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suitable for use in resonant cavity devices such as
vertical cavity surface emtting lasers. 5 Vertica
woavioporor f ace emtting | asers (VCSELS) repre®emusan3/ 033611

relatively new class of sem conductor |asers. Wile

there are many variations of VCSELs, one conmon

characteristic is that they emt |ight perpendicul ar

to a wafer's surface. Advantageously, VCSELs can be

formed froma wi de range of material systens to

produce specific characteristics. In particular, the

various material systens can be tailored to produce

di fferent | aser wavel engths, such as 1550 10 nm 1310

nm 850 nm 670 nm and so on. Figure 1 illustrates a

conventional VCSEL d®A@EGROUNIY shown, an n-doped

gal lium arsenide (GaAs) substrate 12 has an n-type

etige ifvestivh relaré ac tirdot . stragtunes, dog edore epesificalyy te migeragpctures

16 (a DBR) is positioned on the GaAs substrate 12, and
suitabléMorfirsé Mpesohmnedvitg pavices subB a$ verti¢ad g e shirfagy/@mitting dasprawer

mrror stack 16. An active region 20, usually having a

Mughedl cafityqsiafate eminingl lasersl 6V CSEIfs mepeagers\aerelatively | ngweglass of

spacer 18. A p-type top spacer 22 is then disposed
semicédBétort IB@rsaBihily therelaesghaty vadatioas of MCHELsy pree compropricharepteristic is

stack 24 (another DBR) is disposed over the top spacer
that they emit G¢ipeipamdidulp tora wafer’s strfack ARWaritsgeaushy; MEISELs can be formed

conduction layer 9, a p-type GaAs cap layer 8, and a
from ®wide/ Pg€be aateligladysteran taptod@&. spBtifit Icharettamistidsndpn paticular, the

Figure 1, the I ower spacer 18 and the top spacer 22
variouS efdral ystehe chipvetailo2d taproduse differeit 146r rsiangthe sugpas 1550

mrror stack 24 such that an optical cavity is forned.
nm, 1A% nlnl) 85@fh] 678hm, @d@wbby. i S resonant at specific

wavel engths, the mrror separation is controlled to

r Bigovaalt Blusttated a @mechtibwl NGHREL devics| Wndistsh¢worn aatn-goped gallium

mul tiple thereof). As shown in Figure 1, at |east part
arseni@f (GaAR) suBstidd 2004 A0 4Byh2 GlePOTAIUSRBEG A 08B 6-Teped lower mirror stack

16 (a DBR) is positioned on the GaAs substrate 12, and an n-type lower spacer 18 is disposed
over the lower mirror stack 16. An active region 20, usually having a number of quantum wells,
is formed over the lower spacer 18. A p-type top spacer 22 is then disposed over the active
region 20, and a p-type top mirror stack 24 (another DBR) is disposed over the top spacer 22.
Over the top mirror stack 24 is a p-type conduction laye.r 9, a p-type GaAs cap layer 8, and a p-
type electrical contact 26.

Still referring to Figure 1, the lower spacer 18 and the top spacer 22 separate the lower
mirror stack 16 from the top mirror stack 24 such that an optical cavity is formed. As the optical
cavity is resonant at specific wavelengths, the mirror separation is controlled to resonate at a

predetermined wavelength (or at a multiple thereof). As shown in Figure 1, at least part of the
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top mrror stack 24 may include an annul ar shaped
region 40 that is doped to be non-conductive,
woyppi4mad2y with a deep H+ i npl ant. The annul ar penasem®3/033611

region 40 as shown defines a conductive annular
central opening 42 that provides an electrically
conductive path above a desired region of the active
region 20. 5 During operation, an external bias causes
an electrical current 21 to flow fromthe p-type
el ectrical contact 26 toward the n-type el ectrica
contact 14. The annul ar shaped region 40, and nore
specifically, the conductive central opening 42
confine the current 21 such that it flows through the

top mighes $tack P4 meryi ingludsfantahenla shapodregien #O thaps dosgrte borontgeaductive,
carriers in the current 21 are converted into photons

typicallnwithe deept iy émplangi dhe 20ulamsheras rpgion 6has fhown definsa e Rongnelive
forth (resonate) 10 between the lower mrror stack 16

annulea nehtahapeniog 42rihet wovidesan Rlegrcallypendactivepathgheve arfesired region of
stack 16 and the top mrror stack 24 are good

the actiefre@at k. s, sone of the photons escape out as |ight
23. For top emtting devices, the top mrror 24 nay
bBunrgchpestiong bt Extemeldsas ceskserntelagtsicalrrurrenti?d to 8w iem the p-type.
mrror 16 to facilitate the escape of photons in an

electricg) wemtabt 86 tevotrd the.n-thpe dectisabenintagt thAbe gimutan éhapﬁcbﬁsglon 40, and
mrror 24, the |light 23 passes through the p-type

more sporificadly] the chudpetivedcentriopergis 45 eonging ﬁ}?ecugams?-llsldt thet it flows
| ayer 8, through an aperture 30 in the p-type

through| the ﬂ%ir@categmmfabet a2ige regivg 29uBoé of He cgurictsaipdhourrepthd are
vertical cavity surface emtting laser 10. It should

convelte intoddpwhomdhe hdive Figtpnr28. Thos¢ phesans downse hagkyanid deth (resonate)
VCSEL device, and that nunerous variations are

betwegnths idviee mixFerstael;( Aprphdethe tqpenigglpaft%gllcgfﬁlilb émed%aﬁﬁg@ﬁor stack 16
(say, by providing a p-type substrate 12), different

and thengapemiral stask<teans geodrrefisatorss eane of e RIOTOBR ASCaRsetuhps light 23 For
be tuned for 20 maxi mum performance, and additional’

top erittinglevieess thestop mier 24 marbe made shighily less aeflosiveafigethe boflom

desi r ed.
mirror 16 to facilitate the escape of photons in an upward direction. After passing through the

top mirror 24, the light 23 passes through the p-type conduction layer 9, through the p-type GaAs
cap layer 8, through an aperture 30 in the p-type electrical contact 26, and out of the surface of
the vertical cavity surface emitting laser 10.

It should be understood that Figure 1 illustrates a typical VCSEL device, and that
numerous variations are possible. For example, the dopings can be changed (say, by providing a
p-type substrate 12), different material systems can be used, operational details can be tuned for
maximum performance, and additional structures, such as tunnel junctions, can be added, if

desired.
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3 WO 2004/ 040720 PCT/ US2003/ 033611 Mpdst VCSELs of
practical dinensions are inherently nmulti (transverse)

waonoE/04&i2ngl e | owest - order node VCSELs are faveceastms/033611

coupling into single-node fibers, and are
advant ageous for free-space and/ or wavel ength
sensitive systens, and may even be beneficial for wuse
i n extendi ng the bandw dt h-1ength product of standard
50 mand 62.5 gm GRIN multi 5 node fiber. However, it
has | ong been known that, although the short optica
cavity (approximately 1 X) of the VCSEL favors single
| ongi tudi nal node em ssion, the nmulti- wavel ength
(approximately 10's of X) lateral dinensions .
fMdst IVIOSEL® ofipfatticat dimensiensgee mberentlyopeligfrppsyyerse) mode. Single
H gher-order nodes typically have a greater |atera
lowestoaive enddealViCSRLo fare favogsd &wa§ouplingninta osipfiemedhtigersopnd are
the lasing cavity. Thus, the one way to force the _
advanthgsesfot fecapadelandlbewaveleogth yensitivossisms, agd gy cxqnrbebeasiipip! for
symmetric node or a few |lower order nodes is to make .
use intekiending e dandividtbrigigtnprofuct pheanderd Sermraad @rarm GHDUPRL-
to prevent higher-order nodes fromreachi ng threshold.,
mode Hibwev diqweverhiits hae degsbeeat mown athely althelichethis | B8 icy! gty
than about 5 pmfor typical VCSELs. Such small areas _.
(approkimpatelye M)l f ite SXISEE s faversr srgle tlengitadipg mpdps |gmispien, fhei paltl-
obt ai nabl e from conventional, 15 fabrjcation.
wavelangthh Ggpbsigiaely 15%sr ofoXnrigitrel, dimeasionst Seilifaly mui-Fagpyeree Jode
it is often difficult to control the deep H+ inpl ant
operatisthen form ng the annul ar shaped current confining
region 40, particularly when the inplantation depth
i Ki glopr @edee motitsampisdiy tavd merealse keeral spraeniration o4 Grirey figy from
becone a |imting factor. Thus, control of transverse
the cemtexchd sherlesira qawityd i Fiub.dlg enefwsy ta/fosE|the lager i esciliptedn only a lowest-
di mensi ons.
order circularly symmetric mode or a few lower order modes is to make the lateral dimension of

the active area small enough to prevent higher-order modes from reaching threshold. However,
this necessitates lateral dimensions of less than about 5 um for typical VCSELs. Such small
areas may result in excessive resistance and push the limits obtainable from conventional
fabrication methodologies. For example, and referring to Figure 1, it is often difficult to control
the deep H+ implant when forming the annular shaped current confining region 40, particularly
when the implantation depth is greater than about 1pm, where lateral straggle may become a
limiting factor. Thus, control of transverse modes remains difficult for VCSELs of practical
dimensions.

Rather than using a deep H+ implant to define an annular current confinement region 40,

some VCSELs use a high aluminum bearing layer in the top mirror to provide oxide current
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20 Rather than using a deep Ht+ inplant to define an
annul ar current confinenent region 40, sone VCSELs
wageod4rizgh al um num bearing layer in the top RCTAUSRO0BO33611
provi de oxide current 4 W) 2004/040720
PCT/ US2003/ 033611 confinenent. Typically, a nesa is
formed by etching around the VCSEL device (as taught,
for exanple, in U S Patent No. 5,493,577), after
whi ch the high alum num bearing layer is laterally
oxi di zed fromthe edge of the nmesa to form an annul ar
shaped current confinenent region in the VCSEL
device. Alternatively, trenches or depressions are
fornmed to access and oxidize the high 5 alum nu
confindnemmt. | Tygpice By @emeas ist faumgdtbyi qtphmgsrou%f*@n‘fcsr@ dayiog O@S @B@t for
By controlling the tine of oxidization, the SI
examplehia (aBi.Patear Ne 5498 § 7€) pftas ithich &t hlwmuméﬁm eah 1sB:§erally
controlled. VCSELs fabricated using these nethods are
oxidizeif froanthe adgead thexhate i forh jan erpuizcsEped cupgsnt onfinement region in the
oxi de-confined VCSELs are thought to be optically and
VCSEEHevider iAdiainbtivelye trefches eridepressivay ate Srmpid torcpdsp aadl qxiqigs the high
i mpl ement in practice. One reason for the diffjcult
aluminum teadig lahe asltughhieBtS. datent Yo.o33WGi588d Bygeirollige ﬂﬁ?x%lla% of
aperture formng layer, usually has a high al uni num
oxidization} thetsizndf its manidnistiped| chraivserfincaprl EEvaVFHRGPT BvRgplled.
al um num content, which may oxidize at consi derably
VCSEDS fabimen tsingthes. meivids arsafier esled axidercosfinndi YEREMt band
di scontinuities between the |ayers. These band
daitootideresnfinels V€ SRLs eterthonshi tal he;pntlﬁ@PYe%f@eel?%@ally beneficial,
el ectrical resistance of the structure and for
they damrbei diffictlo te mplementf inopyactisgt Pt easpay B jhe rﬁhfﬁ&lﬂw lso‘hat the
reduce these band 15 discontinuities, but such
intentiatdllg nptdized flayen arestude aerurg fomniag ilaysr, yispaliyches o high aluminum
| ayers due to parti al OX|dat|on of the adjacent
content anddis ssndwiohasibetyenan jayens bawies lower AVIAYR GoRtept Yiigh may oxidize at

effects of the oxide I|ayer or l|ayers,
considerably different rates. This can result in significant band discontinuities between the

layers. These band discontinuities can detrimentally increase the electrical resistance of the
structure and form a barrier to current flow. Attempts have been made to reduce these band
discontinuities, but such attempts often result in a relatively thick oxide layers due to partial
oxidation of the adjacent layers, which can increase the unwanted optical effects of the oxide
layer or layers.

Another limitation of many oxide-confined VCSELSs is that during the lateral oxidation of
the high aluminum oxide aperture forming layer, the other mirror layers that have a lower
aluminum concentration are also laterally oxidized to some degree but not to the same degree as

the high-aluminum oxide aperture forming layer. It is believed that the lateral oxidation of the
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Another limtation of many oxide-confined VCSELS is
that during the lateral oxidation of the high
walosoaerw oxi de aperture form ng | ayer, the ot ReT/US2003/033611

mrror |ayers that have a lower 20 al um num
concentration are also laterally oxidized to sone
degree but not to the sane degree as the high-al um num
oxi de aperture formng layer. It is believed that the
| ateral oxidation of the 5 WD 2004/040720
PCT/ US2003/ 033611 al um num bearing | ayers creates
crystalline defects or the like along the junction
Jbet ween the oxidized region and the non- oxidized
region, These crystalline defects are beljeved.t

alumxplga @Ezgmg H@lerssctr%%qsp”sgpl gﬁdi,egpts Ok [the ke qldnﬁ th¢ Jupplien between the
devi ce. SUMVARY . 5 The present vention over.co

ox1dlzﬁ:g ﬁesgloéxfan{l e ngp- ggevgﬂ,ﬂegﬁ%sﬂ&se frﬁggtﬁxq ifecgra{e b(?yeve to reduce the

dlnq% an i nmpraqved oxi de-confined mrror structure
Stabﬂ’t%ﬁid/oé&’# léyl9§@’8 deics or m VCSELs (Vertical Cavity

Surface Emtting Lasers RCPDs (Resonant Cavity Phota
Di ode), RCLEDs (Resonaﬁimﬁﬂﬁ@QQ Li ght Emtting

