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(57) ABSTRACT 

An optoelectronic semiconductor device and a method for 
manufacturing an optoelectronic semiconductor device are 
disclosed. In an embodiment an optoelectronic semiconduc-
tor device includes a semiconductor body comprising a first 
region of a first conductive type, an active region, a second 
region of a second conductive type and a coupling-out 
surface, wherein the first region, the active region and the 
second region are arranged along a stacking direction, 
wherein the active region extends from a rear surface 
opposite the coupling-out surface to the coupling-out surface 
along a longitudinal direction transverse to or perpendicular 
to the stacking direction, wherein the coupling-out surface is 
arranged plane-parallel to the rear surface, and wherein the 
coupling-out surface and the rear surface of the semicon-
ductor body are produced by an etching process. 
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OPTOELECTRONIC SEMICONDUCTOR 
DEVICE AND METHOD OF 

MANUFACTURING AN OPTOELECTRONIC 
SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

10001] This application claims the priority of German 
patent application 102018111319.6, filed on May 11, 2018, 
which application is hereby incorporated herein by refer-
ence. 

TECHNICAL FIELD 

10002] An optoelectronic semiconductor device and a 
method for manufacturing an optoelectronic semiconductor 
device are provided. An optoelectronic semiconductor 
device can be a radiation-emitting optoelectronic semicon-
ductor device configured to emit electromagnetic radiation, 
such as light, during operation. 

SUMMARY 

10003] Embodiments provide an optoelectronic semicon-
ductor device that has improved reliability. 
10004] Embodiments provide a method for manufacturing 
an optoelectronic semiconductor device that enables simpli-
fied manufacturing. 
10005] According to at least one embodiment of the opto-
electronic semiconductor device, the optoelectronic semi-
conductor device has a semiconductor body comprising, 
along a stacking direction, a first region of a first conductive 
type, an active region designed to generate electromagnetic 
radiation, and a second region of a second conductive type. 
Furthermore, the semiconductor body has a coupling-out 
surface which is intended for coupling-out electromagnetic 
radiation generated during operation. The coupling-out sur-
face, for example, runs transversely or perpendicular to the 
stacking direction. 
10006] The active region extends from a rear surface 
opposite the coupling-out surface to the coupling-out surface 
along a longitudinal direction transverse or perpendicular to 
the stacking direction. The active region preferably com-
prises a pn-junction, a double heterostructure, a single 
quantum well (SQW) or, especially preferred, a multi quan-
tum well (MQW) for radiation generation. 
10007] The regions of the semiconductor body are prefer-
ably grown epitaxially. The first region and the second 
region of the semiconductor body each have a different type 
of conductivity. The formation of a conductive type is 
preferably carried out by doping the semiconductor material. 
A p-conductive type is created, for example, by doping with 
an acceptor material. The formation of an n-conductive type 
is carried out, for example, by doping with a donor material. 
10008] In particular, the coupling-out surface is arranged 
plane-parallel to the rear surface. 
10009] According to at least one embodiment of the opto-
electronic semiconductor device, both the coupling-out sur-
face and the rear surface of the semiconductor body are 
produced by means of an etching process. 
10010] The feature according to which the coupling-out 
surface and the rear surface of the semiconductor body are 
produced by means of an etching process is not a pure 
method feature, but can be detected on the finished compo-
nent and is therefore also an objective feature. Characteris-
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tics for a surface produced by means of an etching process 
are, in particular, irregularities in the surface of the coupling-
out surface and/or the rear surface depending on the material 
composition, caused by slightly different etching rates in 
different materials and/or steps on the surface of the rear 
surface and the coupling-out surface. A further characteristic 
of an etching process is the distance of less than 300 tm 
between the coupling-out surface and the rear surface. Such 
a small distance between the coupling-out surface and the 
rear surface can hardly be produced with a scribing and 
breaking process at present. 

10011] The marks are generated by at least one etching of 
the semiconductor body. The characteristics can be verified 
on the finished semiconductor device, for example, by 
means of electron microscopic images or under a light 
microscope. 

10012] According to at least one embodiment of the opto-
electronic semiconductor device, the optoelectronic semi-
conductor device has a semiconductor body comprising a 
first region of a first conductive type, an active region 
designed to generate electromagnetic radiation, a second 
region of a second conductive type, and the a coupling-out 
surface configured to couple-out electromagnetic radiation, 
wherein the first region, the active region, and the second 
region are arranged along a stacking direction, wherein the 
active region extends from a rear surface opposite the 
coupling-out surface to the coupling-out surface along a 
longitudinal direction, which extends transverse to or per-
pendicular to the stacking direction, wherein the coupling-
out surface is arranged plane-parallel to the rear surface, and 
wherein the coupling-out surface and the rear surface of the 
semiconductor body are produced by means of an etching 
process. 

10013] Embodiments of the optoelectronic semiconductor 
device described here are based, among other things, on the 
following considerations. In the manufacture of edge-emit-
ting semiconductor laser diodes, it is particularly necessary 
to produce the coupling-out surfaces and the rear surfaces 
(facet surfaces) as plane-parallel as possible to each other as 
well as smooth and even by means of a suitable method. An 
increased surface roughness results in reduced reflectivity 
and can also lead to premature component failure. Surface 
defects can cause catastrophic optical damage (COD) to the 
facet surfaces, resulting in a total failure of the component. 

