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arsenide and aluminum gallium arsenide, form the bottom dielectric mirror.
Next comes the active region 1. Technical Field
consisting of spacer (or barrier) regions embracing the active gain
material. The top mirror, again alter- The inventiontrelates to
electrically pumped, vert-   5   nating layers of material of differing
refractive index, ical cavity, surface emitting lasers which are top emit-
but this time p-doped completes the structure from ting. Such lasers may be
discrete or may be included  the optical standpoint. Design details are
adequately in integrated circuits as, for example, in laser arrays  set
forth in the literature. See K. lga et al, "Electronics or in
optoelectronic circuits.                        Letters", vol. 23, pp.
134-136 (1987); A. lbaraki et al, 10  "Japanese Journal of Applied Physics,
vol. 28, pp. 2. Description of the Prior Art
L667-L668 (1989). A single quantum well structure is described by Y. H. Lee
et al in "Electronics Letters', The vertical cavity, surface emitting laser
struc-  vol. 25, pp. 1377-1378 (1989). ture (SEL), is emerging as a
promising solution to the   Electrically pumped structures, those of
greatest recognized need for inexpensive, reliable laser struc-   15
interestformostuses, generally bias the active region tures. Its
two-dimensional nature, with its very small  through the mirrors, which as
indicated above, are active gain region volume translates into the low las-
doped so as to result in the typical p-i-n configuration. ing threshold
currents which relieve the problem of   Most devices have depended upon top
electrodes, in- heat dissipation. While the SEL is certainly of Interest,
line with the lasing direction. While this is a conve- as a discrete
device, It Is regarded by many as a sig-   20   nient arrangement, such top
electrodes are generally nificant potential breakthrough in terms of
integra-  metallic and of such thickness as to preclude top tion-both
all-optical and opto-electronic. Contemplat-  emission, so that devices
generally depend upon ed uses include optical switching/computing, photon-
emission through the substrate. For (usual) GaAs Ic interconnection
high/low power lasersources, im-  substrates, the increased emission
wavelength re- age processing, neural networks, etc.           25  suiting
from indium Inclusion in the gain region (use Reported structures have
active regions based     of lnGaAs active gain material) permits
transmission on gallium arsenide or Indium gallium arsenide in the  without
modification of the substrate. Use of GaAs form of one or more quantum
wells, or, alternatively,  active gain material (to which the substrate is
absorb- of bulk material. Efficient devices have placed active  ing) has
been accommodated by etch-removal of in- gain material, whether quantum
wells or bulk, at pos-  30  line substrate. itions corresponding with peak
intensity values of the   A structural variation depends upon a "hybrid"
standing wave, with inert (non-gain) filler material  mirror on the p-type
side of the cavity- a mirror includ- elsewhere.
ing a conventional metallic reflecting layer supple- As the dimension of
the active region is reduced  mented by a dielectric mirror containing a
lesser num- in the lasing direction (to yield lowest lasing threshold   35
ber of dielectric pairs. In this manner, the contribution values),
Increased cavity reflectance Is needed to ac-  of increased resistance, due
to low hole mobility in the commodate the correspondingly reduced per-pass
p-doped dielectric mirror layers is lessened while still gain. Needed
reflectance values for each cavity end,  realizing the high reflectance
offered by the distribut- generally 98+%, may be in the 99.4-99.9% range
for    ed dielectric structure. low gain devices, with the latter value
corresponding   40  Whether the top metal layer serves the simple with the
ultimate single quantum well structure. Such  function of electrode, or
whether it serves as a por- reflectance values generally depend upon
distributed  tion of the mirror, the effect is the same - it is opaque
dielectric mirrors, sometimes referred to in terms of  to laser emission
and so precludes top surface emls- the prototypical distributed Bragg
reflector (DBR).  sion. Such mirrors are made up of "periods" each
including   45  While the desirability of top surface emission has paired
layers of material, transparent to and of differ-  been recognized, for
example, for use in expediently ent refractive index for the emission
wavelength.     manufactured displays, structural approaches have Design
criteria of dielectric mirrors are, well    been expensive. One approach,
which relies upon lat- known, See, for example, M. Born and E. Wolf, "Prin-
eral introduction of biasing current into the active re- ciples of Optics",
Pergammon, N.Y. (1964), p. 51 and   50   gion, uses etching, regrowth and
diffusion. See M. J. P. Van der Ziel and M. liegems, "Applied Optics",
Ogura et al., "Applied Physics Letters", vol. 51, p. vol. 14, no. 11, (Nov.
1975).                         1655 (1987). Reported structures for the
most part are con- structed by epitaxial growth on an inert substrate. A
Summary of the Invention characteristic device is grown on silicon-doped n+
55 conductivity type gallium  arsenide by molecular         The invention
consists of an apparatus compris- beam epitaxy (MBE). Initially grown
material, in this  ing at least one electrically pumped, vertical cavity,
instance n-doped alternating layers of e.g. aluminum  surface emitting
laser, as defined in claim 1, and of a 2    
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fabrication  of such an apparatus, as de-  top surface emitting SEL. Choice
of materials is ulti- fined in claim 13.
mately dependent upon desired laser characteristics, The invention is
concerned with top surface emit-  e.g. emission wavelength. Substrate
composition Is, ting, vertical cavity, surface emitting lasers. Stru-  in
the usual instance, independent of considerations tures of the invention
depend upon use of a (non-hy-   5   relating to laser emission wavelength.
Under certain brid) distributed dielectric mirror on the upper cavity
circumstances, however, where emission on the sub- end. In-line electrodes
are avoided by peripheral cur-  strate side of the cavity may be desired,
e.g. to mon- rent Injection which leaves the relevant portion of the  itor
top surface emission, it may still be desirable to top mirrorunobstructed.
Efficient current Introduction  choose a substrate which is appropriately
transpar- into the active gain region is assured by a resistivity  10  ent.
In usual fabrication, which is dependent upon epi- profile created by ion
bombardment-induced crystal-  taxiaily growth, choice of substrate will
entail lattice line damage (referred to herein as "ion implantation")
parameters, etc. ldeal waist-like profiling with the "waist about or
Operating devices, to date, have been epitaxialy slightly above the active
region is the consequence of  grown on a substrate 10, which in the working
exam- choosing the ion mass and energy to result in the   15  ple Is
Si-doped n+GaAs (typically 200 to 500 pm thick, highest resistance at such
a depth - referred to herein  uniformly doped at [err]  Epitaxial growth,
as "buried damage layer". While examples depend     initially of the n-type
mirror layers, may be by metallo- upon the generally preferred H (proton),
since requir-  organic chemical vapor deposition (MOCVD) (see R. ing least
energy and having little harmful device con-  D. Dupuis et al, Appl. Phys.
