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1
LIGHT EMITTING SEMICONDUCTOR
COMPONENT INCLUDING AN ABSORPTIVE
LAYER

TECHNICAL FIELD

This disclosure relates to a radiation-emitting semicon-
ductor device.

BACKGROUND

Radiation-emitting semiconductor devices such as, for
example, light-emitting diodes that emit radiation in the
infrared spectral range are desired for various applications.
It has been found that devices emitting radiation in the
near-infrared, for example, at an emission wavelength of
850 nm, may have shortwave radiation components that are
still perceptible by the human eye. Such radiation compo-
nents may be avoided by shifting the peak wavelength of the
emitted radiation towards longer wavelengths. However, the
sensitivity of conventional silicon detectors declines for
wavelengths above 850 nm, thereby complicating detection
of radiation of above this wavelength.

It could therefore be helpful to provide a semiconductor
device that emits radiation straightforwardly detectable and
at the same time not perceptible by the human eye.

SUMMARY

We provide a radiation-emitting semiconductor device
including a semiconductor body with a semiconductor layer
sequence, wherein the semiconductor layer sequence has an
active region that generates radiation having a peak wave-
length in the near-infrared spectral range and an absorption
region, and the absorption region at least partially absorbs a
shortwave radiation component having a cut-off wavelength
shorter than the peak wavelength.

We also provide a radiation-emitting semiconductor
device including a semiconductor body with a semiconduc-
tor layer sequence, wherein the semiconductor layer
sequence has an active region that generates radiation hav-
ing a peak wavelength in the near-infrared spectral range and
an absorption region, the absorption region at least partially
absorbs a shortwave radiation component having a cut-off
wavelength which is shorter than the peak wavelength, the
absorption region is nominally undoped, and the semicon-
ductor device has a first contact and a second contact that
externally electrically contact the semiconductor device and
the absorption region is arranged outside a current path
extending through the active region between the first contact
and the second contact.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1to 3 each show an example of a radiation-emitting
semiconductor device in schematic sectional view.

DETAILED DESCRIPTION

Our semiconductor device may have a semiconductor
body with a semiconductor layer sequence. The semicon-
ductor layer sequence may comprise an active region that
generates radiation, in particular generating radiation having
a peak wavelength in the near-infrared spectral range.
Should there be any doubt, the near-infrared spectral range
is taken to mean a wavelength of 0.78 pm to 1.5 um. The
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peak wavelength is preferably 830 nm to 920 nm, particu-
larly preferably 830 nm to 860 nm.

In a vertical direction extending perpendicular to a main
plane of extension of the semiconductor layer sequence of
the semiconductor body, the semiconductor body extends,
for example, between a radiation exit face and a back surface
opposite the radiation exit face. The radiation-emitting semi-
conductor device has, for example, a carrier on which the
semiconductor body is arranged.

For example, the semiconductor body has a first semi-
conductor region extending between the radiation exit face
and the active region. The semiconductor body furthermore
has, for example, a second semiconductor region extending
between the active region and the back surface. The first
semiconductor region and the second semiconductor region
conveniently differ from one another regarding conduction
type at least in the region adjacent the active region such that
the active region is located in a pn junction.

For example, the first semiconductor region is at least in
places n-conductive while the second semiconductor region
is at least in places p-conductive or vice versa. The first
semi-conductor region and the second semiconductor region
in particular is free from an active region.

The semiconductor body may have an absorption region.
The absorption region is thus part of the semiconductor
body. In particular, only semiconductor material of the
semiconductor body is present between the absorption
region and the active region. The absorption region is in
particular intended at least partially to absorb a shortwave
radiation component having a cut-off wavelength shorter
than the peak wavelength of the radiation emitted by the
active region.

Radiation having a wavelength shorter than or equal to the
cut-off wavelength is thus at least partially absorbed. The
absorption region is conveniently configured such that the
absorption coefficient for radiation having the peak wave-
length amounts to at most 50%, preferably at most 20%,
most preferably 10%, of the absorption coefficient for radia-
tion having the cut-off wavelength.

The cut-off wavelength and the peak wavelength are, for
example, at least 20 nm and at most 100 nm apart from one
another.

