the electrode 124 and the contact 132, in other embodiments, the
carrier substrate 130 can include a conductive or semiconductive material to form an electrode
for the SSL device 100, as shown in Figure 4. In further embodiments, surface features (e.g.,
roughening, moth eyes, not shown) may be formed on the first semiconductor material 104 after

removing the substrate material 102 and the optional buffer material 103.

[0047] Figure 5 is a cross-sectional view of an SSL device 200 in accordance with
embodiments of the technology. The SSL device 200 includes certain components generally
similar to the SSL device 100 in Figure 3H. However, unlike the SSL device 100 in Figure 3H,
in the SSL device 200, both the first and second sections 120 and 121 of the remaining
insulating material 118 only partially cover the first and second sidewalls 116a and 116b,
respectively.  As a result, the conductive material 122 is in direct contact with the first

semiconductor material 104 via both the first and second sidewalls 116a and 116b.

[0048] Figures 6A-6D are cross-sectional views of an SSL device 300 having different
indentation cross sections in accordance with embodiments of the technology. The SSL device
300 includes certain components generally similar to the SSL device 100 in Figure 3H, except

the indentation 116 in the SSL device 300 has a generally rectangular, a "scalloped," a

-11-



4. The SSL device of claim 1l wherein: the indentation has a sidewal |
extending into the first sem conductor material froma surface of the
second sewDcordwesoor nmaterial; the sidewall includes a PCTAIS2@ant4828
corresponding to the first sem conductor material, a second part
corresponding to the active regian, .and third part correspondi ng.to the
second E@RTUGHA %}’rOY?gtCH%S? apctiogrn Fighees Hat %trFStﬁ’ﬁcmﬁérlnaﬁl‘@ﬁfb@P IMENtS,y
covers dhimaSRGARH Akl dNd icRBE bihePlyikibR HdsualdngRigoat | east does not
conpletely cover the first part o? the sidewall. 5. T%e SSL device of claim
1 V\,her 96‘49]t he 'ﬁ}gﬁnh}%t ?o(%g ol?rgg's, ? \?llp%\@'a%ﬂptr%c)fattgd]qhﬂgsﬂe%ﬁ% Erggoéi IRt oﬁ the | .
sem conductor material fr surtace o e Second'sem conductor “mat eri al
the si destblogynabudeseea HigctibedaidreifiOfsre pRAREENDIt Alishetidd,r sht Shab Ganeuct or
material, a second part corresponding to the active region, and a third
part cdoReEEEioNs mepyt be de yathont dewping fauc therdisglesarg. aln ag¢isonnyamaef Hip

mat eri gl i . COV . ] pnarts. of, t. i I
and ot 1S RERL AU B HORATRRN A et bRk Bgdf SLERR
t he condukd emehBlofth@bthtScmbodinefs! AcRoidagily whe distlveurkiis 8bt bt d ondpcior
material at the first part of the sidewall. 6.The SSL device of claim1l
wher ei by the pepanderbeleins on has a triangul ar cross section with a first
sidewal | and a second sidewall extending into the first sem conductor
material froma surface of the second sem conductor material; and the
insulating material includes a first insulating portion substantially
covering the first sidewall and a second portion partially covering the
second sidewall. 7. The SSL device of claim1 wherein:
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the indentation has a sidewall extending into the first sem conductor
material froma surface of the second sem conductor material; the

i nsul ati nyorrat2eresb partially covers the sidewal |l w th &Cparstéioncsstst he
first sem conductor material exposed through the insulating material; the
insulating material has a first end ﬁc::ﬁgi:)site a second end; the first end of
the insulating material extends beyo M8 surface of the second

sem congdygior material; and the second end of the insulating nmateri al
extends toward the first sem conductor material. 8. The SSL device of claim
1 wherein: the indentation has a sidewall extending into the first

sem conductor material froma s ce of the second sem conductor materi al ;
and the insulatirgs %i"tFillréLB%% &fi& 9VIEBEPYTISIHE  si dewal | with a portion of

the first S%&P&%S&f&hc{éﬁhﬁ%r?l- exposes through the insulating nmaterial.
" "has a I’

the insulating materi a I'rst end opposite a second end; the first
end of the iasobatdengcameot alatoent grded fmytdinan thefiistschacendottot matesmbond
sem conductor material; the s gﬁg{g end of .the insulating.material extends

toward the fANASHVSERUIINEIIAC HEY aRY 3iCON HACARAUSSE psHale f urt her
[ ncludes a Tl plicBhest LPUR BRETERcoRBEG FREAA B SCllOAGIG, SMRMh Aedhie

surface of the second sem conductor material, the first end o
i nsul ati ng mat er isami@indattor mafetiyl;i sol ates the first and second el ectrode

el enents. 9. The SSL device .of. claim1l wherein: the jndentati on has.
Si deval | exteBr et thy ofedbionanates B samnd earcaibipametrabeg of

the second sem cqpduGhRiredlBh 8id &lposing a portion of the first semiconductor material; and

a conductive material in the indentation and adjacent the insulating material, the

conductive material being in direct contact with the first semiconductor material.

