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(57) ABSTRACT 
A process for use in fabrication of a semiconductor device 
is disclosed. The fabricated semiconductor device includes a 
top oxide aperture Within a top oxidation layer and a bottom 
oxide aperture Within a bottom oxidation layer precisely 
positioned relative to each other, and an electrical contact to 
a contact layer betWeen the top and bottom oxidation layers. 
The process includes the following steps: etching past one of 
the oxidation layers and stopping in the contact layer, 
etching one or more holes traversing the top and bottom 
oxidation layers, and simultaneously oxidizing both oxida 
tion layers. Etching past both oxidation layers in the same 
alignment step ensures that the centers of the tWo apertures, 
as formed through selective oxidation, Will be aligned. 
Using this technique in the fabrication of semiconductor 
devices that include optically pumped vertical cavity surface 
emitting lasers promotes loW-loss refractive index guiding 
combined With a mechanically robust and reproducibly 
fabricatable structure. The aligned oxide apertures provide a 
lateral refractive index pro?le, Which guides the optical 
energy. 
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SEMICONDUCTOR DEVICE WITH ALIGNED 
OXIDE APERTURES AND CONTACT TO AN 

INTERVENING LAYER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of application Ser. 
No. 09/186,848 ?led Nov. 5, 1998. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to a semiconductor device 
including a long-Wavelength vertical cavity surface emitting 
laser (VCSEL) that is optically pumped by an integrated 
short-Wavelength VCSEL, and more particularly to a pro 
cess for use in fabrication of such a semiconductor device. 

[0004] 2. Description of the Related Art 

[0005] Avertical cavity surface emitting laser (VCSEL) is 
a semiconductor laser including a semiconductor layer of 
optically active material, such as gallium arsenide or indium 
phosphide. The optically active material is sandWiched 
betWeen mirror stacks formed of highly-re?ective layers of 
metallic material, dielectric material, or epitaxially-groWn 
semiconductor material. Conventionally, one of the mirror 
stacks is partially re?ective so as to pass a portion of the 
coherent light Which builds up in a resonating cavity formed 
by the mirror stacks sandWiching the active layer. 

[0006] Lasing structures require optical con?nement in the 
resonating cavity and carrier con?nement in the active 
region to achieve e?icient conversion of pumping electrons 
into stimulated photons through population inversion. The 
standing Wave of re?ected optical energy in the resonating 
cavity has a characteristic cross-section giving rise to an 
optical mode. A desirable optical mode is the single funda 
mental transverse mode, for example, the HE,, mode of a 
cylindrical Waveguide. A single mode signal from a VCSEL 
is easily coupled into an optical ?ber, has loW divergence, 
and is inherently single frequency in operation. 

[0007] In order to reach the threshold for lasing, the total 
gain of a VCSEL must equal the total loss of the VCSEL. 
Unfortunately, due to the compact nature of VCSELs, the 
amount of gain media is limited. For e?icient VCSELs, at 
least one of the tWo required mirrors must have a re?ectivity 
greater than approximately 99.5%. It is more di?icult to 
meet this requirement in long-Wavelength VCSELs than in 
short-Wavelength VCSELs because such high re?ectivity 
mirrors are di?icult to groW in the same epitaxial step as the 
long-Wavelength active region. Because epitaxially-groWn 
mirror stacks often do not enable su?iciently high re?ectiv 
ity, some VCSELs are formed by Wafer fusing the top and 
bottom mirror stacks to the active region. 

[0008] Wafer fusion is a process by Which materials of 
different lattice constant are atomically joined by applying 
pressure and heat to create a real physical bond. Thus, Wafer 
fusion of one or both of the mirror stacks to the active region 
is used to increase the re?ectivity provided by either or both 
of the mirrors to compensate for the small amount of gain 
media so that the lasing threshold can be reached and 
maintained. 

