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structure, each period of such bot-  1x[err], light transmissivity greater
than 80 tom   mirror  being  with  a  structure  of          percent and
light absorption of less than 10 percent. [err]
The optically transmissive semiconductor layer is ap- (500A)/[err]As(100A)
where 1 A= [err]. Alter-  plied in the laserstructure onto the top mirror
to serve natively, the mirrorstructure maybe provided with lin-   5   as
the vertical-injection contact without substantially ear grading orwith a
superlattice grading of the stack.  interfering with the light output.
Cadmium tin oxide Confining layers 14 and 16 are provided to con-  (CTO)
and indium tin oxide (ITO), with the respective fine active region 15 and
to adjust the length (L) of the  nominal formula [err]   with x ranging
from 0.01 optical cavity. This optical cavity length should be  to 0.5,
preferably from 0.3 to 0.4, and [err]   with 2L=[err], wherein N is an
integer and [err] is an operating   10   y ranging from 0.01 to 0.2, are
especially suitable for optical wavelength of the laser. To obtain
constructive  this purpose. The cadmium tin oxide is optically trans-
interference, the thickness of the confining layers  parent (greater than
80 percent) with a negligible ab- should be a multiple of [err] or [err].
Typically, the thick-  sorption (<1%) and is electrically conductive with a
ness of each confining layer ranges from 0 to 3 [err].  conductivity of 2x1
[err] and resistivity of The confining regions are [err]   with x ranging
15  5x [err] cm at room temperature. The indium tin oxide from 0.1 to 0.4.
is also optically transparent (greater than 90 percent) Active region 15 is
a region in which electrons (-)  with a very small absorption (<5%) and is
electrically and holes (+) recombine providing, under properstim-
conductive with a conductivity of 2.5x [err] and ulation, a lasing
emission. The active region with a  resistivity of 4x [err] at room
temperature. These thickness ranging from 0.1 to 1 [err], is a multi-quan-
20   materials, when deposited in thickness ranging from tum well (MQW)
structure with very thin barriers.   50 nm to 500 nm, preferably from 200
to 300 nm, pro- Each quantum well Includes a narrow gap semicon-    vide
electrical conductivity sufficient for use as an ductor 1 to 30 nm thick,
confined by wide-gap semi-  electrode of the laser and yet exhibit
transparent conductor about 1 to 20 nm In thickness.             properties
with transmissivity(T) greater than 80 per- The second quarter-wave stack
of from 2 to 20   25  cent and absorption <10 percent pairs or periods of
high index/low index material lay-  Prior to the deposition of top
electrode 23, a thin ers similar to the pairs or periods in bottom mirror
13,  metal barrier layer 22 is deposited on top of the dielec- but with
[err]-type doping (1x[err] to 5x [err] ), forms  trio layer 20 and on that
portion of top mirror 17 which multilayer DBR top mirror 17 upon confining
layer 16.  is exposed in window 21. This barrier layer is depos- The
peripheral region of the top mirror includes ion-  30  ited in a thickness
of up to 300 A, preferably from 10 implanted region 18. The ions are
implanted into the  to 50 A. The barrier layer is used to avoid formation
peripheral region of top mirror 17, creating window 19  of another p-n
junction between the p-type conduc- so that both the current and the lasing
emission are  tivity top mirror 17 and n-type conductivity semicon-
confined to a narrow centrally located region. The  ductor top electrode
23, which could interfere with the ions are selected from ions of elements
which do not  35  lasing emission. The barrier layer is selected from
affect the conductivity type of the material in which  metals or alloys
which do not cause contamination of they are implanted. Ions, such as [err]
or [err], are im-  the materials of the device, are capable of forming a
planted in concentrations ranging from 1 x [err] to     non-alloyed ohmic
contact with the surface of top mir- 5x [err] per [err].
