
EP0395315B1 Description Background of the Invention 5   1. Field of the
Invention The invention is concerned with electrically pumped vertical
cavity semiconductor laser structures de- signed with a view to low lasing
threshold current. While discrete devices are contemplated, an important
as- pect is in terms of integratable structures now made practical because
of low threshold (and consequently, 10  lowered heating). 2. Description of
the Prior Art A numberof recent developments have directed attention to the
need for inexpensive reliable lasers - both 15  discrete and integrated. As
important as the laser is in so many specialties - optical communications,
medical diagnosis, weaponry, basic scientific inquiry, to name a few -
development has lagged in very meaningful terms. The void resulting from
unavailability of high density, small dimension, integrated devices is
particularly noteworthy. Advantages that would flow from introduction of a
truly integratable laser e.g. permitting element-to-ele- 20   ment
communication on a chip, chip-to-chip communication, and performance of
switching, amplification, and other functions now dependent on
semiconductor elements are important and varied. It is estimated that com-
putation speed could be doubled by use of all-optic circuitry. Projection
displays and laser printers utilizing high density laser arrays would
profoundly affect the industry. Optical interconnect is generally
contemplated in terms of inclusion in integrated circuits constructed of 25
material suitable for performing electronic as well as optical functions.
Use of e.g. III-Vs and other compound semiconductors of appropriate bandgap
values will likely serve in Opto Electronic Integrated Circuits. Optical
functions may play an important role in conjunction with silicon technology
as well. Silicon circuitry likely to continue its electronic dominance for
some time may be provided with optical capability by superimposition of
chips of other material; for example, to provide for chip-to-chip
communication. 30      Rapid introduction of f iber optics has already
revolutionized long distance communications. Availability of inexpensive
lasers will extend fiber optics both to the loop plant and to terminal
connection (both in industry and the home). Other implications include
steerable beams for pointing, and high power arrays. Such potential uses
have not been overlooked. Intense worldwide effort has resulted in very
significant 35   advances. Recent work has produced devices of small size
benefiting from sophisticated fabrication techni- ques such as Molecular B
earn Epitaxy and Metal Organic Chemical Vapor Deposition. MBE, in
particular, must be credited for emergence of layered structures requiring
dimensional control, dimensional homogenity, free- dom from defects and
surface smoothness, all in terms of a fraction of a wavelength (of
contemplated radia- tion). Surface emitting vertical lasers may utilize
such layered structures in the active region (e. g. in the form 40   of
quantum wells), as well as for defining the cavity (in the form of
Distributed Bragg Reflectors. A major obstacle to more general
implementation of the laser is temperature increase due to heat gener-
ation attending lasing. This is particularly true for integration in which
the problem is only aggravated for the higher packing densities which is a
major thrust for integration. For any given level of efficiency of
operation, need for heat dissipation decreases as lasing threshold
decreases. Lasing threshold is in turn dependent- gen- 45  erally linearly
dependent - on the volume of active material. Major effort has been in the
direction of decreasing this volume. The cavity structure is an important
determinant for the thickness of active material between the mirrors. The
ultimate requirement for any lasing structure is for a reflectivity/loss
characteristic which accommodates per-pass gain for the stimulated
radiation. Recently announced work appears to have carried this to the
ulti- 50   mate limit in permitting lasing with but a single quantum well
in a surface emitting structure. ("Applied Physics Letters", vol. 55 (5),
pp. 424-426 July 31, 1989). The work depends upon use of DBR mirrors of
near-perfect reflectivity (reflectivity of 99.9% for a laser wavelength of
980 nm resulted from use of DBR mirrors each of approximately 20 periods).
While the first experiments were based on optically pumping, the authors
imme- diately realized implications in terms of electrically pumping.
Reference is made also to EP-A-0 385 643 forming 



55  state of the art according to Article 54(3) EPC. Electrical pumping,
the form most commercially significant devices will take, introduces
problems. The DBR, clearly the best approach so far, does not intrinsically
have the desirable electrical characteristics for serving in the series
electrical pump path. Optimized Bragg structures of appropriate
transparency, refractive 2    EP 0 395 315 B1 index (n) and layer-to-layer
index difference (An) introduces a level of 12R loss and heating to result
in need for increased volume of active material (and still further
heating). Beyond some level, heating is too great to be compensated by
further volume increase. Modification of the DBRs to create the needed pn
junction re- 5   quires doping which implicitly results in scattering
centers, and, therefore, in further loss (requiring further in- crease in
volume of active material). The critical consideration in many design terms
is the thickness dimension in the emission direction since, aside from
diffraction effects, both loss and gain are generally linearly depend- ent
on lateral dimensions - usually on lateral area. One line of endeavor
represented, for example, by an article in "Electronics Letters," vol. 24,
no. 15, pp. 10   928,929 (July 21, 1988) seeks to avoid the problem by
providing distinct electrical and optical paths. In the cited article, a S
urface Emitting Laser having an active region of 3 [err] thickness and 30
[err] diameter was operated room temperature, pulsed at a threshold
current, [err] = 200 mA, equivalent to a current density of 30kA/[err]. The
cavity in this instance used but a single DBR and depended on a
conventional single-surface reflector on the other side. The authors'
determination to put the DBR on the n-type side was no doubt dictated 15
by the greater electrical resistance introduced by p-type doping. Other
approaches also dependent upon use of distinct current and optical paths
have used various means for injecting pumping currents laterally, e.g. at
active material - mirror interfaces. "Applied Physics Letters", vol. 51,
no. 21, pp. 1655-57 (Nov. 23, 1987). It may be concluded that absence of
truly low threshold current devices, for example, as required for ICs, is
due, in one instance, to implicitly high resistance (for devices using
coincident current and optical paths) 20   and in the other, to fabrication
difficulty as well as device function problems (for devices using distinct
current and optical paths). Summary of the Invention 25      An
electrically pumped vertical cavity semiconductor laser according to the
invention is specified in claim 1, the preamble of which corresponds to
US-A4 309 670 (see Figure 19). Claim 23 is related to an integrated circuit
including a plurality of such lasers. All aspects of the invention depend
upon a particular laser structure. The structure is generally classified as
a vertical cavity laser and is sometimes referred to as "surface emitting"
to differentiate it from the edge 30   emitting type of device. Lasers of
the invention are capable of low lasing threshold which derives from use of
relatively thin active regions (regions of a thickness of 1 [err] or less),
in turn permitted by excellent reflectivity- loss characteristics dependent
upon use of DBR mirrors on both sides of the laser cavity. Electrical
pumping in accordance with the inventive teaching depends upon current
passage through both DBR mirrors in the same general vertical direction as
that of the stimulated laser beam (in the terminology used current passage