2. The SSL device of claim 1 wherein:

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

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

the active region includes GaN/indium gallium nitride (InGaN) multiple quantum wells;

the indentation has a triangular cross section with a first sidewall and a second sidewall
extending into the first semiconductor material from a surface of the second
semiconductor material;

the insulating material includes a first insulating portion substantially covering the first
sidewall and a second portion partially covering the second sidewall;

the first insulating portion has a first surface opposite a second surface;

the first surface of the first insulating portion is generally co-planar with the surface of
the second semiconductor material;

the second surface of the first insulating portion is proximate the first semiconductor
material;

the second insulating portion has a first end opposite a second end;

the first end of the second insulating portion extends beyond the surface of the second
semiconductor material;

the second end of the second insulating portion extends toward the first semiconductor

material;
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the insulating material has a first end opposite a second end; the first
end of the insulating material extends beyond the surface of the second
sem conduwwOap1zmes®pi al ; the second end of the insul ati ngCrRaiSesiiLabisext ends
toward the first sem conductor material; and the SSL device further

i ncl udes: irst electrode .elenent and a second el ectrod nent on the
surface of th% insylabRg ATH dﬁ“d\h@?t‘& g4fabeprel theyfiyst and sqcopy msaﬁtlpaéwmons

i nsul ating materigl g%{éee%};&lﬁ% ortisRIAtRS frfiesdnlitstdudidd rﬁﬁwgprskﬁ% agle

el enents; and a cont |rst sem conductor nateria osite the
first el ectrode ekenentideavud;|aterally spaced apart fromthe second

el ectrode el enent. 10. The .SSL .devi ce of cl erei t he i ndentati
has a si dewdl't CHUSHY Matcriat s i ABe; CP&PC%\@% ?&?n%ﬁmemwwgﬁor glateria mraug

surface of the ?Qﬁé’g&ob %%&Pﬂﬁg'fﬁ'ét%dg@éoﬁ&hr%hlatﬂi&g?oﬁio%""a" includes a first
part correspondi ng the first sem conduct or erial, a second part

corresponding to the active region, and a third part corresponding to the
second sem conduct or erial, the ipsulating material substantially covers
the second ahd t @%ﬁ#ﬁﬁqﬂﬁ%ﬁfQQﬂ?]§WE@ﬁﬁiI and at |east does not conpletely

cover the figs t1nd%‘]'?1fatt10{? fhak Qlesﬁé\gﬁw@kﬂendlhg 8ndonib! fﬁ’gt' %l@a{(ﬁﬁo@ |m¥@Sal rdrh St

end opposite a second end; the conductive material 1s in direct contact
with the first pautfacsofithessiodéwahicondueerimatsialeamd of the insul ating

mat eri al extends ond t he surf e of the second. sem conduct or erial;
'he second. did GFIFHE THAGTeL: PHE bR GHFI T el S o PHOOR] paghe et
sem conduct or mts%ﬁﬁéi}ndu@taprnaterlal exposed through the insulating material.

4. The SSL device of claim 1 wherein:

the indentation has a sidewall extending into the first semiconductor material from a
surface of the second semiconductor material;

the sidewall includes a first part corresponding to the first semiconductor material, a
second part corresponding to the active region, and a third part corresponding to
the second semiconductor material; and

the insulating material substantially covers the second and third parts of the sidewall and

at least does not completely cover the first part of the sidewall.

5. The SSL device of claim 1 wherein:

the indentation has a sidewall extending into the first semiconductor material from a
surface of the second semiconductor material;

the sidewall includes a first part corresponding to the first semiconductor material, a
second part corresponding to the active region, and a third part corresponding to
the second semiconductor material;

the insulating material substantially covers the second and third parts of the sidewall and
at least does not completely cover the first part of the sidewall; and

the conductive material is in direct contact with the first semiconductor material at the

first part of the sidewall.

6. The SSL device of claim 1 wherein:
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the SSL device further includes: a first electrode el enent and a second

el ectrode el ement on the surface of the second sem conductor material, the
first endwof2otdme28onsul ating material electrically isol ares/ush@1fb4s3s8 and
second el ectrode elenents; and a contact in the first seniconductor

material opppsite the first electrode el ement and | ater paced
from the sedBhindenaRoR bies Gl rops SCCHOB oYl Spsssilenp H‘P ﬁg%% 363@ ce,
conprising: an SSLuSlHCinds ?hé"?i\‘ét NGnfcdndli&br hBARD AR AsRBLONT he%elhd
laterally spaced apart fromthe first region; an insulating materi al

bet ween the fi rstseambndeconadatesgl; emd, the i nsul at | ng material electrically

isolating the first. and se e daconducwe. terial hetween
the first aﬁge LBUBHEE gy énfg g‘dﬁ%&@ﬁ? AR PPITOYI SHPT Y At OV FAe ¢ Q‘Fﬁmt
conductive mat er's@dw%hlea%ra'seedddxb ?t‘?é’r%ldrﬁﬂlﬂlﬁzeﬁh He RhdSEEANMA. regi ons in
series. 12. The SSL device of claim1ll wherein he first and second
regions of the SSL structure indivi dual ly include a first sem conduct or

