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Attorney Docket # 5367-611PUS

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re National Phase PCT Application of

Guenter SCHMID et al.
International Appln. No.: PCT/DE2009/000701
International Filing Date: 18 May 2009

For: Electronic Device

PRELIMINARY AMENDMENT

Commuissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

STR:
Prior to examination of the above-identified application please amend the
application as follows:
Amendments to the Specification begin on page 2 of this paper.
Amendments to the Claims are reflected in the listing of claims which begins on
page 4 of this paper.
Amendments to the Abstract begin on page 7 of this paper.

Remarks/Arguments begin on page 8 of this paper.
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In the Specification:

On page 1, after the title, insert the following:
RELATED APPLICATIONS

This is a U.S. national stage of application No. PCT/DE2009/000701, filed on May 18,
2009.

This patent application claims the priorities of German Patent Application 10 2008
025 920.9 filed May 30, 2008 and German Patent Application 10 2008 039 361.4 filed

August 22, 2008, the disclosure content of both of which is hereby incorporated by reference.

FIELD OF THE INVENTION

On page 1, delete the paragraph beginning at line 7 in its entirety.

On page 1, before line 12, insert the following heading:

BACKGROUND OF THE INVENTION

On page 1, before line 24, insert the following heading:

SUMMARY OF THE INVENTION

3

On page 1, amend the paragraph beginning at line 24 through page 2, line 2 as follows:

The—goal One object of the invention is to provide an electronic device with an improved
charge carrier (ransport and an improved charge carrier balance in the organic layers and thus

an increased efficiency. Another geal object of the invention is to provide a method for the

production of an electronic device. These goals—are—attained by —an—electronic-device—in

2-
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On page 11, delete the paragraph beginning at line 29 in its entirety.

On page 11, before line 32, insert the following heading:

BRIEF DESCRIPTION OF THE DRAWINGS

On page 12, before line 9, insert the following heading:

DETAILED DESCRIPTION OF THE DRAWINGS
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Listing of Claims:

1. (Currently amended) Eleetronie An electronic device, comprising:

[[-1] a substrate[[,]].

f[-1T a first electrode[[,]].

[[-]] at least one organic functional layerf[,]|: and

[[-]] a second electrode, wherein the at least one organic functional layer is located
between the first electrode and the second electrode, and wherein the at least one organic
functional layer has at least a first matrix material, a second matrix material, and a third matrix
material, and the third matrix material has a Lowest Unoccupied Molecular Orbital (LUMO),
which is energetically lower than the LUMO of the second matrix material and the LUMO of
the first matrix material, and wherein the second matrix material has a Highest Occupied
Molecular Orbital (HOMO), which is energetically higher than the HOMO of the first matrix

material and the HOMO of the third matrix material.

2. (Currently amended) Eleetronie The electronic device according to the-preceding claim 1,
wherein the first matrix material has a LUMO which is energetically higher than the LUMO of
the second matrix material and the LUMO of the third matrix material, and a HOMO which is
energetically lower than the HOMO of the second matrix material and the HOMO of the third

matrix material.

3. (Currently amended) Electronie The electronic device according to the-precedingclaims

claim 1, wherein the second matrix material has 2 LUMO which is energetically higher than

the LUMO of the third matrix material, and a HOMO which is energetically higher than the
HOMO of the third matrix material.

4. (Currently amended) Eleetronie The electronic device according to ene—of-thepreceding

elaims claim 1, wherein the first matrix material has a charge carrier mobility which is lower

than the charge carrier mobilities of the second and third matrix materials.
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5. (Currently amended) Eleetronie The electronic device according to ene—of-the—preceding

elaims claim 1, wherein the second matrix material comprises a hole transport material.

6. (Currently amended) Eleetronic The electronic device according to ene-of-thepreceding

elaims claim 1 wherein the third matrix material comprises an electron transport material.

7. (Currently amended) Electronie The electronic device according to one-of-the—preceding

elaims claim 1, wherein the organic functional layer is selected from a group which comprises

emission layers, electron transport layers, hole transport layers, electron blocking layers, hole

blocking layers, hole injection layers, electron injection layers, and intermediate layers.

8. (Currently amended) Eleetremie The electronic device according to ene-of-the-preceding
claims claim 1, wherein the organic functional layer is an emission layer and is doped with at

least one emitter material.

9. (Currently amended) Eleetronic The electronic device according to the-preceding claim 1,

wherein the emitter material in the emission layer has a concentration of 10 wt%.

10. (Currently amended) Eleetronic The electronic device according to the-preeeding claim 1,

wherein the concentration of the emitter material in the emission layer has a gradient.

11. (Currently amended) Eleetronie The electronic device according to ene-of-Claims-8-to-10
claim 8, wherein the LUMO of the emitter material is energetically lower than the LUMO of
the first, second, and third matrix materials, and the HOMO of the emitter material is

energetically higher than the HOMO of the first, second, and third matrix materials.

12. (Currently amended) Eleetronic The electronic device according to ene-of the-preceding

elaims claim 1, which is constructed as a radiation-emitting device.
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13. (Currently amended) Eleetronie The electronic device according to ene-of Claims1to11
claim 1, wherein the device is selected from a group which comprises an organic light-emitting

device, a solar cell, and a transistor.

14. (Currently amended) Method A method for the production of an electronic device

according to Claims1-to-13—with-the-methed-steps claim 1, comprising the steps of:

A) preparation of a substrate[[,]]:

B) preparation of a first electrode and a second electrode([[,]]; and

C) placement of at least one organic functional layer between the first electrode and the

second electrode,

wherein in method step C), at least the first matrix material, the second matrix material,

and the third matrix material are simultaneously applied.

15. (Currently amended) Method A method according to the-preceding claim 1, wherein in the
method step C), the first matrix material, the second matrix material, and the third matrix

material are applied by evaporation coating.
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Amendments to the Abstract

Abstract of the Disclosure

E] o devi

An electronic device comprising a substrate, a first electrode, at least one organic functional
layer, and a second electrode is indicated. The organic functional layer comprises a first, a
second, and a third matrix material, wherein the first matrix material has a larger band gap

than the second and the third matrix materials.

Sionificant Fi
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REMARKS
This preliminary amendment is presented to place the application in better form for
examination and to eliminate multiple dependency from the present claims. No new matter has
been added. Early examination and favorable consideration of the above-identified application is
earnestly solicited.
Any additional fees or charges required at this time in connection with the

application may be charged to our Patent and Trademark Office Deposit Account No. 03-2412.

Respectfully submitted,
COHEN PONTANI LIEBERMAN & PAVANE LLP

By:  /Thomas Langer/
Thomas Langer
Reg. No. 27,264
551 Fifth Avenue, Suite 1210
New York, N.Y. 10176
(212) 687-2770

30 November 2010
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Attorney Docket #: 5367-611PUS

Description

Electronic device

The invention concerns an electronic device and a method for

the production of an electronic device.

This patent application claims the priorities of German Pat-
ent Applicatien 1C 2008 025 920.9 and German Patent Applica-
tion 10 2008 039 361.4, whose disclosure content is hereby

taken up by reference.

Electronic devices, such as organic light-emitting diodes
(OLEDs), consist of a sequence of several functional organic
layers. Emission layers thereby have a matrix material, which
is doped with emitter molecules. In the emission layer, exci-
tons are formed by a recombination of electrons and "holes,”
which lead to light emission. In order to obtain a high effi-
ciency cof the electronic device, the ratic between electrons
and "holes™ which are transported in the emission layer is
decisive. A nonbalanced ratio between hole and electron
transport results in a low radiation efficiency of the de-

vice.

The goal of the invention is to provide an electronic device
with an improved charge carrier transport and an improved
charge carrier balance in the organic layers and thus an in-
creased efficiency. Another goal of the invention is to pro-
vide a method for the production of an electronic device.
These goals are attained by an electronic device in accor-
dance with Claim I, and a method for the production of the

electronic device 1in accordance with Claim 12. Other embodi=-
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ments of the device and of the method are the object of other

claims.

In acceordance with an embodiment, an electronic device is
provided which comprises a substrate, a first electrode, at
least one organic functicnal lavyer, and a second electrode,
wherein the at least one organic functional layer is disposed
between the first electrode and the second electrode. For ex-
ample, the first electrode can be located on the substrate;
the at least one organic functional layer, on the first elec-
trode; and the second electrode, on the at least one organic
functional layer. The at least cone organic functional layer
has at least a first matrix material, a second matrix mate-
rial, and a third matrix material, wherein the third matrix
material has a Lowest Unoccupied Mclecular Orbital (LUMO),
which 1s energetically lower than the LUMO of the second ma-
trix material and the LUMO of the first matrix material, and
wherein the second matrix material has a Highest Occupied Mo-
lecular Orbital {(HOMO}, which is energetically higher than
the HOMO of the first matrix material and the HOMO of the
third matrix material. Thus, an electrconic device is made
avaiiable which comprises more than two different matrix ma-
terials in an organic functicnal layer. Three different ma-
trix materials can be present thereby, and depending on the

need, more than three also.

According to the molecular orbital theory, in cne molecule
there are several molecular orbitals with different energy
levels, which can be occupied by the existing electrons.
These molecular orbitals are occupied according to increasing
energy level. The LUMO is the energetically lowest mclecular

orbital which is no longer occupied with an electron. The
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HCMO is the energetically highest molecular orbital which is

still occupied with an electron.

This electronic device has an improved charge carrier trans-
port and an improved charge carrier balance in the organic
functicnal layer, and an adaptable ratio between the hole and
electron transport. The first matrix material is selected
thereby so that it has a large band gap that is, the differ-
ence between HOMO and LUMC, for example, so that its HOMO is
energetically below the HOMO of the other two matrix materi-
als, and its LUMO is energetically above the LUMO of the

other two matrix materials.

Furthermore, the first matrix material can have a LUMC which
is energetically higher than the LUMO of the second matrix
material and the LUMO of the third matrix material, and a
HOMC which is energetically lower than the HOMO of the second

matrix material and the HOMC of the third matrix material.

Furthermore, the second matrix material in the electronic de-
vice can have a LUMO which is energetically higher ﬁhan the
LOMO of the third matrix material, and a HOMO which is ener-
getically higher than the HOMC of the third matrix material.
Thus, the first matrix material can have the largest band gap
between the HOMO and the LUMO, in comparison to the second
and the third matrix material, and the second matrix material
has a band gap which is shifted energetically to the band gap
of the third matrix material. In this way, electrens can be
transported on the LUMO of the third matrix material, and
heoles can be transported on the HOMC of the second matrix ma-
terial, since these energy levels are in each case the ener-

getically most favorable for the individual charge transport.
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The first matrix material can have a charge carrier mobility
in the electronic device which i1s less than the charge car-
rier mobility of the second and the third matrix material.
The first matrix material can be an Ultra Wide Band Gap (UGH)
material, which has a band gap that is large in comparison to
the other matrix materials. Thus, it cannot have a share in

the charge carrier transport.

The second matrix material can also comprise a hole transport
material, and the third matrix material can comprise an elec-

tron transport material.

The charge carrier transport — that is, the hole transport

and the electron transport — depends, in particular, on the
mobility of the holes or of the electrons in a material and
on the position of the energy level HOMO and LUMO cof the ma-
trix materials. The HOMO and LUMO of a material are thereby

responsible for the charge carrier injection.

To create a hole in the matrix, which is composed of the
three matrix materials, an electron must be removed from the
HOMO, for example, which is more difficult with an energeti-
cally low HOMO than with an energetically higher one. Thus,
the second matrix material, which has a higher HOMO than the
third matrix material, is more suitable as the hole transport
material than the third matrix material. Something analogous .
is true for the creation of electrons in LUMCs, which is en-
ergetically favored with energetically lower LUMOs. Thus, the
third matrix material, which has a lower LUMO than the second
matrix material, is suitable as the electron transport mate-

rial.
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If heoles and electrons are created, the mobility of these
charge carriers in the material plays a role. Depending on
how these two factors interact in a material, it is possible
for a matrix material to be used as an electron transport ma-
terial or as a hole transport material. The charge carrier
transport of the other charge also takes place thereby, but
the transport of one charge carrier is predominant. If a
charge carrier transport does not take place in a matrix ma-
terial, as in an embodiment of the invention in the first ma-
trix material, then that can be attributed to the fact that
charge carriers are not created or that there is nec mobility
of the charge carrier. In addition to the first matrix mate-
rial, other matrix materials can be present in the organic
functional layer which do not contribute tc the charge car-

rier transport.

The HOMO and LUMO energy levels of a material can be measured
so as to select suitable materials for a first, second, and
third matrix material. Thus, the HOMO of a material can be
determined by means of cyclovoltametry. The band gap—that is,
the energetic difference between HOMC and LUMO—can also be
determined by means of spectroscopy, in which the wavelength
of the emitted light is measured, and therefrom the generated
excitons and the band gap are calculated. The energy level of
the LUMO is then calculated from the determined HCMO and the
band gap. The HOMO can alternatively also be determined by

means of photoelectron spectroscopy.

The mobility of electrons and holes can depend on the mole-
cule distance—that is, the average distance between charge
.carrier—-transporting molecules in the individual matrix mate-
rial. Thus, the concentration cof a matrix material in the

mixture of several matrix materials plays a role. The first
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matrix material, which in comparison to the second and third
matrix material has the largest band gap and the smallest
charge carrier mobility, can be used to adjust the concentra-
tion of the second and the third matrix material separately
from one another. Depending on the selected concentration of
the second and third matrix material, the distances between
the individual mclecules change. The microscopic charge car-
rier transport depends on the molecule distance between the
charge carrier-transporting molecules in the individual ma-
trix material, so that by the adjustment of the concentra-
tion, the mobility of electrons and holes in the matrix,
which has at least three matrix materials, can be absolutely

adjusted separately from one another.

According to Miller and Abraham, the mobility can be deter-

mined in the following manner:
Vij = voexpi-2va{iRi4/al}}

In this model, a solid state body is built up, schematically
seen from places i and j, on which are the charge carriers.
Each place represents a localized state. The transport of a
charge carrier between places i and j is represented by a re-
sistance Rij. The magnitude of the temperature-dependent re-
sistance reflects thereby the spatial distance between the
places and the needed activation energy for the transition.
The parameter y stands for the decline of the electronic wave
function of the charge carrier; a is the parameter for the
average lattice distance. The phonon frequency v0 gives the
‘nunmber of the attempts of a charge carrier to get from one
localized state to another localized state; it lies in the
range of appreximately 1013 s-1, and it takes into considera-

tion the strength of the electron phonon coupling.
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The electronic device can alsc have an organic functional
layer, which is selected from a group that comprises emission
layers, electron transport layers, hole transport layers,
electron blocking layers, hole blocking layers, hole injec-
tion layers, electron injection layers, and intermediate lay-
ers. Intermediate layers is the name given to layers that are
located between two emissicn layers. Depending on the kind of
organic functional layer selected, these layers can also con-
tain additional doping substances. The organic functional
layer can be an emission layer and be deoped with at least one

emitter material.

Emitter materials can comprise small mclecules or polymers.
The concentration of the emitter material in an emission
layer can be up to 10 wt%. Furthermore, the emitter material
may have only a low charge carrier mobility as a result of
the low concentration in the emission laver, and thus con-

tribute only slightly te the charge carrier transport.

In the emission layer, it is also possible for two or three
emitter materials to be present. The emitter materials can be
selected, for example, from the green-emitting Ir (ppy)3
(tris(2-phenylpyridine)iridium(III), the red-emitting
Iri{pig)3 (tris(l-phenyliscquinoline)iridium(III}}, or the
blue-emitting firpic (bis(3,5-difluoro-2-(2-pyridyl)phenyl-
(2-carboxypyridyl)iridium(III)).

The concentrations of the emitter material and the matrix ma-
terials in the organic functional layer can have a gradient
within the organic functicnal layer. Thus, for example, the

concentration of the emitter material can be higher in a
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first partial area of the layer than in a second partial

layer.

By not doping with emitter materials, it is possible to pro-

duce transport, intermediate, and blocking layers.

It is also possible for several organic functional layers to
be present in an electronic device, wherein the layers can
have different functions or the same functions. For example,
an electronic device can have a sequence of several func-
tional, organic layers, which, for example, is composed of a
hole injection layer, a hole transport layer, a first emis-
sion layer, an intermediate layer, a second emissiocn layer,
an electron transport layer, and an electron injection layer.
Each of these layers can have a matrix, which has at least a
first, a second, and a third matrix material. The matrix ma-
terials in the wvarious organic functicnal layers can be se-

lected similarly or differently in all layers.

Depending on where the emission layer is located in the layer
stack of the electron device, it is possible to optimize the
mobility of electrons and holes within this layer separately
from one another if the emission layer has a first, a second,
and a third matrix material. The mobility can also be opti-

mized over several layers.

Even if the emission layer which has the three matrix materi-
als is close to an anode or a cathode, the mobility of elec-
trons and holes can be adjusted in such & way that the ratio
of holes and electrons is balanced in the emission layer. De-
pending on which charge carrier type is to have a higher mo-
bility, the matrix can contazin a higher concentration of the

individual matrix material. Thus, a high number of excitons
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can be formed in the emission layer, independent of the posi-

tion of the emission layer of the electronic device.

If the organic functional layer i1s an emission layer with an
emitter material, the LUMO of the emitter material can be en-
ergetically lower than the LUMO of the first, second, and
third matrix material, and the HOMO of the emitter material
can be energetically higher than the HOMO of the first, sec-
ond, and third matrix material. Thus, the band gap between
the HOMO and LUMO of the emitter material is smaller than the
band gaps of the three matrix materials and, moreover, ener-
getically is between all band gaps of all matrix materials.
An ambipolar charge transport in an emission layer is thus

possible.

The molecules of the second and third matrix materials pref-
erably transport only one charge carrier type, holes or elec-
trons; thus, no excitons are formed on them. In this way, the
service life of the materials is increased, since degradation
due to excitation energy cannot take place. Between the vari-
ous molecules of the matrix materials, excited states (exci=-
mers) are formed which can transfer their excitation energy
by energy transfer to the emitter molecules. Thus, the effi-

ciency of the electrecnic device is further increased.

An electronic device can also have several emission layers,
for example, in order to combine phosphorescent and fluores—
cent emitter materials in one device. Then, the insertion of
an intermediate layer, which may have, for example, ambipolar
charge transport characteristics, may be necessary. This is

possible by the combination of three matrix materials.
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By the adjustment of the charge carrier mebility with the aid
of the three matrix materials, it is possible to purposefully
influence the positicn of the recombination zone in an emis-
sion layer. The recombination zone can be thereby distributed
within one layer or over several layers. By the introduction
of the first matrix, which deoes not have a charge transport,
within an emission layer, the absclule value of the charge
carrier mobility decreases. A recombination zone, the zone in
which excitons are formed, is produced therefrom, which is
shifted from the borders of an emitting layer to the middle.
This increases the efficiency of the device, since among
other things, the nonradiating quenching of excitons is re-
duced and more excitons are formed in the actual emissiocon

layer instead of in the adjacent layers.

The electronic device can be a radiation-emitting device, for
example, an organic light-emitting device. This light-
emitting device can be an organic light-emitting diode
(OLED) . Furthermore, the electronic device can comprise a so-

lar cell or a transistor.

For example, the at least one organic functional laver is lo-
cated in a transistor between the first and the seccnd elec-—
trodes. Furthermore, a third electrode is presenlt. The elec-
trodes can be selected from gate, source, and drain elec-
trodes. A transistor can be used to switch or reinforce elec-

tric signals.

In a solar cell, light can be converted into electric energy.
Here, the corganic functional layer is situated between the
first and the second electrodes, wherein at least one of the

electrodes is formed transparent.

SDC EX. 1002 - 28/325



11

The device can have, for example, mCP (m-bis (N-
carbazolylbenzenes)), as the first matrix material in an or-
ganic functional layer; as a second matrix material, which
can be a hole transport material, TCTA (9H-carbazocle, 9, 9',
9"-(1, 3, 5-benzenetriyl)tris-(9Ci)}; and as a third matrix ma-
terial, which can be an electron transport material, for ex-
ample, TPBi (1,3,5-tris(N-phenylbenzylimidazcl-2-yl). If a
matrix is to be prepared for an emission layer, the yellow
emitter rubrene (b,6,11,12-tetraphenylnaphthacene) can be in-

serted as the emitter material, for example.

Furthermore, a method for the producticn of an electronic de-
vice with the characteristics described above is prepared.
The method comprises the method steps A) preparation of a
substrate, B) preraration of a first electrode and a second
electrode, C) placement of at least one organic layer between
the first electrode and the second electrode. For example,
the at least one organic functional layer can be disposed on
the first electrode, and the second electrode can be disposed
on the organic functiocnal layer. In method step C), at least
a first matrix material, a second matrix material, and a
third matrix material are simultaneously applied. The appli-
cation in method step C) can take place, for example, by
evaporation coating (coevaporation). By the simultancous ap-
plication, the concentration of the individual matrix mate-
rial can be determined independently of the other matrix ma-
terials, so that the matrix materials can be applied in dif-
ferent concentrations.

With the aid of the figures and embodiment examples, the in-

venticn will be explained in more detail:

Figure 1 shows the schematic side view of an electronic de-

vice,
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Figure 2 shows a schematic view of the energetic states of
the various matrix materials,

Figure 3 shows a schematic side view of an electronic device,
Figure 4 shows the simulation of the mobility of the charge
carrier in an emission layer,

Figure 5 shows the schematic structure of the production of a

layer with several matrix materials.

Figure 1 shows the schematic side view of an electronic de-
vice comprising a substrate 10, a first electrode 20, an
emission layer 30, and a second electrode 40. The first elac-
trode can, for example, be an anode and the second electrode,
a cathede. Depending on whether the substrate and the first
electrode or the second electrode are formed transparent, the
electronic device may be a bottom-emitting or a top-emitting
device, for example, an OLED. The emissicn layer 30 can have
a first, a second, and a third matrix material and be doped

with an emitter material.

Figure 2 shows the schematic representation of the energy
level of the individual materials in the emission layer in an
embodiment shown by way of example. The HOMO and the LUMO of
the first matrix material 30N, the second matrix material
30B, and the third matrix material 302 are shown. The first
matrix material has a HOMO which is energetically lower than
the HOMO of the second matrix material and the third matrix
material. Furthermore, the first matrix material has a LUMO
which is energetically higher than the LUMO of the second ma-
trix material and the third matrix material. The seccnd ma-
trix material has a LUMO which is energetically higher than
the LUMO of the third matrix material, and a HOMO which is
energetically higher than the HOMO of the third matrix mate-

-rial. Thus, the first matrix material has lower charge car-
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rier mobilities than the other two matrix materials; the sec-
ond matrix material can comprise a hole transport material,
and the third matrix material an electron transport material.
The emitter material 30E has a HOMO and LUMC which has the
smallest band gap in comparison to the matrix materials, and
is between the LUMOs and the HOMOs of the three matrix mate-

rials.

To the right in the scheme, the sum of the different energy
levels is shown. A symbolizes the energy level at which the
electron transport takes place; B symbolizes the energy level
at which the hole transport takes place. dl and d2 represent
the energetic distances between the LUMOs of the first and
second matrix materials (dl) and the HOMOs of the first and
third matrix materials (d2). 43 symbolizes the band gap of
the emitter material. If no emitter material is used, the
layer may also be a charge carrier transport, charge carrier
injection, or charge carrier blocking layer. Furthermore,
several emitter materials can also be used. The emitter mate-

rial has a concentration cf £ 10 wt% in the emission layer.

Figure 3 shows the schematic side view of another embodiment
of the electronic device which has an emission layer 30 on
one side on which border an electron transport layer 32 and a
hole transport layer 31. The first electrode 20 is an ancde.
Both the emission layer 30 and also the electron transport
layer 32 and the hole transport layer 31 can have matrices

which are composed of three or more matrix materials.

Figure 4 shows the simulation of the charge carrier transport
in an OLED, in which an emission layer, a hole transport
layer 31, and an electron transport layer 32 are present. The

¥ axis shows the distance of the individual layer from the
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anode D [nm]; the y axis shows the standardized recombination
rate Rn. One can see that with a reduction of the absolute
value of the charge carrier mobility in the emission layer
30, in compariscn to the hole transport layer 31 and the
electron transport layer 32, the recombination zone is
shifted from the borders of the emission layer to the middle.
This means that with a declining mobility of the charge car-
rier in the emission layer 30, the recombination in the adja-
cent layer 32 and 31 is reduced and is shifted to the middle
cf the emission layer 30.