ror 17 and when deposited within the above thickness Athin layer 20 of
dielectric material, such as [err],  40  range do not substantially
interfere with the transmis- [err]   glass, etc., is formed upon top mirror
sion of the lasing emission. 17 with a thickness ranging from 0.01 to 0.1
m. Layer  Optionally, if the conductivity of an uppermost 20 has a
centrally located window 21 which is sub-  layer of top mirror 17 is
insufficient to form a non-al- stantially coextensive with window 19 formed
in the  loyed ohmic contact to barrier layer 22, a thin highly
ion-implanted area 18, Windows 19 and 21 cooperate  45   doped contacting
layer(not shown) may be provided in restricting the laser emission to the
centrally locat-  intermediate top mirror 17 and barrier layer 22 with a ed
region. Layer 20 also permits passage of operating       thickness ranging
from 0.01 to 0.1 [err], preferably current only through window 21, thus
restricting the  about 0.0625 [err], to facilitate establishment of the
current flow to a narrow area of the active region.  non-alloyed ohmic
contact between the top mirror Each of the windows is from 5 to 50 [err],
preferably 10   50   and the barrier metal layer. Typically, the doping
con- to 20 pm, in diameter.                               centration in the
optional contacting layer would Optically transparent top electrode 23 is
deposit-  range from  1 x [err] to 1 x [err],  preferably about ed as a
layer on top of the structure with lasing emis-  5x [err]. sion from active
layer 15 taking place through the top  Metal electrode 11 ranging from 1 to
10 [err] in mirror and through the top electrode. In accordance   55
thickness is formed on the bottom surface of sub- with this invention, the
electrode material is selected  strate 12 to provide for current flow
perpendicularly from optically transmissive semiconductor materials
through the active region to cause lasing emission. In- having
conductivities ranging  from  1x103  to     dium is a metal which may be
deposited asathin layer 4   
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heating of the structure. The  tributed Bragg reflector(DBR) bottom mirror
Each period laser maybe mounted with electrode 11 in contact   of the
bottom mirror is of an one-step graded structure of with a heat-sink plate,
e.g. of copper or some other  [err] heat-conductive material which does not
contaminate  [err]. It is SI-doped with a the laser materials.
5   doping concentration of 3x [err] near the sub- Semiconductor layers 13
through 17 can be       strate, which is then reduced to 1x [err] in the
last grown upon substrate 12 by such known methods as   6-10 periods near
the active layer. The reflectivity metal organic vapor phase epitaxy
(MOVPE) or by    spectrum of the DBR structure (bottom mirror 13) molecular
beam epitaxy (MBE) or by hydride vapor   with the one-step graded
structure, as measured with phase epitaxy (VPE). In the preferred
embodiment,  10   a Perkin-Elmer Lambda 9 UV/VIS/NIR Spectrophot- the VCSEL
structures are grown by Molecular Beam   ometer, showed a broad high
reflectivity band cen- Epitaxy (MBE) technology in a Varian Gen II or Riber
tered at ~0.87 [err] with a reflectivity > 99 percent, MBE system on
heavily doped (1x [err] -4x [err])     which matches a calculated
reflectivity curve very substrates 12. After layers 13 through 17 are
grown,  well. windows 19 and 21 are defined by photolithographic  15  The
bottom mirror is followed by [err]-confinement technique by depositing a
suitable resist on the cen-  layer 14, a [err]-active region layer 15 of
four trally located upper surface of top mirror 17. The par-  GaAs/AIGaAs
quantum well structures about 0.1 [err] tially formed structure with resist
thereon is transfer-  total thickness and [err] confinement layer 16. Each
of red to a separate high vacuum chamber where the    the confinement
layers is about 820 A thick. The structure is subjected to ion
implantation, e.g. [err] or  20   GaAs/AIGaAs four quantum well structures
of the ac- [err],to form ion-implanted region 18. After dielectric  tive
region are grown in a Riber MBE system. The ac- layer 20 is formed on the
upper surface of top mirror  tive region is undoped, and consists of four
100A 17 and the resist is removed, thin metal barrier layer  GaAs quantum
wells with 70A [err] barriers. 22 is deposited on top of the dielectric
layer and on  The active region is clad on the top and bottom by re- the
upper surface of top mirror 17 exposed in window   25  spective confinement
layers 14 and 16. One-third of 21. Such a metal layer is conveniently
deposited by  each confinement layer near the active region is un-
evaporation at temperatures ranging from 100 to    doped, and the rest is
lightly doped (1x[err]-1x[err]). [err], preferably from 100 to [err], by
sputtering or  Each confinement layer is linearly graded [err] by
electron-beam deposition. The latter process is  with x graded from 0.3 to
0.57 near the mirrors. This preferable since the higher temperatures needed
for  30  graded-index, separate-confinement heterostructure evaporation
