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closed in Patent Abstracts of Japan vol. 12, no. 304 (E-646) [3151], 18th
August 1988 (JP-A-63 073 691). Technical Field Summary of the Invention
This Invention pertains to buried heterostructure   5 lasers with MOCVD
growth over patterned sub-         According to the invention there is
provided a las- strates.                                          er and a
fabrication method as set out in the indepen- dent dalms hereof. Background
of the Invention                          Each of said bottom and top
confining layers may 10  be of [err] with x being from 0.1 to 0.4, and
Semiconductor lasers fabricated from strained lay-  said active layer may
be GaAs. Each of the confining er quantum well material have attracted
considerable  layers may comprise [err], and may further interest as pump
lasers for erbium doped glass fiberam-  comprise a thin [err]As layer
positioned be- plifiers. However, ridge waveguide lasers with planar  tween
the active layer and the [err]As layer. multi-quantum well (MQW) [err]As
hetero-  15  The active layer may comprise [err]As wells structures grown
by molecular beam epitaxy (MBE)  and GaAs barriers with y being within a
range of from and metal organic chemical vapor deposition       0.05 to
0.25, and preferably three [err]As wells (MOCVD) growth techniques are
weakly index-guid-  and four GaAs barriers. ed, and their mode stability is
not expected to be as  The top electrode may comprise AuBe, and the good as
that for a strongly index-guided buried het-  20  overlay electrode may
comprise TiAu. erostructure lasers. For example, see N. K Dutta et
Preferably, said grooves are etched with a mix- al. "Temperature Dependence
of Threshold of Strain-  ture of [err]In ratio of 1:1:1. ed Quantum Well
Lasers", Appl. Phys. Lett. 58 (11),  The dielectric layer may comprise
[err] 18 March 1991, pages 1125-1127. The latter include   Each of the
layers of the semiconductorstructure several types of InGaAs/GaAs buried
heterostructure  25  may be deposited by MOCVD. lasers fabricated using
multistep growths. An im-    In this process a single-step metal organic
chem- provement In the lateral optical confinement in quan-  ical
vapordeposition (MOCVD) growth has been used tum well stripes resulted in
lasers with GaAs/AlGaAs  to fabricate a buried heterostructure InGaAs/GaAs
heterostructures fabricated using a single step   multi-quantum well laser
over a patterned GaAssub- growth on nonplanar GaAs substrates. One example
3o  strata. The pattern is a reentrantmesa defined bytwo of such a single
growth structure is disclosed In an ar-  dovetailed grooves formed by wet
chemical etching tide by D. E. Ackley and G. Hom entitled "Twin-   oriented
along [011] direction. Growth over the mesa Channel Substrate-Mesa Guide
Injection Lasers Fab-  results In isolated buried heterostructures. The 250
ricated by Organometallic Vapor Phase Epitaxy", Ap-  [err] long lasers
emitted near 1 [err]. The external dif- plied Physics Letters, Vol. 42, No.
8, April 1983, pa-  35  ferential quantum efficiency in the current range
of ges 653-655. Ackley and Hom disclose a high-power  from 30 mA to about
50 mA is almost independent of index-guided laser fabricated by a one-step
organo-  temperature In the temperature range of [err] metallic vapor phase
epitaxy on photolithographically  which suggests a minimal temperature
dependent patterned and etched substrates. A narrow mesa is  leakage
current. Lasers with coated facets have defined by a twin-channel v-groove
structure. The  40  threshold currents of 20 mAand emit> 100 mW/facet twin
channel structure provides for an Improved con-  at room temperature. trol
over the width of the lateral waveguide relative to a single groove
configuration, which allows well-  Brief Description of the Drawings
controlled zero order mode operation. However, the growth of the active
layer is continuous over the side   46  FIG. l is a schematic
representation of a buried walls of the v-grooves of the twin-channel
defined   heterostructure InGaAs/GaAs MQW laser, mesa structure. This would
lead to the spreading of  FIG. 2 Is a schematic representation of the com-
carriers across the whole ofthewidth ofthe active lay-  pound semiconductor
substrate with a reentrant er, not just across its portion on the mesa.
Lateral  mesa bordered by two dovetailed grooves used electrical
confinement was achieved by ion implanta-  50  In the fabrication of the
laser of FIG. 1; tion after the growth of the semiconductor structure.