35  is referred to as "vertical" in the same sense used in defining lasing
direction in the "vertical" cavity laser. While all laser structures of the
invention utilize two DBRs, one of the two has a lesser number of periods
(a lesser number of paired layers) than the other so that this DBR is, in
and of itself, inadequate to attain the desired cavity reflectivity. This
"deficient" DBR is supplemented by a conventional reflector - generally a
con- ventional metallic reflector - to result in desired reflectivity
greater than about 98% (in most instances in a re- 40  flectivity of
greater than 99%). The resulting "hybrid" mirror is on the p-conductivity
type side since such place- ment is most effective in reducing the series
resistance of the pump path. A primary aspect of the inventive teaching
generally takes the form of what would ordinarily be regarded as a
distortion in the DBR portion of the hybrid mirror. In general the DBR
layer closest to the conventional reflector is of a thickness either less
than or greater than the usual quarter wavelength (or integral number) 



45   considered required in a functioning DBR. This layer, thinner than the
other Bragg layers if of the index of re- fraction of the lesser index
layer, thicker if of the greater, serves to maximize reflectivity. As
discussed more fully in the Detailed Description deviation from [err]/4
layer thickness derives from the fact that metallic reflectors are not
"ideal" but rather evidence a characteristic penetration depth which
results in some destructive inter- ference as between reflected radiation
from the front and "back" of the final Bragg layer (the layer closest to 50
the conventional mirror which in effect is altered in thickness due to this
characteristic of the metallic reflector. If there is need to interpose a
"contact" layer to assure ohmic contact between the conventional and DBR
mir- rors, the thickness of this "phase matching" layer is further adjusted
accordingly. Other aspects of the laser structure of the invention are
known. Such considerations apply to the materials of the DBRs both from the
standpoint of optical reflectivity and electrical conductivity. As with
other such struc- 55   tures free carriers introduced into the active
region are desirably confined by "confinement" layers of suffi- ciently
increased bandgap to prevent escape. Substrate material, like other
materials of the structure, substan- tially defect-free, are as nearly
transparent to emitted laser energy as consistent with other requirements.
Structures of the invention may be discrete or may be included in ICs -
either OEICS or all-optic. While both electrical and optical paths are
through the DBRs - generally through all layers of both DBRs, there are 3
EP 0 395 315 B1 versions of the invention in which paths are not invariably
identical. In one version the entirety of the final DBR of the non-hybrid
reflector does not contact substrate, but a portion is bared, possibly by
etching, e.g. to facil- itate coupling to an optical fiber. Another version
makes use of a hole in the metallic mirror - for example, for 5
monitoring laser operation. Brief Description of the Drawing FIG.1 is a
schematic elevational view depicting a laser structure typical of those
included in every appa- 10    ratus of the invention. FIG. 2, on
coordinates of intensity on the ordinate and wavelength on the abscissa
shows intensity dependence on emission wavelength for four different pump
levels, one below and three above threshold, for an exemplary device of the
invention. FIG. 3 is a simplified elevational view of a structure such as
that depicted in FIG. 1 but providing for possible variations including
direct fiber coupling with the emitting surface of the active region of the
laser cavity. Discussion of thisfigure entails use of the fiber as a
permanent 15   part of the apparatus as well as its use in testing. FIG. 4
is a perspective view of a portion of an integrated circuit including an
array of lasers in accordance with the invention. FIG. 5, also in
perspective, depicts an in- tegrated circuit containing a laser structure
such as included in FIG. 4 together with electronic drive circuitry.
Detailed Description 20 Drawing The device of FIG. 1 includes an active
layer 1 embraced by confinement layers 2 and 3. Lower reflector 4 is a
distributed Bragg reflector made up of alternating layers 5 and 6 of high
and low refractive index respec- 25  tively. Since this lower DBR serves as
the n-type side of the pn junction layers are doped with n-type significant
impurity. In common with usual DBR structures layers 5 and 6 are each of a
thickness dimension equal to an integral number of quarter wavelengths -
generally one quarterwavelength ([err]/4) - for the wavelength of stimu-
lated emission (as measured in the material of which the DBR is
constructed). As discussed in detail further on, the number of 5-6 pairs
(the number of periods) is generally sufficient to provide reflectivity of
at least 98% 30   and usually greater than 99% - a condition which in at
least one example herein is accomplished by use of 23 periods. Substrate 7,
is of necessary crystalline perfection and of composition and thickness
otherwise suitable to fabrication (e.g. epitaxial growth) and to operation.
Upper DBR 8 made of alternating, generally [err]/4 thick layers 9 and 10 of
p-type conductivity material of high and low refractive index, n,
respectively has a lesser number of periods than that of DBR 4. Uppermost
35   Bragg layer 11 is the "phase-matching" layer designed to maximize
constructive interference. For the structure 



shown the material of conventional mirror 12 does not provide dependable
ohmic contact to layer 11. This de- ficiency is cured by provision of
contact layer 13. Layer 11 is of a thickness smaller than or larger than
[err]/4 depending upon whether it is constructed of the lesser or greater
of the material of layers 9 and 10 respectively. Actual thickness of layer
11 is critically dependent on the phase delay introduced by penetration of
laser radi- 40   ation into mirror layer 12 as further varied by layer 13
if present Certain structural aspects are not discussed in detail. For
example, the particular device shown in FIG. 1 has a hybrid mirror portion
which is reduced in area relative to the remainder of the device. It has
been found convenient to fabricate arrays by deposition of continuous
layers over the entire area to be occupied by lasers. Separation of
individual lasers is accomplished by etching to the depth of the upper
confinement layer 2 while 45   defining mesa structures of dimension 14. Of
course, alternative approaches are known and may be preferred depending on
a number of factors: composition of material to be etched, density of laser
structures intended, etc. For example, a variant on etch-separation makes
use of ion bombardment to render separating material less conducting.
Circuit design may dictate separation of the lower Bragg mirrors as well.
Of course, device fabrication need not rely on etching but may be the
consequence of as-grown structures e.g. by use of selective 50   deposition
(perhaps by masking). It is not the purpose to make this part of the
description exhaustive. Fabri- cation approaches suitable for the many
aspects of the invention are well known and others are emerging. Inventive
devices exemplified by FIG. 1 owe significance to decreased need for heat
dissipation. Actual operation at room temperature is obtainable forduty
cycles up to 100% (forCWoperation). Nevertheless, there are circumstances
where it may be desirable to introduce cooling. Such circumstances, for
example, include 55   deliberately pumping above threshold to realize
higher power output as well as design criteria which may call for e. g.
deliberately decreased mirror reflectivity or deliberately increased active
layer thickness. Such struc- tures may profit by use of heat sinks perhaps
as aided by thermoelectric cooling means. Such variations are considered
well within the skill of the artisan and are not discussed in detail.