could result in undesirable alloying of the  helps the carrier confinement
and reduces the lasing metal into the semiconductor leading to a rough
inter-  threshold current. face morphology which degrades the reflection
prop-    P-type top mirror 17 is a 20-period semiconductor erties of the
mirror. After the deposition of the barrier  mirror, which is also one-step
graded to reduce the series layer, optically transparent semiconductor top
elec-  35  resistance. Each period of the top mirror has a structure trode
23 is deposited on top of the structure. The top  of [err] electrode is
deposited with a thickness sufficient to  [err]   It is Be-doped with a
enable the semiconductor material of the electrode to  doping concentration
of 5x [err] in the first 16 per- act as a terminal conductor for the device
and yet in-  iods. Then, the dopant concentration is increased to
sufficient to effectively reduce lasing emission from   40  2x [err] near
its upper surface to facilitate con- the top mirror. For such semiconductor
materials as  tacting. cadmium tin oxide and indium tin oxide, an effective
At this fabrication stage the incomplete laser thickness falls within a
range of from 50 nm to 500 nm.  structure may be examined with the
reflectivity Thin bottom electrode layer 11, e.g.,of In, may then be
measurement using an Anritsu MS9001B optical formed on the bottom surface
of substrate 12. Finally,  45  spectrum analyzer. The reflectivity
measurements the bottom or substrate side of the laser may be   show
Fabry-Perot resonance as a clear dip in the stop mounted via the In
electrode or by means of a conduc-  band. Then, ion-implanted region 18 is
formed by Im- tive adhesive, such as epoxy, on a copper slab which
planting 300 keV [err] ions (or 2000 keV [err] ions) with serves as a heat
sink in common to other devices.  a dose of 1x[err] into top mirror 17 with
a 10- In the preferred embodiment, the VCSEL is an   50  20[err] diameter
window protected by 6.2[err] thick pho- [err]  /GaAs with x being defined
appropriately  toresist (e.g. Shipley AZ Photoresist 4200). Upon for-
hereinbelow for each semiconductor layer of the    mation of the
ion-implanted region 18, and with the structure. The laser structure
comprises in an as-  photoresist still in place, a 500 to 5000 A,
preferably cending sequence a 1 to 2 [err] thick In electrode 11,  1000 to
2000 A, thick [err] layer 20 is grown on the a 500pm  thick (001)-oriented
heavily doped  55  surface of the top mirror layer at [err] in a high va-
(2x [err]) [err]-GaAs substrate 12, bottom mirror 13  cuum chamber by
electron beam evaporation. There- consisting of a quarter-wave stack of 30
periods of n+-  after the photo resist is stripped with acetone, and af-
type semiconductor layers forming the multilayer dis-  ter the [err] layer
and that surface of the top mirror 5  
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window 21 are plasma cleaned,  barrier layer 22 causes a small reduction in
the laser a silver layer, from 10 to 50 A thick, is deposited (pre-  output
power (about 10%). FIG. 3 is the current-vol- ferably by evaporation) upon
the [err] layer and also  tage curve which shows a voltage of 5.4V and a
dif- on the exposed surface of the top mirror.          ferential series
resistance of [err] at the lasing Electrode 23 of cadmium tin oxide (or
indium tin   5   threshold of 4.2 mA. FIG. 4 shows the far field light in-
oxide) is formed on top of barrier electrode 22 with a  tensity
distribution measured at a detector-sample thickness from about 50 to 500
nm, preferably 200 to  distance of 8.3cm. The distribution is
Gaussian-like, 300 nm. In this thickness range, electrode 23 is suf-
indicating a single fundamental transverse mode op- ficiently optically
transparent to the lasing emission  eration, with a full width at half
maximum of 7.00. enabling its use as a top electrode of the VCSEL.  10
Measurement is performed at stepped intervals of Thicknesses higher than
500 nm may result in an in-  [err] each, with a resolution of better than
0.2. creased series resistance without any improvement     It is also
possible to fabricate a structure, not in in the lasing efficiency.
accordance with the present invention, without the The growth of the
optically transparent semicon-  ion implantation region 18. In such a case,
top mirror ductor layer 23 uses an RF magnetron sputtering sys-  15  17 is
mesa-etched, and probed directly at the top win- tem (Anelva Corp., Model
SPF-332H). In an exem-    dow area. Adevice with a 40 [err] diameter mesa
gives plary embodiment, the target was a sintered disk (3  a pulsed (100ns,
1kHz) threshold current of 40mA, inches in diameter, 114 inch in thickness)
of a mixture  which yields a threshold current density of 3kA/[err] of
about 67% CdO and about 33% SnO2 (Haselden,      (see FIG. 5). More than
30% reduction in the light out- San Jose, CA). The target was mounted 5cm
above   20  put power results from 300A thick Ag barrier layer In the
samples. The plate voltage was 1.5 K V and the  this sample, and the
blocking by a probe itself. The plate current approximately 110mA.