FIG. 3 is a plot of power in mW versus current in Since ion-implantation
requires subsequent heating   mA for continuous wave operation of the laser
of of the device, this adds to the complexity of the proc-  FIG. 1 at room
temperature and wavelength of ess, negating the advantages of the
single-step      approximately 0.98 [err]; growth processing. Therefore, it
is desirable to pro-  55  Fig. 4 is a plot of light versus current curves
for a duce a buried heterostructure laser in a more simpli-  buried
heterostructure laser operated at temper- fied manner.
atures ranging from 10C to [err]; Alaseras set out in the preamble of claim
1 is dis-  Fig. 5 is a plot of threshold currentversus temper- 2    



3                   EP 0 552 888 B1                  4 ature for a buried
heterostructure laser.       18 are provided to confine carriers and, thus,
the ra- diation of active layer 17 within the narrow thickness Detailed
Description                               of the active layer. The
confining layers are typically deposited inathickness of up to3 pm, and
with a doping This invention embodies the fabrication of a bur-   5
concentration offrom [err]In this em- ied heterostructure laser using a
single-step growth  bodiment, the confining layers are of [err] with x by
MOCVD over a reentrant mesa patterned semi-     ranging from 0.1 to 0.4.
The bottom confining layer is conductor substrate. The growth over the
reentrant  an n-type [err]As and is in the form of indepen- mesa produces a
discontinuity in the growth of a bot-  dent sections 16-1, 16-2 and 16-3
which overlay sec- tom confining layer and of an active layer, while the
10  tions 15-1, 15-2 and 15-3, respectively, of the buffer overgrowth of
the top confining layer results in a bur-  layer. led heterostructure laser
structure. The laser is a   Active layer 17 is in the form of independent
sec- structure comprising group III-V or II-VI compound  tions 17-1, 17-2
and 17-3 which overlay sections 16- semiconductors, such as GaAs, AlAs,
AIGaAs, InP,   1, 16-2 and 16-3, respectively, of the bottom confin- GaInP,
AIInP, GaInAs, GaInPAs, AIGalnAs, and other  15  ing layer. The active
layer includes at least one quan- lattice compatible compound
semiconductors based   turn well (QW) comprising [ERR]As well and GaAs on
group III-V or II-VI semiconductors.            barriers, with y being from
0.05 to 0.25. FIG. I is a schematic cross-sectional represents-  Top
confining layer 18 is of a p-type [err]As tion of a laser, 10, according to
the Invention. Laser  with x ranging from 0.1 to 0.4. Layer 18 overlays
seo- 10 Includes in an ascending order, a bottom elec-  2o  tions 17-1,
17-2 and 17-3 of the active layer and those trode, 11, a patterned
substrate, 12, of one conduc-  portions of sections 15-2 and 15-3 and of
sections 16- tivity type provided with dovetailed grooves, 13, form-  2 and
16-3 which are laterally exposed, such that sec- ing a reentrant mesa, 14,
a discontinuous bufferlayer,  tion 17-2 of the active layer on the mesa is
buried and 15, having sections 15-1, 15-2 and 15-3 of said one  is
separated from sections 17-1 and 17-3 by the top conductivity type, a
discontinuous bottom confining   25  confining layer. layer, 16,
havingsections 16-1, 16-2 and 16-3 of said  Thin contact layer 19 of highly
doped [err] type one conductivity type, a discontinuous active layer,  GaAs
completes the compound semiconductor struc- 17, having sections 17-1, 17-2
and 17-3, a top con-  ture. Typically, the doping concentration of the con-
fining layer, 18, of another conductivity type opposite  tact layer ranges
from [err]. Contact to said one conductivity type, a contact layer, 19, of
30  layer 19 is provided in a thickness ranging from 0.01 said another
conductivity type, a dielectric layer, 20,  to 0.1 [err] to facilitate
establishing an ohmic contact having a window, 21, a top stripe electrode,
22, within  between top confining layer 18 and top electrode 22. the
window, and an overlay electrode, 23.              Dielectric insulating
layer 20, having window 21 Construction of laser 10 is described below. For
which is centered over mesa 14, overlays the upper clarity reasons, various
elements of the laser are not  35  surface of contact layer 19 except for
that portion of drawn to scale. The invention is described with refer-  the
surface of contact layer 19 which is exposed in the ence to an [err]As
system in     windowthatisforanarea immediatelyoverlayingthe which x is