Letters, Vol. 31, p. 201 sequence, other ions may serve. Preferred embodi-
20  (1978)), MBE (see A. Y. Cho, J. Vac. Techno., Vol. 8, ments rely upon
thermal annealing to lessen implan-  p. 531 (1971)), etc. For the working
example, MBE tation damage at the heavily doped surface  and     was used
to grow a 26,5 pair quarter-wave stack mir- thereby to improve conductivity
nearthe top of the up-  ror having a reflectance peak corresponding with
the per mirror.                                         850 nm. emission
wavelength. The bottom or n-type Preferred structures, in accordance with
the in-  25   mirror consists of [err] (layers 11, 12 of vention, further
minimize resistance at least within  710.8 A and 604.8 A thickness,
respectively, where the upper mirror by use of known superlattice or step
IA = [err] m.). Both layers 11 and 12 are Si doped to layers between
dielectric mirror members or pairs.  3x [err] . See J. L. Jewell et al,
"Optic. Engineering", vol. 290,  FIG. 1 depicts an active region 13
consisting of p. 210 (1990).                                 so  an active
gain region 14 sandwiched between two As in prior art structures, it
continues to be con-  spacer layers 15. The overall thickness of region 13
venient to p-dope the upper mirror. The invention ap-  is such as to
support an integral number of half wa- proach, however,  is suitably
applied to the Inverse  velengths of the laser emission as permitted by the
structure in which  the top mirror is n-doped.      band structure of the
active gain material. Placement 35   of the active gain region 14 at the
center of active re- Brief Description of the Drawing
gion 13 places it at a position of maximum intensity for the working
example (which provided for a one wa- FIG. 1 Is a schematic elevational
view depicting  velength standing wave). The precise dimension Is, a
substrate and layered structure illustrative of those  within permitted
limits, determinative of the realized contemplated by the invention.
40  laser emission wavelength. For the particularworking FIG. 2, again, a
schematic elevational view, de-  example, the active gain region 14
consisted of four picts an operating device of the structure of FIG. 1 as
GaAs layers 16 of approximate thickness 100 Asepa- completed.
rated by 70 A thick barrier layers 17 of [err] FIG. 3 is a plan view of a
typical apertured elec-  [err] In which x = 0.3). The sandwiching spacer
trode as used on she device of FIG. 2.         45  layers 15 approximately
963 A in thickness were also FIG. 4, on coordinates of output power and
pump  of [err] with x = 0.3 adjacent the active gain re- current, shows
typical lasing threshold and lasing  gion 14 and graded to a value of 0.5
adjacent the in- characteristics of laser of the invention.
nermost mirror layers 11 and 18. The graded compo- sition within spacer
regions 15 serves to confine car- Detailed Description
50   riers within the active gain region 14. For brevity, the active region
13 is largely dis- FIG. 1
cussed in terms of one or a few quantum wells. The inventive teaching is
equally applicable to bulk active FIG. 1 serves as the basis for general
discussion  gain regions, as well as, to active regions containing relating
to design materials, etc. as well as for spe-  55  larger numbers of
quantum wells. cific discussion concerning an experimentally dem-     In
the example, the top mirror reflectance con- onstrated working example.
sisted of 19 periods of Be-doped mirror layers of AlAs This figure depicts
the generally contemplated   18 paired with [err]  layers 19. Useful
conduc- 3    
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characteristics in this example resulted from  ness of 6 [err] While
conventional, single layer, pho- beryllium doping df [err] for the first
two periods ad-  toresistlithography served to provide a working laser,
jacent the active region through [err] for the next  a multilevel resist
approach better assures vertical fourteen periods and increasing to a
maximum level  resist edges. A typical trilevel resist process as now of
[err] for the topilayer. As shown In detailed view of   5   practiced,
entails a first photoresist layer of 5 or 6 [err] a period 20. conductivity
in the upper mirror is further  thickness followed by [err] 500 A thick
layer of e.g. Cr or increased by paired layers 21 and 22 of intermediate
Au followed by a 1 [err] thick photoresist layer. Follow- energy bandgaps
within each 18, 19 dielectric pair.  ing exposure and developmentto produce
the desired For the particular example, layer 21 (x = 0.4) of thick-
pattern in the 1 pm layer, the metal layer Is etched, us- ness 95.5 A and
layer 22 (x = 0.7) of thickness 101 A   10  ing the top resist pattern as a
mask. Dry etching, (e.g. separated layer 19 (x = 1) of thickness 604.2 A
from  reactive oxygen ion etching) of the thick underlying layer 18 (x = 0.
15) of thickness 514.1 A - all again in  photoresist is carried out under
conditions to obtain the composition [err] to yield a half wave-  the
desired vertical edges with the remaining metal length period for 850 nm.
wavelength emission.     serving as the mask. Both approaches accomplish
the desire - that of  15  Following photolithographic definition, 1000 A
electrical conductivity increase in a manner to have  thick electrode
material (for the p-type side, Au/Zn) least detrimental effect on device
operation. In-  was deposited from an alloy source by therma evap- creased
significant impurity in the upper mirror rep-  oration. For the particular
working example dis- resents a reasonable compromise since any reflec-
cussed above, the electrode layer was retained as a tance decrease is of
lesser significance there. Simi-  20  continuous layer during ion
implantation. larly, use of intermediate bandgap material between    Ion
implantation is chosen such as to result In mirror layers has a net
positive effect. Further im-  peak damage (peakresistance) atthe depth of
the ac- provement may be realized by introduction of metal  tive region and
in lowest damage (lowest resistance) dopant, e.g. by elemental zinc which
may be thermally  at the surface. Appropriate acceleration energies for
diffused from the free surface.               25  various ion species are
readily calculated. See, for As is known  interpositioning of intermediate
example, "ion Implantation - Science & Technology", bandgap material layers
such as 21 and 22 substan-  edited by J. F. Ziegler, Academic Press (1984)
pp. 51- tially reduces electrical resistance while affecting re-  108 (ISBN
# 0-12-780620-2). For the example in flectance only to a minor extent. See
J. L. Jewell et al,  which the active gain region was at a depth of about
"Optic. Engineering", vol. 29, p. 210 (1990). Opti-  30  2.5 [err] from the
top surface, 300 keV [err] Ions for an mized structures may interpose
material on both    implantation dose of 5x [err] was effective In in-
sides of the mirror pair or may use many thin layers  troducing damage
sufficient to result in sheet resis- to produce a superlattice. As shown,
the interposed  tance greater than [err] ohms per square peaking at a steps
are in the p-type side mirror where most need-  depth of [err] 2.3 [err]
Thermal annealing at [err] for ed. Under some circumstances, it may be
desirable to  35  thirty seconds reduced the lesser damage-induced reduce
resistance in the n-type mirror as well by sim-  resistance in the topmost
1.5 [err] surface region to a ilar techniques.
