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directly on that section of the lateral surface of the semicon

ductor cylinder Which is adjoined by the charge carrier injec
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magnetic radiation by recombination.
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ARRANGEMENT FOR GENERATING
ELECTROMAGNETIC RADIATION

[0001]

The invention relates to an arrangement for gener

ating electromagnetic radiation, Wherein the arrangement
comprises inorganic semiconductor material and organic
material. A corresponding arrangement is described for
example in the document “Dual luminescence from organic/

inorganic hybrid p-n-j unction light-emitting diodes” (J ong H.
Na, M. Kitamura, M. Arita, Y. ArakaWa; Applied Physics

Letters, 94, 213302, 2009).
[0002]

The invention is based on the object of specifying an

arrangement for generating electromagnetic radiation in
Which a very high ef?ciency is achieved, that is to say that the

ratio betWeen the electromagnetic radiation energy generated
and the electrical energy necessary therefor for excitation is
as high as possible.

[0003]

This object is achieved according to the invention by

means of a semiconductor cylinder composed of inorganic
semiconductor material and a charge carrier injection Zone
situated in the semiconductor cylinder, Wherein the charge
carrier injection Zone adjoins the lateral surface of the semi
conductor cylinder, the organic material is suitable for emit
ting electromagnetic radiation in the case of a charge carrier
recombination, and the organic material bears indirectly or
directly on that section of the lateral surface of the semicon

Such a pn structure enables charge carriers to be injected by
the application of a forWard voltage.
[0008] It is also considered to be advantageous if the semi
conductor cylinder comprises at least one Weakly doped or

undoped cylinder layer, and the charge carrier injection Zone
lies in the Weakly doped or undoped cylinder layer. By Way of
example, the charge carrier injection Zone can be arranged in
the i-region of a pin diode or the p-doped, the n-doped and the
Weakly or undoped cylinder layers can form a pin diode.
[0009] The organic material preferably consists of or at
least also comprises a conjugated polymer or conjugated
molecules. The conjugated polymers or the conjugated mol
ecules can contain, for example, monomers or covalently

bonded units of thiophene, phenylene, phenylenevinylene,
?uorene, quinoxaline, arylamine, pyridine or organic transi
tion or heavy metal complexes.
[0010] In order to enable diffusion of all charge carriers
injected into the charge carrier injection Zone to the lateral
surface and subsequent energy transfer into the organic mate
rial, it is considered to be advantageous if the cylinder diam
eter of the semiconductor cylinder is less than the diffusion

length of charge carriers (electrons and holes) situated in the
charge carrier injection Zone.
[0011] With regard to emission of visible light it is consid
ered to be advantageous if the band gap of the inorganic
semiconductor material in the charge carrier injection Zone is

ductor cylinder Which is adjoined by the charge carrier inj ec

betWeen 2.5 and 3.3 eV.

tion Zone and electron-hole pairs from the charge carrier

[0012] By Way of example, the semiconductor material can
be an (In,Ga)N material.

injection Zone of the semiconductor cylinder can enter into

the organic material and excite there the emission of electro

magnetic radiation by recombination.
[0004]

An essential advantage of the arrangement accord

ing to the invention can be seen in the fact that charge carriers

can, With a very high ef?ciency, penetrate into the optically

active organic material (eg organic semiconductor material)

[0013]

For charge carrier concentration, the semiconductor

cylinder can have a quantum Well structure comprising at
least one cylinder layer having a small band gap and at least

tWo adjacent cylinder layers having a larger band gap by
comparison thereWith; in this case, the organic material Will
preferably form an optically active ring bearing radially on

and recombine there With the emission of electromagnetic
radiation, since the optically active material bears on the
outside of the lateral surface of the semiconductor cylinder

the outside of at least one cylinder layer having a small band
gap.

and, consequently, electron-hole pairs from the charge carrier

(In,Ga)N/GaN semiconductor material, for example.

injection Zone of the semiconductor cylinder can cross very

[0014]

Such a quantum Well structure can consist of an

e?iciently into the organic material.