Di odes) and ot her suitable optoelectronlc devi ces.
oRB° PRIBRY<Ab P& g he disadvspiages.of S’ﬁfpﬂﬂ%ﬁ" lmszo‘rlémg
provi ded that has a reduced band dis ontan|t et
an lme@V%@rPX&?rca’éﬁfﬁﬁé’r‘?‘HrSE“?”&fF higiiaped %R Vi e LY al“?avny
g al um num concentration and gdjacent Ia
Surfagg it e|Lves: R (RERPE FRBRL R HAGe ﬁﬁIsE%§e%9éant Cavity
acconplished by praoviding a transition er on at
Light Egyigips Bipdess prfothsr S‘E‘H‘Ele@i? Sléc%%‘é’rquF@ f“b?flﬁ‘ trl""%t‘ﬂ}aer
The transition |aye have a graded al
embodigisele Qwerceﬂﬁﬁeﬁgig%as BV that e apeciesdbang &W&l%‘y between
"relatively high alum num _ concentration of the oxide
an oxigg éli’qf‘HFeefOW&#YF@ ""I‘taﬁé?lattvdlythﬁ%‘ PPHPYR GIRCARfALion and an adjacent
concentration of the 15 adjacent hi ndex | qw
layer vltbamerwwm CRPpCBFHEE] D Y ¢ PPl o e ransiton

oxi de aperture
layer on at least one side of the oxide aperture forming layer. The transition layer may have a

graded aluminum concentration that provides a transition from the relatively high aluminum
concentration of the oxide aperture forming layer to the low aluminum concentration of the
adjacent high index low Al (~0.15) layer. Alternatively, or in addition, the oxide aperture
forming layer may be heavily doped since it may be placed at a null of the optical field. This
may allow for improved electrical conduction on the graded side, as well as improved
conduction of the side that is stepped to ~x=0.65. The use of a substantially lower aluminum
concentration on both sides of the oxide aperture forming layer helps prevent the layer from
becoming excessively thick upon oxidation, since oxidation of adjacent layers is substantially

reduced by the low aluminum composition. It is believed that the transition layer, as well as the
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form ng | ayer may be heavily doped since it may be
pl aced at a null of the optical field. This nay all ow

woéanosioapnoved el ectrical conduction on the gradeduseaa/ 33611

as well as inproved conduction of the side that is
stepped to -x=0.65. The use of a substantially | ower
al um num concentration on both sides of the oxide
aperture form ng | ayer hel ps prevent the |layer from 20
becom ng excessively thick upon oxidation, since
oxi dation of adjacent layers is substantially reduced
by the | ow al um num conposition. It is believed that
the transition |ayer, as well as the 6 WO 2004/040720
PCT/ US2003/,033611 heav dopi ng .of the de aperture

heavy gping pihe oxj e ety f Oﬁéanﬁ PFo HHE gelapﬁéﬁse ?ﬁ,%m et hags
reduced band dlscontan|t|es as mg ?

reduceg|bapq disqonfinuiticg 2t Wik atdilo v & Slesis @ad thgma i?flsmecﬂl ofyhieh
contribute to_a nore eff|C|ent and reliabl e device.

nmyCWHémB?E@@WFePﬁ@@WFP%Whﬁ?%@“@6ntenplates provi di ng an
oxi de-confined DBR t hat uses .an ? etch or
aFie messEimetienAo songRplaies HPVIBHHSé%%d? eﬂn TRRSIRR Higt wspes an
elimnating sone or all of the electrical artifacts

implareqisheRf @y ethersuitableasdipdisy ProRRSs fal FeduriBm O TRAS RS EBE‘FecHr 288t
and un-oxidized regions of at |east sone of th

the elqchicalagifpgss ‘esbﬁmdi%‘e? easpe Py thepippclemeeteers Yidireh iy qu:ﬂdézed
is_acconplishe provi ding an_i npl ant that increases

regiong pgatleagt semp of t%leylatffallg axideed iversy &t @meﬁ“@i’dlmﬁ?tadﬁa 18 he
oxi di zed and un-oxi di zed junctions. ? ncrzase

accomphsdied py pioyifmgay inalant et weﬁﬁfe%féﬁff@étmy e ied dpErtRer
oxi di zed_and un-oxi di zed junctions from.contrj but|n9

avound e OKdized WOCmORKIZed VAT REE ] RSRSTERS e ST B P @va emove
ot her .enbodi nents, a patterned etch may b? used

the Sek@ﬁ%%dlf-wéné Br-gitigesl JueptioRs SuR cTPURe WX ?Eafal chardcteristis

unctions. The selected |ayers may incl ude,

of the gdtfp Rt henfebadimayts apatiqrpes et py by “F‘?S‘\/F}éFemaﬂ"ﬁ meﬁf}r—ﬁted

concentration than _an oxide aPert ur m n Ml
oxidizgg andnggxidized junctions. The selected layers may inclu or ex p ose layers

that have a lower aluminum concentration than an oxide aperture forming layer, which will
therefore, exhibit a shorter lateral oxidized region than the oxidized aperture forming layer.

BRIEF DESCRIPTION OF THE DRAWING

Other objects of the present invention and many of the attendant advantages of the
present invention will be readily appreciated as the same becomes better understood by reference
to the following detailed description when considered in connection with the accompanying
drawings, in which like reference numerals designate like parts throughout the figures thereof
and wherein:

Figure 1 illustrates a conventional VCSEL device;
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therefore, exhibit a shorter |ateral oxidized region
than the oxidized aperture formng |ayer. 15 BRI EF
WORBGRUEE) ON OF THE DRAW NG Ot her obj ects of t ReT/US2003/033611
present invention and nmany of the attendant advantages
of the present invention will be readily appreciated
as the sane becones better understood by reference to
the followi ng detail ed description when considered in
connection with the acconpanying draw ngs, in which
i ke reference nuneral s designate |like parts
t hroughout the figures thereof 20 and wherein: Figure

1 illustrates a conventional VCSEL device; 7 WO
2004/ 040720 PCT, 003/ 033611, Fi e 2.il] uyst
TS SABFIEE F Y CELGPHST PR EReb N PF L GBS of

enbodi ment of the present invention; Figure 3 is a
the presgnb W enii®f: i onal view of an illustrative DBR used in

t he VCSEL device of . Fiqure, 2: 5 Eiqure . 4 is aph

e Tns et bl Sefbo B bt b 5icBee o
. illustrative DBR wused in the VCSEL device of Figure
FigureZi Figure 5 is a graph that shows the Al concentration

and acceptor_ concentration of a. section of. an X
iguse dris b BRI AR Al TSR Slcferrr R Yrenpiyhplaye PBR
_Figure 6 is af%;aph'shomﬁng an illustrative optical

used insthg YGSRY dideeofitie¥t® DBR of Figure 2; 10 Figure 7
shows two graphs that jllustrate the reduction in the
VABYR S B EH v s ALEOTGITAIRE SB8 PR G GPEFR N of &

formng | ayer 140 veysys..dopi l.evel
section of an illu%trativ% DBR used in the \988}'& ev?c of ﬁlgure 2;

Figure 6 is a graph showing an illustrative optical standing wave in the DBR of Figure 2;

Figure 7 shows two graphs that illustrate the reduction in the valance band energy barrier

of the oxide aperture forming layer 140 versus doping level;

Figure 8 is a cross-sectional side view of an illustrative VCSEL which includes an
implant for reducing or eliminating some or all of the electrical artifacts believed to be caused by
the junction between the oxidized and non-oxidized regions of a laterally oxidized DBR;

Figures 9A-9D are schematic top view diagrams showing a number of illustrative
embodiments for reducing or eliminating some or all of the electrical artifacts believed to be
caused by the junction between the oxidized and non-oxidized regions of a laterally oxidized
DBR; and

Figures 10A-10B are cross-sectional side views of another illustrative VCSEL which

includes an etch for reducing or eliminating some or all of the electrical artifacts believed to be
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Figure 8 is a cross-sectional side view of an
illustrative VCSEL which includes an inplant for

woeduauemgoor el imnating sone or all of the el ecrmise®B/033611

artifacts believed to be caused by the junction
bet ween the oxi di zed and non-oxi di zed regions of a
|aterally oxidized DBR, 15 Figures 9A-9D are schenatic
top view diagrans showi ng a nunber of illustrative
enbodi nents for reducing or elimnating sonme or all of
the electrical artifacts believed to be caused by the
junction between the oxidi zed and non-oxi di zed regi ons
of alaterally oxidized DBR; and Figures 1OA 10B are
Cross-sectional i ews of anoth i. | % ¥ oxidized
caused ST I RFRACHOOaRs e PGS S TOP AP el o gl Gplly oxidize
elimnating sone or all of the electrical artifacts
DBR. phelieved to be 8 WD 2004/ 040720 PCT/ US2003/ 033611

caused by the junctiaqn_hetwe oxi di zed and
non- oxi di zed reg@@ﬂggﬁg—jyggﬁggﬁﬂﬁgloxidized DBR.
DETAI LED DESCRI PT| ON_The $tion Eé V|de§ P
fIde PTeRgH BAYBRIOB RTAYKICS foR AT Vdi ﬁi‘ F8‘Pn OFF TETUFEY Fhfeor
use thg(&%ﬁlégﬁf%?ﬁw %Q/agﬁgé;foe@m cgggés? Eg%tgﬂhes of such oxide-confined
oxi de-confined., mrror sééékaures us ' q
mlHOFWQ‘PTmEE“U@H‘@%Ha"Y@ Y FYAER Arod ‘éstff‘i?% ia? @Blé PRYFISR 1s
i's plained_ wth reference to Figures 2-10B. Figure
explaﬂ?dwil‘ihﬂ%fﬁfﬁ’é‘ieé%l:‘éu@? PP fied " cut avvay" schenati c
depiction of a VCSEL 100 in cordance wt .
grise Atilpsipion @i SHPITRY EEARS schegaty ?Pr‘r%i"&f’gc? VESEr 4o in
of the VCSEL 10 10 sho i n Figure
sccord s PIReTb @GR Af it fih Beish v E5ief R ST YGSES- 10

as_were used
shown in Figure 1, the same numbers will be used for similar elements in Figure 2 as were used

in Figure 1. However, the VCSEL 100 includes an improved upper distributed Bragg reflector
(DBR) 238, as further described below.

As shown in Figure 2, the illustrative VCSEL 100 includes an n-doped gallium arsenide
(GaAs) substrate 12 having an n-type electrical contact 14. An n-doped lower mirror stack 16 (a
DBR) is positioned on the GaAs substrate 12, and an n-type lower spacer 18 is disposed over the
lower mirror stack 16.

An active region 20 having P-N junction structures with at least one but preferably a
number of quantum wells is formed over the lower spacer 18. The composition of the active
region 20 is preferably AlGaAs, with the specific aluminum content varying in the different
layers that form the active region 20. One layer, for example, can have between twenty and thirty

percent of aluminum, while an adjacent layer can have between zero and five percent of
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in Figure 1. However, the VCSEL 100 incl udes an
i nproved upper distributed Bragg reflector (DBR) 238,

wagodumenner descri bed bel ow. As shown in Fi gur eCRUSRG08/033611

illustrative VCSEL 100 includes an n-doped gal |l ium

arsenide (GaAs) substrate 12 having an n-type

el ectrical contact 14. An n-doped |ower mrror stack

16 (a 15 DBR) is positioned on the GaAs substrate 12,

and an n-type | ower spacer 18 is disposed over the

lower mrror stack 16. An active region 20 having P-N

junction structures with at | east one but preferably a

nunber of quantumwells is formed over the | ower

spacer 18. The conposition of the active region 20 is
aluminpme Theralobyid At Gty altpitingtiperssipabe RRtveAPEIAt Abim BBl metive

varying in the different 20 layers that formthe |
region asitg qenmeyvelts ip Olusicyies, [tas entemp edék%@ﬁy §4,1ta]§15ﬁctwg\y%g10n may

bet ween twenty and thirty percent of alumnum while
beusedn adj acent | ayer can have between zero and five

percent of 9 WD 2004/ 040720 PCT/ US2003/ 033611

dhtiieragtive Fgione0cioud pHYDe tora o 32 AnBEYR PP BT sfack 238

the active region 20. Wile an active region using )
(anotheruUBBR M wieiwns diseos¢d bes ttheatapdspager 325 To® PBeFpIREIos §iapih 268 13

any suitable active region may be used. On the active
descritred @i oore 26tail elawp- t ype t op spacer 22. A p-type upper

mrror stack 238 5 (another DBR) is shown disposed

Ol dire itlimeratipenshodiownt, 2 P-typFisenduptinsrlayer.alolype Badkcap dayer, and a

described in nore detail below In the illustrative
p-typeetebiodi wentect, callestively desisnpiadies 368rere BRpEIed ovepthe \FpRsT FYAY stack

cap layer, and a p-type electrical contact,
238. AohtectCSEL 10 @esighai)ethe dosvep smoerdBang ths JoRwarchyemay praised

upper mrror stack . . .
to separate the lower mirror stack 16 from the upper murror stack 238 such that an optical cavity

that is resonant at a specific wavelength is formed.

Referring now to Figures 2 and 3, the upper mirror stack 238 may include a layer that
includes a heavily doped oxide aperture forming layer 140. The oxide aperture forming layer
140 preferably has a relatively high Al content (e.g. over 95%, and beneficially about 98%) t6
facilitate lateral oxidation as further described below. The oxide aperture forming layer 140 is
disposed between a first layer 142, which has a comparatively lower Al content, (€.g. between
0% and 35%, and beneficially about 15%), and a second layer 144, which has a comparatively
medium Al content (e.g. around 65%, but preferably less than 85%). The oxide aperture forming
layer 140 may be disposed at or near a null or a node of the optical electric field produced by
resonant light (described in more detail subsequently with reference to Figure 6), but this is not

required in all embodiments.
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238. As in the VCSEL 10 (see Figure 1), the | ower
spacer 18 and the top spacer 22 may be used 10 to
woeeprriat20t he | ower mrror stack 16 fromthe uppems2003/033611
mrror stack 238 such that an optical cavity that is
resonant at a specific wavelength is formed. Referring
now to Figures 2 and 3, the upper mrror stack 238 nay
include a layer that includes a heavily doped oxide
aperture formng |ayer 140. The oxi de aperture formng
| ayer 140 preferably has a relatively high A content
(e.g. over 95% and beneficially about 98% to 15
facilitate |lateral oxidation as further described
bel ow. The oxide _aperture_formn lP er 140 is ,_. .
RS A0 SPERBHIA 19 EHS Praf QTSIes (R rhfeRign 146 is provided

conparatively |lower Al content, (e, g., betyee % and ..
betweeg5 e %rﬁtdlabs%rni‘i% &ndy fthey 0% 6?6“?5%/50,&7“5%&3 Ers oﬂiﬂ tf‘)“af/@‘ﬁ“a“"e
144, which has a conparatjvely medjum cqnt ent .
embodiraeng thexirgisiign é2ysh 149Ut aﬁ?lf?éwelﬁé%m}a%@gt ?ﬁﬁwt §§%@°H‘fﬁ£§ thick
~oxide aperture formng |ayer 140 may be .di sposed ag I
and inglpidag @zghangeriAL coReeRTiGR a°TaiSs iisHRIC5EY Bal VaEPLRPFPUIALY dpgrly
produced by 20 resonant |i ght (descriQ@d in e b
(descriped dn| metRp seigil e PRDSSAUGHLY L “itlr BSFCE 1% HEEYY r@%‘{weﬁﬁt other
this is not required in all enbod

i pents. 10 WO
confi g u RREoRETI OB/t 5811 10 PR 1oy 3 i oxide apertue

specifically to Figure 3, a transition |layer or region
forminpd@yref K40gpanabteds e¥heen the first layer 142 and the
oxi de aperture formng |ayer 140. In i.llustra

| the ill i
ONBOa b (p BT oer B nLgF e sopnd aver 1t Be P gperture

thin layer that is about 20 nan ters, thi . and .
it o ) T e 5 SRR TES S 5L iy RS ane wit
_thickness that varies substantjall J,inearhy 5 12
one iljugieabivg ppRadimeRt AHIE PERETOh MBS R GRRBSANGS & opehe plRae 12,
to Figure 4). However, other _ caonfiguyation nd
the sceoA RSt 1o neagn &) GBleBEo BeRiciob &5 Bo b Ny B etsga 2 s

and the oxide aperture .
change in the Al content OCCLIE'S where the oxide aperture forming layer 140 starts. As noted

above, the oxide aperture forming layer 140 may have a Al content of, for example, greater than
95% and more preferably about 98%. Then, at some distance n, the transition region 146 begins.