In the simulaticn, the electron and hole mobilities in the
emission layer were equated—that is—an ambipolar charge
transport is assumed. An ohmic injection was assumed; all en-
ergy barriers between HOMC and LUMO of the two layers were
400 meV for the individual charge carrier types. In the dia-
gram, the individual mobilities of the charge carriers are
indicated in m2/Vs for the various line forms; they fluctuate

between 10-8 to 10-12.

Figure 5 shows the schematic side view of a structure for the
production of the electronic device. Focur evaporation sources
50 are applied on a holder 51, for example, from which matrix
materials and/or doping substances can be evaporated onto the
deposition substrate 60. In order to be able to determine the
individual concentration of the matrix material and/or the
deoping substances precisely, the evaporation rate is measured
and adjusted via layer thickness monitors 55. The layer

thickness monitors can be, for example, oscillator quartzes.

For example, with a structure according to Figure 5, one can
produce an emission layer which contains a first matrix mate-
rial, which comprises mCP (m-bis(N-carbazolylbenzene)} and is

applied at an evaporation rate of 3.8 A/s. The second matrix
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material, the hole transport material, can be TCTA (9H-
carbazecle,9,9',9"-(1,3,5-benzenetriyl)tris-(9Cl)}) and can be
applied at an evaporation rate of 8 A/s. The third matrix ma-
terial, the electron transport material, can be, for example,
TPBL (1,3,5-tris(N-phenylbenzylimidazol-2-yl} and can be ap-
plied at an evaporation rate of 8 A/s. The yellow emitter ru-
brene (5,6,11,12-tetraphenylnaphthacene) can be introduced,
for example, as the emitter material and can be applied at an
evaporation rate of 0.2 A/s. In this way, a layer with a vol-
ume concentration of 40% is produced for the charge carrier
transport materials and 1%, for the emitter. The HOMOs and
LUMOs of these materials are given in Table 1. The values of
the HOMCs of TCTA, TPBi, mCP were determined by UV photoemis-
sion spectroscopy; the corresponding LUMO values were esti-
mated in that the energy required for the absorption was
added to the HOMO value. The HOMO and LUMC values of rubrene
were determined by means of cyclovoltammetry and photoelec-

TLron spectrometry.

Table 1
HOMO [avi LUMG [eV]
wlF _ -5, 8 -2,4
TOTR -5,7 -2,3
TPRL -5,3 -2,8
Q Rubran -5,5 -3,0
Key: 1 Rubrene

The third matrix material TPBi has the lowest LUMC value in
compariscn with the other matrix materials, and is thus the
electron transport material. The second matrix material TCTA

has the largest HOMO value, in comparison with the other ma-
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trix materials, and is thus the hole transport material. The
first matrix material mCP does not participate in the charge
carrier transport, since its LUMO is not lower than the LUMO
of the third matrix material and its HOMO is not higher than

the HOMO of the seccond matrix material.

Other possible hole transport materials are the following:

NPB N,N'-bis(naphthalen-1-y1)-N,N"'-bis (phenyl)benzidine
TCTA 4,4",4"-tris(carbazol-9-yl)triphenylamine
CPB 4,4'-bis(carbazol-9-yl)biphenyl

1T-NATA 4,4",4"-tris (N-{(l-naphthyl}-N-
phenylamino) triphenylamine
Spiro-TAD 2,2',7,7"'-tetrakis(N,N-diphenylamino)-9,8"'-

spirobiflucrene

As electron transpoert materials, the following can also be

used:

TPBi 2,2',2"-(1,3,5-benzenetriyl) tris{l-phenyl=-1-H-
benzimidazole)

TAZ 3-(4-biphenyl)-4-phenyl-5-tert-butylphenyl-1,2,4-
triazole

Alg3 tris(8-hydroxyquinclinate)aluminum

RCP 2,9-dimethyl-4, 7-diphenyl-1,10-phenanthroline

NTAZ 4-{naphthalen-1-yl) -3, 5-diphenyl-4H-1,2,4-triazole
Balqg bis(2-methyl-8-quinolinclate)-4-

{(phenylphenolato)aluminum

Asg the first matrix material that has the lowest charge car-
rier mobility in comparison to the other matrix materials,

one can use the following:

UGH-2 1,4-bis{triphenylisilyl)benzene
UGH-3 l,3-bis({triphenylsilyl)benzene
mCP 1,3-bis(carbazol-9-yl)benzene
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The HOMOs of UGH-2 and UGH-3 have values of -7.2 * 0.1 eV;
the LUMOs are 2.8 eV. These HOMC values can be determined by
means of photcelectron spectroscopy; the LUMO values can be
estimated from the distance from HOMO wvalues and LUMO values
at the intersection of the absorption and the fluorescence

Spectrum.

Possible emitter materials are the following

Ir{ppy)3 tris(2-phenylpyridine)iridium{III)}

Ir(ppy)2 bis{2-phenylpyridine) (acetylacetonate)iridium(II)
{acac)

BczVB1L 4,4"-bis{9-ethyl-3-carbazovinylene}-1,1"'-biphenyl
FirPic bis (3, 5-difluoro-2-(2-pyridyl)phenyl=-
{2-carboxypyridyl)iridium (III)

Rubrene tetraphenyl naphthacene

Ir(pig)3 tris(l-phenylisoguinoline)iridium(IIT)

These emitter materials are small nonpolymer molecules. The

use of polymeric emitter materials is likewise possible.

Other possible materials, which, depending on the position of
their HOMOs and LUMOs with respect to cne another, can be

used as the first, second, or third matrix, are the follow-

ing:

Bphen 4,7-diphenyl-1,10~phenanthroline

DPAVBi 4,4'-bis(2-(4-(N,N-diphenylamino)phenyl)vinyl)
biphenyl

CuPkC Phthalocyanine copper complex

S-DPVBi 2,27,7,7"-tetrakis (2, 2-diphenylvinyl)spiro~9,9'-
biflucrene CPF
TAPC 1,1-bis(4-bis(4-methylphenyl)aminophenyl)

cyclohexane
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TBADN 9,10-bis (Z-naphthyl)-2-t-butylanthracene
TPD N,N,N',N'-tetraphenyl benzidine

Some of the electron and hole transport materials can also be
used as the first matrix material. The relative ratio of the
LUMOs and HOMOs of the three combined materials and their po-
sition to one another is important in the compilation of the

first, second, and third matrix material for the matrix.

The matrix cannot be selected arbitrarily for phosphorescent
emitters because of chemical compatibility. The red emitter
iridium {(III)}) bis(2-
methyldibenzo[f,h]lquinoxaline)acetylacetonate} is only effi-
cient in an NBP matrix. NPB, however, 1s a hole transport ma-
terial. If on the anode side, there is also another emitter
layer, then this is not sufficiently supplied with electrons.
By doping in an electron transport material, for example,
BCP, the relative transport characteristics can be adjusted.
The fine coordination of the transport characteristics takes

place with UGH4.

The embodiments shown in the figures and embodiment examples
can be arbitrarily varied. It should also be taken intc con-
sideration that the invention is not limited to the examples,

but rather permits other developments not listed here.
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Claims

1. Electronic device, comprising

-a substrate,

-a first electrode,

~at least one organic functional layer, and

-a second electrode, wherein the at least one organic
functicnal layer is located between the first electrode and
the second electrode, and wherein the at least one organic
functional layer
has at least a first matrix material, a second matrix mate-
rial, and a third matrix material, and the third matrix mate-
rial has a Loweslt Unoccupied Molecular Orbital (LUMO), which
is energetically lower than the LUMC of the second matrix ma-
terial and the LUMO of the first matrix material, and wherein
the secend matrix material has a Highest Occupied Molecular
Orbital (HOMO), which is energetically higher than the HOMO
of the first matrix material and the HOMO of the third matrix

material.

2. Electronic device according to the preceding claim,
wherein the first matrix material has a LUMOC which is ener-
getically higher than the LUMO of the second matrix material
and the LUMO of the third matrix material, and a HOMO which
is energetically lower than the HOMO of the second matrix ma-

terial and the HOMO of the third matrix material.

3. Electronic device according to the preceding claims,
wherein the second matrix material has a LUMO which is ener-
getically higher than the LUMO of the third matrix material,
and a HOMO which is energetically higher than the HOMC of the

third matrix material.
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4, Electronic device accerding to one of the preceding
claims, wherein the first matrix material has a charge car-
rier mobility which is lower than the charge carrier mobili-

ties of the second and third matrix materials.

5. Electronic device according to one of the preceding
claims, wherein the second matrix material comprises & hole

transport material.

6. EFlectronic device according to one of the preceding
claims, wherein the third matrix material comprises an elec-

fLron transport material.

7. Electronic device according to one of the preceding
claims, wherein the organic functional layer is selected from
a group which comprises emission layers, electron transport
layers, hole transport layers, electron blocking layers, hole
blocking layers, hecle injection layers, electron injection

layers, and intermediate layers.

8. Electron device according to one of the preceding claims,
wherein the organic functional layer is an emission layer and

is doped with at least one emitter material.

9. Electronic device according tc the preceding claim,
wherein the emitter material in the emission layer has a con-

centration of £ 10 wt%.
10. Electronic device according to the preceding claim,

wherein the concentration of the emitter material in the

emission layer has a gradient.
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11. Electronic device according to cone of Claims 8 to 10,
wherein the LUMO cf the emitter material is energetically
lower than the LUMO of the first, second, and third matrix
materials, and the HOMO of the emitter material is energeti-
cally higher than the HOMO of the first, second, and third

matrix materials.

12. Electronic device according to one of the preceding

claims, which is constructed as a radiation-emitting device.

13. Electronic device according to one of Claims 1 to 11,
wherein the device is selected from a group which comprises
an organic light-emitting device, a solar cell, and a tran-—

sistor.

14. Methcd for the production of an electronic device accord-
ing to Claims 1 to 13, with the method steps

A) preparation of a substrate,

B) preparation of a first electrode and a second elec-
trode,

C) placement of at least one organic functional layer
between the first electrode and the second electrode,

wherein in method step C), at least the first matrix ma-
terial, the second matrix material, and the third matrix ma-

terial are simultaneously applied.

15. Method according to the preceding claim, wherein in the
methed step C), the first matrix material, the second matrix
material, and the third matrix material are applied by evapo-

ration coating.
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Abstract
Electronic device
An electronic device comprising a substrate, a first elec-
trode, at least one organic functicnal layer, and a second
electrode is indicated. The organic functional layer com-
prises a first, a second, and a third matrix material,
wherein the first matrix material has a larger band gap than

the second and the third matrix materials.

Significant Figure 1
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Inelude copy of this form with next communication to applicant. ' Applicant’s unique citation designation number (optional). * See Kinds Codes of USPTO Patent Documents at
wiww.uspto. gov or MPEP 901.04, * Enter Office that issued the document, by the two-letter code (WIPQ Standard ST.3), * For Japanese patent documents, the indication of the year
of the reign of the Emperor must precede the serial number of the patent document. *Kind of document by the appropriate symbals as indicated on the decument ynder WIPO
Standard 8T. 16 if possible. ¢ Applicant is to place a check mark here if English language Translation is attached.
This celiection of information is required by 37 CFR 1.97 and 1,98, The information is required to obtain or retain a henefit by the public which is to file (and by the USPTO to
process) an application. Cenfidentiality is governed by 35 U.8.C. 122 and 37 CFR. 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending apon the individual case. Any cornments on the amount of time you require to complete this
form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Comimerce, Washingion,
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VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT
AUF DEM GEBIET DES PATENTWESENS

INTER NATIONALER RECHERCHENBERICHT

{Arlikel 18:sowie Regeln 43 und .44 PCT)

Aktenzeichen des Anmelders oder Anwaits WEITERES siéhe Formblatt PCT/ASA/220 sowis, soweil
P2008, 0612W0 VORGEHEN zutralfend, nachstehendear Punkt 5
Internationales Aktenzaichen Intarnationales Anmaidedatum (Frihestes) Prioritdtsdatum

{Tag/MonatiJahr} {Tag/ManatiJahr)
PCT/DE2009/000701 18/05/2009 30/05/2008
Anmelder

OSRAM OPTO SEMICONDUCTORS GMBH

Dieser internationale Recherchenbericht wurde von der internalionslen Recherchanbeharde erstellt und wird dem Anmalder gemil
Arlike! 18 ibermittelt. Eine Kople wird dem internatlonalen Biiro (ibermittelt.

Dteser Inlernationate Recherchenbericht umfaBtinsgesamt 5. Biitler.
Dariiber hinaus liegt ihm {ewells eine Kople der I diesern Bericht genannten Unlerlagen zum Stand der Technik bei.

1. Grundlage des Berichts
a. Hinsichilich der Sprache beruht die Internationaie Recherche auf
der internationalen Anmeldung in der Sprashe, In dar sle eingerelcht wurde

D siner bersetzuhg der Intefnationalen Anmeldung in-dle folgende Sprache . bai der es sich um
die Sprache der Ubarsetzung handelt, dis fiir die Zwecke der Internationalen Recherche eingereicht worden ist
{Ragain 12.3 ayund 23.1 b)),

Dieser internationale Recherchenbericht wurde erstelll unter Berlicksichligung der Berichtigung eines offensichtlichen
Fehlers, die nach Regel 81 von dieser Behitrde genehmigt wurde bzw. dieser Behéirde mitgetelit wurde {Repel 43.65h/s. (a)).

Bestimmte Anspriiche haben sich als nicht recherchierbar erwiesen (siehe Feld NF, IT).

o. []
c. [ ] Hinsientich der in der internationalen Anmeldung offenbarten Nucleotid- undfoder Aminos&uresequenz Sighe-Feld NF. I
[}  Mangeinde Einheitlichksit der Erfindung (slehe Feld Nr. [I1).

4. Hinslchilich der Bezeichnung der Erfindung
wird der vom Anrnelder aingereichte Wortlaut genehmigt.
D wurde der Wartiaut von dar Behérde wie-folgt festgesetat:

5. Hinsichtlich der Zusammenfassung
[]  wird dervom Anmeider eingereichie Wortlaut ganehmigt.
wurde der- Wortlalt nach Regel 38.2b) in der in Feld Nr. 1V angegebenen Fassung von der Behdrde fesigesetzt.

Der Anmelder kann dar'Behtirde Innerhalb gines Manats nach dem Catum der Absendung dieses internationalen
Recherchenberichts eine Stellungnahme vorlegen. Aot o ,,«j
6. Hinsichtlich der Zeichnungen

a. istfolgende Abbildurig der Zeichnungen mit dér Zusammenfassung zu verdftentlichen: Abb. Nr. 2
[[]  wie vom Anmetarvorgeschiagen
D wie von der Bshidrde ausgewshit, well der Anmelder seibst keine Abbildung vorgeschiagen hat.
wig von der Behéirde ausgewihit, weil diese Abblidung die Erfindung besser kennzeichnet.

b, D wird keine der Abbildungen mit der Zusammenfassung vertiffantlicht.

Formblatt FCT/ISA/210 {Biatt 1) (April 2007}

SDC EX. 1002 - 50/325



Internationales Aktenzeichen

INTERNATIONALER RECHERCHENBERICHT PCT/DE2009/000701

Feld Nr. 1V Worllaut der Zusammenfassung {Fortsetzung von Punkt 5 auf Blatt 1)

Es wird eine Elektronische Vorrichtung, umfassend ein Substrat, eine erste
Elektrode, zumindest eine organische, funktionelle Schicht und eine zweite
Elektrode angegeben. Die orgamische, funktionelle Schicht umfasst ein erstes
(30w}, ein 2weites (30B} und ein drittes Matrixmaterial (303}, wobei das erste
Matrixmaterial (30N} eine grofere Bandlicke als das zweite {30B) und das
dritte Matrixmaterial (30A) aufweist,

Formblali FCT/ISA/210 {Fortsetzung von Blatt 1 (3)) {(April 2005)
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INTERNATIONALER RECHERCHENBERICHT

infernationales Aktenzelchen

PCT/DE2009/000701

A, KLASSIFIZIERUNG PES ANMELDUNGS GEGENSTANDES
INV. HOIL51/50

Nach der Intemationalen Patentklassifilation (IPC) oder nach der natiohaien Klasslilkation und der IPG

B. RECHERCHIERTE GEBIETE
Recherchierter Mindesiprifstofl (Klassitkalionssysiem und Klassifikallonssymbole )

HO1L HO5B

Hecherchigrie, aber nich! zum Mindesipriilsioff gehirende Verdtientlichungen, sowell diese unler die recherchierien Geblele fallen

Wibrend der internationalen Aecherche konsullierte elektronischie Datenbaik (Nama der Datenbank und evil. verwendete Suchbegrilie)

EPO-Internal

C. ALS WESENTLICH ANGESEHENE UNTEALAGEN

Kalegorie* | Bezeichnung der Ve_réil’fent!ichung. soweit erfordedich unler Angabe der in Betrach! kommendan Talle Betr. Anspruch Nr.
X US 2008/116536 Al (FORREST STEPHEN R [US]; 1,3,6,7,
YANG FAN [US]) 22. Mai 2008 (2008-05-22) V/ 12,13

Absdtze [0081] - [0083], [0126];
Abbildungen 9a-h,19

A US 2002/101154 Al (SEQ SATOSHI [JP]; 1-15
YAMAZAKI SHUNPEI [JP1) V4

1. August 2002 (2002-08-01)

Absdtze [0044] - [0056], [0090] - [0094];
Abbildungen 4b,7b

A US 2006/068223 A1 (NARIYUKI FUMITO [JP1: 1-15
YAMAZAKI KAZUKI [JP1) _
30. Marz 2006 (2006-03-30) /
Absatze [00281, [0029] v

R Qhw@@ﬂka* L A0y 8Spe

NG RN Q - ) _
Weitera Vierbifenllichungen sind der Forlselzung vonFeld G zu entnehmen Sieha Anhiang Patentlamilia

" Besondese Kategorien von angegebenen Veréfienilichiungen - T Sp:jét_eae Ve;é!f_e[{g{ci&u?g._-die r]:'-ilit:h gﬁ;‘t}in!%néaﬁ[;nalel}i An.méaldedalum

A" VerdHantlichung, die den aligemeinen Stand der Technik definien, ocerdem Priorilalsdalum verdfientiichl- worden (st und mil-dar
aberich i besonrs BeGaUSam anzusohon e e oo U2 Versiincniccaedor

"E" afleres Dokumenl, das jedoch erst am oder nach dem Inlemationalen Theorie angégeben [slg g 8
Anmeldedalum verdtfentlichl worden ist o ) "X* Vergifentitchung von besondarer Badeulung; die beanspruchia Erfindung

*L* VerdHentlichung, die geeigne! ist, elnen Priortatsanspruch zweitelhaft er— kann allein-aufgrund dieser Verdtientlichung nichi als netr odar aui
scheingn zuéassen. ader durch die das_\fe@ffer;ttlicmi.lngsdai)ur]n eiper - erfinderischer Taligkelt baruhend beirachiel werdan
anderen im Recherchenbetichi ganannien Verdffanllichung balegt werden "v* veibitantlichung von besonderer Bedsulung; die beans ruchte Erfindgn:
soll oder die aus einem anderen besonderen - Grund angegeben is! (wie kant nicht als gul-erﬂnden‘suher Tatigkelt i?e'}uh end beﬁ'acmel 5

. Ausgeilhrl) ' werden. Wenn die Veroffentiichung imit elrer oder mehreren anderen

0" Verblientlichung, die sich auf eine mbndiiche Offenbarung, Verdifentlichungen dieser Kalegorie in Verbindung gabracht wird und

eine Benutzung, eine Aussleliung ader andere MaBnahmen bezieht diese Verbindung fiir einen Fachmann naheliegend st

"' Verdlienllichung, die vor dem internalionalen Anmeldedalum, aber nach

dem beanspruchien Priorilatsdalum verditeniticht warden isi "&* Veraffentlichung, die Milglied derselben Palentfamilie ist

Dalum des Abschlusses der Infernafignalzn Recherche Absendedatum des internallanalen Recherchenberichis
23. September 2009 05/10/2009
Name und Poslanschrilt der Internationaten Recherchenbehiérde Bevollméchiigter Bedienstater

Européisches Patantaml, P.B, 5818 Palentiaan 2
NL —2280.HV Bijswilk

Tel. {+31-70) 340-2040, A p
Fax: (+31—»7t}))340—'3016 . Bakos, Tamas

Formblati PCTASA/210 (Blatl 2) {April 2005) .
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INTERNATIONALER RECHERCHENBERICHT

Internaticnales Akienzelchen

PCT/DE2009/000701

C. (Fortsetzung) ALS WESENTLICH ANGESEHENE UNTERLAGEN

Kalegorie®

Bezelchnung der Verdifentiichung, soweit edordedich unler Angaba der in Betracht kormmenden Teile

Belr. Anspnsch Nr.

A

WO 02/074015 A (UNIV PRINCETON [USI; UNIV.
SOUTHERN CALIFORNIA [US]; THOMPSON MARK E -
[) 19. September 2002 (2002-09-19)
Seite 14, Zeile 7 - Seite 15, Zeiie 1
Seite 16, Zeile 8 - Seite 19, Zeile 1;
Abbildungen 1,4

US 2008/074038 Al (KIM HEE-KYUN& [KRI; v
TAMURA SHINICHIRO [KR]; RAGINI DAS

RUPASREE [KR];) 27. Mirz 2008 (2008-03-27)
Absatze [0066] - [0088]; Abbildung 3;
Tabetle 2

1-15

1-15

el
e

Farmblayt FCTHSA/210 (Farlsolzung vor Bla#l 2) {April 2005)
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INTERNATIONALER RECHERCHENBERICHT

Intemationales Aklenzeichen
Angaben zu Verdfentlichungen, dle 2ur selben Palentfamilis gehdran

PCT/DE2009/000701
Im Recherchenberlcht Datum der Mitglied(er) dar Dalum der
angefithries Patentdokument Verdifantlichung Fatentfamilie Vardffgntiichung
US 2008116536 Al 22-05-2008 AU 2007322040 Al 29-05-2008
: CA 2670466 Al 29-05-2008
EP 2089921 A2 19-08-2009
W0 2008063519 A2 29-05-2008
Us 2002101154 Al 01-08-2002 CN 1378409 A 06-11-2002
CN 101159318 A 09-04-2008
KR 20020064217 A 07-08-2002
S6 118110 Al 27-01-2006
TW 520614 B 11-02-2003
US 2009096369 Al 16-04-2009
US 2007228362 Al 04-10-2007
Us 2006068223 Al 30-03-2006 KEINE
WO 02074015 A 19-09-2002 AU 2002306698 Al 24-09-2002
CN 1535483 A 06-10-2004
EP 1374320 A2 02-01-2004
JP 2004526284 T 26-08-2004
TW 540252 B 01-G7-2003
Us 2008074038 Al 27-03-2008 KR 20080028212 A 31-03-2008

Fommblall PCT/IEA210 (Anheng Patentfamiliz) (Apnl 2005)
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WO 2009/143807 At IO A AOAD 0 AR N

(19) Weltorganisation fiir geistiges Eigentum

(43) Internationales Verdffentlichungsdatom

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

Internationales Biiro

3. Dezember 2009 (03.12.2009)

SO\ | O O O A

(10) Internationale Verdffentlichungsnummer

WO 2009/143807 Al

E1Y)

@1
22

(25)
(26)
(30)

0

(72)
(73)

Internationale Patentklassifikation:
HQIL 51/50 (2006.01)
Internationales Aktenzeichen: PCT/DE2009/000701
Internationales Anmeldedatum:
18. Mai 2009 (18.05.2009)

Einreichungssprache: Deutsch
Veriffentlichungssprache: Deutsch
Angaben zur Prioritiit:
10 2008 025 920.9 30. Mai 2008 (30.05.2008) DE
10 2008 039 361.4

22. Aungust 2008 (22.08.20608) DE

Anmelder (fiir alle Bestimmungsstaaten mit Ausnahme
von  US): OSRAM OPTO SEMICONDUCTORS
GMBH [DE/DE]; Leibnizstrassc 4, 93055 Regensburg
(DE).

Erfinder; und

Erfinder/Anmelder (ur fiir US): SCHMID, Giinter
[DE/DE]; Lange Strafe 13, 91334 Hemhofen (DE).
KRAUSE, Ralf [DE/DE]; Wichernstrale 14/707, 91052
Erlangen (DE). SEIDEL, Stefan {DE/DE]; Tulpenstralie
2, 93098 Mintraching (DE). WEISS, Oliver [DE/DE];
SchulstraBe 1, 69221 Dossenheim (DE). GARDITZ,
Christoph [DE/DE]; Bischof-Konrad-Sir. 2, 93051 Re-
gensburg (DE). SUHONEN, Riikka [FI/DE]; Palmsanla-

74)

(81)

84

ge 4a, 91054 Erlangen (DE). NIEDERMEIER, Ulrich
[DE/DE]; Oberwalting 61, 94339 Leiblfing (DE). KOZ~
LOWSKI, Fryderyk [PL/DE]; Wiirzburger Ring 31,
91056 Brlangen (DE). -

Anwalt: EPPING HERMANN FISCHER PATENT-
ANWALTSGESELLSCHAFT MBH; Ridlerstrasse 55,
80339 Miinchen (DE).