The semiconductor device may have a semiconductor
body with a semiconductor layer sequence, wherein the
semiconductor layer sequence has an active region that
generates radiation having a peak wavelength in the near-
infrared spectral range and an absorption region, wherein the
absorption region at least partially absorbs a shortwave
radiation component having a cut-off wavelength shorter
than the peak wavelength.

The radiation-emitting semiconductor device thus has an
absorption region integrated into the semiconductor body,
which absorption region at least partially absorbs a short-
wave radiation component, which component is in particular
visible to the human eye. The absorption region thus sup-
presses an undesired radiation component in the visible
spectral range at least to such an extent that the component
is no longer perceptible by the human eye. By such an
absorption region, even at a peak wavelength comparatively
close to the perceptual threshold of the human eye, for
example, a peak wavelength of 850 nm, shortwave radiation
components may be prevented from being perceived by the
human eye. The radiation-emitting semiconductor device
can thus provide radiation comparatively straightforwardly
detectable, for example, by a conventional silicon detector
without troublesome radiation components occurring in the
visible spectral range. Filter elements or filter layers applied
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outside the semiconductor body that suppress such visible
spectral components may be dispensed with. In particular,
the absorption region may be formed as early as during, for
example, epitaxial deposition of the semiconductor layers of
the semiconductor body.

The absorption region may have an absorption coeflicient
for radiation having the cut-off wavelength of at least
5,000/cm, preferably of at least 10,000/cm. At an absorption
coefficient of 10,000/cm, a layer having a thickness of 100
nm, for example, extinguishes 10% of the incident radiation
on single perpendicular passage. Due to the comparatively
high refractive index of semiconductor material, the radia-
tion generated in the active region typically passes repeat-
edly through the semiconductor body and, hence, also the
absorption region before the radiation exits from the semi-
conductor body. An absorption region integrated into the
semiconductor body is thus capable even at a very small
thickness of, for example, 100 nm of efficiently absorbing
the undesired radiation components in the visible spectral
range without significantly impairing the radiation having
the peak wavelength.

The cut-off wavelength may be less than or equal to 820
nm. The longer the cut-off wavelength, the lower the risk of
the human eye being able to perceive shortwave radiation
components of the radiation emitted by the active region.

The absorption region may have at least one layer, the
doping concentration of which is at most half the level of a
doping concentration of a semiconductor material arranged
between the absorption region and the active region. The
lower the doping concentration, the steeper can the absorp-
tion edge be, i.e., the transition between the wavelength
range in which radiation is absorbed and the wavelength
range in which radiation is transmitted.

The absorption region may be nominally undoped. Such
an absorption region may be distinguished by a particularly
steep absorption edge.

The semiconductor device may have a first contact and a
second contact for external electrical contacting of the
semiconductor device. For example, the first contact elec-
trically contacts the first semiconductor region and the
second contact electrically contacts the second semiconduc-
tor region such that charge carriers can be injected through
the first semiconductor region or second semiconductor
region from different sides into the active region and there
recombine with emission of radiation.

The absorption region may be arranged outside a current
path extending through the active region between the first
contact and the second contact. In other words, charge
carrier injection bypasses the absorption region. The absorp-
tion region itself may therefore also have a comparatively
low electrical conductivity and, for example, be nominally
undoped.

For example, the absorption region has at least one cutout
in which a semiconductor layer arranged between the
absorption region and the active region is adjacent the first
contact or the second contact. The absorption region thus
only in places covers the semiconductor layer arranged
between the active region and the absorption region. For
example, the cutout may surround the absorption region in
the manner of a frame. Alternatively or in addition, the
absorption region may have a cutout surrounded in the
lateral direction around the entire circumference of the
cutout by material of the absorption region.

The absorption region may be arranged in a current path
extending through the active region between the first contact
and the second contact. In operation, at least one charge
carrier type is thus injected through the absorption region
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into the active region. In this case, the absorption region is
conveniently of electrically conductive construction. In par-
ticular, the absorption region has the same conduction type
as the semiconductor material adjacent the absorption
region.

The semiconductor body, in particular the active region,
may be based on an arsenide compound semiconductor
material.