Over a distance of about 20 nanometers in the illustrative embodiment, the Al content of the

transition region 146 drops from that of the oxide aperture forming layer 140 (e.g. about 98%) to

about 15%, which is the Al content of the first layer 142 in the illustrative embodiment. At a
distance of n+20 nanometers the first layer 142 begins.
Figure 5 shows the aluminum concentration and acceptor concentration of the second

layer 144, the oxide aperture forming layer 140, the transition layer or region 146, and the first

layer 142 in accordance with another illustrative embodiment of the present invention. As can be
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form ng |ayer 140 nmay abut, as shown. Figure 4 shows
the al um num concentration of the second | ayer 144,
woheo4omode aperture formng |ayer 140, the tr 2aSiUS2@BE/033611
| ayer or region 146, and the first layer 142 in
accordance with 10 one illustrative enbodi nent of the
present invention. At sone distance x fromthe
substrate 12, the second | ayer 144, having an Al
content of beneficially 65% begins. At a distance vy,
a step change in the Al content occurs where the
oxi de aperture formng |ayer 140 starts. As noted
above, the oxide aperture formng |ayer 140 nmay have a

o B ol or HCHL ol B oo S o
G R T e e T S Rt o
and n% A Y RS et P bl A /%Pasg’r"ﬂi‘ﬁ g the oxide
apert% ﬁ%mgtf%g E‘?Pg?ﬁetr ‘gﬁnsu%gﬁ tyefigf;egl?mﬂq %1 *lﬂ ‘Ei’§f‘P%ﬂ fayg or region

ment. At a e of n+20 nanoneters t
146 if PGHAS e} tHokoti o et 20 oS, 2 s 1 Fihesins
caoncentrati on and acce {ra seco
about g% EVEL %@amg fReliRsRy agn%m%wz? fool By ’h& tﬁ%ﬁt?on&e&bof e
the transition | ayer aqr regi.gn 146, and th
layer {44, ghhe popsptprconesufRRRRAL, éhwafg’ﬂ“%‘h‘@f% 8% reglr)v &%&e siraP% 5@1 about that
enbodi nent of the present inv
of th%‘&?/@%‘?‘?@%/%’?b@sﬁ%%@ﬂ?g eaéqms/%ét %’86%’31I7é§?§15/°m
44 has content of aboyt 65% a cepto
The fc%‘é’h &Bé(ﬁfti‘ @nadFla“‘éﬁ&b &E’“S?nél’:“ﬁs‘”aie%twgp d‘?ﬂ%‘t 1%%‘@ 38‘% Heacceptor
erture form 0, ha ontent ; ab
coneeggajion Bt rams B 33@ Fhvioeld a%?&%%& I RIS A e G g back
t 5E1 atons/an Fol  owi ng the oxide aperture
toamp%? 7ﬁ§mﬁgyb D% s the transition |ayer or region

1%&h11e thheellhgsgrgt?vselet lboclillmlegty cﬁegaﬂgc{ mrFeg%re%q and 5 includes a transition region

146 with a thickness of 20 nanometers, it is contemplated that any thickness may be used. In a
preferred embodiment, the thickness of the transition region 146 is between about 10 to 50
nanometers, and more beneficially about 20 nanometers, but this is not required in all
embodiments. For thinner transition regions, higher acceptor doping concentrations may be
desirable, while for thicker transition regions, lower acceptor doping concentrations may be
desirable. A thicker transition region will typically result in a thicker oxide layer along the oxide
aperture forming layer 140, which in some cases, may be less desirable.

In addition, the Al concentration and acceptor concentration are shown varying

substantially linearly across the thickness of the transition region 146. It is contemplated,
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5 146 is AlGaAs with a thickness of about 20
angstrons, and has an Al content that begins at about
woQbg4/be20r e dropping in a linear nmanner to abear/usaMs/033611
which is the Al content of the first layer 142. The
acceptor concentration of the transition |ayer or
regi on 146 drops from about that of the oxide
aperture formng layer 140 (e.g. about 5E18 atons/cnB)
to about 5E17 atons/cnB. The first |layer 142 has a
rel atively constant Al content of about 15% and an
acceptor 10 concentration that ranps up from about
5E17 atons/cnB to 2E 18 atons/cnB before falling back
to about 5E17 atons/cnB, ,as shown. Wile the .
howevef, [tpd PoEknePraBRbBAY heRied dstuginge tr FXpmlG G¥RRDen}ial prips such as
includes a transition region 146 with a thickness of.
parabajig raTefo ik BARCSCasqst DANSINEY TEBRY, PRl AiSFRIETURY TS RABRGVIde 2
may be used. In a preferred enbodi nent, the thickness
more gptimeh@rofileansi ti on regi on 146 is between about 10 to 50
15 nanoneters, and nore beneficially. abo

20

NRfETEE 8P ONER RERITHioSFIREE doPXifie alaﬁf?‘@df%’wnglt‘%yef 140 of the upper

enbodi nents. For thinner transition regions, higher
mimorzase BEbpandBdegn Osie aTRblaig SHED (4 Th e TSR} vaRodment, the
~~ while for thicker transitjon regions, |ower acce LAl
insulagisniegign a8 PEedEFdobis Odiging dhe ol FPaRYTE ToTRIRg, aé(?{glr“ om a

transition region wll t¥picall result in . a thi?ker
lateralpdpeief thewnper IO §2kHe 8 6% aﬂéﬁ%ﬁlﬂr Gng fIFFth §eeRy Bpnches or

140, which in sone cases, may. be | ess ' 201N
holes gy ibeictsed wpwndsmt eaginRasindythg P%HE&?{ & af&;%ﬁ?%# 38 % rfhead'me

concentration are shown varyin subst.ant i
ateral pgaRFN o RS QPeEE: CHTER TRl 0 oo HREnt P b REIeBHNY g03Ss

~146. It is contenplated, 12 WD 2004/040720

whichpprQurBeBinais STy PR EMGEF, t hat non-1inear ranps may

O o el O YT SXBOREIL Ll LR ZEUC o
from t(l?lg p-et;'/peenele%iriscglocrc])tntiagtUZ%l()l,s thrro% afe pr-Ttayge &)prpgrv ring‘reor %tack 238 including the
first layer 142, the transition layer or region 146, the un-oxidized region of the oxide aperture
forming layer 140 (i.e., the area that is not shaded), the second layer 144, the p-type top spacer
22, the active region 20, the n-type lower spacer 18, the n-type lower mirror stack 16, the n-
doped GaAs substrate 12 and to the n-type electrical contact 14. Some of the current that flows
through the active region 20 produces photons, which as described above, reflect between the p-
type upper mirror stack 238 and the n-type lower mirror stack 16. In the illustrative embodiment
shown, the p-type upper mirror stack 238 may be made slightly less reflective than the n-type

Jlower mirror stack 16 to allow more of the light 23 to exit the top of the VCSEL 100, as shown.

However, other configurations are also contemplated. For example, for a bottom emitting
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nore optimal profile. Referring now once again to
Figure 2, oxide aperture form ng |ayer 140 of the

wappEro40@om rror stack 238 can i nclude an oxi decT/us2003/033611

insulating region 148. In the illustrative enbodi nent,
the insulating region may be produced by oxidizing
the oxide aperture formng |layer 140 froma |ateral
edge of the upper mirror stack 238 to form an annul ar
ring. A trench, several trenches or holes may be
etched around at |east part of the periphery of the
VCSEL 100 to facilitate the |lateral oxidation of the
oxi de aperture formng | ayer 140, as taught in U S
Patent No. 5,903,588, 10 which is incorporated in its

VCSELg titei n-gyby ldwer mifazrstaplc &6 ndap bg peada siightly lese reflecteverthan be agdype
is applied which causes an electrical current 21 to

upper nfitravstack 2dhotalew moteyqfthedigbicto rekit thie beitam eicthe YEBEL 40} ough
the p-type upper mirror stack 238 including the first
hy gresiel@ of theeV GIEANHI0t is drpendgnt mp@y the eggistancel dfighe wpper mirror
un- oxi di zed regi on of the oxide aperture formng

stack 23 SyrgmarilyiBecfuse of freetchmicntserptiorat Bicsusa die ozida dpatipre foreing layer
second | ayer 144, the p-type top spacer 15 22, the

140 inchdltd vgenibghibnhig®r canhentration pfelungivem thep dhedirstiger {47 there may
n-type lower mrror stack 16, the n- doped GaAs

be a sigtificatir Biné dis@ondmatyt tetwdse te fipplye] 1dé tand dwl oxédgreperture forming
Sone of the current that flows through the active

layer 14@0iiich 28y proede ee sngppy bamisy thahincirasas thiedtortivsodsistinge of the
reflect between the p- type upper mrror stack 238 and

upper nhikver stadkyl38 throwghrto theractive wiauR0.160 help redvse itie] affottr oftthiy band
enbodi mrent  shown, the p-type upper mrror stack 238

discontimeify, bibe actent sihvegtion yontersplaies foraveding ranskiion ke or- togjon 146
20 lower mrror stack 16 to allow nore of the |ight 23

betweets thedixst faytid2 ejthodxideppei@sfimingdayeak0shown.  However
ot her configurations are also contenpl ated. For
ax antpd ehové,dixe tengitert layer ervegion hép prelrabi® igoyy 294@Rargeters thick
PCT/ US2003/ 033611

and includes a change in Al concentration across its thickness that varies substantially linear

from at or near the Al concentration of the oxide aperture forming layer 140 to at or near the Al
concentration of the first layer 142. This helps smooth out the band discontinuity between the
first layer 142 and the oxide aperture forming layer 140. In addition, the oxide aperture forming
layer i40 is preferably heavily p-doped (e.g. greater than 1Elé atoms/cm’, more beneficially
5E18 atoms/cm’). The heavy doping of the oxide aperture forming layer 140 may help alter the
valance band energy barrier introduced by the oxide aperture forming layer 140, which may help
reduce the band discontinuity between the first layer 142 and the oxide aperture forming layer
140. The reduction of the valance band energy barrier with doping level of the oxide aperture

forming layer 140 is illustrated in Figure 7.
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VCSEL, the n-type lower mrror stack 16 may be nade
slightly less reflective than the p-type upper mrror
woenem4@28 to all ow nore of the light to exit PO®US2003/033611
bottom of the VCSEL 100. The threshold of the VCSEL
100 i s dependent upon the resistance of the upper
mrror stack 238 prinmarily because of free carrier
absorption. Because the oxide aperture formng | ayer
5 140 includes a significantly higher concentration of
alum numthan the first |layer 142, there may be a
significant band discontinuity between the first |ayer
142 and the oxide aperture formng layer 140, mhich
may provide an energ¥ barrier that increases th
Biid gepti orethe defi o Bigge 7 showshibe valpprerbapd ﬁ%ﬁrgysqféw’é%ﬂaapeﬂm
through to the active region 20. To hel p, reduce t
formingefaferct4OoFitht Hitls dyandlopiaBswbity theuenh on K Tighbshone the Feduced
i nvention contenplates providing transition |ayer_ o
valancerbenyi emrgy4s thel@Xidsapermesnforniag H4yp A0 vajheincreasod depang; ﬁéle heavy
oxide aperture form ng layer 140. As noted above,
doping tevelnsfitlie onidel apyremre &yming daven L4mmaxples kel Eadyee; tge TepjEfHCe Qgthe
nanometers thick and includes a change in Al
oxide apatice formingilayer s erssthe thinteps ke SEmRaAD n%} é?%gf the transition
substantially linear fromat or near th

region tasnmentisahélpmedufe thielopixpd desigiace af @ef‘J@P"rh IW&‘”[ S5 23844t 1s

to at or near the Al concentration of the fjrst |ayer
recognizeti2that T irsnshieh payes aowsEian aupy oh e [Hasresar BYWFR the PYige aperture

between the 15 first |ayer 142 and the oxide aperture,
formind Tayeri 146 ahdithe sechdDlaydr 44 Hefiavsedhe bang élsé%tlﬂ%‘tydﬁ dhis dirgstion is a

forming layer 140 is preferably heavily p-dop e%,éE 9o
diode withefatweard ¢uivant flofvlig 2 dpwpmeare fzectinp aﬁbﬁh@ﬁ‘if’é@ el 205 ghedieavy

atons/cnB). The heavy doping of the oxide aperture

doping o6 tagemigO Iredyess thm@mmcédm@ Pﬁthsﬁ digde. tHaeverafughg gara?&wa layer or
energy barrier introduced by the oxide apertu

region frey e wepvidey of desit@l. Thiaitedhniqus Oﬂé?“tg Azt é@ptqﬁé:mﬁg%alon with
di scontinuity between the first er 142 8 E@T

heavy dopinget shedfpivardsbinssd fiodes 4t 8y aear zem&@ theelftricdig ?Yo‘?f—‘ ‘8?“ n
t he val ance band energy barrier with, dop |ng Ie

other ltykis o6tk B Reip rprayecthermal Gepdngtivisy s aveuling ramps of (fEger %@@tanals
in Figure 7. .
Figure 6g illustrates the absolute value of an optical electric field 402 of a standing wave

developed within the upper mirror stack 238. As shown, the optical electric field 402 is very low
near position y of Figure 6 (possibly becoming zero in the center of the oxide aperture forming
layer 140). The oxide aperture forming layer 140 is preferably positioned at or near position y
(i.e., a null of the optical ele;:tr.ic field), which may help reduce the optical absorption of the
oxide aperture forming layer 140. However, in some embodiments, the oxide aperture forming ,
layer 140 may be positioned at or near a node of the optical electric field or somewhere in

between, depending on the application.
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14 WD 2004/ 040720 PCT/ US2003/033611 The graph on the

|l eft of Figure 7 shows the val ance band energy of the
woxbdadenperture formng layer 140 with littl e 8CTMS2003/033611

dopi ng, while the graph on the right shows the reduced

val ance band energy of the oxide aperture formng

| ayer 140 with increased doping. The heavy dopi ng

| evel of the oxide aperture form ng |ayer 140 nmay al so

hel p reduce the resistance of the 5 oxide aperture

form ng layer 140, and the thinness of the

conpositional ranp of the transition region 146 nay

also hel p reduce the electrical resistance of the

per mrror stack ,238.

eco
t Sa‘i*%?dt #gHe. | 2agtarr lsvltaflggpfloﬁ%vl foton aedﬁ\zgé’%‘ssaw*at during the
tween the oxide aperture nm.n a 40, and. t
otersl g AEpc OB 2EAE am%r%éﬁwng S RIDy Hp e Hgor fvers
this direction is a diode wth rd curreqf fl 1
that havp ado‘u%rv%wpan&w%@ﬁﬁ% a&ﬂ&)@rlef@? 2 oRapPY PEGi Sﬁre"zo(us“a y
The heavy 10 do q | ayer 140 _reduces the fol ¢
unintegfiog g I3 ip belicarbias. harlém gyidation of the Jymigup ?a&ﬂg|%¥yré rcreal o
or region may be provided if desired. .Thi.s t.echni | gue
crystalijpe ggfpfﬁg op the Flgcalong Bp TEeied SR | nOWl%fﬂ TeHRY \?9 © non-
doping at the forward biased di od near,, a l.].
oxidizesfregipe Ehese erysielling dofegts ﬁW%%V@Eé%‘&S‘fCﬁ aheé?aﬁ’é Et“&é?éi;eg%diﬁty of
the DBR to i nprove thermal conductivity by avoiding

the detighps of ternary material s. Figure 6 illustrates the
absol ute val ue of an .optijcal

tric f 402 of

stighelithly hvatpes-segiongletidd eslﬁéfd°ﬂm?nc ﬁﬁ‘ﬁm’c"ﬁ% ‘@&& Wﬁh"]? r“bﬁl‘?des an
o B o Ry B R S B p Bl
the JuRHPAOA oo Ry idrd e PO RBY Dl P OPRT T CHBR A
T A e
posmchs% p(ggf!fegt tgng)?xggﬁc@ﬁep Z gaptllazgfgltwg_&gégég% n %lrgre for(l)r)x(eld%% an n-
doped galhum an;ssgnticﬁe (Gtagg) gx)lgétgt% é%)eﬁatvhllrgeanfr? yp.e e%ctncal contact 168. An n-
doped lower mirror stack 172 (a DBR) is positioned on the GaAs substrate 160, and an n-type
lower spacer 177 is disposed over the lower mirror stack 172.