Bestimmungsstaaten Soweit nicht anders angegeben, fiir

Jede verfiigbare nationale Schutzrechtsars). AE, AG, AL,
AM, AQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY,
BZ, CA, CH, CN, CO, CR, CU, CZ, DK, DM, DQ, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, L§, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL NO,
NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, 8D, S5G
SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

Bestimmungsstaaten (soweit nicht anders angegeben, fiir
Jede verflighare regionale Schutzrechtsart). ARIPO (BW,
GH, GM, KE, LS, MW, MZ, NA, 3D, 5L, SZ, TZ, UG,
ZM, ZW), eurasisches (AM, AZ, BY, KG, KZ, MD, RU,
TI, TM), europiisches (AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI,

SE, 8G,
TZ, UA,

[Fortsetzung auf der ndchsten Seite]

(54)
(54)

Title: ELECTRONIC DEVICE
Bezeichnung: ELEKTRONISCHE VORRICHTUNG
Fig. 2
LUMO 1 di
LUMD A
MO .
LUMO
d3
HOMD
HOMOD e — B
HOMO
HOMO T d2
30N 308 30A 30E

¢(57) Abstract: An electronic device is specified, comprising a substrate, a first electrode, at least one organic functional layer and
a second electrode. The organic functional layer comprises a first (30W), a second (30B) and a third matrix material (30A), whe-
rein the first matrix material (30N) has a larger band gap than the second (30B) and the third matrix material (30A),

(57) Zusammenfassung: Es wird eine elektronische Vorrichtung, umfassend ein Substrat, eine erste Elektrode, zumindest eine or-
ganische, fimklionelle Schicht und eine zweite Elekirode angegeben. Die organische, fimktionelle Schicht wmifasst ein crstes
(30W), ein zweites (30B) und ein drittes Matrixmaterial (30A), wobei das erste Matrixmaterial (30N) eine grissere Bandlicke als
das zweile (30B) und das dritte Matrixmaterial (30A) aufweist.
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PATENT COOPERATION TREATY

PCT

SECOND AND SUPPLEMENTARY NOTICE
INFORMING THE APPLICANT OF THE
COMMUNICATION OF THE INTERNATIONAL
APPLICATION {TQ DESIGNATED OFFICES
WHICH APPLY THE 30 MONTH TIME

WO 2009/143807

PCT/DE2009/000701

From the INTERNATIONAL BUREAU

To:

EPPING HERMANN FISCHER
PATENTANWALTSGESELLSCHAFT MBH
Ridlerstrasse 55

80339 Minchen

LIMIT UNDER ARTICLE 22(1)) ALLEMAGNE

(PCT Rule 47.1(c))

Date of mailing (day/month/year)
30 September 2010 (30.08.2010)

Applicant's or agent's fite reference

P2008,0812W0 IMPORTANT NOTICE
International application No. International filing date (day/month/vear) Priority date (dawmonth/vear)
PCT/DE2009/000701 18 May 2009 (18.05.2009) 30 May 2008 (30.05.2008)
Applicant

OSRAM OPTO SEMICONDUCTORS GMEH et al

1. ATTENTION: For any designated Office(s), for which the time limit under Article 22(1), as in force from 1 April 2002 (30 months
from the priority date), does mot apply, please see Form PCT/IB/308(First Notice) issued previously.

2. Notice is hereby given that the following designated Office(s), for which the time limit under Article 22(1), as in force from 1 April
2002, dees apply, has/have requesied that the communication of the international application, as provided for in Arlicle 20, be
effected under Rule 93bis.1. The International Bureau has effected that communication on the date indicated below:

03 December 2009 (03.12.2009)

AU, AZ, BY, CN, CO, DZ, EP, HU, KG, KP, KR, MD, MK, MY, MZ, NA, NG, PG, RU, 8Y, TM, US

In accordance with Rute 47 (c-bis)(i), those Offices will accept the present notice as conclusive evidence that the communication of
the international application has duly taken place on the date of mailing indicated above and no copy of the international application
is required to be firnished by the applicant to the designated Office(s).

3. The following designated Offices, for which the time limit under Article 22(1), as in force from 1 April 2002, does apply, have not
rRequestegi, as at the time of mailing of the present notice, that the communication of the international application be effected under
ule 93bis.1 .

AE, AG, AL, AM, AO, AP, AT, BA, BB, BG, BH, BR, BW, BZ, CA, CH, CR, CU, CZ, DK, DM, DO, EA, EC, EE, EG,
ES FI GB, GD, GE, GH, GM, GT, HN, HR, ID, IL, IN, {8, JP, KE, KM, KN, KZ, LA, LC, LK, LR, LS, LT, LY, MA,
ME, MG, MN, MW, MX, NI, NO, NZ, OA, OM, PH, PL, PT, RO, RS, SC, Sb, SE, 8G, SK, SL, SM, 8T, 8V, TJ, TN,
TR, TT, UA, UZ, VC, VN, ZA, ZM, ZW

In accordance with Rule 47.1¢c-bis)(ii), those Offices accept the present notice as conclusive evidence that the Contracting State for
which that Office acts as a designated Office does not require the furnishing, under Article 22, by the applicant of a copy of the
international application.

4, TIME LIMITS for entry into the national phase

For the designated or elected Office(s) listed above, the applicable time limit for entering the national phase will, subject to what is
said in the following paragraph, be 30 MONTHS from the priority date.

In practice, time limits other than the 30-month time limit will continue to apply, for various periods of time, in respect of certain
of the designated or elected Office(s) listed above. For regular updates on the applicable time limits (30 or 31 months, or other
time limit), Office by Office, refer to the PCT Gazette, the PCT Newsletter and the PCT Applicant’s Guide, Volume I, National
Chapters, all available from WIPO’s Internet site, at hitp://www.wipo.int/pct/en/index.html.

It is the applicant's sole responsibility to monitor all these time limits.

Authorized officer

Agnes Wittmann-Regis

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Facsimile No. +41 22 338 82 70

e-mail: pt06.pet@wipo.int

Form PCT/TB/30}8{8econd and Supplementary Natice) (January 2004)

SDC EX. 1002 - 56/325



PATENT COOPERATION TREATY PCT/DE2009/000701

From the INTERNATIONAL BUREAU

PCT

NOTIFICATION CONCERNING EPPING HERMANN FISCHER

SUBMISSION OR TRANSMITTAL PATENTANWALTSGESELLSCHAFT MBH
OF PRIORITY DOCUMENT Ridlerstrasse 55
80338 Minchen
ALLEMAGNE

(PCT Administrative Instructions, Section 411}

Date of mailing {dav/month/year)
29 September 2009 (29.09.2009)
Appﬁggéocg zaggflt Zﬁ‘gﬂf&m@ IMPORTANT NOTIFICATION
International application No. International filing date (day/month/year)
PCT/DE2009/000701 18 May 2009 (18.05.2009)
International publication date (day/monthivear) Priority date (day/month/vear)
Not yet published 30 May 2008 (30.05.2008)
Applicant

OSRAM OPTO SEMICONDUCTORS GMBH et al

1. By means of this Form, which replaces any previously issued notification conceming submission or transmittal of priority
docurnents, the applicant is hereby notified of the date of receipi by the International Bureau of the priority documeni(s) relating to
al earlier application(s) whose priority is claimed. Unless otherwise indicated by the letters “NR", in the right-hand column or by an
asterisk appearing next to a date of receipt, the priority document concerned was submitted or transmitted to the International Burean
in compliance with Rule 17.1(a) or (b).

2. (If applicable) The letters “NR" appearing in the right-hand column denote a priority document which, on_the date of mailing of
this Form, had not yet been received by the International Bureau under Rule 17.1(a) or (b). Where, under Rule 17.1{a), the
priority document must be submitted by the applicant to the receiving Office or the International Bureau, but the applicant fails to
submit the priority document within the applicable time limit under that Rule, the attention of the applicant is directed to Rule
17.1{c} which provides that no designated Office may disregard the priority claim concerned before giving the applicant an
opportunity, upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the
circumstances.

3. (If applicable)An asterisk (*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b) (the priority document was received
after the time limit prescribed in Rule 17.1(a) or the request to prepare and transmit the priority document was submitied to the
receiving Office after the applicable time limit under Rule 17.1(b)). Even though the priority document was not furnished in
compliance with Rule 17.1(a) or (b), the International Burean will nevertheless transmit a copy of the document to the designated
Offices, for their consideration. In case such a copy is not accepted by the designated Office as the priority document, Rule 17.1(c)
provides that no designated Office may disregard the priority claim concemed before giving the applicant an opportunity, upon entry
into the national phase, to furnish the priority document within a time limit which is reasonable under the circumstances.

Priority date Priority application Ne. Country or. regional Office Date of receipt
. or PCT receiving Office of pricrity document
30 May 2008 (30,05.2008) 10 2008 025 920.9 DE 25 Septernber 2009 (25.09.2009)
22 August 2008 (22.08.2008) 10 2008 039 361.4 DE 16 September 2009 (16.08.2008)
The International Bureau of WIPQO Authorized officer
34, chemin des Colombettes . .
1211 Geneva 20, Switzerland Agnes Wlttmann—Regls
e-mail PT06.PCT@WIPO.INT
Facsimile No. +41 22 338 82 70 Telephone No. +41 22 338 74 06
Form PCT/IB/304 (October 2005) 1/DT7I31SVBO
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VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM
GEBIET DES PATENTWESENS

Absender: INTERNATIONALE RECHERCHENBEHORDE

An;

PCT

SCHRIFTLICHER BESCHEID DER

siehe Formular PCTASAR20

INTER_NATIONALEN
RECHERCHENBEHORDE
(Regel 43bis.1 PCT)
Absendedatumn
(TagMonatiiahr) siehe Formular PCTASAS
210 (Blatt 2)
Aktenzeichen des Anmelders oder Anwalis 'WEITERES VORGEHEN
siehe Formular PCTASAZ20 siehe Punki 2 untien

Inlernationales Aklenzseichen

Internationales Anmeldedatum (TagMonatiahr)

Prioritatsdatum (TagMonatdahr)

PCT/DE2009/000701 18.05.2009 30.05.2008
Internationale Pateniktassifikation (IPC) oder nationale Klassiiikation und IPC
INV. HO1L5150
Anmelder
OSRAM OPTO SEMICGONDUCTORS GMBH
- 1. Dieser Bescheid enth#lt Angaben zu folgenden Punkien:
Feld'Nr. | Grundlage des Bescheids
[1 FeldNr. i Prioritat
[] FeldNr. i Keine Erstellung eines Gutachtens fber Neuheit, erfinderische Titigkeit und gewsarbliche
Anwendbarkeit
O FeldNr. IV Mangelnde Einheitiichkeit der Erfindung
Feld Nr. ¥V  Begriindete Feststellung nach Regel 43bis.1 a) i} hinsichtlich der Neuhzit, der erfinderischen

dieser Feststellung
Feld Nr, VI Bestimmle angeflinrte Unterlagen

2.  WEITERES VORGEHEN

Wesitere Optionen sishe Formblali PCTASAR20,

Tatigheit und der gewerblichen Ariwendbarkeit; Unterlagen und Erklirungen zur Stitzung

|
0O Feld Nr. VIl Bestimmte Mangel:der Internationalen Anmeldung
O Feld Nr. Vil Bestimmte Bemerkungen zur internationalen Anmeldung

Wird ein Antrag auf internationale vorliufige Prilfung gesteill, so gilt dieser Bescheid als schrittlicher Bescheld der
mit der internationalen vorlaufigen Prifung beauftragten Bshdrde {"IPEA"); dies tiiffi nicht zu, wenn der Anmelder
eine andere Behbrde als diese als/IPEA wahil und die gewahits IPEA dem Internationale Blro nach Regel 66.1bis b)
mitgeteilt-hat, dass schrifiliche Bescheide dieser Iniernationalen Recherchenbehdrde nicht anerkannt werden.

Wenn dieser Bescheid wie oben vorgesehen als schrifilicher Beschaid der IPEA gill, so ist der Anmalder
aufgefordert, bei der IPEA vor Ablauf von 3 Monaten ab-dem Tag, an dem tdas Formblatt PCTASAZ20 abgesandt
wurde oder vor Ablauf von 22 Monalen ab dem Priorititsdatum, je nachdem, welche Frist spéier ablauft, eine
schriftliche Stellungnahme und, wo dies angebracht ist, Anderungen einzureichen.

. 3. Nihere Einzelhaiten siche die Anmerkungen zu Formblatt PCTASA/220.

Name und Postanschrift der
Internationalen Recherchenbehérde

Eurapéaisches Patentarnt
Q) P.B. 5818 Patentlaan 2
NL-2280 HV Hijswijk - Pays Bas
—— Tel 331 70 340 - 2040
Fax: +31 70 340 - 3016

Datum dér Fertigsiellung
dizses Bescheids

siehe Farmular
PCTISARI0

Bevollmachiigter Bediensteter

.r“ S lenu”, .’b

3 : )} i

Bakos, Tamds ] 0) 7
Tel. +31 70'340-4818 e

Formblatt PCTASAZ37 {Declblatt) (April 2005)
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SCHRIFTLICHER BESCHEID DER . Internationales Aktenzeichen
INTERNATIONALEN RECHERCHEBEHORDE PCT/DE2009/000701

Feld Nr. | Grundlage des Bescheids

1. Hinsichtlich der Sprache beruht der Bascheid auf
der internationalen Anmeldung in der Sprache, in der sig ein_gereicht wurde
O  einer Dberset_zung der internationalen Anmeldung in die folgende Sprache , bei der es sich um die
Sprache. der Ubersetzung handelt, die fir die Zwecke der internationalen Recherche gingereicht worden ist
(Regeln 12.3 a) und 23.1 b)).

2. O Dieser Bescheid wurde erstelit-unter Bertcksichtigung der Berichtigung gines offensichtiichen Fehlers,
die nach Regel 91 von dieser Behdrde genehmigt wurde bzw. dieser Behdrde mitgetsilt wurde {Ragel

43his.1 a)).

3. Hinsichtlich der Nucleotid- und/oder Aminosauresequenz, die in der internationalen Anmeldung offenbart
wurde und fiir die beanspruchte Erfindung erforderlich ist, ist der Bescheid auf folgender Grundlage erstelit
warden:

a. Art des Materials:
O Seguenzproiokoll
3 Tabelle(n) zum Sequenzprotoko!l
b. Form des Materials:
O  in Papierform
[0 in elektronischar Farm
c. Zeitpunkt der Einrgichung;
[0 in der eingereichten infernationalen Anmélc{ung enthalten
0 zusammen mit der internationaten Anmeldung in elektronischer Form eingereicht
[0 bei der Beh@rde nachtraglich flir die Zwecke der Recherche gingereicht
4. 1 Wurden mehr als eine Version oder Kopie eines Sequenzpratokoils undoder siner dazugehdrigen Tabelle
eingereicht, so sind zusaizlich die erforderlichen Erklarungen, dass die Information in den nachgereichten
oder zusatzlichen Kopign mit der information in der Anmeidung in der eingergichten Fassung dbereinstimmt

bzw. nicht Gber sie hinausgeht, vorgelegt worden.

5. Zusiizliche Bemerkungen:

Formblatt PCTASA/ 237 {April 2007)
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SCHRIFTLICHER BESCHEID DER . ‘ Internationales Aktenzeichen
INTERNATIONALEN RECHERCHEBEHORDE PCT/DE20038/000701

Feld Nr. V  Begriindete Feststellung nach Regel 43bis.1 a) i) hinsichtlich der Neuheit, der
erfinderischen Tatigkeit und der gewerblichen Anwendbarkeit; Unterlagen und Erklarungen zur
Stiitzung dieser Feststellung

1. Festsisliung

Neuheit : Ja:  Anspriiche 2.4.5.8-12,1415
MNein: Anspriiche 136,713

Erfinderische Tatigkeit Ja:  Anspriche 2.4.58-11,14.15
Nein: Anspiiiche 13,6.7.12,13

Gewerbliche Anwendbarkait Ja:  Anspriche: 1-15
Nein: Anspriiche:

2. Unterlagen und Erkl&rungen:

siehe Beiblatt

Formblatt PCTASA/ 237 {April. 2007)
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SCHRIFTLICHER BESCHEID Internationales Aktenzeichen
DER INTERNAT[OI_‘_«IALEN
RECHERCHEBEHORDE (BEIBLATT) PCT/DE2009/G00701

Zu Punkt V.

1. Es wird auf das folgende Dokument verwiesen:
D1 US 200871 '116536'\'1{961 (FORREST STEPHEN R [US]; YANG FAN [US]) 22. Mai
2008 (2008:05-22)

2  UNABHANGIGER ANSPRUCH 1

2.1 Die vorliegende Anmeldung erflllt nicht die Erfordernisse des Artikels 33(1) PCT, weil
der Gegenstand des An'spruchs 1 im Sinne von Artikel 33(2) PCT nicht neu ist.
Dokument D1 offenbart (die Verweise in Klammern beziehen sich auf dieses
Dokument):

- eine elektronische Vorrichtung, umfassend

- gin Substrat (D1: Abb. 9a, Bezugszeichen 110),

- gine erste Elekirode (D1: Abb. 9a, Bezugszeichen 120},

- zumindest eine organische, funktionelle Schicht (D1 Abs. 19,81-83, Abb. 9h,
Bezugszeichen 853a-d), und

- gine zweite Elekirode (D1: Abb. 9h, Be_zugszelchen 170},

- wobei die zumindest eine cjr_ganische, funktionelle Schicht zwischen der ersten
Elektrode und der zweiten Elektrode angeordnet ist und wobei die zumindest eine
organische, funkiionelle Schicht mindestens ein erstes Matrixmaterial (D1: Abs. 81, 126,
Abb. 9h, Bezugszeichen 953a und Abb. 19, Donormaterial CuPc ), ein zweites
Matrixmaterial (D1: Abs. 81, 126, Abb. Sh, Bezugszeichen 953b und Abb. 19,
Sensibilisator SnPc) und ein drittes Matrixmaterial (D1: Abs. 81, 126, Abb. 9h,
Bezugszeichen §563¢ und Abb. 18, Akzeptormaterial C) aufweist

- und das dritte Matrixmaterial ein Lowest Unoccupied Molecular Orbital (LUMO), das
energetisch niedriger als das LUMO des zweiten Matrixmaterials und das LUMO des
ersten Matrixmaterials ist, und wobei das zweite Matrixmaterial ein Highest Occupied
Molecular Orbital (HOMO), das energetisch hdher als das HOMO des ersten
Matrixmaterials und das HOMO des dritten Matrixmaterials ist, aufweist (D1: Abb. 19).

2.2 Falglich ist der Gegenstand des Anspruchs 1 nicht neu (Art. 33(2) PCT).

Formblatt PCTASA/237 (Beiblatt) (Blatt 1) (EPA-April 2005)
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SCHRBIFTLICHER BESCHEID Internationales Akienzeichen
DER INTERNATIOI}IALEN _
RECHERCHEBEHORDE (BEiBLATT) PCT/DE2009/000701

3  UNABHANGIGER ANSPRUGCH 14

Das Dokument D1 wird als néchstliegender Stand der Technik gegenliber demn
Gegenstand des Anspruchs 14 angesehen. Es offenbart ein Verfahren zur Hersteliung
einer elektronisehen Vorrichtung geméaB z.B. Anspruch 1 (siehe D1: Abs. 81-83, Abb. 9a-
h) in dem die im Teil 2.1 erwahnte Bauteile mit herkbmmiichen Verfahrensschritten
nacheinander geformt werden. '

Der Gegenstand des Anspruchs 14 unterscheidet sich daher von dem aus D1 bekannten
Verfahren dadurch, daf die drei Matrixmateriale gleichzeitig aufgebracht werden.

Der Gegenstand des Anspruchs 14 ist somit neu (Artikel 33{2) PCT).

Die in Anspruch 14 der vorliegenden Erfindung zu |6sende Aufgabe kann somit darin
gesehen werden, eine elektronische Vorrichtung mit einem beliebigen Verhiltnis zwischen
Loch- und Elekironentransport zu schaffen.

Die in Anspruch 14 der voriiegenden Anmeldung filr diese Aufgabe vorgeschlagene
Lésung beruht aus den folgenden Griinden auf einer erfinderischen Tétigkeit (Artike! 33(3)
PCT):

Nach Dokument D1: Abs. 26,81-83 missen die drei Matrixmateriale (D1: Abb. 9h,
Bezugszeichen 953a-c) nacheinander abgeschieden werden um die drei Matrizen der
Nanokristalle Abb. 9h: Bezugszeichen 953a-c formen zu kénnen. Ein gleichzeitiges
Abscheiden der drei Matrixmaterialen wiirde den Wachstum der Kristalle zerstéren.
Folglich'wirde der Fachmann die obige Matrixmateriale nicht gleichzeitig aufbringen.

Der Anspruch 15 ist vorn Anspruch 14 abh#ngig und erfillit damit ebenfalls die
Erfordernisse des PCT in bezug auf Neuheit und erfinderische Tatigkeit.

4  ABHANGIGE ANSPRUCHE 3,6,7,12,13

Formblatt PCT/SA/237 (Beiblatt) (Blatt 2) {(EPA-April 2005)
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Die Anspriiche 3,6,7,12,13 enthalten keine Merkmale, die in Kombination mit den
Merkmalen irgendeines Anspruchs, aufden sie sich beziehen, die Erfordernisse des
PCT in Bezug auf Neuheit bzw. erfinderische Tatigkeit erfilien. Die Griinde dafir sind
die folgenden: '

4.1 Dokument D1: Abs. 19-21,81-83,126, Abb. 9a-h,19 offenbart auch den Gegenstand
der Anspriche 3,6,7,13. Folglich ist der Gegenstand der Anspriiche 3,6,7,13 nicht neu
{Art. 33(2) PCT).

4.2 Esist bekannt, das organische Solarzellen und organische lichtemittierende Dioden
(OLED) denselben Aufbau haben, und durch Anlegen einer Spannung mit
enigegengesetzier Polaritat kdnnen die Solarzelien (wie z.B.,in D1: Abb. 10} als eine
OLED betrieben werden. Folglich kann der Gegenstand des Anspruchs 12 nicht als
erfinderisch betrachtet werden (Art. 33(3) PCT).

5 ABHANGIGE ANSPRUCHE 2,4,5,8-11
Die in den abhangigen. Anspriichen enthaltene 2,4,5,8-11 Merkmalskombination ist
aus dem vorliegenden Stand der Technik weder bekannt, noch wird sie durch ihn
nahegelegt. Die Grunde dafiir sind die folgenden:

5.1 In der farbstoffsensibilizierten Solarzelle von D1: Abb. 9h spielt das erste
Matrixmaterial die Rolle des Donors (es kann als Lochiransportmaterial angesehen
werden), das zweite Matrixmaterial die Matrixmaterial die Rolle des Sensibilisators, und
das dritte Malrixmaterial die Rolle des Akzeptors (es kann als Elekironentransporimaterial
angesehen werden). Dem Fachmann ist es-aus dem vorliegenden Stand der Technik nicht
naheliegend diese Materiale so zu &ndern, dass eine elektronische Vorrichtung mit den in
den Anspriichen 2,4,5,8-11 beschriebenen Bandstrukiur oder Funktion gebaut werden
kbnnte.

