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QUANTUM WIRE LASERS 

BACKGROUND OF THE INVENTION 

This invention relates to quantum Wire (QWR) lasers and, 
more particularly, to lasers that exhibit QWR effects at and 
above room temperature. 

In US. Pat. No. 5,363,394, issued to L. N. Pfeiffer, H. L. 
Stormer, W. H. Wegscheider and K. W. West, there is 
described a QWR structure that comprises intersecting quan 
tum Well layers. The intersecting layers are usually orthogo 
nally disposed With respect to each other to form a T-shaped 
geometry, although the intersection angle can in practice by 
any angle betWeen 5 and 90 degrees. In such a structure, 
quantum bound states exist With one-dimensional free car 
rier motion limited to the region de?ned by the intersecting 
Wells. In turn, these Wire-like regions are embedded in a 
T-shaped dielectric Waveguide. In that Way, an optical mode 
con?ned to the vicinity of the Wire-like region can be 
established. LoW-threshold stimulated exciton emission 
from the electron-hole ground-state transition in such one 
dimensional quantum Wires can thereby be achieved. In 
practice, hoWever, as heretofore proposed, such a QWR 
device must be operated at extremely loW temperatures (for 
example, in super?uid helium at a temperature of 1.7 
degrees Kelvin). 

Accordingly, efforts have continued by Workers skilled in 
the art directed at trying to provide improved QWR device 
structures of the type described in the aforedescribed patent. 
In particular, these efforts have been directed at modifying 
such devices to attempt to make them capable of operating 
at or above room temperature. It Was recogniZed that these 
efforts, if successful, could provide advantageous QWR 
lasers adapted for use in a Wide variety of important practical 
applications. 

SUMMARY OF THE INVENTION 

In accordance With the principles of the present invention, 
quantum con?nement to a T-type Wire region formed by 
intersecting quantum Wells is increased suf?ciently to pre 
serve QWR effects in the region at and above room tem 
perature. 

In accordance With one feature of the invention, quantum 
con?nement of carriers in the Wire region of a QWR device 
formed by intersecting quantum Well layers is enhanced by 
introducing a particular type of localiZed strain in the Wire 
region. In that Way, the bandgap of the material in the Wire 
region is in effect loWered relative to that in the remaining 
material of the intersecting Wells. 

In accordance With another feature of the invention, a 
QWR device formed by intersecting quantum Well layers 
that de?ne a Wire region is structured to compensate for a 
crystallographic effect in one of the layers. This effect causes 
the con?nement and distribution of hole states With respect 
to the Wire region to be deleteriously affected. Compensation 
is achieved by raising the bottom of the quantum Well of the 
one layer relative to the bottom of the quantum Well of the 
other layer. At the same time, the Width of the quantum Well 
With the raised bottom is made suf?ciently greater than that 
of the other quantum Well to maintain the symmetry of 
distribution of electron states relative to the Wire region. In 
that Way, the electron-hole Wavefunction overlap, and thus 
the exciton binding energy, in the Wire region is maximiZed. 

In accordance With yet another feature of the invention, 
carrier con?nement is established in a Wire-like region 
de?ned by tWo intersecting layers. At least one of the layers 
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constitutes a quantum Well layer. The other intersecting layer 
is sandWiched betWeen tWo thin blocking barriers that in 
effect establish in the quantum Well layer a small-lateral 
dimension region characteriZed by an electron energy level 
that is less than that on either side of the region. In that Way, 
a Wire-like region adapted to achieve quantum con?nement 
of carriers is de?ned by the blocking barriers at the inter 
section of the layers. 

In further accord With the invention, QWR devices each 
having a Wire-like region de?ned by intersecting layers are 
made in a a process based on etching rather than cleaving. 
Multiple substantially identical QWR devices are thereby 
made in a relatively loW-cost batch-fabrication process. 

