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propagation axis of the waveguide than the guiding layer immediately
adjacent thereabove to create a Technical Field
staircase-like core or guiding structure. Cladding re- gions of appropriate
semiconductor material having a This invention is related to semiconductor
devic-   5   lower index of refraction than the tapered structure es and,
more particularly, to devices incorporating  may be added to completely
surround the tapered optical waveguide structures.
structure. The profile of the tapered guiding structure is realizable as
any desired shape such as linear, par- Background of the Invention
abolic, exponential or the like. 10     In another embodiment, additional
layers of high- Efficient transfer of lightwave signals from one  er index
of refraction semiconductor material may be waveguide to another Is
Important to the development  included in the cladding region to permit
additional of optical systems and circuits. Lightwave communi-  beam
shaping of the expanded spatial mode propa- cation systems require
communication, at a mini-      gating along the tapered waveguide. mum,
between the transport medium such as optical  15  In additional
embodiments, the tapered semicon- fiber and waveguide devices such as
lasers, cou-   ductor waveguide is included as an intra-cavity ele- plers,
switches and detectors. By comparison, prop-  ment for semiconductor lasers
to provide beam ex- agating modes of the lightwave signals in the trans-
pansion at an end facet, for example. port medium are significantly
largerthan in the wave-  Photolithographic masks defining successively
guide devices. For example, signal mode optical fib-  20  larger exposed
areas are aligned, deposited over the ers propagate lightwave signals
having a fundamen-  waveguide structure, and then removed following tal
mode of approximately 6-10[err] width whereas wa-  each etching step.
Material selective etching techni- veguide devices such as single frequency
semicon-  ques are employed to remove exposed (unmasked) ductor lasers
support lightwave signals having a fun-  portions of guiding layers. In
sequence, the exposed, damental mode width less than approximately 1 [err].
25  formerly underlying portions of the stop-etch layers Tapers have been
developed to control the mode  are then removed using material selective
etching. size of the guided lightwave signals and, thereby, pro-  Iteration
of the above process steps permits a tapered vide efficient coupling
between optical waveguide de-  waveguide structure to be defined. vices and
optical fibers. Tapers have been realized in two forms: a fibertaperwhich,
as the name suggests,  30   Brief Description of the Drawing is based
solely In the optical fiber and a tapered wa- vegulde which Is based solely
in the device structure.  A more complete understanding of the invention In
both forms, the taper Increases or decreases along  may be obtained by
reading the following description the direction of propagation for the
lightwave signals.  of specific illustrative embodiments of the invention
Tapered waveguldes, whether based in semicon-  35  in conjunction with the
appended drawing in which: ductor material or electrooptic material, have
been   FIGs. 1 through 4 show successive processing formed by epitaxial
growth techniques or by special   steps for making a tapered semiconductor
wave- etching techniques such as photoelectrochemical       guide (shown in
cross-sectioned view) in accor- etching or selective chemical etching. In
addition, ta-  dance with the principles of the invention; pers have been
formed in either the horizontal or the   40  FIG. 5 is a cross-sectional
view of an exemplary vertical direction, transverse to the propagation
direc-  tapered semiconductor waveguide Including tion. For example, see
Appl. Phys. Lett., 26(6), pp.  beam shaping elements; and 337-40(1975), U.
S. Patent 3,993,963, and U. S. Pa-   FIGs. 6 and 7 show exemplary lightwave
signals tent 3,978,426. while individual attempts to create ta-  input to
and outputfrom the tapered semiconduc- pered waveguides have succeeded, it
has been found   45  tor waveguides shown in FIGs. 4 and 5, respec- that
the techniques employed lack sufficient controll-  tively. ability for
making identically reproducible tapered wa-  It should be noted that the
elements and embodi- veguides from one device to the next.
ments shown in the various FIGs. have not been drawn to scale. They are
merely illustrative of aspects Summary of the Invention
50  of the present invention. As a result, the drawing is in- tended to be
construed for purposes of explication The present invention is defined by
claims 1 and  and not for the purpose of limitation. 10, wherein adiabatic
mode control and a high degree of structural reproducibility are afforded
by a tapered  Detailed Description semiconductor waveguide-structure
wherein individ-  55 ual semiconductor guiding layers are interleaved with
The semiconductor heterostructure shown In corresponding individual
stop-etch layers and each  FIG. 1 may be fabricated by standard epitaxial
proc- successive guiding layer extends further along the  essing techniques
such as molecular beam epitaxy, 2   
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and metal organic chemical va-  Materials, Vol. 3, p. 635 et seq. (1974).