[0015] It is also possible for the organic material to cover
the entire lateral layer of the semiconductor cylinder. In this

[0005]

case, emission of electromagnetic radiation Will occur pre

BetWeen the charge carrier injection Zone and the

lateral surface of the semiconductor cylinder or betWeen the

charge carrier injection Zone and the organic material there
can be a direct electronic contact, but this is not absolutely

necessary. It suf?ces if the charge carrier injection Zone and
the organic material are in contact indirectly and the charge
carriers, on account of their diffusion length, have the possi

bility of reaching the vicinity of the lateral surface and of the
organic material by diffusion and of penetrating into the
organic material by non-radiative energy transfer.
[0006] In one preferred con?guration of the arrangement it
is provided that the charge carrier injection Zone is formed by
a cylinder layer arranged transversely With respect to the
cylinder longitudinal axis of the semiconductor cylinder, and
the organic material forms an optically active ring bearing
radially on the outside of said cylinder layer of the semicon
ductor cylinder, at least at the level of the charge carrier
injection Zone.

[0007] Preferably, the semiconductor cylinder comprises at
least one cylinder layer composed of p -doped inorganic mate
rial and at least one cylinder layer composed of n-doped
inorganic material, and the charge carrier injection Zone pref

erably lies betWeen the p-doped and n-doped cylinder layers.

dominantly or exclusively in that region or in those regions
Which adjoin(s) a charge carrier injection Zone, because the
charge carrier injection Zones make available charge carriers
for recombination.
[0016] The base and top surfaces of the semiconductor
cylinder can be shaped arbitrarily, for example as circular,
oval, square, rectangular or polygonal.
[0017] The semiconductor cylinder preferably forms a

main current path Which extends along the cylinder longitu
dinal direction and injects charge carriers into the charge
carrier injection Zone; in the charge carrier injection Zone a
charge carrier diffusion path Will form as a result, this path

running perpendicular to the main current path, and electron
hole pairs are transported into the vicinity of the organic
material and subsequently pass over into the latter by non
radiative energy transfer.
[0018] The invention furthermore relates to a method for

producing an arrangement for generating electromagnetic
radiation, Wherein inorganic semiconductor material and
organic material are used. According to the invention it is

provided that a semiconductor cylinder composed of inor
ganic semiconductor material With a charge carrier injection
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Zone situated therein is formed, Wherein the charge carrier
injection Zone adjoins the lateral surface of the semiconduc
tor cylinder, and organic material Which can emit electromag

netic radiation during charge carrier recombination is applied
indirectly or directly at least on that section of the lateral

surface Which is adjoined by the charge carrier injection Zone.
[0019] With regard to the advantages of the method accord
ing to the invention reference should be made to the above

explanations in connection With the arrangement according to
the invention, since the advantages of the method according
to the invention substantially correspond to those of the
arrangement according to the invention.
[0020] In accordance With one preferred con?guration of
the method it is provided that a seed surface (groWth seed
surface) is applied on a substrate and the semiconductor cyl
inder is groWn on the seed surface by depositionifor
example in the context of a self-assembled nanoWire groWth
mechanism. The semiconductor cylinder is preferably groWn
on the seed surface by means of an MBE method (MBE:

molecular beam epitaxy).
[0021] The lateral surface of the semiconductor cylinder
can be covered for example over the Whole area With a layer

composed of the organic material.
[0022]

Moreover, tWo or more semiconductor cylinders can

be produced on the substrate and the region betWeen the
semiconductor cylinders can be ?lled With the organic mate
rial.
[0023] Alternatively, the lateral surfaces of the semicon

[0032]

The tWo semiconductor cylinders 30 and 40 can be

structurally identical, for example, such that, by Way of
example, exclusively the semiconductor cylinder 30 on the
left in FIG. 1 is described in greater detail beloW.
[0033] A charge carrier injection Zone 50 can be discerned

in FIG. 1, said charge carrier injection Zone being formed by
a Weakly doped or undoped cylinder layer 60 of the semicon
ductor cylinder 30. The cylinder layer 60 is enclosed by tWo
highly or at least more highly doped cylinder layers 70 and 80.
The cylinder layer 70 can be p-doped, for example, and the

cylinder layer 80 n-doped, such that the three cylinder layers
60, 70 and 80 form a pin diode structure.