BRIEF DESCRIPTION OF THE DRAWING 

A complete understanding of the present invention and of 
the above and other features and advantages thereof may be 
gained from a consideration of the folloWing detailed 
description presented hereinbeloW in connection With the 
accompanying draWing, not draWn to scale, in Which: 

FIGS. 1 and 2 respectively shoW in a simpli?ed cross 
sectional Way a standard QWR device structure after con 
ventional ?rst and second deposition sequences have been 
carried out; 

FIG. 3 schematically depicts one speci?c illustrative Way 
in Which the device represented in FIG. 2 is modi?ed, in 
accordance With the principles of the present invention, to 
enhance carrier con?nement in its Wire region, 

FIG. 4 shoWs another inventive modi?cation of the FIG. 
2 device, Which is designed to improve con?nement of 
carriers in the Wire region of the device; 

FIG. 5 illustrates yet another improvement of the FIG. 2 
device; and 

FIGS. 6 through 8 schematically illustrate an advanta 
geous etching technique in accordance With Which the QWR 
devices represented in FIGS. 3 through 5 may be fabricated. 

DETAILED DESCRIPTION 

The conventional QWR device that is schematically 
depicted in FIGS. 1 and 2 is of the particular type described 
in the aforementioned patent (US. Pat. No. 5,363,394). As 
speci?ed therein, such a device is typically made in a 
tWo-part groWth sequence by standard molecular-beam 
epitaxy (MBE) techniques carried out in a conventional 
deposition chamber. 

In a ?rst groWth sequence, as represented in FIG. 1, 
successive layers are groWn by MBE on a (001) gallium 
arsenide (GaAs) substrate 10 that is about 500 micrometers 
(um) thick in the indicated Y direction. As shoWn in FIG. 1, 
the layers so groWn on the substrate 10 include, for example, 
an optical Waveguiding layer 12 made of aluminum gallium 
arsenide (illustratively, of AlO_5GaO_5As), a barrier layer 14 
made of AlO_35GaO_65As, and a quantum Well layer made of 
GaAs. [Alternatively, in practice, the layer 16 may comprise 
a conventional multiple-quantum-Well (MQR) region that 
includes plural interleaved barrier and Well layers.] Further, 
the structure also includes barrier and optical Waveguiding 
layers 18 and 20 that are respectively identical or substan 
tially identical to the layers 14 and 12. 
As described in the cited patent, the substrate 10 of FIG. 

1 is then thinned (for example, by lapping the bottom-side 
thereof to a thickness of about 150 pm) to make it easier to 
cleave, prepared for cleaving and then reinserted into the 
MBE deposition chamber. Next, in the chamber, an in-situ 
cleave is performed at arroW 22 (FIG. 1) along a plane that 
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is parallel to the indicated Y—Z plane. In that Way, a fresh 
crystallographically perfect (110) surface is exposed. 

Subsequently, a second MBE growth sequence is initiated 
in the chamber on the clean (110) surface to form layers that 
are orthogonally disposed With respect to the layers depos 
ited during the ?rst groWth sequence. 

In particular, as schernatically indicated in FIG. 2, layers 
24, 26 and 28 are successively formed during the second 
groWth sequence. The layer 24 comprises a quantum Well (or 
MQW) layer, the layer 26 represents a barrier layer, and the 
layer 28 constitutes an optical Waveguiding layer. In a 
standard such device structure, the quantum Well layer 24 
comprises, for example, GaAs, the barrier layer 26 corn 
prises AlO_35GaO_65As, and the optical Waveguiding layer 28 
comprises AlO_5GaO_5As. 
As is evident from FIG. 2, the Well layers 16 and 24 

intersect to form a T-shaped junction. The junction so 
de?ned constitutes a Wire-like region 30 that extends in the 
indicated Z direction. In practice, the Wire-like junction has, 
for example, a cross-section as small as approximately seven 
nanorneters (nrn) by seven nrn. In the vicinity of the 
junction, the electron Wavefunction can expand by spreading 
a short distance into each of the Well arms that de?ne the 
junction. In an actual device, this creates a bound state for 
the Wire-like region that is about seventeen rnilli-electron 
Volts (rneV) beloW that of the adjacent Wells. But, since at 
room temperature electrons have kinetic energy of approxi 
rnately tWenty-?ve rneV, it is apparent that a QWR device 
including such a region must be maintained Well beloW 
room temperature to insure reliable operation of the struc 
ture as a quantum Wire device. 

As described in the aforecited patent, pumping of a QWR 
device of the type represented in FIG. 2 can be accomplished 
either optically or electrically. Illustratively, FIG. 2 shoWs an 
optical source 32 designed to supply purnping energy along 
the Z-direction extent of the indicated Wire-like region. 