el enent, a secon ducto el enE and an active el enent between the
first and second @Lﬁnégéo t’ﬁ?t%rc ?rgm and the first and/ or second

sem conduct Qfc ¢l RARAbLR H%fs ol D8l %&teﬁ‘&lﬁ%%ﬁt‘éoﬂﬂg 18O MSo RS IndtBifAKRGRS:

| ess than about 2[Lm . The SSL device of claim 1l wherein: the first and
second regions ofsutﬂae: ﬁﬁhe s¢coud semieondutior indu@idly |ncI ude a first

sem conductor ele ond .sem conduct or. el e and an ac

ol ement  bet iBBnMEHENTY GO ADSEEh S AtmdiErd &/ﬂ%nﬁn?%m% e s

sen conduct or el RAtondhl1r Ao Bh R RHoue AU il ARCARGAEM conduct or

el enent of the first region forma first eﬁectrl cal path
the insulating material has a first end opposite a second end;

the first end of the insulating material extends beyond the surface of the second
semiconductor material; and
the second end of the insulating material extends toward the first semiconductor

material.

8. The SSL device of claim 1 wherein:

the indentation has a sidewall extending into the first semiconductor material from a
surface of the second semiconductor material; and

the insulating material partially covers the sidewall with a portion of the first
semiconductor material exposes through the insulating material.

the insulating material has a first end opposite a second end;

the first end of the insulating material extends beyond the surface of the second
semiconductor material;

the second end of the insulating material extends toward the first semiconductor
material; and

the SSL device further includes a first electrode element and a second electrode element
on the surface of the second semiconductor material, the first end of the

insulating material electrically isolates the first and second electrode elements.

9. The SSL device of claim 1 wherein:
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the first sem conductor elenent, the active elenent, and the second

sem conduct or el enent of the second region forma second electrical path;
and the cwodocxiogssonaterial electrically couples the fiPst/isaai1desond

el ectrical paths in series. 14. The SSL device of claim 11l wherein: the

first and se ondr ions of the SSL structur di vi dua ylnclud flrst
sem conduct Jhe SIEREAPD 3s Set bt L RFRUNB o difa 100'54‘11@056118&%
el enment between tdierfd sshe adnd SRR AR G2RAUGE or el ements; the f| rst

and/ or second sem conductor el enents of the r'st and second regi ons have a
t hi ckness Iethsutstnlanngbmwrlalzmma ﬁﬂsteerfdmmbsuee@seroundﬁﬁi udes a contact and a

first electrpde.ele the contact is.in the firs nduct el enent
of the firsthe eftf?toﬁ’g;? fafelht | PO T S HsPed égi’é&} ft° Ohens ecom
sem conduct or el E‘s'%ﬁ'f@onﬁﬁct&#ﬁa&hﬁlﬁ region; the second region includes a
second el ectrode element laterally spaced apart fromthe first el ectrode

el ement : t heh&Skcatdr aod mfethfeum'shl@nng noitadds estandsn deverat thonfidi semidopdbeomeen
the first and second.re ns; the insulating material is at |least partially
| ocated in the i ﬁﬂ%tﬁ]i%{tg‘l'ﬁﬁ the insulating naterial includes a first

insul ating RRESKPAARE AgiSLaRN[L:NSul ation portion; the first insulating
portion is adjacent the first region and electri cal ly isolates the first

sem conduct or el enfirst eletctredackewet ehd pextondacidettdie denartdnsthei wofade of dre
el ement of the first on fr.omihe co%du ti,ve t.he econ
S g

| .
i nsul ating portion is SSE{WcEHICY B4 e dicofiTS ﬁBdé%af fhe psulgt gting MalsTiak es

the active el ement andid:S0GaNosATIRANINSLRAARILIBAL cibhelibamaecond
region fromthe conductive materi al
a contact in the first semiconductor material opposite the first electrode element

and laterally spaced apart from the second electrode element.

10.  The SSL device of claim 1 wherein:

the indentation has a sidewall extending into the first semiconductor material from a
surface of the second semiconductor material;

the sidewall includes a first part corresponding to the first semiconductor material, a
second part corresponding to the active region, and a third part corresponding to
the second semiconductor material;

the insulating material substantially covers the second and third parts of the sidewall and
at least does not completely cover the first part of the sidewall;

the insulating material has a first end opposite a second end;

the conductive material is in direct contact with the first part of the sidewall;

the first end of the insulating material extends beyond the surface of the second
semiconductor material;

the second end of the insulating material extends toward the first semiconductor
material; and

the SSL device further includes:
a first electrode element and a second electrode element on the surface of the

second semiconductor material, the first end of the insulating material

electrically isolates the first and second electrode elements; and
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the second insulating portion also electrically isolates the first

el ectrode el enent fromthe second el ectrode el enent; the conductive

mat eri al We 20re/t0k8®0i ndent ati on and between the first an@&Csasond/os43381l ati ng
portions; and the conductive material fornms an electrical path fromthe