10014] A scribing and breaking process could be used to 
produce suitable facet surfaces. The fracture axis is selected 
along a crystal plane of the semiconductor. This results in a 
smooth fracture line along this selected crystal axis, which 
guarantees plane-parallelism and reduces the surface rough-
ness to just a few nanometers. A disadvantage of a scribing 
and breaking process, however, is the high proportion of 
faulty components due to facet surfaces that are not broken 
cleanly and the immediate separation of the individual 
semiconductor laser diodes. As a result, it is no longer 
possible to carry out further processes on the facets of the 
components to be produced in a composite, in particular a 
wafer composite. Rather, each semiconductor device must 
be processed individually or several components must be 
combined into a group for joint processing by means of an
additional process and then separated from each other again. 

10015] In addition, the minimum length of the semicon-
ductor laser diodes is limited to a relatively high value when 
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separated by a scribing and breaking process, since the 
power required for the breaking process increases sharply 
with decreasing length. 

10016] Furthermore, the use of a scribing and breaking 
process is also limited to the use of a breakable substrate, 
which further restricts the freedom in design for the opto-
electronic semiconductor device. 

10017] The optoelectronic semiconductor device 
described here makes use, among other things, of the idea of 
using an etching process instead of a scribing and breaking 
process to produce the facet surfaces. This makes it possible 
to produce the facets in a wafer composite. A chemical 
polishing process is used to ensure low surface roughness 
and high plane-parallelism of the facets. 

10018] According to at least one embodiment of the opto-
electronic semiconductor device, the optoelectronic semi-
conductor device is designed to generate coherent radiation. 
In other words, the optoelectronic semiconductor device can 
be an edge-emitting semiconductor laser diode that emits 
laser radiation during operation. The coupling-out surface 
and the rear surface of the semiconductor body serve as laser 
facets and represent resonator mirrors of the semiconductor 
laser diode. 

10019] According to at least one embodiment of the opto-
electronic semiconductor device, the semiconductor body 
has an extension in the longitudinal direction of less than 
300 tim, preferably of less than 100 tm and particularly 
preferably of less than 50 tim. The minimum length of the 
semiconductor body in a longitudinal direction is limited to 
a minimum length in a scribing and breaking process. By 
using an etching process this restriction is obsolete. Semi-
conductor laser diodes with an extension of less than 300 im 
can have an advantageously low gain. 

10020] According to at least one embodiment of the opto-
electronic semiconductor device, at least one region of the 
semiconductor body, in particular the entire semiconductor 
body, is based on a nitride compound semiconductor mate-
rial. "Based on nitride compound semiconductor material" 
in this context means that the semiconductor body or at least 
a part thereof, preferably comprises or consists of 
Al,GamIni_,_mN, wherein o~n~1, o~m~1 and n+m~1. This 
material does not necessarily have to have a mathematically 
exact composition according to the above formula. Rather, 
it may, for example, contain one or more dopants and 
additional components. For simplicity's sake, however, the 
above formula contains only the essential components of the 
crystal lattice (Al, Ga, In, N), even if these may be partially 
replaced and/or supplemented by small quantities of other 
substances. 

10021] The p-conductive type, for example, in the first 
region of the semiconductor body, is formed by doping with 
a material such as magnesium. The formation of an n-con-
ductive type, for example, in the second region of the 
semiconductor body, takes place, for example, by doping 
with a material such as silicon. 