[0009] An important requirement for loW-threshold, high 
e?iciency VCSEL operation is a lateral refractive index 
variation or index guiding mechanism that introduces loW 
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optical loss for the VCSEL. Lateral oxidation of AlGaAs has 
been used for refractive index guiding to make high-ef? 
ciency VCSELs. In such a lateral oxidation technique, a 
mesa is etched into the top surface of the VCSEL Wafer, and 
the exposed sideWalls of an AlGaAs layer are exposed to 
Water vapor. Water vapor exposure causes conversion of the 
AlGaAs to AlGaOX, some distance in from the sideWall 
toWard the central vertical axis, depending on the duration of 
oxidation. This introduces a lateral refractive index varia 
tion, creating a loW-loss optical Waveguide if the AlGaOX 
layer is su?iciently thin. 

[0010] A long-Wavelength VCSEL can be optically 
coupled to and optically pumped by a shorter Wavelength, 
electrically pumped VCSEL. US. Pat. No. 5,513,204 to 
Jayaraman entitled “LONG WAVELENGTH, VERTICAL 
CAVITY SURFACE EMITTING LASER WITH VERTI 
CALLY INTEGRATED OPTICAL PUMP” describes an 
example of a short-Wavelength VCSEL optically pumping a 
long-Wavelength VCSEL. 

[0011] TWo key requirements for manufacturing a long 
Wavelength VCSEL optically pumped by an integrated 
short-Wavelength VCSEL are precise alignment of the opti 
cal mode of the tWo VCSELs over a Wafer scale, combined 
With electrical contact to both a p-doped layer and an 
n-doped layer of the short-Wavelength VCSEL. 

[0012] This has been accomplished in the past using 
patterned Wafer fusion to de?ne the optical mode of the 
long-Wavelength VCSEL, While using oxidation to de?ne 
the optical mode of the short-Wavelength pump VCSEL. 
This necessitates the di?icult task of precise, sub-micron 
infrared photolithography over a full Wafer. 

SUMMARY OF THE INVENTION 

[0013] The invention provides a process for use in fabri 
cation of a semiconductor device. In the process, a short 
Wavelength vertical cavity surface emitting laser (VCSEL) 
is epitaxially groWn on and integrated With a top long 
Wavelength distributed Bragg re?ector. A long-Wavelength 
active region is Wafer fused to a bottom long-Wavelength 
distributed Bragg re?ector. The top long-Wavelength distrib 
uted Bragg re?ector is Wafer fused to the long-Wavelength 
active region, making a long-Wavelength VCSEL beneath 
the short-Wavelength VCSEL. The short-Wavelength 
VCSEL includes a top oxidation layer of AlGaAs. The 
long-Wavelength VCSEL includes a bottom oxidation layer 
of AlGaAs. An n-doped contact layer is interposed betWeen 
the top oxidation layer of AlGaAs and the bottom oxidation 
layer of AlGaAs. P-type metal is deposited on a top surface 
of the short-Wavelength VCSEL to make a p-contact of the 
semiconductor device. A mesa is etched in the short-Wave 
length VCSEL doWn to the n-doped contact layer, thereby 
forming a ?eld around the mesa. N-type metal is deposited 
in the ?eld to make an n-contact of the semiconductor 
device. One or more holes are patterned on top of the mesa, 
radially outWard from the p-type metal deposit, in the shape 
of a non-continuous ring around the p-type metal deposit. 
The patterned one or more holes are etched from the top of 
the mesa doWnWard through both the top oxidation layer of 
AlGaAs and the bottom oxidation layer of AlGaAs, and the 
one or more etched holes are oxidiZed in a single step, 
thereby forming a top oxide aperture in the short-Wavelength 
VCSEL and a bottom oxide aperture in the long-Wavelength 
VCSEL. The top oxide aperture and the bottom oxide 
aperture are collinear along the central vertical axis of the 
semiconductor device. 
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[0014] According to an exemplary embodiment of the 
invention, the fabricated semiconductor device includes a 
short-Wavelength vertical cavity surface emitting laser 
(VCSEL). The short-Wavelength VCSEL includes a top 
oxidation layer. A long-Wavelength VCSEL is monolithi 
cally integrated With and optically pumped by the short 
Wavelength VCSEL. The long-Wavelength VCSEL includes 
a bottom oxidation layer. A top oxide aperture is de?ned by 
the top oxidation layer, and a bottom oxide aperture is 
de?ned by the bottom oxidation layer. An n-doped contact 
layer is interposed betWeen the top oxidation layer and the 
bottom oxidation layer. The semiconductor device presents 
a central vertical axis, and the top oxide aperture and the 
bottom oxide aperture are each centered about the central 
vertical axis in respective planes that are both perpendicular 
to the central vertical axis. 