Irnportantly, in a conventional QWR device of the type 
represented in FIG. 2, the various aforespeci?ed constituent 
layers are deposited in a lattice-rnatched manner. This is 
purposely done to avoid introducing stain into the device 
structure. Heretofore, the introduction of strain into such a 
structure Was consistently considered to be an undesirable 
effect Which could produce serious consequences such as 
crystallagraphic dislocations that Would deleteriously affect 
device performance. 

In accordance With the principles of the present invention, 
a QWR device of the general type represented in FIG. 2 is 
fabricated in a manner that purposely introduces strain into 
its layered structure. By doing so in a selective controlled 
Way, as described in speci?c detail beloW, carrier con?ne 
rnent in the Wire-like region is signi?cantly enhanced, 
Whereby operation of the device at considerably higher 
temperatures than heretofore realiZed is achieved. 

The introduction of strain into a FIG. 2-type device, in 
accordance With the present invention, is illustrated in FIG. 
3. For purposes of simplicity and clarity, FIG. 3 shoWs only 
a part of such a QWR device. Except for the differences 
speci?ed beloW, the remainder of the FIG. 3 device may be 
identical to the structure depicted in FIG. 2. 

Thus, for example, the device of FIG. 3 is also fabricated 
by standard MBE techniques on a substrate made of (001) 
GaAs in a tWo-sequence groWth cycle. And the optical 
Waveguiding layer 12 of FIG. 2 made of AlO_5GaO_5As, as 
Well as the barrier layer 14 made of Al0_35GaO_65As (both of 
Which are lattice-rnatched to GaAs), are also included in 
FIG. 3. The spherical shape of some of the constituent 
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4 
elements of the material of the layers 12 and 14 are syrn 
bolically represented in FIG. 3 by dash-line circles. The 
bond lengths or lattice constants of these constituents in the 
layers 12 and 14 are matched to those in the substrate. 
Similarly, the constituent elements of the materials of the 
layers 18 and 20 of FIG. 3 are also lattice-rnatched to those 
in the layers 12 and 14 and to those in the substrate. 

But, in accordance With the principles of the present 
invention, the quantum Well layer 16 of FIG. 3 is made of a 
material Whose constituent elements have on average a 
lattice constant or bond length that is longer than those of the 
layers 14 and 18 (and thus also longer than those of the 
layers 12 and 20, and of the substrate). 

In one particular illustrative example, the quantum Well 
layer 16 of FIG. 3 is made of indiurn gallium arsenide, 
speci?cally, of InO_1GaO_9As. The bond length or lattice 
constant of this material is about 0.8% more than that of the 
material (AlO_35GaO_65As) out of Which the adjacent layers 
14 and 18 are made. Accordingly, as the larger constituents 
of the layer 16 are epitaxially deposited on the layer 14, the 
larger constituents are in effect constrained to assume 
approximately the same X-direction extent as the constitu 
ents of the layer 14. But, at the same time, the larger 
constituents of the layer 16 may in effect be regarded as 
being systernatically deposited to assume Y-direction dimen 
sions that are longer than those of the constituents of the 
layer 14. In other Words, for representational purposes, the 
larger constituent elements of the layer 16 may be concep 
tualiZed as prolate ellipsoids having elliptical cross-sections, 
as depicted by dash-line ellipses in the layer 16. By contrast, 
the subsequently deposited epitaxial layers 18 and 20 over 
lying the layer 16 of FIG. 3 may be regarded as having 
spherically con?gured constituent elements that are lattice 
rnatched to each other, to the material of the layers 12 and 
14, and to the substrate. 

After the layers 12, 14, 16, 18 and 20 shoWn in FIG. 3 are 
groWn in a ?rst MBE sequence, the depicted structure is 
cleaved and then the layers 24, 26 and 28 are groWn on the 
cleaved surface, in a straightforward manner such as that 
described above in connection With FIGS. 1 and 2. In 
accordance With one speci?c feature of the present 
invention, hoWever, the quantum Well layer 24 is also, for 
example, made of a non-lattice-rnatched material such as 
InO_1GaO_9As. In that particular illustrative case, the quantum 
Well layers 16 and 24 are each thus made of the same 
material. 