10022] According to at least one embodiment of the opto-
electronic semiconductor device, the coupling-out surface 
and the rear surface run parallel to them-plane of the crystal 
of the semiconductor body. The m-plane is the [1T00] -plane 
of a crystal with a hexagonal basic structure of the wurtzite 
type. Due to the plane-parallelism of two opposite m-planes, 
the alignment of the coupling-out surface to the rear surface 
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is plane-parallel to each other. This allows the formation of 
a resonator between the coupling-out surface and the rear 
surface. 
10023] According to at least one embodiment of the opto-
electronic semiconductor device, the optoelectronic semi-
conductor device comprises a growth substrate, the semi-
conductor body is deposited on the growth substrate, and the 
growth substrate is formed with one of the following mate-
rials: Sapphire, gallium nitride, silicon carbide, silicon. 
Gallium nitride and silicon carbide can also be used in a 
scribing and breaking process and have a lower defect 
density than sapphire. Sapphire and silicon are difficult or 
impossible to process in a scribing and breaking process. 
Thus, the use of an etching process advantageously creates 
greater freedom of design for the optoelectronic semicon-
ductor device. 
10024] According to at least one embodiment of the opto-
electronic semiconductor device, the coupling-out surface 
and the rear surface have an average roughness in a range 
from 0.1 nm to 10 nm and preferably from 0.1 nm to 1 nm. 
The mean roughness is defined as the mean distance of a 
measuring point on the surface to the imaginary centerline of 
the surface contour. A low average roughness is advanta-
geous for a high reflectivity of the coupling-out surface and 
the rear surface. A high optical reflectivity is particularly 
advantageous for forming laser facets. Chemical polishing 
of the coupling-out surface and the rear surface is advanta-
geous in order to achieve small values of the average 
roughness. In particular, the use of TMAH (tetramethylam-
monium hydroxide) as an etchant in a chemical polishing 
process results in advantageously low roughness values. 
10025] According to at least one embodiment of the opto-
electronic semiconductor device, a mirror is arranged down-
stream of the rear surface and/or the coupling-out surface on 
the side facing away from the semiconductor body. This 
mirror, for example, can be designed as a DBR mirror 
(distributed bragg reflector). This mirror comprises a peri-
odic sequence of several layers with varying refractive 
index. A DBR mirror is characterized in particular by a high 
reflectivity in a spectrally very small wavelength range. This 
makes it possible to produce a semiconductor laser diode 
with a very narrow-band emission spectrum. The DBR 
mirror can be in direct contact with the semiconductor body 
and generated on the semiconductor body. In other words, 
the DBR mirror is produced by structuring the semiconduc-
tor body. A plurality of trench-shaped recesses arranged one 
behind the other form a periodic sequence of varying 
refractive indices in a cross-section at the transition between 
the material of the semiconductor body and the recesses. 
10026] Furthermore, the semiconductor body may contain 
a DFB mirror (distributed feedback). A DFB mirror com-
prises a periodic sequence of refractive index variations 
along an imaginary connecting line between the coupling-
out surface and the rear surface. While a DBR mirror is 
arranged on the side of the coupling-out surface facing away 
from the semiconductor body and/or the rear surface, a DFB 
mirror is arranged between the rear surface and the cou-
pling-out surface. 
10027] According to at least one embodiment of the opto-
electronic semiconductor device, the mirror is produced 
with the material of the semiconductor body. By introducing 
recesses in the semiconductor body, regions with a different 
refractive index are created. For example, these recesses can 
also be filled with a transparent material such as air or a 
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plastic material or dielectric whose refractive index differs 
from that of the semiconductor body. Along the longitudinal 
direction, the recesses have a defined periodic distance, 
resulting in a periodic refractive index variation. By gener-
ating the mirror with the material of the semiconductor body, 
the application of a plurality of dielectric layers can be 
advantageously omitted. 
10028] According to at least one embodiment of the opto-
electronic semiconductor device, the first region on the 
coupling-out surface has at least one step in the longitudinal 
direction. This step is a projection or overhang transverse to 
the stacking direction of the material of the first region 
beyond an imaginary plane of the coupling-out surface. In 
particular, the optoelectronic semiconductor device may 
also have a plurality of steps. 
10029] According to at least one embodiment of the opto-
electronic semiconductor device, the step is structured such 
that the electromagnetic radiation emitted from the semi-
conductor body does not strike the step. In other words, the 
width of the step and the height of the step are chosen in such 
a way that the radiation emitted by the optoelectronic 
semiconductor device can propagate particularly unhin-
dered. The structuring of the at least one step can, for 
example, be carried out by means of an etching process. 
10030] According to at least one embodiment of the opto-
electronic semiconductor device, the width b, of the at least 
one step of the first region in the longitudinal direction is 
structured in such a way that it satisfies the following 
formula except for a deviation of +/-10%, preferably except 
for a deviation of +/-5%: b,<[(h,—a—w)/tan(a/2)]—(b,_1 —
b,_2 —. . . —b2—b1). Wherein b is defined as the width of the 
step of the first region across the coupling-out surface, a is 
the distance of the active region from the side of the second 
region remote from the active region, h, is the extent of the 
coupling-out surface in a direction parallel to the stacking 
direction of the semiconductor body, w is the waveguide 
thickness on the side of the first region remote from the 
active region, and a is the vertical far field angle. The index 
n stands for a number of steps. Such structured steps of the 
first region of the semiconductor body prevent the shadow-
ing of the emitted light by the first region particularly 
efficiently. 
10031] According to further embodiments a method for 
manufacturing an optoelectronic semiconductor device is 
also provided. In particular, a semiconductor device 
described here can be manufactured using this method. This 
means that all features described for the semiconductor 
device are also revealed for the method and vice versa. 
10032] According to at least one embodiment of a method 
for manufacturing an optoelectronic semiconductor device, 
the method comprises the following step: 
10033] Providing a semiconductor body comprising, along 
a stacking direction, a first region of a first conductive type, 
an active region designed to generate electromagnetic radia-
tion, and a second region of a second conductive type. The 
active region extends between the first region and the second 
region along a longitudinal direction transverse or perpen-
dicular to the stacking direction. 
10034] According to at least one embodiment of the 
method, a first trench is inserted at least in places along the 
stacking direction and transversely to the longitudinal direc-
tion by means of a first etching process. This first trench 
completely penetrates the first region and the active region. 
Thereby the side surface of the first trench facing the 
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semiconductor body is provided with a coupling-out surface 
for coupling-out electromagnetic radiation. In particular, this 
first etching process generates a step on the coupling-out 
surface that can be detected on the finished semiconductor 
device. 
10035] According to at least one embodiment of the 
method, the insertion of a second trench on the side of the 
semiconductor body opposite the first trench takes place at 
least in places along the stacking direction of the semicon-
ductor body and transversely to the longitudinal direction by 
means of the first etching process. The second trench com-
pletely penetrates the first region and the active region. This 
creates a rear surface on the side surface of the second trench 
facing the semiconductor body. In particular, this first etch-
ing process generates a step on the rear surface that can be 
detected on the finished semiconductor device. 
10036] The first etching process preferably comprises a 
plasma etching process using chlorine- and argon-ions, a 
laser ablation process, or a photochemical wet etching 
process. For example, the etch region of the first trench and 
the second trench may be limited by a mask layer that 
protects the active region from the influence of the etchant. 
10037] According to at least one embodiment of the 
method, the smoothing of the coupling-out surface and the 
rear surface is carried out by means of a second etching 
process. This second etching process serves in particular to 
prepare the m-plane of the semiconductor crystal. The 
m-plane is the [1T00]-plane of a crystal with a hexagonal 
basic structure of the wurtzite type. The second etching 
process is preferably carried out wet-chemically using, for 
example, KOH, NaOH, NH4OH, LiOH, TMAH, NMP 
(N-methyl-2-pyrrolidone). Surprisingly, it turned out that 
the use of TMAH results in a particularly good preparation 
of the individual crystal planes of the semiconductor body. 
This means that using TMAH as a second etchant results in 
a particularly low average roughness of the facet surfaces. In 
particular, this second etching process generates character-
istics that are detectable on the finished semiconductor 
device. 
10038] According to at least one embodiment of the 
method, the second etchant comprises one of the following 
etchants: KOH, NaOH, NH4OH, LiOH, TMAH or NMP. 
These wet-chemical etching processes reduce the surface 
roughness of the facet surfaces and thus improve the surface 
quality. 
10039] According to at least one embodiment of the 
method, the coupling-out surface and the rear surface are 
cleaned by ion cleaning. Ion cleaning is carried out, for 
example, with low-energy ions such as nitrogen ions, argon 
ions, hydrogen plasma, oxygen plasma or xenon ions. A 
facet surface which is ion-cleaned preferably shows no more 
impurities by foreign material. 
10040] According to at least one embodiment of the 
method, the coupling-out surface and the rear surface are 
coated with a semi-crystalline material. As semi-crystalline 
material aluminum nitride, silicon nitride, aluminum oxyni-
tride, silicon oxynitride, silicon, aluminum oxide, gallium 
nitride, zinc selenide, gallium arsenide, gallium phosphide 
and ternary and/or quaternary compounds can be used. The 
semi-crystalline material is mainly used to passivate the 
coupling-out surface and the rear surface. In particular, the 
semi-crystalline material can be deposited on the coupling-
out surface and the rear surface by means of a sputtering 
process or an ALD (atomic layer deposition) process. In an 