first electrode elenment . to the first sem conductor ele t OI th& second
region. 15. The SSLCW&F Ebthgrirg] ssricopgugine pafesial opgosifertae FRGIGHO HElFgRs a

contact and a first elgqtsode gﬁ&%&a arP RBHAHc ARBRY efew@aet{v&n&ﬁnt act; the
second region includes a seco% el ectrode elenent laterally spaced apart

and electrically isolated fromthe first el ectrode el enent; and the
conductive terial f ctrical path fromthe first el ectrode

an .el
elenent} t hr ugh*@ﬁ@“gé%gﬁgﬂ?ééﬁgﬂgdﬁW&¢ﬁ@“¥W§n§écond el ectrode el ement.
WD 2012/ 102 OLJ’%@I : i i | Ry h
first regio%ginc ﬁhgégéﬁégﬁéggﬁﬁgﬁgoggﬁ??g%ogﬁé%%?é%%xgbgﬁgh%ﬁgggggﬁh§g3£te

from the contact ;firstregi®econd regi on i ncl udes a second el ectrode el enent

| aterally spaced apart and electrically isqglated fromthe first. el ectrode
element ; and FBUAERE GAlFAL bRGVesn d1° Bt o etrPyd BtiORse ihe fepulitiog: matHf y

connects the fir§ga§ﬁ&§%ﬁﬁgg% gﬁgﬁﬂﬁaﬁ@s&ﬁﬁd q gmﬁpgion. 17. The SSL

devi ce of claim 11 wheréi first and second regions of the SSL

structure i ndéonddotatd matenel betecen fhier Bist sehbarondiucgionrs @ldembmtent thesiemdatchg
sem conduct or el enent,, agd an_ active el.enrent befween fhe irst and second
semi conduct or el dRdpgd, the conductive ‘material electrically coupling the “first and second

regions in series.

12. The SSL device of claim 11 wherein:

the first and second regions of the SSL structure individually include a first
semiconductor clement, a second semiconductor clement, and an active eclement
between the first and second semiconductor clements; and

the first and/or second semiconductor elements of the first and second regions have a

thickness less than about 2um.

13. The SSL device of claim 11 wherein:

the first and second regions of the SSL structure individually include a first
semiconductor clement, a second semiconductor clement, and an active eclement
between the first and second semiconductor clements;

the first semiconductor element, the active clement, and the second semiconductor
element of the first region form a first electrical path;

the first semiconductor element, the active clement, and the second semiconductor
element of the second region form a second electrical path; and

the conductive material electrically couples the first and second electrical paths in series.

14. The SSL device of claim 11 wherein:
the first and second regions of the SSL structure individually include a first
semiconductor clement, a second semiconductor clement, and an active eclement

between the first and second semiconductor elements;
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the first region includes a contact in the first sem conductor el enent and
a first electrode el enent adjacent the second sem conductor el enent of the
first regwonpidiesogsecond regi on i ncludes a second el ect PotaSedia 4328
adj acent the second sem conductor el enent of the second region; and the

i ial electrically connec irst electrod eI enent of

conducti ve t
the first rg& giﬁstta@d qﬁéemds%eng dBﬁHHGt?F&?PtSe‘Pé% frstopnch $e50RE ESARNSY RAYE Gin.

18. The SSL devi qﬁlcgﬁesghﬁgbmaﬁjabg\{g@ruﬂn the first and second regions of the
SSL structure individually include a’first sem conductor el enment, a second

sem conduct ahe &Fs¢ mndn inaludesancadddt ued elfiestelectrbéd sle@ontt he fir st and second
senm conduct 0[1 el enents; Ee first @eglil;%%fll‘ ncl !{th\e% a fi.rst el ectrode el enent
adj acent t hé"SEQH#Y isiahe B sropigen of ok e LE§trediotegi on: the second
region i ncl ulesirg SESRRY &érﬁ&hn@déaja%bﬁnﬁetsea@h@g&moﬁda&t&e&&ﬂ@lﬁ of the first
sem conductor el ement of the second region and laterally spaced apart from

the first el ectradgor] enent of the first region; and the insulating

mat eri al eIetrlcaII soI s the first electrode elenent fromt cond
RSB RREE R RULE M AEN MR LW,

claim 11l wherein: ﬁlg{kqegtfogggleﬂ{éqt second regions of the SSL structure
individually include a first sem conductor el ement, a second semi conduct or
el enent, andhalSacttivetire figthentindetoseanndénatianr @tecslm deserorttc $esti andrdoatdor
el emsnts the first. region includes a first electrode el ement adjacent the
second sem conduct®P™®l ement of the first region;

the insulating material is at least partially located in the indentation;

the insulating material includes a first insulating portion and a second insulation portion;

the first insulating portion is adjacent the first region and electrically isolates the first
semiconductor element, the active element, and the second semiconductor
element of the first region from the conductive material;

the second insulating portion is adjacent the second region and electrically isolates the
active element and the second semiconductor element of the second region from
the conductive material;

the second insulating portion also electrically isolates the first electrode element from the
second clectrode element;

the conductive material is in the indentation and between the first and second insulating
portions; and

the conductive material forms an electrical path from the first electrode element to the

first semiconductor element of the second region.