[0015] Other features and advantages of the invention Will 
become apparent from the folloWing detailed description, 
taken in conjunction With the accompanying draWing, Which 
illustrate, by Way of example, the features of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a top plan vieW of a semiconductor 
device according to the principles of the invention; 

[0017] FIG. 2 is an elevational sectional vieW taken along 
the line A-A‘ in FIG. 1; and 

[0018] FIG. 3 is a process How diagram for describing 
fabrication of a semiconductor device according to the 
principles of the invention. 

DETAILED DESCRIPTION 

[0019] In this description, “top” or “upper” are relative 
terms referring to regions of the semiconductor device aWay 
from the substrate, and “bottom” and “loWer” mean toWard 
the substrate. 

[0020] As shoWn in the draWings for purposes of illustra 
tion, a long-Wavelength vertical cavity surface emitting laser 
(VCSEL) is optically coupled to and optically pumped by a 
short-Wavelength VCSEL in a monolithic integrated semi 
conductor device. Semiconductor devices in accordance 
With the principles of the invention can be manufactured in 
groups or arrays in a Wafer-scale integrated circuit system. 

[0021] Successful manufacturing of the monolithic inte 
grated semiconductor device requires the ability to precisely 
align the optical mode of the tWo VCSELs over a Wafer scale 
and make electrical contact to both p-material and n-material 
layers of the short-Wavelength VCSEL. 

[0022] Previous attempts to use patterned Wafer fusion to 
de?ne the optical mode of the long-Wavelength VCSEL, and 
oxidation to de?ne the optical mode of the short-Wavelength 
VCSEL pump, often require precise, sub-micron infrared 
photolithography over a full Wafer, Which is dif?cult. 

[0023] A better technique than using patterned Wafer 
fusion to de?ne the optical mode of the long-Wavelength 
VCSEL along With oxidation to de?ne the optical mode of 
the short-Wavelength pump is to use a self-aligned process, 
Which does not require manual alignment during processing. 
In a self-aligned process, a deep mesa is etched past an 
oxidation layer in each of the tWo VCSELs. Then the tWo 
oxidation layers are simultaneously oxidiZed. The tWo oxide 
apertures in the tWo oxidation layers, respectively, that result 
are self-aligned, but there is no Way to make electrical 
contact to a layer betWeen the oxidation layers. 
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[0024] To overcome the aforementioned and other short 
comings, the invention provides a process for use in fabri 
cating a monolithically integrated semiconductor device that 
includes a long-Wavelength VCSEL optically coupled to and 
optically pumped by a short-Wavelength VCSEL. In the 
fabricated semiconductor device there are tWo vertically 
aligned oxide apertures in the tWo oxidation layers, respec 
tively, and electrical contact is made to a layer betWeen the 
tWo oxidation layers. 

[0025] The process is described With reference to FIGS. 1 
and 2, Where a composite-layer semiconductor device has 
been fabricated from a Wafer that includes a plurality of 
layers. FIG. 1 illustrates a top vieW of the fabricated 
monolithically-integrated semiconductor device. With ref 
erence to FIG. 1, an n-type metal contact 10 has been 
deposited on a contact layer of the fabricated semiconductor 
device. The n-type metal contact 10 surrounds a mesa 12 that 
has a cloverleaf-shaped cross-sectional con?guration. A 
p-type metal contact 14 has been deposited on the clover 
leaf-shaped mesa 12. A set 16 of four deep oxidation holes 
are de?ned by the cloverleaf-shaped mesa 12 and extend 
upWard and doWnWard inside the mesa 12. The four deep 
oxidation holes 16 surround the vertically-aligned top oxide 
aperture 18 and bottom oxide aperture (not shoWn in FIG. 
1) in the monolithic integrated circuit. 

