US 20160027980A1

a2y Patent Application Publication o) Pub. No.: US 2016/0027980 A1

a9 United States

Hahn et al. 43) Pub. Date: Jan. 28, 2016
(54) OPTOELECTRONIC SEMICONDUCTOR HOIL 31/0224 (2006.01)
CHIP AND OPTOELECTRONIC MODULE HOIL 31/02 (2006.01)
HOIL 25/075 (2006.01)
(71) Applicant: OSRAM Opto Semiconductors GmbH, HOIL 25/04 (2006.01)
Regensburg (DE) HOIL 33/48 (2006.01)
HOIL 31/0203 (2006.01)
(72) Inventors: Berthold Hahn, Hemau (DE); Johannes (52) US.CL
Baur, Regensburg (DE) [ o HOIL 33/62 (2013.01); HOIL 33/486

(73) Assignee: OSRAM Opto Semiconductors GmbH,
Regensburg (DE)

(21) Appl. No.: 14/773,864

(22) PCT Filed: Mar. 24, 2014

(86) PCT No.: PCT/EP2014/055835

§371 (o)D),
(2) Date: Sep. 9,2015
(30) Foreign Application Priority Data

Apr.5,2013  (DE) oo 102013 103 409.8

Publication Classification

(2013.01); HOIL 33/38 (2013.01); HOIL
31/0203 (2013.01); HOIL 31/02002 (2013.01);
HOIL 25/0753 (2013.01); HOIL 25/042
(2013.01); HOIL 31/0224 (2013.01)

(57) ABSTRACT

An optoelectronics semiconductor chip has a substrate and a
semiconductor body arranged on the substrate and has a semi-
conductor layer sequence. The semiconductor layer sequence
includes an active region arranged between a first semicon-
ductor layer and a second semiconductor layer and is pro-
vided to generate or to receive radiation. The first semicon-
ductor layer is electrically conductively connected to a first
contact and to a second contact. The first contact is formed on
a front side of the substrate, facing the semiconductor body.
The second contact is formed on a rear side of the substrate,

(51) Int.ClL facing away from the semiconductor body. The first contact
HO1L 33/62 (2006.01) and the second contact are electrically conductively con-
HO1L 33/38 (2006.01) nected to each other.
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OPTOELECTRONIC SEMICONDUCTOR
CHIP AND OPTOELECTRONIC MODULE

[0001] This patent application is a national phase filing
under section 371 of PCT/EP2014/055835, filed Mar. 24,
2014, which claims the priority of German patent application
10 2013 103 409.8, filed Apr. 5, 2013, each of which is
incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present application relates to an optoelectronic
semiconductor chip and to an optoelectronic module com-
prising at least one optoelectronic semiconductor chip.

BACKGROUND

[0003] For optoelectronic modules aimed at achieving the
highest possible packing density of light emitting diodes, it is
often desired for the light emitting diodes to be intercon-
nected in series with one another directly via wire bonding
connections. However, the arrangement of top-side bonding
pads on the light emitting diodes makes it more difficult to
provide a rectangular emission surface, which is expedient in
particular for projection applications.

SUMMARY

[0004] Embodiments of the invention specify a semicon-
ductor chip which is distinguished by particularly universal
usability in conjunction with good optoelectronic properties.
Further embodiments specify an optoelectronic module that
is producible simply and reliably.

[0005] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the optoelectronic semi-
conductor chip comprises a semiconductor body having a
semiconductor layer sequence. The semiconductor layer
sequence comprises, in particular, an active region, which is
provided for generating and/or for receiving radiation. The
active region is provided, for example, for receiving or for
generating gradation in the ultraviolet, visible or infrared
spectral range. The active region is arranged, for example,
between a first semiconductor layer and a second semicon-
ductor layer. Expediently, the first semiconductor layer and
the second semiconductor layer differ from one another with
regard to conduction type. By way of example, the first semi-
conductor layer is n-conducting and the second semiconduc-
tor layer is p-conducting, or vice versa. In a vertical direction,
that is to say in a direction running perpendicularly to a main
extension plane of the semiconductor layers of the semicon-
ductor layer sequence, the semiconductor body extends in
particular between a radiation passage surface and a main
surface.