To assist in discussing the device structure of FIG. 3, the 
approximate loWer and upper boundaries of the 
T-intersection Wire region de?ned by the quantum Well 
layers 16 and 24 are respectively indicated by horiZontal 
dash lines 33 and 35. As the layer 24 is epitaxially deposited, 
the relatively large constituent elements thereof beloW the 
line 33 and above the line 35 may be regarded as being 
constrained to assume a prolate-ellipsoid shape With ellip 
tical cross-sections Whose Y-direction Widths are approxi 
rnately the same as the diameters of the elements in the 
layers 12, 14, 18 and 20 and Whose X-direction heights are 
accordingly about the same as the Y-direction heights of the 
previously described elements in the layer 16. In the Wire 
region 34 of the layer 24, hoWever, the constituent elements 
of the layer 24 are in effect forced by the epitaxial con 
straints to assume relatively large oblate ellipsoid shapes 
Whose cross-sectional diameter is determined by the longer 
diameter of the elliptical con?gurations in the layer 16 and 
in the layer 24 beloW the line 33 and above the line 35. In 
being so strained to assume relatively large volumes, the 
bonds of the constituent elements in the region 34 are in 
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effect put under a negative pressure relative to the bonds in 
other portions of the layer 24 (and also relative to bonds in 
the layer 16). In turn, this causes the bandgap of the strained 
material in the region 34 to be less than that in the remainder 
of the layers 16 and 24 by an amount that is signi?cantly 
more than if the region 34 Were not strained. In that Way, the 
con?nement of carriers to the Wire region 34 is substantially 
enhanced. 

In practice, it has been determined that the purposeful 
introduction of strain, as described above, can be achieved 
Without causing deleterious dislocations or other faults in the 
device structure being fabricated. More speci?cally, it has 
been found that no detectable faults are introduced into the 
structure if the Widths (the Y-direction extent of the layer 16, 
and the X-direction extent of the layer 24) of quantum Well 
layers made of InO_1GaO_9As are maintained in the range of 
approximately 5-to 20 nm. For other materials, the Widths of 
the quantum Well layers can be selected to be Within ranges 
that avoid introducing dislocations or other harmful effects 
into the device structure. 

Further, in the FIG. 3 device, the quantum Well layer 24 
need not be made of a non-lattice-matched material such as 
InO_1GaO_9As. Other materials such as, for example, lattice 
matched GaAs may be employed to form the layer 24. Even 
such a lattice-matched material used to form the quantum 
Well layer 24 Will be forced by the orientation imposed by 
the constituent elements in the non-lattice-matched layer 16 
to have its constituent elements in the Wire region 34 put 
under a negative pressure. 

In a conventional QWR device of the type represented in 
FIG. 2, Where, for example, the tWo intersecting Wells are 
each ?ve nm Wide, knoWn crystallographic effects cause 
hole states in the quantum Well layer 24 [hereinafter some 
times referred to as the (110) quantum Well layer] to be about 
ten meV loWer than they are in the (100) intersecting 
quantum Well layer 16. As a result, the probability of hole 
distribution in the layer 24 extends Well above and beloW the 
quantum Wire region of the FIG. 2 device and very little of 
this distribution extends into the quantum Well layer 16 
Where hole states are about ten meV higher. Consequently, 
an asymmetrical distribution of holes exists in the quantum 
Well layers de?ning the intersecting Wire region. (Electrons, 
by contrast, are substantially immune to the noted crystal 
lographic effect and are accordingly approximately sym 
metrically distributed With respect to the Wire region.) 
Therefore, in a standard FIG. 2-type device, a relatively poor 
overlap of the electron/hole Wavefunction occurs in the Wire 
region. Accordingly, the exciton binding energy in the Wire 
region is relatively loW, Which mitigates against achieving 
desired room-temperature operation of the device. 

In accordance With another feature of the principles of the 
present invention, the (110) quantum Well layer of a par 
ticular illustrative QWR device is made of a material that in 
effect raises the bottom of that layer’s quantum Well by 
about ten meV relative to that of the intersecting quantum 
Well layer. In that Way, the symmetry of the distribution of 
hole states in the intersecting layers is enhanced and the 
probability for electron and hole Wavefunction overlap in the 
Wire region of the device is thereby increased. 