[0026] FIG. 2 illustrates a cross-sectional vieW taken 
along the line A-A‘ in FIG. 1. With reference to FIG. 2, the 
plurality of layers in the fabricated monolithic integrated 
semiconductor device includes a bottom 1300 nm mirror 22, 
a 1300 nm active region 24 disposed above the bottom 1300 
nm mirror 22, and a top 1300 nm mirror 26 disposed above 
the 1300 nm active region 24, Where the top 1300 nm mirror 
26 includes a bottom oxidation layer 28 that de?nes the 
bottom oxide aperture 30 Within the bottom oxidation layer 
28. The bottom oxidation layer 28 corresponds to the 1300 
nm active region 24. 

[0027] The plurality of layers in the fabricated semicon 
ductor device includes an n-doped bottom 850 nm mirror 34. 
The n-doped bottom 850 nm mirror 34 is epitaxially groWn 
above the top 1300 nm mirror 26, integrated With the top 
1300 nm mirror 26. The bottom 850 nm mirror 34 includes 
the contact layer 36 of the semiconductor device. The n-type 
metal contact 10 is applied to the n-doped contact layer 36 
and partially surrounds the cloverleaf-shaped mesa 12. The 
top oxidation layer 38 de?nes the top oxide aperture 18 and 
is located above the contact layer 36. The fabricated multi 
layer semiconductor device includes an 850 nm active 
region (not numbered in FIG. 2) disposed above the bottom 
850 nm mirror 34, and a p-doped top 850 nm mirror 42 
disposed above the 850 nm active region. 

[0028] During fabrication of the semiconductor device in 
accordance With the principles of the invention, a shalloW 
mesa 12 is etched in the semiconductor Wafer doWn to the 
contact layer 36 of the n-doped bottom 850 nm mirror 34 
that is to be electrically contacted. The exposed area of the 
contact layer 36 presents a ?eld partially circumscribing the 
etched mesa 12. The contact layer 36 is located betWeen the 
top oxidation layer 38 and the bottom oxidation layer 28. 

[0029] The deep oxidation holes 16 (FIG. 1) are etched 
from the top of the mesa 12 doWnWard through the mesa 12 
beyond both the top oxidation layer 38, Which is Within the 
short-Wavelength VCSEL 44, and the bottom oxidation layer 
28, Which is Within the long-Wavelength VCSEL 46. Four 
deep oxidation holes 16 are illustrated in the top plan vieW 
of FIG. 1. In the sectional vieW of FIG. 2, tWo of the four 
deep oxidation holes are illustrated. 
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[0030] The p-type metal contact 14 is applied to the top of 
the p-doped top 850 nm mirror 42 of the short-Wavelength 
VCSEL 44. The n-type metal contact 10 is applied on the 
?eld of the contact layer 36. 

[0031] With reference to FIG. 2, current can move in the 
?nished monolithic integrated circuit in a path from the 
n-type metal contact 10 to the contacting region, in the 
cloverleaf-shaped mesa structure 12 betWeen the deep oxi 
dation holes, through the top oxide aperture 18 to the p-type 
metal contact 14. 

[0032] Simultaneous oxidation of the top oxide aperture 
18 and the bottom oxide aperture 30 during fabrication of the 
monolithic semiconductor device according to the principles 
of the invention produces an alignment of the optical mode 
of the long-Wavelength VCSEL 46 With the optical mode of 
the short-Wavelength VCSEL 44 in the monolithic semicon 
ductor device. 

[0033] The bottom oxide aperture 30 de?nes the optical 
mode of the long-Wavelength VCSEL 46. The top oxide 
aperture 18 de?nes the optical mode of the short-Wavelength 
VCSEL 44 and de?nes, at least in part, the electric current 
path in the short-Wavelength VCSEL 44. 