[0006] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the optoelectronic semi-
conductor chip comprises a carrier. In a vertical direction, the
carrier extends between a front side facing the semiconductor
body and a rear side of the carrier facing away from the
semiconductor body. The semiconductor body is arranged,
and in particular fixed, on the carrier. By way of example, the
semiconductor body is cohesively connected to the carrier.
[0007] Inthe case of a cohesive connection, the, preferably
prefabricated, connection partners are held together by means
ofatomic and/or molecular forces. A cohesive connection can
be obtained, for example, by means of a connection means,
for instance an adhesive or a solder. In general, a separation of
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the connection is accompanied by destruction of the connec-
tion means and/or of at least one of the connection partners.
[0008] By way ofexample, the semiconductor body is fixed
to the carrier by means of a connecting layer, in particular an
electrically conductive connecting layer.

[0009] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the optoelectronic semi-
conductor chip comprises a first contact, which is electrically
conductively connected to the first semiconductor layer. The
first contact is provided in particular for the external electrical
connecting of the semiconductor chip, for example, by means
of'a connecting line, for instance a wire bonding connection.
The first contact is formed, for example, on a front side of the
carrier facing the semiconductor body. In other words, the
first contact is accessible for external electrical contacting
from the side of the semiconductor chip facing away from the
carrier.

[0010] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the optoelectronic semi-
conductor chip comprises a second contact, which is electri-
cally conductively connected to the first semiconductor layer.
The second contact is provided in particular for the external
electrical contacting of the optoelectronic semiconductor
chip. The second contact is formed, for example, on the rear
side of the carrier. In a vertical direction, therefore, the carrier
runs between the first contact and the second contact.

[0011] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the first contact and the
second contact are electrically conductively connected to one
another. In other words, in the optoelectronic semiconductor
chip there is a current path between the first contact and the
second contact. In particular, the current path runs between
the front side and the rear side of the carrier. During the
operation of the optoelectronic semiconductor chip, the first
contact and the second contact are at the same electrical
potential. In particular, upon application of an electrical volt-
age between the first contact and the second contact, no
electric current would flow through the semiconductor body,
in particular through the active region. In other words, the
electrically conductive connection between the first contact
and the second contact runs completely outside the semicon-
ductor body or at least completely outside the active region.
[0012] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the first semiconductor
layer is connected to the first contact and the second contact.
[0013] In at least one embodiment of the optoelectronic
semiconductor chip, the optoelectronic semiconductor chip
comprises a carrier and a semiconductor body having a semi-
conductor layer sequence, said semiconductor body being
arranged on the carrier. The semiconductor body comprises
an active region, which is arranged between the first semicon-
ductor layer and a second semiconductor layer and is pro-
vided for generating and/or for receiving radiation. The first
semiconductor layer is electrically conductively connected to
a first contact and to a second contact. The first contact is
formed on a front side of the carrier facing the semiconductor
body. The second contact is formed on a rear side of the
carrier facing away from the semiconductor body. The first
contact and the second contact are electrically conductively
connected to one another.

[0014] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the carrier is electrically
conductive. The carrier contains, for example, a semiconduc-
tor material, for instance silicon or germanium. In order to
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increase the electrical conductivity, the semiconductor mate-
rial can be doped. Alternatively, the carrier can also contain a
metal or a metallic alloy and can furthermore be embodied in
ametallic fashion. In this case, the rear side of the carrier itself
can form the second contact.

[0015] In a departure therefrom, it is also conceivable for
the carrier to contain an electrically insulating material. By
way of example, the carrier can have an electrically insulating
main body, through which electrical plated-through holes, for
example, recesses filled at least partly with a metal, extend in
avertical direction from the front side to the rear side. By way
of'example, a ceramic, for instance aluminum nitride or boron
nitride, is suitable for an electrically insulating carrier.