An active region 176 having P-N junction structure with at least one but preferably a
number of quantum wells is formed over the lower spacer 177. The composition of the active
region 176 is preferably AlGaAs, with the specific aluminum content varying in the different
layers that form the active region 176. One layer, for example, may have between twenty and

thirty percent of aluminum, while an adjacent layer might have between zero and five percent of

aluminum. There could be many alternating layers in the active region 176. While an active
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20 |l ayer 140 may be positioned at or near a node of
the optical electric field or sonewhere in between,
wdepanding on the application. 15 WO 2004/ 040720T/US2003/033611
PCT/ US2003/ 033611 As noted above, another limtation
of many oxi de-confined VCSELs is that during the
| ateral oxidation of the high alum num oxi de aperture
formng |ayer 140, the other mrror layers that have
a lower alum num concentration are also laterally
oxi di zed to sone degree (usually wunintentionally). It
is believed that the |lateral oxidation of the alum num
bearing layers creates 5 crystalline defects or the

i ke along the junction between the o ed re
region HFE RO, O B S RBGR O (T COUeBRy et B FGSbIable active

defects are bel i eved to reduce the stability and/or
regionpgdyibsysedi ty of the device. Figure 8 is a

cross-sectional side view of an il atlve VCSEL

ViR &IF 3oHEE el R IS ianisPRR{OR aracrre‘ciécf‘-n@tw ' PR aackhd 80

sone_or. all of the electrical arthg ts believed tg Eﬁ
(anothgra RBBY lfb?ho“TOdIFﬂ?ée‘ﬁ BIYFE (o RPLBRREd WRCHITYRY Hieg 150 18

non-oxi di zed regi ons of .a | ater ed DBR. A
ey s 06 el e i i OF R
wo VCSELs 162 and 164 posit oneq adjace t .to on f
fomm@rrexehé?o (applagqus r?rg}rlrlf'arner}ee & %21 8%8 PI%VA e&rbé“”een a first
formed on an n- ed gal | i um arseni de
layer W3 Kanalogews t9 &St e ﬁ arpeapp davey Qé‘t@rﬂ&%%ou%fsﬁfcge@ laygrd 44).
An n- doped |ower mrror ck 172 (a )
A transisiep U435 8 Te8iPnt 196 RS %%‘if’?rb&f"iéeeiééf firsh égyah?%? e oxide
15 |l ower spacer 177 i s, di sposed over the |lower mrror
apertugg; fgpmping tpyer 1397 a3 deseRRed ¥ Fon 176 having P-N juncti on
structure with at | east one but refer
oft f%ﬁ%ﬁ‘tﬁ%ﬁvwl’%dﬂr‘?t’ff’oﬁ‘ hRg copsupt Héyer &Kh@?%é&?c‘g?‘“l‘% layer,

The conposition th ctive
collectively shovrxrrPx at 182, may %e provﬁ:iegl over the top mirror stack 180. A p-type electrical

contact layer 184 may then be provided for making electrical contact to the VCSELs 162 and
164.

To produce oxide-confined VCSELs, a trench, several trenches or holes may be etched
around at least part of the periphery of each VCSEL 162 and 164 to facilitate the lateral
oxidation of the oxide aperture forming layer 190. In Figure 8, the illustrative trenches are
shown at 198a, 198b and 198c. Some illustrative trench and hole configurations are shown in
Figures 9A-9D. The trenches 198a, 198b and 198c of Figure 8 extend down to the oxide
aperture forming layer 190, but preferably do not extend down into the active region 176 as
shown in Figure 8, but this is not required in all embodiments. As can be seen, many

configurations are possible as will become apparent to those skilled in the art.
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region 176 is preferably Al GaAs, with the specific
al um num content varying in the different |ayers that
woanmwouéo act i ve regi on 176. One | ayer, for exaaplus2003/033611
may have between twenty and 20 thirty percent of
al um num while an adjacent |ayer m ght have between
zero and five percent of alumnum There could be
many alternating |layers in the active region 176.
VWil e an active 16 WO 2004/ 040720 PCT/ US2003/ 033611
regi on using a quantumwel |l structure is illustrated,
it is contenplated that any suitable active region
maybe used. On the active region 176 is a p-type top

=R ECMI R N TGS T L A
oS 98B 100, B BESESL SRLY LIS By ren
v B S BRSO RS 100, (201 O9RUE, 0
SRCEITE LY A TR ER e
o B TR 1S PR AT R QPR e
oSS 50 RS b AT S B B LS
s e SRR e b B DO ek g TBY B o
i B P SRS |51 oY 0SB P RO e 0o
o R RS G S9B B TREL i B LT 7 Bl v
layer%) cg'r &llge' I?%%Elg&trﬁeg:p egzg% gofoute Ctpmta\écé?%)rgf 6]% sgrrr]lg c:il'sgsf' h}gg oxidation
distance contrast ratios are selected to help minimize any mechanical stress in the active optical
aperture of the device. It is recognized, however, that any suitable oxidation distance contrast
ratio may be selected, depending on the application.

Referring specifically to Figure 8, the oxide aperture forming layer 190 of DBR 180
includes an oxidized region 202 that extends from the edge 204 of the trench 198a to an oxide
termination junction 206 that is situated greater than a first distance 208 from the edge 204 of the
trench 198a. It is contemplated that in some embodiments, there may be more than one oxide
aperture forming layer, as desired.

The other aluminum bearing layers, such as the AlGaAs layers of the DBR 180, are also

(unintentionally) laterally oxidized by the oxidizing environment, but to a lesser extent. For

example, AlGaAs layer 210 includes an oxidized region 212 that extends from the edge 204 of
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oxi dation of the oxide aperture formng |ayer 190. In
Figure 8, the illustrative trenches are shown at

wa28m/04428b and 198c. Sone illustrative trenchranashwbBe33ct1

configurations are shown in Figures 9A-9D. The
trenches 198a, 198b and 198c of Figure 8 extend down
to the oxide aperture formng |layer 190, but
preferably do not extend down into the active region
176 as 20 shown in Figure 8, but this is not required
in all enbodi ments. As can be seen, many
configurations are possible as will becone apparent to
those skilled in the art. 17 WD 2004/ 040720

the treigcg(? f? 590%13(4&(8 3 6 : 11éat1\\§vggxg1rct onez 1% r T g:sh ?}ﬁ%’tgﬂg I%?s th}ngg ?ecaﬂiddlstance

OSE an oxi
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may contribute to an increase in the infant mortality rate and a reduction in the long term
reliability of the device.

An implant, etch or any other suitable method or process may be used to reduce or
eliminate some or all of the electrical artifacts associated with the oxide termination junctions.
For example, in Figure 8, a patterned implant shown generally by dotted line 218 is provided to
isolate the oxide termination junctions of the AlGaAs aluminum bearing layers of the DBR 180
from the active current aperture of the device. In the illustrative embodiment, the implant 218 is
preferably a proton implant (H+) that extends from at least the edge 204 of the trench 198ato a

location beyond the second distance 216, but not as far as the first distance 208, but this is not
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Referring specifically to Figure 8, the oxide aperture
formng layer 190 of DBR 180 15 includes an oxidized
woen4mm02202 t hat extends fromthe edge 204 of PO®US2003/033611
trench 198a to an oxide termnation junction 206 that
is situated greater than a first distance 208 fromthe

edge 204 of the trench 198a. It is contenplated that
in sone enbodi nents, there nmay be nore than one oxide
aperture formng |layer, as desired. The other al um num
bearing layers, such as the Al GaAs | ayers of the DBR
180, are also 20 (unintentionally) laterally oxidized
by the oxidizing environnent, but to a | esser extent.

T T W e
RSOGO e RS e Ot
e R L A4 080 i
o 5l F 1 o ggﬁfsg%stgfcfgagdﬁ%ﬁe ﬁfg%;ga& gy e
Ve ABI SBR Se FCARER A al

term pation ween the oxidized region

Figure,8, butt “ﬁBHf@&W ég ‘%épgﬁ "These crystalline defects

L T
resxst%gﬁ\tglg %&%h%? Cege]c l e Evgt tgxi? Iggl%g%: aqnealP(?nellihlngt\{?erg otf Qhe AlGaAs
SR g %Eﬁtaéé’%"r%@% 06 T R85 i gt g
of thenger‘{lcg)e( Irl{jmszcgae( E;B{Agel tgeft apy 8 su1 XI dia%@ gl g% écﬁllrl;]c%%gt ahSroton
1mp1aH§|CaBﬁm cal it | €35 1r\rlxvpl)ltarr1} nf grp%legt%\c/altlg' Active 1&Buﬁg9ysu]::11f' gtyﬁ{con
germanium, beryllium, etc., , and/or any other process or method that disrupts the conductivity of
the material so as to reduce or eliminate one or more electrical artifacts related to the oxide
termination junctions from adversely affecting the operation of the device. The implant 218 may
further provide an implant interface that is relatively stress free to help guide the recombination
current through the active current aperture of the device. The same or similar implants may be
used in and around trenches 198b and 198c, as shown in Figure 8. It is contemplated that the
trenches 198a, 198b and 198¢ may be left open, or filled with an insulating or other material
either before or after the implant, as desired.

It is believed that the implant 218 may be used to help prevent the propagation of defects

from and separates the mechanical stress from the oxide termination junctions of the AlGaAs
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defects such as dark lines into the sem conductor
material of the device. It is believed that these nay
woanidrouemabe to an i ncrease in the infant nortaPCrguse@B®33611

and a reduction in the long term reliability of the

device. 15 An inplant, etch or any other suitable

met hod or process nay be used to reduce or elimnate

some or all of the electrical artifacts associ ated

with the oxide termnation junctions. For exanple, in

Figure 8, a patterned inplant shown generally by

dotted line 218 is provided to isolate the oxide

term nation junctions of the Al GaAs al um num beari ng
layersléxgtg ?I{Bi’ﬁcg\tecﬁupr?rﬁ ggeg@{lplscgéhg 4(3?{{(‘%}1 15 % bss%l?v ur ! ﬁme implant 218 may

help 1T SHRPOCHEY AP 1?839{9%@19 Faéiéﬁe Srt?e?f'e%é%@ g ot
causeﬁbg%@%&@g%%ﬂlaﬁi%ﬁgﬁ%@n&f oAt s G ERREmporan
near tl%%%ﬁwé%ts@%?@s%@rf?v:ﬂwﬁ?%g of gﬁér?l@rg%gmbwg fine i operation
of thegige: ErePi AR BELS 4§ BUTVB I SRV S e (o [RY and 195
may TG GRAIST] DF HeY Pt e A0 TR |7 RO RS PP e the
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help,electr|cally i sol ate adjacent 5 VCSELs on the
tﬂ“”ﬁﬁ@%wncPﬁ% i npl ant 218 can extend down past the active

176 h
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h i de. t t ti . o
penetrlatgy% e el o FTe A5190 Z‘qté Rh MR Rer PBRoTiEY g
contemg]Xtecli th 1:9 aO )ehcir <:tc£n suc. easar(e::fief e?chclgga, %gb a8 ?%culrngy be provided into or

through the top DBR to help reduce the thickness of the top DBR mirror 180. With the reduced

thickness, the shallow implant can then penetrate a sufficient or desired distance into or through
the top DBR mirror 180, as desired. Such an etch and implant may be used in helping to isolate
laterally oxidized devices, as described above, as well as non-laterally oxidized devices (e.g.
implant isolated devices), as desired.

Figures 9A-9D are schematic top view diagrams showing a number of illustrative
embodiments for reducing or eliminating some or all of the electrical artifacts believed to be
caused by the oxide termination junctions between the oxidized and non-oxidized regions of a

laterally oxidized DBR. In Figure 9A, three or four holes 220a, 220b, 220c and 220d are etched
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10 of the device. It is contenplated that any suitable
i npl ant may be used, including a proton inplant, a
waebisorvizopl ant, an i npl ant of an el ectrical | ypracmisa®3/033611
impurity such as silicon, germanium beryllium etc.,
, and/ or any other process or nethod that disrupts the
conductivity of the material so as to reduce or
elimnate one or nore electrical artifacts related to
the oxide termnation junctions from adversely
affecting the operation of the device. The inplant 218
may 15 further provide an inplant interface that is
relatively stress free to heI p gui de the reconbination
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6 fromthe nechanical stress points and/or defects
DBR%%QJsed by the oxide

An implant can then be provided to help isolate the oxide termination junctions of the

AlGaAs aluminum bearing layers of the DBR 180 from the conductive VCSEL aperture 226. In
the illustrative embodiment, the implant can be provided in the region between the dot-dashed
lines 230 and 232. However, in some embodiments, the outer dot-dashed line 230 may not be
provided. In this embodiment, the implant would extend across the entire wafer or device except
inside the dot-dashed line 232.