Formblait PCT/SA/237 (Beiblatl) (Blatt 3). (EPA-Apsil 2005)
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Mogliche Schritte nach Erhalf des internationalen Recherchenberichts (1 SR) und des
schriftlichen Bescheids der I nternationalen Recherchenbehdrde (WO-1SA)

Allgemeine Zu allen am oder nach dem 1.1.2004 eingereichien internationalen Anmeldungen

Hinweise erstellt die zustdndige internationale Recherchenbehtrde (ISA) zusammen mit dem
internationalen Recherchenbericht (ISR) einen schrifilichen Bescheid (WO-18A), Anders
als der friihere schriftliche Bescheid der mit der internationalen vorldufigen Pritfung
beauftragten Behtrde {IPEA) (Regel 66.2 PCT) muB der WO-ISA vom Anmelder nichi
beantwortet werden, sondern wird lediglich im weiteren Verfahrensverlauf
beriicksichtigi. In diesem Dokument werden die méglichen Schritte erlauiert,

Anderung der innerhalb von 2 Monaten nach dem Datum der Absendung des 1SR und des WO-1SA
Anspriiche geméaB kann der Anmelder gemén Artikel 19 PCT unmittelbar beim Iniernationalen Biiro
Artikel 19 PCT der WI PO ge&nderte Anspriiche einreichen. An diesem Verfahren hal sich durch die
PCT-Reform im Jahr 2004 nichts gednderi, Nahere Informationen sind Regel 46 FCT
sowie dem Formblatt PCT/ISA220 und den Anmerkungen zu diesem Formblatt zu

entnelimen.
Antrag auf Crundsétzich gilt der WO-1SA als schrifilicher Bescheid der |PEA. Daher diirfte es in
internationale vielen Fallen nicht notwendig sein, einen Anirag auf internationale vorlaufige Priifung zu
vorlaufige stellen. Wiinscht der Anmelder dies dennach, so ist der Antrag vor Ablauf einer Frisi
Prifung von 3 Monaten ab dem Tag an dem ISR/ WO-18A (ibermitielt werden, oder

von 22 Monaten ab dem Prioritatsdatum zu stellen, je nachdem, weiche Frist
spéter ablduft (Regel-54bis PCT). Anderungen nach Artikel 34 PCT kdnnen wie bisher
bei der |FEA eingereichl werden, normalerweise bei Antragstellung (Regel 68.1 b) PCT).

Wurde eine internationale vorlgufige Priifung beantragt und wurden keine Stellungnah-
men/Anderungen eingereicht, so wandelt die IPFA den WO-1SA in einen |PRP {interna-
tionaler vorlaufiger Bericht zur Patentfihigkeii) um, der im Wesentlichen den inhalt des
WO-ISA wiederspiegelt. Die Zurlicknahme des Anirags auf iniernationale vorldufige
Prifung ist immer noch méglich (Artikel 37 PCT).

~ Einreichung einer Nach Erhalt des [SR/'WO-1SA kann der Anmelder unmittelbar beim | niernationalen
informeilen Biro der WIPO informell zum WO-1SA Steflung nehmen. Diese Steilungnahme wird
Steliungnahme den Bestimmungs@mtern zusammen mit dem |PRP (internationaler vorlaufiger Bericht
zur- Patentfahigkeit) nach Ablauf von 30 Monaten ab dem Prioritétsdatum {bermitielt.

Siehe auch nifichster Abschnitt.

Ende der Am Ende der internationalen Phase wandeli das Internationale Biiro der WIPO den WO-
internationalen ISA (oder, wenn ein Prifungsanirag gesteli wurde, den schriftlichen Bescheid der
Phase IPEA) in einen IPRP um, der dann ggf. mil der informellen Stellungnahme den

Bestimmungsédmtern {ibermittelt wird. Der IPRP ersetzt den Friiheren |PER
{internationaler vorlaufiger Prifungsbericht).

Einschlagige PCT- Regel 43 PCT, Regel 43bis PCT, Reget 44 PCT, Regel 44bis PCT, PCT Newslstier
Regein & weitere 12/2003, ABL 11/2003, ABI. 12/2003 .

Informations-

quellen

ENSDOCID: <X 200704010CM_1_>
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(57) Abstract: An electronic device is specified, comprising a substrate, a first electrode, at least one organic functional layer and
a second electrode. The organic [unctional layer comprises a [irst (30W), a second (30B) and a third matrix material (30A), whe-
rein the first matrix material (30N) has a larger band gap than the second (30B) and the third matrix material (30A).

(57) Zusammenfassung: Es wird eine elektronische Vorrichtung, umfassend ein Substrat, eine erste Elektrode, zumindest eine or-
ganische, funktionelle Schicht und eine zweite Flektrode angegeben. Die organische, funktionelle Schicht umfasst ein erstes
(30W), ein zweites (30B) und ein drittes Matrixmaterial (30A), wobei das erste Matrixmaterial (30N) eine grossere Bandliicke als
das zweite (30B) und das dritte Matrixmaterial (30A) aufweist.

SDC EX. 1002 - 70/325



WO 2009/143807 A1 IO AN0 00T 00T 0

SK, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,  _ vor Ablauf der fiir /fnderungen der Anspriiche geltenden

GW, ML, MR, NE, SN, 1D, TG). Frist; Verdffentlichung wird wiederholt, falls Anderun-
Verottentlicht: gen eingehen (Regel 48 Absatz 2 Buchstabe h)

—  mit internationalem Rechevchenbericht (Artikel 21 Absatz
3)

SDC EX. 1002 - 71/325



WO 2009/143807 PCT/DE2009/000701

Beschreibung
Elektronische Vorrichtung

Die Erfindung betrifft eine Elektronische Vorrichtung und ein

Verfahren zur Herstellung einer elektronischen Vorrichtung.

Diese Patentanmeldung beansprucht die PrioritAten der
deutschen Patentanmeldung 10 2008 025 920.9 und der deutschen
Patentanmeldung 10 2008 039 361.4, deren Offenbarungsgehalte

hiermit durch Rickbezug aufgenommen werden.

Elektronische Vorrichtungen, wie beispielsweise organische
Leuchtdioden (OLEDs), bestehen aus einer Abfolge mehrerer
funktioneller organischer Schichten. Emissionsschichten
weisen dabei ein Matrixmaterial auf, welches mit
Emittermolekilen dotiert wird. In der Emissionsschicht werden
Exzitonen durch Rekombination von Elektronen und ,Ld&chern®
gebildet, die zur Lichtemission fihren. Um eine hohe
Effizienz der elektronischen Vorrichtung zu erhalten, ist das
Verhaltnis zwischen Elektronen und ,Ld&chern“, die in der
Emissionsschicht transportiert werden, entscheidend. Ein
nicht ausgeglichenes Verhdltnis zwischen Loch- und
Elektronentransport resultiert in einer geringen

Strahlungseffizienz der Vorrichtung.

Aufgabe der Erfindung ist es, eine elektronische Vorrichtung
bereitzustellen, die einen verbesserten
Ladungstragertransport und eine verbesserte Ladungstriger-
balance in den organischen Schichten und damit eine erhd&hte
Effizienz aufweist. Eine weitere Aufgabe der Erfindung ist
es, ein Verfahren zur Herstellung einer elektronischen

Vorrichtung bereitzustellen. Diese Aufgaben werden durch eine
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elektronische Vorrichtung gemdff Anspruch 1 und einem

Verfahren zur Herstellung der elektronischen Vorrichtung
gemaff Anspruch 12 geldst. Weitere Ausfilhrungsformen der
Vorrichtung und des Verfahrens sind Gegenstand weiterer

Anspruche.

Gemafs einer Ausfihrungsform wird eine elektronische
Vorrichtung bereitgestellt, die ein Substrat, eine erste
Elektrode, zumindest eine organische, funktionelle Schicht
und eine zweite Elektrode umfasst, wobei die zumindest eine
organische funktionelle Schicht zwischen der ersten Elektrode
und der zweiten Elektrode angeordnet ist. Beispielsweise kann
die erste Elektrode auf dem Substrat, die zumindest eine
organische funktionelle Schicht auf der ersten Elektrode und
die zweite Elektrode auf der zumindest einen organischen,
funktionellen Schicht angeordnet sein. Die zumindest eine
organische, funktionelle Schicht weist mindestens ein erstes
Matrixmaterial, ein zweites Matrixmaterial und ein drittes
Matrixmaterial auf, wobei das dritte Matrixmaterial ein
Lowest Unoccupied Molecular Orbital (LUMO), das energetisch
niedriger als das LUMO des zweiten Matrixmaterials und das
LUMO des ersten Matrixmaterials ist, und wobei das zweite
Matrixmaterial ein Highest Occupied Molecular Orbital (HOMO),
das energetisch hdéher als das HOMO des ersten Matrixmaterials
und das HOMO des dritten Matrixmaterials ist. Damit wird eine
elektronische Vorrichtung bereitgestellt, die mehr als zwei
verschiedene Matrixmaterialien in einer organischen
funktionellen Schicht umfasst. Dabei k&énnen drei verschiedene
Matrixmaterialien vorhanden sein, je nach Bedarf auch mehr

als drei.

Nach der Molekllorbitaltheorie sind in einem Molektil

verschiedene Molekiulorbitale mit verschiedenen Energieniveaus
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vorhanden, die von den vorhandenen Elektronen besetzt werden
kénnen. Diese Molekllorbitale werden nach zunehmendem
Energieniveau besetzt. Das LUMO ist das energetisch
niedrigste Molekllorbital, das nicht mehr mit einem Elektron
besetzt ist. Das HOMO ist das energetisch am hdéchsten
gelegene Molekiilorbital, das noch mit einem Elektron besetzt

ist.

Diese elektronische Vorrichtung weist einen verbesserten
Ladungstragertransport und eine verbesserte
Ladungstr&gerbalance in der organischen funktionellen Schicht
auf, und ein anpassbares Verhdltnis zwischen Loch- und
Elektronentransport. Das erste Matrixmaterial ist dabei so
gewahlt, dass es eine grofie Bandllicke, also die Differenz
zwischen HOMO und LUMO aufweist, beispielsweise so dass sein
HOMO energetisch unter dem HOMO der anderen beiden
Matrixmaterialien und sein LUMO energetisch tUber dem LUMO der

anderen beiden Matrixmaterialien liegt.

Weiterhin kann das erste Matrixmaterial ein LUMO aufweisen,
das energetisch hdher als das LUMO des zweiten
Matrixmaterials und das LUMO des dritten Matrixmaterials ist,
und ein HOMO, das energetisch niedriger als das HOMO des
zweiten Matrixmaterials und das HOMO des dritten

Matrixmaterials ist.

Weiterhin kann in der elektronischen Vorrichtung das zweite
Matrixmaterial ein LUMO, das energetisch hdher als das LUMO
des dritten Matrixmaterials ist, und ein HOMO, das
energetisch hdéher als das HOMO des dritten Matrixmaterials
ist, aufweisen. Damit kann das erste Matrixmaterial die
gréfsite Bandlicke zwischen HOMO und LUMO im Vergleich zum

zweiten und zum dritten Matrixmaterial aufweisen und das
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zweite Matrixmaterial weist eine Bandliicke auf, die zu der
Bandlicke des dritten Matrixmaterials energetisch verschoben
ist. Damit kdénnen auf dem LUMO des dritten Matrixmaterials
Elektronen transportiert werden, und auf dem HOMO des zweiten
Matrixmaterials Ld&cher transportiert werden, da diese
Energieniveaus jeweils am energetisch glinstigsten fur den

jeweiligen Ladungstransport sind.

Das erste Matrixmaterial kann in der elektronischen
Vorrichtung eine Ladungstrigermobiliti&t aufweisen, die
geringer ist als die Ladungstragermobilitit des zweiten und
des dritten Matrixmaterials. Das erste Matrixmaterial kann
ein Ultra Wide Band Gap (UGH)-Material sein, welcheg eine im
Vergleich zu den uUbrigen Matrixmaterialien groffe Bandlicke
aufweist. Dadurch kann es keinen Anteil am

Ladungstrédgertransport aufweisen.

Das zweite Matrixmaterial kann weiterhin ein
Lochtransportmaterial umfassen und das dritte Matrixmaterial

kann ein Elektronentransportmaterial umfassen.

Der Ladungstrigertransport, also der Lochtransport und der
Elektronentransport, hangt insbesondere von der Mobilitat der
Locher beziehungsweise der Elektronen in einem Material und
von der Lage der Energieniveaus HOMO und LUMO der
Matrixmaterialien ab. Das HOMO und LUMO eines Materials ist

dabei fur die Ladungstragerinjektion verantwortlich.

Zur Erzeugung eines Lochs in der Matrix, die sich aus den
drei Matrixmaterialien zusammensetzt, muss beispielsweise ein
Elektron aus dem HOMO entfernt werden, was bei einem
energetisch tief liegenden HOMO schwieriger ist als bei einem

energetisch hdéher liegenden. Somit ist das zweite
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Matrixmaterial, das ein hbher gelegenes HOMO als das dritte
Matrixmaterial aufweist, besser als Lochtransportmaterial
geeignet, als das dritte Matrixmaterial. Analoges gilt fur
die Erzeugung von Elektronen in LUMOs, die bei energetisch
tiefer gelegenen LUMOs energetisch beglinstigt ist. Somit
eignet sich das dritte Matrixmaterial, das ein niedrigeres
LUMO als das zweite Matrixmaterial aufweist, als

Elektronentransportmaterial.

Sind Lécher und Elektronen erzeugt, spielt weiterhin die
Mobilitat dieser Ladungstrager in dem Material eine Rolle. Je
nachdem, wie diese beiden Faktoren in einem Material
zusammenwirken, kann ein Matrixmaterial als Elektronen-
transportmaterial oder als Lochtransportmaterial dienen.
Dabei findet jeweils auch der Ladungstragertransport der
anderen Ladung statt, es Uberwiegt jedoch der Transport eines
Ladungstragers. Findet in einem Matrixmaterial kein
Ladungstragertransport statt, wie in einer Ausflhrungsform
der Erfindung in dem ersten Matrixmaterial, so kann das
entweder darauf zurickzufihren sein, dass keine Ladungstrager
erzeugt werden oder dass keine Mobilitdt der Ladungstriger
vorhanden ist. Neben dem ersten Matrixmaterial kénnen weitere
Matrixmateriaiien in der organischen, funktionellen Schicht
vorhanden sein, die nicht zum Ladungstrigertransport

beitragen.

Die Energieniveaus HOMO und LUMO eines Materials kd&nnen
gemessen werden, um geeignete Materialien flr erstes, zweites
und drittes Matrixmaterial auszuwidhlen. So kann das HOMO
eines Materials mittels Cyclovoltametrie bestimmt werden. Die
Bandlicke, also der energetische Unterschied zwischen HOMO
und LUMO kann weiterhin mittels Spektroskopie ermittelt

werden, bei der die Wellenl&nge des emittierten Lichts
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gemessen wird und daraus die entstandenen Exzitonen und die
Bandllcke berechnet wird. Das Energieniveau des LUMO wird
dann aus dem ermittelten HOMO und der Bandllicke berechnet.
Das HOMO kann alternativ auch mittels Photoelektronen-

spektroskopie ermittelt werden.

Die Mobilitat von Elektronen und Lé&chern kann von dem
Molekilabstand, also dem mittleren Abstand von
Ladungstragertransportierenden Molekiilen in dem jeweiligen
Matrixmaterial abhéngen. Somit spielt die Konzentration eines
Matrixmaterials in der Mischung mehrerer Matrixmaterialien
eine Rolle. Das erste Matrixmaterial, das im Vergleich zu dem
zweiten und dritten Matrixmaterial die grdfte Bandliicke und
die geringste Ladungstraégermobilitit aufweist, kann dazu
dienen, die Konzentration des zweiten und des dritten
Matrixmaterials getrennt voneinander einzustellen. Je nach
der gewdhlten Konzentration des zweiten und dritten
Matrixmaterials &ndern sich die Abstande zwischen den
jeweiligen Moleklilen. Der mikroskopische
Ladungstragertransport ha&ngt vom Molektilabstand der
Ladungstragertransportierenden Molekile in dem jeweiligen
Matrixmaterial ab, sodass sich durch die Einstellung der
Konzentration die MobilitaAt von Elektronen und Lé&chern in der
Matrix, die zumindest drei Matrixmaterialien aufweist,

getrennt voneinander absoclut einstellen l&sst.

Nach Miller und Abraham kann die Mobilitit folgendermafen

bestimmt werden:
Vij = voexp[-2ya(ARj4/a)]
In diesem Modell wird ein Festkdrper schematisch gesehen aus

den Platzen i und j aufgebaut, auf denen sich die
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Ladungstrager befinden kdénnen. Jeder Platz représentiert
einen lokalisierten Zustand. Der Transport eines
Ladungstragers zwischen den Platzen i und j wird durch einen
Widerstand Rj4 dargestellt. Die GréBe des
temperaturabhangigen Widerstands spiegelt dabei den

rdumlichen Abstand zwischen den Platzen und die bendtigte

Aktivierungsenergie'fﬁr den Ubergang wider. Der Parameter Y
steht fir den Abfall der elektronischen Wellenfunktion der

Ladungstrager, a ist der Parameter flir den durchschnittlichen

Gitterabstand. Die Phononenfrequenz vg gibt die Anzahl der
Versuche eines Ladungstragers aus einem lokalisierten Zustand
in einen anderen lokalisierten Zustand zu gelangen an, liegt
im Bereich von etwa 1013 s-1 und berticksichtigt die Starke

der Elektronenphononkopplung.

Die elektronische Vorrichtung kann weiterhin eine organische,
funktionelle Schicht aufweisen, die aus einer Gruppe
ausgewahlt ist, die Emissionsschichten,
Elektronentransportschichten, Lochtransportschichten,
Elektronenblockierschichten, Lochblockierschichten,
Lochinjektionsschichten, Elektroneninjektionsschichten und
Zwischenschichten umfasst. Mit Zwischenschichten werden
Schichten bezeichnet, die zwischen zwei Emissionsschichten
angeordnet sind. Je nachdem, was flr eine organische,
funktionelle Schicht ausgewdhlt wird, ké&énnen diese Schichten
noch zusatzliche Dotierstoffe enthalten. Die organische,
funktionelle Schicht kann eine Emissionsschicht sein und mit
zumindest einem Emittermaterial dotiert sein.
Emittermaterialien kdénnen kleine Moleklile oder Polymere
umfassen. Die Konzentration des Emittermaterials in einer
Emissionsschicht kann bis zu 10 Gew% betragen. Weiterhin kann
das Emittermaterial aufgrund der niedrigen Konzentration in

der Emissionsschicht nur eine geringe Ladungstrigermobilitat
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aufweisen und damit nur geringfiigig zum

Ladungstragertransport beitragen.

In der Emissionsschicht kdénnen auch zwei oder drei
Emittermaterialien vorhanden sein. Die Emittermaterialien
kénnen beispielsweise ausgewahlt sein aus dem grin
emittierenden Ir(ppy)i (Tris(2-phenylpyridin)iridium(III)),
dem rot emittierenden Ir(piqg)s: (Tris{(1l-

phenylisoquinolin) iridium(III)) oder dem blau emittierenden
Firpic (Bis(3,5-Difluoro-2-(2-pyridyl)phenyl- (2-
carboxypyridyl)iridium(III)).

Die Konzentrationen des Emittiermaterials und der
Matrixmaterialien in der organischen funktionellen Schicht
kénnen innerhalb der organischen funktionellen Schicht einen
Gradienten aufweisen. Damit kann beispielsweise die
Konzentration des Emittermaterials in einem ersten
Teilbereich der Schicht hdher sein als in einem zweiten

Teilbereich der Schicht.

Durch Verzicht auf die Dotierung mit Emittermaterialien
lassen sich Transport-, Zwischen- und Blockierschichten

herstellen.

In einer elektronischen Vorrichtung kénnen auch mehrere
organische, funktionelle Schichten vorhanden sein, wobei die
Schichten uhterschiedliche Funktionen oder gleiche Funktionen
aufweisen kdénnen. Beispielsweise kann eine elektronische
Vorrichtung eine Abfolge mehrerer funktioneller, organischer
Schichten aufweisen, die beispielsweise zusammengesetzt ist
aus einer Lochinjektionsschicht, einer Lochtransportschicht,
einer ersten Emissionsschicht, einer Zwischenschicht, einer

zweiten Emissionsschicht, einer Elektronentransportschicht
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und einer Elektroneninjektionsschicht. Jede dieser Schichten
kann eine Matrix aufweisen, die mindestens ein erstes, ein
zweites und ein drittes Matrixmaterial aufweist. Die
Matrixmaterialien in den verschiedenen organischen
funktionellen Schichten k&nnen in allen Schichten gleich oder

unterschiedlich gewdhlt werden.

Je nachdem, wo sich die Emissionsschicht in dem Schichtstapel
der elektronischen Vorrichtung befindet, kann dort die
Mobilitat von Elektronen und Ldéchern innerhalb dieser Schicht
getrennt voneinander optimiert werden, wenn die '
Emissionsschicht ein erstes, ein zweites und ein drittes
Matrixmaterial aufweist. Die Mobilit&t kann auch liber mehrere

Schichten hinweg optimiert werden.

Auch wenn die Emissionsschicht, die die drei Matrix-
materialien aufweist, nahe einer Anode oder einer Kathode
liegt, kann die Mobilita&t von Elektronen und L&chern so
eingestellt werden, dass das Verh&ltnis von L&chern und
Elektronen in der Emissionsschicht ausgeglichen ist. Je
nachdem, welche Ladungstrigersorte eine hdhere Beweglichkeit
aufweisen soll, kann die Matrix eine hdhere Konzentration des
jeweiligen Matrixmaterials enthalten. So kann in der
Emissionsschicht, unabhé&ngig von der Lage der
Emissionsschicht der elektronischen Vorrichtung, eine hohe

Anzahl an Exzitonen gebildet werden.

Wenn die organische, funktionelle Schicht eine
Emissionsschicht mit einem Emittermaterial ist, kann das LUMO
des Emittermaterials energetisch niedriger als das LUMO des
ersten, zweiten und dritten Matrixmaterials sein und das HOMO
des Emittermaterials energetisch hdher als das HOMO des

ersten, zweiten und dritten Matrixmaterials sein. Somit ist
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die Bandlicke zwischen HOMO und LUMO des Emittermaterials
kleiner als die BandluUcken der drei Matrixmaterialien und
liegt zudem energetisch zwischen allen Bandliicken aller
Matrixmaterialien. Ein ambipolarer Ladungstransport in einer

Emissionsschicht ist somit mdglich.

Die MoleklUle des zweiten und dritten Matrixmaterials
transportieren bevorzugt nur jeweils eine Ladungstrigersorte,
Lécher oder Elektronen, somit bilden sich auf ihnen keine
Exzitonen. Damit wird die Lebensdauer der Materialien erhdht,
da keine Degradation durch Anregungsenergie stattfinden kann.
Zwischen den verschiedenen Molekililen der Matrixmaterialien
entstehen angeregte Zustande (Eximere), die ihre
Anregungsenergie durch Energietransfer auf die
Emittermolekiile Ubertragen kénnen. Somit wird die Effizienz

der elektronischen Vorrichtung weiterhin erhéht.

Eine elektronische Vorrichtung kann auch mehrere
Emissionsschichten aufweisen, beispielsweise um
phosphoreszente und fluoreszente Emittermaterialien in einer
Vorrichtﬁng zu kombinieren. Dann kann das Einfiligen einer
Zwischenschicht zwischen den Emissionsschichten notwendig
sein, die beispielsweise ambipolare
Ladungstransporteigenschaften aufweisen kann. Dies ist durch

die Kombination von drei Matrixmaterialien mdéglich.

Durch Einstellung der Ladungstragermobilitat mit Hilfe der
drei Matrixmaterialien ist es mdéglich, die Lage der
Rekombinationszone in einer Emissionsschicht gezielt zu
beeinflussen. Die Rekombinationszone kann sich dabei
inherhalb einer Schicht oder Uber mehrere Schichten verteilt
befinden. Durch die Einfihrung der ersten Matrix, die keinen

Ladungstransport aufweist, innerhalb einer Emissionsschicht
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sinkt der absolute Wert der Ladungstrigermobilitidt. Daraus
ergibt sich eine Rekombinationszone, die Zone in der
Exzitonen gebildet werden, die von den Randern einer
emittierenden Schicht zur Mitte hin verschoben wird. Dies
erhdht die Effizienz der Vorrichtung, da unter anderem die
nicht strahlende Abregung von Exzitonen (Quenching)
vermindert wird und mehr Exziténen in der eigentlichen
Emissionsschicht gebildet werden, statt in den angrenzenden

Schichten.

Beli der eléktronischen Vorrichtung kann es sich um eine
strahlungsemittierende Vorrichtung beispielsweise um eine
organische Licht emittierende Vorrichtung handeln. Diese
Licht emittierende Vorrichtung kann eine organische, Licht
emittierende Diode (OLED) sein. Weiterhin kann die
elektronische Vorrichtung eine Solarzelle oder einen

Transistor umfassen.

Beispielsweise ist die zumindest eine organische,
funktionelle Schicht bei einem Transistor zwischen der ersten
und zweiten Elektrode angeordnet. Weiterhin ist eine dritte
Elektrode vorhanden. Die Elektroden kdénnen aus Gate-, Source-
und Drain-Elektrode ausgewd&hlt sein. Ein Transistor kann zum

Schalten oder Verstdrken von elektrischen Signalen verwendet

werden.