Similarly, electrical circuitry is represented in FIG. 1 only schematically
by means of electrode 15 (attached 4    EP 0 395 315 B1 to metallic
mirrorlayer 12 and electrode 16 which takes the form of a deposited
metallic layeron the underside of substrate 7) in an actual example use was
made of a 1,500[err] thick gold-germanium alloy layer. In FIG. 2 Curves 20,
21, 22 and 23 represent emission spectra for pump currents of 20mA, 25mA,
30mA 5   and 40mA as applied to the device of Example 1. This device uses a
15[err] diameter, 0.5 nm thick active layer of GaAs lasing at 0.8623[err].
Curve 20, below threshold is increased in amplitude tenfold to better show
ob- served details of the spontaneous emission. Curves 21, 22 and 23 all
above threshold manifest stimulated emission as spikes 24, 25 and 26. To
better show enhancement in intensity - to prevent overlap of the spikes
which are all at the same wavelength - the figure is presented as a
three-dimensional plot. 10      FIG. 3 depicts a variantof the device of
FIG.1. Taking on a contemplated discrete form, the structure shown
represents features which may be incorporated separately or in combination
in the variety of devices contern- plated - whether integrated or discrete.
The first feature provides for insertion of optical fiber 17 through sub-
strate hole 18 to bring it into engagement with the lower DBR (to serve a
device function or for test purposes - e.g. during fabrication). While as
depicted, direct contact is indicated, other considerations, largely in
terms 15  of material and structural properties, may dictate an interposed
transparent layer not shown. The device is gen- erally similar to that of
FIG. 1 consisting of active region 31 confinement layers 32 and 33 lower
Bragg reflector 34, made up of alternating high and low index layers 35 and
36, on substrate 37. The upper mirror is a hybrid structure consisting of
Bragg portion 38 composed of high and low index layers 39,40 and 41. Phase
matching is accomplished by appropriate dimensioning of layer 41.
Electrical contact as between phase-matching layer 20  41 and mirror42 is
assured by means of contact layer 43. Wire electrode 45 and ground
electrode 46 complete the structure electrically. Active layer 31 is made
up of laser quantum wells 31 (a) separated by spacers 31 (b) and 31 (c). As
in known 



Multi Quantum Well structures, spacers 31(b) are designed to place the QWs
at high energy positions within the stimulated laser standing wave. Thinner
spacers 31(c) are needed to define the individual QW structures 25
themselves within the trios depicted. Always useful in terms of increased
efficiency relative to bulk material, MQW structures as depicted, represent
a particularly useful feature in the terms of this invention since heating
due to (useless) spontaneous radiation, in turn, due to carrier
recombination in low or zero energy positions is avoided. The overall
effect is still further lowered lasing threshold current (still further
lowered need for heat dissipation). A similar structure may provide for
conventional bulk wells, each of thickness equal to a trio of 30   QWs
positioned by spacers 31(b). The schematic representation includes yet
another feature, a hole 47 baring a small central region of upper Bragg
mirror 38. By maintaining hole 47 small - of the order of one or two
wavelengths (of stimulated emission) - the cavity is perturbed very little.
The small amount of radiation emitted through hole 47 is coherent but is
subject to significant edge diffraction. One purpose that may be served is
monitoring simply to assure that the 35  system is operative (that laser
radiation is being produced at the substrate side of the cavity). FIG. 4
depicts an array of lasers 51 which may be of the detailed design shown in
any of FIGS. 1 and 3. As in those figures, lasers 51 are supported on a
substrate, in this instance 52, upon which, and in at least some instances,
they were grown, for example, by Molecular Beam Epitaxy. Lasers depicted in
this figure as well as in FIG. 5 are exaggerated in dimension in the lasing
direction. In general, they are only a few microns 40  in height. FIG. 5
shows a portion of an OEIC. The portion shown consists simply of laser 53
together with drive elec- tronics 54 both on common substrate 55. The
arrangement is schematically shown as connected via lead 56 with the
electrical circuit being completed by a common substrate lead. 45   Design
Considerations 1. General The basic thrust of the invention is that of an
expediently fabricated, low threshold (and, therefore, inte- 50  gratable)
laser structure, and discussion is largely in such terms. The general
teaching does have additional uses e.g. in terms of higher power devices.
The advantage in this generic sense concerns the use of the asym- metric
Bragg cavity in which a phase-matched conventional metallic mirror
supplements the shorter DBR. De- sign of high power devices may retain the
99+% reflectivity for both cavity ends, as desired for low threshold
devices, or design considerations might dictate a lesser reflectivity,
likely primarily on the n- conductivity side 55   of the cavity. Also, the
active layer may be increased in thickness beyond the minimum permitted by
the cavity characteristics. Lateral dimensions of the laser structure
depend upon function. Low current threshold values are mean- ingfully
considered in terms of current per unit area so that the same heat
dissipation advantage is in fact re- alized independent of individual
device area assuming reasonably close packing. For IC use, design criteria
EP 0 395 315 B1 generally suggest small spot size, in turn, corresponding
with an emitting surface of lateral dimensions 10 or 15[err] or smaller.