Adeposition rate  light output power at 140mA is 6.5mW. of 3A/sec was
maintained during the growth. The sputtering gas was a mixture of argon and
oxygen at a total pressure of from 3 to 4 Pa. The resistivity of  25
Claims cadmium tin oxide (CTO) film depends strongly on the partial
pressure of oxygen. Minimum resistivity is  1. A semiconductor vertical
cavity surface emitting obtained for an oxygen partial pressure Po, of
about  laser (10) comprising a semiconductor body 2-4x[err]Pa in 2-4 Pa
argon. The cadmium tin oxide      which comprises a plurality of layers
selected film was deposited in a thickness of ~2000A. It has  30  from
GaAs, InP, InGaAs, InGaPAs, AlAs, AlGaAs, negligible absorption (less than
1%, which is limited  AlGalnAs and other related group III-V and group by
the capability of the setup) at 0.85[err]. The resis-  II-VI compound
semiconductors, said plurality of tivity of this film is ~5x[err]. For the
above tar-  layers including, get, voltage, current and argon pressure it
was found       an active region (15) which generates opt- that the
resistivity increases rapidly for [err] of 1 x  [err]  35  ical radiation,
and higher. A standard buffered oxide etchant was           a bottom
multilayer mirror (13) which re- used to etch the deposited cadmium tin
oxide layer in  flects said radiation, the process of device isolation.
Atop electrode of in-      a top multilayer mirror (17) which partially
dium tin oxide (ITO) material may be produced in a     reflects and
partially transmits said radiation in a similar manner.
40       direction perpendicular to the active region, said Before
characterizing the lasing properties, the   top mirror Including an
ion-implanted region (18) substrate side of the sample is bonded with
conduc-    arranged peripherally in the layers of the top mir- tive epoxy
on a copper slab which serves as a heat    ror and defining a window (19)
for confining pas- sink. No othercooling is used. All the experiments are
sage of current and of lasing emission to an area done at room temperature.
A fine probe is used to  45  defined by the window, electrically contact
and pump the lasers. Current is        a dielectric layer (20) upon the top
mirror, vertically injected through the window area, as shown  said
dielectric layer having a window (21) aligned by straight arrows in FIG. 1,
and the remaining area  with the window in the ion-implanted region, of the
device surface is electrically isolated from the     a metallic barrier
layer (22) upon the di- top electrode with the [err] layer 20.          so
electric layer and contacting that surface of the FIG. 2 is the continuous
wave light output power   top mirror layer which is exposed In the window
versus direct current. The light output power is meas-  of the dielectric
mirror layer, ured with anANDOAQ-1125 optical power meter cali-           a
layer of an optically transparent semi- brated at 0.85pm. The lasing
threshold current is     conductor material (23) on the metal barrier layer
4.2mA with ~35% external differential quantum effi-  55  forming a top
electrode of the laser, said optically ciency at a lasing wavelength of
~0.85[err]. Threshold   transparent layer having conductivity ranging
currents as low as 3.8mA are obtainable. 50 A thick   from 1x[err] to
1x[err], emitted laser light transmissivity of at least 80 percent and
absorp- 6 
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window 21 are plasma cleaned,  barrier layer 22 causes a small reduction in
the laser a silver layer, from 10 to 50 A thick, is deposited (pre-  output
power (about 10%). FIG. 3 is the current-vol- ferably by evaporation) upon
the [err] layer and also  tage curve which shows a voltage of 5.4V and a
dif- on the exposed surface of the top mirror.          ferential series
resistance of 430[err] at the lasing Electrode 23 of cadmium tin oxide (or
indium tin   5   threshold of 4.2 mA. FIG. 4 shows the farfield light in-
oxide) is formed on top of barrier electrode 22 with a  tensity
distribution measured at a detector-sample thickness from about 50 to 500
nm, preferably 200 to  distance of 8.3cm. The distribution is
Gaussian-like, 300 nm. In this thickness range, electrode 23 is suf-
indicating a single fundamental transverse mode op- ficiently optically
transparent to the lasing emission  eration, with a full width at half
maximum of 7.00. enabling its use as a top electrode of the VCSEL.  10
Measurement is performed at stepped intervals of Thicknesses higher than
500 nm may result in an in-  [err] each, with a resolution of better than
0.20. creased series resistance without any improvement     It is also
possible to fabricate a structure, not in in the lasing efficiency.