from 0 to 0.4 and y is from 0 to 0.25.  area of mesa 14 and, thus, of
section 17-2 of the dis- Substrate 12 is a heavily doped [err] type GaAs
continuous active layer 17. The dielectric layer insu- having two
dovetailed grooves 13 which form reen-  40  lates the top surface of
contact layer 19 and protects trant mesa 14. (FIG. 2). Typically the
thickness of the  it from environmental influences. The dielectric layer
substrate ranges from 100 to 500 prn and the doping  may be of a material
selected from such insulating concentration of the substrate ranges from
[err]to  materials as [err] and borosilicate glass (Vy- [err]. In some
applications the substrate may  [err]. The first two are deposited by
plasma CVD, be first grown on a master substrate of silicon which   45
while the latter is deposited by e-beam deposition. is common to a numberof
devices on the master sub-  Top electrode 22 overlays that portion of the
surface strate. Buffer layer 15 is also n-type GaAs deposited  of contact
layer 19 which is exposed in window 21. in a thickness typically ranging
from 0.1[err] to 5[err],  Since window 21 is of approximately the same
length and with a doping concentration of from [err] to  and width as the
mesa, top electrode 22 is also cen- [err]. The buffer layer serves the
purpose of  so  tered over the mesa and over section 17-2 of the ac-
stopping possible propagation of defects from the  tive layer which is upon
the mesa. Top electrode 22 substrate. The buffer layer is in the form of
indepen-  is of a metal or metal alloy selected from metals oral- dent
sections 15-1, 15-2 and 15-3. Sections 15-1   loyswhich are inertto
orcomplementthe conductivity overlay the bottom of each dovetailed groove
13; sec-  type of the top confining and contact layers. tion 15-2 overlays
the top surface of mesa 14; and  55  Overlay electrode 23 is deposited over
the insu- sections 15-3 overlay each of the remaining portions  lating
layer 19 and in electrical contact with top elec- of the top surface of the
substrate.               trode 22. Overlay electrode 23 covers the whole of
The bottom and the top confining layers 16 and  the upper surface of
dielectric layer 18 and of top 3    



5                  EP 0 552 888 B1                 8 electrode 22. Overlay
electrode 23, deposited In a  [err], having sections 16-1, 18-2 and 16-3,
an thickness of from 0.05 to 1.0 [err], acts as a protective  MQW active
layer 17 having sections 17-1, 17-2 and cover, as a surface for
establishing an electrical con-  17-3 consisting of three [err]wells 80 A
thick tact to top electrode 22, and as a broad electrical con-  each and
four GaAs barrier layers 200 A thick each, nection area.
5   1.5 [err] thick p- [err]As top confining layer 18 (2 Bottom electrode
11 is formed on the bottom sur-  [err] and a 200 A thick heavily doped (1 x
face of substrate 12 by depositing a suitable metal or  [err]GaAs contact
layer 19. Alternatively, alloy compatible with the conductivity type of the
sub-  each of the confining layers may be deposited as a strate, and
alloying the electrode to the substrate.  composite of 1.5 pm thick [err]As
and a 400 A Optionally a layer of gold may be deposited on top of  10
thick[err]As layers, with the latter being in con- either one or both of
overlay electrode 23 and bottom  tact with the active layer. The [err]As
layers are electrode 11. Finally, the bottom side of the laser may
deposited optionally to narrow the far field of the de- be mounted on a
copper slab which serves as a heat  vice. The structure further Includes an
about 3000 sink.                                             Angstrom thick
[err] layer 20 having 2 to 4 pm wide The preparation of the device
beginswith forming   15  window 21, a 0.08 [err] thickAuBe top electrode 22
co- in the substrate a pattern shown in FIG. 2. Wafersub-  extensive of
window 21 and an 0.1 pm thick TiAu strates were etched to form "dovetail"
grooves on  overlay electrode 23. either side of a reentrant mesa. Layers
15-19 forming  The laser semiconductor structure shown in FIG. the
laserstructure arethengrownupon the patterned  1 wasgrown on one lateral
surfaceofa [err]GaAs (100) substrate in succession preferably by such known
20  substrate wafer which was patterned with grooves to methods as metal
organic vapor phase epitaxy      leave mesas parallel to the [011]
direction. Standard (MOVPE), also known as metal organic chemical va-
photolithographic and wet chemical techniques were por deposition (MOCVD).