[0034] Multiple vertically-aligned oxide apertures corre 
sponding to multiple active regions in epitaxially groWn 
structures can be achieved as taught herein. Referring to 
FIG. 2, each oxide aperture 18, 30 is disposed in the plane 
of its respective oxidation layer 38, 28. Each center line that 
is normal to the plane in Which each oxide aperture is 
disposed and that passes through the center of each oxide 
aperture is substantially collinear With the other center 
line(s) in accordance With the principles of the invention. 
Importantly, the center line of each oxide aperture is col 
linear With the center line(s) of the other oxide aperture(s) 
along a common central vertical axis 48 of the semiconduc 
tor device. 

[0035] In the process of fabricating the semiconductor 
device, each vertically-aligned oxide aperture is formed by 
converting a semiconductor layer to an insulating, loW 
dielectric-constant oxide layer through the process of Wet 
oxidation. The resulting oxide apertures are caused to be 
aligned by etching a hole, or multiple holes, through all 
oxidation layers and de?ning the etch mask for this hole, or 
these holes, in a single alignment step (Which is typically a 
photolithography step). The etch is folloWed by a single 
oxidation step Which oxidiZes all the layers simultaneously. 

[0036] Precise alignment of the optical modes of the 
electrically pumped shorter Wavelength VCSEL and the 
longer Wavelength VCSEL that is optically pumped by the 
shorter Wavelength VCSEL is an important aspect of manu 
facturing optically pumped long-Wavelength structures. 
According to previous practice, to align the optical modes of 
the electrically pumped VCSEL and the longer Wavelength 
VCSEL that it optically pumps, patterned Wafer fusion Was 
used to de?ne the long-Wavelength aperture and lateral 
oxidation Was used to de?ne the short-Wavelength aperture; 
and then such oxide aperture and such patterned fusion 
aperture Were manually aligned using infrared photolithog 
raphy. This is a difficult and time-consuming process and the 
alignment is not alWays satisfactory. 

[0037] One better Way to align the apertures of the tWo 
VCSELs is to simultaneously oxidiZe an oxidation layer in 
each VCSEL to create an aperture in each oxidation layer. 
The apertures generated after selective oxidation are auto 
matically aligned if an etched hole, or multiple holes, 

Sep. 6, 2001 

traverses the oxidation layers of the 850 nm short-Wave 
length pump VCSEL and the 1300 nm long-Wavelength 
VCSEL. 

[0038] Because the etched feature (i.e., the set of deep 
oxidation holes) is not continuous around the entire circum 
ference of the aperture, a current path exists from p-metal 
radially inWard of the etched holes on top of the structure to 
n-metal radially outWard of the etched holes in an n-layer 
(i.e., the contact layer) betWeen the tWo oxidation layers. 
Using the invented process, one can, With repeatability, 
create vertically-aligned apertures Within the 850 nm short 
Wavelength pump VCSEL and the 1300 nm long-Wave 
length VCSEL and still electrically contact both p-material 
and n-material layers of the 850 nm short-Wavelength pump 
VCSEL. 

[0039] The process of etching the deep hole, or holes, can 
be controlled according to the principles of the invention to 
engineer a difference betWeen the siZe of the top oxide 
aperture and the siZe of the bottom oxide aperture. For 
example, using the invented process one can intentionally 
introduce a taper to the side-Wall alloWing the top of the hole 
(or holes) to be Wider than the bottom of the hole (or holes). 
When such a taper is introduced, if the top oxide aperture 
and the bottom oxide aperture are collinear along the central 
vertical axis of the monolithic integrated semiconductor 
device, and if the top oxide aperture and the bottom oxide 
aperture are located in planes that are perpendicular to the 
central vertical axis, then the radius or siZe of the bottom 
oxide aperture measured from the central vertical axis is 
greater than the radius or siZe of the top oxide aperture 
measured from the central vertical axis. In this case, the 
selective oxidation of identical oxidation layers renders the 
bottom aperture larger than the top. 
[0040] Using the invented process one can also engineer 
the oxidation layers, and the apertures de?ned Within the 
oxidation layers, by controlling the aluminum composition 
of the AlGaAs, the thickness of the layers of AlGaAs, the 
grade thickness, the doping concentration of the oxidation 
layers, or combinations of such fabrication parameters, or 
other related parameters. The resulting apertures Will still be 
aligned, but their siZes Will no longer be the same. 