Bei einer Solarzelle kann Licht in elektrische Energie
umgewandelt werden. Hier ist die organische, funktionelle
Schicht zwischen der ersten und der zweiten Elektrode
angeordnet, wobei zumindest eine der Elektroden transparent

ausgeformt ist.
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Die Vorrichtung kann in einer organischen funktionellen
Schicht als erstes Matrixmaterial beispielsweise mCP (m-

Bis (N-carbazolylbenzol)), als zweites Matrixmaterial, das ein
Lochtransportmaterial sein kann, TCTA (9H-carbazol,9,9',9''-
(1,3,5—Benzoltriyl)tris-(9C1)), und als drittes
Matrixmaterial, das ein Elektronentransportmaterial sein
kann, beispielsweise TPBi (1,3,5-Tris(N-Phenylbenzylimidazol-
2-yl) aufweisen. Soll eine Matrix fur eine Emissionsschicht
bereitgestellt werden, kann als Emittermaterial
beispielsweise der gelbe Emitter Rubren (5,6,11,12-

Tetraphenylnaphthacen) eingeflgt werden.

Es wird weiterhin ein Verfahren zur Herstellung einer
elektronischen Vorrichtung mit den oben beschriebenen
Eigenschaften bereitgestellt. Das Verfahren umfasst die
Verfahrensschritte A) Bereitstellen eines Substrats, B)
Bereitstellen einer ersten Elektrode und einer zweiten
Elektrode, C) Anordnen zumindest einer organischen Schicht
zwischen der ersten Elektrode und der zweiten Elektrode
Beispielsweise kann die zumindest eine organische,
funktionelle Schicht auf der ersten Elektrode und die zweite
Elektrode auf der organischen, funktionellen Schicht
angeordnet werden. Im Verfahrensschritt C) wird dabei
mindestens ein erstes Matrixmaterial, ein zweites
Matrixmaterial und ein drittes Matrixmaterial gleichzeitig
aufgebracht. Das Aufbringen im Verfahrensschritt C) kann
beispielsweise durch Aufdampfen (Koevaporation) geschehen.
Durch das gleichzeitige Aufbringen kann die Konzentration des
jeweiligen Matrixmaterials unabhdngig von den anderen
Matrixmaterialien bestimmt werden, sodass die
Matrixmaterialien in verschiedenen Konzentrationen

aufgebracht werden kdénnen.
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Anhand der Figuren und Ausfihrungsbeispiele soll die

Erfindung né&her erlautert werden:

Figur 1 zeigt die schematische Seitenansicht einer

elektronischen Vorrichtung,

Figur 2 zeigt eine schematische Ansicht der energetischen

Zusténde der verschiedenen Matrixmaterialien,

Figur 3 zeigt eine schematische Seitenansicht einer

elektronischen Vorrichtung,

Figur 4 zeigt die Simulation der Mobilitat der

Ladungstrager in einer Emissionsschicht,

Figur 5 zeigt den schematischen Aufbau zur Herstellung

einer Schicht mit mehreren Matrixmaterialien.

Figur 1 zeigt die schematische Seitenansicht einer
elektronischen Vorrichtung, die ein Substrat 10, eine erste
Elektrode 20, eine Emissionsschicht 30 und eine zweite
Elektrode 40 umfasst. Die erste Elektrode kann beispielsweise
eine Anocde und die zweite Elektrode eine Kathode sein. Je
nachdem, ob das Substrat und die erste Elektrode oder die
zweite Elektrode transparent ausgeformt sind, kann es sich
bei der elektronischen Vorrichtung um eine Bottom-
emittierende oder eine Top-emittierende Vorrichtung,
beispielsweise eine OLED, handeln. Die Emissionsschicht 30
kann ein erstes, ein zweites und ein drittes Matrixmaterial

aufweisen und mit einem Emittermaterial dotiert sein.

Figur 2 zeigt die schematische Darstellung der Energieniveaus

der jeweiligen Materialien in der Emissionsschicht in einer
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beispielhaften Ausfihrungsform. Es ist das HOMO und LUMO des
ersten Matrixmaterials 30N, des zweiten Matrixmaterials 30B
und des dritten Matrixmaterials 30A gezeigt. Das erste
Matrixmaterial weist ein HOMO auf, das energetisch niedriger
liegt als das HOMO des zweiten Matrixmaterials und des
dritten Matrixmaterials. Weiterhin weist das erste
Matrixmaterial ein LUMO auf, das energetisch hdéher liegt als
das LUMO des zweiten Matrixmaterials und des dritten
Matrixmaterials. Das zweite Matrixmaterial weist ein LUMO
auf, das energetisch hdéher liegt als das LUMO des dritten
Matrixmaterials und ein HOMO, das energetisch hdher liegt als
das HOMO des dritten Matrixmaterials. Damit weist das erste
Matrixmaterial geringere Ladungstrigermobilitdten als die
beiden anderen Matrixmaterialien auf, das zweite
Matrixmaterial kann ein Lochtransportmaterial und das dritte

Matrixmaterial ein Elektronentransportmaterial umfassen.

Das Emittermateriai 30E weist ein HOMO und LUMO auf, das die
geringste Bandlicke im Vergleich zu den Matrixmaterialien hat
und zwischen den LUMOs und den HOMOs der drei

Matrixmaterialien liegt.

Rechts in dem Schema ist die Summe der verschiedenen
Energieniveaus aufgezeigt. A symbolisiert das Energieniveau,
bei dem der Elektronentransport stattfindet, B symbolisiert
das Energieniveau, bei dem Lochtransport stattfindet. d1 und
d2 stehen fir die energetischen Absti&nde zwischen den LUMOs
des ersten und zweiten Matrixmaterials (dl) und den HOMOs des
ersten und dritten Matrixmaterials (d2). d3 symbolisiert die
Bandlﬁdke des Emittermaterials. Wird kein Emittermaterial
eingesetzt, kann es sich bei der Schicht auch um eine
Ladungstragertransport-, Ladungstridgerinjektions- oder

Ladungstragerblockierschicht handeln. Weiterhin kdénnen auch
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mehrere Emittermaterialien eingesetzt werden. Das
Emittermaterial weist in der Emissionsschicht eine

Konzentration von £ 10 Gew% auf.

Figur 3 zeigt die schematische Seitenansicht einer weiteren
Ausfihrungsform der elektronischen Vorrichtung, die eine
Emissionsschicht 30 aufweist, an die jeweils auf einer Seite
eine Elektronentransportschicht 32 und eine
Lochtransportschicht 31 angrenzt. Hier handelt es sich bei
der ersten Elektrode 20 um eine Anode.

Sowohl die Emissionsschicht 30 als auch die Elektronen-
transportschicht 32 und die Lochtransportschicht 31 kénnen
Matrizen aufweisen, die sich aus drei oder mehr

Matrixmaterialien zusammensetzen.

Figur 4 zeigt die Simulation des Ladungstrigertransports in
einer OLED, in der eine Emissionsschicht, eine Lochtransport -
schicht 31 und eine Elektronentransportschicht 32 vorhanden
ist. Die x-Achse zeigt die Entfernung der jeweiligen Schicht
von der Anode D [nm], die y-Achse zeigt die normierte
Rekombinationsrate Rp. Man kann sehen, dass mit Verringerung
des absoluten Wertes der Ladungstragermobilitat in der
Emissionsschicht 30 im Vergleich zu der Lochtransportschicht
31 und der Elektronentransportschicht 32 die
Rekombinationszone von den Randern der Emissionsschicht zur
Mitte hin verschoben wird. Das heif3t, mit sinkender Mobilit&t
der Ladungstrager in der Emissionsschicht 30 verringert sich
die Rekombination in den angrenzenden Schichten 32 und 31 und

verschiebt sich zur Mitte der Emissionsschicht 30.
Bei der Simulation wurden Elektronen- und Lochmobilitat in

der Emissionsschicht gleichgesetzt, also ein ambipolarer

Ladungstransport angenommen. Es wurde ohmsche Injektion
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angenommen, alle Energiebarrieren zwischen HOMO und LUMO der
zwei Schichten betrugen 400 meV flr die jeweilige
Ladungstragersorte. In dem Diagramm sind fur die
verschiedenen Linienformen die jeweiligen Mobilitdten der
Ladungstriger in m?/Vs angegeben, sie bewegen sich zwischen

10-8 bis zu 10-12,

Figur 5 zeigt die schematische Seitenansicht eines Aufbaus
zur Herstellung der elektronischen Vorrichtung. Auf einer
Halterung 51 sind beispielhaft vier Verdampfungsquellen 50
aufgebracht, aus denen jeweils Matrixmaterialien und/oder
Dotierstoffe auf das Abscheidesubstrat 60 aufgedampft werden
kénnen. Um die jeweilige Konzentration des Matrixmaterials
und/oder des Dotierstoffs genau bestimmen zu k&nnen, wird die
Verdampfungsrate fiber Schichtdickenmonitore 55 gemessen und
eingestellt. Bei den Schichtdickenmonitoren kann es sich

beispielsweise um Schwingquarze handeln.

Beigpielsweise kann mit einem Aufbau gemdff Figur 5 eine
Emissionsschicht hergestellt werden, die ein efstes
Matrixmaterial enth&lt, das mCP (m-Bis(N-carbazolylbenzol))
umfasst und mit einer Aufdampfrate von 3,8 A/s aufgebracht
wird. Das zweite Matrixmaterial, das Lochtransportmaterial
kann TCTA (9H-carbazol,9,9',9''-(1,3,5-Benzoltriyl)tris-
(9Cl)) sein und mit einer Aufdampfrate von 8 A/S aufgebracht
werden. Das dritte Matrixmaterial, das Elektronen-
transportmaterial, kann beispielsweise TPBi (1,3,5-Tris (N-
Phenylbenzylimidazol-2-yl) sein und mit einer Aufdampfrate
von 8 A/S aufgebracht werden. Als Emittermaterial kann
beispielsweise der gelbe Emitter Rubren (5,6,11,12-
Tetraphenylnaphthacen) eingebracht werden und mit einér
Aufdampfrate von 0,2 A/s aufgebracht werden. Damit ergibt

sich eine Schicht mit einer Volumenkonzentration von 40% fir
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die Ladungstragertransportmaterialien und 1% flr den Emitter.
In Tabelle 1 sind die HOMOs und LUMOs dieser Materialien
angegeben. Die Werte der HOMOs von TCTA, TPBi, mCP wurden
mittels UV-Photoemissionsspektroskopie bestimmt, die
korrespondierenden LUMO-Werte wurden abgeschitzt, indem die
fir die Absorption bendtigte Energie zu dem HOMO-Wert
dazugezahlt wurde. Der HOMO- und LUMO-Wert von Rubren wurde

mittels Cyclovoltammetrie und Photoelektronenspetrometrie

bestimmt.
HOMO [eV] LUMO [eV]
mCP -5,9 -2,4
TCTA -5,7 -2,3
TPBi -6,3 , -2,8
Rubren -5,5 -3,0
Tabelle 1

Das dritte Matrixmaterial TPBi weist den im Vergleich mit den
anderen Matrixmaterialien niedrigsten Wert fir das LUMO auf
und ist somit Elektronentransportmaterial. Das zweite
Matrixmaterial TCTA weist den im Vergleich mit den anderen
Matrixmaterialien grdfiten Wert flir das HOMO auf und ist somit
Lochtransportmaterial. Das erste Matrixmaterial mCP ist nicht
am Ladungstrigertransport beteiligt, da sein LUMO nicht
niedriger als das LUMO des dritten Matrixmaterials ist und
sein HOMO nicht hdéher als das HOMO des zweiten

Matrixmaterials ist.

Weitere mdégliche Lochtransportmaterialien sind:

NPB N,N'-Bis (Naphthalen-1-yl)-N,N'-bis(phenyl) -
Benzidin

TCTA 4,4',4"''-Tris (carbazol-9-yl) triphenylamin

CPB 4,4'—Bis(carbazol-9-yl)biphenyl

1T-NATA 4,4',4"''-Tris(N- (1-naphthyl) -N-phenyl-
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Spiro-TAD 2,2',7,7'-Tetrakis(N,N-diphenylamino)-9,9"'-

spirobifluoren

Als Elektronentransportmaterialien kdénnen weiterhin

eingesetzt werden:

TPBi 2,2',2''-(1,3,5-Benzintriyl) -tris(l1-phenyl-1-H-
| benzimidazol)

TAZ 3-(4-Biphenylyl) -4-Phenyl-5-tert-butylphenyl-
1,2,4-triazol

Alqgs Tris(8-Hydroxy-quinolinato)aluminium

BCP 2,9-Dimethyl-4,7-diphenyl-1,10-phenanthrolin

NTAZ 4 - (Naphthalen-1-yl)-3,5-diphenyl-4H-1,2,4-
triazol

Balqg Bis- (2-methyl-8-quinolinolat) -4-

(phenylphenolato)aluminium

Als erstes Matrixmaterial, das im Vergleich zu den anderen
Matrixmaterialien die geringste Ladungstrigermobilitit

aufweist, kann eingesetzt werden:

UGH-2 1,4-Bis(triphenylsilyl)benzol
UGH-3 1,3-Bis(triphenylsilyl)benzol
mCP 1,3-Bis(carbazocl-92-Y1)benzol

Die HOMOs von UGH-2 und UGH-3 haben Werte von -7,2 + 0,1 eV,
die LUMOs liegen bei 2,8 eV. Diese HOMO-Werte k&nnen mittels
Photoelektronenspektroskopie bestimmt werden, die LUMO-Werte
kénnen aus dem Abstand von HOMO-Werten und LUMO-Werten am
Schnittpunkt des Absorptions- und des Fluoreszenzspektrums

abgeschatzt werden.

Mbgliche Emittermaterialien sind:

Ir(ppy) s Tris(2-phenylpyridin)iridum(III)
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Ir (ppy) o Bis(2-phenylpyridlin) (acetylacetonat)iridium(II)
(acac) -
BczVBi 4,4'-Bis(9-ethyl-3-carbazovinylen)-1,1'-biphenyl
FirPic Bis(3,5-Difluoro-2- (2-pyridyl)phenyl- (2-carboxy-

pyridyl)iridium(III)

Rubren Tetraphenylnaphthacen
Ir(piqg)s Tris(l-phenylisoquinolin)iridium(III)

Bei diesen Emittermaterialien handelt es sich um kleine,
nicht-polymere Moleklile. Der Einsatz von polymeren

Emittermaterialien ist ebenso méglich.

Weitere mbgliche Materialien, die je nach Lage ihrer HOMOs
und LUMOs zueinander als erste, zweite oder dritte Matrix
eingesetzt werden kdénnen, sind:
Bphen 4,7-Diphenyl-1, 10-phenanthrolin
DPAVBi 4,4'-Bis(2-(4-(N,N-

diphenylamino) phenyl)vinyl)biphenyl

CuPC Phthalocyanin Kupfer Komplex

S-DPVBi 2,2',7,7'-Tetrakis (2,2-diphenylvinyl)spiro-9,9'-
bifluorenCPF _

TAPC 1,1-Bis- (4-bis(4-methylphenyl) -aminophenyl) -
cyclohexan

TBADN 9,10-Bis(2-naphthyl) -2-t-butylanthracen

TPD N,N,N',N'-Tetraphenylbenzidin

Einige der Elektronen- und Lochtransportmaterialien k&nnen
auch als erstes Matrixmaterial dienen. Wichtig bei der
Zusammenstellung des ersten, zweiten und dritten
Matrixmaterials flr die Matrix sind das relative Verh&ltnis
der LUMOs und HOMOs der drei kombinierten Materialien und

deren Lage zueinander.
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Die Matrix kann fir phosphoreszente Emitter aufgrund der
chemischen Vertraglichkeit nicht beliebig gewdhlt werden. Der
rote Emitter Iridium (III)bis(2-methyldibenzo-
[£,h]gquinoxalin) -acetylacetonat) ist nur in einer NBP-Matrix
effizient. NPB ist jedoch ein Lochtransportmaterial. Befindet
sich nun anodenseitig noch eine weitere Emittérschicht, wird
diese nicht ausreichend mit Elektronen versorgt. Durch
Eindotierung eines Elektronentransportmaterials,
beispielsweise BCP, kénnen die relativen
Transporteigenschaften eingestellt werden. Die Feinabstimmung

der Transporteigenschaften erfolgt mit UGH4.

Die in den Figuren und Ausfihrungsbeispielen gezeigten
Ausfihrungsformen kdénnen beliebig variiert werden. Es ist
weiterhin zu berlcksichtigen, dass sich die Erfindung nicht
auf die Beispiele beschrankt, sondern weitere, hier nicht

aufgefithrte Ausgestaltungen zulésst.

SDC EX. 1002 - 91/325



WO 2009/143807 PCT/DE2009/000701

Patentanspriche

1. Elektronische Vorrichtung, umfassend
- ein Substrat,
- eine erste Elektrode,
- zumindest eine organische, funktionelle Schicht, und
- eine zweite Elektrode, wobei die zumindest eine
organische, funktionelle Schicht zwischen der ersten
Elektrode und der zweiten Elektrode angeordnet ist und
wobei die zumindest eine organische, funktionelle Schicht
mindestens ein erstes Matrixmaterial, ein zweites
Matrixmaterial und ein drittes Matrixmaterial aufweist
und das dritte Matrixmaterial ein Lowest Unoccupied
Molecular Orbital (LUMO), das energetisch niedriger als
das LUMO des zweiten Matrixmaterials und das LUMO des
ersten Matrixmaterials ist, und wobei das zweite
Matrixmaterial ein Highest Occupied Molecular Orbital
(HOMO) , das energetisch hdher als das HOMO des ersten
Matrixmaterials und das HOMO des dritten Matrixmaterials

ist, aufweist.

2. Elektronische Vorrichtung nach dem vorhergehenden
Anspruch, wobei das erste Matrixmaterial ein LUMO, das
energetisch hdher als das LUMO des zweiten Matrixmaterial
und das LUMO des dritten Matrixmaterials ist, und ein
HOMO, das energetisch niedriger als das HOMO des zweiten
Matrixmaterials und das HOMO des dritten Matrixmaterials

ist, aufweist.
3. Elektronische Vorrichtung nach dem vorhergehenden

Anspruch, wobei das zweite Matrixmaterial ein LUMO, das

energetisch hdéher als das LUMO des dritten
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Matrixmaterials ist, und ein HOMO, das energetisch hdher

als das HOMO des dritten Matrixmaterials ist, aufweist.

4. Elektronische Vorrichtung nach einem der vorhergehenden
Ansprliche, wobei das erste Matrixmaterial eine
Ladungstragermobilitat aufweist, die geringer ist als die
Ladungstrégerﬁobilitéten des zweiten und dritten

Matrixmaterials.

5. Elektronische Vorrichtung nach einem der vorhergehenden
Anspriche, wobei das zweite Matrixmaterial ein

Lochtransportmaterial umfasst.

6. Elektronische Vorrichtung nach einem der vorhergehenden
Anspriche, wobei das dritte Matrixmaterial ein

Elektronentransportmaterial umfasst.

7.V Elektronische Vorrichtung nach einem der vorhergehenden
Anspruche, wobei die organische, funktionelle Schicht
ausgewahlt ist aus einer Gruppe, die Emissionsschichten,
Elektronentransportschichten, Lochtransportschichten,
Elektronenblockierschichten, Lochblockierschichten,
Lochinjektionsschichten, Elektroneninjektionsschichten

und Zwischenschichten umfasst.

8. Elektronische Vorrichtung nach einem der vorhergehenden
Anspriche, wobei die organische, funktionelle Schicht
eine Emissionsschicht ist und mit zumindest einem

Emittermaterial dotiert ist.

9. Elektronische Vorrichtung nach dem vorhergehenden

Anspruch, wobei das Emittermaterial in der
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Emissionsschicht eine Konzentration von < 10 Gew$

aufweist.

Elektronische Vorrichtung nach dem vorhergehenden
Anspruch, wobei die Konzentration des Emittermaterials in

der Emissionsschicht einen Gradienten aufweist.

Elektronische Vorrichtung nach einem der Anspriiche 8 bis
10, wobei das LUMO des Emittermaterials energetisch
niedriger als das LUMO des ersten, zweiten und dritten
Matrixmaterials ist und das HOMO des Emittermaterials
energetisch hdher als das HOMO des ersten, zweiten und

dritten Matrixmaterials ist.

Elektronische Vorrichtung nach einem der vorhergehenden
Anspruche, die als strahlungsemittierende Vorrichtung

ausgebildet ist.

Elektronische Vorrichtung nach einem der Ansprliche 1 bis
11, wobei die Vorrichtung ausgewadhlt ist aus einer
Gruppe, die eine organische Licht emittierende
Vorrichtung, eine Solarzelle und einen Transistor

umfasst.

Verfahren zur Herstellung einer elektronischen
Vorrichtung geméfs den Anspriichen 1 bis 13, mit den
Verfahrensschritten

A) Bereitstellen eines Substrats,

B) Bereitstellen einer ersten Elektrode und einer zweiten
Elektrode,

C) Anordnen zumindest einer organischen, funktionellen
Schicht zwischen der ersten Elektrode und der zweiten

Elektrode
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wobei im Verfahrensschritt C) mindestens das erste
Matrixmaterial, das zweite Matrixmaterial und das dritte

Matrixmaterial gleichzeitig aufgebracht werden.

15. Verfahren nach dem vorhergehenden Anspruch, wobei im
Verfahrensschritt C) das erste Matrixmaterial, das zweite
Matrixmaterial und das dritte Matrixmaterial durch

Aufdampfen aufgebracht werden.
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Beschreibung
Elektronische Vorrichtung

Die Erfindung betrifft eine Elektronische Vorrichtung und ein

Verfahren zur Herstellung einer elektronischen Vorrichtung;

Elektronische Vorrichtungen, wie beispieisweise organische
Leuchtdioden (OLEDs), bestehen aus einer Abfolge mehrerer
funktioneller organischer Schichten. Emissionsschichten
weisen dabei ein Matrixmaterial auf, welches mit
Emittermolekilen dotiert wird. In der Emissionsschicht werden
Exzitonen durch Rekombination voanlektronen und ,Léchern®
gebildet, die zur Lichtemission fUhren. Um eine hohe
Effizienz der elektronischen Vorrichtung zu erhalten, ist das
Verhaltnis zwischen Elektronen und ,L&chern“, die in der
Emissionsschicht transportiert werden, entscheidend. Ein
nicht ausgeglichenes Verhdltnis zwischen Loch- und
Elektronentransport resultiert in einer geringen

Strahlungseffizienz der Vorrichtung.

Aufgabe der Erfindung ist es, eine elektronische Vorrichtung
bereitzustellen, die einen verbesserten
Ladungstragertransport und eine verbesserte Ladungstriger-
balance in den organischen Schichten und damit eine erhdéhte
Effizienz aufweist. Eine weitere Aufgabe der Erfindung ist

es, ein Verfahren zur Herstellung einer elektronischen

Vorrichtung bereitzustellen. Diese Aufgaben werden durch eine -
elektronische Vorrichtung gemdff Anspruch 1 und einem

Verfahren zur Herstellung der elektronischen Vorrichtung

gemdfs Anspruch 12 geldst. Weitere Ausfihrungsformen der
Vorrichtung und des Verfahrens sind Gegenstand weiterer

Anspruche.
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Gemald einer Ausfihrungsform wird eine elektronische
Vorrichtung bereitgestellt, die ein Substrat, eine erste
Elektrode, zumindest eine organische, funktionelle Schicht
und eine zweite Elektrode umfasst, wobei die zumindest eine
organische funktionelle Schicht zwischen der ersten Elektrode
und der zweiten Elektrode angeordnet ist. Beispielsweise kann
die erste Elektrode auf dem Substrat, die zumindest eine
organische funktionelle Schicht auf der ersten Elektrode und
die zweite Elektrode auf der zumindest einen organischen,
funktionellen Schicht angeordnet sein. Die zumindest eine
organische, funktionelle Schicht weist mindestens ein erstes
Matrixmaterial, ein zweites Matrixmaterial und ein drittes
Matrixmaterial auf, wobei das dritte Matrixmaterial ein
Lowest Unoccupied Molecular Orbital (LUMO), das energetisch
niedriger als das LUMO des zweiten Matrixmaterials und das
LUMO des ersten Matrixmaterials ist, und wobei das zweite
Matrixmaterial ein Highest Occupied Molecular Orbital (HOMO),
das energétisch hdéher als das HOMO des ersten Matrixmaterials
und das HOMO des dritten Matrixmaterials ist. Damit wird eine
elektronische Vorrichtung bereitgestellt, die mehr als zwei
verschiedene Matrixmaterialien in einer organischen
funktionellen Schicht umfasst. Dabei kdénnen drei verschiedene

Matrixmaterialien vorhanden sein, je nach Bedarf auch mehr

als drei.