“Based on an arsenide compound semiconductor” means
that the active layer or at least one layer thereof comprises
an arsenic [I1-V compound semiconductor material, prefer-
ably Al,Ga,In,_,,_ .. As, wherein O=n=1, O=m=1 and n+m=l1.
This material need not necessarily have a mathematically
exact composition according to the above formula. Instead,
it may comprise one or more dopants and additional con-
stituents which do not substantially modify the characteristic
physical properties of the Al Ga, In,_,_,As material. For
simplicity’s sake, however, the above formula includes only
the fundamental constituents of the crystal lattice (Al, Ga,
In, As), even if these may in part be replaced by small
quantities of further substances.

Using this material system, radiation having a peak wave-
length in the near-infrared spectral range may be straight-
forwardly and reliably generated with high quantum effi-
ciency.

The absorption region may be based on an arsenide
compound semiconductor material. For example, the
absorption region contains Al Ga,  As with 0.01=x=0.1.

The higher the aluminum content, the larger the band gap
and, consequently, the shorter the cut-off wavelength of the
absorbed radiation corresponding to the band gap. In par-
ticular, the absorption region has an Al content of 0.03 to
0.07. At an aluminum content of 0.07, the band gap amounts
to approximately 1.51 eV, which corresponds to a cut-off
wavelength of 820 nm.

The absorption region may have a quantum structure with
at least one quantum layer.

The term “quantum structure” includes in particular any
structure in which charge carriers may undergo quantization
of their energy states by inclusion (“confinement”). In
particular, the term quantum structure does not provide any
indication of the dimensionality of the quantization. It thus
encompasses inter alia quantum wells, quantum wires and
quantum dots and any combination of these structures.

Charge carrier pairs generated by radiation absorption in
the absorption region can be captured by the quantum
structure and, in the quantum layer, emit radiation having a
peak wavelength shorter than the wavelength of the
absorbed radiation. This reduces the risk of electron-hole
pairs generated in the active region by radiation absorption
recombining in the active region and resulting in emission of
radiation in the visible spectral range.

The absorption region may be arranged between the
active region and the radiation exit face of the semiconduc-
tor body. Radiation generated in the active region must
therefore pass through the absorption region at least once
before it can impinge on the radiation exit face of the
semiconductor body.

The semiconductor device may take the form of a thin-
film semiconductor chip in which the semiconductor body is
fastened by a materially bonded connection to a carrier and
is remote from a growth substrate for the semiconductor
layer sequence of the semiconductor body. For example, a
particular metallic mirror layer is arranged between the
carrier and the semiconductor body. The mirror layer con-
veniently has high reflectivity for the radiation generated in
the active region, for example, a reflectivity of at least 60%
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for the radiation having the peak wavelength. Gold, for
example, is distinguished by high reflectivity in the infrared
spectral range. In a thin-film semiconductor chip, the radia-
tion component exiting from the sides is reduced in favor of
an increased radiation component passing through the radia-
tion exit face.

Further features, configurations and convenient aspects
are revealed by the following description of the examples in
conjunction with the figures. Identical, similar or identically
acting elements are provided with the same reference
numerals in the figures.

The figures and the size ratios of the elements illustrated
in the figures relative to one another are not to be regarded
as being to scale. Rather, individual elements and in par-
ticular layer thicknesses may be illustrated on an exagger-
atedly large scale for greater ease of depiction and/or better
comprehension.

FIG. 1 shows a first examples of a radiation-emitting
semiconductor device. The semiconductor device 1 com-
prises a semiconductor body with a semiconductor layer
sequence 2. The semiconductor body 2 extends in a vertical
direction extending perpendicular to a main plane of exten-
sion of the semiconductor layers of the semiconductor body
between a radiation exit face 201 and a back surface 202
opposite the radiation exit face. Between the radiation exit
face and the back surface, the semiconductor body solely
comprises semiconductor material, in particular epitaxially
deposited semiconductor material of the semiconductor
layer sequence.

The semiconductor body 2 furthermore comprises an
active region 20 that generates radiation in the near-infrared.
The active region 20 is preferably intended to generate
radiation having a peak wavelength of 830 nm to 920 nm,
particularly preferably 830 nm to 870 nm, for example, 850
nm. For example, the active region 20 contains a multiple
quantum well structure (MQW) based on an arsenide com-
pound semiconductor material.