accordance with the present invention, without the The growth of the
optically transparent semicon-  ion implantation region 18. In such a case,
top mirror ductor layer 23 uses an RF magnetron sputtering sys-  15  17 is
mesa-etched, and probed directly at the top win- tem (Anelva Corp., Model
SPF-332H). In an exem-    dow area. A device with a 40[err] diameter mesa
gives plary embodiment, the target was a sintered disk (3  a pulsed (100ns,
1kHz) threshold current of 40mA, inches in diameter, 1/4 inch in thickness)
of a mixture  which yields a threshold current density of 3kA/[err] of
about 67% CdO and about 33% SnO2 (Haselden,     (see FIG. 5). More than 30%
reduction in the light out- San Jose, CA). The target was mounted 5cm above
20  put power results from 300A thick Ag barrier layer in the samples. The
plate voltage was 1.5 K V and the  this sample, and the blocking by a probe
itself. The plate current approximately 110 mA. Adeposition rate  light
output power at 140mA is 6.5mW. of 3A/sec was maintained during the growth.
The sputtering gas was a mixture of argon and oxygen at a total pressure of
from 3 to 4 Pa. The resistivity of  25   Claims cadmium tin oxide (CTO)
film depends strongly on the partial pressure of oxygen. Minimum
resistivity is  1. A semiconductor vertical cavity surface emitting
obtained for an oxygen partial pressure [err] of about  laser (10)
comprising a semiconductor body 2-4x[err]Pa in 2-4 Pa argon. The cadmium
tin oxide      which comprises a plurality of layers selected film was
deposited in a thickness of ~2000A. It has  30  from GaAs, InP, InGaAs,
InGaPAs, AlAs, AlGaAs, negligible absorption (less than 1%, which is
limited  AlGalnAs and other related group III-V and group by the capability
of the setup) at 0.85[err]. The resis-  II-VI compound semiconductors, said
plurality of tivity of this film is ~5x[err]. For the above tar-  layers
including, get, voltage, current and argon pressure it was found       an
active region (15) which generates opt- that the resistivity increases
rapidly for [err] of 1x[err]  35  ical radiation, and higher. A standard
buffered oxide etchant was           a bottom multilayer mirror (13) which
re- used to etch the deposited cadmium tin oxide layer in  flects said
radiation, the process of device isolation. A top electrode of in-     a
top multilayer mirror (17) which partially dium tin oxide (ITO) material
may be produced in a     reflects and partially transmits said radiation in
a similar manner.                               40       direction
perpendicular to the active region, said Before characterizing the lasing
properties, the   top mirror including an ion-implanted region (18)
substrate side of the sample is bonded with conduc-    arranged
peripherally in the layers of the top mir- tive epoxy on a copper slab
which serves as a heat    ror and defining a window (19) for confining pas-
sink. No other cooling is used. All the experiments are  sage of current
and of wasing emission to an area done at room temperature. A fine probe is
used to  45    defined by the window, electrically contact and pump the
lasers. Current is        a dielectric layer (20) upon the top mirror,
vertically injected through the window area, as shown  said dielectric
layer having a window (21) aligned by straight arrows in FIG. 1, and the
remaining area   with the window in the ion-implanted region, of the device
surface is electrically isolated from the     a metallic barrier layer (22)
upon the di- top electrode with the [err] layer 20.         50
electric layer and contacting that surface of the FIG. 2 is the continuous
wave light output power   top mirror layer which is exposed in the window
versus direct current. The light output power is meas-  of the dielectric
mirror layer, ured with an ANDO AQ- 1125 optical power meter cali-        a
layer of an optically transparent semi- brated at 0.85[err]. The lasing
threshold current is      conductor material(23)on the metalbarrier layer
4.2mA with ~35% external differential quantum effi-   forming a top
electrode of the laser, said optically ciency at a lasing wavelength of
~0.85[err]. Threshold  transparent layer having conductivity ranging
currents as low as 3.8mA are obtainable. 50 A thick    from 1x [err] to 1x
[err], emitted laser light transmissivity of at least 80 percent and
absorp- 



6    11                  EP 0 497 052 B1                  12 tion of less
than 10 percent and                 16. The laser of claim 1, in which said
top mirror is a bottom electrode (11) for applying in con-   one-step
graded multilayer distributed Bragg re- junction with the top electrode an
excitation cur-  flection mirror comprising from 2 to 20 periods. rent in
direction substantially perpendicular to the main plane of the active
region and substantially   5   17. The laser of claim 16, in which said
active layer is parallel to the direction of propagation of optical  GaAs
and each of said periods of the mirror Is of a radiation.
structure which indudes [err] [err] 2. The laser of claim 1, in which said
optically trans- parent semiconductor material of the top ele-   10  18.