sufficient extent for the results reported. Implants- FIG. 1 is
illustrative only. For example, while not  tion/annealing conditions were
not optimized in terms explicitly shown, substrate layer 10 was, In the
work-  of minimum lasing threshold. ing example, coated with a thin layer
of vapor depos-  40  It Is useful to consider both the nature and mag- ited
material of the identical composition to better as-  nitude of implant
damage. Two considerations are of sure a defect-free epitaxial growth
surface.       primary consequence to the inventive teaching - 1) the
lateral damage gradient at the buried peak dam- Fabrication
age level which must both result in the gradient es- 45  sential to the
funnel-like current path to properly bias This section deals with
fabrication steps of partic-  the active gain material while leaving the
material ular relevance to the Inventive advance. While the or-  within the
laser pillar substantially undamaged  and 2) derof the fabrication steps as
practiced, as well as the  the vertical damage gradient from the buried
peak to precise nature of the steps themselves may be var-  the surface on
which the ions are first incident in order led, It is convenient to discuss
fabrication in terms of  50  to retain sufficient conductivity for. desired
lasing the procedures used in construction of the working  threshold. For H
and He, assuming minimal spectral example discussed above.
energy spread, the full damage width in GaAs (rea- The top surface of the
structure of FIG. 1 was  sonably representative of contemplated semiconduc-
provided with resist masking both atop the laser post.  tor materials) is
0.5 [err]. For these purposes, damage The purpose was both to mask
underlying region  55   width is defined as encompassing the damaged re-
from ion damage and to serve for lift-off definition of  gion over which
damage is at a minimum of 0.5 of electrodes. For ion-damage conditions to
be descri-  maximum (for these purposes, the damaged region is bed,
effective masking required masking layer thick-  considered circular with
peak damage occurring at 4    
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larger ions, such as that of O, the   A similar implant damage profile is
obtainable damage width is somewhat greater.                  with other
ions such as He and O. For He, required im- Under practcal  operating
conditions, it has been  plant energy and dose are 800 keV and [err]
possible to obtain peak buried damage at [err] 2.3 [err]  cm-2,
respectively. For 0, required implant energy which is an order of magnitude
greater than that with-   5   and dose are 3 MeV and [err]  respectively.
In the first [err] deep layer at the incident surface. As  The terminology
"ion implantation" is convention- indicated, preferred procedures herein,
which may  ally used to describe the above procedure. Under entail
annealing, somewhat increase this gradient. It  most circumstances, damage
centers indeed contain is of some value to estimate the actual magnitude of
implanted material - in this instance, hydrogen. Ther- the damage as
introduced by contemplated dosage.  10   mal annealing, as practiced, is
not expected to result For dose of [err]  it is estimated that damage  in
substantial evolution of the Implanted material. Fur- may peak at a level
of [err]  As Is well known to  ther, in general, annealing at sufficiently
elevated those familiar with these phenomena, such numbers  temperature to
liberate even hydrogen, cures the are only approximate and, to a certain
extent, may be  damage. The inventive teaching is not to be limited to even
transitory-depending upon the degree of dis-  15  any such assumed state,
it being required only thatre- placement, some fraction of the induced
damage may  sistance increase be realized by Ion bombardment, self-anneal
at operating temperatures.             and, In preferred instances, that
resistance increase The mechanism whereby damage is introduced      be
lessened primarily in the region aboutthe upper di- by ion implantation is
known, for example, from "ion  electric mirror by annealing. Implantation -
Science and Technology" cited above.  20  Liftoff - for the working
example, immersing In Statistically, a hydrogen atom displaces five dopant
acetone or photoresist stripper (e.g. Baker PRS2000) carriers so that the
five metal dopant atoms, e.g. Be,  at a temperature of [err] for a period
of twenty min- do not substantially contribute to conductivity. While
utes, completed the structure as depicted in FIG. 2. the statistical
observation may be somewhat depend-  Specific conditions for providing
substrate electrode ent on dopant density, to a first approximation, In-
25  contact are not critical to the Inventive teaching. duced damage over
the concerned region - from in-      Where lasers of the invention are part
of integrat- cident surface through peak depth - may be consid-  ed
circuits, e.g. laser arrays, there is a need to Isolate ered as linearly
related to the collision profile. The or-  individual lasers. Physical
isolation may take the usu- der of magnitude 1 pm to 2.3 [err] damage
profile ob-  al form of chemical etching. Where electrodes were served in
the implant direction may, therefore, be rep-  30  separated by liftoff,
electrical isolation of Individual resentative of an [err] order of
magnitude collision pro-  lasers may be completed with wet chemical
etching, file.                                              perhaps to a
depth of 2.5 [err] using [err] From  the operational standpoint, passage
based etches. Ion implantation, now using a broad ion through the active
gain region of a minimum of 50%  energy spectrum to realize reasonably
constant dam- of the introduced biasing current is generally obtain-  35
age from the surface to the depth of the active region, able with
contemplated damage profiles. For most   may accomplish the equivalent
electrical isolation purposes, particularly for high degree of integration,
while maintaining planarity. (This is in contrast to the this is a
desirable minimum. Under certain conditions,  ion implantation damage
serving to create the con- biasing current passing through the active gain
region  ductivity profile in which energy spectrum is deliber- has been at
levels at 90% or better, again as ex-  40  ately narrow, and peaking at a
value to produce the pressed in terms of total biasing current introduced
desired buriedlayerwhileonlyminimallyaffectingthe through the top
electrode.                         first [err] surface region.) The minor
conductivity Impairment observed at      There are circumstances under
which shallow the centerofthe laser pillar suggests that the damage
etching of material surrounding the top of the laser gradient In the
lateral direction is of the same order as   45   may expedite processing.
Etching - perhaps to a that in the vertical direction. For an aperture of
[err]  depth of 1000 A units or less - may expedite locating this would
suggest that the degree of angular deflec  the laser and aid in
registration. tion due to scattering again results In a [err] order of
magnitude decrease in implant-induced damage.     FIGS. 2-3 This estimate,
since based only on initial experimen-  50 tal results, must be considered
only as approximate.   FIG. 2 is a front elevational view schematically It
is likely that optimized conditions will result In a  representative of the
structure of FIG. 1 now with top steeper lateral gradient to retain
substantially unim-  electrode 23 as provided with aperture 24 and also
paired conductivity atthe centerofthe pillar. As an ex-  with bottom
electrode not shown. To the extent that ample, use of a carefully
controlled trilevel resist pro-  55  this figure is representative of the
working example, cedure will result in more nearly vertical resist edges
It has been simplified, forexample, byreduction in the to, in turn, produce
more nearly uniform diameter  number of mirror layers in the interest of
simplifying electrode apertures.                               discussion.