A first semiconductor region 21 extends between the
active region 20 and the radiation exit face 201. A second
semiconductor region 22 extends between the active region
20 and the back surface 202. The first semiconductor region
and the second semiconductor region differ from on another
regarding conduction type at least on the side adjacent the
active region 20 such that the active region 20 is located in
a pn junction. The semiconductor body with the semicon-
ductor layer sequence 2 furthermore comprises an absorp-
tion region 3. In the example shown, the absorption region
3 is formed in the first semiconductor region 21. The
absorption region is thus arranged between the front surface
and the active region 20.

The absorption region 3 is intended at least partially to
absorb a shortwave radiation component of the radiation
generated by the active region, namely radiation having a
shorter wavelength than a cut-off wavelength. The absorp-
tion region 3 thus defines the shortwave flank of the emis-
sion spectrum of the semiconductor device 1.

The cut-off wavelength is preferably 800 nm to 820 nm.
The cut-off wavelength is preferably at least 20 nm, par-
ticularly preferably at least 30 nm shorter than the peak
wavelength of the radiation generated in the active region
20. The greater the difference between the cut-off wave-
length and the peak wavelength, the lower the risk of a per
se desired radiation component also being absorbed by the
absorption region 3.

The semiconductor device furthermore comprises a first
contact 51 for external electrical contacting of the first
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semiconductor region 21 and a second contact for external
electrical contacting of the second semiconductor region 22.

The absorption region 3 is arranged between a connection
layer 210 of the first semiconductor region 21 and a semi-
conductor layer 211 of the first semiconductor region.

The connection layer 210 is highly doped, for example,
with a doping concentration of at least 1x10'® cm™>.

Production of an ohmic contact to the first contact 51 is
simplified as a consequence.

The absorption region 3 preferably has a lower doping
concentration than the connection layer 210 and the semi-
conductor layer 211. The doping concentration of the
absorption region is preferably at most half the level of the
doping concentration of the connection layer. The doping
concentration of the absorption region particularly prefer-
ably amounts to at most 20%, most preferably at most 10%
of the doping concentration of the connection layer. The
lower the doping concentration, the steeper the absorption
edge in the region of the cut-off wavelength.

The absorption region 3 is located in an electrical current
path between the first contact 51 and the second contact 52,
which each electrically contact the semiconductor device 1.
The absorption region located in the current path is conve-
niently doped with the same charge type as the adjacent
semiconductor material, for example, the semiconductor
material of the first semiconductor region 21. The doping
concentration of the absorption region 3 is therefore in
particular of a level such that the electrical resistance of the
absorption region does not impede charge carrier injection
into the active region 20.

The semiconductor device 1 takes the form of a semicon-
ductor chip, in particular of a thin-film semiconductor chip.
The semiconductor body with the semiconductor layer
sequence 2 is arranged on a carrier 4 other than a growth
substrate and is mechanically and in particular also electri-
cally conductively connected by a bonding layer 42.

A mirror layer 41 is arranged between the semiconductor
body with the semiconductor layer sequence 2 and the
carrier 4, which mirror layer deflects radiation emitted
towards the carrier 4 in the direction of the radiation exit
face 201. In a thin-film semiconductor chip, the radiation
exit face remote from the carrier forms a main radiation exit
face through which at least 50% of the radiation generated
in operation exits. The absorption region 3 is located
between the radiation exit face 201 and the active region 20
such that the radiation must pass at least once through the
absorption region 3 before it can exit from the radiation exit
face 201.

Due to the comparatively high refractive index of an
arsenide compound semiconductor material, the jump in
refractive index at the radiation exit face 201 to the sur-
roundings, for example, air or an adjacent encapsulation
material, is so large that a considerable radiation component
is totally reflected at the radiation exit face 201 and conse-
quently passes repeatedly through the absorption region 3,
before the radiation exits from the semiconductor device 1.
As a consequence, overall strong attenuation of the short-
wave radiation component is achieved even with a com-
paratively thin absorption region 3. For example, AlGaAs
has an absorption coefficient of approximately 10,000/cm
for radiation corresponding to the wavelength of the band
gap. Consequently, even with an absorption region thickness
of 100 nm region with radiation passing through perpen-
dicularly, at least 10% of the radiation impinging on the
absorption region is absorbed. The thickness of the absorp-
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tion region may, of course, also be other than 100 nm. The
thickness of the absorption region is, for example, 50 nm to
500 nm.