Nach der Moleklilorbitaltheorie sind in einem Molekul
verschiedene Molekilorbitale mit verschiedenen Energieniveaus
vorhanden, die von den vorhandenen Elektronen besetzt werden
kébnnen. Diese Molekiulorbitale werden nach zunehmendem
Energieniveau besetzt. Das LUMO ist das energetisch
niedrigste Molekitlorbital, das nicht mehr mit einem Elektron

besetzt ist. Das HOMO ist das energetisch am hdchsten
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gelegene MoleklUlorbital, das noch mit einem Elektron besetzt

ist.

Diese elektronische Vorrichtung welist einen verbesserten
Ladungstrigertransport und eine verbesserte
Ladungstrdagerbalance in der organischen funktionellen Schicht
auf, und ein anpassbares Verhd&ltnis zwischen Loch- und
Elektronentransport. Das erste Matrixmaterial ist dabei so
gewahlt, dass es eine grofe Bandllicke, also die Differenz
zwischen HOMO und LUMO aufweist, beispielsweise so dass sein
HOMO energetisch unter dem HOMO der anderen beiden
Matrixmaterialien und sein LUMO energetisch iiber dem LUMO der

anderen beiden Matrixmaterialien liegt.

Weiterhin kann das erste Matrixmaterial ein LUMO aufweisen,
das energetisch hdéher als das LUMO des zweiten
Matrixmaterials und das LUMO des dritten Matrixmaterials ist,
und ein HOMO, das energetisch niedriger alsidas HOMO des
zweiten Matrixmaterials und das HOMO des dritten

Matrixmaterials ist.

Weiterhin kann in der elektronischen Vorrichtung das zweite
Matrixmaterial ein LUMO, das energetisch héher als das LUMO
des dritten Matrixmaterials ist, und ein HOMO, das
energetisch héher als das HOMO des dritten Matrixmaterials
ist, aufweisen. Damit kann das erste Matrixmaterial die
grofte Bandlicke zwischen HOMO und LUMO im Vergleich zum
zweiten und zum dritten Matrixmaterial aufweisen und das
zweite Matrixmaterial weist eine Bandliicke auf, die zu der
Bandlicke des dritten Matrixmaterials energetisch verschoben
ist. Damit kénnen auf dem LUMO des dritten Matrixmaterials
Elektronen transportiert werden, und auf dem HOMO des zweiten

Matrixmaterials L&écher transportiert werden, da diese
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Energieniveaus jeweils am energetisch glnstigsten flir den

jeweiligen Ladungstransport sind.

Das erste Matrixmaterial kann in der elektronischen
Vorrichtung eine Ladungstragermobilitdt aufweisen, die
geringer ist alé die Ladungstragermobilitdt des zweiten und
des dritten Matrixmaterials. Das erste Matrixmaterial kann
ein Ultra Wide Band Gap (UGH) -Material sein, welches eine im
Vergleich zu den Ubrigen Matrixmaterialien groffe Bandllcke
aufweist. Dadurch kann es keinen Anteil am

Ladungstragertransport aufweisen.

Das zweite Matrixmaterial kann weiterhin ein
Lochtransportmaterial umfassen und das dritte Matrixmaterial

kann ein Elektronentransportmaterial umfassen.

Der Ladungstriagertransport, also der Lochtransport und der
Elektronentransport, hangt insbesondere von der Mobilitat der
Lécher beziehungsweise der Elektronen in einem Material und
von der Lage der Energieniveaus HOMO und LUMO der
Matrixmaterialien ab. Das HOMO und LUMO eines Materials ist

dabei flUr die Ladungstragerinjektion verantwortlich.

Zur Erzeugung eines Lochs in der Matrix, die sich aus den
drei Matrixmaterialien zusammensetzt, mués beispielsweise ein
Elektron aus dem HOMO entfernt werden, Was bei einem
energetisch tief liegenden HOMO schwieriger ist als bei einem
energetisch hdéher liegenden. Somit ist das zweite
Matrixmaterial, das ein hdher gelegenes HOMO als das dritte
Matrixmaterial aufweist, besser als Lochtransportmaterial
geeignet, als das dritte Matrixmaterial. Analoges gilt fur
die Erzeugung von Elektronen in LUMOs, die bei energetisch

tiefer gelegenen LUMOs energetisch beglnstigt ist. Somit
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eignet sich das dritte Matrixmaterial, das ein niedrigeres
LLUMO als das zweite Matrixmaterial aufweist, als

Elektronentransportmaterial.

Sind Lécher und Elektronen erzeugt, spielt weiterhin die
Mobilitat dieser Ladungstréger in dem Material eine Rdlle. Je
nachdem, wie diese beiden Faktoren in einem Material
zusammenwirken, kann ein Matrixmaterial als Elektronen-
transportmaterial oder als Lochtransportmaterial dienen.
Dabei findet jeweils auch der Ladungstragertransport der
anderen Ladung statt, es uUberwiegt jedoch der Transport eines
Ladungstradgers. Findet in einem Matrixmaterial kein
Ladungstragertransport statt, wie in einer Ausfihrungsform
der Erfindung in dem ersten Matrixmaterial, so kann das
entweder darauf zuriuckzufihren sein, dass keine Ladungstrager
erzeugt werden oder dass keine Mobilitdt der Ladungstrager
vorhanden ist. Neben dem ersten Matrixmaterial kénnen weitere
Matrixmaterialien in der organischen, funktionellen Schicht
vorhanden sein, die nicht zum Ladungstrigertransport

beitragen.

Die Energieniveaus HOMO und LUMO eines Materials kdénnen
gemessen werden, um geeignete Materialien fir erstes, zweites
und drittes Matrixmaterial auszuwdhlen. So kann das HOMO
eines Materials mittels Cyclovoltametrie bestimmt werden. Die
Bandliicke, also der energetische Unterschied zwischen HOMO
und LUMO kann weiterhin mittels Spektroskopie ermittelt
werden, bei der die Wellenlénge des emittierten Lichts
gemessen wird und daraus die entstandenen Exzitonen und die
Bandliicke berechnet wird. Das Energieniveau des LUMO wird
dann aus dem ermittelten HOMO und der Bandliicke berechnet.
Das HOMO kann alternativ auch mittels Photoelektronen-

spektroskopie ermittelt werden.
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Die Mobilitat von Elektronen und Ldchern kann von dem
Molekllabstand, also dem mittleren Abstand von
Ladungstragertransportierenden Molekilen in dem jeweiligen
Matrixmaterial abhangen. Somit spielt die Konzentration einés
Matrixmaterials in.der Mischung mehreref Matrixmaterialien
eine Rolle. Das erste Matrixmaterial, das im Vergleich zu dem
zweiten und dritten Matrixmaterial die grdéfite Bandliucke und
die geringste Ladungstragermobilitdt aufweist, kann dazu
dienen, die Konzentration des zweiten und des dritten
Matrixmaterials getrennt voneinander einzustellen. Je nach
der gewdhlten Konzentration des zweiten und dritten
Matrixmaterials dndern sich die Abstande zwischen den
jeweiligen Molekiillen. Der mikroskopische
Ladungstrigertransport hangt vom MoleklUlabstand der
Ladungstragertransportierenden Molekile in dem jeweiligen
Matrixmaterial ab, sodass sich durch die Einstellung der

" Konzentration die Mobilit&t von Elektronen und Léchern in der
Matrix, die zumindest drei Matrixmaterialien aufweist,

getrennt voneinander absolut einstellen léasst.

Nach Miller und Abraham kann die Mobilitat folgendermafen

bestimmt werden:
vij = voexpl-2ya(ARj5/a)]

In diesem Modell wird ein Festkdérper schematisch gesehen aus
den Platzen i und j aufgebaut, auf denen sich die
Ladungstriger befinden kénnen. Jeder Platz reprasentiert
einen lokalisierten Zustand. Der Transport eines
Ladungstridgers zwischen den Platzen i und j wird durch einen
Widerstand Rj4j dargestellt. Die Groéfe des

temperaturabhdngigen Widerstands spiegelt dabei den
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raumlichen Abstand zwischen den Platzen und die bendtigte

Aktivierungsenergie fur den Ubergang wider. Der Parameter y
steht fdr den Abfall der elektronischen Wellenfunktion der

Ladungstrager, a ist der Parameter flir den durchschnittlichen

Gitterabstand. Die Phononenfrequenz vy gibt die Anzahl der
Versuche eines Ladungstrdgers aus einem lokalisijierten Zustand -
in einen anderen lokalisierten Zustand zu gelangen an, liegt
im Bereich von etwa 1013 s-1 und berlicksichtigt die Starke

der Elektronenphononkopplung.

Die elektronische Vorrichtung kann weiterhin eine organische,
funktionelle Schicht aufweisen, die aus einer Gruppe
ausgewdahlt ist, die Emissionsschichten,
Elektronentransportschichten, Lochtransportschichten,
Elektronenblockierschichten, Lochblockierschichten,
Lochinjektionsschichten, Elektroneninjektionsschichten und
Zwischenschichten umfasst. Mit Zwischenschichten werden
Schichten bezeichnet, die zwischen zwei Emissionsschichten
angeordnet sind. Je nachdem, was fiir eine organische,
funktionelle Schicht ausgewdhlt wird, kénnen diese Schichtén
noch zusatzliche Dotierstoffe enthalten. Die organische,
funktionelle Schicht kann eine Emissionsschicht sein und mit
zumindest einem Emittermaterial dotiert sein.
Emittermaterialien kénnen kleine Molekiile oder Polymere
umfassen. Die Konzentration des Emittermaterials in einer
Emissionsschicht kann bis zu 10 Gew% betragen. Weiterhin kann
das Emittermaterial aufgrund der niedrigen Konzentration in
der Emissionsschicht nur eine geringe Ladungstridgermobilitit
aufweisen und damit nur geringfiigig zum

Ladungstragertransport beitragen.

In der Emissionsschicht k&énnen auch zwei oder drei

Emittermaterialien vorhanden sein. Die Emittermaterialien
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kénnen beispielsweise ausgewdhlt sein aus dem griin
emittierenden Ir(ppy)s; (Tris(2-phenylpyridin)iridium(III)),
dem rot emittierenden Ir(piqg); (Tris(1l-

phenylisoquinolin) iridium(III)) oder dem blau emittierenden
Firpic (Bis(3,5-Difluoro-2- (2-pyridyl)phenyl- (2-
carboxypyridyl) iridium(IIIX)) .

Die Konzentrationen des Emittiermaterials und der
Matrixmaterialien in der organischen funktionellen Schicht
kénnen innerhalb der organischen funktionellen Schicht einen
Gradienten aufweisen. Damit kann beispielsweise die
Konzentration des Emittermaterials in einem ersten
Teilbereich der Schicht hdher sein als in einem zweiten

Teilbereich der Schicht.

Durch Verzicht auf die Dotierung mit Emittermaterialien

lassen sich Transport-, Zwischen- und Blockierschichten

herstellen.

In einer elektronischen Vorrichtung kénnen auch mehrere
organische, funktionelle Schichten vorhanden sein, wobei die
Schichten unterschiedliche Funktionen oder gleiche Funktionen
aufweisen kénnen. Beispielsweise kann eine elektronische
Vorrichtung eine Abfolge mehrerer funktioneller, organiséher
Schichten aufweisen, die beispielsweise zusammengesetzt ist
aus einer Lochinjektionsschicht, einer Lochtransportschicht,
einer ersten Emissionsschicht, einer Zwischenschicht, einer
zweiten Emissionsschicht, einer Elektronentransportschicht
und einer Elektroneninjektionsschicht. Jede dieser Schichten
kann eine Matrix aufweisen, die mindestens ein erstes, ein
zweites und ein drittes Matrixmaterial aufweist. Die

Matrixmaterialien in den verschiedenen organischen
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funktionellen Schichten kénnen in allen Schichten gleich oder

unterschiedlich gewahlt werden.

Je nachdem, wo sich die Emissionsschicht in dem Schichtstapel
der elektronischen Vorrichtung befindet, kann dort die
Mobilitét von Elektronen und Léchern innerhalb dieser Schicht
getrennt voneinander optimiert werden, wenn die
Emissionsschicht ein erstes, ein zweites und ein drittes
Matrixmaterial aufweist. Die Mobilitdt kann auch Uber mehrere

Schichten hinweg optimiert werden.

Auch wenn die Emissionsschicht, die die drei Matrix-
materialien aufweist, nahe einer Anode oder einer Kathode
liegt, kann die Mobilitdt von Elektronen und L&chern so
eingestellt werden, dass das Verhdaltnis von Ldéchern und
Elektronen in der Emissionsschicht ausgeglichen ist. Je
nachdem, welche Ladungstragersorte eine hdhere Beweglichkeit
aufweisen soll, kann die Matrix eine hdhere Konzentration des
jeweiligen Matrixmaterials enthalten. So kann in der
Emissionsschicht, unabhdngig von der Lage der
Emissionsschicht der elektronischen Vorrichtung, eine hohe

Anzahl an Exzitonen gebildet werden.

Wenn die organische, funktionelle Schicht eine
Emissionsschicht mit einem Emittermaterial ist, kann das LUMO
des Emittermaterials energetisch niedriger als das LUMO des
ersten, zweiten und dritten Matrixmaterials sein und das HOMO
des Emittermaterials energetisch hbéher als das HOMO des
ersten, zweiten und dritten Matrixmaterials sein. Somit ist
die Bandlicke zwischen HOMO und LUMO des Emittermaterials
kleiner als die Bandlicken der drei Matrixmaterialien und

liegt zudem energetisch zwischen allen Bandliucken aller

SDC EX. 1002 - 117/325



P2008,0612 DE N1 / 2091 / 1984
2008E04435DE / 2007E08546DE

- 10 -

Matrixmaterialien. Ein ambipolarer Ladungstransport in einer

Emissionsschicht ist somit mdglich.

Die Moleklile des zweiten und dritten Matrixmaterials
transportieren bevorzugt nur jeweils eine Ladungstrigersorte,
Loécher oder Elektronen, somit bilden sich auf ihnen keine
Exzitonen. Damit wifd die Lebensdauer der Materialien erhdéht,
da keine Degradation durch Anregungsenergie stattfinden kann.
‘Zwischen den verschiedenen.Molekﬁlen der Matrixmaterialien
entstehen angeregte Zustdnde (Eximere), die ihre
Anregungsenergie durch Energietransfer auf die
Emittermolekiile ﬁbertfagen kénnen. Somit wird die Effizienz

der elektronischen Vorrichtung weiterhin erhéht.

Eine elektronische Vorrichtung kann auch mehrere
Emissionsschichten aufweisen, beispielsweise um
phosphoreszente und fluoreszente Emittermaterialien in einer
Vorrichtung zu kombinieren. Dann kann das Einfiligen einer
Zwischenschicht zwischen den Emissionsschichten notwendig
sein, die beispielsweise ambipolare
Ladungstransporteigenschaften aufweisen kann. Dies ist durch

die Kombination von drei Matrixmaterialien mdéglich.

Durch Einstellung der Ladungstridgermobilitdt mit Hilfe der
drei Matrixmaterialien ist es md&glich, die Lage der
Rekombinationszone in einer Emissionsschicht gezielt zu
beeinflussen. Die Rekombinationszone kann sich dabei
innerhalb einer Schicht oder Uber mehrere Schichten verteilt
befinden. Durch die Einfiuhrung der ersten Matrix, die keinen
Ladungstransport aufweist, ihnerhalb einer Emissionsschicht
sinkt der absolute Wert der Ladungstrigermobilitlt. Daraus
ergibt sich eine Rekombinationszone, die Zone in der

Exzitonen gebildet werden, die von den Randern einer
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emittierenden Schicht zur Mitte hin verschoben wird. Dies
erhdéht die Effizienz der Vorrichtung, da unter anderem die
nicht strahlende Abregung von Exzitonen (Quenching)
vermindert wird und mehr Exzitonen in der eigentlichen

Emissionsschicht gebildet werden, statt in den angrenzenden

Schichten.

Bei der elektronischen Vorrichtung kann es sich um eine
strahlungsemittierende Vorrichtung beispielsweise um eine
organische Licht emittierende Vorrichtung handeln. Diese
Licht emittierende Vorrichtung kann eine organische, Licht
emittierende Diode (OLED) sein. Weiterhin kann die
elektronische Vorrichtung eine Solarzelle oder einen

Transistor umfassen.

Beispielsweise ist die zumindest eine organische,
funktionelle Schicht bei einem Transistor zwischen der ersten
und zweiten Elektrode angeordnet. Weiterhin ist eine dritte
Elektrode vorhanden. Die Elektroden kénnen aus Gate-, Source-
und Drain-Elektrode ausgewéhlt sein. Ein Transistor kann zum

Schalten oder Verstarken von elektrischen Signalen verwendet

werden.

Bei einer Solarzelle kann Licht in elektrische Energie
umgewandelt werden. Hier ist die organische, funktionelle
Schicht zwischen der ersten und der zweiten Elektrode
angeordnet, wobei zumindest eine der Elektroden transparent

ausgeformt ist.

Die Vorrichtung kann in einer organischen funktionellen
Schicht als erstes Matrixmaterial beispielsweise mCP (m-
Bis(N-carbazolylbenzol)), als zweites Matrixmaterial, das ein

Lochtransportmaterial sein kann, TCTA (9H-carbazol,9,9',9''-
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(1,3,5-Benzoltriyl) tris-(9Cl)), und als drittes
Matrixmaterial, das ein Elektronentransportmaterial sein
kann, beispielsweise TPBi (1,3,5-Tris (N-Phenylbenzylimidazol-
2-yl) aufweisen. Soll eine Matrix fir eine Emissionsschicht
bereitgestellt werden, kann als Emittermaterial
beispielsweise der gelbe Emitter Rubren (5,6,11,12-

Tetraphenylnaphthacen) eingefiigt werden.

Es wird weiterhin ein Verfahren zur Herstellung einer
elektronischen Vorrichtung mit den oben beschriebenen
Eigenschaften bereitgestellt. Das Verfahren umfasst die
Verfahrensschritte A) Bereitstellen eines Substrats, B)
Bereitstellen einer ersten Elektrode und einer zweiten
Elektrode, C) Anordnen zumindest einer organischen Schicht
zwischen der ersten Elektrode und der zweiten Elektrode
Beispielsweise kann die zumindest eine organische,
funktionelle Schicht auf der ersten Elektrode und die zweite
Elektrode auf der organischen, funktionellen Schicht
angeordnet werden. Im Verfahrensschritt C) wird dabeil
mindestens ein erstes Matrixmaterial, ein zweites
Matrixmaterial und ein drittes Matrixmaterial gleichzeitig
aufgebracht. Das Aufbringen im Verfahrensschritt C) kann
beispielsweise durch Aufdampfen (Koevaporation) geschehen.
Durch das gleichzeitige Aufbringen kann die Konzentration des
jeweiligen Matrixmaterials unabhdngig von den anderen
Matrixmaterialien bestimmt werden, sodass die
Matrixmaterialien in verschiedenen Konzentrationen

aufgebracht werden kénnen.

Anhand der Figuren und Ausfihrungsbeispiele soll die

Erfindung naher erlautert werden:
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Figur 1 zeigt die schematische Seitenansicht einer

elektronischen Vorrichtung,

Figur 2 zeigt eine schematische Ansicht der energetischen

Zusténde der verschiedenen Matrixmaterialien,

Figuxr 3 zeigt eine schematische Seitenansicht einer

elektronischen Vorrichtung,

Figur 4 zeigt die Simulation der Mobilitat der

Ladungstridger in einer Emissionsschicht,

Figur 5 zeigt den schematischen Aufbau zur Herstellung

einer Schicht mit mehreren Matrixmaterialien.

Figur 1 zeigt die schematische Seiténansicht einer
elektronischen Vorrichtung, die ein Substrat 10, eine erste
Elektrode 20, eine Emissionsschicht 30 und eine zweite
Elektrode 40 umfasst. Die erste Elektrode kann beispielsweise
eine Anode und die zweite Elektrode eine Kathode sein. Je
nachdem, ob das Substrat und die erste Elektrode oder die
zweite Elektrode transparent ausgeformt sind, kann es sich
bei der elektronischen Vorrichtung um eine Bottom-
emittierende oder eine Top-emittierende Vorrichtung,
beispielsweise eine OLED, handeln. Die Emissionsschicht 30
kann ein erstes, ein zweites und ein drittes Matrixmaterial

aufweisen und mit einem Emittermaterial dotiert sein.

Figur 2 zeigt die schematische Darstellung der Energieniveaus
der jeweiligen Materialien in der Emissionsschicht in einer
beispielhaften Ausfihrungsform. Es ist das HOMO und LUMO des
ersten Matrixmaterials 30N, des zweiten Matrixmaterials 30B

und des dritten Matrixmaterials 30A gezeigt. Das erste
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Matrixmaterial weist ein HOMO auf, das energetisch niedriger
liegt als das HOMO des zweiten Matrixmaterials und des
dritten Matrixmaterials. Weiterhin weist das erste
Matrixmaterial ein LUMO auf, das energetisch hdher liegt als
das LUMO des zweiten Matrixmaterials und des dritten
Matrixmaterials. Das zweite Matrixmaterial weist ein LUMO
auf, das energetisch hdéher liegt als das LUMO des dritten
Matrixmaterials und ein HOMO, das energetisch héher liegt als
das HOMO des dritten Matrixmaterials. Damit weist das erste
Matrixmaterial geringere Ladungstridgermobilititen als die
beiden anderen Matrixmaterialien auf, das zweite
Matrixmaterial kann ein Lochtransportmaterial und das dritte

Matrixmaterial ein Elektronentransportmaterial umfassen.

Das Emittermaterial 30E weist ein HOMO und LUMO auf, das die
geringste Bandlicke im Vergleich zu den Matrixmaterialien hat
und zwischen den LUMOs und den HOMOs der drei

Matrixmaterialien liegt.

Rechts in dem Schema ist die Summe der verschiedenen
Energieniveaus aufgezeigt. A symbolisiert das Energieniveau,
bei dem der Elektronentransport stattfindet, B symbolisiert
das Energieniveau, bei dem Lochtransport stattfindet. dl und
d2 stehen fur die energetischen Abstdnde zwischen den LUMOs
des ersten und zweiten Matrixmaterials (dl) und den HOMOs des
ersten und dritten Matrixmaterials (d2). d3 symbolisiert die
Bandliicke des Emittermaterials. Wird kein Emittermaterial
eingesetzt, kann es sich bei der Schicht auch um eine
Ladungstragertransport-, Ladungstragerinjektions- oder
Ladungstragerblockierschicht handeln. Weiterhin kénnen auch
mehrere Emittermaterialien eingesetzt werden. Das
Emittermaterial weist in der Emissionsschicht eine

Konzentration von < 10 Gew% auf.
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Figur 3 zeigt die schematische Seitenansicht einer weiteren
Ausfihrungsform der elektronischen Vorrichtung, die eine
Emissionsschicht 30 aufweist, an die jeweils auf einer Seite
eine Elektronentransportschicht 32 und eine
Lochtransportschicht 31 angrenzt. Hier handelt es sich bei
der ersten Elektrode 20 um eine Anode.

Sowohl die Emissionsschicht 30 als'auch die Elektronen-
transportschicht 32 und die Lochtransportschicht 31 kénnen
Matrizen aufweisen, die sich aus drei oder mehr

Matrixmaterialien zusammensetzen.

Figur 4 zeigt die Simulation des Ladungstragertransports in
einer OLED, in der eine Emissionsschicht, eine Lochtransport-
schicht 31 und eine Elektronentransportschicht 32 vorhanden
ist. Die x-Achse zeigt die Entfernung der jeweiligen Schicht
von der Anode D [nm], die y-Achse zeigt die normierte
Rekombinationsrate Rp. Man kann sehen, dass mit Verringerung
des absoluten Wertes der Ladungstrigermobilitét in der
Emissionsschicht 30 im Vergleich zu dexr Lochtransportschicht
31 und der Elektronentransportschicht 32 die
Rekombinationszone wvon den Randern der Emissionsschicht zur
Mitte hin verschoben wird. Das heifft, mit sinkender Mobilitat
der Ladungstrager in der Emissionsschicht 30 verringert sich
die Rekombination in den angrenzenden Schichten 32 und 31 und

verschiebt sich zur Mitte der Emissionsschicht 30.