The laser of claim 1, in which said ion-implanted trode is selected from
the group consisting of      region includes ions selected from [err] and
[err]. cadmium tin oxide and indium tin oxide. 19. The laser of claim 18,
in which said ion is [err]. 3. The laser of claim 2 in which the thickness
of said top electrode ranges from 50 to 500 nm.     15 Patentanspr Oche 4.
The laser of claim 2 in which the thickness of said top electrode ranges
from 200 to 300 nm.         1. Oberflfchenemittierender Halbleiterlaser
(10) mit vertikaler KavitAt mit einem Halblelterk8rper, 5. The laser of
claim 1, in which the metal of the met-  20  der eine Vielzahl von
Schichten umfafit, die aus- allic barrier layer is selected from the group
con-  gewahlt sind aus GaAs, InP, InGaAs, InGaPAs, sisting of Ag, Au, AuBe,
AuZn, Cr, Ti.               AlAs, AlGaAs, AlGalnAs und anderen verwand- ten
Verbindungshalbleitern der Gruppe III-V und 6. The laser of claim 5, in
which said metal is silver.  der Gruppe IlI-VI, wobei die Vielzahl von
Schich- 25     ten umfalt: 7. The laser of claim 6, in which the thickness
of the        elnen aktiven Berelch (15), der optische silver layer ranges
from 10 to 50 A.                Strahlung erzeugt, einen
Mehrlagen-Bodenspiegel (13), der 8. The laser of claim 1, in which said
dielectric ma-   die Strahlung reflektiert, terial is selected from the
group consisting of  30      eanen oberen Mehrlagen-Splegel (17), der [err]
and [err] glass.                            die Strahlung in einer Richtung
senkrecht zum aktiven Bereich tellweise durchigSt und teilweise 9. The
laser of claim 8, in which said dielectric ma-   reflektiert, wobel der
obere Spiegel einen ionen- terial is [err] deposited In a thickness of from
0.01  implantierten Bereich (18) umfallt, der in den to 0.1 [err].
35      Schichten des oberen Spiegels am Umfang an- geordnet ist und ein
Fenster (19) definiert, urn 10. The laser of claim 1, in which said bottom
mirror   den Durchtritt von Strom und von Laseremission is a multilayer
distributed Bragg reflection mirror  auf einen durch das Fenster
definierten Bereich comprising from 10 to 40 periods.
einrzuschliegen, 40            sine dielektrische Schicht (20) auf dem 11.
The laser of claim 10 in which said bottom mirror   oberen Spiegel, wobel
die dielektrische Schicht is a 30 period structure.
ein zu dem Fenster in den lonenimplantierten Be- reich ausgerichtates
Fenster (21) hat, 12. The laser of claim 11, in which said active region
eine metallische Barierenschicht (22), die is GaAs, and each of said
periods comprises a   45  aufderdielektrischen Schicht istund die Oberfi-
pair of quarterwave layers selected from AlAs       che der oberen
Spiegelschicht kontaktiert, die Im and GaAs and from AlAs and [err].