15.  The SSL device of claim 11 wherein:

the first region includes a contact and a first electrode element spaced apart from the
contact;

the second region includes a second electrode element laterally spaced apart and
electrically isolated from the first electrode element; and

the conductive material forms an electrical path from the first electrode element, through

the second region, and to the second electrode element.
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the second region includes a second el ectrode el enent adjacent the second
sem conduct or el enent of the second region and |laterally spaced apart from
the firstwelzetwesde el enent of the first region; the ingaratseeg/osseeri al
electrically isolates the first electrode elenent fromthe second el ectrode

el enent; and the co ctive erial electrically connects the first
el ect r ode e|%%enffﬁ%§§héﬁwqqéﬁﬁql % W4t he second el ectrode el ement of
the second rggispd Kbidn 1H&u§1ésr§7cm§t§é{‘ aﬁﬁ“ﬂﬁ% %'iec%&é*%f&nen% E‘ﬁac@&tabé(@ fﬁ)ln?@ff‘e“t
and the second sem conductor elenent of the second region. 20. A sol

state lighting (S8hlacdevi ce, conprising: an SSL structure having a flrst
region and a, second regqgion |aterall t fr e firs |on

the first rdffoRceMer hdifcos etard haodl St ShheEe vt ra@@ fopnd

| ncl udes a_second, ghachi adfaed fBRhe itk Slolbat am&ada&part fromthe first
el ectrode elenent of the first region; and an insulating material between
and el ectri dh¢ kgndustblatrangyiat lrsedlteqtlgtbea»mcbnszerdoﬂcbtad:ébft cangecte tlentrst slect?dde The
SSL device of claim 20 erei nd4the first and second regions of the SSL
structure indivi G 19 HEISGANI4# PRt semi conductor el ement, a second

sem conductor elenent, and an active el enment between the flrst and second
sem conduct or elenents; and the SSL device further includes a conductive

mat eri al el elct ri CHtlel S Icdavmeeadfictegmt Hewlidgreint el ectrode el enent to the first
sem conduct o ement, of the second

reqi WO e )
2012/ 102800 Do) GEcpids sBonSTRE 8 Saby SEEetye dndiyidpally vindpds ¢ first

semiconductor clement, a second semiconductor clement, and an active eclement
between the first and second semiconductor elements;

the first region includes a contact in the first semiconductor element and a first electrode
element adjacent the second semiconductor element of the first region;

the second region includes a second clectrode eclement adjacent the second
semiconductor element of the second region; and

the conductive material electrically connects the first electrode element of the first region

to the first semiconductor element of the second region.

18.  The SSL device of claim 11 wherein:

the first and second regions of the SSL structure individually include a first
semiconductor clement, a second semiconductor clement, and an active eclement
between the first and second semiconductor clements;

the first region includes a first electrode element adjacent the second semiconductor
element of the first region;

the second region includes a second clectrode eclement adjacent the second
semiconductor element of the second region and laterally spaced apart from the
first electrode element of the first region; and

the insulating material electrically isolates the first electrode element from the second

electrode element.
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the first and second regions of the SSL structure individually include a
first sem conductor elenent, a second sem conductor el enent, and an active
el emrent bwowerrmoegee first and second sem conduct or el emPOTAIS201hAM64328 St

el ectrode elenment is in contact with the second sem conduct or el ement of

the first i on; second el ectrode element is in contact with the
second senléghduépﬁ of glaipld Wt r egi on: and the i nsul ati ng

mat eri al eXttﬁ@dﬁrspea)ﬁgngeéolﬂa %@?ﬁﬂ oBEffkC qugttn%tur%l HENHSal uﬁélﬁdé 'a{ Srs@nd
second regions and 1s directl t ween t e first and second el ectrode
el ements. 23. A rnemﬁr@aidmcftorf dementy aacswld @nstaidectb gletienty aq$3h Jacthey element

conpri si ng: fornin FS@ str cture on a(ﬁﬁbSt ate material, the SSL

structure havi ng % ﬁﬁﬂ% SFMIFRRBCIOL PICHE: nat e the substrate
material, a tﬁ@%ﬁ%@%‘ﬁ' ﬁ@lﬁﬁb’s%oﬁrsﬂ@lfe%é&' el%ﬂ%ﬁtegdﬁ&%{ thd EQBHY @@mﬁdoh&ﬁctor
seni conduct or matertal, and an active regi on between the tfirst and second
sem conduct or nauémnaﬁsfﬂdeMMngoan indentation in the SSL structure, the

i ndent ati on xtendi g fromthe second sem conduct material , through the
RGtive regi O SHAM RS Thel PGy SoebhdUeH BRI ARSI S rcae

i ndentation with Rhidonatiiat LRGBSt %Econh%glbﬂ%ﬁh %tbﬁﬂ @B&c%ﬁ'a%hrt?fﬁ?ﬁ’%ﬁé“g a
portion of the first sem conductor material; |sp05|ng a conductive