The structure has now been implant-    9                   EP 0 452 032 B1
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damaged in accordance with the inventive teaching    cation procedures, as
eventually optimized, may per- with damage depicted in portions of layers
15, 18 and  mit smaller diameter. A relevant consideration con- 19
surrounding the relatively undamaged active re-  cerns etching - etching of
the relatively thick ([err] 6 [err] gion within the laser column. Degree of
damage is de-  resist used to effectively mask ion implantation, was picted
in terms of shading with shading being most in-   5   done by simple wet
etching. Resulting sloped edges tense within layer 14 and diminishing in
both direc-  likely result in corresponding variations in the elec- tions
through layers 15, 18 and 19. While not shown  trode aperture as produced
by liftoff. Substitution of on the figure, Implant damage in layers 11 and
12 ad-  a different etch technique, e.g. using a trilevel resist jacent
active region 13 is of the same approximate   may result in more nearly
vertical edges to achieve a magnitude as that of adjacent layers 18 and 19.
10  pillar diameter closerto the nominal diameter. (For ex- Broken lines 26
define the columnar portion of  ample, if sloping results in a least
diameter aperture the overall structure (the "pillar") within which lasing
of [err] 2 or 3 [err] for a nominal 5 [err] dimension, It follows occurs.
This portion, the laser itself, is part of a larger  that the aperture size
may be a uniform [err] 2 or 3 [err] layered structurer with layers
generally continuous -  without sustaining additional edge loss).
Experimen- generally extending through the structure and en-  15  tally,
apertures of 5, 10, 15,20 and 30 [err] have func- closed columnar portion
without interruption (al-   tioned. Smaller apertures, even though
sometimes though as described layer regions outside the column  requiring
relatively larger electrodes are generally re- are selectively ion
implant-damaged). As also descri-  quired, particularly in integrated
circuits, for greater bed, there are circumstances under which shallow
packing density. etching in the region surrounding the laser is useful -
20  FIG. 2 depicts the laser in its operating state with to such extend as
many as ~10 surface layers may,   currents introduced from source not shown
via elec- in this sense, be discontinuous.                    trode 23
resulting in current paths 25 which, in follow- The columnar portion which
for the aperture 24    ing the conductivity profile resulting from ion
implant shown, Is generally circular in cross-section, is phys-  damage,
converge within the active gain region within ically defined primarily in
terms of damage, which, in  25   a laser column. turn, is restricted to
regions outside the columnar por-  Not shown In FIG. 2 is the gold
electrode plated tion by the resist region used for liftoff. While for pe-
on the underside of silicon substrate 10. In the work- dantic purposes, it
is useful to show damage in terms  ing example the finished device was
mounted on a of sharply demarked shading, actual damage is       copper
plate. somewhat graded particularly at columnar surface   30   FIG. 2
clearly depicts the structure and operating 26. This is also true with
respect to the layers, so that  mode common to all devices of the
invention. Under magnitude of damage does not change precipitously,
certain circumstances, where it may be desirable, for but is, rather,
gradually changing, e.g. between layers  example, for monitoring purposes,
It may be useful to 14 and 15.
provide for laser emission on the substrate side as FIG. 3 is a top view of
an electrode 23 including   35   well. Such may be accomplished by well
known aperture 24. For the particular working example, the  means, e.g. by
removal of substrate in position locally electrode, of elemental gold, was
of 40 by 60 [err] The  corresponding with the columnar laser or by through-
rectilinear configuration, as well as the offset aper-  transmission where
circumstances permit (e.g. where ture 24, are of no special consequence. A
variety of  active gain material consists of lnGaAs emitting at
design/operation considerations may dictate a differ-  40   wavelength
longer than the absorption region of a ent configuration. In general, a
symmetrical electrode  GaAs substrate). structure with largest area
permitted (corresponding with the upper surface of the individual Isolated
devic-  FIG 4 es) are preferred.,increased area results in reduced current
density, and may lessen heat dissipation   45   The power - current
characteristic shown in this need particularly  structures in which the upp
sur-  figure Is of the general shape observed in SELs of the face is that
of the   oped mirror.                  invention. The particular values
correspond with a The working example and other such devices that  CW laser
having a 10 [err] diameter laser qolumn (a 10 have been constricted were
only gain-guided -,guid-  [err] diameter electrode aperture). The
particular de- ed in terms of peak current density in accordancp with  50
vice had a lasing threshold of 2.2 mA at room temper- the damage-induqed
resistance profile. Such struc-  ature. Up to 3.6 mA, the laser light is
mostly horizon- tures were optically unguided. This consideration re  tally
polarized with a fundamental Gaussian trans- sults in a preference for
laser columns, and, there-  verse mode profile. Over 3.6 mA, vertically
polarized fore, in aperture diameters sufficiently large to mini-  light
also begins to show up with characteristic TEM mize optical edge scattering
losses (which increase  55   01 mode shape. The kink at 3.6 mA in FIG. 2
shows lasing threshold).. Experimentally, thus far, pillar di-  the onset
of a new transverse mode with vertical po- ameters of [err]5 [err] have
been considered the minimum  larization. Above 5 mA, a circular
doughnut-shaped acceptable. As elsewhere discussed, however, fabri-  mode
is observed. Lasing wavelengths red-shift with 6    11 EP 0 452 032 B1
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currents, from 845 nm (at lasing threshold) to 847 nm    gain material (14)
and a second multilayerdielec- (6mA).A continuous output power of 0.6mW is
meas-            tric mirror (18,19,21,22), both of said dielectric ured
with 5.5 mA,without heatsink at room tempera-     mirrors depending for
reflectivity upon Inclusion ture. At higher currents, the output power
decreases      of a plurality of pairs of mirror layers of differing due to
thermal effects as shown in FIG. 4. Differential   5  refractive index for
the wavelength of laser emis- quantum efficiency is about 20% for currents
less        sion, said mirrors being doped with significant than 3.6 mA and
decreases for higher currents           impurityone such mirror region
being doped p-ty- Using 150-ns pulses at 1% duty cycle, typical las-     pe
and the other n-type, said laser being provided Ing thresholds are 2.2,
3.5, 5.6, and 10.2 mA for 10,    with pumping means for electrically
pumping ac- 15, 20, and 30 pm diameters, respectively. The cor-  10  tive
gain material to achieve lasing, said means responding lasing threshold
current densities per        including an electrode (23) in electrical
contact quantum well are 700, 500, 450 and 360 A/ [err] re-       with said
second multilayer dielectric mirror, said spectively. Larger diameter
lasers experience less       electrode being provided with an aperture (24)
diffraction and diffusion losses, which results in low-  permitting laser
emission therethrough, er lasing threshold current densities. These
threshold   15    characterized In that said larger layered current
densities per quantum well are only slightly     structure has an
electrical conductivity profile higher than that of the lowest lasing
threshold current  which causes current introduced into said elec- single
quantum well edge-emitting laser. Differential    trode to follow a path
(25), initially encompassing quantum efficiencies are about 20% for all
sizes.        and non-encroaching on said columnar portion It has been
convenient to discuss lasers of the In-  20  and subsequently encroaching
on said columnar vention largely in terms of discrete devices. As earlier
portion so that a significant part of such current stated, significant
promise for the inventive advance     passes through the said active gain
region of said is in the various forms of integration. The simplest
columnar portion to achieve lasing, whereby las- such "integrated circuit"
consists of a single SEL pro-   er emission passes through the said
aperture, in vided with necessary biasing circuitry. More complex    25
which the said path is to a substantial extent a circuits may take the form
of all optical e.g. laser ar-  consequence of a buried region of increased
rays, or alternatively, of optoelectronic integrated cir-  electrical
resistance, said buried region encom- cuits (OEICs).