Fenster  der  dielektrischen  Splegelschicht freiliegt, 13. The laser of
claim 12, in which said active layer         eine Schicht aus einem optisch
transpa- is GaAs, and each of said periods is of a structure  50  renten
Halbleitermaterial (23) auf der Metallbar- which includes [err]
rierenschicht, die eine obere Elektrode des La- [err]
sers ausbildet, wobei die optisch transparente Schicht eine spezifische
LeltfAhlgkeit im Bereich 14. The laser of claim 12, in which said mirror
struc-  von I x 103 bis 1 x 106 O,1 cm-1 hat, aine Licht- ture is linearly
graded.                    55       durchlissigkeit fMr emittiertes
Laserlicht von we- nigstens 80 % und sine Absorption von weniger 15. The
laser of claim 12, in which said mirror struc-  als 10 % hat und mit 
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14    1!!    1 M   S sines Anregungsstroms zusammeh mit der obe-        in
welchem die aktive Schicht GaAs ist und Jede xy.,\.   ren Elektrode in
einer Im wesentlichen senkrech-  Periode eine Struktur enthalt, die
A0lo4Gaa8eAs, ten Richtung zur Hauptebene des aktiven Be-         500
A/Al0,oGao0As,  100  AAliAs,  580 relchs und Im wesentlichen parallel zur
Richtung    A1A0,b7Ga0AAs, 100 A enthilt. der Ausbreitung der optischen
Strahlung.    5 14. Laser nach Anspruch 12, 2. Lasernach Anspruch 1,
in welchem die Splegelstruktur elnen l1nearen in welchem das optisch
transparente Halbleiter-     Gradlenten hat. material der oberen Elektrode
aus der aus Cad- miurnzinnoxid und Indiumzinnoxid bestehenden   1o  15.
Laser nach Anspruch 12, Gruppe ausgewdhlt ist.
In welchem die Splegelstruktur sine Gradienten- Obergitter-Struktur ist. 3.
Laser nach Anspruch 2, in welchem die Dicke der oberen Elektrode von   16.
Laser nach Anspruch 1, 50 bis 500 nm reicht.                      15
inwelchem derobere Spiegel ein einstufiger Gra- dienten-Mehrlagen-Spiegel
mit verteilter Bragg- 4. Laser nach Anspruch 2,
Reflexion von 2 bis 20 Perioden ist. in welchem die Dicke der oberen
Elektrode von 200 bis 300 nm relcht.                          17. Laser
nach Anspruch 16, 20     in welchem die aktive Schicht GaAs ist und jede 5.
Laser nach Anspruch 1,                              Periode des Spiegels
aus einer Struktur besteht, in welchem das Metall der metallischen Barrie-
die AI0,j4GaAs, 500AiA ,,Gam, 100 ooAlAs, renschicht aus der Gruppe
ausgewiihit ist, die      580AIl10,pGao43As, 100 A enthAlt. aus Ag, Au,
AuBe, AuZn, Cr, Ti besteht. 25  18. Laser nach Anspruch 1, 6. Laser nach
Anspruch 5,                              in welchem der lonenimplantierte
Bereich aus in welchem das Metall Silber ist.                   H+ und O
ausgewahite lonen enthilt. 7. Laser nach Anspruch 6,
19. Laser nach Anspruch 18, in welchem die Dicke derSilberachichtvon 10 bis
30  in welchem das Ion HW ist. 50 A reicht. 8. Laser nach Anspruch 1,
Revendicatlons in welchem das dielektrische Material aus der Gruppe
ausgewdhit ist, die aus SiO2, Si3N4 und   35  1. Laser (10) A
semi-conducteurs & cavitb verticale VycorRLGlas besteht.
A emission de surface comprenant un corps semi-conducteur qui se compose
d'une pluralite '  9. Laser nach Anspruch 8,
de couches choisies parmi GaAs, InP, InGaAs, in welchem das dielektrische
Material in elner      InGaPAs, AiAs, AlGaAs, AiGalnAs et d'autres Dicke
von 0,01 bis 0,1 tim abgeschledenes SiO2   40  composes semi-conducteurs
apparent6s des ist.                                                groupes
III-V et Il-VI, ladite pluralite de couches comprenant: 10. Laser nach
Anspruch 1,                                   une region active (15) qui
genere un in welchem der Bodensplegel ein Mehrlagen-          rayonnement
optique; Spiegel mit verteilter Brago-Reflexion mit von 10   45   un miroir
multicouche inferieur (13) qui re- bis 40 Pefioden ist.
flete ledit rayonnement; un miroir muldcouche sup6rieur (17) qul 11. Laser
nach Anspruch 10,                            reflete partiellement et
transmet partiellementle- in welchem der Bodenspiegel sine Struktur mit
dit rayonnement dans une direction perpendicu- 30 Pefioden ist.