US 2019/0348568 Al 

ALD process, a monolayer of atoms can be deposited. The 
deposition of the monolayer can take place by deposition of 
several sub-monolayers, for example, by means of an orga-
nometallic precursor such as trimethylaluminum. The 
methyl groups prevent a complete monolayer by sterically 
hindering the individual ligands and thus form a submono-
layer. This cycle can be repeated several times until a 
monolayer is formed from several submonolayers. Thus, no 
atomic layers stacked on top of each other are formed, but 
only a monatomic layer is deposited on one surface. The 
advantage of such a monolayer is a very good coverage of 
the surface and the overmolding of even the smallest par-
ticles and unevenness. This results in a very dense layer, 
which can advantageously provide a good diffusion barrier. 
10041] According to at least one embodiment of the 
method, the coupling-out surface and the rear surface are 
coated with a dielectric material or a metal. The coating of 
the coupling-out surface and the rear surface with a dielec-
tric material or a metal serves to adjust the desired reflec-
tivity and thus to determine the optical parameters of the 
optoelectronic semiconductor device. The layer of dielectric 
material or metal can be deposited by sputtering, evapora-
tion, CVD (chemical vapor deposition) or as ALD layer. 
Materials such as silicon nitride, aluminum oxide, aluminum 
oxynitride, silicon oxynitride, tantalum oxide, silicon diox-
ide or silicon can be used. 
10042] According to at least one embodiment of the 
method, a step of the first region is structured over the 
coupling-out surface in the longitudinal direction by means 
of an etching process. This structuring prevents shadowing 
of the diverging electromagnetic radiation emitted from the 
active region at the coupling-out surface and can simulta-
neously serve to separate the individual optoelectronic semi-
conductor devices. For example, a plasma etching process is 
used for the structuring. In particular, this method step can 
also be carried out before cleaning the coupling-out surface 
and the rear surface by using ion cleaning. 
10043] According to at least one embodiment of a method 
for manufacturing an optoelectronic semiconductor device, 
the process steps described here are carried out on a plurality 
of optoelectronic semiconductor devices in a wafer com-
posite. In other words, the method steps described here take 
place before the optoelectronic semiconductor devices are 
separated from the wafer composite. A wafer composite is 
characterized by a plurality of optoelectronic semiconductor 
devices that are monolithically formed on a common growth 
substrate. All process steps described here are carried out 
before the individual optoelectronic semiconductor devices 
are separated. This results in a major production advantage, 
in particular due to the compatibility of the method steps 
with already established processes from the manufacture of 
light emitting diodes. An elaborate combination of the 
individual optoelectronic semiconductor devices for mirror 
coating by merging and untethering can be advantageously 
omitted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10044] Further advantages and advantageous embodi-
ments and further designs of the optoelectronic semicon-
ductor device result from the following exemplary embodi-
ments in connection with the figures. 
10045] Showing in: 
10046] FIGS. 1A, 2A, 3A, 4A, SA and 6A show schematic 
representations of a top view of a wafer composite with a 
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plurality of optoelectronic semiconductor devices in various 
steps of production according to an exemplary embodiment 
of a method; 
10047] FIGS. 1B, 2B, 3B, 4B, SB and 6B show schematic 
cross-sections through an optoelectronic semiconductor 
device according to a first exemplary embodiment in differ-
ent steps of its manufacturing according to the exemplary 
embodiment of a method; 
10048] FIG. 7 shows a schematic cross-section through an
optoelectronic semiconductor device according to the first 
exemplary embodiment; 
10049] FIGS. 8A to 8C show an optoelectronic semicon-
ductor device according to the first exemplary embodiment 
in various schematic sections and views; 
10050] FIGS. 9A and 9B show an optoelectronic semicon-
ductor device according to a second exemplary embodiment 
in a schematic cross-section and a top view; 
10051] FIG. 10 shows a schematic cross-section through 
an optoelectronic semiconductor device according to a third 
exemplary embodiment; 
10052] FIG. 11 shows a schematic cross-section through 
an optoelectronic semiconductor device according to a 
fourth exemplary embodiment; and 
10053] FIG. 12 shows a top view of a plurality of opto-
electronic semiconductor devices in a bar configuration. 
10054] Same, similar or equivalent elements are provided 
with the same reference signs in the figures. The figures and 
the proportions of the elements depicted in the figures are 
not to be regarded as true to scale. Rather, individual 
elements may be exaggeratedly large for better represent-
ability and/or better comprehensibility. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