passing the said columnar portion and the said in- The inventive teaching
is concerned with the im-      creased electrical resistance being the
conse- plant damage-induced profile discussed. For expe-   30   quence of
ion implantation damage, whereby the diency, teaching has been in terms of
relatively sim-   resistance of said buried region is vertically grad- ple
devices, generally using GaAs-based active gain      ed from a peak value
at the depth of the active re- material. Flexibility in laser emission
wavelength is    gion to a lesser values within said second multi- offered
by use of other materials. See, for example,     layer dielectric mirror.
"long Wavelength Semiconductor Lasers", by G. P.  35 Agrawal and N. K.
Dutta, Van Nostrand, Reinhold,     2. Apparatus of claim 1 In which said
active gain N.Y. (1986), ISBN #0-442-2-0995-9 and "GaAs Tech-
material consists essentially of a compound sem- nology", edited by D. K.
Ferry, H. W. Sams, Inc., In-    iconductor. dianapolis, Indiana, (1985)
ISBN #0-672-22375-9. These references describe a number of compound   40
3. Apparatus of claim 1 in which said at least one semiconductors, III-V
and II-VI, as well as ternary and   layer of active gain material Is a
quantum well. higher order compositions. Further flexibility Is af- forded
by use of non-linear elements e.g. to increase  4. Apparatus of claim I in
which said at least one or decrease frequency.
layer of active gain material is sandwiched be- 45       tween layers of
spacer material, said spacer ma- terial being a non-gain material in terms
of lasing. Claims Claims                                5. Apparatus of
claim 1 in which resistance is grad- 1. Apparatus comprising at least one
electrically       ad vertically by at least one order of magnitude pumped,
vertical cavity, surface emitting laser,  50  from a maximum value at the
peak resistance of said laser being a columnar portion of a larger
the said buried region to a lesser value within a layered structure
constructed primarily of semi-      region of the second layered dielectric
mirror conductor material, substantially all of the layers   near the said
electrode. of the said larger layered structure being contin- uous
throughout the said columnar portion, said  55  6. Apparatus of claim 5 In
which the ion implantation structure Including in order, a substrate (10),
a     damage consists essentially of hydrogen ion im- first multilayer
dielectric mirror (11,12), an active  plantation damage as indicated by
inclusion of region (13) containing at least one layer of active   hydrogen
in concentration approximately scaling 7    11                  EP 0 452
032 B1                   12 



currents, from 845 nm (at lasing threshold) to 847 nm   gain material (14)
and a second multilayer dielec- (6 mA). Acontinuous output power of 0.6 mW
is meas-       tric mirror (18,19,21,22), both of said dielectric ured with
5.5 mA, without heatsink at room tempera-         mirrors depending for
reflectivity upon incusion ture. At higher currents, the output power
decreases     of a plurality of pairs of mirror layers of differing due to
thermal effects as shown in FIG. 4. Differential   5  refractive Index for
the wavelength of laser emis- quantum efficiency is about 20% for currents
less         sion, said mirrors being doped with significant than 3.6 mA
and decreases for higher currents          impurity one such mirrorregion
being doped p-ty- Using 150-ns pulses at 1% duty cycle, typical las-   pe
and the other n-type, said laser being provided ing thresholds are 2.2,
3.5, 5.6, and 10.2 mA for 10,    with pumping means for electrically
pumping ac- 15, 20, and 30 [err] diameters, respectively. The cor-  10
tive gain material to achieve lasing, said means responding lasing
threshold current densities per        including an electrode (23) In
electrical contact quantum well are 700, 500, 450 and 360 A/ [err] re-
with said second multilayer dielectric mirror, said spectively. Larger
diameter lasers experience less      electrode being provided with an
aperture (24) diffraction and diffusion losses, which results in low-
permitting laser emission therethrough, er lasing threshold current
densities. These threshold   15    characterized in that said larger
layered current densities per quantum well are only slightly     structure
has an electrical conductivity profile higher than that of the lowest
lasing threshold current  which causes current Introduced Into said elec-
single quantum well edge-emitting laser. Differential    trode to follow a
path (25), initially encompassing quantum efficiencies are about 20% for
all sizes.        and non-encroaching on said columnar portion It has been
convenient to discuss lasers of the in-  20  and subsequently encroaching
on said columnar vention largely in terms of discrete devices. As earlier
portion so that a significant part of such current stated, significant
promise for the Inventive advance    passes through the said active gain
region of said is In the various forms of Integration. The simplest
columnar portion to achieve lasing, whereby las- such "integrated circuit"
consists of a single SEL pro-  er emission passes through the said
aperture, in vided with necessary biasing circuitry. More complex   25
which the said path is to a substantial extent a circuits may take the form
of all optical e.g. laser ar-  consequence of a buried region of increased
rays, or alternatively  of optoelectronic integrated cir-  electrical
resistance, said buried region encom- cuits (OEICs).
passing the said columnar portion and the said in- The inventive teaching
is concerned with the im-     creased electrical resistance being the
conse- plant damage-induced profile discussed. For expe-   30   quence of
ion implantation damage, whereby the diency, teaching has been in terms of
relatively sim-   resistance of said buried region is vertically grad- ple
devices, generally using GaAs-based active gain      ed from a peak value
at the depth of the active re- material. Flexibility in laser emission
wavelength is    gion to a lesser values within said second multi- offered
by use of other materials. See, for example,     layer dielectric mirror.
