WO 2004/040720 A2 |00 O OO0

An oxi de-confined VCSELs having a distributed Bragg
reflector with a heavily doped high A content oxide
aperture formng |ayer disposed between a | ow Al

(12 DYTEBNATIONAIS A PHLEGAMONPIBLESHIBAINDER AHE EAITNE I00OBBIAIMON TREATY (PCT)

If(@é%).ﬂdl?ietteﬁ\gglg]t#]rlgeerzyi rst _\ and the oxide aperture
0 mnq)rg Sliont NET €

my bggsgeth n transition re

1 on
wher gj, f} Fig, AT,rea%O ntent c A B IIIHIIIIMHEIHIlIII/FHIIIIﬁlllI|I||II||||II|I||I||II|| LT

content to a l[ower A conWg n sone enbodi nents,

36 aﬁaflﬁu%&iga%ﬁ Re? ;g[n 0Xi de APETlEndi PN Number
YE{a G084 143 DESANT FrToCeU” VR H/041720 A2

oxi de aperture ng | ayer nay be

near, nul'l _or. a node eleciric 11el roduc
<0 RISl | gheiOE g o gseﬁ]@?e&k’g}“ﬁag ik

idlﬁlgson, TX 75081
. . ames, oral Ridge Drive,
(21) Ifdbhabl@haPPhidtbh &uinbirM Ng | ayer, al | GQlna SBBsod s .erA%£i,ejnnmy, A 701
al um num beari ng DBRUBAY#B®INAY adh8Bw DR&AAR, Faxd, Uk Z:0th, (US). JOHNSON,
22) 1062 1 inS Qétz?gttolbggdoy oL RSEH]  degkies L THEWpaUGGE] @mo, MN 55356 (US).
a2 iy g e di2¢ p(_orfol 35 apd MR RO QM ioNEYwELL
(25) Fifig ahgsge: | ayers i s bel i evadist 0 r efugaArideAs iNRI11l doYimbia Road, P.O. Box
26 pandior reliability of the device.22@oMatilevinavdothvs,
fl’llfi:? ?ﬂ‘r%g%?ﬁe I nvention Corﬁ“@%l &t CSesi MaRY 5tk i) A, AG, AL, AM, AT, AU,
30) phiéy Bud:, et ch or ot her suitabl e piHELSs, HOBK, 8dWE & AOFH, CN, CO, CR, CU,
1@d83.508L nat e Dre@r20pmesdoedoact S cal @ b, baans passoE, B, Bi0GB, GD, GE, GH,

with the | | QReRELNEEN. e oxi @VL.ZBdIpBY: B yriS. Ak, KG, KP. KR, K7, 1.C,
71) Applicant: . INJERNA .
‘ ’u?é’nrsfz%bﬁi g RO, ) enisLad sugqy g MA, MD, MG, MK, MN, MW,
hedugaguhe oxidation of ot her a@”@@f@%%ﬁé@ N TR T2 UA. UG,

| ayers of the DBR
(72) Inventors: JOHNSON, Ralph, H.; 211 Ridgeview Drive, UZ, VC, VN, YU, ZA, ZM, ZW.

Collin, TX 75094 (US). HAWTHORNE, Robert, A.; (84) Designated States (regional): ARIPO patent (GH, GM,
2602 Lancaster Street, Garland, TX 75044 (US). BIARD, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),

[Continued on next page]

(54) Title: DISTRIBUTED BRAGG REFLECTOR FOR OPTOELECTRONIC DEVICE

(57) Abstract: An oxide-confined VCSELSs having a distributed Bragg re-
23 flector with a heavily doped high Al content oxide aperture forming layer
disposed between a low Al content first layer and a medium Al content sec-
ond layer. Between the first layer and the oxide aperture forming layer there
may be a thin transition region wherein the Al content changes from a higher
Al content to a lower Al content. In some embodiments, the Al concentra-
tion from the oxide aperture forming layer to the second layer may occur in
a step. The oxide aperture forming layer may be disposed at or near a null
or a node of the electric field produced by resonant laser light. During the
oxidization of the oxide aperture forming layer, all or some of the other alu-
minum bearing DBR layers may also become oxidized, but to a substantially
lesser degree. The junction between the oxidized portion and un-oxidized
portion of these layers is believed to reduce the stability and/or reliability of
the device. To alleviate this, the present invention contemplates providing
an implant, etch or other suitable process to reduce or eliminate one or more
electrical artifacts associated with the junction between the oxidized portion
and un-oxidized portion of these layers as well as reducing the oxidation of
other aluminum bearing layers of the DBR.
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