These layers may also be  used to obtain mesas of [err] wide. Wet chemical
deposited by such other known method as molecular  etching of [err]GaAs
wafers with a mixture of beam epitaxy (MBE) or hydride vapor phase epitaxy
25  [err] in a ratio of 1:1:1 is used to produce (VPE). An important
requirement is the deposition of  in the substrate wafer two dovetailed
grooves 13 and layers 15-17 such that section 17-2 on the mesa is  the
reentrant mesa 14 per device. The etching is con- grown apart from other
sections, e.g., 17-1 and 17-3  ducted at room temperature for a period of
from 5 to of layer 17. Due to the dovetailed shape of the   15, preferably
10 seconds. The dovetail grooves are grooves and of the reentrant shape of
the mesas, the   30  from 5 to 3, preferably 4[err] wide and from 3 to 1,
pre- MOCVD growth of layers 15, 16 and 17 over the me-  ferably 2 [err]
deep and are spaced each from another sas Is not continuous with the growth
in the grooves  a distance offrom 4.5 to 3.5 [err] defining the reentrant
and in the field. This results in an isolated layered  mesa. The following
layers were then grown over the structure including the MQW active layer
17-2 above  etched wafer using the MOCVD growth technique: 0.5 the mesas.
The top confining layer 18 fills in regions  35  pm thick n+ -GaAs buffer
layer, followed by a 1.5 [err] in the grooves, along the side and above the
mesas.  thick n-[err]As confining layer, the MQW active Itis
importantthatthesubstrate should be sooriented  region consisting of 3
wells of 80A thick [err]As and the etching is so conducted that when the
buffer,  and four 200A thick GaAs barrier layers, 1.5 [err] bottom
confining and active layers are deposited,  thick p-[err]As confining layer
and a 200A thick they form discontinuous layers and especially that at  40
[err] -GaAs contacting layer. The dopants used were Zn least section 17-2
of active layer 17 on the mesa does  and Si for the p-type and n-type
layers, respectively. not have any continuity with sections 17-1 in the
After semiconductor layers 15-19 are deposited grooves. Hence this growth
process results In MQW  on the patterned substrate wafer, the fabrication
active regions (17-2) on top of the mesa which are  process of the lasers
(FIG. 1) is continued by forma- buried in higher band gap and lower index
layer 18.  45  tion of a [err] layer and of AuBe (p-contact) top elec- This
assures that the current applied between top  trode, wafer thinning,
formation of an AuGe (n-con- electrode 22 and bottom electrode 11 will pass
tact) bottom electrode, and formation of TiAu metal through active layer
section 17-2 but carriers will not  overlayeron the top of the [err] and
AuBe layers. The spread along the whole of the active layer, Including
p-side of the wafer (surface of contact layer 19) Is sections 17-1.
5o  processed by depositing 3000A[err] and opening 2.5 In the preferred
embodiment, the laser Is an [err]  - 4.5 [err] wide windows over the mesas
and active re- [err]As structure comprising, in an  gions on the mesas,
using photolithography and buf- ascending sequence,  0.1 to 0.5[err] thick
AuGe elec-  fered oxide etchantto pattern the [err]. AuBe alloy (p- trode
11, about 100 [err] thick (100) oriented heavily  contact metal) was
deposited in a thickness of 0.08 doped[err]GaAs substrate 12, a 0.2 to  55
[err] using standard photolithographic and lift-off 0.3 [err] thick n-type
GaAs buffer layer 15 (3 x     methods resulting In AuBe contacts to contact
layer [err], having sections 15-1,15-2 and 15-3, a 1.5  19 exposed in
window 21 in the [err] layer. The AuBe [err] thick n- [err] bottom
confining layer 16 (2  p-contact was then alloyed in a forming gas environ-
4    



7                   EP 0 552 888 B1                8 ment at [err] for 30
sec. After this the bottom side  section, forming a reentrant mesa (14)
between of the wafer was thinned to 100 [err] by chemo-          them, said
buffer layer, said bottom confining lay- mechanically polishing the
substrate side using a 3   er and said active layer each having sections
ar- percent Bromine-Methanol solution. The bottom elec-   ranged in columns
on the mesa and in the trode 11 (n-contact) was prepared by depositing an
5  grooves, each of said sections in one column be- AuGe alloy over the
bottom surface of the substrate,  ing laterally discontinuous with respect
to the re- and rapid thermally alloying at [err]for 30 sec In   lated
sections in adjacent columns, forming gas. Deposition of thin layers of Ti
and Au in      CHARACTERIZED IN THAT a total thickness of from 0.05 to 1.0
[err] by an e-beam       said structure also includes InGaAs, being
evaporation process on top of the [err] layer and of  10  an
[err]GaAs/lnGaAs system top electrode 22 completed the p-side processing.
said substrate is of (100) orientation, and The wafer was then cleaved to
produce chips of 250    said grooves are etched with [0111 orientation,
[err] cavity length.                                          said active
layer is a multiquantum well The 250 pm long lasers emitted near 1 [err].