Thickness of por deposition. Fabrication techniques including sem-
individual guiding layers is taken into consideration
iconductorlayergrowth, impurity doping, photolithog-  when determining the
shape of the tapered wave- raphy and any contact metallization to realize
exem-  guide and the amount of spatial mode confinement plary devices shown
in FIGs. 4 and 5, in accordance   5   desired at each end and along the
length of the ta- with the principles of the invention described above,
pered waveguide. are believed to be well known to those persons of or-  The
stop-etch layers comprise semiconductor dinary skill In the art. For a
complete overview and  material which have a substantially reduced etch
rate discussion of the techniques, see AT&T Technical   for any etchant or
etching technique which Is utilized Journal, Vol. 68, No. 1
(January/February 1989).  10  in the processing of the guiding layers. In
this exam- It is understood that, while the material system In-  ple, InP
stop-etch layers have a lower etch rate in the GaAsP/InP is described below
for fabricating the ta-  material selective etchants which are used to
remove pered semiconductor wavegulde device, other material  exposed
portions of InGaAsP guiding layers. By em- combinations may be selected
from other semiconduc-  ploying these techniques, it is possible to
fabricate ta- tor Group III-V systems such as GaAs/AlGaAs,  15  pered
waveguides in which each stop-etch layer may GaAs/AlAs, InGaAs/InAlAs,
InGaAs/InGaAlAs, and       possibly have a thickness measured from
heteroin- GaAsSb/GaAlAsSb. In these semiconductor systems,   terface to
heterointerface which is sufficiently small the layers may be
lattice-matched to suitable GaAs or  to avoid significantly perturbing
characteristics of the InP substrates. Mismatching is also contemplated
optical signal guided by the guiding layers. However, wherein strained
layers are grown over the substrate  20  the use of stop-etch layers which
perturb character- material. Finally, extension of the device structures Is
istics of the optical signal is contemplated provided also contemplated to
semiconductor compounds in    thatthe overall effect does notsignificantly
impair op- Group II-VI.                                        eration of
the tapered waveguide. Since the practice of the present invention in-
Realization of tapering occurs by sequential volves the formation of a
staircase-like profile  25   mask/etching which begins by covering the
upper- through a series of layers, it is necessary to have a  most guiding
layer shown as layer 21 with photolitho- starting workpiece including the
necessary series of  graphic mask 22 as shown in FIG. 2. Photoresist
layers. An exemplary series of layers having the de-  masks such as Shipley
or AZ or the like are suitable sirably necessary attributes comprises a
plurality of  for use as mask 22.  Deposition techniques such as guiding
layers and a corresponding plurality of stop-  30   CVD or the like are
also suitable for depositing the etch layers interleaved with the plurality
of guiding  mask. When employing the latter technique, silicon layers as
shown In FIG. 1. Standard epitaxial growth  nitride or silicon oxide layers
are commonly used for techniques commonly known to those persons of or-
masking. Mask 22 includes an opening to define an dinary skill In the art
were employed to form the sem-  exposed area of layer 21. iconductor
heterostructure in FIG. 1.         35       After the mask is in place, a
material selective As shown in FIG. 1, a lower cladding layer 10 sup-
etchant is placed in contact with guiding layer 21 to re- ports the guiding
layer/stop-etch layer interleaved  move the portion thereof exposed by the
mask. Sev- structure. Layer 10 comprises InP and, in some ap-  eral wet
chemical etchants have been shown to be plications, may lie between the
guiding layer/stop-  suitable for selectively removing quaternary semi-
etch layer interleaved structure and a substrate. In  40  conductor
material such as exists in the heterostruc- othet applications, layer 10
may act also as the sub-  ture in FIG. 2. Examples of several selective
etchants strate for the waveguide.                           include: a
solution of [err] in ratios such Above layer 10 are grown the following
layers in  as 3:1:1 and 10:1:1; or AB etchant wherein the Asol- succession:
guiding layer 11, stop-etch layer 12, guid-  ution is approximately 40 ml.
[err] + 0.3g. [err] +40 ing layer 13, stop-etch layer 14, guiding layer 15,
stop-  45   ml. HF and the B solution is approximately 40 g. [err] etch
layer 16, guiding layer 17, stop-etch layer 18,  + 40 ml. [err]; or a
solution of KOH:[err]. guiding layer 19, stop-etch layer 20, and guiding
layer  Etching time varies according to the thickness of the 21. The
guiding layers comprise semiconductor ma-   particular quaternary layer,
temperature, and alloy terial having a higher index of refraction than the
in-  composition ratios for the layer. Usually etching is dex of refraction
for the material forming a cladding   50   halted by rinsing the etchant
away with, for example, for the waveguide, whether semiconductor, air or
deionized water. Mask 22 may be removed at this otherwise. In the present
example, quaternary mate-  point or after the removal of the exposed
portion of rial comprising [err]  is employed for guid-  stop-etch layer
20. ing layers, wherein the alloy composition ratios x and  After the
exposed portion of layer 21 is removed, y are selected to produce a
particular lattice constant  55  the vertical edges of layer 21 are
suitable for masking and a particular wavelength or energy bandgap for  the
exposed portion of stop-etch layer 20. Etchants the heterostructure. For a
description of techniques  such as HCl or HCl:[err] (e. g., 2:1) are useful
In for choosing x and y, see R. Moon et al., J. Electron. 3  



5                   EP0411816 B1                    6 etching InP stop-etch
layers. In general, etchants  the spatial modes at various locations along
the taper. such as HCI continue to react with InP until a partic-  As shown
in FIG. 6, the optical signal having spatial ular crystallographic plane is
exposed. As such, rins-  mode 60 is input to the tapered waveguide and is
con- ing may or may not be required to halt the etching of  fined
substantially between the reference points x - layer 20.
5   x' of guiding layers 11 through 21. The central modes To continue the
tapering process, it is necessary  of the signals have been shifted to
permit a better ap- to form photolithographic mask 30 on layer 21 as
preciation of the taper operation. Note that the signals shown in FIG. 3.