Following description in this section is, in most respects, in terms of
likely greatest interest - in terms of 5   low threshold. 2. Active Region
While the absolute minimum thickness in final detail depends upon the
precise nature of the materials used 10  (and in turn upon operational
characteristics such as laser wavelength) studies to date suggest use of
active regions of a thickness no greater than about 1[err]. Structure
optimization for material systems most intensely studied suggest a
preferred maximum active region thickness of 0.5[err]. "Thickness" refers
to the entire di- mension between confinement layers (orbetween DBRs if
confinement layers are not used, whetherof uniform bulk material or of
spaced wells - either QWs or conventional. For the material system
described in Example 15  1, high duty cycle, up to CW, is permitted for
active layer thickness of 0.25[err]. In all systems studied, round- 



trip gains are easily sufficient to permit lasing with the described
Bragg-hybrid Bragg cavities. For optimally designed MQWs and also for
spaced conventional wells, such gains are attainable for active layer
thicknesses about the same as for bulk layers, but since a significant part
of the active region is made up of spacers, there is less heat generated
for given output intensity. A representative MQW structure is described in
conjunction 20   with FIG. 3. That structure depends on three trios of
quantum wells so positioned by means of spacers as to place them at energy
peaks in the standing wave. With spacers, those separating the trios, those
at the two mirror boundaries, and those between individual wells of each
trio, the total thickness is about 0.3[err]. Exam- pies 2, 3, 5 and 7
depend upon MQW active regions. From the compositional standpoint, emitting
material in the active layer (bulk or well material) is construct- 25  ed
of semiconductor material having a direct bandgap accommodating the desired
emission wavelength. While far more general use is expected, near term use
is likely in terms of wavelengths of communications interest. Such
wavelengths, 0.86[err], 1.3[err] and 1.55[err] are obtainable by use of
well-understood compound semicon- ductors: GaAs at 0.86[err] and InGaAsP at
the other wavelengths. Strained InGaAs may be used at 1.0[err]. The
inventive devices are, of course, usable over a much largerwavelength range
as permitted by a variety of sem- 30  iconductor materials. It is useful to
describe aspects of the structure in specific exemplary terms. In terms of
the structure of Example 1, as indicated, the active region is gallium
arsenide, GaAs. Compositions noted in following subsec- tions are in the
same terms - in fact, as used in Example 1. Another matter, not
appropriately discussed in detail, may be mentioned briefly. The effective
cavity di- 35   mension, determinative of the size of the standing wave
and, therefore, of emission wavelength, while based primarily on the
thickness of the active region as discussed, is in fact somewhat thicker
due to radiation pen- etration, likely through the entirety of confinement
layers if present, and to some penetration depth within the DBRs as well.
At this time, determination of precise dimensions corresponding with
specified wavelength, is accomplished empirically (by building a first
structure, measuring emission [err], adjusting some dimension - per- 40
haps that of the confinement layer - again measuring, etc). 3. Confinement
Layers Nature and function of confinement layers is discussed elsewhere.
See H. C. Casey, Jr. and M. B. Panish, 45  "Heterostructure Lasers; Part A
Fundamental Principles", (Academic, N.Y. 1978) Sec. 4.6 (Carrier Confine-
ment) pp. 245-253). Its primary purpose is to confine free carriers to the
active region. Composition is chosen to yield an energy gap [err] larger
than that of the active region (generally a gap differential of 25 % is
adequate. See H. C. Casey, Jr. and M. B. Panish, "Heterostructure Lasers:
Part A Fundamental Principles", (Academic, N.Y. 1978) Sec. 4.6 (Carrier
Confinement) pp. 245-253. Thickness of the confinement layer is sufficient
to pre- 50   vent appreciable tunneling (tunneling is of little consequence
for thicknesses greater than about 100[err]). Thick- ness of the
confinement layer is not critical - layer thickness of about 1000[err] was
used in Example 1. The con- finement layer may serve an additional and
important function for the heterojunctions generally contemplated - that of
minimizing back injection of minority carriers. It is generally preferred
that the laser-functioning pn junction be on the end type side of the
cavity. Under 55  these circumstances, the active region is of
p-conductivity type. In structures tested, the confinement layer is doped
to the same conductivity tyype as that of the adjacent DBR - in this
instance, is of n-type conductivity. Such placement of the functioning
junction takes advantage of the fact that electron mobility is inherently
great- er than that of hole mobility - a design preference of increasing
significance for increasing cavity length. The desire for maximum An from
the optical standpoint dictates use of the higher index Bragg material at 6
EP 0 395 315 B1 an air interface and choice of the material yielding the
greatest An at other interfaces (e. g. at the Bragg-active region
interface). However, electrical considerations - minimization of electrical
resistance - sometimes dictates less An values. 



5       The nature and function of the confinement layers has been set
forth. While separate confinement layers are usefully employed for the
particular material systems of the examples, this is not invariant.
Confinement, as well as back injection, are both dependent on bandgap of
such layers relative to the adjacent active region. Needed increased gap
relative to the active region, as well as appropriate displacement of the
relevant band edge values, may be inherent in materials otherwise suitable
in construction of the DBR - on either or both 10  sides of the cavity.
Elimination of the need for one or both confinement layers may be of
considerable benefit in enhancing efficiency. 4. Distributed Bragg
Reflectors 15      Design criteria of DBRs are well known. See M. Born and
E. Wolf, "Principles of Optics", (Pergammon, N.Y. 1964) p. 51 (Principles
of Multilayer Reflectors). See J. P. Van der Ziel and M. Ilegems, "Applied
Optics", vol. 14, no. 11, Nov. 1975 (MBE Growth). They consist of
alternating layers of material of differing refractive index - are
generally discussed in terms of "periods" each consisting of a pair of high
and low index material. For the constructive reinforcement of radiation
reflected from successive junctions, layer thicknesses are an 20  integral
number of quarter wavelengths (for the desired coherent radiation as
measured in the layer material). To minimize DBR thickness, layers are of
[err]/4 thickness. Minimization is useful electrically to minimize series
resistance, and from the optical standpoint, it results in minimized
scattering (scattering centers correspond with positions of n or p-type
dopant atoms) as well as in minimized insertion loss from statistically
distributed defect sites, etc. Minimum DBR thickness, still corresponding
with [err]/4 thick layers also minimizes diffraction 25  losses (greater
path length aggravates any edge diffraction effects otherwise present).
Index values are chosen to yield the maximum attainable value of An
commensurate with other device criteria. Such criteria include the
electrical property, series resistance, and the various optical properties.
Op- timal device design may be quite sophisticated. As an example, one
tested device made advantageous use of deliberately reduced An in the
p-type DBR thereby requiring an increase in the number of periods to
achieve 30  the desired 99+% reflectivity. The primary objective was to
reduce barrier height at the Bragg junctions to les- sen heating. In this
instance, the overall 12R heating was reduced even though the path length
was increased. Design of the hybrid mirror is complex. Here, permitted loss
is most importantly in terms of significant p- type resistance (resistance
of p-type material is two to three orders of magnitude greater than that of
n-type material in the DBR structure). Generally, the objective is a
composite reflectivity sufficient for lasing under 35  the desired
conditions. In terms of the usual inventive thrust, that is, in terms of
low lasing threshold, reflectivity again of [err] 99% or greater is
desired. Structures as used in Examples 1 through 7 depend upon hybrid
mirrors of 6-period DBRs as supplemented by the metallic mirror for
yielding this reflectivity. Reflectivity of the hybrid mirror is critically
dependent upon the thickness of the DBR layer adjacent the metallic
reflector. It has been indicated that use of unadjusted layerthickness
results in destructive interference 40  to the extent that reflectivity is
significantly reduced. Under the usually preferred design approach in which
the affected DBR layer is of the lesser index valuee, phase matching
requires thinning, generally of a value of approximately 25% relative to
that of the next DBR layer of lesser index. For structures in which the DBR
layer to be adjusted is of the greater DBR index, phase matching requires
that it be thickened, generally to an extent of approximately 50% relative
to the nearest DBR layer of greater index. The explanation is in the dif-
45  ference in phase shift as between the back side reflected wave and the
front side reflected wave as dependent upon whether the junction is with a
preceding DBR layer of high or low index. There is yet another advantage
due to the hybrid mirror structure. The effect of the metallic reflector is
to flatten spectral response relative to that of the DBR portion. Where
cavity optimization or other consideration leads to use of different
compositions in the two DBRs, spectral flattening increases spectral
overlap and al- 50  leviates one more design complication. Selection of
appropriate metallic material for construction of the hybrid mirror is
based on a number of fac- tors which need not be discussed in detail.