[0016] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the first semiconductor
layer is arranged on the side of the active region facing away
from the carrier. The active region is therefore arranged
between the first semiconductor layer and the carrier. The first
semiconductor layer is electrically conductively connected to
the first contact in particular via a first connection layer. The
first contact can be an area of the first connection layer that is
accessible for the axial contacting, or a contact layer formed
on the first connection layer.

[0017] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the semiconductor body
has at least one recess which extends through the second
semiconductor layer and the active region. In particular, the
first connection layer is connected to the first semiconductor
layer in the recess. The first semiconductor layer is electri-
cally contactable from the main surface of the semiconductor
body via the recess. A contact area arranged on the radiation
passage surface of the first semiconductor layer is therefore
not required for the electrical contacting of the first semicon-
ductor layer.

[0018] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the semiconductor chip
comprises a counter-contact, which is electrically conduc-
tively connected to the second semiconductor layer. The
counter-contact is provided for external electrical contacting
of the optoelectronic semiconductor chip. By applying an
electrical voltage between the counter-contact and the first
contact or between the counter-contact and the second con-
tact, it is possible for charge carriers to be injected into the
active region and to recombine therewith emission of radia-
tion. In the case of an optoelectronic semiconductor chip
embodied as a radiation receiver, charge carriers generated in
the active region can be tapped off via the counter-contact and
the first contact or via the counter-contact and the second
contact.

[0019] The second semiconductor layer is electrically con-
ductively connected to the counter-contact in particular via a
second connection layer. The counter-contact can be an area
of'the second connection layer that is accessible for the exter-
nal contacting or a contact layer formed on the second con-
nection layer. The counter-contact is accessible for external
contacting in particular from the front side of the carrier. By
way of example, the second connection layer directly adjoins
the main surface of the semiconductor body. Furthermore, the
second connection layer can be embodied as a mirror layer for
the radiation to be generated or to be received in the active
region. By way of example, the mirror layer is embodied as a
metallic mirror layer. For example, the second connection
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layer contains silver, aluminum, rhodium, palladium or gold
or a metallic alloy comprising at least one of the materials
mentioned.

[0020] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the first contact and the
counter-contact are arranged laterally with respect to the
semiconductor body in a plan view of the semiconductor
chip. In other words, the semiconductor body, the first contact
and the counter-contact do not overlap one another at any
point. In particular, the radiation passage surface of the semi-
conductor body is totally free of a contact area provided for
the external contacting.

[0021] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the first connection layer
and the second connection layer run regionally between the
semiconductor body and the carrier. In particular, the first
connection layer can cover the carrier completely or substan-
tially completely, that is to say with a degree of coverage of at
least 90%, in a plan view of the semiconductor chip.

[0022] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the second connection
layer runs regionally between the first connection layer and
the semiconductor body. In a plan view of the semiconductor
chip, therefore, the first connection layer and the second
connection layer overlap at least regionally.

[0023] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the semiconductor body
has a rectangular basic shape in a plan view of the semicon-
ductor chip. The first contact and the second contact are
arranged alongside one another on the same side as the semi-
conductor body in particular in a plan view of the semicon-
ductor chip. In other words, the first contact and the counter-
contact run along a side surface ofthe semiconductor body. In
a plan view of the semiconductor chip, therefore, the semi-
conductor body is not situated at any point between the first
contact and the counter-contact.

[0024] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, the optoelectronic semi-
conductor chip is embodied as a thin-film semiconductor
chip. In the case of a thin-film semiconductor chip, a growth
substrate for the in particular epitaxial deposition of the semi-
conductor layer sequence of the semiconductor body is
removed completely or regionally. The carrier is therefore
different from the growth substrate and serves for mechani-
cally stabilizing the semiconductor layer sequence, such that
the growth substrate is no longer required for this purpose.