More speci?cally, as schematically represented in FIG. 4 
Which shoWs a portion of a QWR device made in accordance 
With the invention, intersecting quantum Well layers 16 and 
24 de?ne a Wire region 34 as before. By Way of example, the 
layer 16 is made of GaAs and its adjacent barrier layers 14 
and 18 are each made ofAlO_35GaO_65As. The barrier layer 26 
is also made of AlO_35GaO_65As. But, illustratively, the Well 
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layer 24 is made of a material such as AlO_O2GaO_98As Which 
has a larger bandgap than GaAs. In this particular case, the 
bottom of the quantum Well of the layer 24 is thereby 
established at a level about ten meV above that of the layer 
16. As a consequence, symmetrical distribution and con?ne 
ment of holes With respect to the Wire region 34 are 
signi?cantly enhanced, Which contributes to making it pos 
sible for the depicted QWR device to operate at and above 
room temperature. 

But, by purposely raising the bottom of the quantum Well 
of the (110) layer 24 of FIG. 4 relative to the bottom of the 
quantum Well of the layer 16, the symmetry of distribution 
of electron states in a Wire region de?ned by such intersect 
ing quantum Well layers is disrupted. Therefore, in further 
accordance With the invention, the bottom of the quantum 
Well of the (110) layer 24 made ofAlO_O2GaO_98As is in effect 
loWered for electrons relative to the bottom of the quantum 
Well of the GaAs layer 16. Advantageously, this is done in 
practice simply by increasing the physical Width of the layer 
24 relative to the Width of the layer 16. The effect of such a 
Width variance is to change the relative con?nement of 
carriers in the intersecting Well layers for electrons only. 
Because of their higher effective mass in both Wells, the 
con?nement of hole states is substantially unaffected by 
such as Width variation in the tWo layers. 

In one particular illustrative case in Which the layer 16 of 
FIG. 4 is made of GaAs and the layer 24 thereof is made of 
AlO_O2GaO_98As, the Width d1 of the layer 16 is designed to 
be about 4.8 mm and the Width d2 of the layer 24 is selected 
to be approximately 5.8 nm. In that Way, an approximately 
symmetrical distribution of electron states With respect to 
the Wire region 34 is established Without affecting the 
previously described symmetrical distribution of hole states 
that is achieved by choosing different speci?ed respective 
materials for the layers 16 and 24. As a result, a relatively 
height probability of electron/hole Wavefunction overlap in 
the Wire region 34 of FIG. 4 is thereby ensured. This 
maximiZes exciton binding energy in the region 34 and 
thereby establishes a basis for relatively high-temperature 
operation of a QWR device. 

In particular illustrative QWR device described above and 
shoWn in FIG. 4, the bottom of the (110) quantum Well of the 
layer 24 Was raised relative to that of the layer 16. But, in 
accordance With the invention, it is also feasible in principle 
to select the materials of the layers 16 and 24 such that 
relative to a standard such device the bottom of the quantum 
Well of the layer 16 is loWered by about ten meV relative to 
that of the layer 24. 

In accordance With another feature of the principles of the 
present invention, a small-dimension Wire-like region is 
de?ned in a quantum Well layer by tWo spaced-apart 
so-called blocking barrier layers that are disposed to inter 
sect the quantum Well layer. A portion of a particular 
illustrative QWR device that embodies such a concept is 
schematically represented in FIG. 5. 

In FIG. 5, layers 14 and 18 represent conventional barrier 
layers each made, for example, of AlO_35GaO_65As. Layer 38 
comprises AlxGa1_xAs, Where x has, for example, a value in 
the range from Zero to about 0.35. And blocking barrier 
layers 40 and 42 each comprise, illustratively, aluminum 
arsenide By Way of example, each of the layers 38, 
40 and 42 has a Width or Y-direction extent of about 10 nm. 

For x=0, the layer 38 (FIG. 5) made of AlxGa1_xAs 
comprises simply GaAs. In that case, the layer 38 constitutes 
a quantum Well layer, and a Wire region is de?ned by the 
intersecting quantum Well layer 24 Which also is, for 
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example, made of GaAs. But, in accordance With the 
invention, a Wire-like con?nement region is also de?ned in 
the layer 24 even for values of X up to 0.35 in the layer 38. 