10055] FIG. 1A shows a schematic representation of a top 
view of a wafer 90 with a plurality of optoelectronic 
semiconductor devices 1 in a first step of its manufacturing. 
The wafer 90 comprises a growth substrate 900, in particular 
sapphire. The wafer 90 further comprises a plurality of first 
contact structures 810 as well as a plurality of second 
regions 102. The first contact structures 810 are formed, for 
example, with a metal or a metal alloy and serve for 
electrical contacting of the optoelectronic semiconductor 
device 1. The second regions 102 have a second conductive 
type and are preferably epitaxially grown. 
10056] FIG. lB shows a schematic cross-section through 
an optoelectronic semiconductor device 1 according to the 
first exemplary embodiment. The sectional view of an
optoelectronic semiconductor device 1 shown here corre-
sponds to a cut through the wafer 90, shown in FIG. 1A, 
along the cutting line A. The optoelectronic semiconductor 
device 1 comprises a first contact structure 810, a second 
region 102, an active region 103 and a first region 101, 
which together are associated with a semiconductor body 
10. The regions of the semiconductor body 10 are preferably 
epitaxially grown on the growth substrate 900. The first 
region 101 has a first conductive type, the second region 102 
has a second conductive type, and the active region 103 is 
designed for generating electromagnetic radiation. 
10057] FIG. 2A shows a mask layer 50 applied to the side 
of the second region 102 and the first contact structures 810 
facing away from the active region 103. For structuring, a 
number of recesses have been made in the mask layer 52. 
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10058] FIG. 2B shows a schematic cross-section through 
an optoelectronic semiconductor device 1 according to the 
first exemplary embodiment. The sectional view of an 
optoelectronic semiconductor device 1 shown here corre-
sponds to a cut through the wafer 90, shown in FIG. 2A, 
along the cutting line A. In this further method step, a mask 
50 is applied to the upper side of the optoelectronic semi-
conductor device 1. The mask 50 has a plurality of recesses 
in the mask layer 52, which defines the region of the 
optoelectronic semiconductor device 1 to be processed fur-
ther and protects the regions not to be processed. 

10059] FIG. 3A shows the position of trench-shaped 
recesses 40, which are generated by means of a plasma 
etching process. The etching process generates an etching of 
the semiconductor body 10 at the locations of the recesses in 
the mask layer 52. 

10060] FIG. 3B shows a schematic cross-section through 
an optoelectronic semiconductor device 1 according to the 
first exemplary embodiment. The sectional view of an 
optoelectronic semiconductor device 1 shown here corre-
sponds to a cut through the wafer 90, shown in FIG. 3A, 
along the cutting line A. A plurality of recesses 40 are 
introduced in the optoelectronic semiconductor device 1. 
This can be done, for example, by a plasma etching process 
or another dry chemical etching process. The recesses 40 
completely penetrate the second region 102 and the active 
region 103. This results in irregularities and damaged 
regions 200 to the surface of the side walls of the recesses 
40. To remove this damaged regions 200, a further etching 
process follows within the recesses 40. One of the following 
wet chemical etching agents can be used: KOH, NaOH, 
NH4OH, LiOH, TMAH, NMP. The mask layer 50 is then 
removed. 

10061] FIG. 4A schematically shows an ion cleaning pro-
cess on the side walls of the recesses 40, by means of which 
etching residues and other foreign materials are removed. 