In another illustrative embodiment, and as shown in Figure 9B, a number of trenches
239a, 239b, 239¢c and 239d may be etched into the upper DBR 180 of Figure 8 to expose the

oxide aperture forming layer 190. The wafer is then exposed to an oxidizing environment, which
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termnation junctions. In addition, or alternatively,
it is contenplated that a relief etch foll owed by an
woOonmi42a0720 10 may be used to hel p isol at e adj acear/us2003/033611
devi ces. For exanple, when a shallow inplant cannot
penetrate a sufficient or desired distance into or
through the top DBR mrror 180, it is contenplated
that a relief etch, such as relief etch 198a, 198b and
198c, may be provided into or through the top DBR to
hel p reduce the thickness of the top DBR mrror 180.
Wth the reduced thickness, the shallow inplant can
then penetrate a sufficient or desired distance into

or through 15 the top DBR mrror 180, as desired, Suc
canses Qe XARATURS YT B e PO PP, TE Jhtdnanps dos
| ateral | y oxidized devices, as describ b ., as
(ot ST A8) TS S G OHPCHSBA o U B DL ety
. isol ated devices), as desired. Figures 9A- are
oxidize; pre&mily o leBhapideiroad digraers2 OHERR ﬂﬁ eﬁgﬁﬂ%ﬁe&mh 1982. In
_illustrative enbodinents for reducing or elimnatin
the illusistive grbedimenssheveindiiges PB.(he xfentiof quizatipn)of theeyidegrgrame
20 caused by the oxide term nation junctions b tme$
forming ey oo d0cirore Henshes 246 2850 di S PagH iitowdt Y obldnsy 74pa and
oxidized DBR. In Figure 9A three or_ four hole Zgan
240b. Thelsondagtiie HrTELoapgrs isedelpedidtresion 24 E%R)W?S‘&Sg% ization of
PCT/ US2003/ 033611 into the top DBR 1 Figure 8 to
the alucippss bt ADHARTHR LR (07 BRESAHaP s farbs 2675 Spifada 1 shivun
device is then exposed to an oxidizhﬁg envi.r onnent

by dotyhshefh lipes 2ddaandi7d4ty witish copewpifisdo fhsrdsdermipiption Higgiops,of the
Iate(allg oxi di ze beyond the first distance 208. At
AlGaAsplminire bearipglayerhef sdBRdE0-al umi num bearing Al GaAs
| ayers of the DBR 180 al so laterally, oxidize,
premplanbrap begravided o hlpselate the gxide rrbinafpnguastionof i fGaAs
_the edge 204 of the trench 198a._ In tQE ﬁﬂlustra@ive
alumingpbraTing Fpyers Wé\ﬂﬁ l'i)Iﬁ{ F}ﬁ% lgrrogx @A’conductlve S aperture 242. In the

illustrative embodiment, the implant can be provided in the region between the dot-dashed lines
246a and 246b. However, in some embodiments, the outer dot-dashed line 246b may not be
provided. In this embodiment, the implant would extend across the entire wafer or device except
inside the dot-dashed line 246a.

In yet another illustrative embodiment, and as shown in Figure 9C, a single annular
trench 250 can be etched into the top DBR 180 of Figure 8 to expose the oxide aperture forming
layer 190. The wafer is then exposed to an oxidizing environment, which causes the oxide
aperture forming layer 190 to laterally oxidize beyond the first distance 208. At the same time,
the other aluminum bearing AlGaAs DBR layers laterally oxidize, preferably to less than a

second distance 216 from the edge 204 of the trench 198a. In the illustrative embodiment, the
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the extent, of oxidization of the oxide aperture
formng layer 190 from hol es 220a, 220b, 220c and

wa20d/me28hown by dashed | ines 222a, 222b, 222ecams2003/033611

222d, respectively. The conductive VCSEL aperture
defined by the term nation of the oxidation |ayer
corresponds to region 226. The extent of oxidization
of the al um num bearing Al GaAs DBR | ayers from hol es
220a, 220b, 10 220c and 220d is shown by dashed |ines
224a, 224b, 224c and 224d, respectively, which
corresponds to the oxide term nation junctions of the
Al GaAs al um num bearing | ayers of the DBR 180. An

i mpl ant can then be provided to help isolate t oxi de
extent pleguidiration ofthe wiide PREFEredPrIYiAg Y5y B8 e o 634 }Sﬁgown

| ayers of the DBR 180 from.the conductgﬁg gc&gL )

by daskrddinesi? &2 20¢ 253bn The Sondueive| Y (rdily 2peitire defRse Ay Mg xideapgiure
i mpl ant can be provided in the region hetween th

forminglityeria vaah o £ e STho Ssom 98 X zationh g G BHRE AlGaAs DBR
enbodi ments, the outer dot-dashed |ine 230 nay, not be

layers frpmainuidet. rengh 256iis showp dyidaedashed; ines 23631286 £° Rotihigh xrrespiipds
across the entire wafer or device except insigg tQ&

to the qfdde-tefnitngian junpionoaiihe AlGadn glupwpum beapiag fygr Qfdbe DER 180.
enbodi ment, and as shown in Figure 9B, ~a .nunber of
tAreimpheas canhg prdlad tojmlpsolaig e oxida tepmuatiqpdinaansf ey Gaks
into the upper DBR 180 of Figure 8 to expose the

alumingwi tehering byers o8 tHedPBR 180 figipethe powructiveeV (8o pparirg Fody In the
exposed to an oxidizing environnent, which 22 WO

illustr800 4mbadimen, hetnplsrows/beFgsined te i egion fstipsd; prgveen the dot-

aperture formng layer 190 to |laterally oxidize beyond
dashedt es PP ¥mandci8h.afleweEogn SPIRG EMBIHFNLY. theppyer dap Sl ng st
time, the other alum num bearing Al GaAs, DBR | ayers

may nptehearevided. Instligenrodimepe therimmplapt Voplf gxiend geEass theSpiug yypfer or

di stance 216 fromthe edge_204 of the trench 198a. Ig
device except inside the dot-dashed line 2584. Rather than providing an annular french 250 as

shown, it is contemplated that a mesa may be formed, if desired.

In yet another illustrative embodiment, and as shown in Figure 9D, a C-shaped trench
270 can be etched into the top DBR 180 of Figure 8 to expose the oxide aperture forming layer
190. The wafer is then exposed to an oxidizing environment, which causes the oxide aperture
forming layer 190 to laterally oxidize beyond the first distance 208. At the same time, the other
aluminum bearing AlGaAs DBR layers laterally oxidize, preferably to less than a second
distance 216 from the edge 204 of the trench 198a. In the illustrative embodiment, the extent of
oxidization of the oxide aperture forming layer 190 from C-shaped trench 270 is shown by
dashed lines 272a and 272b. The conductive VCSEL aperture defined by the oxide aperture

forming layer is shown at 274. The extent of oxidization of the aluminum bearing AlGaAs DBR
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the illustrative enbodi mrent shown in Figure 9B, the
extent of oxidization of the oxide aperture 5 formng

wOayaro4d20 fromtrenches 239a, 239b, 239c and PB9AIS2®3/033611

shown by dashed |ines 240a and 240b. The conductive
VCSEL aperture is defined by region 242. The extent of
oxi di zation of the alum num bearing Al GaAs DBR | ayers
fromtrenches 239a, 239b, 239c and 239d is shown by
dot - dashed |ines 244a and 244b, which corresponds to
the oxide term nation junctions of the Al GaAs
al um num bearing | ayers of the DBR 180. 10 An i npl ant
can be provided to help isolate the oxide term nation
junctions of the AlGaAs al um num bearing |ayers of
layers fréve aDBRr 1QAchf 370 shawn & Aekcsslied dngrcpr ulichepsrespopds
the illustrative enbodi nent, the inplant can he
to the quids\teroduhtipm junpigons efjihe AlGrAsABERNYR Beaine Jaysisiol e Fe 480 As
246a and 246b. However, in sonme enbodinents, the_ outer
can becketn, dag lire thel illnsirafivis pmbpdimeih tthey alumipgy, berane AlFeATPER layers
enbodi nent, the inplant woul d extend across the entire
laterallyaidize o filtibo frmes eotesp the ends f s (rehaperiraigh 2Hashed | ne
246a. In yet another illustrative enbodi ment, and as
Shamplantcafbg progidedio helpdsalayt e axife feapinatigngppcHonsg the 4Gahs
be etched into the top DBR 180 of Fiqure 8 to exfose
alumintunebcarxigliayap of therRBR d3hifing the sguducivgoy CHe ReEfHS 2 /s In the
t hen exposed to an oxidi zing environnent, which cayses
illustratibre emiaditeent,athe implet e baricARfined ye ther eiop slefiagddienyqey the dot-
oxi di ze beyond the first distance 208. At the sane.
dashedt linwe 27820t 1288t Howevst, irrbommerposiments. Heqyies dpjfes eg‘j’é*F £78b
| ateral |y oxidize, preferably to | ess than a second
may natibstparvided 2 116 thiy emshodinen thgdmplat wauld peendraspishthe gaiye wafer or
the illustrative enbodi ment, the 23 WO 2004/040720
device PEEPUIBHOOBE 03 3Bshed liwod’8mt of oxi di zati on of the oxide

aperture formng layer 190 from annul ar. trench O.is
sﬂggum 10A-10B are cr%ss-se)étional side views of anotheraillustratlve VCgl'?L that uses

an etch to reduce or eliminate some or all of the electrical artifacts believed to be caused by the
junction between the oxidized and non-oxidized regions of a laterally oxidized DBR. Figure
10A is similar to the embodiment shown in Figure 8, but without the implant 218. Rather than
providing the implant 218, or in addition to providing the implant 218, it is contemplated that a
patterned etch or milling can be used to remove the oxide termination junctions of the AlGaAs
aluminum bearing layers of the DBR 180. Figure 10B shows the VCSEL wafer of Figure 10A
after such a patterned etch or milling is performed. As can be seen, the patterned etch removes
the oxide termination junctions of the AlGaAs aluminum bearing layers of the DBR 180. In

some embodiments, the patterned eich preferably extends vertically down past the active region,
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by dashed |ines 252a and 252b. The conductive VCSEL
aperture defined by the oxide aperture formng |ayer

wo0®naemo at 254. The extent of oxidi zati on of PCDAIS2003/033611

al um num bearing Al GaAs DBR |ayers from annul ar
trench 250 is shown by dot-dashed |ines 256a and 256b,
whi ch corresponds 5 to the oxide term nation junctions
of the Al GaAs al um num bearing | ayers of the DBR 180.
An i nplant can be provided to help isolate the oxide
term nation junctions of the Al GaAs al um num beari ng
| ayers of the DBR 180 fromthe conductive VCSEL
aperture 254. In the illustrative enbodi ment, the
i mpl ant can be confined to the region defined between
but thig fsencd otquidddinetl dnibodisies8alhanldic@b SktentHofthe arajterned eidnmay
enbodi nents, the outer dot-dashed [ine 258b 10 may not
correspdyd t@ifornexample, thoextdnt of thaipptiinisshewn midguresnPAa®?. woul d
extend across the entire wafer or device except
Tiesingte dinfeatschod extamphes detlfortichep@Bare pRaethiest totbhsiexplein iegirasent
an annul ar trench 250 as shown, it is contenpl ated
inventidnlead ita prastel appjicdtion fund toigkrebly fenahdes thoseckkilled inythe ad homhlesrand
illustrative enbodi nent, and as shown in Figure 9D, a
utilize Be Shapsah. t TpeshskilRdOin gban athehwtevtre avill rt@gtibe thao pheDBRgoing
180 of Figure 8 to expose the oxide aperture formng
descriptiomyaad exdbipldsd@yve tdve pwadniad fpsthe hepowxgi dlbstiation aad example only.
oxi di zi ng environnment, which causes the oxide aperture
Other vhnatighanand| ragdeficali@B of ¢hel patsent arleytiaawidli beeapbaymriel thobreof skill in
first distance 208. At the sane tinme, the other
the art, ahditi isulm ngzat pfithe AbGadsl BBRs |thayeneh Vagtatiens| 4ng nondifigitians be
preferably to |l ess than a second distance 216 from
coveredt [Tde debgaptRDhs oft forthas poténierided B, exhavnstiveeor itd limis theagedpe of the
enbodi nent, the extent of oxidization of the oxide
inventicap éMiany medifisatiing gnd veyietiond @6 ppesibin iClightgd dh abpeariedshing withent
shown by 20 dashed |ines 272a and 272b. The conductive
departing @SEL the pririt apd ecape pf the llpying lekaings i Itis conpemplatedthat the wee fjthe
| ayer is shown at 274. The extent of oxidization of
present triventiphgan invelvbespiongpisAiadapdiffoRRt cliazpcteristics. It is intended that the

scope of the present invention be defined by the claims appended hereto, giving full cognizance

to equivalents in all respects.
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WD 2004/ 040720 PCT/ US2003/ 033611 |ayers from annul ar
trench 270 is shown by dot-dashed |ines 276a and 276D,

wohietv4ennr esponds to the oxide term nation j URCTIUSDE3/033611
of the Al GaAs al um num bearing |ayers of the DBR 180.

As can be seen, and in the illustrative enbodi nent,
the al um num bearing Al GaAs DBR | ayers laterally
oxidize to fill the space between the ends of the

C-shaped trench 270. 5 An inplant can be provided to
hel p isolate the oxide term nation junctions of the
Al GaAs al um num bearing |l ayers of the DBR 180 from
t he conductive VCSEL aperture 274. In the
illustrative enbodi nent, the inplant can be confined
WHATIS CheIMEDIISN defi ned between the dot- dashed |ines
278a and 278b. However, in sone enbodi nents, the outer
dot - daShedbutddrBrage/BdlectoniBROtcotmprign®vi ded. In this
enbodi nent, the inplant would extend across the entire
wad @madé firstDBR enlirailagxs; egeh of the bkeorinivee fist PHR Stz lhyerse
278a. Figures 10A-10B are cross-sectional side views
includifyg anaoxlifee kegidnl eehdiag from alvetgelof thh MBRUs @s oxida teehinhtidnedge
reduce or elimnate some or all of the electrica
that is dthited gedta thmlai fesathtdance fiem dredgedfihe DBRY j uncti on
bet ween the oxi di zed and non-oxi di zed regi ons of a
lofd @Mmadrt secand DBR adhrddBdyersFeaghusfihe dRAr n®resdeconddBR mirtohe
enmbodi mnent shown in Figure 8, but w thout the inplant
layers indl&dingRat dxizetl hepionldtepdioy frokh g ctifeofitipDBR tro Zildidedermiration
addition to providing the inplant 218, it is
edge thaidnimated kbetlardt Hitord digatd fom € cdgandf tigrDRR | Whengn tafirsbe
used to renove the oxide term nation junctions of the
distanc\s@echsr thah therisevond distamdeng | ayers of the DBR 180. Figure
| OB shows the VCSEL wafer of Figure 10A after such a
peltdses sedted bodofohe fiss] DBR girr 1gyensfimiusdizg, anAgidézable lomterial at a
seen, the patterned etch renoves the oxide
concentr@ionittagisiabevejthan of ingg the bnd drenofd Gadisl RBR mimeriayesamdig
| ayers of the DBR 180. In 20 sone enbodi nents, the
doped izt dndmpedty et <ligher & elrtizdnlayleask sapreds theamt iocmbieyseabodPBRast
the active region,
mirror layers.