[0025] In accordance with at least one embodiment of the
optoelectronic semiconductor chip, a radiation conversion
element is arranged on the semiconductor body. The radiation
conversion element is provided in particular for converting
primary radiation having a first peak wavelength that is gen-
erated in the semiconductor chip into secondary radiation
having a second peak wavelength, which is different from the
first peak wavelength. By way of example, the radiation con-
version element is a prefabricated plate fixed to the semicon-
ductor chip. Alternatively, the radiation conversion element
can also be formed directly on the semiconductor chip, for
example, in the form of a molding compound applied on the
semiconductor chip. By virtue of the rectangular basic shape
of the radiation passage surface, a radiation conversion ele-
ment having a rectangular basic shape can furthermore be
employed. Such a radiation conversion element is producible
particularly simply.
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[0026] In accordance with at least one embodiment, an
optoelectronic module comprises an optoelectronic semicon-
ductor chip arranged on a module carrier. The semiconductor
chip has, in particular, at least one of the abovementioned
features of the optoelectronic semiconductor chip.

[0027] In accordance with at least one embodiment of the
module, the module comprises a first semiconductor chip and
a second semiconductor chip, wherein the first semiconduc-
tor chip and the second semiconductor chip are electrically
interconnected in series with one another. By way of example,
a first contact of the first semiconductor chip and a counter-
contact of the second semiconductor chip are electrically
conductively connected to one another via a connecting line.
In this case, the second contact of the semiconductor chips is
not required for electrical contacting of the semiconductor
chips.

[0028] In accordance with at least one embodiment of the
module, the module carrier is embodied in an electrically
insulating fashion. By way of example, a ceramic, for
instance aluminum nitride or boron nitride, is suitable for the
module carrier. Alternatively, the module carrier can also
have an electrically conductive main body, which is provided
with an electrically insulating coating on the side facing the
semiconductor chips.

[0029] In accordance with at least one embodiment of the
module, the module carrier is electrically conductive and a
second contact of at least one semiconductor chip of the
module is electrically conductively connected to the module
carrier. By way of example, the module carrier can form a
common rear contact for two or more semiconductor chips of
the module, in particular for all semiconductor chips of the
module. The counter-contacts of at least two semiconductor
chips—or more extensively the counter-contacts of all the
semiconductor chips—can likewise be electrically conduc-
tively connected to one another, such that the optoelectronic
semiconductor chips are interconnected in parallel with one
another. Alternatively, the counter-contacts of the individual
semiconductor chips can also be electrically isolated from
one another, such that the semiconductor chips are drivable
independently of one another.

[0030] The above-described semiconductor chips are par-
ticularly suitable for the module. Features described in asso-
ciation with the semiconductor chips can therefore also be
used for the module and vice versa.

[0031] In particular, the following technical effects can be
achieved by means of the optoelectronic semiconductor chip
described and respectively the optoelectronic module
described.

[0032] The optoelectronic semiconductor chip is acces-
sible for external electrical contacting from the front side of
the carrier via the first contact and the counter-contact. The
serial interconnection of such semiconductor chips is thereby
simplified. In particular, the semiconductor chips can be
mounted with a high packing density on a module carrier.
[0033] Furthermore, the first contact and the counter-con-
tact can be arranged alongside one another and laterally with
respect to the semiconductor body such that the radiation
passage surface of the semiconductor chip has a rectangular
basic shape. Such an optoelectronic semiconductor chip is
therefore also particularly suitable for an optoelectronic mod-
ule for projection applications.

[0034] The electrical contacting can be effected via two
connecting lines, for instance two wire bonding connections.
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By contrast, rear-side contacting of the semiconductor chips
is not required, and so an electrically insulating module car-
rier can also be employed.

[0035] Moreover, the optoelectronic semiconductor chip is
alternatively also electrically contactable via the rear-side
second contact and the front-side counter-contact. The con-
tacting of the semiconductor chip can therefore also be
effected via only exactly one front-side contact.