Mask 30 is substantially aligned on  have not been drawn to scale. When the
optical signal one side with the end of the former opening for mask
traverses the tapered waveguide, the optical signal 22, now removed. The
opening in mask 30 exposes  10  undergoes adiabatic beam expansion with
increasing a larger portion of layer 21 (extending to the left of the
optical power coupling into the cladding region removed portion). As a
result, portions of both guiding  around the taper. Upon reaching the taper
output, the layers 21 and 19 are exposed for subsequent etching.  optical
signal has a mode as depicted by spatial mode The process described above
is useful for developing  61 which is significantly larger than the beam at
the a conceptual understanding of the tapering process.  15  taper input
and a still guided by the guiding layer In actual wafer production, chips
are flip-flopped so  whose reference points are y - y' (e. g., layer 11).
Ac- that a descending taper from one chip flows into an  cordingly, the
spatial mode of the optical signal tra- ascending taper for another chip.
Then, a cleave   versing the taper is forced to make an adiabatic tran-
would be made between the descending and ascend-   sition from a tightly
controlled mode such as output ing tapers. Also, it should be noted that
the tapering   20  by a laser to a significantly larger mode which is ex-
process is performed generally before lateral proc-  cellent for fiber
coupling, for example. essing occurs for defining waveguide vertical side-
By expanding the mode size, it is possible to con- walls and the like.
trol and reduce the beam divergence for optical sig- Material selective
etchants are applied to the ex-  nals output by the tapered waveguide. This
is possi- posed portions of the guiding layers to expose the un-  25  ble
because large fundamental spatial mode output derlying stop-etch layer,
layers 20 and 18. This etch-  from the tapered waveguide exhibits a
substantially ing step is substantially halted by the stop-etch layers.
flat phase front. Beam divergence control has been If necessary, the
etching step may be completely halt-  observed from far field measurements
taken on a wa- ed by rinsing to remove the etchant. Other material  vegulde
device similar to the one described above selective etchants are then
applied to now exposed   30  wherein the tapered waveguide decreased from
ap- portions of stop-etch layers 20 and 18 to remove   proximately 3000A (x
- x') to approximately 500A (y - those portions. An exemplary resulting
structure   y') over a length exceeding 100[err] measured along from the
sequential mask/etch procedure is shown in  the propagation axis. Full half
power angles for the far FIG. 3.
field radiation patterns were observed between 10 This procedure Is carried
on with additional  35  and [err] for both vertical and horizontal
transverse mask/etch steps wherein each photolithographic     axes. mask
defines an opening which is larger, by a prede-   In an exemplary
embodiment and application, termined amount, than the opening defined by
the  the tapered waveguide is employed inside a laser previous masks. For
the initial structure shown in  cavity having a multiple quantum well
active layer FIG. 1, the sequential mash procedure results after  40
structure along a portion of the resonator cavity five iterations with a
staircase-like tapered profile as  length before the tapered waveguide. The
multiple shown in FIG. 4.                                   quantum well
layer structure includes an active stack As shown In FIG. 4, an additional
cladding layer  of wells having a photoluminescence wavelength 40 is
epitaxially grown over the exposed tapered wa-  [err]1.5[err]. The multiple
quantum well active stack veguide. Layer 40 is selected from materials
having   45  comprises four quantum wells having a total thick- a
lowerrefractive index than that of the tapered struc-  ness of
approximately 800[err] utilizing InGaAs and In- ture. While the
cross-sectional view shows cladding  GaAsP (1.3[err]) as the well and
barrier materials, re- for the guiding layers from above and below the het-
spectively. The active layer structure (not shown) is erostructure, it is
contemplated that lateral or trans-  situated on top of the taper
heterostructure of FIG. 1, verse cladding regions be formed around the
tapered   50  and is separated from layer 21 by an InP stop-etch
heterostructure.                                   layer (also, not shown)
having a thickness of approx- Demarcations x - x' and y - y' denote the
refer-  imately 200[err]. The active layer structure and the stop- ence
points at the outermost guiding layers at each  etch layer immediately
thereunder are removed to end of the taper. The corresponding reference
points  leave a passive transparent waveguide heterostruc- are depicted in
directions perpendicular to the propa-  55  ture along a predetermined
portion of the laser cavity, gation axis along which optical signals
generally prop-  which is then transformed into the tapered waveguide
agate.                                             in accordance with the
principles described herein. These reference points are useful in comparing
Stop-etch layer20 and the remaining stop-etch layers 4 



7                  EP 0 411 816 B1                 8 were approximately
200A thick. Guiding layers 21  per output by the inclusion of beam shaping
via guld- through 11 comprises InGaAsP (1.3[err]). Guiding lay-  ing layers
52 and 55 in the cladding region. In com- er 21 having a thickness of
approximately 1025[err] is  parison to taper output signal 61, taper output
signal extended beyond the etched end of the active layer  71 includes more
output power between reference stack and its underlying stop-etch layer
(both not   5   points z - z' and has some additional shaping in the shown)
by approximately 20[err]. Guiding layer 19 hav-  mode at z' (location 73)
and z (location 72) as shown. ing a thickness of approximately 700Ais
extended be-  Several benefits obtain from utilizing the tapered yond the
etched end of layers 21 and 20 by approxi-  waveguide structure described
above. The process- mately 20[err]. Guiding layer 17 having a thickness of
ing is standard and longitudinal in nature. Moreover, approximately
425[err] is extended beyond the etched   10  it is compatible with present
technology employed in end of layers 19 and 18 by approximately 25[err].