Basically, spectral properties of metals sufficient for selection for use
at different emission wavelengths are well known. Other properties of
consequence have to do with sta- bility e.g. against migration, e.g. of
alloying elements as caused during heat-processing (which while useful 55
electrically, may impairreflectivity due to accompanying interfacial
roughening), effectiveness of electrical con- tact (in the instance of FIG.
1 giving rise to use of a contact layer intermediate the metal and the
DBR), etc. 



Both unalloyed silver and gold were used satisfactorily in structures
described in the examples. Again, the n-type DBR is generally designed to
yield close to perfect reflectivity for low threshold devices. For the
material system of Example 1, twenty pairs were used yielding the desired
99+%. 7    EP 0 395 315 B1 DBR design has been in terms of constancy of
both high and low index layer compositions. A variety of circumstances,
intentional or accidental, may dictate otherwise. 5   5. The Substrate In
general, the substrate does not serve a necessary device function. This is
especially true in terms of optical functioning. Reason for being, in most
instances, is to serve as an appropriate body upon which fabri- cation of
the functional device depends - generally in terms of epitaxy with all of
the characteristics and re- 10  quirements that this imposes. In other
terms, the substrate, since likely present, may serve as a support and may
also serve in some secondary electrical sense - e.g. for biasing via an
electrode on its underside. In func- tioning terms, therefore, the
substrate is merely a part of the structure to be tolerated. From the
optical stand- point, use of appropriately broad bandgap material assures
transparency for wavelengths corresponding with included energy levels.
From the electrical standpoint, the desire is for the best possible
conductivity for the 15  usual instance in which biasing of the supported
structure includes the substrate as part of the series path. Byfarthe most
significant characteristic of the substrate, forfabrication approaches
usually contemplated, is in terms of crystal parameters and perfection
required to assure sufficient absence of defects in epitaxial grown layers.
Choice of substrate is on bases generally understood to those knowledgeable
in crystal growth. Substrate 20   materials used in the examples in the
following section are reasonably illustrative. 6. The Examples Introduction
25 Examples set forth in tabular form are generally representative of
operation at wavelengths of communi- cations interest. The purpose is to
teach composition and design criteria for fabrication. Specific criteria,
both structural and operational, depend upon specific objectives. For
example, devices may be operated, in pulse mode by use of pulse generators,
using well known designs. Duty cycle may be varied. Duty cycle is defined
30   as the fraction of time that pulse biasing is non-zero (consistent
with usual convention, pulses for this purpose are treated as though
square). Devices may be operated at very small duty cycles up to and
including 100% (or continuous wave") As stated above, an advantage of the
invention in terms of near-term use contemplates the feasibility of high
duty cycles due to feasibility of operation at low threshold current. In
these terms, a pre- ferred aspect of the invention is for devices
permissive of duty cycles of at least about 50% (easily attainable 35  for
reported structures having threshold current densities, [err] of
10kA/[err]). In this respect, too, tabular exam- ples are only
representative. That is, many of the observations reported in the text are
based on room tem- perature operation. While avoidance of cooling is
certainly economically desirable, there are many instances where e.g. heat
sinking in combination with thermoelectric cooling may permit operation at
power levels, duty cycles, or even wavelength ranges not immediately
attainable for specific material systems/device designs 40   without
cooling. Concentration on wavelengths within the general range of 0.84
[err]-1.55[err] is, from the standpoint of pres- ent development, most
easily accomplished in either of the III-V material systems GaAs or InP.
The first, usable over the shorter end of the wavelength range is easily
altered in accordance with the present state of the art to result in
electrical doping and compositional modification to produce high and/or low
refractive indices for 45  useful Bragg operation. Examples 1 and 2 depend
upon partial substitution, specifically 10 At % of Al for Ga for the higher
index of the pair and upon complete substitution (of Al for Ga for the
lower index). Confinement layers used in the relevant examples are based on
30 At % substitution of Al for Ga to increase bandgap. Spe- 



cific compositions used are based on extensive widely acknowledged
experience. For example, partial sub- stitution by aluminum in the high
index Bragg layer in examples 1 and 2 is designed to lessen absorption
relative 50  to unmodified GaAs for emission of the wavelength range
indicated. The examples are to a certain extent based on practical
considerations. For example, as noted above, un- modified GaAs is
significantly absorbing for laser emission within the wavelength range
0.84[err]-0.87[err], and accordingly, an absorption problem is introduced
by use of this material in the substrate (for usually contem- plated
operation in which the beam is emitted through the substrate). It is clear
that a substrate of  [err] 55   would alleviate this problem. As a
practical matter, wafers of this material of suitable crystalline
perfection are not readily available. Etching to permit direct access to
emission is the alternative suggested. Dimensions and certain structural
details set forth in the table are exemplary only. In general, these con-
siderations have been discussed. For example, for consistency, active
layers are generally set forth either as bulk material layers of thickness
0.25[err] or as MQWs consisting of 9 wells and appropriate spacers as dis-
8    EP 0 395 315 B1 cussed in conjunction with FIG. 3. MQW structures of
examples 2, 5 and 7 depend upon direct energy gaps characteristic of the
reported materials in their equilibrium state. Inclusion of example 3 is to
illustrate attain- ment of needed gaps by deliberate introduction of
crystallographic strain. In this instance, strain due to crys- 5   talline
mismatch is introduced into the [err] which, based on experimental
observation, is reduced to a thickness of 80[err] (relative to the usual
100[err] thickness both of the GaAs wells in this example and of un-
strained wells of the other examples). The purpose of thinning, while
mildly disadvantageousfrom a functioning standpoint, is to minimize
crystalline damage of the growing layer due to mismatch. Generally,
specific MQW structures described are only representative - device
functioning objectives may dictate greater or lesser num- 10   bers of
wells. As discussed, in conjunction with FIG. 3, useful well structures,
still retaining some advantage over uniform bulk layers, may make use of
conventional wells of bulk material (of wells appreciably larger than [err]
100[err] required for true quantum well operation). For the purposes of
this description, it is considered adequate to discuss QWs as having a
thickness of [err] 100 [err]. In fact, this thickness is quite appropriate
for semiconductor materials generally contemplated. It is be- 15  yond the
necessary scope of this description to discuss this critical dimension in
terms of electron wave func- tions (in terms of deBroglie wavelengths).