[0036] The semiconductor chip is therefore distinguished
by a particularly high flexibility with regard to its electrical
contactability and is therefore diversely usable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Further features, configurations and expediencies
will become apparent from the following description of the
exemplary embodiments in association with the figures.
[0038] In the figures:

[0039] FIGS. 1A and 1B show one exemplary embodiment
of an optoelectronic semiconductor chip in schematic sec-
tional view (FIG. 1A) and schematic plan view (FIG. 1B); and
[0040] FIGS. 2A to 2C each show an exemplary embodi-
ment of an optoelectronic module in schematic sectional
view.

[0041] Elements that are identical, of identical type or act
identically are provided with identical reference signs in the
figures.

[0042] The figures and the size relationships of the ele-
ments illustrated in the figures among one another should not
be regarded as to scale. Rather, individual elements and in
particular layer thicknesses may be illustrated with exagger-
ated size in order to enable better illustration and/or in order
to afford a better understanding.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0043] One exemplary embodiment of an optoelectronic
semiconductor chip 1 is shown in schematic sectional view in
FIG. 1A.

[0044] The description is given below by way of example
on the basis of a semiconductor chip provided for generating
radiation, for example, a luminescence diode semiconductor
chip, for instance an LED. In a departure therefrom, however,
the semiconductor chip can also be embodied as a radiation
receiver, in which provision is made of an active region for
generating an electrical signal in a manner dependent on the
radiation power impinging on the active region.

[0045] The semiconductor body 2 has a semiconductor
layer sequence having an active region 20. The active region
is provided for generating radiation in the ultraviolet, visible
or infrared spectral range. In a vertical direction, that is to say
perpendicular to a main extension plane of the semiconductor
layer sequence of the semiconductor body, the semiconductor
body 2 extends between a radiation passage surface 26 and a
main surface 27. The active region 20 is arranged between a
first semiconductor layer 21 of a first conduction type and a
second semiconductor layer 22 of a second conduction type,
which differs from the first conduction type. By way of
example, the first semiconductor layer is n-conducting and
the second semiconductor layer is p-conducting, or vice
versa. The semiconductor body, in particular the active
region, preferably contains a III-V compound semiconductor
material.
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[0046] III-V compound semiconductor materials are par-
ticularly suitable for generating radiation in the ultraviolet
(Al In, Ga,_,_,N) through the visible (Al, In, Ga,_,_, N, in
particular for blue to green radiation, or Al In, Ga, P, in
particular for yellow to red radiation) to the infrared (AL, In,
Ga,_,_, As) spectral range. It holds true here in each case that
O=xx1, O=<y=1 and x+y1, in particular where x=1, y=1, x=0
and/or y=0. With III-V compound semiconductor materials,
in particular from the material systems mentioned, high inter-
nal quantum efficiency can furthermore be obtained when
generating radiation.

[0047] The semiconductor chip 1 furthermore comprises a
carrier 5, which extends in a vertical direction between a front
side 51 and a rear side 52. The carrier contains, for example,
a doped semiconductor material, for instance silicon or ger-
manium. The semiconductor body 2 is mechanically stably
connected to the carrier 5 by means of a connecting layer 6,
for example, an electrically conductive adhesive layer or a
solder layer.

[0048] The semiconductor body 2 has a plurality of
recesses 25 which extend from the main surface 27 through
the second semiconductor layer 22 and the active region 20
into the first semiconductor layer 21 and end there. In the
recesses 25, the first semiconductor layer is electrically con-
ductively connected to a first connection layer 31. The first
connection layer 31 covers the carrier 5 over the whole area.
In alateral direction, that is to say in a direction running along
the main extension plane of the semiconductor layers of the
semiconductor layer sequence, the first connection layer 31
projects regionally beyond the semiconductor body 2. A first
contact 41 is formed on that part of the first connection layer
31 which is not covered by the semiconductor body 2. The
first contact 41 is embodied as a bonding pad for the electrical
contacting of the semiconductor chip by means of a wire
bonding connection.