Bei der Simulation wurden Elektronen- und Lochmobilit&t in
der Emissionsschicht gleichgesetzt, also ein ambipolarer
Ladungstransport angenommen. Es wurde ohmsche Injektion
angenommen, alle Energiebarriereh‘zwischen HOMO und LUMO der
zweil Schichten betrugen 400 meV fuUr die jeweilige

Ladungstrédgersorte. In dem Diagramm sind fur die

SDC EX. 1002 - 123/325



P2008,0612 DE N1 / 2091 / 1984
2008E04435DE / 2007E08546DE

- 16 -

verschiedenen Linienformen die jeweiligen Mobilit&ten der
Ladungstrdger in m?/Vs angegeben, sie bewegen sich zwischen

10-8 bis zu 10-12,

Figur 5 zeigt die schematische Seitenansicht eines Aufbaus
zur Herstellung der elektronischen Vorrichtung. Auf einer
Halterung 51 sind beispielhaft vier Verdampfungsquellen 50
aufgebracht, aus denen jeweils Matrixmaterialien_und/oder
Dotierstoffe auf das Abscheidesubstrat 60 aufgedampft werden
kénnen. Um die jeweilige Konzentration des Matrixmaterials
und/oder des Dotierstoffs genau bestimmen zu kénnen, wird die
Verdampfungsrate Uber Schichtdickenmonitore 55 gemessen und
eingestellt. Bei den Schichtdickenmonitoren kann es sich

beispielsweise um Schwingquarze handeln.

Beispielsweise kann mit einem Aufbau gemdf Figur 5 eine
Emissionsschicht hergestellt werden, die ein erstes
Matrixmaterial enthdlt, das mCP (m-Bis(N-carbazolylbenzol))
umfasst und mit einer Aufdampfrate von 3,8 A/s aufgebracht
wird. Das zweite Matrixmaterial, das Lochtranéportmaterial
kann TCTA (9H-carbazol,9,9',9''-(1,3,5-Benzoltriyl)tris-
(9C1)) sein und mit einer Aufdampfrate von 8 A/S aufgebracht
werden. Das dritte Matrixmaterial, das Elektronen-
transportmaterial, kann beispielsweise TPBi (1,3,5-Tris (N-
Phenylbenzylimidazol-2-yl) sein und mit einer Aufdampfrate
von 8 A/S aufgebracht werden. Als Emittermaterial kann
beispielsweise der gelbe Emitter Rubren (5,6,11,12-
Tetraphenylnaphthacen) eingebracht werden und mit einer
Aufdampfrate von 0,2 A/S aufgebracht werden. Damit ergibt
sich eine Schicht mit einer Volumenkonzentration von 40% flr
die Ladungstragertransportmaterialien und 1% fur den Emitter.
In Tabelle 1 sind die HOMOs und LUMOs dieser Materialien
angegeben. Die Werte der HOMOs von TCTA, TPBi, mCP wurden

SDC EX. 1002 - 124/325



P2008,0612 DE N1 / 2091 / 1984
2008E04435DE / 2007E08546DE

- 17 -

mittels UV-Photoemissionsspektroskopie bestimmt, die
korrespondierenden LUMO-Werte wurden abgeschatzt, indem die
fir die Absorption bendétigte Energie zu dem HOMO-Wert
dazugezahlt wurde. Der HOMO- und LUMO-Wert von Rubren wurde

mittels Cyclovoltammetrie und Photoelektronenspetrometrie

bestimmt.
HOMO [eV] LUMO [eV]
mCP -5,9 -2,4
TCTA -5,7 -2,3
TPBi -6,3 -2,8
Rubren -5,5 -3,0
Tabelle 1

Das dritte Matrixmaterial TPBi weist den im Vergleich mit den
anderen Matrixmaterialien niedrigsten Wert fir das LUMO auf
und ist somit Elektronentransportmaterial. Das zweite
Matrixmaterial TCTA weist den im Vergleich mit den anderen
Matrixmaterialien gréoten Wert fir das HOMO auf und ist somit
Lochtransportmaterial. Das erste Matrixmaterial mCP isﬁ nicht
am Ladungstrigertransport beteiligt, da sein LUMO nicht
niedriger als das LUMO des dritten Matrixmaterials ist und
sein HOMO nicht hdéher als das HOMO des zweiten

Matrixmaterials ist.

Weitere mégliche Lochtransportmaterialien sind:

NPB N,N'-Bis (Naphthalen-1-yl) -N,N'-bis (phenyl) -
Benzidin

TCTA 4,4',4"''-Tris(carbazol-9-yl)triphenylamin

CPB 4,4'-Bis(carbazol-9-yl)biphenyl

1T-NATA 4,4',4"''-Tris(N- (1-naphthyl) -N-phenyl-

amino) triphenylamin
Spiro-TAD 2,2',7,7'-Tetrakis (N,N-diphenylamino) -9,9"'-

spirobifluoren
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Als Elektronentransportmaterialien kénnen weiterhin

eingesetzt werden:

TPBi 2,2',2''-(1,3,5-Benzintriyl) -tris(1-phenyl-1-H-
benzimidazol)

TAZ 3-(4-Biphenylyl) -4-Phenyl-5-tert-butylphenyl-
1,2,4-triazol '

Alqgs Tris (8-Hydroxy-quineclinato)aluminium

BCP 2,9-Dimethyl—4,7-diphenyl-1,lo—phenanthrolin

NTAZ 4—(Naphthalen-1—y1)—3,5—diphenyli4H—1,2,4-
triazol

Balg Bis- (2-methyl-8-quinolinolat) -4-

(phenylphenolato)aluminium

Als erstes Matrixmaterial, das im Vergleich zu den anderen
Matrixmaterialien die geringste Ladungstragermobilitat

aufweist, kann eingesetzt werden:

UGH-2 1,4-Bis(triphenylsilyl)benzol
UGH-3 1,3-Bis(triphenylsilyl)benzol
mCP 1,3-Bis(carbazol-9-Y1l)benzol

Die HOMOs von UGH-2 und UGH-3 haben Werte von -7,2 + 0,1 eV,
die LUMOs liegen bei 2,8 eV. Diese HOMO-Werte kénnen mittels
Photoelektronenspektroskopie bestimmt werden, die LUMO-Werte
kénnen aus dem Abstand von HOMO-Werten und LUMO-Werten am

Schnittpunkt des Absorptions- und des Fluoreszenzspektrums

abgeschiatzt werden.

Mégliche Emittermaterialien sind:

Ir(ppy)3 Tris(2-phenylpyridin) iridum(IIT)

Ir (ppy) 2 Bis (2-phenylpyridlin) (acetylacetonat)iridium(II)
(acac)

BczVBi 4,4'-Bis(9-ethyl-3-carbazovinylen)-1,1'-biphenyl
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FirPic Bis (3,5-Difluoro-2- (2-pyridyl)phenyl- (2-carboxy-
pyridyl)iridium (IIT)

Rubren Tetraphenylnaphthacen

Ir(piqg)s Tris(l-phenylisoquinolin) iridium(III),

Bei diesen Emittermaterialien handelt es sich um kleine,
nicht-polymere Molekliile. Der Einsatz von polymeren

Emittermaterialien ist ebenso mdglich.

Weitere mégliche Materialien, die je nach Lage ihrer HOMOs
und LUMOs zueinander als erste, zweite oder dritte Matrix
eingesetzt werden kdnnen, sind: '
Bphen 4,7-Diphenyl-1,10-phenanthrolin
DPAVBi 4,4'-Bis(2-(4- (N,N-

diphenylamino)phenyl) vinyl)biphenyl

CuPC Phthélocyanin Kupfer Komplex

S-DPVBi 2,2',7,7'-Tetrakis (2, 2-diphenylvinyl) spiro-9,9'-
bifluorenCpPF

TAPC 1,1-Bis- (4-bis(4-methylphenyl) -aminophenyl) -
cyclohexan

TBADN 9,10-Bis(2-naphthyl) -2-t-butylanthracen

TPD N,N,N',N'-Tetraphenylbenzidin

Einige der Elektronen- und Lochtransportmaterialien kdénnen
auch als erstes Matrixmaterial dienen. Wichtig bei der
Zusammenstellung des ersten, zweiten und dritten
Matrixmaterials fur die Matrix sind das relative Verhaltnis
der LUMOé und HOMOs der drei kombinieften Materialien und

deren Lage 2zueinander.
Die Matrix kann fir phosphoreszente Emitter aufgrund der

chemischen Vertraglichkeit nicht beliebig gewahlt werden. Der

rote Emitter Iridium (III)bis(2-methyldibenzo-
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[£,h]lquinoxalin) -acetylacetonat) ist nur in einer NBP-Matrix
effizient. NPB ist jedoch ein Lochtransportmaterial. Befindet
sich nun anodenseitig noch eine weitere Emitterschicht, wird
diese nicht ausreichend mit Elektronen versorgt. Durch
Eindotierung eines Elektronentransportmaterials,
beispielsweise BCP, kénnen die relativen
Transporteigenschaften eingestellt werden. Die Feinabstimmung

der Transporteigenschaften erfolgt mit UGH4.

Die in den Figuren und Ausfihrungsbeispielen gezeigten
Ausfihrungsformen kdénnen beliebig variiert werden. Es ist
weiterhin zu berlicksichtigen, dass sich die Erfindung nicht
auf die Beispiele beschrankt, sondern weitere, hier nicht

aufgefihrte Ausgestaltungen zuldsst.

SDC EX. 1002 - 128/325



P2008,0612 DE N1 / 2091 / 1984
2008E04435DE / 2007E08546DE

Patentanspriche

1. Elektronische Vorrichtung, umfassend
- ein Substrat,
- eine erste Elektrode,
- zumindest eine organische, funktionelle Schicht, und
- eine zweite Elektrode, wobei die zumindest eine
organische, funktionelle Schicht zwischen der ersten
Elektrode und der zweiten Elektrode angeordnet ist und
wobei die zumindest eine organische, funktionelle Schicht
mindestens ein erstes Matrixmaterial, ein zweites
Matrixmaterial und ein drittes Matrixmaterial aufweist
und das dritte Matrixmaterial ein Lowest Unoccupied
Molecular Orbital (LUMO), das energetisch niedriger als
das LUMO des zweiten Matrixmaterials und das LUMO des
ersten Matrixmaterials ist, und wobei das zweite
Matrixmaterial ein Highest Occupied Molecular Orbital
(HOMO) , das energetisch hdher als das HOMO des ersten
Matrixmaterials und das HOMO des dritten Matrixmaterials

ist, aufweist.

2. Elektronische Vorrichtung nach dem vorhergehenden
Anspruch, wobei das erste Matrixmaterial ein LUMO, das
energetisch hdher als das LUMO des zweiten Matrixmaterial
und das LUMO des dritten Matrixmaterials ist, und ein
HOMO, das energetisch niedriger als das HOMO des zweiten
Matrixmaterials und das HOMO des dritten Matrixmaterials

ist, aufweist.

3. Elektronische Vorrichtung nach dem vorhergehenden
Anspruch, wobel das zweite Matrixmaterial ein LUMO, das
energetisch hdéher als das LUMO des dritten
Matrixmaterials ist, und ein HOMO, das energetisch hdher

als das HOMO des dritten Matrixmaterials ist, aufweist.

4. Elektronische Vorrichtung nach einem der vorhergehenden

Ansprliche, wobei das erste Matrixmaterial eine

SDC EX. 1002 - 129/325



P2008,0612 DE N1 / 2091 / 1984
2008E04435DE / 2007E08546DE

Ladungstrdgermobilitat aufweist, die geringer ist als die
Ladungstrigermobilitidten des zweiten und dritten

Matrixmaterials.

5. Elektronische Vorrichtung nach einem der vorhergehenden
Anspriche, wobei das zweite Matrixmaterial ein

Lochtransportmaterial umfasst.

6. Elektronische Vorrichtung nach einem der vorhergehenden
Anspriche, wobei das dritte Matrixmaterial ein

Elektronentransportmaterial umfasst.

7. Elektronische Vorrichtung nach einem der vorhergehenden
Anspriche, wobeili die organische, funktionelle Schicht
ausgewdhlt ist aus einer Gruppe, die Emissionsschichten,
Elektronentransportschichten, Lochtransportschichten,
Elektronenblockierschichten, Lochblockierschichten,
Lochinjektionsschichten, Elektroneninjektionsschichten

und Zwischenschichten umfasst.

8. Elektronische Vorrichtung nach einem der vorhergehenden
Ansprluche, wobei die organische, funktionelle Schicht
eine Emissionsschicht ist und mit zumindest einem

Emittermaterial dotiert ist.

9. Elektronische Vorrichtung nach dem vorhergehenden
Anspruch, wobei das Emittermaterial in der
Emissionsschicht eine Konzentration von £ 10 Gew%

aufweist.

10. Elektronische Vorrichtung nach dem vorhergehenden
Anspruch, wobei die Konzentration des Emittermaterials in

der Emissionsschicht einen Gradienten aufweist.
11. Elektronische Vorrichtung nach einem der Anspriuche 8 bis

10, wobei das LUMO des Emittermaterials energetisch
niedriger als das LUMO des ersten, zweiten und dritten

SDC EX. 1002 - 130/325



P2008,0612 DE N1 / 2091 / 1984
2008E04435DE / 2007E08546DE

Matrixmaterials ist und das HOMO des Emittermaterials
energetisch hdéher als das HOMO des ersten, zweiten und

dritten Matrixmaterials ist.

12. Elektronische Vorrichtung nach einem der vorhergehenden
Ansprliiche, die als strahlungsemittierende Vorrichtung

ausgebildet ist.

13. Elektronische Vorrichtung nach einem der Anspriche 1 bis
11, wobei die Vorrichtung ausgewahlt ist aus einer
Gruppe, die eine organische Licht emittierende
Vofrichtung, eine Solarzelle und einen Transistor

umfasst.

14. Verfahren zur Herstellung einer elektronischen
Vorrichtung gemd&ff den Anspriichen 1 bis 13, mit den
Verfahrensschritten
A) Bereitstellen eines Substrats,

B) Bereitstellen einer ersten Elektrode und einer zweiten
Elektrode,

C) Anordnen zumindest einer organischen, funktionellen
Schicht zwischen der ersten Elektrode und der zweiten
Elektrode

wobei im Verfahrensschritt C) mindestens das erste
Matrixmaterial, das zweite Matrixmaterial und das dritte

Matrixmaterial gleichzeitig aufgebracht werden.

15. Verfahren nach dem vorhergehenden Anspruch, wobei im
Verfahrensschritt C) das erste Matrixmaterial, das zweite
Matrixmaterial und das dritte Matrixmaterial durch

Aufdampfen aufgebracht werden.
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Zusammenfassung

Elektronische Vorrichtung

. Es wird eine Elektronische Vorrichtung, umfassend ein
Substrat, eine erste Elektrode, zumindest eine organische,
funktionelle Schicht und eine zweite Elektrode angegeben. Die
organische, funktionelle Schicht umfasst ein erstes, ein
zweites und ein drittes Matrixmaterial, wobei das erste

Matrixmaterial eine grofere Bandliicke als das zweite und das

dritte Matrixmaterial aufweist.

l Signifikante Figur 1
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Beschreilbung
Strahlungsemittierende Vorrichtung

Die Erfindung betrifft eine strahlungsemittierende
Vorrichtung und ein Verfahren zur Herstellung einer

strahlungsemittierenden Vorrichtung.

Strahlungsemittierende Vorrichtungen, wie beigpielsweise
organische Leuchtdioden (OLEDs), bestehen aus einer Abfolge
mehrerer funkticneller organischer Schichten.
Emissionsschichten weisen dabei ein Matrixmaterial auf,
welches mit Emittermolektilen dotiert wird. In der
Emissionsschicht werden Exzitonen durch Rekombination wvon
Elektronen und ,Ldchern™ gebildet, die zur Lichtemission
fihren. Um eine hohe Effizienz der strahlungsemittierenden
Vorrichtung zu erhalten, ist das Verh&ltnis zwischen
Elektronen und ,Lb&chern®, die in der Emissionsschicht
transportiert werden, entscheidend. Ein nicht ausgeglichenes
Verhdltnis zwischen Loch- und Elektronentransport resultiert

in einer geringen Strahlungseffizienz der Vorrichtung.

Aufgabe der Erfindung ist es, eine gtrahlungsemittierende
Vorrichtung bereitzustellen, die einen verbesserten
Ladungstragertransport und eine verbesserte Ladungstrager-
balance in den organischen Schichten und damit eine erhdhte
Effizienz aufweist. Eine weitere Aufgabe der Erfindung ist
es, ein Verfahren zur Herstellung einer '
strahlungsemittierenden Vorrichtung bereitzustellen. Diese
Aufgaben werden durch eine strahlungsemittierende Vorrichtung
gemafs Anspruch 1 und einem Verfahren zur Herstellung der

strahlungsemittierenden Vorrichtung gem&f Anspruch 10 geldst.
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Weitere Ausfihrungsformen der Vorrichtung und des Verfahrens

sind Gegenstand weiterer Anspruche.

GemafR einer Ausfiihrungsform wird eine strahlungsemittierende
Vorrichtung bereitgestellt, die ein Substrat, eine erste
Elektrode auf dem Substrat, zumindest eine organische,
funktionelle Schicht auf der ersten Elektrode und eine zweite
Elektrode auf der zumindest einen organischen, funktionellen
Schicht umfasst. Die zumindest eine organische, funktionelle
Schicht weist mindestens ein erstes Matrixmaterial, ein
sweites Matrixmaterial und ein drittes Matrixmaterial auf,
wobei das erste Matrixmaterial ein Lowest Unoccupied
Molecular Orbital  (LUMO), das energetisch hdéher als das LUMO
des zweiten Matrixmaterials und das LUMO des dritten
Matrixmaterials ist, und ein Highest Occupied Molecular
Orbital (HOMO), das energetisch niedriger als das HOMO des
zweiten Matrixmaterials und das HOMO des dritten
Matrixmaterials ist. Damit wird eine strahlungsemittierende
Vorrichtung bereitgestellt, die mehr als zwei verschiedene
Matrixmaterialien in einer organischen funktionellen Schicht
umfasst. Dabei kénnen drei verschiedene Matrixmaterialien

vorhanden sein, je nach Bedarf auch mehr als drei.

Nach der Moleklilorbitaltheorie sind in einem Molekul
verschiedene Molekiilorbitale mit verschiedenen Energieniveaus
vorhanden, die von den vorhandenen Elektronen besetzt werden
kdénnen. Diese Molekfilorbitale werden nach zunehmendem
Energieniveau besetzt. Das LUMO ist das energetisch
niedrigste Molektilorbital, das nicht mehr mit einem Elektron
begsetzt ist. Das HOMO ist das energetisch am hdchsten
gelegene MoleklUlorbital, das noch mit einem Elektron besetzt

ist.
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Diese strahlungsemittierende Vorrichtung weist einen
verbesserten Ladungstrigertransport und eine verbesserte
Ladungstragerbalance in der organischen funktionellen Schicht
auf, und ein anpassbares Verh&ltnis zwischen Loch- und
Elektronentransport. Das erste Matrixmaterial ist dabei so
gewdhlt, dass es eine grofie Bandllcke, also die Differenz
zwischen HOMO und LUMO aufweist, so dass sein HOMO
energetisch unter dem HOMO der anderen beiden
Matrixmaterialien und sein LUMO energetisch Uber dem LUMO der

anderen beiden Matrixmaterialien liegt.

Weiterhin kann in der strahlungsemittierenden Vorrichtung das
zweite Matrixmaterial ein LUMO, das energetisch hdher als das
LUMO des dritten Matrixmaterials ist, und ein HOMO, das
energetisch hdher als das HOMO des dritten Matrixmaterials
ist, aufweisen. Damit weist das erste Matrixmaterial die
gréRte Bandliicke zwischen HOMO und LUMO im Vergleich zum
zweiten und zum dritten Matrixmaterial auf und das zweite
Matrixmaterial weist Bandllicke auf, die zu der Bandliicke des
dritten Matrixmaterials energetisch verschoben ist. Damit
kénnen auf dem LUMO des dritten Matrixmaterials Elektronen
transportiert werden, und auf dem HOMO des zweiten
Matrixmaterials Loécher transportiert werden, da diese
Energieniveaus jeweils am energetisch glnstigsten flr den

jeweiligen Ladungstransport sind.

Das erste Matrixmaterial kann in der strahlungsemittierenden
Vorrichtung Ladungstrigermobilit&t aufweisen, die geringer
ist als die Ladungstrigermobilitdt des zweilten und des
dritten Matrixmaterials. Das erste Matrixmaterial kann ein
Ultra Wide Band Gap (UGH)-Material sein, welches eine im

Vergleich zu den f{ibrigen Matrixmaterialien grofe Bandllicke
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aufweist. Dadurch kann es keinen Anteil am

Ladungstragertransport aufweisen.

Das zweite Matrixmaterial kann weiterhin ein
Lochtransportmaterial umfasgen und das dritte Matrixmaterial

kann ein Elektronentransportmaterial umfassen.

Der Ladungstragertransport, also der Lochtransport und der
Elektronentransport, hangt insbesondere von der Mobilitat der
Lécher beziehungsweise der Elektronen in einem Material und
von der Lage der Energieniveaus HOMO und LUMO der
Matrixmaterialien ab. Das HOMO und LUMO eines Materials ist

dabei fir die Ladungstragerinjektion verantwortlich.

Zur Erzeugung eines Lochs in der Matrix, die sich aus den
drei Matrixmaterialien zusammensetzt, muss beispielsweise ein
Elektron aus dem HOMO entfernt werden, was bei einem
energetisch tief liegenden HOMO schwieriger ist als bei einem
energetisch hdéher liegenden. Somit ist das zweite
Matrixmaterial, das ein hdher gelegenes HOMO als das dritte
Matrixmaterial aufweist, besser als Lochtransportmaterial
geeignet, als das dritte Matrixmaterial. Analoges gilt flur
die Erzeugung von Elektronen in LUMOs, die bei energetisch
tiefer gelegenen LUMOs energetisch beglnstigt ist. Somit
eignet sich das dritte Matrixmaterial, das ein niedrigeres
LUMO als das zweite Matrixmaterial aufweist, als

Elektronentransportmaterial.

Sind Lécher und Elektronen erzeugt, spielt weiterhin die
Mobilitdt dieser Ladungstriger in dem Material eine Rolle. Je
nachdem, wie diese beiden Faktoren in einem Material
zusammenwirken, kann ein Matrixmaterial als Elektronen-

transportmaterial oder als Lochtransportmaterial dienen.
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Dabei findet jeweils auch der Ladungstragertransport der
anderen Ladung statt, es lberwiegt jedoch der Transport eines
Ladungstragers. Findet in einem Matrixmaterial kein
Ladungstriagertransport statt, wie in einer Ausfihrungsform
der Erfindung in dem ersten Matrixmaterial, so kann das
entweder darauf zurlickzufilhren sein, dass keine Ladungstrager
erzeugt werden, dass keine Mobilitdt der Ladungstrager
vorhanden ist oder dass der Elektronentransport und
Lochtransport ausgeglichen ist, sodass in der Summe kein

Ladungstragertransport stattfindet.

Die Energieniveaus HOMO und LUMO eines Materials koénnen
gemessen werden, um geeignete Materialien fir erstes, zweites
und drittes Matrixmaterial auszuwdhlen. So kann das HOMO
eines Materials mittels Cyclovoltametrie bestimmt werden. Die
Bandllcke, also der enérgetische Unterschied zwischen HOMO
und LUMO kann weiterhin mittels Spektroskopie ermittelt
werden, bei der die Wellenlinge des emittierten Lichts
gemessen wird und daraus die entstandenen Exzitonen und die
Bandliicke berechnet wird. Das Energieniveau des LUMO wird
dann aus dem ermittelten HOMO und der BandllUcke berechnet.
Das HOMO kann alternativ auch mittels Photoelektronen-

spektroskopie ermittelt werden.

Die Mobilit&t von Elektronen und Ldéchern kann von dem
Moleklilabstand, also dem mittleren Abstand von
Ladungstrigertransportierenden Moleklilen in dem jeweiligen
Matrixmaterial abh&ngen. Somit spielt die Konzentration eines
Matrixmaterials in der Matrix eine Rolle. Das erste
Matrixmaterial, das im Vergleich zu dem zweiten und dritten
Matrixmaterial die grofRte Bandllicke und die geringste
Ladungstrigermobilitdt aufweist, kann dazu dienen, die

Konzentration des zweiten und des dritten Matrixmaterials
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getrennt voneinander einzustellen. Je nach der gewadhlten
Konzentration des zweiten und dritten Matrixmaterials &ndern
sich die Abst&nde zwischen den jeweiligen Molekillen. Der
mikroskopische Ladungstragertransport hangt vom Molekdl-
abstand der Ladungstragertransportierenden Moleklle in dem
jeweiligen Matrixmaterial ab, sodass sich durch die
Einstellung der Konzentration die Mobilitdt wvon Elektronen
und Léchern in der Matrix, die zumindest drei
Matrixmaterialien aufweist, getrennt voneinander absolut

einstellen lasst.