The absorption region 3 contains a III compound semi-
conductor material, in particular an arsenide compound
semiconductor material, configured with regard to band gap
such that the cut-off wavelength corresponds to the band
gap. For example, Al,,,Ga,o;As has a band gap which
corresponds to a wavelength of 820 nm. Radiation having a
wavelength shorter than 820 nm is thus efficiently absorbed,
while radiation having a longer wavelength is transmitted.

The aluminum content at least in one layer of the absorp-
tion region preferably amounts to 0.03 to 0.07.

With the absorption region integrated into the semicon-
ductor body, it is thus possible to ensure as early as during
epitaxial deposition of the semiconductor layer sequence for
the semiconductor body that even a semiconductor device
with a comparatively short wavelength in the near-infrared,
for example, with a wavelength of 850 nm, does not emit
any radiation or at least only a considerably reduced radia-
tion component in the visible spectral range.

Additional filter elements downstream of the semicon-
ductor device that suppress the shortwave radiation compo-
nent may be dispensed with. Furthermore, the peak wave-
length need not be shifted to longer wavelengths, for
example, wavelengths of above 900 nm such that the radia-
tion having the peak wavelength may be efficiently received
with conventional silicon detectors.

An absorption region 3 integrated into the semiconductor
chip, in particular into the semiconductor body, is of course
also suitable for semiconductor chips that do not take the
form of thin-film semiconductor chips. In this case, the
carrier 4 may be the growth substrate. A bonding layer
between the carrier and the semiconductor body with the
semiconductor layer sequence 2 is not necessary. The mirror
layer 41 may be omitted or be formed by a Bragg reflector
integrated into the semiconductor body 2.

The arrangement of the first contact 51 and the second
contact 52 may also be selected within broad limits provid-
ing that, by application of an electrical voltage between the
contacts, charge carriers can be injected from different sides
into the active region 20 and there recombine with emission
of radiation.

The second example, illustrated in FIG. 2, of a semicon-
ductor device substantially corresponds to the first example
described in connection with FIG. 1. At variance therewith,
the absorption region 3 is arranged outside a current path
extending through the active region 20 between the first
contact 51 and the second contact 52. In this case, the
absorption region 3 may thus be formed independently of
the electrical properties thereof and in particular also be
nominally undoped or at least only weakly doped, for
example, with a doping concentration of at most 1x10"°
cm™. A particularly steep absorption edge in the region of
the cut-off wavelength may consequently be achieved in
simplified manner.

In the example shown, the absorption region 3 forms the
radiation exit face 201. The first semiconductor region 21 is
arranged between the absorption region 3 and the active
region 20. The first semiconductor region 21 is accessible by
a cutout 35 in the absorption region 3 for the first contact 51.
The cutout is a cutout extending in the shape of a frame or
ring around the absorption region 3. In contrast thereto, the
cutout may however also be surrounded in the lateral
direction around the entire circumference by material of the
absorption region 3 and, for example, be arranged in plan
view centrally on the semiconductor device 1.
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The second example indeed entails an additional produc-
tion step compared to the first example to expose regions of
the first semiconductor region 21, for instance by wet
chemical or dry chemical etching. Since, however, the
absorption region 3 is located outside the current path, the
absorption region may also be formed with undoped or at
least only slightly doped semiconductor material and/or with
a comparatively large thickness without impairing the elec-
trical properties of the semiconductor device. A particularly
steep absorption edge may be formed by a slightly doped
absorption region 3 of this kind such that, on the one hand,
radiation having the peak wavelength is not absorbed and,
on the other hand, radiation that might be perceived by the
human eye is highly efficiently absorbed.