Las-     system of InGaAs wells and GaAs barriers, ers with coated facets
were found to have threshold  15     said top confining layer overlies
sections currents of [err] mA and were capable of emitting       of the
active layer on top of each column and slop- >100 mW per facet at room
temperature continuous      ed walls of sections of the buffer layer,
bottom wave (CW) operation. See FIG. 3. For an example of    confining
layer and active layer so as to bury the coating mirror facets on a laser
device see U.S. Pa-  section of the active layer of the column above
tent4,749,255 issued June 7,1988, to Utpal K. Chak-  20  the mesa and
separate this section from the col- rabarti et al. Light intensities for
lasers with uncoated  umns in the grooves, facets in mWversus current
characteristics of the las-      a contact layer (19) of said opposite con-
er in mA at different temperatures are shown in FIG.  ductivity type is on
top of the top confining layer, 4. The external differential quantum
efficiency is          a dielectric layer (20) having awindow (21) found to
be nearly independent of temperature in the   25  coextensive with the mesa
is on top of the contact range of [err] suggesting a low temperature
layer, and dependence of leakage current. The lasing threshold         said
top electrode includes a stripe elec- was found to increase from 30 mA at
room tempers-     trade (22) and an overlay electrode (23), said ture to
[err] mAat [err] operation. The nearly parallel  stripe electrode being in
contact with an area of slopes of the L-l curves show a small variation of
the   30  the contact layer exposed in said window, said external quantum
efficiency with temperature which    stripe electrode being in the form of
a narrow met- suggests a low temperature dependent leakage cur-     al
stripe and being coextensive with and in super- rent. The threshold current
plotted as a function of  imposed relation with the mesa and the section
temperature is shown in FIG. 5. The dependence of     of the active
layerabove the mesa, and said over- the threshold current on temperature is
represented   35  lay electrode is on the whole of the upper surface by the
expression:                                    of the said stripe electrode
and of said dielectric [err]                 layer. where [err] is the
threshold current and T is the temper- ature while [err]and [err] are
constants. For the tempera-  2. The laser of claim 1, in which said active
layer ture range of [err], the value of the charac-  40  comprises [err]As
wells and GaAs barriers, y teristic temperature, [err], is determined to be
120K.   being in the range 0.05 to 0.25. 3. The laser of claim 2, in which
the active layer in- Claims
cludes three [err]As wells and four GaAs 45      barriers. 1. A buried
heterostructure laser, which comprises: a compound semiconductor structure
and    4. The laserof any of the preceding claims, in which a top (22,23)
and a bottom (11) electrode to the   each of said bottom and top confining
layers is of said structure,                                    [err]As, x
being in the range 0.1 to 0.4. said structure including GaAs and AlGaAs
50 and comprising in an ascending order a substrate  5. The laser of claim
4, in which each of said con- (12) of one conductivity type, a buffer layer
(15)  fining layers comprises [err]. of said one conductivity type, a
bottom confining layer (16) of said one conductivity type, an active  6.
The laser of claim 5, in which each of said con- layer (17) and a top
confining layer (18) of the  55  fining  layers  further  comprises  a
thin conductivity type opposite to said one conductiv  [err]As layer
positioned between the ac- ity type, said substrate having two parallel
tive layer and the [err]As layer. grooves (13) each having a dovetailed
cross- 5    7                   EP 0 552 888 B1                8
C  L  M    S 



ment at [err] for 30 sec. After this the bottom side  section, forming a
reentrant mesa (14) between of the wafer was thinned to 100 [err] by chemo-
them, said buffer layer, said bottom confining lay- mechanically polishing
the substrate side using a 3   er and said active layer each having
sections ar- percent Bromine-Methanol solution. The bottom elec-   ranged
in columns on the mesa and in the trode 11 (n-contact) was prepared by
depositing an   5  grooves, each of said sections in one column be- AuGe
alloy over the bottom surface of the substrate,  ing laterally
discontinuous with respect to the re- and rapid thermally alloying at [err]
for 30 sec in  lated sections in adjacent columns, forming gas. Deposition
of thin layers of Ti and Au in     CHARACTERIZED IN THAT a total thickness
of from 0.05 to 1.0 [err]m by an e-beam      said structure also includes
InGaAs, being evaporation process on top of the [err] layer and of  10  an
AIGaAs/GaAs/lnGaAs system top electrode 22 completed the p-side processing.
