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(57) ABSTRACT 

Avertical cavity apparatus includes a die With a top surface 
and a plurality of planar electrically conducting layers. At 
least one of the layers is an oxide layer formed of an 
oxidiZable material that is oxidized upon exposure to an 
oxidizing agent to convert the oxidiZable material to an 
electrical insulator. Aplurality of oxide apertures are formed 
by via holes connecting the top surface to the oxide layer. A 
majority of the individual oxide apertures have different 
siZes. An optoelectronic device is coupled to a single oxide 
aperture in the die. 
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OPTO-ELECTRONIC DEVICES WITH MULTIPLE 
OXIDE APERTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of Ser. 
No. 09/603,140, ?led Jun. 23, 2000, Which is a continuation 
in-part of Ser. No. 09/375,338, ?led Aug. 16, 1999, Which is 
a continuation of Ser. No. 09/060,227, ?led Apr. 14, 1998 
(now US. Pat. No. 5,991,326), said Ser. No. 09/603,140 also 
being a continuation-in-part of and claiming the bene?t of 
provisional application Ser. No. 60/184,706 ?led Feb. 24, 
2000, all of Which applications are fully incorporated by 
reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to a vertical cavity 
apparatus, and more particularly to a vertical cavity structure 
that includes a die With a plurality of oxide apertures formed 
by via holes, trench structures and mesas. 

[0004] 2. Description of R Art 

[0005] Continued advances in long-distance, ?ber-optic 
communications depend on high-quality laser sources. Since 
optical ?bers exhibit loWest attenuation and dispersion at the 
Wavelengths of 1.3 pm and 1.55 pm, suitable sources should 
emit at these relatively long Wavelengths in single-mode 
operation. 
[0006] Traditionally, long-Wavelength distributed feed 
back (DFB) lasers are employed in ?ber-optic communica 
tions systems for their single longitudinal and transverse 
mode characteristics. HoWever, fabricating DFB lasers 
involves very complicated and loW-yield processes. Further 
more, the DFB laser performance is very sensitive to the 
surrounding temperature change. Thus, complicated elec 
tronics are needed in the transmitter to control the operating 
environment. These disadvantages render the DFB laser a 
very expensive light source and severely limit its application 
in the ?ber-optic communications ?eld. 

[0007] Vertical Cavity Surface Emitting Lasers (VCSELs) 
emitting in the 1.3 pm and 1.55 pm ranges have been 
visualiZed as promising candidates for replacing DFBs in 
telecommunications applications. Due to their extremely 
short cavity length (on the order of one lasing Wavelength), 
VCSELs are intrinsically single longitudinal mode devices. 
This eliminates the need for complicated processing steps 
that are required for fabricating DFB lasers. Furthermore, 
VCSELs have the advantage of Wafer-scale fabrication and 
testing due to their surface-normal topology. 

[0008] Unfortunately, VCSELs suffer material limitations 
that are negligible in the case of short-Wavelength VCSELs 
but drastically affect the performance of long-Wavelength 
VCSELs. The small available refractive index difference An 
betWeen re?ective layers of the Distributed Bragg Re?ec 
tors(DBRs) requires that a large number of layers With high 
composition and thickness precision be used to achieve 
sufficient re?ectivity. Another object of the present invention 
is to reduce loss in a vertical cavity apparatus. Due to the 
smallAn the relatively thick DBR’s result in high diffraction 
losses. Furthermore, high free-carrier absorption loss limits 
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the maximum achievable re?ectivity and the high non 
radiative recombination rate increases the electrical current 
for reaching the lasing threshold. 

[0009] These problems have restricted prior art fabrication 
efforts to non-Wafer-scale, complicated and loW-yield pro 
cesses such as Wafer fusion described by D. I. Babic et al., 
“Room-Temperature Continuous-Wave Operation of 1.54 
pm Vertical-Cavity-Lasers”, IEEE Photonics Technology 
Letters, Vol. 7, No. 11, 1995, pp. 1225-1227 and Y. Ohiso et 
al., “1-55 pm Vertical-Cavity Surface-Emitting Lasers With 
Wafer-Fused InGaAsP/InP—GaAs/AlAs DBRs”, Electron 
ics Letters, Vol. 32, No. 16, 1996, pp. 1483-1484. Alterna 
tively, long-Wavelength VCSELs have also been manufac 
tured by evaporation of dielectric mirrors as described by S. 
Uchiyama et al., “LoW Threshold Room Temperature Con 
tinuous Wave Operation of 1.3 pm GaInAsP/InP Strained 
Layer Multiquantum Well Surface Emitting Laser”, Elec 
tronics Letters, Vol. 32, No. 11, 1996, pp. 1011-13; M. A. 
Fisher et al., “Pulsed Electrical Operation of 1.5 pm Vertical 
Cavity-Surface-Emitting Lasers”, IEEE Photonics Technol 
ogy Letters, Vol. 7, No. 6, 1995, pp. 608-610 and T. 
Tadokoro et al., “Room Temperature Pulsed Operation of 
1.5 pm GaInAsP/InP Vertical-Cavity Surface-Emitting 
Lasers”, IEEE Photonics Technology Letters, Vol. 4, No. 5, 
1992, pp. 409-411. 