Guid-  fabricating III-V lasers and photonic integrated cir- ing layer 15
having a thickness of approximately 300A  cuits. As a result, the waveguide
is integrable with is extended beyond the etched end of layers 17 and
photonic devices and exhibits high reproducibility. 16 by approximately
30[err]. Guiding layer 13 having  Critical alignment has been substantially
reduced by a thickness of approximately 250A is extended be-  15  the large
taper optical output, so that the tapered wa- yond the etched end of layers
15 and 14 by approxi-  veguide device will permit greater packaging toler-
mately 40[err]. Guiding layer 11 having a thickness of  ances. The taper
design is usually established to ach- approximately 500A Is extended beyond
the etched  ieve equal loss at each step Interface from guiding end of
layers 13 and 12 as the output guiding layer of  layer to adjacent guiding
layer. the tapered waveguide device. While the tapered wa-  20 veguide
described above has a somewhat non-linear tapered profile, linear,
quadratic, logarithmic, expo-  Claims nential or any otherdesirable
profiles are contemplat- ed and achievable by properly varying the length,
or  1. A method for etching a multilayer semiconductor the thickness, or
the length and thickness of the va-  25  heterostructure body to form a
tapered semicon- rious guiding layers included in the tapered structure.
ductor waveguide device tapered in the propaga- It should be clear to those
skilled in the art that the ex-  tion direction of the light signal, said
multilayer tension of one guiding layer past the etched end of the
semiconductor heterostructure body including prior layer is preferably
selected to be longerthan sev-  guiding layers (11, 13,15, 17, 19, 21) and
stop- eral optical wavelengths to insure proper adiabatic  30  etch layers
(12, 14, 16, 18, 20) interleaved with changes in the wavegulde mode
profile. Typically,    each other, the method comprising the steps of:
these extensions are on the order of several microns.     masking the
uppermost guiding layer (21) Additional beam control or beam shaping is af-
to define an opening so as to expose a predeter- forded by including one or
more guiding layers in the  mined area of said guiding layer (21); cladding
region around the tapered structure. Such   35   a first etching step
performed by contact- additional guiding layers tend to contain the optical
ing the surface of said predetermined exposed power to the vicinity of the
tapered structure, and can  guiding layer portion with a first material
selective lead to more desirable beam profiles. Asymmetric     chemical
etchant for a time period sufficient to and symmetric displacements of the
additional guid-  expose a corresponding predetermined portion ing layers
are contemplated for beam control and   40  of the stop-etch layer beneath;
shaping.                                                  a second etching
step performed by con- One exemplary embodiment of a beam control
tacting the surface of said predetermined ex- and shaping element combined
with the tapered wa-    posed stop-etch layer portion with a second ma-
veguide is shown in FIG. 5. Tapered waveguide struc-  terial selective
chemical etchant for a time period ture 50 comprising interleaved guiding
and stop-etch   45  sufficient to expose a corresponding predeter- layers
is surrounded by a lower refractive index clad-  mined portion of the
guiding layer beneath; ding region including cladding layers 51, 53, 54 and
iterating In sequence the masking step, 56. Within the cladding region are
disposed higher re-  the first etching step followed by the second etch-
fractive index guiding layers 52 and 55 for controlling  ing step wherein
each masking step defines an the shape of the spatial mode for the optical
signal  so  opening which is larger than the opening defined output from
the tapered wavegulde.                   by the previous masks, so that the
predetermined FIG. 7 shows the effects of beam control and      exposed
layer portions during a given iteration shaping in accordance with the
structure from FIG. 5.  are longer than and include at least the predeter-
The central modes of the signals have been shifted   mined exposed layer
portions for previous itera- to permit a better appreciation of the taper
operation.  55  tions so that a staircase-like tapered waveguide Note that
the signals have not been drawn toscale but  profile is formed. should
suffice for this analysis. In this example, addi- tional optical signal
power has been guided to the ta-  2. The method defined in claim 1 wherein
the mul- 
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semiconductor heterostructure body com-    so as to form a staircase-like
tapered wavegulde prises semiconductor material consisting of com-
profile. positions selected from Groups III and V and Groups II and VI.
11. The tapered waveguide defined in claim 10 fur- 5       ther including a
cladding region (51, 53, 54, 56) 3. The method defined in claim 2 wherein
the guid-     substantially surrounding exterior surfaces of ing layers
comprise InGaAsP and the stop-etch      said pluralities of guiding and
stop-etch layers, layers comprise InP, and wherein the first mate-   said
cladding region comprising third semicon- rial selective etchant comprises
[err]     ductor material, said first semiconductor material and the second
material selective etchant com-  10  having an index of refraction which is
greater prises HCl.                                        than an index of
refraction for said third semicon- ductor material. 4. The method defined
in claim 3 wherein the sec- ond  material selective  etchant comprises
12. The tapered waveguide defined in claim 11 HCl:[err].
15      wherein said first, second and third semiconduc- tor materials are
selected from the group consist- 5. The method defined in claim 1 wherein
each          ing of Group III-V compositions and Group II-VI guiding layer
extends along a predetermined axis   compositions. of said multilayer
semiconductor heterostructure body sufficiently far for said guiding layers
to ex-  20   13. The tapered waveguide defined in claim 11 hibit a
staircase-like profile selected from the   wherein said first semiconductor
material in- group consisting of linear, parabolic and expo-     cludes
InGaAsP, and said second and third sem- nential profiles.