said substrate is of (100) orientation, and The wafer was then cleaved to
produce chips of 250    said grooves are etched with [011] orientation,
[err] cavity length.                                          said active
layer Is a multiquantum well The 250 [err] long lasers emitted near 1
[err]. Las-    system of InGaAs wells and GaAs barriers, ers with coated
facets were found to have threshold  15    said top confining layer
overlies sections currents of [err] and were capable of emitting       of
the active layeron top of each column and slop- >100 mW per facet at room
temperature continuous      ed walls of sections of the buffer layer,
bottom wave (CW) operation. See FIG. 3. For an example of    confining
layer and active layer so as to bury the coating mirror facets on a laser
device see U.S. Pa-  section of the active layer of the column above tent
4,749,255 issued June 7,1988, to Utpal K. Chak-  20  the mesa and separate
this section from the col- rabarti et al. Light intensities for lasers with
uncoated  umns in the grooves, facets in mWversus currentcharacteristics of
the las-       a contact layer (19) of said opposite con- er in mA at
different temperatures are shown in FIG.  ductivity type is on top of the
top confining layer, 4. The external differential quantum efficiency is
a dielectric layer(20) having awindow (21) found to be nearly independent
of temperature in the   25  coextensive with the mesa is on top of the
contact range of [err] suggesting a low temperature   layer, and dependence
of leakage current. The lasing threshold        said top electrode includes
a stripe elec- was found to increase from 30 mA at room tempera-     trode
(22) and an overlay electrode (23), said ture to [err]mAat [err] operation.
The nearly parallel  stripe electrode being in contact with an area of
slopes of the L-l curves show a small variation of the   30  the contact
layer exposed in said window, said external quantum efficiency with
temperature which    stripe electrode being intheformofa narrow met-
suggests a low temperature dependent leakage cur-     al stripe and being
coextensive with and in super- rent. The threshold current plotted as a
function of  imposed relation with the mesa and the section temperature is
shown in FIG. 5. The dependence of     of the active layer above the mesa,
and said over- the threshold current on temperature is represented   35
lay electrode is on the whole of the upper surface by the expression:
of the said stripe electrode and of said dielectric [err] where [err] is
the threshold current and T is the temper- ature while [err] and [err] are
constants. For the tempera-  2. The laser of claim 1, in which said active
layer ture range of[err], the value of the charac-  40  comprises [err]As
wells and GaAs barriers, y teristic temperature, [err], is determined to be
120K.   being in the range 0.05 to 0.25. 3. The laser of claim 2, in which
the active layer in- Claims
cludes three In[err]As wells and four GaAs 45      barriers. 1. A buried
heterostructure laser, which comprises: a compound semiconductor structure
and    4. The laser of any of the preceding claims, in which a top (22,23)
and a bottom (11) electrode to the   each of said bottom and top confining
layers is of said structure,                                    [err]As, x
being in the range 0.1 to 0.4. said structure including GaAs and AlGaAs
50 and comprising in an ascending order a substrate  5. The laser of claim
4, in which each of said con- (12) of one conductivity type, a buffer layer
(15)  fining layers comprises [err]As. of said one conductivity type, a
bottom confining layer (16) of said one conductivity type, an active  6.
The laser of claim 5, in which each of said con- layer (17) and a top
confining layer (18) of the   55  fining  layers  further comprises  a
thin conductivity type opposite to said one conductiv-  [err]As layer
positioned between the ac- ity type, said substrate having two parallel
tive layer and the [err]As layer. grooves (13) each having a dovetailed
cross- 5    9                  EP 0 552 888 B1                 10 * C   L
M   S* 



7. The laser of any of the preceding claims, in which      wobel eine
Kontaktschicht (19) des entge- said stripe electrode comprises AuBe.
gengesetzten Leitfahigkeitstyps oben auf der oberen EinschluBschicht let,
8. The laserof any of the preceding claims, in which       wobei eine
dielektrische Schicht (20), die said overlay electrode comprises TIAu.