"long Wavelength Semiconductor Lasers", by G. P.  35 Agrawal and N. K
Dutta, Van Nostrand, Reinhold,    2. Apparatus of claim 1 in which said
active gain N.Y. ( 1986), ISBN #0-442-2-0995-9 and "GaAs Tech-
material consists essentially of a compound sem- nology", edited by D. K
Ferry, H. W. Sams, Inc., In-     iconductor. dianapolis, Indiana, (1985)
ISBN #0-672-22375-9. These references describe a number of compound   40
3. Apparatus of claim 1 in which said at least one semiconductors, III-V
and II-VI, as well as ternary and  layer of active gain material is a
quantum well. higher order compositions. Further flexibility is af- forded
by use of non-linear elements e.g. to increase  4. Apparatus of claim 1 in
which said at least one or decrease frequency.
layer of active gain material is sandwiched be- 45      tween layers of
spacer material, said spacer ma- terial being a non-gain material in terms
of lasing. Claims 5. Apparatus of claim 1 in which resistance is grad- 1.
Apparatus comprising at least one electrically       ed vertically by at
least one order of magnitude pumped, vertical cavity, surface emitting
laser,  so  from a maximum value at the peak resistance of said laser being
a columnar portion of a larger      the said buried region to a lesser
value within a layered structure constructed primarily of semi-     region
of the second layered dielectric mirror conductor material, substantially
all of the layers  near the said electrode. of the said larger layered
structure being contin- uous throughout the said columnar portion, said  55
6. Apparatus of claim 5 in which the ion implantation structure including
in order, a substrate (10), a    damage consists essentially of hydrogen
ion Im- first multilayer dielectric mirror (11,12), an active  plantation
damage as indicated by inclusion of region (13) containing at least one
layer of active  hydrogen in concentration approximately scaling 7    13
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with the degree of implantation damage.        15. Method of claim 14 in
which said patterned resist is covered by a continuous layer of electrode
ma- 7. Apparatus of claim 1 In which conductivity doping    terial (23)
during bombardment and in which elec- is substantially uniform within
layers of the said   trode material above the patterned resist is re-
larger layered structure.                   5       moved subsequent to
bombardment by liftoff. 8. Apparatus of claim  7 in which doping is graded
In a direction orthogonal to the layers of the said  Patentanspriche larger
layered structure with at least the mirror layer nearest to the said
electrode more heavily  io  1. Vorrichtung mit wenigsatns elnem elektrisch
ge- doped than the mirror layers embracing the said     pumpten,
oberflachenemittlerenden Laser mit active region.
vertikaler Kavitat, bel weicher der Laser ein sau- lenartigerAbschnitt
elnergr6Beren Schlchtstruk- 9. Apparatus of clalm 8 in which the mirror
layer      tur 1st, die hauptsachiich aus Halbleitermaterial nearest to the
said electrode Is doped to approx-  15  aufgebaut ist, wobel Im
wesentlichen alle Schich- imately the maximum permitted short of resulting
ten der gr6Seren Schichtstruktur im Verlauf des in significant device
consequent impairment.        saulenartigen Abschnitts zusammenhfingend
sind, wobel die Struktur In Folge eln Substrat 10. Apparatus of claim I In
which said active gain      (10), einen ersten dielektrischen
Mehrlagenspie- material consists essentially of GaAs.      20      gel (11,
12), elnen aktiven Bereich (13), der we- nigatens eine Schicht von aktivem
Verstarkungs- 11. Apparatus of claim I in which said active gain
material (14) enthilt, und elnen zwelten dielektri- material consists
essentially of [err]        schen Mehrlagensplegel (18, 19, 21, 22)
enthilt, wobei beide dielektrischen Spiegel fOrdas Refle- 12. Apparatus of
claim 1 in which said active  gain  25  xionsverm6gen eine Vielzahl von
Paaren von material consists essentially of [err]         Spiegeischichten
mltverschiedenem Brechungs- Index fOr die Wellenlinge der Laseremnission
um- 13. Method of fabrication of the apparatus of claim I   fassen, wobei
die Spiegel mit einer merkdichen comprising at least one electrically
pumped  vert-   Verunreinigung dotiert sind, wobel ein derartiger ical
cavity, surface emitting laser, said method   30  Splegelbereich p-dotlert
ist und der andere n-do- comprising epitaxially growing upon a substrate
tiert  ist,  wobel  der  Laser  mit  olner (10) a structure comprising a
plurality of layers   Purnpeinrichtung fOr das elektrische Pumpen
consisting essentially of semiconductor material,   des aktiven
Verstarkungmaterlails zum Errel- said layers forming in order of growth a
first mul-  chen von Lasern versehen ist, wobei die Einrich- tilayer
dielectric mirror (11,12), an active region   35  tung aine Elektrode (23)
in elektrischem Kontakt (13) containing at least one layer of active gain
zu dem zweiten dielektrischen Mehrlagenspiegel material (14) and a second
multilayer dielectric    urnfalt, wobel die Elektrode mit elner 6ffnung
mirror (18,19,21 22), said mirrors being opposite-  (24) versehen lst, die
Laseremission durch diese ly doped with significant conductivity impurity,
gestattet, the said structure being larger than the said laser  4o  dadurch
gekennzelchnet, as measured within substantially all of the grown   daB die
gr8gere Schichtstruktur ein elektrisches layers, characterized In that the
said structure is  LeitfIhigkeltsprofll hat, das den in die Elektrode
bombarded with accelerated ions of such energy      eingebrachten Strom
veranlalt, einem Pfad (25) magnitude and distribution as to produce a bur-
zu folgen, der anfanglich den saulenartigen Be- led ion-implanted damage
region encompassing   45   relch umgrelft und nicht in diesen ehndringt und
the said laser, the damage profile so produced      nachfolgend in den
saulenartigen Bereich so sin- defining a resistivity profile which is
vertically  dringt, dal ein wesentlicher Tell dieses Stroms graded from
peak value at the depth of the ac-     durch den aktiven
Verstirkungsbereich des siu- tive region toa lesser value within said
second    lenartigen Bereichs tritt, um Lasern zu erreichen, multilayer
dielectric mirror, such that introdujction   50  wobei die Laseremission
durch die Offnung tritt, of current pepipheral to the laser at the final
wobei der Pfad zu elnem wesentlichen Teil sine growth layer results in a
primary current path     Folge eines vergrabenen Bereichs mit erh~htem
through the active region to cause lasing.          elektrischem Widerstand
ist, wobei dervergrabe- ne Bereich den siulenartigen Abschnitt umgrelft 14.