10062] FIG. 4B shows a schematic cross-section through 
an optoelectronic semiconductor device 1 according to the 
first exemplary embodiment. The sectional view of an 
optoelectronic semiconductor device 1 shown here corre-
sponds to a cut through the wafer 90 shown in FIG. 4A along 
cutting line A. The ion cleaning is, for example, carried out 
by means of nitrogen ions, argon ions, hydrogen plasma, 
oxygen plasma or xenon ions of low kinetic energy. This 
allows etching residues or other foreign materials to be 
removed from the side surfaces of the recesses 40 in order 
to obtain the cleanest possible facet surface. 

10063] FIG. SA shows a passivation 60 applied to the side 
surfaces of the recesses 40 by means of a coating process. 

10064] FIG. SB shows a schematic cross-section through 
an optoelectronic semiconductor device 1 according to the 
first exemplary embodiment. The sectional view of an 
optoelectronic semiconductor device 1 shown here corre-
sponds to a cut through the wafer 90 shown in FIG. SA along 
the cutting line A. The side faces of the recesses 40 are 
coated with a semi-crystalline material such as aluminum 
nitride, silicon, aluminum oxynitride, silicon oxynitride, 
aluminum oxide, gallium nitride, zinc selenide, gallium 
arsenide, gallium phosphide, silicon nitride or another ter-
nary or quaternary compound to form a passivation 60. The 
passivation 60 prevents damage to the active region 103 or 
the first region 101 or the second region 102 from external 
environmental influences such as moisture. 
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10065] FIG. 6A shows a mirror layer 70 which is applied 
to the side surfaces of the recesses 40 by means of a further 
coating process. 
10066] FIG. 6B shows a schematic cross-section through 
an optoelectronic semiconductor device 1 according to the 
first exemplary embodiment. The sectional view of an
optoelectronic semiconductor device 1 shown here corre-
sponds to a cut through the wafer 90 shown in FIG. 6A along 
cutting line A. A mirror layer 70 is applied to the passivation 
layer 60 inside the recesses 40. The mirror layer 70, for 
example, comprises a metal layer or one or more layers of 
one or more dielectrics. The mirror layer 70 may contain or 
be formed from silicon nitride, aluminum oxide, aluminum 
oxynitride, tantalum oxide, silicon dioxide or silicon. The 
mirror layer 70 is applied, for example, by sputtering, vapor 
deposition, CVD or anALD process. By applying the mirror 
layer 70, a defined reflectivity of the coupling-out surface 20 
and the rear surface 30 of the optoelectronic semiconductor 
device 1 can be achieved. 
10067] FIGS. 1A, 2A, 3A, 4A, SA, and 6A each show a top 
view of a wafer 90 at different steps of the fabrication 
method for a plurality of optoelectronic semiconductor 
devices 1. In particular, it can be seen that all the method 
steps shown here can be carried out advantageously in a 
wafer composite. The structuring of the wafer is carried out 
by inserting a plurality of recesses 40 in the form of trenches. 
Further processing, which includes polishing the side sur-
faces of the trenches as well as passivation and subsequent 
coating of the side surfaces of the trenches, can also be 
carried out in the wafer composite. This simplifies produc-
tion and reduces the cost per device produced. 
10068] FIG. 7 shows a schematic cross-section through an
optoelectronic semiconductor device 1 according to the first 
exemplary embodiment. The optoelectronic semiconductor 
device 1 comprises a semiconductor body 10 having a 
second region 102, an active region 103 and a first region 
101. A first contact structure 810 is arranged on the side of 
the second region 102 facing away from the active region 
103. A second contact structure 820 is arranged on the side 
of the first region 101 facing away from the active region 
103. The first contact structure 810 and the second contact 
structure 820, for example, are formed with a metal such as 
gold and are intended for the electrical connection of the 
semiconductor body 10. At the end surfaces of the semi-
conductor body 10 a coupling-out surface 20 and a rear 
surface 30 are attached. The coupling-out surface 20 is 
arranged plane-parallel to the rear surface 30 and serves the 
coupling-out of electromagnetic radiation E generated in the 
active region 103. On the coupling-out surface 20 as well as 
on the rear surface 30 a layer sequence of passivation 60 and 
mirror layer 70 is applied. 
10069] The first region 101 is structured according to the 
formula b,<[(h,—a—w)/tan(a/2)]—(b,_1—b,_2 —. . . —b—b). 
In this concrete example with two steps 1011, the width b1
of the first step 1011 is now b1<(h1—a—w)/tan(a/2) and the 
width b2 of the second step 1011 is b2<[(h2—a—w)/tan(a/ 
2)1—b1 according to this formula. The variable a denotes the 
distance of the active region 103 from the side of the second 
region 102 remote from the active region 103; the variable 
h1 denotes the first etch depth of the recess 40 measured 
from the side of the second region 102 remote from the 
active region 103; the variable h2 denotes the second etch 
depth of another recess measured from the side of the second 
region 102 remote from the active region 103. The variable 
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w denotes the thickness of a waveguide region within the 
first region 101 adjacent to the active region 103. The 
waveguide region is used for the optical guidance of the 
electromagnetic radiation generated in the active region 103. 