[0049] The first semiconductor layer 21 is furthermore
electrically conductively connected to a second contact 42.
The second contact is formed at the rear side 52 of the carrier
5. The first contact 41 and the second contact 42 are electri-
cally conductively connected to one another via a current path
extending from the front side 51 to the rear side 52. The
current path runs by way of example through the electrically
conductive carrier 5. In a departure therefrom, the carrier 5
can also have an electrically insulating main body, wherein
electrical plated-through holes extend through the main body
from the front side 51 to the rear side 52 and thus electrically
conductively connect the first contact 41 and the second con-
tact 42 to one another.

[0050] The first contact 41 need not necessarily be a layer
provided in addition to the first connection layer 31. Alterna-
tively, a region of the first connection layer 31 itself that is
freely accessible for external electrical contacting can also
form the first contact 41.

[0051] The optoelectronic semiconductor chip 1 further-
more comprises a counter-contact 45. The counter-contact 45
is electrically conductively connected to the second semicon-
ductor layer 22 via a second connection layer 32. In a depar-
ture from the exemplary embodiment described, the counter-
contact 45 can also be embodied as a region of the second
connection layer 32 that is freely accessible for external elec-
trical contacting.

[0052] The second connection layer 32 and the first con-
nection layer 31 overlap at least regionally in a plan view of
the semiconductor chip 1. An insulation layer 9 is formed
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between the first connection layer and the second connection
layer. The insulation layer 9 also covers the side surfaces of
the recesses 25 and thus insulates the first connection layer 31
from the second semiconductor layer 22 and from the active
region 20.

[0053] The second connection layer 32 directly adjoins the
main surface 22 of the semiconductor body 2. The second
connection layer 32 is embodied as a minor layer for the
radiation generated in the active region 20. Radiation that is
generated in the active region and emitted in the direction of
the carrier 5 can thus be reflected at the minor layer and
subsequently emerge through the radiation passage surface
26. For a semiconductor chip which emits radiation in the
ultraviolet or blue spectral range, silver, rhodium or palla-
dium or an alloy comprising at least one of the materials
mentioned is suitable, for example, for the mirror layer. For
radiation in the infrared spectral range, gold, for example, is
distinguished by a high reflectivity.

[0054] The first contact 41 and the counter-contact 45 are in
each case arranged laterally with respect to the semiconduc-
tor body 2, such that a shading of the radiation passage surface
26 by a radiation-nontransmissive contact material can be
avoided. In FIG. 1A, the first contact 41 and the counter-
contact 45 are arranged on different sides of the semiconduc-
tor body 2 in order to enable improved illustration. Preferably,
the first contact 41 and the counter-contact 45 run along a side
surface 29 of the semiconductor body 2 in a plan view of the
semiconductor chip, as shown in FIG. 1B. In this regard, a
semiconductor chip in which the semiconductor body has a
rectangular base shape and is electrically contactable via two
front-side contacts is realized in a simple manner.

[0055] For operation of the optoelectronic semiconductor
chip 1, an external electrical voltage can be applied either
between the counter-contact 45 and the first contact 41 or
between the counter-contact 45 and the second contact 42,
such that charge carriers are injected from different sides into
the active region 20 and recombine there with emission of
radiation. The function of the semiconductor chip 1 is inde-
pendent of whether the first contact 41 or the second contact
42 is externally electrically contacted. The contacting of the
semiconductor chip can therefore be effected either via a
front-side contact and a rear-side contact or via two front-side
contacts.

[0056] Via the recesses 35, charge carriers can be injected
into the first semiconductor layer 21 uniformly in a lateral
direction. In particular depending on the transverse conduc-
tivity of the first semiconductor layer 21, the number of
recesses can be varied within wide limits. In the extreme case,
even an individual recess can be sufficient for the electrical
contacting of the first semiconductor layer 21.