[0010] Unfortunately, these methods do not alloW one to 
ef?ciently groW long-Wavelength VCSELs. 
[0011] Tunneling in GaAs, at an n+/p+ junction, is Well 
knoWn (see, for example, N. Holonyak, Jr. and I. A. Lesk, 
Proc. IRE 48, 1405, 1960), and is generally of interest for its 
negative resistance. Tunneling in GaAs can be enhanced 
With an InGaAs transition region (see, for example, T. A. 
Richard, E. I. Chen, A. R. Sugg. G. E. Ho?er, and N. 
Holonyak, Jr.,Appl. Phys. Lett. 63, 3613, 1993), and besides 
its negative resistance behavior, can be used in reverse bias 
as a form of “ohmic” contact. This alloWs, for example, the 
reversal of the doping sequence of an Al sub x Ga sub 1-x 
As—GaAs quantum Well heterostructure laser (n forWard 
arroW p to p forWard arroW n) groWn on an n-type GaAs 
substrate. See, for example, A. R. Sugg, E. I. Chen, T. A. 
Richard, S. A. MaranoWski, and N. Holonyak, Jr., Appl. 
Phys. Lett. 62, 2510 (1993) or the cascading of absorbing 
regions to produce higher efficiency solar cells (see for 
example D. L. Miller, S. W. Zehr and J. S. Harris Jr, Journ. 
App. Phys., 53(1), pp 744-748, (1982) and P. Basmaji, M. 
Guittard, A. Rudra, J. F. Carlin and P. Gibart, Journ. Appl,. 
Phys., 62(5), pp 2103-2106, (1987)). 
[0012] A variety of devices are formed on Wafers includ 
ing but not limited to lasers, photodetectors, ?lters electronic 
circuits and MEMs. These devices are formed on the Wafers 
utiliZing a variety of standard multi-processing steps and 
procedures. The Wafer is typically moved from one process 
station to another until the ?nal device is completed on the 
Wafer. The devices are then tested. FolloWing testing, the 
Wafer is diced and individual devices are then mounted, 
electrical connections are made and then there is a ?nal 
sealing. 
[0013] This type of Wafer scale manufacturing exposes the 
individual devices to contaminants and corrosive elements 
found in the atmosphere because of the lengthy time it takes 
to complete the manufacturing process. Corrosive elements, 
such as moisture and oxygen, can cause a degradation in the 
device that is made. 
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[0014] Laser diodes typically include an n-type substrate, 
an active layer, a p-type clad layer and a p-type cap layer that 
is laminated over the n-type substrate. In one such semi 
conductor laser, the n-type substrate is formed of AlGaAs 
and the active layer is formed of GaAs. An electrode is 
selectively formed on the obverse surface of the laser diode 
in an opening of the p-type cap layer. A rear electrode is 
formed on the reverse surface of the substrate. The resulting 
structure is a laser diode chip more commonly knoWn as a 
double heterostructure (DH structure). This laser diode chip 
can be mounted on a radiation plate. The assembly is then 
encapsulated to hermetically seal the device. 

[0015] Us. Pat. No. 5,896,408 discloses a VCSEL With at 
least one mirror that includes a plurality of planar electri 
cally conducting layers With different indices of refraction. 
One of the layers includes an oxidiZable material. To expose 
the oxidiZable layer to an oxidizing agent, and convert the 
material to an electrical insulator, three or more holes are 
etched doWn from the top surface of the VCSEL to the layer 
containing the oxidiZable material. The oxidiZing agent is 
then introduced into the top of these holes. The partial 
oxidation of the layer converts the layer to one having a 
conducting region surrounded by an electrically insulating 
region, the conducting region being positioned under the top 
electrode. 