iconductor materials include InP. 6. The method defined in claim 2 wherein
the guld-  25  14. The tapered waveguide defined in any of claims ing
layers comprise InGaAsP and the stop-etch       11 to 13 wherein said
cladding region further in- layers comprise InP, and wherein the first
mate-    cluding means (52, 55) for controlling the beam rial selective
etchant comprises AB etchant solu-  shape of lightwave signals propagating
along tion and the second material selective etchant     said tapered
waveguide. comprises HCl.                             30 15. The tapered
waveguide defined in claim 14 7. The method defined in claim 6 wherein the
sec-       wherein said controlling means comprises at ond  material
selective  etchant comprises         least a first beam control layer (52)
including a HCI:[err].                                         fourth
semiconductor material having an index of 35      refraction greater than
said Index of refraction for 8. The method defined in claim 2 wherein the
guiding   said third semiconductor material, said first beam layers
comprise InGaAsP and the stop-etch layers   control layer being disposed
parallel to said plur- comprise InP, and wherein the first material selec-
ality of guiding layers. tive etchant comprises KOH:[err] and the second
material selective etchant comprises  40  16. The tapered waveguide defined
in claim 15 HCl.                                               wherein said
fourth semiconductor material is se- lected from the group consisting of
Group III-V 9. The method defined in claim 8 wherein the sec-
compositions and Group II-VI compositions. ond material selective etchant
comprises HCl:[err].                                 45  17. The tapered
waveguide defined in claim 15 or claim 16 wherein said controlling means
further 10. A tapered waveguide having a propagation axis      comprises a
second beam control layer (55) in- and a reference plane defined normal to
said       cluding a fifth semiconductor material having an propagation
axis, wherein the tapered waveguide    index of refraction greater than
said index of re- comprises a plurality of guiding layers (11,13,15,  50
fraction for said third semiconductor material, 17, 19, 21) including a
first semiconductor mate-  said second beam control layer being disposed
rial, and a plurality of stop-etch layers (12, 14, 16,  parallel to said
plurality of guiding layers and on 18, 20) including a second semiconductor
mate-     an opposite side of said plurality of guiding layers rial, said
stop-etch layers arranged alternately   from said first beam control layer.
with said guiding layers, and each guiding layer  55 arranged to extend
from said reference plane    18. The tapered waveguide defined in claim 17
along said propagation axis further than said      wherein said fifth
semiconductor material is se- guiding layer immediately adjacent
thereabove,     lected from the group consisting of Group III-V 6 



11                  EP0411 816B1                    12 compositions and
Group Il-VI compositions.        setzungen besteht, die aus den Gruppen
IlIl und V und den Gruppen II und VI ausgewlhit sind. 19. The tapered
waveguide defined in any of claims 10 to 18 wherein each guiding layer of
said plur-  3. Verfahren nach Anspruch 2, in welchem die Fh- ality extends
along the propagation axis suffi-   5  rungsschichten InGaAsP und die
Atzstopschich- clently farfor said plurality of guiding layers to ex-  ten
InP umfassen und in welchern das erste ma- hibit a staircase-like profile
selected from the   terialselektive Atzmittel H2SO4:H202:H20 unfaBt group
consisting of linear, parabolic and expo-    und das zweite
materialselektive Atzemittel HCI nential profiles.
umfalt. 10 4. Verfahren nach Anspruch 3, in welchem das Patentanspriiche
zweite materialselektive Atzmittel HCI:H3PO4 umfailt. 1. Verfahren zum
Atzen elnes Mehriagen-Halbiel- ter-Heterostrukturkorpers zum Ausbilden
einer  15  5. Verfahren nachAnspruch 1, in weichemsichJede sich verqngenden
Halbleiter-Wellenleitereinrich-   Fuhrungsschicht entlang elner
vorbestimmten tung, die sich In der Ausbreitungsrichtung des     Achse des
Mehrlagen-Halbleiter-Heterostruktur- Lichtsignals venjongt, wobei der
Mehrlagen-Halb-   korpers ausreichend weit erstreckt, dai3 so die
leiter-HeterostrukturkOrper Ffhrungsschichten      Fuhrungsschichten sin
stufenformiges Profil (11, 13,15,17,19,21) undAtzstopschichten (12,  20
aufweisen, das ausgewAhit ist aus der Gruppe, 14, 16, 18, 20) ineinander
verschachtelt enthalt,  die lineare, parabolische und exponentielle Pro-
wobel das Verfahren die Schritte umfalt:           file umfallt. Maskieren
derobersten Fuhrungsschicht 21 zum Definleren einer Offnung, urn derart
einen vorbe-  6. Verfahren nach Anspruch 2, in welchem die F~h- stimmten
Bereich der Fhihrungsschicht 21 freizu-  25  rungsschichten InGaAsP
umfassen und die Atz- legen,
stopschichten InP umfassen und In-welchem das einen ersten Atzschritt, der
durch Inkontakttreten  erste materialselektive Atzmittel sine AB-Atzmit-
des vorbestimmten  freigelegten  FOhrungs-        tellosung umfalt und das
zweite materialselekti- schichtanteils mit elnem ersten materialselekti-
ve Atzmittel HCi. umfagt. ven Atzmittel wahrend einer Zeitdauer, die aus-
30 relchend lst, eonen entsprechenden vorbestimm-  7. Verfahren nach
Anspruch 6, in welchern das ten Antell der darunterliegenden Atzstopschicht
zweite materialselektive Atzmittel HCL:H3PO4 freizulegen, durchgefthrt
wird,                    umfaet. elnen zweiten Atzschritt, derdurch
Inkontaktbringen der Oberflache des vorbestimmten freigelegten   35  8.