[0034] In order to achieve a high charge carrier density in
the charge carrier injection Zone 50 or the cylinder layer 60,
the band gap in the cylinder layer 60 is preferably smaller than
the band gap in the adjacent cylinder layers 70 and 80. By Way
of example, the cylinder layers 70 and 80 consist of gallium
nitride (GAN) and the cylinder layer 60 consists of indium

gallium nitride (InGaN).
[0035] FIG. 1 furthermore reveals an optically active ring
100, Which consists of an optically active organic material

(eg organic semiconductor material) and bears radially on
the outside of the lateral surface 110 of the semiconductor

cylinder 30. The position of the optically active ring 100 is
preferably chosen in such a Way that the latter bears at least in
sections on the outside of the charge carrier injection Zone 50

ductor cylinders can be covered over the Whole area With a

or cylinder layer 60.
[0036] The diameter D of the semiconductor cylinder 30 is

layer composed of the organic material and the region

preferably chosen in such a Way that it is less than the diffu

betWeen the covered semiconductor cylinders can be ?lled
With a transparent ?lling material.
[0024] The invention is explained in greater detail beloW on

injection Zone 50. Such a dimensioning of the semiconductor
cylinder 30 has the effect that When an electrical voltage is

the basis of exemplary embodiments; in this case, by Way of

example:
[0025]

FIG. 1 shoWs a ?rst exemplary embodiment of an

arrangement according to the invention comprising tWo semi
conductor cylinders, the lateral surface of Which is in each
case radially enclosed by an optically active ring,
[0026]

FIG. 2 shoWs a second exemplary embodiment of an

arrangement according to the invention, in Which organic
material covers the entire lateral surface of the semiconductor

cylinders,
[0027] FIG. 3 shoWs a third exemplary embodiment of an
arrangement according to the invention, in Which a buffer

layer is arranged betWeen semiconductor cylinders and sub
strate,

sion length of charge carriers injected into the charge carrier

applied to the pin diode formed by the cylinder layers 60, 70
and 80, charge carriers are injected into the charge carrier
Zone 50, Which charge carriers can diffuse Within the charge
carrier injection Zone 50 perpendicularly to the main current

path P and reach the optically active ring 100. This enables the
charge carriers injected into the charge carrier Zone 50 to
enter, by non-radiative energy transfer, into the organic mate
rial 130 of the optically active ring 100 and to recombine there
With emission of electromagnetic radiation. In the case of
such a recombination, the optically active ring Will foini a

radiation ring, Which is identi?ed by the reference sign 140 in
FIG. 1.

[0037] In the exemplary embodiment in accordance With
FIG. 1, the charge carrier injection Zone 50 is formed by a

FIG. 4 shoWs a fourth exemplary embodiment of an

single Weakly doped or undoped cylinder layer 60, the band

arrangement according to the invention, in Which organic

gap of Which is smaller than the band gap of the tWo adjacent

[0028]

material is situated over the Whole area on the lateral surfaces

cylinder layers 70 and 80. The three cylinder layers 60, 70 and

of the semiconductor cylinders and a buffer layer is present
betWeen semiconductor cylinders and substrate, and

80 thus form a quantum Well structure having a single layer
having a smaller band gap. Alternatively, the charge carrier
injection Zone 50 can also be formed by a multi-quantum Well
structure in Which a plurality of layers having different band
gaps adjoin one another in order to achieve a particularly
e?icient charge carrier concentration along the main current

[0029]

FIG. 5 shoWs an exemplary embodiment of a

method for producing an arrangement according to the inven
tion.
[0030] For the sake of clarity, the same reference signs are
alWays used for identical or comparable components in the

?gures.
[0031]

FIG. 1 illustrates an exemplary embodiment of an

arrangement 10 for generating electromagnetic radiation. A
substrate 20 can be discerned, on Which a multiplicity of
semiconductor cylinders are arranged, tWo of Which are

shoWn by Way of example in FIG. 1 and are identi?ed by the
reference signs 30 and 40.

direction P in the region of the optically active ring 100.
[0038] FIG. 2 shoWs by Way of example an exemplary
embodiment of an arrangement 1 0 for generating electromag
netic radiation, in Which optically active organic material 130
is applied over the Whole area on the lateral surface 110 of the

semiconductor cylinders 30 and 40. For the rest, the arrange
ment 10 in accordance With FIG. 2 corresponds to the
arrangement in accordance With FIG. 1.
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[0039] During the operation of the arrangement 10, as a
result of an electrical voltage being applied to the pin diode

erostructures groWn by molecular-beam epitaxy”, M. Hilse,
Y. Takagaki, J. Herfort, M. Ramsteiner, C. Herrmann, S.

structure formed by the cylinder layers 60, 70 and 80, charge

Breuer, L. Geelhaar, H. Riechert, Appl. Phys. Lett. 95 (2009)
133 126).