[0041] Also, the number, shape and placement of the holes 
can be controlled in the invented process to engineer a 
speci?c aperture shape. 
[0042] Aspeci?c application of the invention is used in the 
manufacture of optically pumped long-Wavelength 
VCSELs. The optically pumped structure includes tWo 
monolithically-integrated VCSELs. The top VCSEL of the 
tWo is electrically pumped to emit laser light at a shorter 
Wavelength. The shorter Wavelength laser light that is emit 
ted by the top VCSEL stimulates the bottom VCSEL to emit 
laser light at a longer Wavelength. 

[0043] FIG. 3 is a process How diagram for describing 
fabrication of a semiconductor device in accordance With the 
principles of the invention. In order to construct a compos 
ite-layer semiconductor device in accordance With the prin 
ciples of the invention, a structure that includes tWo or more 
oxidation layers corresponding to tWo or more active regions 
is epitaxially groWn. Referring to FIG. 3, a speci?c example 
of this structure can be made by groWing an 850 nm pump 
laser With an integrated top 1300 nm Distributed Bragg 
Re?ector (DBR) in step 50. A 1300 nm active region is Wafer 
fused to a bottom 1300 nm DBR in step 52. The top 1300 nm 
DBR is Wafer fused to the 1300 nm active region to create 
a structure suitable for building an optically pumped VCSEL 
in step 54. 
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[0044] The 850 nm pump VCSEL and integrated top 1300 
nm DBR each have a high-percentage AlGaAs layer Which 
can be oxidized selectively With respect to the surrounding 
epitaxial layers. The n-doped, n-material contact layer of the 
850 nm pump VCSEL is situated betWeen the tWo high 
percentage AlGaAs layers. At this stage of the Wafer-scale 
fabrication process, the integrated semiconductor device 
includes an 850 nm VCSEL optically coupled to an inte 
grated 1300 nm VCSEL beneath the 850 nm VCSEL. 

[0045] After epitaxially groWing the Wafer and performing 
the necessary Wafer fusion steps that result in the 850 nm 
VCSEL optically coupled to the integrated 1300 nm 
VCSEL, p-metal is deposited on the top surface of the 850 
nm pump VCSEL in the Wafer to make What Will become the 
top p-type contact of the integrated semiconductor device in 
step 56. 

[0046] Then, a mesa, Which includes the p-metal deposit 
on its top surface, is etched in the Wafer doWn to the n-doped 
contact layer of the 850 nm VCSEL in step 58. This forms 
a ?eld at least partially circumscribing the etched mesa. The 
etching can include, for example, a dry plasma based etch or 
a Wet chemical etch. After the mesa etching is completed, 
n-contact metal is deposited in the etched ?eld in step 60. 

[0047] Both the p-type metal contact and the n-type metal 
contact are then alloyed in a rapid thermal annealing process 
in step 62. There are noW completed electrical contacting 
layers for electrically pumping the 850 nm pump VCSEL of 
the monolithic integrated circuit. 

[0048] The terms “p” and “n” as used herein to identify 
metal-type and doping may be interchanged Within the scope 
of the present invention. 

[0049] In step 64 the device is then coated With SiNx, 
Which serves to protect both p-type and n-type metal con 
tacts during a subsequent oxidation step, and aids in pro 
duction of a reproducible vertical sideWall during the sub 
sequent hole etch doWn through the mesa. 

[0050] After deposition of the SiNx, one or more holes to 
be etched are patterned on top of the mesa in step 66. The 
patterned holes are radially outWard of the p-metal deposit, 
as measured from the central vertical axis. These holes are 
etched from the top of the mesa doWn through the SiNx, into 
the Wafer past both the top AlGaAs oxidation layer and the 
bottom AlGaAs oxidation layer in step 68. The etched holes 
form a non-continuous ring around the p-metal deposit. 