so      laire A la reglon active, ledit miroir superieur comprenant une
regIon A Implantation d'ions (18) 12. Laser nach Anspruch 11,
dispos6e peripheriquement dans les couches du in weichem der aktive Bereich
GaAs ist und jede     miroir superieur et definissant une fenetre (19)
Periode ein Pear von Viertel-Wellenhingen-          pour confiner le
passage du courant et de l'emis- Schichten umfaiU, die aus AiAs und GaAs
und  s5    sion laser a un domains defini par la fenetre; aus AIAS und
AoolGaow5As ausgewihit sind.                une couche dillectfique (20)
au-dessus du miroir superleur, ladite couche dielectrique 13. Laser nach
Anspruch 12,                            possedant une fenetre (21) dans
I'alignement de 



8    fon~re d Iar~gin AimplntaIon dions;        flexion de Bragg distributs
comprenant do 10 ~:!47021  111 _       ~~~une couche de barrage metallique
(22) au-   40 periodes. dessus de la couche dielectrique et en contact avec
la surface de la couche du miroirsupeileur  11. Laser selon la
revendication 10, dans lequel ledit qui est exposbe dens la fenAtre do la
couche die-   5  mirolr inferieur est une structure a 30 pbriodes.
Iectrique du miroir; une  couche  d'un  matbrau  semi-         12.
Laserselonlarevendication 11, dens loquel ladi- conducteur optiquement
transparent (23) sur la     te r6glon active est du GaAs et chacune
desdites couche de barrage m6tallique formant une 6leo-     p6riodes
comprend une pairs de couches quart trode superieure du laser, ladite
couche optique-  10  d'onde choisies parmi AlAs et Alo,05GaowAs. ment
transparente possbdant une conductivite allant de 1 x 103 A I x 105
-1cmr-1, une transmis-  13. Laser selon la revendication 12, dens lequel
ladi- sivitb de la lumiere laser emise d'au moins 80     to couche active
est Ga~s et chacune desdites pour cent et une absorption de moins de 10
pour    pbriodes presente une structure comprenant cent, et
is     AM0,14GaOAs, 500 AJAiO,57GaO,43As, 100 AiAiAs, une blectrode
inferieure (11) pour appli-     580 AiAO,ffGaO43As, 100 A. quer,
conjointment avec l'electrode supbrieure, un courant d'excitation dans une
direction en   14. Laser selon la revendication 12, dens lequel ladi-
substance perpendiculaire au plan principal de la  te structure de miroir
est A gradation lin"aire. region active et en substance parallele A la
direc-  20 tion de propagation du rayonnement optique.     15. Laser selon
la revendication 12, dens lequel ladi- to structure de miroir est une
structure A grada- 2. Laser selon la revendication 1, dens lequel ledit
tion de superreseau. matbriau semi-conducteur optiquement transpa- rent de
l'electrode supdrieure est choisi dens le  28  16. Laser selon la
revendicatlon 1, dens lequel ledit groupe compose de l'oxyde de cadmium et
miroir superieur est un miroir multicouche A re- d'etain et de l'oxyde
d'indium et d'6tain.         flexion de Bragg distribuee A gradation d'un
pas comprenant de 2 A 20 periodes. 3. Laser selon la revendication 2, dans
lequel l'epaisseur de ladite blectrode supbrieure va de   30  17. Laser
selon la revendication 16, dens lequel ladI- 50 a 500 nm.
to couche active est du GaAs et chacune desdi- tes pdriodes du miroir
prbsente une structure 4. Laser selon la revendication 2, dans lequel
comprenant Alc,14Gao,"As, 500 kAI07GaOe43As, I'bpaisseur de ladite
electrode superieure va de   100 A AiAs, 580 A/Alo,,Gao0.4As, 100 A. 200A
300 nm.                               35 18. Laser selon la revendication
1, dans lequel la rb- 5. Laser selon la revendication 1, dans lequel le me-
gion A Implantation dOions comprend des ions \Sj    tal de la couche de
barrage mbtallique est choisi  choisis dens le groupo compos6 de H+ et O+.
dens le group. compos6 d'Ag, Au, AuBe, AuZn, Cr, TI.
40  19. Laser selon la revendicatfon 18, dens lequel ledit ion est H+. 8.
Laser selon la revendication 5, dons lequel ledit metal est F'argent. 7.
Laser selon la revendication 6, dens lequel  45 I'epaisseur de la couche
d'argent va do 10 a 50 A. 8. Laser selon la revendication 1, dens lequel
ledit matbriau diblectrique est choisi dans le groups  so compose du S102,
du S13N4 et du verre VycorO. 9. Laser selon la revendication 8, dans lequel
ledit materiau dielectrique est du SiO depose en une epaisseur de 0,01 a
0,1 gim.               55 10. Laser selon la revendicatlon 1, dens lequel
ledit miroir inferieur est un miroir multicouche A re- 9    