The variable a denotes the vertical far field angle of the 
electromagnetic radiation E emitted from the coupling-out 
surface 20. If the two steps 1011 are structured according to 
the above formula, a shadowing of the emitted electromag-
netic radiation E by the material of the first region 101 is 
avoided and the electromagnetic radiation E can leave the 
optoelectronic semiconductor device 1 particularly unhin-
dered. 
10070] FIG. 8A shows a schematic side view of an opto-
electronic semiconductor device 1 according to the first 
exemplary embodiment. In contrast to the exemplary 
embodiment shown in FIG. 7, the exemplary embodiment 
shown here has only one step 1011. 
10071] FIG. 8B shows a schematic top view of an opto-
electronic semiconductor device 1 according to the first 
exemplary embodiment. In the plan view, the small exten-
sion of the second region 102, which does not extend over 
the entire width of the semiconductor body 10, is obvious. 
This serves in particular to limit the active region 103 
located below the second region 102. This limits the expan-
sion of the electromagnetic radiation emitted in the active 
region 103, which improves the beam quality advanta-
geously. 
10072] FIG. 8C shows a schematic frontal view of an 
optoelectronic semiconductor device 1 according to the first 
exemplary embodiment. The frontal view shown in FIG. 8C 
shows the coupling-out surface 20 of an optoelectronic 
semiconductor device 1. Electrical contact is made via the 
first contact structure 810 and a second contact structure 820 
arranged on the opposite side of the first contact structure 
810. Electromagnetic radiation E is coupled out in a nar-
rowly defined region. 
10073] FIG. 9A shows a schematic side view of an opto-
electronic semiconductor device 1 according to the second 
exemplary embodiment. The second exemplary embodiment 
essentially corresponds to the first exemplary embodiment 
and differs only in the type of electrical contacting. The 
second contact structure 820 is arranged on another level, 
next to the first contact element 810. The optoelectronic 
semiconductor device 1 shown here is therefore suitable for 
mounting on an electrically non-conductive substrate, for 
example. 
10074] FIG. 9B shows a schematic top view of an opto-
electronic semiconductor device 1 according to the second 
exemplary embodiment. The electrical contacting is realized 
by the first contact structure 810 and the second contact 
structure 820 arranged next to it. 
10075] FIG. 10 shows an optoelectronic semiconductor 
device 1 according to the third exemplary embodiment. The 
optoelectronic semiconductor device 1 shown here com-
prises a plurality of recesses 40 arranged on the rear surface 
30 opposite the coupling-out surface 20 and forming a 
mirror 701. Each of the recesses 40 is provided with a 
passivation layer 60 and a mirror layer 70. The mirror 701 
comprises a so-called DBR structure. This DBR structure is 
characterized in particular by spectrally selective reflectivity 
and very high reflectivity. The recesses 40 generate a peri-
odic sequence of refractive index variations through the 
transition between the material of the semiconductor body 
10 and the recesses 40. The DBR mirror is incorporated 
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directly into the semiconductor body 10. The recesses 40 can 
be filled with a BCB or another transparent polymer or 
dielectric, in particular for increased mechanical stability 
and/or to adjust the refractive index. The first region 101 has 
a step 1011 at the coupling-out surface 20 in the longitudinal 
direction X. 
10076] FIG. 11 shows an optoelectronic semiconductor 
device 1 according to the fourth exemplary embodiment. 
The fourth exemplary embodiment essentially corresponds 
to the third exemplary embodiment and additionally has a 
further mirror 702 on the coupling-out surface 20 of the 
optoelectronic semiconductor device 1. This additional mir-
ror 702 is also designed as a DBR structure and has a 
plurality of recesses 40, each with a passivation 60 and a 
mirror layer 70. The second mirror 702 is inserted directly 
into the semiconductor body 10. The different refractive 
index of the semiconductor material of the semiconductor 
body 10 and the material in the recesses 40 allows a periodic 
variation of the refractive index and thus the construction of 
a DBR mirror. This also applies to recesses 40 only filled 
with air. The first region 101 has a step 1011 on the 
coupling-out surface 20 in the longitudinal direction X. 
10077] FIG. 12 shows a plurality of optoelectronic semi-
conductor devices 1 which are combined in a monolithic 
structure to form a bar. Monolithic means that the optoelec-
tronic semiconductor devices 1 shown here are grown on a 
common growth substrate 900 and interconnected by the 
growth substrate 900 and/or epitaxially produced semicon-
ductor layers. The manufacture of a bar comprising a 
plurality of optoelectronic semiconductor devices 1 can be 
advantageously direct and the assembly of several previ-
ously isolated optoelectronic semiconductor devices 1 can 
be advantageously omitted. 
10078] The invention is not limited by the description of 
the exemplary embodiments. Rather, the invention includes 
any new feature and any combination of features, which in 
particular includes any combination of features in the patent 
claims, even if that feature or combination itself is not 
explicitly mentioned in the patent claims or exemplary 
embodiments. 