material in the |frrdteai¢ca1t0|donleawdtaﬂila(ﬁiesﬂtregl¢le i nsul ating material, the
conductive terl bei i.n ele ri.c nt C h th
S conduot OF° g TSl STt B BB Rie FBmen! Fbrnitageesnd ss

structure incl udeged@uftRehchP@nd i I st senlconductor material, the active

region, and the second sem conductor material via epitaxial growh, the
first senicdhd gmtdaptlvmm@tterlall cleranéatly canndtitcthn disy ctrfctrbés glemhstrofahofitst fagmn

f t he i ndent at SL st i ncl udes f
ot ot on haor T Bt Stand el RS odt BT Srcbhd S G v LD shirendyetor
material, throughidh&tast b¥ed &ahan, arﬁﬂﬁe k&oad k&Richbhdwors@sh &R BE Ukt REond

material; insulating the indentation includes: depositing the insulating
materi al on the gigewnal | of the indentation, the insulating material being
generally conformng to the sidewall; and

20. A solid state lighting (SSL) device, comprising:

an SSL structure having a first region and a second region laterally spaced apart from the
first region;

the first region includes a first electrode element;

the second region includes a second electrode element laterally spaced apart from the
first electrode element of the first region; and

an insulating material between and electrically isolating the first and second electrode

elements.

21. The SSL device of claim 20 wherein:

the first and second regions of the SSL structure individually include a first
semiconductor clement, a second semiconductor clement, and an active eclement
between the first and second semiconductor clements; and

the SSL device further includes a conductive material electrically connecting the first

electrode element to the first semiconductor element of the second region.
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partially renmoving the insulating material fromthe sidewall, thereby
formng a gap exposing the portion of the first sem conductor material;

di sposi ngwohei1xwesbact i ve nmat eri al includes di sposing thecCtarsduaiosises
material in the gap of the insulating material; and the nmethod further

i ncl udes forJung an ectrode on the second sem conductor material and the
conduct i ve eriﬂ}e,S%Ih Vé‘fe&ftcfad@ez%h‘%i@fir?f& first and second el ectrode

el enents sepgeatied Ay Sh&nkNsicHs B9 Bt 851 akrudtre TRAVIBBIRCInAfdL! Al AR23
wher ei n: forrﬁnéng t he inderlllt at%gén i n t he SSL structeurﬂe}ﬁ}llncl Eﬁeg ?orrri ng the
i ndent ati on havi ngm&onddawatlkment, ersdiong fenoenridhetos elcordt, sediac antue tloment

material, through the agt 'i.ve ]irlffgeitcon and ‘{jﬂ‘}go tE:e first sem conductor
material; insulat _eﬁ"éjeeﬁlﬁ ¢ fIRga _ P’E)‘hsqnﬁﬁ‘_? ore EI?BE“Pfti ng the insulating
material on 0§l et cRimdnb % INAGRE i iheReb RPN iBdd dclo? TRYARE of iR

insulating material fromthe sidewall, thereby formng a gap exposing the
portion of the fifirstregiom conductor material. 26. The nethod of claim 23

wherein: formng the, i ndentation in the SS tructyre includes form t he
et at i on thetand Slce OGN ERReEs Bh et Pt He- 0t COROSUI G LER o1 The
material, throughetdifn REbhVéd €gi on, and into the first sem conductor

material; and insulating the indentation includes insulating the
i ndent at i on the tifsutatieg ima erlial taxtapdsrde goridathe tshednddwes cotoluctoo elemeats dfethstfirat

portion of the firgt sem conductor material., 27. The thod of clajm?2
wherein: form ng PAeSSAUL ATEPRD A0 nist éecgngWFﬂbttE? éggtnéﬁl‘gﬁggowo%ﬁ%&t he
i ndent ation havi ngeReid dewal | extending fromthe second sem conduct or

material, through the active region, and into the first sem conductor
material ; and

23. A method of forming a solid state lighting (SSL) device, comprising:

forming an SSL structure on a substrate material, the SSL structure having a first
semiconductor material proximate the substrate material, a second semiconductor
material spaced apart from the first semiconductor material, and an active region
between the first and second semiconductor materials;

forming an indentation in the SSL structure, the indentation extending from the second
semiconductor material, through the active region, and into the first
semiconductor material;

insulating the indentation with an insulating material, the insulating material exposing a
portion of the first semiconductor material; and

disposing a conductive material in the indentation and adjacent the insulating material,
the conductive material being in electrical contact with the first semiconductor

material.