5      ein Fenster (21) hat, des sich mit der Mesa gielcherstreckt, oben
auf der Kontaktschicht ist, 9. A method of making a buried heterostructure
las-   und er as claimed In any of the preceding claims,           die
obere Elektrode sine Strelfenelektro- wherein
de (22) und sine Oberlagerungseledtrode (23) said buffer layer, bottom
confining layer,  io  umfal~t, wobei die Streifeneiektrode in Kontakt
active layer, top confining layer and contact layer  mit elnem Bereich der
in dem Fenster frelgeleg- are deposited by MOCVD.
ten Kontaktschicht ist, wobei die Streifenelektro- de von der Form sines
schmalen Metallstreifens 10. The method of claim 10, in which said grooves
let und sich mit der Mesa und mit dem Abschnitt are etched with a mixture
of [err] in  15  der aktiven Schicht flber der Mesa in 0Iberlagern- the
ratio of 1:1:1.                               dem
Verhiltnisgleicherstrecktund die Oberiage- rungselektrode auf der gesamten
oberen Ober- flachs der Streifenelektrode und der dielektri-
Patentansprflche                                      schen Schicht ist. 20
1. Laser mit vergrabener Heterostruktur umfas-    2. Laser nach Anspruch 1,
bel welchem die aktive send: eine Verbindungshalblsiterstruktur und ei-
Schicht InyGa1. As-Hulden und GaAs-Barrieren ne obere Elektrode (22, 23)
und sine Bodenelek-   umfallt, wobei y im Bereich von 0,05 bis 0,25 ist.
trod. (11) zu der Struktur, wobei die Struktur GaAs und AlGaAs um-  25  3.
Laser nach Anspruch 2, be! welchem die aktive falt und In aufsteigender
Folge sin Substrat (12)  Schicht In0,2Ga0,8As-Muiden und vier GaAs- mit
elnem Leitfahlgkeltstyp, sine Pufferschicht    Barrieren umfalt. (15) mit
dem einen Leitfahigkeitstyp, sine Boden- einschluBschicht (15) mit dem
einen Leitfahig-  4. Laser nach einem der vorstehenden Ansprfche, keitstyp,
sine aktive Schicht (17) und sine obere  3o  bel welchem jede Boden- und
obere EinschIu- EinschluBschicht (18) des dem sinen Leitfihig-    schicht
aus AlGa,-.As ist, wobel x im Bereich keKstyps entgegengesetzten
LeitfAhigkeftstyps     von 0,1 bis 0,4 lst. hat, wobei das Substrat zwei
parallels Furchen (13) hat, die jede sinen schwalbenschwanzarti-  5. Laser
nach Anspruch 4, be! welchem jede Ein- gen Querschnitt haben, der sine
zurflcktretende   35  schlufschichtAlo,4GaoeAs umra1&t. Mesa (14) zwischen
diesen ausbildet, wobei die Pufferschicht, die BodeneinschluBschicht und
6. Laser nach Anspruch 5, bei welchern jede En- die aktive Schicht jede
Abschnitte haben, die in  schluBschicht ferner sine donne A0,16GaoAs-
Saulen an der Mesa und In den Furchen angeord-     Schicht zwischen der
aktiven Schicht und der net sind, wobel jeder Querschnitt in einer Saule
40  AIOAGaogAs-Schicht angeordnet umfaft. in Bezug auf die zugeharigen
Abschnitte in be- nachbarten Saulen seltlich nicht zusammenhan-  7. Laser
nach einem der vorstshenden Anspruche, gend ist, dadurch gekennzeichnet,
dae             in welchem die Streifenelektrode AuBe umfait. die Struktur
ebenfalls InGaAs umfaBt, die- see sin AiGaAsiGaAslnGaAs-System ist,     45
S. Laser nach sinem der vorstehenden Anspriche, das Substrat (100)
Orientlerung hat und     in welchem jede Oberiagerungselektrode TiAu die
Furchen mit [011] Orientlerung geatzt sind,    umfaBt. wobei die aktive
SchIcht sin Mehrfach- quantenmuldensystem von InGaAs-Mulden und      9.
Verfahren zur Hersteliung sines Lasers mit ver- GaAs-Barrieren let,
s0      grabener Heterostruktur nach einem der vorste- wobei die obere
Einschlugschicht OberAb-     henden AnsprOche, schnitten deraktiven
Schichtoben aufjederSfiu-          beiwelchem die Pufferschicht, die Boden-
le und geneigten Wanden derAbschnitte der Puf-    einschluBschicht, die
aktive Schicht, die obere ferschicht, der BodeneinschluBschicht und der
Einschlusschicht und die Kontaldschicht durch aktiven Schichtjewelis so
liegt, dallderAbschnitt  55  MOCVD abgeschieden sind. deraktiven Schicht
der Saule oberhalb der Mesa vergraben ist und disser Abschnitt von den Sau-
10. Verfahren nach Anspruch 9, bei welchem die Fur- ien in den Furchen
getrennt ist,                   chen mit einer Mischung von H2SO4*H202:H2O
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Verhlitnis von 1:1:1 geatzt sind.                avec une r6gbon de la
couche de contact qui oet a nu dans la fenetre, M'4lectrode en ruban se
pr6- sentant sous la forms d'un ruban en metal 6troit Revendlcations
et s'6tendant en co'ncidence et en superposition 5      avec la m6sa et la
partie de la couche active qui 1. Un laser A h6terostructure enterras,
compre-      se trouve au-dessus de la mesa, et l'6lectrode d nant:
e recouvrement eat formee sur la totalit6 de la une structure de
semiconductours compo-     surface superleure de l'electrode en ruban et de
s6s et uno electrode superleure (22, 23) et une  la couche dielectrique.