[0051] After the holes are etched, a single oxidation step 
is performed in step 70, Which creates in this speci?c 
embodiment tWo vertically-aligned oxide apertures. The 
bottom oxide aperture con?nes the optical mode of the 1300 
nm VCSEL radially inWard toWard the central vertical axis 
and along the central vertical axis. Etching past both the top 
oxidation layer and the bottom oxidation layer in the same 
alignment step as taught herein ensures that the centers of 
the tWo apertures, after being formed through selective 
oxidation, Will be aligned. 
[0052] FolloWing the single oxidation step, the SiNx coat 
ing is removed by etching in step 72. A thin SiNx coating 
that serves as a 1300 nm anti-re?ection coating is deposited 
over the device in step 74. The anti-re?ection coating is 
patterned and etched to open access to the 850 nm p-type 
and n-type electrical contacts in step 76. The anti-re?ection 
coating is maintained over the aperture of the optically 
pumped device. The device is noW complete. 

[0053] Each monolithically-integrated multi-layer semi 
conductor device produced by the foregoing process 
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includes a long-Wavelength VCSEL optically coupled to and 
optically pumped by a short-Wavelength VCSEL, Which in 
the preferred embodiment is disposed above the long-Wave 
length VCSEL. It is contemplated that arrays of semicon 
ductor devices can be produced on a Wafer scale using the 
invented process. 

[0054] The layers of the fabricated semiconductor device 
include a ?rst oxidation layer, Which is part of the short 
Wavelength VCSEL, and a second oxidation layer, Which is 
part of the long-Wavelength VCSEL. A ?rst oxide aperture 
is de?ned by the ?rst oxidation layer and a second oxide 
aperture is de?ned by the second oxidation layer. The ?rst 
oxide aperture and the second oxide aperture are vertically 
aligned With respect to a central vertical axis. An n-type 
metal contact is applied to a contact layer Within the semi 
conductor device that is interposed betWeen the ?rst oxida 
tion layer and the second oxidation layer. 

[0055] While several particular forms of the invention 
have been illustrated and described, it Will also be apparent 
that various modi?cations can be made Without departing 
from the spirit and scope of the invention. 

What is claimed is: 
1. A process for use in fabrication of a semiconductor 

device, 
the fabricated semiconductor device comprising a top 

oxide aperture de?ned by a top oxidation layer, a 
bottom oxide aperture de?ned by a bottom oxidation 
layer, and a contact layer adapted for electrical contact 
and disposed betWeen the top oxidation layer and the 
bottom oxidation layer, 

the fabricated semiconductor device presenting a central 
vertical axis, and the top oxide aperture and the bottom 
oxide aperture are collinear along the central vertical 
axis, 

the process comprising the steps of: 

etching past the top oxidation layer and stopping in the 
contact layer, 

etching one or more holes traversing the top oxidation 
layer and the bottom oxidation layer, and 

simultaneously oxidiZing both the top oxidation layer 
and the bottom oxidation layer. 

2. The process of claim 1, further comprising the step of: 

controlling the siZe of the top oxide aperture relative to the 
siZe of the bottom oxide aperture. 

3. The process of claim 2, further comprising the step of: 

controlling the doping concentration of the top oxidation 
layer and the bottom oxidation layer. 

4. The process of claim 2, further comprising the step of: 

controlling the neighboring grade pro?le for the top 
oxidation layer and the bottom oxidation layer. 

5. The process of claim 2, further comprising the step of: 

controlling the layer thickness of the top oxidation layer 
and the bottom oxidation layer. 

6. The process of claim 2, further comprising the step of: 

controlling layer composition in the top oxidation layer 
relative to the layer composition in the bottom oxida 
tion layer. 
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7. The process of claim 1, wherein: 

in the fabricated semiconductor device, the siZe of the top 
oxide aperture is different than the siZe of the bottom 
oxide aperture. 

8. The process of claim 1, Wherein: 

the semiconductor device includes a long-Wavelength 
vertical cavity surface emitting laser (VCSEL) opti 
cally pumped by a short-Wavelength VCSEL having a 
Wavelength less than said long-Wavelength VCSEL. 

9. The process of claim 8, Wherein: 

the top oxidation layer is Within the short-Wavelength 
VCSEL, and 

the bottom oxidation layer is Within the long-Wavelength 
VCSEL. 