Actual device design entails a numberof additional considerations. Study
has indicated that a metal mirror alone may under best conditions yield a
reflectivity of about 95%. Using gold, as an example, proper phase matching
may result in total reflectivitiesforthe hybrid mirrorof 98.2%, 99.1% and
99.5%, respectively forthree 20   pair, five pair and seven pair hybrid
portions. By comparison, a pure DBR in the same general system requires
twenty pairs for 99.5% reflectivity at an air interface. 25 30 35 40 45 50
55 9    EP 0 395 315 B1 5 



25 [ERR]    Claims 1.  An electrically pumped vertical cavity semiconductor
laser having an active region (1) within a cavity de- 5        pendentfor
cavitation upon two Distributed Bragg Reflectors (4,8), each including
successive pairs of high and low refractive index material (5,6,9,10), one
of the DBRs (4) being of n-type conductivity and the other (8) being of
p-type conductivity, together with means (15,16) for electrically pumping,
said means includ- ing passage of electrical current through at least a
substantial number of such pairs in both DBRs CHARACTERIZED IN THATthe
p-type DBR has a lesser number of such pairs but is supplemented 10
by a metallic reflector (12) and in that the DBR layer (11) closest to the
metallic reflector, referred to as the phase matching DBR layer, is
adjusted in thickness relative to that of the next DBR layer of corre-
sponding refractive index to accommodate effective thickness variation due
to emission penetration into adjoining material (12), the adjustment
increasing reflectivity by lessening destructive interference, to re- sult
in a hybrid reflector. 15 2.  Alaseras claimed in claim 1 in which the
thickness of the active region is notmore than 1 [err] in the lasing
direction. 3.  A laser as claimed in claim 2 in which reflectivity is at
least 98% at each cavity end. 20   4.  A laser as claimed in any of the
preceding claims in which the active region (1) substantially consists of
bulk material. 5.  A laser as claimed in any of claims 1 to 3 in which the
active region comprises at least one well (31(a)) of active material
positioned by means of spacer material (31 (b)) so as to substantially
coincide in position 25       with an energy peak of a cavitated standing
wave during operation of said laser. 6.  A laser as claimed in claim 5 in
which the or each said well is a quantum well. 7.  A laser as claimed in
claim 5 in which the said well is of sufficient thickness in the lasing
direction that it 30       evidences substantially bulk characteristics. 8.
A laser as claimed in any of claims 5 to 7 in which the said active region
includes at least two wells and at least three spaces to position wells at
at least two energy peaks of a cavitated standing wave during operation of
the said laser. 35 9.  A laser as claimed in any of the preceding claims in
which the said laser includes a confinement layer (2,3) adjacent at least
one surface of the said active region for the purpose of increasing
confinement of free electrical carriers within the said active region, the
said confinement layer having an energy bandgap which is greater than that
of the DBR layer adjacent the confinement layer. 10. A laser as claimed in
claim 9 in which the said confinement layer is the same conductivity type
as that of the adjacent DBR and in which the confinement layer presents a
substantial energy barrier to lessen back injection of minority electrical
carriers. 11. A laser as claimed in any of the preceding claims including a
substrate (7) supporting the said cavity. 45 12. A laser as claimed in
claim 11 in which the said substrate evidences substantial absorption for
laser emis- sion and in which a hole (18) is provided in the substrate for
accessing laser emission. 13. A laser as claimed in claim 12 including an
optical fiber (17) passing through the hole. 50 14. A laser as claimed in
any of claims 11 to 13 in which the DBR closest to the substrate is of
n-type con- ductivity. 15. A laser as claimed in claim 14 in which the
electrical pump path includes an electrode (16,46) on the un- 55
derside of the substrate. 



16. A laser as claimed in claim 15 in which the said electrical pump path
includes the metallic reflector. 17. A laser as claimed in claim 16 in
which there is a contact layer (13,43) intermediate the said metallic re-
11    flector and the underlying DBR, the said contact layer assuring ohmic
contact. 18. A laser as claimed in any of the preceding claims in which the
phase matching DBR layer is of said low 5       refractive index and in
which its thickness in the emission direction is less relative to that of
the next low index DBR layer. 19. A laser as claimed in claim 18 in which
the thickness of the phase matching DBR layer is about 25% less than that
of the next low index DBR layer. 10  20. A laser as claimed in any of
claims 1 to 17 in which phase matching DBR layer is of high refractive
index and in which its thickness in the emission direction is increased
relative to that of the next high index DBR layer. 21. Alaseras claimed in
claim 20 in which thethickness of the phase matching DBRlayeris about50%
larger 15      than that of the next high index DBR layer. 22. A laser as
daimed in any of the preceding claims in which the said DBRs are of
different chemical com- position resulting in differing spectral
reflectivity and in which spectral reflectivity is flattened by inclusion
of the said metallic reflector, thereby increasing cavity efficiency
relative to that of a structure excluding 20      the said metallic
reflector. 23. An integrated circuit including a plurality of lasers as
claimed in any of the preceding claims. 25   Patentanspriiche 1.