carriers are injected into the charge carrier injection Zone 50,
Which diffuse laterallyiperpendicularly to the main current
path direction P4O11IW21I‘d and enter into the organic material
130 by non-radiative energy transfer and recombine there
With emission of electromagnetic radiation.
[0040] Since, on account of the charge carrier concentra
tion in the charge carrier injection Zone 50, the charge carrier

pairs Will primarily penetrate into the organic material 130
through the lateral surface 110 in the region of the charge
carrier Zone 50, there the charge carrier density Will be par

ticularly high and the emission of electromagnetic radiation
Will be particularly high. Consequently, a radiation ring that
emits the electromagnetic radiation Will form in the optically
active organic material 13 0. The radiation ring is identi?ed by

[0046]

In a subsequent process step, inorganic semicon

ductor material, for example n-doped gallium nitride, is
groWn on the substrate 20; in this case, particularly fast
groWth and the formation of cylindrical structures occur on

the groWth seed surfaces 310.

[0047] Afterward, further cylinder layers, for example a
Weakly doped or undoped cylinder layer 60 composed of
indium gallium nitride and a p-doped cylinder layer 70 com
posed of p-doped gallium nitride, are deposited in the context
of the self-assembled nanoneedle groWth mechanism already
mentioned. The structure shoWn in FIG. 5 (upper illustration)
is thus formed.

[0048] Subsequently, optically active organic material 130

the reference sign 140 in FIG. 2.

is deposited over the Whole area on the substrate 20 and the

[0041] Therefore, although the entire lateral surface 110 of
the semiconductor cylinders 30 and 40 is covered With opti
cally active organic material 130 in the exemplary embodi

tWo semiconductor cylinders 30 and 40; the resulting struc
ture is illustrated in FIG. 5 (middle).

ment in accordance With FIG. 2, only a relatively small sec
tion of the layer situated on the lateral surface 110 Will

are contact-connected With electrical contacts 500, 510 and

actually generate electromagnetic radiation.
[0042]

FIG. 3 shoWs by Way of example an arrangement 10

[0049]

AfterWard, the semiconductor cylinders 30 and 40

520 in order to simplify electrical driving of the semiconduc
tor cylinders 30 and 40 and charge carrier injection into the

cylinder layer 60.

for generating electromagnetic radiation, in Which an opti

[0050]

cally active ring 100 composed of optically active organic

inders 30 and 40 can be ?lled With a transparent ?lling mate

material 130 is in each case formed on the lateral surface 110

of the semiconductor cylinders 30 and 40. In contrast to the
exemplary embodiment in accordance With FIG. 1, the semi
conductor cylinders 30 and 40 are not placed directly on the
substrate 20, but rather are separated from the substrate 20 by
a buffer layer 200. The function of such a buffer layer may
serve, for example, to act as a seed surface during a deposition

process by Which the semiconductor cylinders 30 and 40 are
groWn on the substrate 20.

[0043] For the rest, the exemplary embodiment in accor
dance With FIG. 3 corresponds to the exemplary embodiment
in accordance With FIG. 1.

[0044] FIG. 4 shoWs by Way of example an exemplary
embodiment of an arrangement 10 for generating electromag
netic radiation, in Which the optically active organic material
130 is applied on the entire lateral surface 110 of the semi
conductor cylinders 30 and 40 and in Which a buffer layer 200

is additionally present betWeen the semiconductor cylinders
30 and 40 and the substrate 20. The buffer layer 200 pro
motesiin the same Way as in the exemplary embodiment in

accordance With FIG. 3ia groWth of the semiconductor cyl
inders 30 and 40 on the substrate 20. For the rest, reference is
made to the above explanations in connection With FIG. 2.
[0045] FIG. 5 illustrates by Way of example a method for
producing the arrangement 10 in accordance With FIG. 4. A
substrate 20 can be discerned, to the surface 300 of Which

?rstly a groWth seed layer is applied. The groWth seed layer is
structured such that groWth seed surfaces 310 are formed, on

Which the groWth of the semiconductor cylinders 30 and 40 to
be groWn is intended to be effected. The function of the
groWth seed surfaces 310 is to enable a self-assembled
nanoWire groWth during an MBE deposition process on the

substrate 20 (cf. “Axial and radial groWth of Ni-induced GaN
nanoWires”, L. Geelhaar, C. CheZe, W. M. Weber, R. Aver
beck, H. Riechert, Th. Kehagias, Ph. Komninou, G. P. Dimi

trakopulos, Th. Karakostas, Appl. Phys. Lett. 91 (2007)
0931 13: “Ferromagnet-semiconductor nanoWire coaxial het

The region present betWeen the semiconductor cyl

rial 530, for example. The transparent ?lling material 530 can
be identical to the organic material 130, for example.
LIST OF REFERENCE SIGNS