In the limiting case in Which x=0.35, the layer 38 of FIG. 
5 comprises AlO_35GaO_65As and does not constitute a quan 
tum Well layer relative to the barrier layers 14 and 18. Even 
in that case, hoWever, a Wire-like carrier-con?nement region 
44 is established in the quantum Well layer 24 in a region 
Whose extent is de?ned by the blocking barrier layers 40 and 
42. 

In FIG. 5, the Wire region 44 in the quantum Well layer 24 
of the depicted QWR device has a Y-direction extent 
approximately equal to the Y-direction extent of the layer 38. 
The device also, for example, includes another blocking 
barrier layer 46 made of AlAs, and another barrier layer 48 
made of AlO_35GaO_65As. 

The energy levels of electrons in different portions of the 
quantum Well layer 24 of FIG. 5 are at various values as 
determined by the nature of the sandWiching material adja 
cent to each portion. Thus, for example, (assuming that the 
layer 24 is a 5nm-Wide quantum Well of GaAs), in the 
vicinity of dash reference lines a and a‘, Where the material 
to the right of the layer 24 comprises AlO_35GaO_65As and the 
material to the left thereof comprises AlAs, the energy level 
of electrons in those vicinities has an eigenvalue of 109 meV. 
By contrast, at b and b‘, Where the material to the right of the 
layer 24 comprises AlAs and the material to the left thereof 
also comprises AlAs, the energy level of electrons in those 
vicinities has an eigenvalue of 134 meV. In the vicinity of 
reference line c, Where the material to the left of the layer 24 
comprises AlAs and the material to the right thereof (the 
material of the layer 38) comprises, for x=0.35, 
AlO_35GaO_65As, the energy level of electrons in the region 44 
has an eigenvalue of 109 meV. In that case, the bound state 
for electrons in the region 44 is tWenty-?ve meV beloW that 
of adjacent upper and loWer regions of the quantum Well 
layer 24. Accordingly, carrier con?nement is achieved in the 
Wire-like region 44 even in the case Where the layer 38 does 
not constitute a quantum Well layer. 

For smaller values of x for the material of the layer 38 of 
FIG. 5, the bound state for electrons in the region 44 is 
further enhanced. Thus, for example, for x=0.05, the energy 
level of electrons in the vicinity of reference line c has an 
eigenvalue of ?fty meV. In that case, the bound state for 
electrons in the Wire-like region 44 is eighty-four meV 
beloW that of adjacent upper and loWer regions of the 
quantum Well layer 24. A basis is thereby provided for 
reliable operation of a QWR device at room and higher 
temperatures. 

Thus, in accordance With the inventive principles 
described herein, a conventional QWR device of the type 
represented by FIG. 2 can be modi?ed to enable operation 
thereof at or above room temperature (for example, up to 
about 100 degrees Celsius). In particular, such advantageous 
operation is achieved by incorporating in the FIG. 2 device 
one or more of the structural techniques respectively embod 
ied in FIGS. 3 through 5 and described in detail above. 

It has been assumed that all the QWR devices described 
herein Were made by a fabrication sequence that included a 
cleaving step, as speci?ed earlier above. In some cases, 
hoWever, it is advantageous to omit the cleaving step and to 
substitute therefor an etching procedure. In that Way, a 
method Well suited to batch-fabrication of multiple loW-cost 
QWR devices is made possible. The essence of such an 
etching procedure is described beloW in connection With 
FIGS. 6 through 8. 
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FIG. 6 schematically represents a portion of a Wafer 49 on 

Which multiple QWR devices of the general type described 
earlier herein are to be de?ned. Illustratively, the Wafer 49 
comprises a substrate 50, an optical Waveguiding layer 52, 
a barrier layer 54, a quantum Well layer 56, a barrier layer 
58, and an optical Waveguiding layer 60. By, for example, 
clean dry etching techniques, multiple identical grooves are 
simultaneously formed in the surface of the depicted Wafer. 
One such etched groove 61 is indicated in FIG. 7. 