Elektrisch gepumpter Halbleiterlaser mit senkrechtem Resonator mit einem
aktiven Bereich (1) innerhalb eines Resonators, dessen Rasonanz von zwei
DBR-Reflektoren (Distributed Bragg Reflectors) (4, 8) ab- hangig ist, die
jeweils aufeinanderfolgende Paare von Material (5, 6,9, 10) mit hohem und
niedrigem Bre- 30       chungsindex umfassen, wobel einer der
DBR-Reflektoren (4) n-Leitfahigkeit besitzt und der andere (8)
p-Leitfahigkeit besitzt, mit Mitteln (15,16) zum elektrischen Pumpen, wobei
die besagten Mittel den Durch- lauf elektrischen Stromes durch mindestens
eine bedeutende Anzahl dieser Paare in beiden DBR-Reflek- toren umfassen,
dadurch gekennzeichnet, daB der p-DBR-Reflektor eine geringere Anzahl
dieser Paare besitzt, aber durch einen metallischen Ref lektor (12) erginzt
ist und dal die dem metallischen Ref lektor 35       am nichsten liegende,
mit Phasenangleichs-DBR-Reflektorschicht bezeichnete DBR-Reflektorschicht
(11) in ihrer Starke relativzu derder nachsten DBR-Reflektorschicht mit
entsprechendem Brechungsindex eingestellt wird, um eine effektive
Stirkeverinderung aufgrund von eindringender Strahlung in benach- bartes
Material (12) zu kompensieren, wobei die Einstellung das
Reflektionsverm6gen durch Verringe- rung zerst6rerischer Stdrungen erh6ht
um, einen Hybridreflektor zu ergeben. 40 2.  Laser nach Anspruch 1, dadurch
gekennzeichnet, dal die Starke des aktiven Bereichs nicht mehr als 1 glm in
der Laserrichtung betragt. 3.  Laser nach Anspruch 2, dadurch
gekennzeichnet,'daB das Reflektionsverm6gen mindestens 98% an je- 45
dem Resonatorende betragt. 4.  Laser nach einem beliebigen der
vorhergehenden Anspruche, dadurch gekennzeichnet, dag der aktive Bereich
(1) im wesentlichen aus massivem Material besteht. 5.  Laser nach einem
beliebigen der Anspri'che I bis 3, dadurch gekennzeichnet, daM der aktive
Bereich min- 50       destens eine Mulde (31(a)) aktiven Materials umfaft,
das mittels Abstandsmaterials (31(b)) so positioniert ist, daS es im
wesentlichen in seiner Position mit einer Energiespitze einer rasonanten
Stehwelle wahrend des Betriebes des besagten Lasers ubereinstimmt. 6.
Laser nach Anspruch 5, dadurch gekennzeichnet, dan die oder jede besagte
Mulde eine Quantenmulde 55      ist. 7.  Laser nach Anspruch 5, dadurch
gekennzeichnet, dan die besagte Mulde eine ausreichende Starke in 



der-Laserrichtung besitzt, damit sie im wesentlichen Masseneigenschaften
aufweist 12    EP 0 395 315 BI             mu.  Liu   M .. 8. Laser nach
sinem beliebigen der Ansprilche 5 bis 7, dadurch gekennzeichnet, dali der
besagte aktive Be- reich mindestens zwei Mulden und mindestens drel R~ume
aufweist, urn Mulden an mindestens zwei Energiespitzen einer rdsonanten
Stehwelle w~hrend des Betriebes des besagten Lasers zu positionieren. 5 9.
Laser nach einem beliebigen der vorhergehenden Ansprriche, dadurch
gekennzeichnet, dali der besagte Laser elne, mindestens einer Oberflfiche
des besagten aktiven Berelchs benachbarte Begrenzungs- schicht (2, 3)
aufwelst zur Steigerung der Begrenzung freier elektrischer Triger innerhalb
des besagten aktiven Bereichs, wobei die besagte Begrenzungsschicht eine
EnergiebandlOcke besitzt, die grflier als 10      die der der
Begrenzungsschicht benachbarten DBR-Reflektorschicht ist. 10. Laser nach
Anspruch 9, dadurch gekennzeichnet, dall die besagte Begrenzungsschicht
vorm selben Leit- fihigkeitstyp als der des benachbarten DBR-Reflektors ist
und dali die Begrenzungsschicht eine wesent- liche Energieschwelle
darstellt, urn die Rilckinjektion von elektrischen Minoritfitstrigern zu
verringern. 15 11. Laser nach einem beliebigen der vorhergehenden
Anspr~3che, gekennzeichnet durch ein den besagten Resonator unterst~tzendes
Substrat (7). 12. Laser nach Anspruch 11, dadurch gekennzeichnet, dali das
besagte Substrateine bedeutendeAbsorption far Laserasustrahlung aufweistk
und daai in dem Substrat emn Loch (1 8) zumn Zugreifen aut Laserstrahiung
20      vorgesehen 1st. 13. Laser nach Anspruch 12, gekennzeichnet durch
eine das Loch durchlaufende Glasfaser (17). 14. Laser nach einemn
beliebigen der AnsprOche 11 bis 13, dadurch gekennzeichnet, dall der dem
Substrat 25      am nichsten liegende DBR-Reflektor n-Leitfihigkeit
besitzt. 15. Laser nach Anspruch 14, dadurch gekennzeichnet, dali der
elektrische Pumpenweg eine Elektrode (186, 46) an der Unterseite des
Substrates enthfilt. 30  16. Laser nach Anspruch 15, dadurch
gekennzeichnet, dali, der besagte elektrische Pumpenweg den metal- lischen
Reflektor aufweist 17. Laser nach Anspruch 16, dadurch gekennzeichnet, dali
sich zwischen dem besagten metallischen Re- flektor und dem darunter
tiegenden DBR-Reflektor eine Kontaktschicht (1 3, 43) befindet, die
ohmischen 35  Kontakt sicherstelit. 18. Laser nach einem beliebigen der
vorhergehenden Arnsprache,. dadurch gekennzeichnet, dali die
Phasenangleichs-DBR-Reflektorschicht den besagten niedrigen Brechungsindex
besitzt, und dali ihre Stirke in Strahlungsrichtung relativ zu der der
nichsten DBR-Reflektorschicht mit niedrigem Index ge- ringer ist. 40 19.
Laser nach Anspruch 18, dadurch gekennzeichnet, dali die Stirke der
Phasenangleichs-DBR- R eflektorschicht rund 25% geringer als die der
nichsten DBR-Reflektorschicht mit niedrigem Index ist. 20. Laser nach einem
beliebigen derAnsprOche I bis 17, dadurch gekennzeichnet, dali die
Phasenangleichs- 45       DBR-Reflektorschicht einen hohen Brechungsindex
besitzt, und dali ihre Stirke in Strahlungsrichtung re- lativ zu der der
nichsten DBR-Reflektorschicht mit hohem Index erh6ht ist. 21. Laser nach
Anspruch 20, dadurch gekennzeichnet. dali die Stirke der
Phasenangleichs-DBR- Reflektorschicht rund 50% gr6fler als die der
nlichsten DBR-Reflektorschicht mit hohem Index ist. 50 22. Laser nach
einern beliebigen dervorhergehenden Anspri~che, dadurch gekennzeichnet,
dali die besagten DBR- Reflektoren unterschiedliche chernische
Zusamnmensetzungen besitzen, woraus sich ein unter- schiedliches;
spektrales Reflektionsvermbgen ergibt, und daft das spektrale
Reffektionsverm8gen durch Einschllelien des besagten metallischen
Reflektors abgeflacht wird und damit der Resonatorwirkungs- 



55  grad relativ zu dem einer den besagten metallischen Reflektor nicht
enthaltenden Struktur erh6ht wird. 23. Integrierte Schaltung mit einer
Mehrzahl von Lasern nach einemn beliebigen der vorhergehendenAnspril- che.