[0057] The optoelectronic semiconductor chip 1 is embod-
ied as a thin-film semiconductor chip, in which a growth
substrate for the semiconductor layer sequence of the semi-
conductor body 2 is removed after the epitaxial deposition of
said semiconductor layer sequence. Such a semiconductor
chip constitutes a Lambertian surface emitter to a good
approximation. In a departure therefrom, however, the growth
substrate can also remain completely in the semiconductor
chip or be removed or thinned only regionally.

[0058] A radiation conversion element 8 is arranged on the
radiation passage surface 26 of the semiconductor body 2. By
way of example, radiation in the blue spectral range that is
generated in the active region 20 of the semiconductor body
can be at least partly converted into radiation in the yellow
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spectral range by means of the radiation conversion element,
such that the semiconductor chip 1 emits mixed radiation that
appears white overall to the human eye. By way of example,
a prefabricated plate having a rectangular basic shape is suit-
able as radiation conversion element, said plate being fixed to
the semiconductor body 2. Depending on the wavelength to
be emitted, the radiation conversion element can also be
dispensed with.

[0059] FIG. 2A shows an exemplary embodiment of an
optoelectronic module 10, which comprises a plurality of
semiconductor chips 1 embodied as described in association
with FIGS. 1A and 1B. Depending on the total radiation
power to be emitted of the optoelectronic module, the number
of optoelectronic semiconductor chips 1 can be varied within
wide limits.

[0060] The optoelectronic semiconductor chips 1 are
arranged on an electrically insulating module carrier 7 and are
fixed thereto. The electrical contacting of the semiconductor
chips is effected via the front-side contacts, that is to say, in
each case via the first contact 41 and the counter-contact 45.
A first contact 41 of a first semiconductor chip la is connected
to the counter-contact 45 of a second semiconductor chip 14
via a connecting line 75, for instance a wire bonding connec-
tion, such that said semiconductor chips are electrically inter-
connected in series with one another. By contrast, the rear-
side second contact of the semiconductor chips is not used for
the electrical contacting of the semiconductor chips.

[0061] Incontrastthereto, the module carrier 7 in the exem-
plary embodiments illustrated in FIGS. 2B and 2C is embod-
ied in each case in an electrically conductive fashion. The
electrical contacting of the optoelectronic semiconductor
chips 1 is effected via the second contact 42 and the counter-
contact 45. By contrast, the first contact 41 is not externally
electrically contacted. In the case of a plurality of optoelec-
tronic semiconductor chips, it is possible, as illustrated in
FIG. 2C, to obtain an electrically parallel interconnection of
the semiconductor chips by means of an electrically conduc-
tive connection between the counter-contacts 45. It goes with-
out saying that, in a departure therefrom, the counter-contacts
45 can also each be contacted individually, such that the
individual semiconductor chips are drivable independently of
one another.

[0062] The optoelectronic semiconductor chips described
are therefore suitable both for an optoelectronic module in
which the semiconductor chips are interconnected in series
with one another and in an optoelectronic module or in an
optoelectronic component in which rear-side contacting of
the semiconductor chip is intended to be effected.

[0063] The invention is not restricted by the description on
the basis of the exemplary embodiments. Rather, the inven-
tion encompasses any novel feature and also any combination
of features, which in particular includes any combination of
features in the patent claims, even if this feature or this com-
bination itselfis not explicitly specified in the patent claims or
the exemplary embodiments.

1-16. (canceled)

17. An optoelectronic semiconductor chip comprising:

a carrier;

a semiconductor body having a semiconductor layer
sequence, the semiconductor body being arranged on
the carrier, wherein the semiconductor layer sequence
comprises an active region arranged between a first
semiconductor layer and a second semiconductor layer,
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the active region being provided for generating or for
receiving radiation during operation;

afirst contact formed on a front side of the carrier facing the
semiconductor body; and

a second contact formed on a rear side of the carrier facing
away from the semiconductor body, wherein the first
semiconductor layer is electrically conductively con-
nected to the first contact and to the second contact and
wherein the first contact and the second contact are
electrically conductively connected to one another.