The third example, illustrated in FIG. 3, substantially
corresponds to the second example described in connection
with FIG. 2. At variance therewith, the absorption region 3
has a quantum structure 30. By way of example, the quan-
tum structure has two quantum layers 31 arranged between
barrier layers 32. The number of quantum layers may,
however, be varied within broad limits and may, for
example, be 1 to 30. Electron-hole pairs generated by
absorption in the absorption region 3 of the radiation gen-
erated by the active region 20 in operation can be captured
in the quantum layers 31 and there recombine with emission
of radiation. The radiation re-emitted in this manner has a
longer wavelength than the radiation absorbed in the absorp-
tion region 3, in particular in the barrier layers 32 of the
absorption region 3 such that the radiation component is not
perceptible to the human eye and consequently not trouble-
some even if it exits from the semiconductor device 1.

Such a quantum structure 30 may, of course, also be used
in the absorption region 3 in the first example described in
connection with FIG. 1.

This application claims priority of DE 10 2013 112 740.1,
the subject matter of which is included by reference.

Our components are not restricted by the description
given with reference to the examples. Rather, this disclosure
encompasses any novel feature and any combination of
features, including in particular any combination of features
in the appended claims, even if the feature or combination
is not itself explicitly indicated in the claims or the
examples.

The invention claimed is:

1. A radiation-emitting semiconductor device comprising
a semiconductor body with a semiconductor layer sequence,

wherein the semiconductor layer sequence has an active

region that generates radiation having a peak wave-
length in the near-infrared spectral range and an
absorption region,

the absorption region at least partially absorbs a short-

wave radiation component having a cut-off wavelength
which is shorter than the peak wavelength,

the absorption region is nominally undoped, and

the semiconductor device has a first contact and a second

contact that externally electrically contact the semicon-
ductor device and the absorption region is arranged
outside a current path extending through the active
region between the first contact and the second contact.

2. A radiation-emitting semiconductor device comprising:

a semiconductor body with a semiconductor layer

sequence having an active region that generates radia-
tion having a peak wavelength in the near-infrared
spectral range and an absorption region, and the
absorption region at least partially absorbs a shortwave
radiation component having a cut-off wavelength
shorter than the peak wavelength; and
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a first contact and a second contact that externally elec-
trically contact the semiconductor device and the
absorption region is arranged outside a current path
extending through the active region between the first
contact and the second contact.

3. The radiation-emitting semiconductor device according
to claim 2, wherein the absorption region has an absorption
coeflicient for radiation having the cut-off wavelength of at
least 5000/cm.

4. The radiation-emitting semiconductor device according
to claim 2, wherein the cut-off wavelength is shorter than or
equal to 820 nm.

5. The radiation-emitting semiconductor device according
to claim 2, wherein the absorption region has at least one
layer, the doping concentration of which is at most half a
level of a doping concentration of a semiconductor material
arranged between the absorption region and the active
region.

6. The radiation-emitting semiconductor device according
to claim 2, wherein the absorption region is nominally
undoped.

7. The radiation-emitting semiconductor device according
to claim 2, wherein the absorption region has at least one
cutout in which a semiconductor layer arranged between the
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absorption region and the active region is adjacent the first
contact or the second contact.

8. The radiation-emitting semiconductor device according
to claim 2, wherein the active region contains Al In Ga,
»As with O=x=1,0<y=<1 and x+y=l.

9. The radiation-emitting semiconductor device according
to claim 2, wherein the absorption region contains Al Ga,_
xAs with 0.01=x=<0.1.

10. The radiation-emitting semiconductor device accord-
ing to claim 2, wherein the absorption region contains
Al Ga,_,As with 0.03=x<0.07.

11. The radiation-emitting semiconductor device accord-
ing to claim 2, wherein the absorption region has a quantum
structure with at least one quantum layer.

12. The radiation-emitting semiconductor device accord-
ing to claim 2, wherein the absorption region is arranged
between the active region and a radiation exit face of the
semiconductor body.

13. The radiation-emitting semiconductor device accord-
ing to claim 2, wherein the semiconductor device is a
thin-film semiconductor chip in which the semiconductor
body is fastened by a materially bonded connection to a
carrier and is remote from a growth substrate for the
semiconductor layer sequence of the semiconductor body.
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