10. The process of claim 8, Wherein: 

each of the top oxidation layer and the bottom oxidation 
layer corresponds, respectively, to an active region. 

11. A process for use in fabrication of a semiconductor 
device that has a central vertical axis, comprising the steps 
of: 

epitaxially groWing a short-Wavelength vertical cavity 
surface emitting laser (VCSEL) integrated With a top 
long-Wavelength distributed Bragg re?ector, 

Wafer fusing a long-Wavelength active region to a bottom 
long-Wavelength distributed Bragg re?ector, 

Wafer fusing the top long-Wavelength distributed Bragg 
re?ector to the long-Wavelength active region, making 
a long-Wavelength VCSEL beneath the short-Wave 
length VCSEL, 

Wherein the short-Wavelength VCSEL includes a top 
oxidation layer of AlGaAs, 

the long-Wavelength VCSEL includes a bottom oxidation 
layer of AlGaAs, 

a ?rst contact layer is disposed above said top oxidation 
layer of AlGaAs, and 

a second contact layer is interposed betWeen the top 
oxidation layer of AlGaAs and the bottom oxidation 
layer of AlGaAs, 

depositing a ?rst metal on said ?rst contact layer to make 
a ?rst contact of the semiconductor device, 

etching a mesa in the short-Wavelength VCSEL doWn to 
said second contact layer, thereby forming a ?eld 
around the mesa, 

depositing a second metal in the ?eld to make a second 
contact of the semiconductor device, 

patterning one or more holes on top of the mesa, in the 
shape of a non-continuous ring, 

etching the patterned one or more holes from the top of 
the mesa doWnWard through both the top oxidation 
layer of AlGaAs and the bottom oxidation layer of 
AlGaAs, and 

oxidiZing the one or more etched holes in a single step, 
thereby forming a top oxide aperture in the short 
Wavelength VCSEL and a bottom oxide aperture in the 
long-Wavelength VCSEL, 

Wherein the top oxide aperture and the bottom oxide 
aperture are collinear along the central vertical axis. 
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12. The process of claim 11, Wherein: 

the etching of the patterned holes through both the top 
oxidation layer and the bottom oxidation layer is per 
formed in a single step. 

13. The process of claim 11, further comprising the steps 
of: 

before the patterning of the one or more holes, depositing 
a coat of SiNx over the device. 

14. The process of claim 13, further comprising the step 
of: 

removing the coat of SiNx, 

depositing a long-Wavelength anti-re?ection coating over 
the device, 

patterning the anti-re?ection coating, and 

etching the anti-re?ection coating to open access to the 
?rst contact and the second contact. 

15. The process of claim 11, Wherein: 

each of the top oxidation layer and the bottom oxidation 
layer can be oxidiZed selectively With respect to the 
surrounding epitaxial layers. 

16. The process of claim 11, Wherein: 

the etching of the mesa in the short-Wavelength VCSEL 
uses a dry plasma based etch. 

17. The process of claim 11, Wherein: 

the etching of the mesa in the short-Wavelength VCSEL 
uses a Wet chemical etch. 

18. The process of claim 11, Wherein: 

the etched mesa includes the ?rst metal on the top surface 
of the short-Wavelength VCSEL. 

19. The process of claim 11, further comprising the step 
of: 

alloying the ?rst contact and the second contact using a 
rapid thermal annealing process. 

20. The process of claim 11, Wherein: 

the top oxide aperture and the bottom oxide aperture 
con?ne the optical mode of the semiconductor device. 

21. A process for use in fabrication of a semiconductor 
device, 

the fabricated semiconductor device comprising a top 
oxide aperture de?ned by a top oxidation layer asso 
ciated With a top active region and a bottom oxide 
aperture de?ned by a bottom oxidation layer associated 
With a bottom active region, 

the fabricated semiconductor device presenting a central 
vertical axis, and the top oxide aperture and the bottom 
oxide aperture are collinear along the central vertical 
axis, the process comprising the steps of: 

etching one or more holes traversing said top oxidation 
layer and said bottom oxidation layer, and 

simultaneously oxidiZing both said top oxidation layer 
and said bottom oxidation layer. 