[0051]

10 Arrangement

[0052]

20 Substrate

[0053]
[0054]
[0055]

30 Semiconductor cylinder
40 Semiconductor cylinder
50 Charge carrier injection Zone

[0056]
[0057]
[0058]
[0059]

60 Cylinder layer
70 Cylinder layer
80 Cylinder layer
100 Ring

[0060]

110 Lateral surface

[0061]
[0062]
[0063]

130 Organic material
140 Radiation ring
200 Buffer layer

[0064]
[0065]
[0066]
[0067]
[0068]

300
310
500
510
520

Surface
GroWth seed surface
Contact
Contact
Contact

[0069]

530 Filling material

[0070]
[0071]

D Diameter
P Main current path

1-10. (canceled)
11. An arrangement (10) for generating electromagnetic
radiation, Wherein the arrangement comprises inorganic
semiconductor material and organic material (130),
Wherein

a semiconductor cylinder (30, 40) composed of inor
ganic semiconductor material and
a charge carrier injection Zone (50) situated in the semi

conductor cylinder, Wherein
the charge carrier injection Zone adjoins the lateral
surface (110) of the semiconductor cylinder,
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the organic material (130) is suitable for emitting

the organic material consists of or at least comprises a

electromagnetic radiation in the case of a charge

conjugated polymer or conjugated molecules. Polymers

carrier recombination, and
the organic material bears indirectly or directly on that

or molecules include, for example, monomers or

covalently bonded units of thiophene, phenylene, phe

section of the lateral surface of the semiconductor

nylenevinylene, ?uorene, quinoxaline, arylamine, pyri

cylinder Which is adjoined by the charge carrier
injection Zone and electron-hole pairs from the
charge carrier injection Zone of the semiconductor
cylinder can enter into the organic material, pref

erably by non-radiative energy transfer, and excite
there the emission of electromagnetic radiation by
recombination.
12. The arrangement as claimed in claim 11,
Wherein

the charge carrier injection Zone is formed by a cylinder

layer (60) arranged transversely With respect to the
cylinder longitudinal axis of the semiconductor cyl
inder, and
the organic material forms an optically active ring (100)
bearing radially on the outside of said cylinder layer
of the semiconductor cylinder.
13. The arrangement as claimed in claim 11,
Wherein

the semiconductor cylinder comprises at least one cyl

inder layer (70) composed of p-doped inorganic mate
rial and at least one cylinder layer (80) composed of

n-doped inorganic material, and
the charge carrier injection Zone (50) lies betWeen the

p-doped and n-doped cylinder layers.
14. The arrangement as claimed in claim 11,
Wherein
the semiconductor cylinder comprises at least one

Weakly doped or undoped cylinder layer, and
the charge carrier injection Zone (50) lies in the Weakly

doped or undoped cylinder layer (60).
15. The arrangement as claimed in claim 14,
Wherein

dine or organic transition or heavy metal complexes.
17. The arrangement as claimed in claim 11,
Wherein

the cylinder diameter (D) of the semiconductor cylinder is
less than the diffusion length of charge carriers situated
in the charge carrier injection Zone.
18. The arrangement as claimed in claim 11,
Wherein
the band gap of the inorganic semiconductor material in the
charge carrier injection Zone is betWeen 2.5 and 3.3 eV.
19. The arrangement as claimed in claim 11,
Wherein
the semiconductor cylinder has a quantum Well structure
comprising at least one cylinder layer having a small

band gap and at least tWo adjacent cylinder layers

having a larger band gap by comparison thereWith,
and

the organic material forms an optically active ring bear
ing radially on the outside of at least one cylinder
layer having a small band gap.
20. A method for producing an arrangement (10) for gen

erating electromagnetic radiation, Wherein inorganic semi
conductor material and organic material are used,
Wherein

a semiconductor cylinder (30, 40) composed of inor
ganic semiconductor material With a charge carrier
injection Zone (50) situated therein is formed,
Wherein the charge carrier injection Zone adjoins the
lateral surface (110) of the semiconductor cylinder,
and
organic material Which can emit electromagnetic radia

tion during charge carrier recombination is applied

the p-doped, the n-doped and the Weakly or undoped cyl

indirectly or directly at least on that section of the

inder layers form a pin diode.
16. The arrangement as claimed in claim 11,
Wherein

injection Zone.

lateral surface Which is adjoined by the charge carrier
*

*

*

*

*