Method of claim  13 inwhichthe upperlayerofthe  5s     und der erhohte
elektrische Widerstand die Fol- said laser is masked by material including
pat-    ge von lonenimplantatlonsschiden ist, wobel der terned resist so as
to lessen ion-implant damage    Widerstand des vergrabenen Bereichs sich
ver- within the said laser.                              tikal von einem
Spitzenwert bel der Tlefe des ak- 8 1 ollll olll  ll  11111 fllD    'I*
. 
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elnern niedrigeren Wert inner-   wesentlichen GaAs enthilt. halb des
zwelten dielektrischen Mehrlage~spie- gels andert. f
11. Vorrichtung nach Anspruch 1, in welcher das aktive Verstarkungsmaterial
Im 2. Vorrichtung nrach Anspruch 1,               5      wesentlichen
lnxGa1-,As enthalt. in welcher das aktive VerstArkungsmaterimi im
wesentlichenm aus elnem Verbindungshaltileiter  12. Vorfichtung nach
Anspruch 1, besteht.   .                                      in weicher
dis aktive Verstarkungsmaterial im wesentlichen AlxGa1 .As enthalt. 3.
Vorrichtung nach Anspruch 1,               10 In welcher wenigsatns eine
Schicht des aktiven  13. Verfahren zur Herstellung der Vorrichtung nach
VerstArkungstnaterials eln Quantentrog Ist.        Anspruch 1, I
... urnfassend wenigstens einen diektrisch gepump- 4. Vorrichtung nach
Anspruch 1,                       ten, oberflachenemittlerenden Laser mit
vertika- in welcher wenigstens elne Schicht des aktiven   15  ler Kavitat,
wobel das Verfahren umfailt: Verstarkungsmaterials sandwichartig zwischen
das epitaxiale Aufwachsen elner Struktur mit ea- Schichten aus
Abstandamaterial angeordnet let,     ner Vieizahl von Schichten auf einem
Substrat wobel des Abstandsmaterial eln nichtverstgrken-    (10), weiche Im
wesentlichen Halblettermaterlal des Material Im Hinblick auf das Lasern
let.       enthalten, wobel die Schichten In derReihenfolge 20      des
Aufwachsens einen ersten dielektrischen 5. Vorrichtung nach Anspruch 1,
Mehrlagenspiegel (11,12), ainen aktiven Bereich InwelchersichderWiderstand
vertikal umwenig-       (13), der wenigstens eine Schicht mit aktivem stens
esne GroBenordnung von einem Maximum-.       Verstfarkungsmaterial (14)
enthalt, und einen wert be! demr.Spitzenwlderstand des vergrabe.
zwelten dielektrlschen Mehrlagensplegel (18,19, nen Bereichs,bis zu einem
niedrigeren Wert in-  25  21, 22) ausbilden, wobel die Spiegel mit merkii-
nerhalb elnes Bereichs des zweiten diielktri-      cher
Leltffhigkeits-Verunreinigung entgegenge- schen, geschichteten Spiegels
nahe der Elektro-    setzt dotiert sind, wobei die Struktur groler als de
andert.                                         der Laser !st bel Messung
im wesentlichen Inner- 6  .. V tugnc Aaruh ,halb aller aufgewachsener
Schichten, 6. Vorrichtung nach Anspruch 5,               30   ... dadurch
gekennzelchnet, in welcher dsr lonenimplantationsschada'n im       daB die
Struktur mit beschleunigten lonen etner wesentlichen aus einem
Wasserstoffionen-Im-        derartigen energetischen H8he und Verteilung
plantationsschaden besteht, der durch den Eln-     bombardiert wird, daB.
ean vergrabener, ionenim- schiuM von Vyasserstoff in einer Konzentration,
plantierter Schadensbereich erzeugt wird, der die sich ungefahr mit dern
Grad der Implantati-  35  den Laser umgibt, wobel das so erzeugtb Scha-
onsschiden sallert, angezeigt wird.                densprofil eln Profii
des speziflschen Wider- stands definiert, das sech vertikal von einem Spit-
7. Vorrichtung nach Anspruch 1,                       zenwert bel der Tefe
des aktiven Berelche zu el- In welcher die LeItfahigkeltsdotlerung Im
wesent-  nem nledrigeren Wert Innerhalb des zweiten di- lichen
glielchformig innerhalb der Schichten der  40  elektrischen
Mehrlagensplegels so andert, dall groUeren Schichtstruktur lst.
das seltilche Einf3hren des Stroms zum Laser bel der letzten aufgewachsenen
Schicht zu einem 8. Vorrichtung nach Anspruch 7,
1Hauptstrompfad durch den aktliven Bereich La- in welcher sich das Dotleren
In einer Richtung     sern fOhrt, um das Lasern zu bewirken. senkrecht zu
den Schichten der gr6tferen  45 Schichtstrukttjr andert, wobei wenigstens
die der  14. Verfahren nach Anspruch 13, Elektrode nI*hstgelegene
Splegelschichtestir-     in welchem die obere Schicht des Lasers durch ker
dotdrt lst 0ts die den aktiven Berelch umfas-  Material masklert ist, das
elnen strukturlerten senden Splegselschichten.          ,
Resist enthalt, um so den lonenimplantations- 60      schaden innerhalb des
Lasers zu senken. 9. Vorrichtung nach Anspruch 8, In welcher die der
Elektrode nAchstgelegene      15. Verfahren nach Anspruch 14,
SplegelschicIht auf ungefdhr das Maximum do-      In welchem
derstrukturnerte Resist mit elner kon- tiert bst, das noch nicht zu
merldlchen Folgesch3-  tinuiertichen Schicht eaes Elektrodenmaterials den
der Einrichtung fahrt.      J5                 (23) wfihrend des
Bombardements bedeckt ist und bel welchem das Elektrodenmaterial ober- 10.