electrode inferieure (11) associees A la structure,  fo oette structure
oontenant lea materlaux  2. Le laserde la revendication 1, dans lequol la
cou- GaAs et AlGaAs et comprenant, en ordre ascen-    che active comprend
des puits en lnyGaj1yAs et dant, un substrat (12) d'un premier type de
des barrieres en GaAs, y etant dans la plage de conductivite, une couche
tampon (15) du premier  0,05 a et 0,25. type de conductivitA, une couche de
confinement  1C inferieure (16) du premier type de conductivlt6,  3. Le
laser de la revendication 2, dans lequol la cou- une couche active (17)
etune couche de confine-  che active comprend trois puits en Ino,2GaoAs et
ment superieure (18) du type de conductivit6 op-  quatre banribres en GaAs.
pose au premier type de conductivite, le substrat ayant deux sillons
paralleles (13) ayant chacun  20  4. Le laser de l'une quelconque des
revendications une section droie on queue d'aronde, formant
precedentes, dans lequol chacune des couches entre eux une msea A fiance
rentrants (14), Ia   de confinement inferleure et superieure consiste
couche tampon, la couche de confinement infe-    en AI1Ga. WAs, x etant
dans la plage de 0,1 A 0,4. rieure et la couche active ayant chacune des
par- ties disposees dans des colonnes sur la mesa et  25  5. Le laser de la
revendlcation 4, dans loquel cha- dans lea sillons, chacune de ces parties
dans une  cune des couches de confinement comprend le colonne etant
lateralement discontinue vis-a-vis  mat6riau A10,4GaOAs. des parties
associees dans des colonnes adja- centes,
6. Le laser de la revendication 5, dans lequel cha- CARACTERISE EN CE QUE
30      cune des couches de confinement comprend en la structure comprend
6galement le mate-    outre une couche mince d'AJ0o,1Gao,mAs place riau
InGaAs et elle consists en un systeme Al-   entre la couche active et la
couche dAloGSOAs. GaAslGaAs/lnGaAs le substrat a une orientation (100), et
les  7. Le laser de l'une quelconque des revendications sillons sont gravbs
avec l'orientation [611],  C5  prbcodentes, dans loquel l'lectrode en ruban
la couche active eat un systeme A puits     comprend le materiau AuBe.
quantiques multiples qui eat forme par des puits en InGaAs et par des
barrieres en GaAs,       S. Le laser de l'une quelconque des revendications
la couche de confinement supbrieure re-     precbdentes, dans lequel
l'blectrode de recou- couvre des parties de la couche active au som-  40
vrement comprend le mateirau TlAu. met de chaque colonne etdes parois
inclin6bs de parties de la couche tampon, de la couche de  9. Un procedb de
fabrication d'un laser A heteros- confinement inferleure et de la couche
active, de  tructure enterree solon l'une quelconque des re- facon A
enterrer la partle de la couche active de  vendications precidentes, dans
lequel la colonne qui se trouve au-dessus de la m6sa et  45  la couche
tampon, la couche de confine- A separer cettb partie vis-a-vis des colonnes
se  ment inferieure, la couche active, la couche de trouvant dans lea
sillons,                       confinement sup6rieure et la couche de
contact une couche de contact (19) du type de       sont dbposbes par dbpot
chimlque en phaseva- conductivit6 oppose estform6e sur la surface su-  peur
aux organom6talliques (ou MOCVD). perleure de la couche de confinement
supbrleu-  5o re,                                           10. Le procede
de la revendication 9, dans loquel les une couche di6lectrique (20) ayant
une fe-  sillons sont gravbs avec un melange de netre (21) qui codncide
avec la mesa, est-formee  H2SO4:H202:H 20 dans le rapport 1:1:1. sur la
surface supdrleure de la couche de contact, et
55 I'alectrode sup6rieure comprend une 6lec- trode en ruban (22) et une
6lectrode de recouvre- ment (23), I'electrode en ruban 6tant en contact 7