2. A Distributed Bragg Reflector according to claim 1 further comprising a
transition region disposed between the selected one of the first DBR mirror layers and one of the
second DBR mirror layers, wherein said transition region has a concentration of an oxidizable
material that varies from a higher concentration near said selected one of the first DBR mirror

layers to a lower content near the second DBR mirror layer.
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25 WD 2004/ 040720 PCT/US2003/033611 but this is not
required in all enbodinents. The | ateral extent of the

woabd@maoead et ch may correspond to, for exanpl eCTIS2003/033611

extent of the inplants shown in Figures 9A-9D. The
enbodi nents and exanples set forth herein are
presented to best explain the present invention and
its practical application and to thereby enabl e those
skilled in the art to make and S utilize the
i nvention. Those skilled in the art, however, wl|
recogni ze that the foregoi ng description and exanpl es
have been presented for the purpose of illustration
and exanple only. Qher variations and nodifications
of t he Distrimiedt Brigw Beficcion awgrdinge clappdr whrrei drersriseted ge of
skill in the art, and it is the intent of the

the firsepRRmitexnt layemiisa cxtepestiehiovaing ly¢tons and nodi f i cati ons
be covered. The description as set forth is not
i ntended to be exhaustive or to limt the scope of the
10 invention. Many nodifications and variations are )
BOS i A Distiibutddi Bragg Befldctor actowsting to ckéilnBhagFip Mg first distance is
departing fromthe spirit and scope of the foll ow ng

greater tlaa bl twlottinkes theontoaddistinesd t hat the use of the
present invention can involve conponents havi ng
different characteristics. It is intended that the
scope of the present invention be defined by th
6l ai na DigiplencicBirape Reflestor geoprding ﬁpmlqlmdowghﬁr%ﬁ?@eﬁrsttdéstam 15
equivalents in all respects. 26 W 2004/ 040720

about tE8CGIdsBR0EINO8BBAGE. WHAT IS CLAIMED IS 1. A
Di stributed Bragg Refl ector (DBR), conprising: one or
nore first DBR mrror |layers, each of the one or nore

first DBR mrror |ayers
6. A Distributed Bragg Reflector according to claim 1 wherein the selected one of

the first DBR mirror layers that includes an oxidizable material at a concentration that is above
that of any of the one or more second DBR mirror layers, is doped with the impurity at a level

greater than about 1E18 atoms/cm’.

7. A Distributed Bragg Reflector according to claim 1 wherein the selected one of
the first DBR mirror layers that includes an oxidizable material at a concentration that is above
that of any of the one or more second DBR mirror layers, is doped with the impurity at a level

greater than about SE18 atoms/cm’.

8. A distributed Bragg reflector; comprising:

a first layer including an oxidizable material at a first concentration;
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i ncluding an oxidi zed region extending froman edge of
the DBR to an oxide term nation edge that is situated
wgnresrtoge720 han a first distance fromthe edge oPCThs2003/033611

DBR;, one or nore second DBR mrror |ayers, each of the
one or nore second DBR mirror |ayers including an
oxi di zed regi on extending fromthe edge of the DBR to
an oxide termnation edge that is situated |ess than
a second di stance fromthe edge of the DBR, wherein
the first distance is greater than the second
di stance; at |east a selected one of the first DBR
mrror |ayers including an oxidizable material at a
concentration that is above that of any of the one or
rBecendleyw e ludBR aniokidirble axterigl at asedoridscongtopaihnin t h an
inmpurity at a higher level than at |east sone of the
emexids apepvre fomdtgndysDBRIudmigan okidizaljle materi@l at Athird concentration,
Di stributed Bragg Refl ector according to claim1

whereir {he fitsé conconrptidngs fegs than the sageiid donsenirgpinend the sgrosdcbncentration
bet ween the selected one of the first DBR mrror

is less Hmy dhresthiad conoerdratidn, tahd whereipoiad BRR apenture formingelpger 1s disposed
wherein said transition region has a concentration of

between saidfisdlayea bihdsaidrratond ilaybr; tiviat vari es from a hi gher
concentration near said selected one of the first DBR
i trangition fegipe rdisposgd hetvear said amtde rapertraa fortiieg. keeroamd sBBHirst
mrror layer. 27 WO 2004/ 040720 PCT/ US2003/033611 3.

layer, wheBinsdaidi thwgitoh Bgiay icRdés| ap ok wizalle gwrredilag a tanceltmtion that varies
wherein the selected one of the first DBR mrror

from a high@rcendestratinn ooer sed expide engriereffamingigyer soyelowercongentration near
Di stributed Bragg Refl ector according to claim1

said firsthyeei N the first distance is greater than about two
times the second di stance.

9. A distributed Bragg reflector according to claim 8, wherein the first concentration

is at or below 50%.

10. A distributed Bragg reflector according to claim 8, wherein the second

concentration is at or below 90%.

11. A distributed Bragg reflector according to claim 8, wherein the second

concentration is at or below 80%.

12. A distributed Bragg reflector according to claim 8, wherein the third

concentration is at or above 95%.
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5. A D stributed Bragg Refl ector according to claim1
wherein the first distance is about ten tines the

weeedodd st ance. 6. A Distributed Bragg Refl eetoms2003/033611

according to claim1 wherein the selected one of the
first DBR mrror |ayers that includes an oxidizable
material at a concentration that is above that of any
of the one or nore second DBR mirror |layers, is doped
with the inpurity at a level greater than about 1E18
atonms/cnB8. 7. A D stributed Bragg Reflector according
to claim1 wherein the selected one of the first DBR
mrror |ayers that includes an oxidizable naterial at
a concentration that is above that of any of the one
or nore second DBR mrror |ayers, is doped with the
evel reate t ha

urit t BE
LB A i Tusdh G oy Gotofding 2R Byl fhe ransition regon
rst cl udi ng an oxi di zabl e
abuts t??ﬁfqg‘f‘? %ﬂm%f f°émf’1gr‘asyt“?:‘§ ﬁ%‘?ﬁﬂ@fefon 28 WD 2004/ 040720
PCT/ US2003/ 033611 a second |l ayer including an
oxidi zable material at a second concentration an

o B Bl P e B e e

formi ﬂnceﬂ>t%§ on h | ess than t he second concentrati on
WS AT HESRESEHEC BRcentration is less than the third

concentration, and wherein said oxide aperture formng
| ayer is disposed between said first |layer and said

S R R PR S e
e A £ 5

layer. :

16. A distributed Bragg reflector according to claim 8, wherein said transition region

1s about 20 nm wide.

17. A distributed Bragg reflector according to claim 8 further comprising another
transition region disposed between said oxide aperture forming layer and said 'second layer,
wherein said transition region includes an oxidizable material at a concentration that varies from
a higher concentration near said oxide aperture forming layer to a lower concentration near said

second layer.
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froma higher concentration near said oxide aperture
formng layer to a | ower concentration near said
woiomio4dayer. 9. A distributed Bragg refl ector PCT/US2003/033611
according to claim8, wherein the first concentration
is at or below 50% 10. A distributed Bragg reflector
according to claim8, wherein the second
concentration is at or below 90% 11. A distributed
Bragg reflector according to claim8, wherein the
second concentration is at or below 80% 12. A
di stributed Bragg refl ector according to claim 8,
wherein the third concentration is at or above 95%
29 WD 2004/ 040720 PCT/ US2003/ 033611  13. A distributed
Bfagg éfsrné’e&eg rBTagk e.%ﬁﬁ@ BPCETANER G CRIM \fh ¥ ReE N tthe Oxidizable
transjtion region abuts the oxide aperture formng
materigligelydeS, HUMnH@- f j r st | ayer. 14. A distributed Bragg
refl ector according to claim8, wherein the oxide
aperture formng |ayer abuts the second |ayer. 15. A
distributed Bragg reflector according to claim 8,
wiier eifnveftifal caRhRIrass SPItiRg sE.FOMPHE S ayer i s doped
with an ipmpurity at a higher |evel than either the
A VG ZRpoP 197 e@&%hghflagfewdei%mﬂd diavelpreiu i ipspinag dp an
. reflector according to claim8, wherein said
apphe‘{‘?I%Fﬁ%‘i WS region is about 20 rim wide.

a first distributed Bragg reflector mirror situated adjacent one side of the active region,
said first distributed Bragg reflector mirror for reflecting light emitted by said active region back
toward said active region;

a second distributed Bragg reflector mirror situated adjacent the opposite side of said
active region, said second distributed Bragg reflector mirror for reflecting light emitted by said
active region back toward said active region;

wherein said second distributed Bragg reflector mirror includes:

a first layer having an Al content below about 35%;

a second layer having an Al content between about 70% and 90%;

an oxide aperture forming layer having an Al content greater than about 95%;
wherein said oxide aperture forming layer is disposed between said first layer and said second
layer; and

a transition region disposed between said oxide aperture forming layer and said
first layer, wherein said transition region has an Al content that varies from a higher Al content

near said oxide aperture forming layer to a lower Al content near said first layer.
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17. A distributed Bragg reflector according to claim8
further conprising another transition region disposed

woetmmaor2sai d oxi de aperture form ng | ayer andPe®ius2003/033611

second layer, wherein said transition region includes
an oxidi zable material at a concentration that varies
from a higher concentration near said oxide aperture
formng layer to a | ower concentrati on near said
second | ayer. 30 WD 2004/040720 PCT/US2003/033611 18.
A distributed Bragg reflector according to claim 8,
wherein the oxidizable material includes alum num
19. A vertical cavity surface enmtting |aser,
conprising: an active region for emtting light at a
predet erm ned wavel ength in response to an applied
electric current; a first distributed Bragg reflector,
% r r dy vesticaliggribsualisaRRiiing fser asryding o YHe lgcwh%m said oxide
region, said first distributed Bragg reflector mrror
apertureffprmipglays dig aachl corjent okt 3860 by sai d active region
back toward said active region; a second distributed
Bragg reflector mrror situated adjacent the opposite
side of said active region, said second distributed
Br agdh vestiqabeavily syrface erpitingy lasep pecerdingrg clairg P, wharein exd Bypt
said active region back toward said active region;
layer ha&h‘eAb@W%ﬁEW@%%%d“@&%r i buted Bragg reflector mirror
includes: a first layer having an Al content bel ow
about 35% a second | ayer having an Al content between
about 70% and 90%

22, A vertical cavity surface emitting laser according to claim 19, wherein said

second layer has an Al content near 65%.

23. A vertical cavity surface emitting laser according to claim 19, wherein said

transition region is between about 10 and 100 nm thick.

24. A vertical cavity surface emitting laser according to claim 23, wherein said

transition region is about 20 nm thick.

25. A vertical cavity surface emitting laser according to claim 16, wherein said Al

content of said transition region varies substantially linearly.

26. A vertical cavity surface emitting laser according to claim 16, wherein said Al

content of said transition region varies substantially non-linearly.
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an oxi de aperture form ng |layer having an Al content
greater than about 95% wherein said oxide aperture

woaomwoagi2bayer is di sposed between said first Payas2@sm33eil

said second layer; and a transition region disposed
bet ween sai d oxide aperture formng |ayer and said
first layer, wherein said transition region has an Al
content that varies froma higher Al content near
said oxide aperture formng layer to a | ower Al
content near said first layer. 31 WO 2004/ 040720
PCT/ US2003/ 033611 20. A vertical cavity surface
emtting | aser according to claim19, wherein said
oxi de aperture formng | ayer has an Al content of
about 98% 21. A vertical cavity surface emtting
| aser according to claim 19, wherein said first |[ayer
Rds aft Yrtieebsewtit sufeqenwRieifiing 2l9sca riacordiog 1@ 2laimh 16e mheretml said
_cavity surface emtting | aser according to claim 19,
transitigmeegion s dumpd| with ax epgeptoraprgentiation st porics dnmerttighee sancGHion
23. A vertical cavity surface emtting | aser according
near saidepxideaperurofomppg lagsrio & lowgr coneentretion rear eeiddirgdayies
bet ween about 10 and 100 nmthick. 24. A vertica
cavity surface emtting | aser according to claim23,
wherein said transition region is about 20 nmthick.
28 pAvericileayitysusfice pméting laess agqerding tagpldirad 6rwheraiosait] ergde
to claim16, wherein said Al content of said
aperturg fogménies laym if eapedith an iimpury wreabraividy than erfigstrihyer a@bsecgud
vertical cavity surface emtting |aser according to
layer. ¢l ai m 16, wherein said Al

29. A vertical cavity surface emitting laser according to claim 16, wherein said oxide
aperture forming layer is disposed at or near the null of an electric field produced by resonant

laser light.

30. A method for forming a distributed Bragg reflector; the method comprising the
steps of:

providing a first layer including an oxidizable material at a first concentration;

providing a second layer including an oxidizable material at a second concentration;

providing an oxide aperture forming layer including an oxidizable material at a third
concentration, wherein the first concentration is less than the second concentration and the
second concentration is less than the third concentration, and wherein said oxide aperture

forming layer is disposed between said first layer and said second layer; and
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content of said transition region varies substantially
non-linearly. 32 WO 2004/ 040720 PCT/ US2003/ 033611 27.
wa vmrogoeal cavity surface emtting | aser accoprdirmg2106/033611
claim 16, wherein said transition region is doped with
an acceptor concentration that varies froma higher
concentration near said oxide aperture form ng |ayer
to a |l ower concentration near said first layer, 28. A
vertical cavity surface emtting |laser according to
claim 16, wherein said oxide aperture formng |ayer
is doped with an inpurity nore heavily than the first
| ayer and second |ayer. 29. A vertical cavity surface
emtting |aser according to claim 16, wherein said ,
pryidiag aaq@eaiﬁqyzrr@mb(%wmpwg%ewém sgidoxddespedie foaming laygpapd said
the null of an electric field produced by resonant
first laybra yierein sgidt trangon 1agipm inglydess sy oxidizaiierpateriaf pls gonpRRiralipn that
Bragg reflector; the nethod conprising the steps of:
varies fyprov i diighyr acongenisation anear spidc Pxide rigertic oNimHRE dbler to a lower
material at a first concentration; providing a second
concentlagipe near prad gl laypran oxi di zable material at a second
concentration; providing an oxide aperture formng
| ayer including an oxidizable material at a third
concentration, wherein the first concentration is |ess
3han A Pestudhated Beage Belectar(BBROMavinsentenge, cosgreising:
concentration is less than the third concentration,
erechr woes EstrDBRindras ddyers, eapleefithe ene of gorf fivgf DBR wirrqr dayers
di sposed between said first |layer and said second
includidgazy@pd,diza@dzg@g extending from the edge of'the DBR to an oxide termination edge

that is situated greater than a first distance from the edge of the DBR,;

one or more second DBR mirror layers, each of the one or more second DBR mirror
layers including an oxidized region extending from the edée of the DBR to an oxide termination
edge that is situated less than a second distance from the edge of the DBR, wherein the first
distance is greater than the second distance;

means for reducing or eliminating one or more electrical artifacts related to the oxide
termination edge of at least some of the one or more second DBR mirror layers;

at least a selected one of the first DBR mirror layers being including an oxidizable
material at a concentration that is above that of any of the one or more second DBR mirror

layers, and is doped with an impurity at a higher level than any of the one or more second DBR

mirror layers.
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WD 2004/ 040720 PCT/ US2003/ 033611 providing a
transition region di sposed between said oxi de aperture

woaomwoagi2bayer and said first [ayer, wherein SaC®/US2003/033611
transition region includes an oxidizable material at a
concentration that varies froma higher concentration
near said oxide aperture formng layer to a | ower
concentration near said first layer. 31. A Distributed
Bragg Reflector (DBR) having an edge, conprising: one
or nore first DBR mrror |ayers, each of the one or
nmore first DBR mrror layers including an oxidized
regi on extending fromthe edge of the DBR to an oxide
term nation ed thahis si t uat ed

reater %ﬂ

321 st AdPésirdicd rP%%nRte BTGt 1re oftghgy W‘émg a
second DBR mirror ] ayers

ansitigosging BBRERPFE the SpERA oPee RATALD R nasz?rﬂ?%oanﬁ ag e
extending fromthe edge of the DBR to an oxid bl

second( ABRnHEPY 3Ers: dehgrein Sﬁélt trangitign fegion dygs Pé%%ce’i‘tf?éﬂﬁn 8f & 0YHgae
di stance fromthe edge of the DE re| hF .