18. The semiconductor chip according to claim 17,
wherein the carrier is electrically conductive.

19. The semiconductor chip according to claim 17,
wherein the first semiconductor layer is arranged on a side of
the active region facing away from the carrier, and the first
semiconductor layer is electrically connected to the first con-
tact via a first connection layer.

20. The semiconductor chip according to claim 19,
wherein the semiconductor body has a recess that extends
through the second semiconductor layer and the active region,
and wherein the first connection layer is connected to the first
semiconductor layer in the recess.

21. The semiconductor chip according to claim 19,
wherein the second semiconductor layer is electrically con-
ductively connected to a counter-contact via a second con-
nection layer.

22. The semiconductor chip according to claim 21,
wherein the first contact and the counter-contact are arranged
laterally with respect to the semiconductor body in a plan
view of the semiconductor chip.

23. The semiconductor chip according to claim 21,
wherein the first connection layer and the second connection
layer run regionally between the semiconductor body and the
carrier.

24. The semiconductor chip according to claim 21,
wherein the second connection layer runs regionally between
the first connection layer and the semiconductor body.

25. The semiconductor chip according to claim 17,
wherein the semiconductor body has a rectangular basic
shape in a plan view of the semiconductor chip.

26. The semiconductor chip according to claim 17,
wherein the semiconductor body is cohesively connected to
the carrier.

27. The semiconductor chip according to claim 17,
wherein the first contact and the second contact are at the
same electrical potential during the operation of the semicon-
ductor chip.

28. An optoelectronic module comprising:
a module carrier; and

a semiconductor chip arranged on the module carrier, the
semiconductor chip comprising:

a carrier;

a semiconductor body having a semiconductor layer
sequence, the semiconductor body being arranged on
the carrier, wherein the semiconductor layer sequence
comprises an active region arranged between a first
semiconductor layer and a second semiconductor
layer, the active region being provided for generating
or for receiving radiation during operation;
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a first contact formed on a front side of the carrier facing
the semiconductor body; and

a second contact formed on a rear side of the carrier
facing away from the semiconductor body, wherein
the first semiconductor layer is electrically conduc-
tively connected to the first contact and to the second
contact and wherein the first contact and the second
contact are electrically conductively connected to one
another.

29. The optoelectronic module according to claim 28, fur-
ther comprising a second semiconductor chip, wherein the
semiconductor chip and the second semiconductor chip are
electrically interconnected in a series with one another.

30. The optoelectronic module according to claim 29,
wherein the first contact of the semiconductor chip and a
counter-contact of the second semiconductor chip are electri-
cally connected to one another via a connecting line.

31. The optoelectronic module according to claim 28,
wherein the module carrier comprises an electrically insulat-
ing material.

32. The optoelectronic module according to claim 28,
wherein the module carrier is electrically conductive and the
second contact of the semiconductor chip is electrically con-
ductively connected to the module carrier.
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33. An optoelectronic semiconductor chip comprising:

a carrier; and

a semiconductor body having a semiconductor layer
sequence, the semiconductor body being arranged on
the carrier;

wherein the semiconductor layer sequence comprises an
active region, which is arranged between a first semi-
conductor layer and a second semiconductor layer and is
provided for generating or for receiving radiation during
operation;

wherein the first semiconductor layer is electrically con-
ductively connected to a first contact and to a second
contact;

wherein the first contact is formed on a front side of the
carrier facing the semiconductor body;

wherein the second contact is formed on a rear side of the
carrier facing away from the semiconductor body;

wherein the first contact and the second contact are elec-
trically conductively connected to one another; and

wherein a function of the semiconductor chip during
operation is independent of whether the first contact or
the second contact is externally electrically contacted.
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