Vorrichtung nrch Anspruch 1,                      halb des strukturierten
Resists nach dem Bom- in welcher das aktive Verstarkungsmaterial im
bardernent durch Liften entfernt wird. 9 z 111111111 HI IUI   1111111111   
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3. Appareil salon la revendlcatlon 1, dans loquel la- |mis-           dite
au molns une couche de materiau do gain ac- 1. Appareil comprenant au moins
un laser A MIS-       tif eat un puits quantique. sion de surfage, a cavlte
verticale et;a pornpage eiectrique. ledit laser 6tant une partle colonnaire
5   4. Apparell salon la revendication 1, dens lequel Ia- d'une structure
en couches plus grands construl-   dite au moins une couche de materiau de
gain ao- ts  principaloment en  un  mathrlsu 6eml-          tif esat prise
en sandwich entre des couches de conducteur, pfatlqusmsnt la totalit6 des
co~iches  materlau d'espacement, ledit materiau d'espace- do ladit
strIucture en couches plus grands         mont btant un mat6riau de
non-gain en torms s'6tendant sans Interruption a travers ladite par-  io
d'effet laser. tie colonnalre, ladit structure comprenant, dans l'ordre, un
substrat(10), un premier miroirdielec-  5. Appareil solon Ia revendlcation
1, dans lequel Ia trique multicqauche (11, 12), une region active
resistance est graduee verticalement per unites (13) contenarit au molns
une couche d'un mate-     d'au moins un ordre de grandeur, entre une va-
rlau de gain actif (14) et un second miroir dilec-  t5  leur maximale au
pic de resistance de ladite rb- trique multicouche (18. 19,21, 22),
lesdltsmiroirs  glon enterres et une valeur molndre A 'llnterleur
diblectriques dependant tous deux pour leur re-    d'une reglon du second
miroir diblectrique en flectivit6 de l'ncluslon d'une pluralite de palres
de  couches voisine de ladite alectrode. couches miroirs d'indices de
refraction differents pour la longueur donde de l'emission laser, los-  20
6. Appareil solon la revendication 5, dans lequdl les dits miroirs
6tantdopbs au moyen d'une Impuretb    dommages causes par limplantatbon
lonique significative, Iune des rbglons desdits miroirs    consistent
essentiellement en des dommages etant dopee p et lautre etant dopee n, ldit
laser  causbs par l'implantation dions hydrogene etant pourvu d'un moyen de
pompage destin6 au      comme indiqub par l'inclusion d'hydrogbne en
pompage 6letnrque du materiau de gaint actif  25   une concentration
augmentant d'une facon ap- afin d'obtenlr.leffet laser, ledit moyen
coitpre-  proxlmativement proportlonnelle aux dommages nant une 6loetrode
(23) en contact electrique      causes par implantation. avec ledit second
miroir dielectrique multicou- che, ladite 6lictrode etant pourvue d'une
diuver-  7. Appareil solon Ia revendication 1, dans lequel le ture (24)
pernpettant le passage de l'emission ia-  30  dopage de conductivitA est
sensiblement unifor- ser,                                               me
au sein des couches de ladite structure en caractqrisM en ce quo ladite
structure en    couches plus grande. couches plus grande possede un profil
de conductivitA eloctrique qul fait quo le courant In-  8. Apparell solon
la revendication 7, dans lequel le trodult dans lEdlte blectrode sult un
trajet (25) qul,  35  dopage est gradue dans uns direction orthogona-
initialement nveloppe ladits partie colonnaire     le aux couches de ladite
structure en couches sans empl6ter sur celle-ci et qui, par la suite, em-
plus grande, au moins la couche de miroIr la plus plate sur laditb partie
colonnalre, de sorts qu'une  proche de ladite electrode etant plus
fortement fraction significative de ce courant traverse ladl-  dopee quo
les couches de miroir embrassant la- te reglon de galn actif de ladite
partie colonnalre  4o  dite region active. afin d'obtenir l'effet laser,
I'emisslon laser pas- sant A cottb occasion A travers ladits ouverture,  9.
Apparell solon la revendicatlon 8, dans lequel Ia etant entendu quo ledit
trajet est dans une mesu-  couche de miroir la plus proche de ladite
electro- re substantlelle une consequence dune reglon       de est dop~e
approximativement au niveau maxi-- enterrie de rdsistance electrique
accrue, ladite  45  mal permis sans pour autant qu'il en resulte une region
entbrres enveloppant laditb partie qolon-   deterloration consequents du
dispositif concer- naire et ladite'resistance electrique accrue;Atant  nk
Ia consequen ce de dommages causes pal lim- plantation ionjque, Ia
resistance de ladie Igin  10. Appareil selon la revendication 1, dans
lequel le- entenees dtant gradues verticalement entre une   50  dit
materiau de gain actif consists essentielle- valeur maxinpale mu fond de la
rhgion active et    mentoen GaAs. une valour mfindre & l'intbrieur dudit
seco 'd ml- roir dielectrique multicouche.                  11. Appareil
solon la revendication 1, dans lequel le- dit materiau de gain actif
consists essentielle- 2. Appareil solon Ia revendication 1, dans lequel l-
55  ment en In.Ga. xAs. dit matoriau de gain actif consists essentielle-
ment en un semi-conducteur compose.             12. AppareHl solon la
revendication 1, dons lequel le- I
dit materiau de gain actif consists essentlelle- 10 sI1!1111    N   !  
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-13. Prockie de f brication de l'apparell selonlia re- vendlcatbon 1I
compronant au moins un lasor a emission de 4.rface, A cavitb verticalo at
pdmpa-   5 go electrique ledit procede comprenant la brois- sance 6pitaxiio
sur un substrat (10) d'une struc- ture comprenant uno piuralite de couches
cOnsis- tant assentleilement on un mat6riau semiconduo- tour, lesdites
couches formant, par ordre de crois-  io sance, un
premilermiroirdiiectrique multicouche (11, 12), une r6gion active (13)
contenant au mons une copche de matefiau de gain actif (14) et un second
iniroir dielectrique multicouche (18, 19, 21, 22), lebsdits miroirs 6tant
dop6s de manie-  1s re inverse au moyen d'une Impurete de conduo- tivite
significative, ladito structure etant plus grande quo ledit laser mesur6 au
sein de prati- quement toutbs les couches 6pitaxi6es, caract6- rlse en co
quo ladite structure est bombard6e par  20 des ions acc6ler6s dont
l'energie est d'une Inten- site et d'une distribution propres a creer une
re- gion enterrse, endommag6e par l'implantation lo- nique, qui enveloppe
ledit laser, le profil desadom- mages ainsi p4rodults dbfinissant un profil
4e re-  25 sistivit6 qui est gradue verticalement entrt une valeur maxim~le
au fond de la region active et une valeur moindre A l'interieur dudit
second ml- roir dilelctriqio multicouche, de sorts que lUntro- duction d'un
ourant poriphbrique au laseradans   30 la derniere couche epitaxiale cree
un tralet de courant primjire A travers Ia region active de fa- gon A
produirp l'effet laser. 14. Procd6 seolo la revendication 13, dans lequel
la  35 couche sup6;eure dudit laser est masquee par un materiau
comprenantun vernis A motif de ma- niAre a attenuer los dommages causos par
rim- plantation lonique A l'interieur dudit laser. 40 15. ProchdA selon la
revendication 14, dans lequel ledit vernis a motif est recouvert par une
couche continue d'un materlau pour electrode (23) du- rant le bombardement
et dans lequel le mat6rlau pour electrode recouvrant Is vernis A motif est
46 enleve par depollement apres le bombardement. Ii                      I.
50 55 11 l~~~~~~~~~~~~~~~~    