materig)jthat yprcs fom @Plé%%réaneﬁ%l%l F?eaf§ 6&180" ‘“: “i*ﬂsgﬁg Toirror
for reducing or elimnating e or nDre electrica

layers frarlpyercprtent apa thegeqond PRE TB%"H YTt er mi nati on edge of at
| east sone of the one or nore second DBR mrror

| ayers; at |east a selected one of the first DBR
mrror |ayers belnﬂ i ncludi ng an oxi
£

terial
B & bdnetntntBrion el feoRts o i BRogn el e ey e of
one or nore secgnd DBR mrror d
the firshiDBR BTECR MY it JiSROEedAt R BF7E A F’@\?@%‘? eHLef % ﬁ%cwdf?ﬂﬁ@%%ed
or nore._second DBR mrror |ayers. 34 WO 2004/ 040720
by resquent/133eplish8/ 033611

34. A Distributed Bragg Reflector (DBR) having an edge, comprising:

one or more first DBR mirror layers, each of the one or more first DBR mirror layers
including an oxidized region extending from the edge of the DBR to an oxide termination edge
that is situated greater than a first distance from the edge of the DBR;

one or more second DBR mirror layers, each of the one or more second DBR mirror
layers including an oxidized region extending from the edge of the DBR to an oxide termination
edge that is situated less than a second distance from the edge of the DBR, wherein the first
distance is greater than the second distance;

means for reducing or eliminating one or more electrical artifacts related to the oxide

termination edge of at least some of the one or more second DBR mirror layers;
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32. A Distributed Bragg Refl ector according to claim
31 further conprising a transition region disposed
woetmmwaor2o he sel ected one of the first DBR m r POT/US2003/033611
| ayers and one of the second DBR mrror |ayers,
wherein said transition region has a concentration of
an oxidi zable material that varies froma higher
concentration near said selected one of the first DBR
mrror Jlayers to a |lower content near the second DBR
mrror layer. 33. A Distributed Bragg Refl ector
according to claim 31 wherein said sel ected one of
the first DBR mrror |ayers is disposed at or near an
ected null of an electric field produced
sieasef haorg °r|WO@M@CO@PB&\W%WG&J@@Hg Bﬁ%@oncentrauon of an
Refl ect.or (DBR) having an edge, conprising: one or
oxidizahle materiglg ¢ DBR i rror | ayers, each of the one or nore
first DBR mrror ers .including. an oxidized region
A SRl A% P @Fnsmeéd ik?éﬁe%trort IREerphRYing 2 4pFoBsk copoentration of an
termnation edge that is situated greater than a
oxidizghl; Wateldlst ance fromthe edge of the DBR one or m)re
sec nd DBR nmirror |ayers, each of the one or
(g4 et ?ber 9150 moOE st DB @iy lﬁgrsdwwaﬁ F‘d‘?“ide‘%ﬂ’n?eéﬁi’t@ﬁ of
extendlngfromthe edge_of the R to an oxide
an oxifligahle Matefign vhesy éhetaﬁﬂéftec? gnes?fttb%\%edon 1BYE firh APPRymirgas dmgrs is
di stance fromthe edge of the DBR, wherein the first
disposeq] BetwrpesaidsTitgh engrabrihe se5end MBR JWIEh YEr Sk frid secpudy e of the
for reducing or elimnating one or nore electrical
secondyPBRmyjppilayey, gadwhergn thedirgcoprentration of fhetoriskizalg gr@t%lﬁl igtless
| east some of the one gr npre second DBR njrr
than theagpaqnd: COS%GHWHOQ%avwwlmr%z@é%%mwnaewm of the
of .the g)ne or. nore second DBR mirror Yers havi ng

ox1d1za}16f IFl?tglllal ésdaﬁ gzrﬂlq. tg{qi Eﬁ{lcggrag?p of the ox1dlzable maten

a transition region disposed between said selected one of the one or more first DBR
mirror layers and said first one of the second DBR mirror layers, wherein said transition region
has a concentration of an oxidizable material that varies from a higher content near said selected
one of the one or more first DBR mirror layers to a lower content near said first one of the

second DBR mirror layers.

35. A Distributed Bragg Reflector according to claim 34 wherein said means for
reducing or eliminating selected electrical artifacts related to the oxide termination edge of at
least some of the one or more second DBR mirror layers includes an implant that crosses the

oxide termination edge of at least some of the one or more second DBR mirror layers.
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oxi di zabl e material; a second one of the second DBR
mrror |ayers having a second concentration of an
woxoalioaehbe material; a sel ected one of the onecosp®B®33611
first DBR mrror |layers having a third concentration
of an oxidizable material, wherein the sel ected one
of the one or nore first DBR mrror layers is
di sposed between said first one of the second DBR
mrror |ayers and said second one of the second DBR
mrror |ayers, and wherein the first concentration of
the oxidizable material is less than the second
concentration of the oxidizable naterial, and the
second concentration_of the . oxid] ﬁggLe nater

D oo RO B R or ARPTAgD Clefh VA hairD Shi Hreans Tor
reducingprpisaedins S 6hECARoA RIS PP ST SO of B

| ayers and said first one of the second

least sprag eftie ongioBMaTefecons HBR IO [Wﬁ g B?S&H lm@% {5t extends from
concentration of an _oxidizable material that varies

the edge of HecDBR paskihe gsprdtiftans&ar sai d sel ected one of the
one or nore first DBR mirror layers to a | ower,
cont ent near said first one of the second DBR nirror

| ayers. A Distributed Br fl r .accordin
oPL Tsmisninee e Prres BF%eCFPé&?@“?I&g%%a% SEVgeip i earsdor
elim nating selected electrical i facts relatg? gt
reducipger e5iRIiRring wierich sertasn! é'aléaétSdFIa‘ﬁ‘é ot SO (EBHRAGR S 91
one or nore second DBR mrr;lly | a s i ncl %ﬂﬁé t &
least spryp P EHE Orelps FoFerS6208E DBRyBITTop Jayefs | B AP %5}@ ergle figpn
| east sone of the one or nore con ng%pa&t
the edpegidhesDBR gasyipe sesoud Gstenres uipetsl %U@%V’ 1S5 A
Di stributed Bragg Refl ector according to claim 34
wherei n said neans for

38. A Distributed Bragg Reflector according to claim 34 wherein the implant is a

proton implant.

39. A Distributed Bragg Reflector according to claim 34 wherein the implant includes

an electrically active impurity.

40. A Distributed Bragg Reflector according to claim 34 wherein the means for
reducing or eliminating selected electrical affects of the oxide termination edge of the one or
more second DBR mirror layers includes removing a portion of the one or more second DBR
mirror layers that includes the oxide termination edge of the one or more second DBR mirror

layers.
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reducing or elimnating selected electrical artifacts
related to the oxide term nation edge of at | east
weaow/0ab720 he one or nore second DBR mrror | ayecs/us2003/033611
includes an inplant that extends from the edge of the
DBR past the second distance. 37. A Distributed Bragg
Refl ector according to claim34 wherein said neans for
reducing or elimnating selected electrical artifacts
related to the oxide term nation edge of at | east
some of the one or nore second DBR mrror |ayers
i ncludes an inplant that extends from the edge of the
DBR past the second distance but not aII the way to

the first dis A Distri Reflec
dtcor di Iﬁ@m{"ﬂe‘{ﬁ%‘?%ﬁec% %“rcgﬁdﬂigtt?lg ﬂ“h% Wt Qegeapr o¥ on
A Distri Ref | ect or_.acc
feduci%orc?i@mﬁlwemsg @F‘ﬁ“‘taﬁa& %ﬁ%g E thaion ofge SAEER
electrically actjve rit
more s BERGF b BB B G G LB BB B R B R aRd oy
reduci ng elimnating selected electrical affects of
dmmmﬁﬁédgﬁﬁﬁ@niﬁﬁﬁpﬁatlon edge of the one or nore second

DBR mirror |ayers includes renoving a portion of the
one or nore second DBR nirror | ayers that includes

0 O T ) TSR S50 TR i
o R
e A Rt Skl
first Dggz[ mittor )gay%rglﬂé\gl@gt%h@yﬁlﬂ? o Laplant & hate LESIPBBR mirror layers

near said first one of the second DBR mirror layers.

43. A Distributed Bragg Reflector according to claim 42 wherein said second layer of

the second DBR mirror layers abuts the said selected one of the one or more first DBR mirror

layers.

44. A Distributed Bragg Reflector according to claim 43 wherein said transition

region abuts the said selected one of the one or more first DBR mirror layers.

45. A Distributed Bragg Reflector according to claim 44 wherein said first layer of

the second DBR mirror layers abuts the said transition region.
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di stance and the second distance. 42. A Distributed
Bragg Refl ector according to claim34 wherein said
woORrengKei2on  regi on has a concentration of oxi @CTaisk@3/033611
material that is graded fromsubstantially that of
said selected one of the one or nore first DBR mirror
| ayers near said selected one of the one or nore
first DBR mrror |layers to substantially that of said
first one of the second DBR mirror |ayers near said
first one of the second DBR mirror |ayers. 43. A
Di stributed Bragg Refl ector according to claim42
wherein said second |ayer of the second DBR mrror
| ayers abuts the said sel ected one of the one or nore
#6.r stA DBRibuicd Borge Reflgaseraccoading i o g4 heredaidsglggjed one of
Refl ector according to claim43 wherein said
the one or mni firit BBR misgr Breraisbeavilyepasdayith sdpewitéd one of the
one or nore first DBR mrror |ayers. 45. A Distributed
Bragg Reflector according to claim44 wherein said
first layer of the second DBR mrror |ayers abuts the
43i d A Pistribiutel Breae&sfleior 20@rdigx b G4 yrhewgin said oxidizable
PCT/ US2003/ 033611 46. A Distributed Bragg Refl ector
materiabig elymiiuny(Ao cl ai m 34 wherein said sel ected one of the
one or nore first DBR mrror layers is heavily doped
with an inpurity. 47. A Distributed Bragg Refl ector
according to claim34 wherein said oxidizable
%t erA Ristibyted BussicRefeqtoy apcordigg toxlain 4 r Wisiie spidrelagtgd one of
Refl ector according to claim47, wherein said sel ected
the one gnworsfiirstRR wimer byerirbisentAl cercempRongeperthinlset-s has an
Al concentration greater than 95%

49. A Distributed Bragg Reflector according to claim 48, wherein said first one of the

one or more second DBR mirror layers has an Al concentration below 35%.

50. A Distributed Bragg Reflector according to claim 49, wherein said second one of

the one or more second DBR mirror layers has an Al concentration below 85%.

51. A Distributed Bragg Reflector according to claim 34, wherein said transition

region is about 20 nm thick.

52. A Distributed Bragg Reflector according to claim 34, wherein said transition

region has a concentration of an oxidizable material that varies substantially linearly from a
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49. A Distributed Bragg Refl ector according to claim
48, wherein said first one of the one or nore second
wOBR4Mo20r | ayers has an Al concentration bel ear25%03/033611
50. A Distributed Bragg Refl ector according to claim
49, wherein said second one of the one or nore second
DBR mrror layers has an Al concentration bel ow 85%
51. A Distributed Bragg Refl ector according to claim
34, wherein said transition region is about 20 rim
thick. 52. A Distributed Bragg Refl ector according to
claim 34, wherein said transition region has a
concentration of an oxidizable material that varies
substanti al linearly froma 39 MD 2004/.040720
hlgherpfeﬁeﬂsgfe@%ﬂf%éﬁs&e O o et Ot BATe SR AIERS B Bt oot lower
ne of the on e first DBR mrror layers to a
conten P)%éf‘ald ghee H{ethﬁ%e&?mg%?% MPd#YBne of the second DBR
mrror |ayers. 53. A Distributed Bragg Refl ector
according to claim34 wherein said sel ected one of
gﬁe fir PBR mrror layers i s disposed_at or near
pec SR %?ag%.ﬁe%?%@fqoedufa 8 |c{e1r'b%eye}er@a smwelected one of
rﬁ& nant Iaser ht 54. A Verti cal CHVIt¥ Surface
the firge R mEpr fayers is ?1 3t or RHBR Paerigd mulhotasy dlapiicr s prRduced
emtting light at a predeterm ned wavel ength in
by“”?%@ﬁﬁﬁ§§; to an applied electric current; a first
di stributed Bragg reflector mrror situated on one
si de of said active region, said first distributed

agg fle rror for reflecting light emtted by
sgé’{r d é W@l ‘!Faé/g‘V Hrfess Smitting faset (Vi 9&8@!’9%”%‘ egi on;

an active region for emitting light at a predetermined wavelength in response to an

applied electric current;

a first distributed Bragg reflector mirror situated on one side of said active region, said
first distributed Bragg reflector mirror for reflecting light emitted by said active region back
toward said active region;

a second distributed Bragg reflector mirror situated on an opposite side of said active
region, said second distributed Bragg reflector mirror for reflecting light emitted by said active
region back toward said active region, the second distributed Bragg reflector mirror having a side
edge;

wherein said second distributed Bragg reflector mirror includes:

one or more first DBR mirror layers, each of the one or more first DBR

mirror layers including an oxidized region extending from the side edge of the
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a second distributed Bragg reflector mrror situated
on an opposite side of said active region, said
weecedodo st ri buted Bragg reflector mrror forPCT/US2003/033611
reflecting light emtted by said active region back
toward said active region, the second distributed
Bragg reflector mrror having a side edge; wherein
said second distributed Bragg reflector mrror
i ncludes: one or nore first DBR mirror |ayers, each of
the one or nore first DBR mrror layers including an
oxi di zed regi on extending fromthe side edge of the
40 WD 2004/ 040720 PCT/ US2003/ 033611 second DBR to an
oxi de term nation edge that is situated greater than a
fir st sedonskRBR &0 drasieti¢rmingiioiecdgel thet 1o situated sratsoien DER!
one or nore second DBR mrror |ayers, each of the one
or nodistarcediomdhe HBRedgE of e sdcenddPBRi ncl udi ng an
oxi di zed regi on extending fromthe side edge of the
second DBRnt or mpregsdoné DBEmutitanlayash eesli 9é theleag orirgore second
situated |l ess than a second distance fromthe side
edge BBRmhgoslayssnidclDlRg avgrédizadnegitneextanding fidinghasidecedpsof
greater than the second di stance; neans for reducing
or el herbevand PBRomen exidetermenatipeedse thebis sifyatddfless thgn a second
related to the oxide term nation edge of at | east
some dftanchgourtbe sde edge ef thescoord IR whefeirn the fitshyistpece i
first one of the one or nore second DBR mrror |ayers
havi ngreaerfthanghe secdaitstineat i on of an oxi di zabl e