As depicted in FIG. 8, a quantum Well layer 62 is then 
deposited on the top surface of the grooved Wafer of FIG. 7. 
Subsequently, a barrier layer 64 and then an optical 
Waveguiding layer 66 are deposited on top of the layer 62. 
Regions 68 and 69 de?ned by the intersections of the 
quantum Well layers 56 and 62 constitute Wire-like regions 
in Which carrier con?nement occurs. (Dash lines indicate the 
approximate upper and loWer extents of the Wire-like 
regions 68 and 69). Multiple QWR devices can thereby be 
simultaneously made in the Wafer 49. 

It is feasible to apply one or more of the inventive 
techniques described above and illustratively embodied in 
the cleaved device structures of FIGS. 3 through 5 to an 
etched structure of the type represented in FIG. 8. Thus, for 
example, if the quantum Well layer 62 of FIG. 8 should be 
deposited on a (110) crystal face, the particular technique 
embodied in FIG. 4 is usefully applied to FIG. 8 to enhance 
the electron/hole Wavefunction overlap in the Wire-like 
regions 68 and 69. Moreover, the strain technique embodied 
in FIG. 3 and the blocking barrier layers shoWn in FIG. 5 are 
also easily capable of being applied to the device structure 
of FIG. 8 to further enhance carrier con?nement in the 
regions 68 and 69. 

Finally, it is to be understood that the above-described 
arrangements and techniques are only illustrative of the 
principles of the present invention. In accordance With these 
principles, numerous modi?cations and alternatives may be 
devised by those skilled in the art Without departing from the 
spirit and scope of the invention. 
What is claimed is: 
1. A quantum Wire device comprising 
means including ?rst and second intersecting layers for 

de?ning a quantum Wire region at the intersection of 
said layers, 

means disposed about said layers for index guiding any 
emitted radiation to con?ne it to the vicinity of said 
Wire region, 

and means for enhancing electronic carrier con?nement in 
said quantum Wire region, 

Wherein said means for enhancing electronic carrier con 
?nement comprises means for introducing a strain in at 
least one of said ?rst and second intersecting layers 
thereby to suf?ciently loWer the bandgap of the Wire 
region de?ned at said intersection relative to the band 
gap of said ?rst and second intersecting layers to enable 
operation of said device at and above room tempera 
ture. 

2. Adevice as in claim 1 further including a substrate, and 
Wherein said ?rst intersecting layer comprises a quantum 
Well layer that is sandWiched betWeen barrier layers, said 
?rst intersecting layer and said barrier layers overlying said 
substrate. 

3. A device as in claim 2 Wherein said quantum Well layer 
is made of a material that is non-lattice-matched to the 
material out of Which said substrate is made. 

4. Adevice as in claim 3 Wherein said second intersecting 
layer also comprises a quantum Well layer. 
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5. Adevice as in claim 4 wherein said second intersecting 
layer is lattice-rnatched to said substrate. 

6. Adevice as in claim 4 Wherein said second intersecting 
layer is non-lattice-rnatched to said substrate. 

7. A device as in claim 1 further including a substrate, and 
Wherein said ?rst intersecting layer is sandWiched betWeen 
blocking barrier layers that also intersect said second layer, 
said ?rst layer and said blocking barrier layers overlying 
said substrate. 

8. A device as in claim 7 Wherein said blocking barrier 
layers de?ne in said second layer a Wire-like region Whose 
eXtent is approximately the same as the eXtent of said ?rst 
intersecting layer betWeen said blocking barrier layers. 

9. A device as in claim 8 Wherein said ?rst intersecting 
layer sandWiched betWeen the blocking barrier layers corn 
prises AlO_35GaO_65As, each of said blocking barrier layers 
cornprises AlAs, and said second intersecting layer corn 
prises GaAs. 

15 
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10. A quanturn Wire device comprising 
means including ?rst and second intersecting layers for 

de?ning a quantum Wire region at the intersection of 
said layers, 

rneans disposed about said layers for indeX guiding any 
ernitted radiation to con?ne it to the vicinity of said 
Wire region, 

and means for enhancing electronic carrier con?nernent in 
said quanturn Wire region, 

Wherein said means for enhancing electronic carrier con 
?nernent comprises means for introducing strain in said 
Wire region to suf?ciently loWer the bandgap in said 
Wire region relative to the bandgap in the layers de?n 
ing said Wire region to enable operation of said device 
at and above room temperature. 