Verfahren nach Anspruch 2, in welchem die Fuh- Atzstopschichtanteils mit
einem zweiten materi-   rungsschichten InGaAsP umfassen und die Atz-
alselektiven chemischen Atzmittel wahrend einer   stopschichten InP
umfassen und in welchem das er- Zeitdauer, die ausreicht, elnen
entsprechenden     ste matenalsiektive Atzmittei KoH:KFe(cN).H2o
vorbestimmten Anteil der darunterliegenden         umfalt und das zwelte
materialselektive Atzmittel F~hrungsschicht freizulegen, durchgefuhrt wird,
40  Ha umfaf3t Iterieren des Maskierungsschrittes, des ersten Atzschrittss
gefolgt von dem zweitenAtzschritt in  9. Verfahren nach Anspruch 8, in
welchem das Folge, wobel jeder Maskierungsschritt eine Off-    zwelte
materialselektive Atzmlttel Ha:H3PO4 nung definiert, die grOger ist als die
Offnung, die  umfafst. durch die vorhergehende Maske definiert wurde,  45
so daB die vorbestimmten freigelegten Schich-  10.
SichverpngenderWellenleltermiteinerAusbrel- tanteile wahrend einer
gegebenen Iteration lan-   tungsrichtung und einer Bezugsebene, die in ger
sind als die vorbestimmten freigelegten        Normalenrichtung zur
Ausbreitungsrichtung de- Schichtantelle von vorhergehenden Iterationen
finlert ist, in welchem der sich vedjflngende Wel- und wenigstens den
vorbestimmten Anteil der  so   lenleiter sine Vielzahl von
Fuhrungsschichten freigelegten Schichtantelle von vorhergehenden     (11,
13, 15, 17, 19, 21) umfalXt die ein erstes Iterationen so umfassen, daB ein
stufenfirmiges    Halbleitermaternal enthalten, und eine Vleizahl sich
veriOngendes Wellenleiterprofil ausgebildet   von Atzstopschichten (12,
14,16, 18,20) umfa~t, wird.
die ein zweites Halbleltermaterial enthalten, wo- *s      bei die
Atzstopschichten abwechselnd zu den 2. Verfahren nach Anspruch 1, in
welchem der          Fuhrungsschichten angeordnet sind und jede
Mehrlagen-Halbleiter-Heterostrukturk6rper          Ffhrungsschicht sich von
der Bezugsebene ent- Halbleitermaterial umfa~t, das aus Zusammen-      lang
der Ausbreltungsrichtung weiter als die un- 
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* c   L  M   s* mittelbar darfuber gelegene benachbarte Fuh-       Seite
der Vieizahl von Fuhrungsschichten ange- rungsschicht erstreckt, ur so eir
stufenfdrmiges   ordnet ist; i..'   sich veijIngendes Welienleiterprofil
auszubil- den.                                           18. Sich
veddfngender Wellenleiter nach Anspruch 5       17, in weichem das fOnfte
Haibleitermaterial aus 11. Sich verpngender Wellenlelter nach Anspruch
der Gruppe ausgewAhit bst, die aus den Gruppe- 10, ferner umfassend elnen
Ummantelungsbe-        III-V-Zusammensetzungen und den Gruppe-ll- reich
(51, 53, 54, 56), der im wesentlichen die au-  VI-Zusammensetzungen
besteht. Beren Oberflichen der Vieszahl von FGhrungs- und Atzstopschichten
umgibt, wobei der Umman-  fO  19. Sich vedJfngender Wellenleiter nach elnem
der telungsbereich sin drittes Halbleitermaterial ent-  Anspruche 10 bis
18, in welchem sich jede Fiih- hilt, das erste Halbleltermaterial einen
Bre-     rungsschicht von der besagten Vieizahl entlang chungsindex hat,
der hoher als der Brechungsin-    der Ausbreitungsrichtung ausrelchend welt
von dex des dritten Halbleitermaterials ist.           der Vieizahi von
Fflhrungsachichten entfernt er- 1S     streckt, um sin stufenffrmiges
Profi1 auszubii- 12. Sich verlingender Weilenleiter nach Anspruch      den,
das aus der Gruppe ausgewAhIt st, die Ii- 11, Inwelchemdaserste,
daszwelteunddasdrit-        nears, parabolische und exponentielle Profile
te Halbleiternaterial aus der Gruppe ausgewahit    umfast. sind, die aus
Gruppe-li-V-Zusammensetzungen und aus Gruppe-lt-V--Zusammensetzungen be-
20 steht.                                         Revendicatlons 13. Sich
verjplngender Wellenlelter nach Anspruch  1. Un proc6d6 pour graver un
article consistant en 11, in welchem  das erste Halbleltermaterial
une het6rostructure A semiconducteurs multi- lnGaAsP urnfalt und das zweite
und dritte HalIb-  25  couche, pourformer un dispositif A guide d'ondes
leitermaterial InP umfart                          A semiconducteurs A
variation progressive de section, dont la section varie progressivement 14.