[0016] Us. Pat. No. 5,978,408 discloses a VCSEL struc 
ture With Well-de?ned and Well-controlled oxidiZed regions 
that are used to de?ne the lasing aperture of the VCSEL. 
These oxidiZed regions are formed by the use of a multi 
plicity of cavities arranged in a prede?ned pattern in the 
laser structure. The lasing aperture is an unoxidiZed region 
bounded by these oxidiZed regions centered about the cavi 
ties. During the oxidation process, an AlGaAs layer With 
high aluminum content embedded in the semiconductor 
structure is oxidiZed radially outWards from each of these 
cavities until the oxidiZed regions betWeen tWo adjacent 
cavities overlap. HoWever, the devices in the above-refer 
enced patents fail to change the pitch of individual groups of 
via holes to form different oxide aperture siZes There is a 
need for electro-optic devices With an array of via holes, 
trench structures or mesas that are used to form several oxide 
apertures of different siZes. There is a further need for 
electro-optic devices With an array of via holes, trench 
structures or mesas that are used to form several oxide 
apertures of different siZes, With the oxide apertures cou 
pling light from an active region underneath and While being 
electrically isolated from their neighbors. 

SUMMARY OF THE INVENTION 

[0017] Accordingly, an object of the present invention is to 
provide improved electro-optic devices. 

[0018] Another object of the present invention is to pro 
vide improved micro-optomechanical, micro-electrome 
chanical and micro-optoelectrical devices that are formed on 
a single die. 

[0019] A further object of the present invention is to 
provide electro-optic devices With an array of via holes to 
form several oxide apertures of different siZes, With the 
oxide apertures being electrically isolated from each other 
and coupling light from an underneath active region. 

[0020] A further object of the present invention is to 
provide electro-optic devices With an array of trench struc 
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tures to form several oxide apertures of different siZes, With 
the oxide apertures being electrically isolated from each 
other and coupling light from an underneath active region. 

[0021] A further object of the present invention is to 
provide electro-optic devices With an array of mesas to form 
several oxide apertures of different siZes, With the oxide 
apertures being electrically isolated from each other and 
coupling light from an underneath active region. 

[0022] These and other objects of the present invention are 
achieved in a vertical cavity apparatus. The apparatus 
includes a die With a top surface and a plurality of planar 
electrically conducting layers. At least one of the layers is an 
oxide layer formed of an oxidiZable material that is oxidiZed 
upon exposure to an oxidiZing agent to convert the oxidiZ 
able material to an electrical insulator. A plurality of oxide 
apertures are formed by via holes connecting the top surface 
to the oxide layer. A majority of the individual oxide 
apertures have different siZes. An optoelectronic device is 
coupled to a single oxide aperture in the die. 

[0023] In another embodiment of the present invention, a 
vertical cavity apparatus includes a die With a top surface 
and a plurality of planar electrically conducting layers. At 
least one of the layers is an oxide layer formed of an 
oxidiZable material that is oxidiZed upon exposure to an 
oxidiZing agent to convert the oxidiZable material to an 
electrical insulator. Aplurality of oxide apertures are formed 
by trench structures connecting the top surface to the oxide 
layer. A majority of the individual oxide apertures have 
different siZes. An optoelectronic device is coupled to a 
single oxide aperture in the die. 

[0024] In another embodiment of the present invention, a 
vertical cavity apparatus includes a die With a top surface 
and a plurality of planar electrically conducting layers. At 
least one of the layers is an oxide layer formed of an 
oxidiZable material that is oxidiZed upon exposure to an 
oxidiZing agent to convert the oxidiZable material to an 
electrical insulator. Aplurality of oxide apertures are formed 
by mesas connecting the top surface to the oxide layer. A 
majority of the individual oxide apertures have different 
siZes. An optoelectronic device is coupled to a single oxide 
aperture in the die. 

[0025] In another embodiment of the present invention, a 
multi mode device, includes a die With a top surface and a 
plurality of layers. At least one of the layers is an oxide layer 
formed of an oxidiZable material that is oxidiZed upon 
exposure to an oxidiZing agent to convert the oxidiZable 
material to an electrical insulator. The die includes a plu 
rality of via holes/trenches/mesas connecting the top surface 
to the oxide layer. A majority of the individual oxide 
apertures having different siZe. A tunable laser is coupled to 
a single oxide aperture in the die. The tunable laser includes, 
a semiconductor active region positioned betWeen upper and 
loWer con?ning regions of opposite type semiconductor 
material, and ?rst and second re?ective members positioned 
at opposing edges of the active and con?ning regions. The 
laser produces an output beam. 

[0026] In another embodiment of the present invention, an 
optical system includes a die With a top surface and a 
plurality of layers. At least one of the layers is an oxide layer 
formed of an oxidiZable material that is oxidiZed upon 
exposure to an oxidiZing agent to convert the oxidiZable 


