mat eri al ;
means for reducing or eliminating one or more electrical artifacts related

to the oxide termination edge of at least some of the one or more second DBR
mirror layers;

a first one of the one or more second DBR mirror layers having a first
concentration of an oxidizable material;

a second one of the second DBR mirror layers having a second
concentration of an oxidizable material; and

a selected one of the one or more first DBR mirror layers having a third
concentration of an oxidizable material, wherein the selected one of the one or
more first DBR mirror layers is disposed between said first one of the second
DBR mirror layers and said second one of the second DBR mirror layers, and
wherein the first concentration of the oxidizable material is less than the second
concentration of the oxidizable material, and the second concentration of the

oxidizable material is below the third concentration of the oxidizable material.
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a second one of the second DBR mrror |layers having a
second concentration of an oxidi zable material; and a
woeebmouedoone of the one or nore first DBR m r POT/US2003/033611
| ayers having a third concentration of an oxidizable
material, wherein the selected one of the one or nore
first DBR mrror layers is disposed between said first
one of the second DBR mrror |layers and said second
one of the second DBR mirror layers, and wherein the
first concentration of the oxidizable material is |ess
than the second concentration of the oxidizable
mat eri al, and the second concentration of the
oxi di zable material is belowthe third concentration
of the oxidizable material. 41 WO 2004/040720
PCT/ US2003/ 033611 55. Vertical Cavity Surfa
B t t iMegicekSwiity Sydar miine der rﬁ&cﬁ%Luca?rmnszto ﬂm P further
conprising: a transition region di sposed between said
comprigigdect ed one of the one or nore first DBR mirror
| ayers and said first one of the second DBR mirror
3 tApgiFion regjen dispered bgtyesosaif s¢leqtadipug afjihe Angeygnoge first DBR mirror
concentration of an oxidizable material that varies
layers gnd gaid firsijogm of the Seroath DBRe@Tos layersswheseip 6yd Gesitiopfregippphas 2
one or nore first DBR mrror layers to a | ower_ content
concenfigign of gn gxiflizatde mgisaalghat vpres foaph Bighmsrotgptmedr sajdsplspied one
56. A Vertical Cavity Surface Emtting Laser according
of the qng og meriisuDRRapiEionlayers tp 2 lowsheonfeyt ngag grie fifsy opg of the second
" elimnating selected electrical artifacts related to
DBR mines I3y%1sde terminati on edge of at |east some of the
one or nore second DBR mirror |ayers includes an
i mpl ant t hat

56. A Vertical Cavity Surface Emitting Laser according to claim 54 wherein said
means for reducing or eliminating selected electrical artifacts related to the oxide termination
edge of at least some of the one or more second DBR mirror layers includes an implant that

crosses the oxide termination edge of at least some of the one or more second DBR mirror layers.

57. A Vertical Cavity Surface Emitting Laser according to claim 54 wherein said
means for reducing or eliminating selected electrical artifacts related to the oxide termination
edge of at least some of the one or more second DBR miirror layers includes an implant that

extends from the edge of the DBR past the second distance.

58. A Vertical Cavity Surface Emitting Laser according to claim 54 wherein said

implant does not extend all the way to the first distance.
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crosses the oxide term nation edge of at |east sone of
the one or nore second DBR mrror |ayers. 57. A
woeodsioaed20 Cavity Surface Emtting Laser accor dpag/use003/033611
cl ai m 54 wherein said neans for reducing or
elimnating selected electrical artifacts related to
the oxide term nation edge of at |east sone of the
one or nore second DBR mirror |ayers includes an
i npl ant that extends fromthe edge of the DBR past
the second distance. 58. A Vertical Cavity Surface
Emtting Laser according to claimb54 wherein said
i npl ant does not extend all the way to the first
di stance. 42 WD 2004/ 040720 PCT/ US2003/033611 59. A
Vertical Cavity Surface Emtting Laser according to
cl aim 54 wherein said neans for reducing or
SPi m AdMaringl €slity Sudebe Enetting Lasat acasriing ae isinT Bl vatteth datd
the oxide term nation edge of at |east sonme of the
means §meedocingror dingetiog celOBR elrtiricd nrtifaysaeated ncthel deSe @fnination
‘ inplant that at least partially electrically isol ates
edge of 4t &eagixomde of the onervahiotrseand ®BR midor lagas inchdeEanGinplaitghdd e
or nore second DBR mrror |ayers froma region of the
least paptiadlyglecmipalty iseatenitle BB tedrination bddy ©f & 1édatsome ok B8Sor more
inside the first distance. 60. A Vertical Cavity
second BIBR momr Eyets fiomg: regisresf thecaneodindg: stand IDERMbbr BREE iz
said neans for reducing or elimnating sel ected
resides @rhsgiettlre forstl dissante.f act s rel ated to the oxide term nation
edge of at |east sone of the one or nore second DBR
mrror |ayers includes an inplant that extends down
t hrough the active region. 61. A Vertical Cavity
80r f ad &/ cEivek Cavity Stdwe Emittupiaémgedrding toailaim34 whibeinahid
said side edge of the second distributed Bragg
means fogfdde@nger efiminagng shvetsd elodtrieak tréifidtsdelaind iorthooxideaeratiiativie

edge of at least some of the one or more second DBR mirror layers includes an implant that

extends down through the active region.

61. A Vertical Cavity Surface Emitting Laser according to claim 54 wherein said side
edge of the second distributed Bragg reflector mirror does not extend down into the active

region.
62. A Vertical Cavity Surface Emitting Laser according to claim 54 wherein said

means for reducing or eliminating selected electrical artifacts related to the oxide termination

edge of at least some of the one or more second DBR mirror layers includes a proton implant.

43



region. 62. A Vertical Cavity Surface Emtting Laser
according to claimb54 wherein said neans for reducing
wonomlieiznat i ng sel ected el ectrical artifacts peralsem3/033611
to the oxide term nation edge of at |east sonme of the
one or nore second DBR mrror layers includes a proton
implant. 43 WD 2004/ 040720 PCT/ US2003/033611 63. A
Vertical Cavity Surface Emtting Laser according to
cl aim 54 wherein said neans for reducing or
elimnating selected electrical artifacts related to
the oxide term nation edge of at |east sone of the
one or nore second DBR mirror |ayers includes an
i nplant _of an electrically active inpurity. 64. A
Gar t i dafertmalfawty Spifaen Emitting Laspingoqrdins fo daiwor ayheggin seid
cl ai m 54 wherein said neans for reducing or o
means §F radpi¢ing PrRYMERAtiag felegted Plaettipd] adifacksrelpted torthe pxadeteratingtign
the oxide term nation edge of at |east some of the
edge ofh ieag som® plitha eneen BomEREoR! miregy layes ingwiescia smplaof prum
inmplant. 65. A Vertical Cavity Surface Emtting Laser
electricglby-gstitle WRPUKEY- cl ai m 54 wherein the neans for reducing
or elimnating selected electrical affects of the
oxi de term nation edge of the one or nore second DBR
mrror layers includes renoving a portion of the one
6f- nof & estseldrryity PRfecaEmittig Fasgraceording to dlaim |54 adigreintsaid
oxi de term nati on edge of the one or nore second DBR
means {pr podiging enedimenatigpseleptedpleetyi¢ah artifagtspelaigd tordes ¢xédettermination
according to claimb54 wherein said selected one of
edge ofta lpadt sprg¢ ofihBFONgioF Mpte speppé PBR mirgr lapss mgludes adielivre fmplan:
expected null of an electric field produced by
resonant |aser light of the Vertical Cavity Surface

%ﬁttkr{,g Laser . L : : .

. ertical Cavity Surface Emitting Laser according to claim 54 wherein the
means for reducing or eliminating selected electrical affects of the oxide termination edge of the
one or more second DBR mirror layers includes removing a portion of the one or more second
DBR mirror layers that includes the oxide termination edge of the one or more second DBR

mirror layers.

66. A Distributed Bragg Reflector according to claim 54 wherein said selected one of
the first DBR mirror layers is disposed at or near an expected null of an electric field produced

by resonant laser light of the Vertical Cavity Surface Emitting Laser.

67. A method for forming a Distributed Bragg Reflector (DBR), comprising:

providing a number of DBR mirror layers with an edge;
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67. A nmethod for formng a Distributed Bragg Refl ector
(DBR), conprising: providing a nunber of DBR mrror
woayergoizdt h an edge; 44 WO 2004/ 040720 PCT/US2003/033611
PCT/ US2003/ 033611 wherein one or nore first DBR
mrror |ayers each include an oxidized region
extending fromthe edge of the DBR to an oxide
term nation edge that is situated greater than a first
di stance fromthe edge of the DBR, and wherein one or
nore second DBR mrror |ayers each include an oxidized
region extending fromthe edge of the DBR to an oxide
term nation edge that is situated |l ess than a second
di stance fromthe edge of the DBR, wherein the first
d’r@feah@@ of giogsriEghER 1?11’{%% layprs eacdsiife ap pxifiasibisgion peending
rein a first one of the one or nore second DBR
from t}Yﬁ efiseo?f the)BR do qnyexjdg gramipatien glge thaip sigtted grepishthar 2 st
oxi di zabl e material, and a second one of the second
distancgyipmythe ¢dse of thiyBBR; i ncl ude a second concentration of
an oxidi zable material; and wherein a sel ected one of
taﬁ%WB?f@n@rw proneae pecprsk DI R pYsFs Gpefliasluds poxidized gesion
ird concentration of an oxidjzable material,
extend\na &rwi the ¢dge oLihr BBRAqanbmddesprmipasion pdgedhat foiwated less thapeRr
rror layers is disposed between said first one of
SeCOndtdFFéaﬂg“e@Q}H hepige arithe R, Whgesinsthe first dislprpe deeni thag e sggond
the second DBR mirror |ayers, and wherein the first
distancgoncent rati on of the oxidizable material is |ess than
the second concentration of the oxidizable material,
apdvbreinadisss Aee of thsrmne AX Mereiserd PBRy e p Iy iapinde a first

material is below the third concentration of the
concenfigtici o appadizabla rasterial, ;and a second one of the second DBR mirror layers

include a second concentration of an oxidizable material;

and whefein a selected one of the one or more first DBR mirror layers include a third
concentration of an oxidizable material, wherein the selected one of the one or more first DBR
mirror layers is disposed between said first one of the second DBR mirror layers and said second
one of the second DBR mirror layers, and wherein the first concentration of the oxidizable
material is less than the second concentration of the oxidizable material, and the second
concentration of the oxidizable material is below the third concentration of the oxidizable
material;

providing a transition region disposed between said selected one of the one or more first
DBR mirror layers and said first one of the second DBR mirror 1ayers, wherein said transition

region has a concentration of an oxidizable material that varies from a higher content near said
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providing a transition region di sposed between said
sel ected one of the one or nore first DBR mrror
woaymrigoand said first one of the second DBR nPCTAIS2003/033611
| ayers, wherein said transition region has a
concentration of an oxidizable material that varies
froma higher content near said 45 WO 2004/040720
PCT/ US2003/ 033611 sel ected one of the one or nore
first DBR mrror layers to a | ower content near said
first one of the second DBR mrror |ayers; and
reducing or elimnating one or nore electrica
artifacts related to the oxide term nation edge of at
|.east _sonme of the one or nore second DBR mirror
selectefl Qpepsihe gap OW%SHBBBB&&I&PHW@S {0 1oV GemisTt WeResak frst one of
said reducing or elinination step includes providing
the secﬁﬁégﬁﬁlr‘aﬁf’“?ﬁésé ad osses the oxide termnation edge of
at | east sone of the one  or nore second DBR mirror
|TE§HES, o GBMINALngANR OF MOET Bl ciTisrl axtidecks| releted do thirnsids; termination
ai.d reducing or elimnation step. includes providing
edge ob3f l5agh PR o1 thgite o RoER§eond R MHET B9Ef& of t he DBR past
t he second di stance. 70. A nethod according to claim
67 wherein said reducing or elimnation step includes
providing an i nplant_ that extends fromthe edge of the
BBR pASEHScOBERnIA chiR OA whereinsad refyeing pr elimiralign fer o
. the first distance. 71. A nethod according to claim®67
includgypeqidting 28 4mplantdbal E1oRgS B oBIdE FAARIB5dEe 3t lepsh sqnpriighe one
etching a portion of the one or nore second DBR mrror
or morp sRepRd DR, myrrqrlayei§des the oxide termination edge of
the one or nore second DBR mirror |ayers. 46 ’

69. A method according to claim 67 wherein said reducing or elimination step

includes providing an implant that extends from the edge of the DBR past the second distance.

70. A method according to claim 67 wherein said reducing or elimination step
includes providing an implant that extends from the edge of the DBR past the second distance

but not all the way to the first distance.
71. A method according to claim 67 wherein said reducing or elimination step

includes etching a portion of the one or more second DBR mirror layers that includes the oxide

termination edge of the one or more second DBR mirror layers.
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WD 2004/ 040720 PCT/ US2003/033611 72. A nethod
according to claim®67 wherein said step of reducing or
welwmime2dng one or nore electrical artifacts eomus2@®8®33611
the step of increasing the resistivity of a selected
portion of a selected nunber of the one or nore
second DBR mirror |ayers, the selected portion
including a region that is situated greater than the
second di stance fromthe edge of the DBR 73. A nethod
according to claim®67 wherein said step of reducing or
elimnating one or nore electrical artifacts
conprises the step of increasing the resistivity of a

o aueiid sbashng ol LB enid e oLaeOHS A BRTREne
o G 205 e S R B B Baono
o RSO RRAEL SOLL AT Scss Lo caten on & el
eion B3 A e oL SRR PG b Ba 7 ot
the top mirror of the wafer between adjacent

opt oel ectroni c devices; and providing an inplant into

| east sqne of the reljef etch . regions. 47
a/'g g meth08 according to clalrm 67 wherein said ste;s)g of reducing or eliminating one

or more electrical artifacts comprises the step of increasing the resistivity of a selected portion of
a selected number of the one or more second DBR mirror layers in and around the oxide

termination edge of at least some of the one or more second DBR mirror layers.

74. A method for isolating adjacent optoelectronic devices fabricated on a wafer, the
wafer having a bottom mirror, an active region and a top mirror, the method comprising the steps
of:

etching one or more relief etch regions into at least the top mirror of the wafer between
adjacent optoelectronic devices; and

providing an implant into at Jeast some of the relief etch regions.
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