Sich verijngender Wellenleiter nach einem der     dans la direction du
signal lumineux, cot article Anspruche 11 bis 13, in welchem der Ummante-
consistanten une het6rostructure A semiconduo- lungsbereich ferner sine
Einrichtung (52, 55)  30  tours multicouche comprenant des couches de zum
Steuern der Strahiform von Lichtwellensi-      guldage (11, 13, 15, 17, 19,
21) et des couches gnalen, die sich entlang des sich verjpngenden
d'arret de gravure (12, 14, 16, 18, 20) mutuelle- Wellenleiters ausbrelten,
umfal~t.                 ment intrelacees, le proc6d6 comprenant les 6ta-
pes suivantes: 15. Sich verjfingender Wellenlelter nach Anspruch   35
on masque la couche de guldage supe- 14, in weichem die Steuereinrichtung
wenigatens    rieure (21) pour d6finir une ouverture de fagon A eine erste
Strahleteuerschicht 52 umfaBt, die sin  mettre A nu une partle
pred6termin6e de la cou- viertes Halbleltermaterlal mit elnem Brechungs-
che de guldage (21); index, der hoher ist ala der Brechungsindex des
une premiere etape de gravure effectu6e dritten Halbleitermatearies,
enthalt, wobel die er-  40  en mettant en contact la surface de la partie
de ste Strahisteuerschicht parallel zur Vielzahl von  couche do guidage a
nu predeterminse avec un Fulhrungsschichten angeordnet ist.
premier agent de gravure chimique selectif va-A- vis des nnateriaux,
pendant une duree suffisante 16. Sich verjftngender Wellenielter nach
Anspruch     pour mettre A nu une partie prhditermin~e 15, in weichern das
vierte Halbleltermaterial aus   45  correspondante de la couche d'arret de
gravure der Gruppe ausgewihit lst, dIe aus den Gruppe-     se trouvant
au-dessous; III-V-Zusammensetzungen und den Gruppe-ll-              une
seconds Mtaps de gravure effectuee VI-Zusammensetzungen bestsht.
en mettant en contact la surface de la partie de couche d'arret de gravure
A nu pred6terminde 17. SichverjangenderWellenleiternachAnspruch 15  6o
avecun second agentdegravurechimiqueseleo- oder 16, in welchem die
Steuereinrichtung ferner  tif vis-a-vis des materlaux, pendant une duree
eine zweite Strahisteuerschicht (55) umfaft, die  suffisante pour mettre a
nu une partbe predeter- sin ffunftes Halbleitermaterial mit elnem Bre-
min6e correspondante de la couche de guidage chungsindex, der hoher als der
Brechungsindex      se trouvant au-dessous; des dritten Halbleitermaterials
1st, enthAlt, wobei  55  on repbte s~quentiellement le'tape de die zweibt
StrahIsteuerschicht parallel zu der     masquage, etla premibre taps de
gravure sulvie Vieizahl von F~hrungsschichten und aufeinerder     par la
seconds Mtaps degravure, dons des condi- 
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16         C L  R   S dMfini une ouverture qui est plus grande que l'ou-
de gravure selectif vis-a-vis des materiaux verture dMfinie par lea masques
precedents, de    consists en HCI. faron quo les parties de couche a nu
predetermi- nbes pendant une rbpbtition donnee soient plus  9. Le proctdA
defini dans la revendication 8, dans longues que les parties de couche ad
nu predeter-   5  lequel le second agent de gravure selectif via-A- minees
pour des repetitions precedentes, et       via des matnriaux consiste on
HCl:H3PO4- contiennent au moins celles-cl, de maniere a for- mer un prof il
de guide d'ondes A variation pro-  10. Un guide d'ondes A variation
progressive de seo- gressive de section, en forms d'escalier.         tion
ayant un axe de propagation et un plan de rb- 10     ference defini, normal
A l'axe de propagation, 2. Le procede dbfini dans la revendication 1, dans
dans lequel le guide d'ondes a variation progres- lequel l'article
consistant on une hetArostructure  sive de section comprend un ensemble de
cou- A semiconducteurs multicouche comprend un         ches de guidage (11,
13, 15, 17, 19, 21) compre- materiau semiconducteur forme par des compo-
nant un premier materlau semiconducteur, et un sitions selectionnees parmi
lea Groupes III et V et  15  ensemble de couches d'arret de gravure (12,
14, les Groupes II et VI.                             16, 18, 20)
comprenant un second mat6riau se- miconducteur, lea couches d'arret de
gravure 3. Le procedb dbfini dans la revendication 2, dans    Mant
disposees en alternance avec les couches lequel lee couches de guidage
consistent en In-   de guidage, et chaque couche de guidage Mant GaAsP et
[es couches d'arret de gravure consls-  20  disposee de fagon a s'etendre A
partir du plan de tent en InP, et dans lequel le premier agent de
refbrence, le long de l'axe de propagation, plus gravure s9lectif via-A-vis
des materiaux consisto  loin que la couche de guidage Immedlatement en
H2SO4:H202 H20 et le second agent de gravu-    adjacent. et situee
au-dessus, de facon A former re selectif vis-a-vis des materiaux consists
en   un profil de guide d'ondes A variation progressive HCI.