24.  The method of claim 23 wherein:

forming the SSL structure includes forming the first semiconductor material, the active
region, and the second semiconductor material via epitaxial growth, the first
semiconductor material having a thickness of less than about 2um;

forming the indentation in the SSL structure includes forming an indentation having a
sidewall extending from the second semiconductor material, through the active

region, and into the first semiconductor material;
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insulating the indentation includes insulating the indentation with the
insulating material having a first end opposite a second end, the first end
does not wowverz/mesobeast a portion of the first sem cona#attuseomms4ses al and
t he second end extends beyond the second sem conductor material. 28. The
met hod of cl.ai 23 ElhEI’EI n.. forming the indentation in the SSL structure

i ncl udes forlPﬁ ¢ Indgriation }%H}dﬁ%ivi ng a sidewall extending fromthe

second sem conduq{e bsiffBS &hé ailnsuIE Lﬁ)qﬂaﬁeﬂﬁe AChbVEdERa] VT tlf%n‘fh gﬁiaﬁoﬁh@he

first sem conductolf material; 1nsulating t e I ndentation incl

i nsul ating the indent ansuiaatmgmdttemzﬂ@emggmhattallmgomnemgad) theeswdav\gdlaarid rst end
opposite a second enq the first .end does nat cove @ a 90H'ti.on of
the first sem cortifiélerepgyie e ingpinguyirralefiem ¢ S’ e%wa REMEE fond
sem conductor mat er i algypangodiflein BHIRLIME: RE RhliBbndeb@F hlatcaakl v 1 sol ates

t he active regi on and gtRe cohd sem conductor material fromthe conductive
material in d:iMSingdhmbmduonve gaterithmchideh ddpoding thai aon@@tivhenaéenml ifi drengapg
the indentation i the SL structure. includes formng the indentation
having a first si ’InPuf‘téIb%W@tega]sé $nd sidewal I, both the first and second

si deval | s exhepgng fufRER 1hbl%d§seﬁ>%91g5ﬁﬂé16&’f&1'é(‘&n%e @@éo%'s@ﬁucoh&ﬁ&&gﬁaﬁehﬁl
active region, and into the first sem conductor material; insulating the

i ndent ation i ncl uadsthe r@mﬂacttmagmtatwaf iths telatrdds dewmg Gistlewal desond tlectrdve
insulating materi al ; ttheln %”@E}e“al s a first insulating portion
on the first sid = %W@alé? 8 SH P%P}aﬁﬁ‘gla@om on on the second
sidewal | ; the first insulating port| on substantially covers the first
sidewal I ; and the second insulating portion partially covers the second
si dewal |, t 1 ebylHeonethodjobclgiap2i wheteen:i nsul ating material exposing the
53; ;IOE of ttjglemlﬁligrtﬁe nisdglq‘gaﬁgl? (1119 (f‘llteOéSerglttrScrtlllr%lmcluges tjo-rrmng Q ?Igde?liatlgll Ia\rf?né?’a

sidewall extending from the second semiconductor material, through the active

region, and into the first semiconductor material;

insulating the indentation includes:
depositing the insulating material on the sidewall of the indentation; and
partially removing the insulating material from the sidewall, thereby forming a

gap exposing the portion of the first semiconductor material.

26.  The method of claim 23 wherein:

forming the indentation in the SSL structure includes forming the indentation having a
sidewall extending from the second semiconductor material, through the active
region, and into the first semiconductor material; and

insulating the indentation includes insulating the indentation with the insulating material

that does not cover at least a portion of the first semiconductor material.

27.  The method of claim 23 wherein:

forming the indentation in the SSL structure includes forming the indentation having a
sidewall extending from the second semiconductor material, through the active
region, and into the first semiconductor material; and

insulating the indentation includes insulating the indentation with the insulating material

having a first end opposite a second end, the first end does not cover at least a
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formng the indentation in the SSL structure includes formng the

i ndentation having a first sidewall facing a second sidewall, both the
first andweestm2®dewal | s extending fromthe second serCtarsduaioes2s
material, through the active region, and into the first sem conductor
material; WD 2012/10280QP /USZO,l 64828 insu th dent ati on

i ncl udes i nsul at.n?@ﬂ%ep qﬁ St SFTRCARIGY a3t e&hnasthw%?wngﬁeg &OFHRd
material; the insylatbR@sdBisidRlorhsefirst insulating portion on the
first sidewall and a second Insulating portion on the second sidewal|l; the
first insulating portion substantially covers the first sidewall; the
second insul gtin porth ‘E gz%rtlﬂﬁ% covers the second sidewall, thereby
formng a gap-in heanethed,phg gftal exposing the portion of the first
sem conduct n t 4 r I

di sposi ng t he coﬁﬁﬁiﬁdsgﬁﬂﬁ%%%. S R A LS S i
portions and in tslniwglﬁpextendmg frotilthe Aceomtdnethi odndapter atatergl,athswighdhs hetie

lighting (SSL) device Vi ng g SSL str cture he SSL structure having a
first region and rﬁgl%caéﬂdntro Ft pepiePRducipT SMULEE apart from the first

region, the 1f1éurl§ﬁ #Zﬁg 1r§f%ﬁfaﬂgn 'hﬁﬂld%ﬁ‘ ?ns'uﬂl@ﬂl% 'tl&g-ﬁ%h&}fatlﬂﬁlv\kzﬂﬂ tigd 1Bkﬁl§ﬁngt material

sem conduct or a second sem conductor elenent spaced apart fromthe
first sem conductlmw111glaeiﬁ1tsmndcqupdmmmbmd/endel enent between the first and

second sem c uctor .elements, the first havi.n contact .and a
PR 1 o S 1 R A s A VS L o e i