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Revendications                                                * c   L   M S
* 1.  Laser a semi-conducteur A cavite verticale A pompage electrique
comportant une region active (1) dans s       une cavite dependant pour la
cavitation de deux reflecteurs de Bragg repartis (Distributed Bragg Reflec-
tors) (4, 8) comprenant chacun des paires successives de matiere d'indices
de refraction eleve et faible (5, 6, 9, 10), un des DBR (4) etant du type
de conductivite n et lautre (8) etant du type de conductivite p, ainsi que
des moyens (15, 16) pourassurer le pompage electrique, lesdits moyens
comprenantle passage de courant electrique a travers au moins un nombre
substantiel de telles paires dans les deux DBR, 10            caracterise
en ce que le DBR de type p comporte un nombre moindre de telles paires,
mais est assiste par un reflecteur metallique (12), et on ce que la couche
(11) de DBR la plus proche du reflecteur metallique, qualifiee de couche de
DBR d'accord de phase, est reglee en epaisseur par rapport A celle de la
couche de DBR suivante d'indice de refraction correspondant pour s'adapter
a la variation d'epais- seur effective due A la penetration d'emission dans
la matiere adjacente (12), le reglage augmentant la 15      reflectivit: en
diminuant les interferences destructrices, ce qui donne un reflecteur
hybride. 2.  Laser suivant la revendication 1, dans lequel l'epaisseur de
la region active n'est pas superieure a I IFm dans la direction de lasage.
20  3.  Laser suivant la revendication 2, dans lequel la reflectivite est
d'au moins 98% a chaque extremite de ca- vite. 4.  Laser suivant l'une
quelconque des revendications precedentes, dans lequel la reglon active (1)
est cons- tituee en substance de matiere massive. 25  5.  Laser suivant
l'une quelconque des revendications 1 A 3, dans lequel la region active
comprend au moins un puits t31 (a)] de matibre active maintenu en place au
moyen de matiere d'ecartement [31 (b)] de manibre a coincider en substance
en position avec un pic energetique d'une onde stationnaire de cavitation
pen- dant le fonctionnement dudit laser. 30  6.  Laser suivant la
revendication 5, dans 1equel ledit puits ou chaque dit puits est un puits
quantique. 7.  Laser suivant la revendication 5, dans lequel ledit puits
est d'une epaisseur suff isante dans la direction de lasage pour manifester
des caracteristiques de massivite substantielles. 35   8  Laser suivant
l'une quelconque des revendications 5 A 7, dans lequel ladite region active
comprend au moins deux puits et au moins trois espaces pour positionner des
puits au niveau d'au moins deux pics energetiques d'une onde stationnaire
de cavitation pendant le fonctionnement dudit laser. 9. Laser suivant l'une
quelconque des revendications precadentes, dans lequel ledit laser comprend
une 40       couche de confinement (2,3) adjacente A au moins une surface
de ladite region active en vue d'augmenter le confinementde porteurs
electriques libres dans ladite rbgion active, ladite couche de confinement
ayant une band. energetique interdite qui est plus grande que cell. de la
couche de DBR adjacente A la couche de confinement. 45   10. Laser suivant
la revendication 9, dans lequel ladite couche de confinement est du meme
type de conduc- tivite que celle du DBR adjacent et dans lequel la couche
de confinement presente une barriere energe- tique substantielle pour
reduire la reinjection de porteurs Alectriques minoritaires. 11. Laser
suivant l'une quelconque des revendications precedentes, comprenant un
substrat (7) supportant ladite cavite. 60 12. Laser suivant la
revendication 11, dans lequel ledit substrat manifest. une absorption
substantielle pour l'emission laser et dans lequel un trou (18) est prevu
dans le substrat pour I'acces de l'emission laser. 



13. Laser suivant la revendication 12, comprenant une fibre optique (17)
qui traverse le trou. 55 14. Laser suivantl'une quelconque des
revendications 11 A 13, dans lequel le DBR le plus proche du substrat est
du type de conductivite n. 15. Laser suivant la revendication 14, dans
lequel le trajet de pompage electrique comprend une electrode 14    I
II1I11I IIIII1 III1 tDi! 11 I!11 - (16, 46) sur le dessous du substrat. E
1 16. Laser suivant la revendication 15, dans lequel ledit trajet de
pompage electrique comprend le r6flecteur 5       metallique. 17. Laser
suivant la revendication 16, caract&eis en ce qu'une couche de contact (13,
43) est prevue entre ledit reflecteur metallique et le DBR sous-jacent,
ladite couche de contact assurant un contact ohmique. 18. Laser suivant
l'une quelconque des revendications prec6dentes, dans lequel la couche de
DBR d'accord de phase est dudit indice de r6fraction faible et dans lequel
son epaisseur, dans la direction d'emission, est diminnee par rapport A
celle de la couche de DBR d'indice faible suivante. 19. Laser suivant la
revendication 18, dans lequel l'6paisseur de la couche de DBR d'accord de
phase est inf6rieure d'environ 25% A celle de la couche de DBR d'indice
faible suivante. 15 20. Laser suivant I'une quelconque des revendications 1
A 17, dans lequel la couche de DBR d'accord de pha- se est d'un indice de
refraction elev6 et dans lequel son epaisseur, dans la direction
d'emission, est accrue par rapport A celle de la couche de DBR d'indice
eleve suivante. 20   21. Laser suivant la revendication 20, dans lequel
l'epaisseur de la couche de DBR d'accord de phase est sup6rieure d'environ
50% A celle de la couche de DBR d'indice eleve suivante. 22. Laser suivant
l'une quelconque des revendications precedentes, dans lequel lesdits DBR
sont de compo- sition chimique differente donnant des reflectivites
spectrales differentes et dans lequel la reflectivite 25       spectrale
est aplatie par inclusion dudit reflecteur m6tallique, augmentant ainsi
l'efficacite de la cavite par rapport A cello d'une structure excluant
ledit reflecteur metallique. 23. Circuit integre comprenant une pluralite
de lasers suivant l'une quelconque des revendications preceden- tes. 30 35
40 45 50 55 15    