25      de section ayant une form. en escalier. 4. Le procede defini dans
la revendication 3, dans  11. Le guide d'ondes A variation progressive de
seo- lequel le second agent de gravure selectif vis-a-  tion defini dans la
revendicatbon 10, comprenant via des materlaux consists en HCI:H3PO4.
en outre une region de gain. (51, 53, 54, 56) qul 30      entoure
pratiquement des surfaces exterieures 5, Le procbd6 defini dans la
revendlcation 1, dans    de l'ensemble de couches de guidage et d'arrat
lequel chaque couche de guidage stetnd le long    de gravure, cette region
de gain. comprenant un d'un axe pr~dbterminb de l'articde consistant en
troisibme materiau semiconducteur, et le premier une hbtero-structure A
semiconducteurs multi-     matbriau semiconducteur ayant un indice de re-
couche, suffisamment loin pour que lea couches  35  fraction qui est
superieur A l'lndice de refraction de guidage presententun profil en
escalierseleo-  du troislme materiau semiconducteur. tionne dans le groups
comprenant des profils li- neaires, paraboliques et exponentiels.
12. Le guide d'ondes A variation progressive de sec- tion dMfini dans la
revendication 11, dans lequel 6., Le procede defini dans la revendication
2, dans  40  lea premier, second et troisieme materiaux semi- lequel lee
couches de guidage consistent en In-   conducteurs sont selectionnea dans
le group. GaSP et lea couches d'arret de gravure consis-    qul comprend
des compositions du Groups Ill-V tent en InP, et dans lequel le premier
agent de   et des compositions du Groups Il-VI. gravure selectif vis-a-vis
des matbriaux consiste en une solution d'agent de gravure AB et le se-  45
13. Le guide d'ondes A variation progressive de seo- cond agent de gravure
selectif vis-A-vis des ma-  tion defini dans la revendication II; dans
lequel teriaux consists en HCI.                          Ie premier
materiau semiconducteur consist en InGaAsP et lea second ettroisieme
materiaux se- 7. Le procede defini dans la revendication 6, dans
miconducteurs consistent en InP. Isquel le second agent de gravure selectif
vis-a-  50 vis des materiaux consists en HCI:l-3PO4.      14. Le guide
d'ondes A variation progressive de sec- tion defini dans l'une quelconque
des revendica- 8. Le procede definl dans la revendication 2, dans   tions
11 A 13, dens lequel la region de gains lequel lea couches de guidage
consistent en In-   comprend en outre des moyens (52, 55) pour GaAsP et lea
couchesd'arrdt de gravure consis-  ss  maitriser la forme du faisceau de
signaux d'ondes tent en InP, et dans lequel le premier agent de
luminsuses se propageant le long du guide d'on- gravure selectif vis-A-vis
des matefiaux consis-  des A variation progressive de section. 
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d'ondes A variation progressive de sec- tion defini dans la revendication
14, dans lequel les moyens de mattrise comprennent au moins une premibre
couche de maitrise defaisceau (52) qui comprend un quatrieme materiau
semicon-   5 ducteur ayant un indice de r6fraction sup6rieur A I'indice de
refraction du troisieme materiau semi- conducteur, cette premibre couche de
mattrise de faisceau etant dispos6e paralblelment a l'en- semble de couches
de guidage.            10 16. Le guide d'ondes A variation progressive de
sec- tion defini dans la revendication 15, dans lequel le quatrieme
mat6riau semiconducteur est slec- tionne dans le groupe qui comprend des
compo-  15 sitions du Groupe III-V et des compositions du Groupe Il-VI. 17.
Le guide d'ondes A variation progressive de sec- tion defini dans la
revendication 15 ou 16, dans  20 lequel les moyens de maltrise comprennent
en outre une seconde couche de maltrise de fais- ceau (55) qui comprend un
cinquibme materiau semiconducteur ayant un indice de r6fraction su- p6rieur
A rindice de refraction du troisibme ma-  25 teriau semiconducteur, cette
seconde couche de mattrise de faisceau 6tant dispos6e parallele- ment a
l'ensemble de couches de gutdage, et d'un cote de l'ensemble de couches de
guidage qui est oppos6 A celul de la premlere couche de  3o mattrise de
falsceau. 18. Le guide d'ondes A variation progressive de sec- tion d6flni
dans la revendication 17, dans lequel le cinquibme mat6riau semiconducteur
est selec-  35 tIonne dans le groupe qui comprend des compo- sitions du
Groupe III-V et des compositions du groupe Il-VI. 19.; Le guide d'ondes A
variation progressive de sec-  40 ion deftni dans t'une quelconque des
revendica- tions 10 A 18, dans lequel chaque couche de gui- dage de
l'ensemble s'end suffisamment loin le long de I'axe de propagation pour quo
l'ensemble de couches de guidage pr6sente un profil en es-  45 calier qut
est selectionne dans le groupe compre- nant des prof Ils lin ealre,
parabolique et expon en- tlel. 50 55 10    