el ement el eqhf (&ahd ¥nd SQbRkeRySIOM: L0Bnl ktiflcofbRE IR ] gRENt, the method
conprising: flowng a current fromthe contact, through the first

sem conduct dhe eineurlatmg mhateriakt ¢ledried brapdlates nthet hetle@ CI@gnbns enil ¢ thed uetard

el ement of the first ion to.the first el ectrode onducting the
current T1om the Srenagt et e Brmisoru R trr s Dottt or o eront

of the second region; and flowing the current fromthe flrst sem conduct or
el enent of the second region, through the active el enment and second

sem conduct &9. el éffentetbdd bhadaiseZdbmwliereegi on to t he second electrode el emrent .
32. The net hod of Ela|n13l wher ei n, conducti.n he currtﬂ cl ude

conduct i ng tIRENEEheMACRAFAR {hdcr$3ls STgtuE Rgydeseionning, the dndegtatipp aying &

sem conduct or el efpeintidedall f‘[ﬁcﬁ@@@@c&nﬁgéle&vélhr%ﬁ*‘th@ fﬁ@t"%&%’eé’&d“ﬁh@&zéﬁ’s‘ in
an indentation between the first and second regions of the SSL structure;

and the conduct i vatamdingrfrah thesseedraleniicmidugtoi seteaink thrbngnthe hetiectepive, and
el enent's and Secolgt% the first semiconductor material;
insulating the indentation includes insulating the first and second sidewalls with the
insulating material;
the insulating material has a first insulating portion on the first sidewall and a second
insulating portion on the second sidewall;
the first insulating portion substantially covers the first sidewall; and
the second insulating portion partially covers the second sidewall, thereby forming a gap

in the insulating material exposing the portion of the first semiconductor material.

30.  The method of claim 23 wherein:

forming the indentation in the SSL structure includes forming the indentation having a
first sidewall facing a second sidewall, both the first and second sidewalls
extending from the second semiconductor material, through the active region, and

into the first semiconductor material;
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sem conductor elenents of the first and second regi ons of the SSL
structure. WD 2012/ 102800PCT/ US2011/ 064828 33. The nethod of claim 31
wher ei n: Wbhawizng2gohe current fromthe contact includes PCOMiSAgLObS28Ur I ent
fromthe contact, through the first sem' conductor el enent, the active

el ement, and the. second sem conduct or. enen the first regi n

first el ect rBUtAEIECHENNISIton Mebce B Ui g eéjﬁat @%3@9@9@ r%@de P et éfrﬁ

i ncl udes conduct i;pg,iihe mxefant fromthe first electrode el ement to the
first sem conductor el énent of the second region in a second direction
gener al | y opposisuktingendteniad thadiar fist imnlatiﬁg poﬂfhm oretheafiirsofidewal an®3 sebardei n:
flowi ng the current fromthe contact nﬁi s flowing the current in a

first direction: EOHUIENOEED Put h&ﬁ?“roélﬂts GW@ udes conducting the current in
a second di rtﬁ&ﬁfs@i’hsﬁﬁﬂﬁ% gbﬂtﬁbn%@&éﬁfaﬁyw@er;@ ’[hresfhrstdshc[e‘%&“atllL on; and flow ng the
current fromthe first m conduct or el enent includes flow ng the current
in a third dhe swbndmsgkheg abityngppoedlytceven ¢hsecomtsidéwadt tthaehy forming a gap
in the insulating material exposing the portion of the first semiconductor
material; and

disposing the conductive material includes disposing the conductive material between

the first and second insulating portions and in the gap.

31. A method of operating a solid state lighting (SSL) device having an SSL
structure, the SSL structure having a first region and a second region laterally spaced apart from
the first region, the first and second regions individually having a first semiconductor element, a
second semiconductor element spaced apart from the first semiconductor element, and an active
element between the first and second semiconductor elements, the first region having a contact
and a first electrode element, the second region having a second electrode element electrically
isolated from the first electrode element, the method comprising:

flowing a current from the contact, through the first semiconductor element, the active

element, and the second semiconductor element of the first region to the first
clectrode element;

conducting the current from the first electrode element to the first semiconductor element

of the second region; and

flowing the current from the first semiconductor element of the second region, through

the active element and second semiconductor element of the second region to the

second electrode element.

32.  The method of claim 31 wherein conducting the current includes:

conducting the current from the first electrode element to the first semiconductor element
of the second region through a conductive material in an indentation between the
first and second regions of the SSL structure; and

the conductive material is electrically isolated from the active elements and second

semiconductor elements of the first and second regions of the SSL structure.
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33.  The method of claim 31 wherein:

flowing the current from the contact includes flowing the current from the contact,
through the first semiconductor element, the active element, and the second
semiconductor element of the first region to the first electrode element in a first
direction; and

conducting the current includes conducting the current from the first electrode element to
the first semiconductor element of the second region in a second direction

generally opposite the first direction.

34.  The method of claim 31 wherein:

flowing the current from the contact includes flowing the current in a first direction;

conducting the current includes conducting the current in a second direction generally
opposite the first direction; and

flowing the current from the first semiconductor element includes flowing the current in

a third direction generally opposite the second direction.
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