What is claimed is: 
1. An optoelectronic semiconductor device comprising: 
a semiconductor body comprising: 
a first region of a first conductive type; 
an active region configured to generate electromagnetic 

radiation; 
a second region of a second conductive type; and 
a coupling-out surface confgured to couple-out the elec-

tromagnetic radiation, 
wherein the first region, the active region and the second 

region are arranged along a stacking direction, 
wherein the active region extends from a rear surface 

opposite the coupling-out surface to the coupling-out 
surface along a longitudinal direction transverse to or 
perpendicular to the stacking direction, 

wherein the coupling-out surface is arranged plane-par-
allel to the rear surface, and 

wherein the coupling-out surface and the rear surface of 
the semiconductor body are produced by an etching 
process. 

2. The optoelectronic semiconductor device according to 
claim 1, wherein the optoelectronic semiconductor device is 
configured to generate coherent radiation. 
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3. The optoelectronic semiconductor device according to 
claim 1, wherein the semiconductor body has an extension 
in the longitudinal direction of less than 300 tim. 

4. The optoelectronic semiconductor device according to 
claim 1, wherein at least a portion of the semiconductor 
body is based on a nitride compound semiconductor mate-
rial. 

5. The optoelectronic semiconductor device according to 
claim 1, wherein the coupling-out surface and the rear 
surface run parallel to a m-plane of a crystal of the semi-
conductor body. 

6. The optoelectronic semiconductor device according to 
claim 1, wherein the semiconductor body is deposited on a 
growth substrate and the growth substrate comprises sap-
phire, gallium nitride, silicon carbide or silicon. 

7. The optoelectronic semiconductor device according to 
claim 1, wherein the coupling-out surface and the rear 
surface have an average roughness in a range from 0.1 nm 
to 10 nm. 

8. The optoelectronic semiconductor device according to 
claim 1, further comprising a mirror arranged downstream of 
the rear surface and/or the coupling-out surface. 

9. The optoelectronic semiconductor device according to 
claim 8, wherein the mirror comprises a material of the 
semiconductor body. 

10. The optoelectronic semiconductor device according to 
claim 1, wherein the first region at the coupling-out surface 
has at least one step in the longitudinal direction. 

11. The optoelectronic semiconductor device according to 
claim 10, wherein the step is structured so that the electro-
magnetic radiation emitted from the semiconductor body 
does not strike the step. 

12. The optoelectronic semiconductor device according to 
claim 10, 

wherein the width b, of the at least one step of the first 
region in the longitudinal direction is structured so that 
it satisfies the following formula up to a deviation of 
+1-10%: b,<[(h,—a—w)Itan(aI2)]—(b,_1—b,_2 —. . . —ba —
b1), and 

wherein a is a distance of the active region from a side of 
the second region facing away from the active region, 
h, is an extent of the coupling-out surface in a direction 
parallel to the stacking direction of the semiconductor 
body, w is a waveguide thickness on a side of the first 
region remote from the active region, a is defined as a 
vertical far field angle, and an index n stands for a 
number of steps. 

13. A method for manufacturing an optoelectronic semi-
conductor device, the method comprising: 

providing a semiconductor body comprising a first region 
of a first conductive type, an active region designed to 
generate electromagnetic radiation and a second region 
of a second conductive type along a stacking direction, 
the active region extending between the first region and 
the second region along a longitudinal direction trans-
verse or perpendicular to the stacking direction, 

forming a first trench at least in places along the stacking 
direction and transversely to the longitudinal direction 
by a first etching process completely penetrating the 
first region and the active region, a coupling-out sur-
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face being provided for coupling-out electromagnetic 
radiation on a side face of the first trench facing the 
semiconductor body, and 

forming a second trench at a side of the semiconductor 
body opposite the first trench at least in places along the 
stacking direction of the semiconductor body and trans-
verse to the longitudinal direction by the first etching 
process completely penetrating the first region and the 
active region, wherein a rear surface is formed on a side 
surface of the second trench facing the semiconductor 
body, and 

smoothing the coupling-out surface and the rear surface 
by a second etching process. 

14. The method according to claim 13, wherein an etchant 
of the second etching process comprises KOH, NaOH, 
NH4OH, LiOH, TMAH, or NMP. 

15. The method according to claim 13, further comprising 
cleaning the coupling-out surface and the rear surface by ion 
cleaning. 

16. The method according to claim 15, further comprising 
coating the coupling-out surface and the rear surface with a 
semi-crystalline material. 

17. The method according to claim 16, wherein the 
coupling-out surface and the rear surface are coated with a 
dielectric material or a metal. 

18. The method according to claim 13, further comprising 
structuring a step of the first region via the coupling-out 
surface in the longitudinal direction by an etching process. 

19. The method according to claim 13, wherein the 
method is performed on a plurality of optoelectronic semi-
conductor devices in a wafer composite. 

20. A method of manufacturing an optoelectronic semi-
conductor device, the method comprising: 

providing a semiconductor body comprising a first region 
of a first conductive type, an active region designed to 
generate electromagnetic radiation and a second region 
of a second conductive type along a stacking direction, 
the active region extending between the first region and 
the second region along a longitudinal direction trans-
verse or perpendicular to the stacking direction, 

forming a first trench at least in places along the stacking 
direction and transversely to the longitudinal direction 
by a first etching process completely penetrating the 
first region and the active region, a coupling-out sur-
face being provided for coupling-out electromagnetic 
radiation on a side face of the first trench facing the 
semiconductor body, and 

forming a second trench at a side of the semiconductor 
body opposite the first trench at least in places along the 
stacking direction of the semiconductor body and trans-
verse to the longitudinal direction by the first etching 
process completely penetrating the first region and the 
active region, wherein a rear surface is formed on a side 
surface of the second trench facing the semiconductor 
body, and 

smoothing the coupling-out surface and the rear surface 
by a second etching process, wherein the second etch-
ing process is a wet chemical etching process. 

* * * * * 
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