Nach Miller und Abraham kann die Mobilitat folgendermafien

bestimmt werden:

Vij = Voexp[—ZYa(ARij/a)]

In diesem Modell wird ein Festkdrper schematisch gesehen aus
den Platzen i und j aufgebaut, auf denen sich die
Ladungstriger befinden kdnnen. Jeder Platz reprasentiert
einen lokalisierten Zustand. Der Transport eines
Ladungstrigers zwischen den Platzen i und j wird durch einen
Widerstand Rjj dargestellt. Die Grofee des
temperaturabhingigen Widerstands spiegelt dabei den
raumlichen Abstand zwischen den Platzen und die bendtigte
Aktivierungsenergie flir den Ubergang wider. Der Parameter Y
steht fur den Abfall der elektronischen Wellenfunktion der
Ladungstriger, a ist der Parameter fir den durchschnittlichen
Gitterabstand. Die Phononenfrequenz vg gibt die Anzahl der
Versuch eines Ladungstrigers aus einem lokalisierten Zustand
in einen anderen lokalisierten Zustand zu gelangen an, liegt
im Bereich von etwa 1013 s-1 und berficksichtigt die Starke

der Elektronenphononkopplung.
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Die strahlungsemittierende Vorrichtung kann weiterhin eine
organische, funktionelle Schicht aufweisen, die aus einer
CGruppe ausgewahlt ist, die Emissionsschichten,
Elektronentransportschichten, Lochtransportschichten,
Elektronenblockierschichten, Lochblockierschichten,
Lochinjektionsschichten, Elektroneninjektionsschichten und
Zwischenschichten umfasst. Mit Zwischenschichten werden
Schichten bezeichnet, die zwischen zwei Emissionsschichten
angeordnet sind. Je nachdem, was flr eine organische,
funktionelle Schicht ausgewahlt wird, koénnen diese Schichten
noch zusiétzliche Dotierstoffe enthalten. Die organische,
funktionelle Schicht kann eine Emissionsschicht sein und mit
einem Emittermaterial dotiert sein. Emittermaterialien kdnnen

kleine Moleklle oder Polymere umfassen.

Durch Verzicht auf die Dotierung mit Emittermaterialien
lassen sich Transport-, Zwischen- und Blockierschichten

herstellen.

In einer strahlungsemittierenden Vorrichtung kémnen auch
mehrere organische, funktionelle Schichten vorhanden sein,
wobeli die Schichten unterschiedliche Funktionen oder gleiche
Funktionen aufweisen k&nnen. Beispielsweilise kann eine
strahlungsemittierende Vorrichtung eine Abfolge mehrerer
funktioneller, organigscher Schichten aufweisen, die
beispielsweise zusammengesetzt ist aus einer
Lochinjektionsschicht, einer Lochtransportschicht, einer
ersten Emiessionsschicht, einer Zwischenschicht, einer zweiten
Emissionsschicht, einer Elektronentransportschicht und einer
Elektroneninjektionsschicht. Jede dieser Schichten kann eine
Matrix aufweisen, die mindestens ein erstes, ein zweites und
ein drittes Matrixmaterial aufweist. Die Matrixmaterialien in

den verschiedenen organischen funktionellen Schichten kdnnen
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in allen Schichten gleich oder unterschiedlich gewahlt

werden.

Je nachdem, wo sich die Emissionsschicht in dem Schichtstapel
der strahlungsemittierenden Vorrichtung befindet, kann dort
die Mobilitat von Elektronen und Ldchern innerhalb dieser
Schicht getrennt voneinander optimiert werden, wenn die
Emissionsschicht ein erstes, ein zweites und ein drittes
Matrixmaterial aufweist. Die Mobilit&t kann auch Uiber mehrere

Schichten hinweg optimiert werden.

Auch wenn die Emissionsschicht, die die drei Matrix-
materialien aufweist, nahe einer Anode oder einer Kathode
liegt, kann die Mobilit&t von Elektronen und L&chern so
eingestellt werden, dass das Verhiltnis von Ldchern und
Elektronen in der Emissionsschicht ausgeglichen ist. Je
nachdem, welche Ladungstragersorte eine hdhere Beweglichkeit
aufweisen soll, kann die Matrix eine hdhere Konzentration des
jeweiligen Matrixmaterials enthalten. So kann in der
Emissionsschicht, unabhangig von der Lage der
Emissionsschicht der strahlungsemittierenden Vorrichtung,

eine hohe Anzahl an Exzitonen gebildet werden.

Wenn die organische, funktionelle Schicht eine
Emissionsschicht mit einem Emittermaterial ist, kann das LUMO
des Emittermaterials energetisch niedriger als das LUMO des
ersten, zZweiten und dritten Matrixmaterials sein und das
HOMO des Emittermaterials energetisch hdher als das HOMO des
ersten, zweiten und dritten Matrixmaterials sein. Somit ist
die Bandllcke zwischen HOMO und LUMO des Emittermaterials
kleiner als die Bandllcken der drei Matrixmaterialien und

liegt zudem energetisch zwischen allen Bandllicken aller
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Matrixmaterialien. Ein ambipolarer Ladungstransport in einer

Emissionsschicht ist somit mdglich.

Die Moleklle des zweiten und dritten Matrixmaterials
transportieren bevorzugt nur jeweils eine Ladungstrigersorte,
Locher oder Elektronen, somit bilden sich auf ihnen keine
Exzitonen. Damit wird die Lebensdauer der Materialien erhdht,
da keine Degradation durch Anregungsenergie stattfinden kann.
Zwigchen den verschiedenen Molekililen der Matrixmaterialien
entstehen angeregte Zusténde (Eximere), die ihre
Anregungsenergie durch Energietransfer auf die
Emittermoleklile Ubertragen kdénnen. Somit wird die Effizienz

der strahlungsemittierenden Vorrichtung weiterhin erhdht.

Eine strahlungsemittierende Vorrichtung kann auch mehrere
Emissionsschichten aufweisen, beispielsweise um
phosphoreszente und fluoreszente Emittermaterialien in einer
Vorrichtung zu kombinieren. Dann kann das Einfligen einer
Zwischenschicht zwischen den Emissionsschichten notwendig
sein, die beispielsweise ambipolare
Ladungstransporteigenschaften aufweisen kann. Dieg ist durch

die Kombination von drei Matrixmaterialien mdglich.

Durch Einstellung der Ladungstrigermobilitdt mit Hilfe der
drei Matrixmaterialien ist es m&glich, die Lage der
Rekombinationszone in einer Emissionsschicht gezielt zu
beeinflussen. Die Rekombinationszone kann sich dabei
innerhalb einer Schicht oder iiber mehrere Schichten verteilt
befinden. Durch die Einfiihrung der ersten Matrix, die keinen
Ladungstransport aufweist, innerhalb einer Emissionsschicht
sinkt der absolute Wert der Ladungstrigermobilitit. Daraus
ergibt sich eine Rekombinationszone, die Zone in der

Exzitonen gebildet werden, die von den Randern einer
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emittierenden Schicht zur Mitte hin verschoben wird. Dies
erhdht die Effizienz der Vorrichtung, da unter anderem die
nicht strahlende Abregung von Exzitonen (Quenching)
vermindert wird und mehr Exzitonen in der eigentlichen
Emissionsschicht gebildet werden, statt in den angrenzenden

Schichten.

Bei der strahlungsemittierenden Vorrichtung kann es sich
beispielsweise um eine organische Licht emittierende
Vorrichtung handeln. Diese Licht emittierende Vorrichtung

kann eine organische, Licht emittierende Diode (OLED) sein.

Die Vorrichtung kann in einer organischen funktionellen
Schicht als erstes Matrixmaterial beispielsweise mCP (m-

Bis (N-carbazolylbenzol)), als zweites Matrixmaterial, das ein
Lochtransportmaterial sein kann, TCTA (9H-carbazol,9,9',9''-
(1,3,5-Benzoltriyl)tris-(9Cl)), und als drittes
Matrixmaterial, das ein Elektronentransportmaterial sein
kann, beispielsweise TPBi (1,3,5-Tris (N-Phenylbenzylimidazol-
2-ylb) aufweisen. Soll eine Matrix flr eine Emissionsschicht
bereitgestellt werden, kann als Emittermaterial
beispielsweise der gelbe Emitter Rubren (5,6,11,12-

Tetraphenylnaphthacen) eingefiigt werden.

Es wird weiterhin ein Verfahren zur Herstellung einer
strahlungsemittierenden Vorrichtung mit den oben
beschriebenen Eigenschaften bereitgestellt. Das Verfahren
umfasst die Verfahrensschritte A) Bereitstellen eines
Substrats, B) Anordnen einer ersten Elektrode auf dem
Substrat, C) Herstellen zumindest einer organischen Schicht
auf der ersten Elektrode und D) Anordnen einer zweiten
Elektrode auf der zumindest einen organischen Schicht. Im

Verfahrensschritt C) wird dabei mindestens ein erstes
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Matrixmaterial, ein zweites Matrixmaterial und ein drittes
Matrixmaterial gleichzeitig aufgebracht. Das Aufbringen im
Verfahrensschritt C) kann beispielsweise durch Aufdampfen
(Koevaporation) geschehen. Durch das gleichzeitige Aufbringen
kann die Konzentration des jeweiligen Matrixmaterials
unabhéngig von den anderen Matrixmaterialien bestimmt werden,
sodass die Matrixmaterialien in verschiedenen Konzentrationen

aufgebracht werden kdbnnen.

Anhand der Figuren und Ausflhrungsbeispiele soll die

Erfindung nadher erl&utert werden:

Figur 1 zeigt die schematische Seitenansicht einer

strahlungsemittierenden Vorrichtung,

Figur 2 zeigt eine schematische Ansicht der energetischen

Zustande der verschiedenen Matrixmaterialien,

Figur 3 zeigt eine schematische Seitenansicht einer

strahlungsemittierenden Vorrichtung,

Figur 4 zeigt die Simulation der Mobilitat der

Ladungstriger in einer Emissionsschicht,

Figur 5 zeigt den schematischen Aufbau zur Herstellung

einer Schicht mit mehreren Matrixmaterialien.

Figur 1 zeigt die schematische Seitenansicht einer
strahlungsemittierenden Vorrichtung, die ein Substrat 10,
eine erste Elektrode 20, eine Emissionsschicht 30 und eine
zweite Elektrode 40 umfasst. Die erste Elektrode kann
beispielsweise eine Anode und die zweite Elektrode eine

Kathode sein. Je nachdem, ob das Substrat und die erste
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Elektrode oder die zweite Elektrode transparent ausgeformt
sind, kann es sich bei der strahlungsemittierenden
Vorrichtung um eine Bottom-emittierende oder eine Top-
emittierende Vorrichtung, beispielsweise eine OLED, handeln.
Die Emissionsschicht 30 kann ein erstes, ein zweites und ein
drittes Matrixmaterial aufweisen und mit einem Emitter-

material dotiert sein.

Figur 2 zeigt die schematische Darstellung der Energieniveaus
der jeweiligen Materialien in der Emissionsschicht. Es ist
das HOMO und LUMO des ersten Matrixmaterials 30N, des zweiten
Matrixmaterials 30B und des dritten Matrixmaterials 30A
gezeigt. Das erste Matrixmaterial weist ein HOMO auf, das
energetisch niedriger liegt als das HOMO des zweiten
Matrixmaterials und des dritten Matrixmaterials. Weiterhin
welst das erste Matrixmaterial ein LUMO auf, das energetisch
héher liegt als das LUMO des zweiten Matrixmaterials und des
dritten Matrixmaterials. Das zweite Matrixmaterial weist ein
LUMO auf, das energetisch hdéher liegt als das LUMO des
dritten Matrixmaterials und ein HOMO, das energetisch hoéher
liegt als das HOMO des dritten Matrixmaterials. Damit weist
das erste Matrixmaterial geringere Ladungstragermobilitaten
als die beiden anderen Matrixmaterialien auf, das zweite
Matrixmaterial kann ein Lochtransportmaterial und das dritte

Matrixmaterial ein Elektronentransportmaterial umfassen.

Das Emittermaterial 30E weist ein HOMO und LUMO auf, das die
geringste Bandllicke im Vergleich zu den Matrixmaterialien hat
und zwischen den LUMOs und den HOMOs der drei

Matrixmaterialien liegt.

Rechts in dem Schema ist die Summe der verschiedenen

Energieniveaus aufgezeigt. A symbolisiert das Energieniveau,
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bei dem der Elektronentransport stattfindet, B symbolisiert
das Energieniveau, bei dem Lochtransport stattfindet. dl und
d2 stehen fOr die energetischen Absté&nde zwischen den LUMOs
des ersten und zweiten Matrixmaterials (dl) und den HOMOs des
ersten und dritten Matrixmaterials (d2). d3 symbolisiert die
Bandliicke des Emittermaterials. Wird kein Emittermaterial
eingesetzt, kann es sich bei dexr Schicht auch um eine
Ladungstri&gertransport-, Ladungstrégerinjektions- oder
Ladungstragerblockierschicht handeln. Weiterhin kdnnen auch

mehrere Emittermaterialien eingesetzt werden.

Figur 3 zeigt die schematische Seitenansicht einer weiteren
Ausfiithrungsform der strahlungsemittierenden Vorrichtung, die
eine Emissionsschicht 30 aufweist, an die jeweils auf einer
Seite eine Elektronentransportschicht 32 und eine
Lochtransportschicht 31 angrenzt. Hier handelt es sich bei
der ersten Elektrode 20 um eine Anode.

Sowohl die Emissionsschicht 30 als auch die Elektronen-
transportschicht 32 und die Lochtransportschicht 31 kdnnen
Matrizen aufweisen, die sich aus drei oder mehr

Matrixmaterialien zusammensetzen.

Figur 4 zeigt die Simulation des Ladungstr&gertransports in
einer OLED, in der eine Emissionsschicht, eine Lochtransport-
schicht 31 und eine Elektronentransportschicht 32 vorhanden
igt. Die x-Achse zeigt die Entfernung der jeweiligen Schicht
von der Anode D [nm], die y-Achse zeigt die normierte
Rekombinationsrate Rpn. Man kann sehen, dass der absolute Wert
der Ladungstrigermobilitdt in der Emissionsschicht 30 im
Vergleich zu der Lochtransportschicht 31 und der
Elektronentransportschicht 32 sinkt und die
Rekombinationszone von den R&ndern der Emissionsschicht zur

Mitte hin verschoben wird. Das heift, mit sinkender Mobilitat
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der Ladungstriger in der Emissionsschicht 30 verringert sich
die Rekombination in den angrenzenden Schichten 32 und 31 und

verschiebt gich zur Mitte der Emissionsschicht 30.

Bei der Simulation wurden Elektronen- und Lochmobilitat in
der Fmissionsschicht gleichgesetzt, also ein ambipolarer
Ladungstransport angenommen. Es wurde ohmsche Injektion
angenommen, alle Energiebarrieren zwischen HOMO und LUMO der
zwei Schichten betrugen 400 meV flr die jeweilige
Ladungstrigersorte. In dem Diagramm sind fir die
verschiedenen Linienformen die jeweiligen Mobilit&ten der
Ladungstriger. in m?/Vs angegeben, sie bewegen sich zwischen

10-8 big zu 10-12.

Figur 5 zeigt die schematische Seitenansicht eines Aufbaus
zur Herstellung der strahlungsemittierenden Vorrichtung. Auf
einer Halterung 51 sind beispielhaft vier Verdampfungsquellen
50 aufgebracht, aus denen jeweils Matrixmaterialien und/oder
Dotierstoffe auf das Abscheidesubstrat 60 aufgedampft werden
kédnnen. Um die jeweilige Konzentration des Matrixmaterials
und/oder des Dotierstoffs genau bestimmen zu kdnnen, wird die
Verdampfungsrate Uber Schichtdickenmonitore 55 gemessen und
eingestellt. Bei den Schichtdickenmonitoren kann es sich

beispielsweise um Schwingquarze handeln.

Beispielsweise kann mit einem Aufbau gem&f Figur 5 eine
Emissionsschicht hergestellt werden, die ein erstes
Matrixmaterial enth#lt, das mCP (m-Bis (N-carbazolylbenzol))
umfasst und mit einer Aufdampfrate von 3,8 A/s aufgebracht
wird. Das zZweite Matrixmaterial, das Lochtransportmaterial
kann TCTA (9H-carbazol,9,9',9''-(1,3,5-Benzoltriyl)tris-
(9C1)) sein und mit einer Aufdampfrate von 8 A/S aufgebracht

werden. Das dritte Matrixmaterial, das Elektronen-
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transportmaterial, kann beispielsweise TPBi (1,3,5-Tris(N-
Phenylbenzylimidazol-2-ylb) sein und mit einer Aufdampfrate
von 8 A/S aufgebracht werden. Als Emittermaterial kann
beispielsweise der gelbe Emitter Rubren (5,6,11,12-
Tetraphenylnaphthacen) eingebracht werden und mit einer
Aufdampfrate von 0,2 A/S aufgebracht werden. Damit ergibt
gich eine Schicht mit einer Volumenkonzentration von 40% fir
die Ladungstrigertransportmaterialien und 1% fir den Emitter.

In Tabelle 1 sind die HOMOs und LUMCOs dieser Materialien

angegeben:
HOMO [eV] LUMO [eV]
mCP -5,9 -2,3
TCTA -5,7 -2,3
TPBi -6,3 -2,8
Rubren -5,4 -3,2
Tabelle 1

Weitere mdgliche Lochtransportmaterialien sind:

NPB N,N'-Bis (Naphthalen-1-yl1)-N,N'-bis (phenyl) -
Benzidin

TCTA 4,4',4''-Tris (carbazol-9-yl) triphenylamin

CPB 4,4'-Bis (carbazol-9-yl)biphenyl

1T-NATA 4,4',4'""'-Trig (N- (1-naphthyl) -N-phenyl-
amino) triphenylamin

Spiro-TAD 2,2',7,7'-Tetrakis (N,N-diphenylamino) -9,9"'-

spirobifluoren

Als Elektronentransportmaterialien kdnnen weiterhin

eingesetzt werden:

TPBi

2,2',2''-(1,3,5-Benzintriyl) -tris (1l-phenyl-1-H-

benzimidazol)
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TAZ 3- (4-Biphenylyl) -4-Phenyl-5-tert-butylphenyl-
1,2,4-triazol
Alqgs Tris (8-Hydroxy-quinolinato)aluminium
BCP 2,9-Dimethyl-4,7-diphenyl-1,10-phenanthrolin
NTAZ 4~ (Naphthalen-1-y1l) -3,5-diphenyl-4H-1,2,4-
triazol
Balqg Bis- (2-methyl-8-gquinolinolat) -4-

(phenylphenolato)aluminium

Als erstes Matrixmaterial, das im Vergleich zu den anderen
Matrixmaterialien die geringste Ladungstragermobilitat

aufweist, kann eingesetzt werden:

UGH-2 1,4-Bis(triphenylsilyl)benzol
UGH-3 1,3-Bis(triphenylsilyl)benzol
mCP 1,3-Bis(carbazol-9-Y1l)benzol

Mbgliche Emittermaterialien sind:

Ir(ppYy)3 Trig (2-phenylpyridin)iridum(III)

Ir (ppy) 2 Bis (2-phenylpyridlin) (acetylacetonat) iridium(II)
(acac)

BczVBi 4,4'-Bis(9~ethyl-3-carbazovinylen)-1,1'-biphenyl
FirPic Bis (3,5-Difluoro-2- (2-pyridyl)phenyl- (2-carboxy-

pyridyl)iridium(III)
Rubren Tetraphenylnaphthacen
Ir(piqg)a Tris (l-phenylisoquinolin)iridium(III)

Bei diesen Emittermaterialien handelt es sich um kleine,
nicht-polymere Moleklile. Der Einsatz von polymeren

Emittermaterialien ist ebenso mdglich.
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Weitere mdgliche Materialien sind:

Bphen 4,7-Diphenyl-1,10-phenanthrolin

DPAVBi 4,4'-Bis(2-{4- (N,N-
diphenylamino)phenyl) vinyl) biphenyl

CuPC Phthalocyanin Kupfer Komplex

S-DPVBi 2,2',7,7'-Tetrakis (2,2-diphenylvinyl) spiro-9,9'-
bifluorenCPF

TAPC 1,1-Bis- (4-bis (4-methylphenyl) -aminophenyl) -
cyclohexan

TBADN 9,10-Bis (2-naphthyl) -2-t-butylanthracen

TPD N,N,N',N'-Tetraphenylbenzidin

UGH4

CPS

Einige der Elektronen- und Lochtransportmaterialien kdnnen
auch als erstes Matrixmaterial dienen. Wichtig beil der
Zusammenstellung des ersten, zweiten und dritten
Matrixmaterials flir die Matrix sind das relative Verhaltnis
der LUMOs und HOMOs der drei kombinierten Materialien und

deren DLage zueinander.

Die Matrix kann flr phosphoreszente Emitter aufgrund der
chemischen Vertraglichkeit nicht beliebig gewahlt werden. Der
rote Emitter Iridium (III)bis(2-methyldibenzo-
[f,hlguinoxalin) -acetylacetonat) ist nur in einer NBP-Matrix
effizient. NPB ist jedoch ein Lochtransportmaterial. Befindet
sich nun anodenseitig noch eine weitere Emitterschicht, wird
diese nicht ausreichend mit Elektronen versorgt. Durch
Eindotierung eines Elektronentransportmaterials,
beispielsweise BCP, kdnnen die relativen
Transporteigenschaften eingestellt werden. Die Feinabstimmung

der Transporteigenschaften erfolgt mit UGH4.
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Die in den Figuren und Ausfihrungsbeispielen gezeigten
Ausfiihrungsformen kdnnen beliebig variiert werden. Es ist
weiterhin zu berticksichtigen, dass sich die Erfindung nicht
auf die Beispiele beschréinkt, sondern weitere, hier nicht

aufgeflihrte Ausgestaltungen nicht zuléasst.
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Patentanspriiche

1. Strahlungsemittierende Vorrichtung, umfassend
- elin Substrat,
- eine erste Elektrode auf dem Substrat,
- zumindest eine organische, funktionelle Schicht auf der
ersten Elektrode, und
- eine zweite Elektrode auf der zumindest einen
organischen, funktionellen Schicht,
wobei die zumindest eine organische, funktionelle Schicht
mindestens ein erstes Matrixmaterial, ein zweites
Matrixmaterial und ein drittes Matrixmaterial aufweist
und das erste Matrixmaterial ein Lowest Unoccupied
Molecular Orbital (LUMO), das energetisch hdher als das
LUMO des zweiten Matrixmaterials und das LUMO des dritten
Matrixmaterials ist, und ein Highest Occupied Molecular
Orbital (HOMO), das energetisch niedriger als das HOMO
deg zweiten Matrixmaterials und das HOMO des dritten

Matrixmaterials ist, aufweist.

2. Strahlungsemittierende Vorrichtung nach dem vorhergehenden
Anspruch, wobei das zweite Matrixmaterial ein LUMO, das
energetisch hdher als das LUMO des dritten
Matrixmaterials ist, und ein HOMO, das energetisch hdéher

als das HOMO des dritten Matrixmaterials ist, aufweist.

3. Strahlungsemittierende Vorrichtung nach einem der
vorhergehenden Ansprliche, wobeli das erste Matrixmaterial
eine Ladungstrigermobilitit aufweist, die geringer ist
als die Ladungstriagermobilititen des zweiten und dritten

Matrixmaterials.

4. Strahlungsemittierende Vorrichtung nach einem der
vorhergehenden Anspriiche, wobei das zweite Matrixmaterial

ein Lochtransportmaterial umfasst.
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5.

6.

7.

8.

9.

10.

Strahlungsemittierende Vorrichtung nach einem der
vorhergehenden Anspriiche, wobei dasg dritte Matrixmaterial

ein Elektronentransportmaterial umfasst.

Strahlungsemittierende Vorrichtung nach einem der
vorhergehenden Anspriiche, wobei die organische,
funktionelle Schicht ausgewédhlt ist aus einer Gruppe, die
Emissionsschichten, Elektronentransportschichten,
Lochtransportschichten, Elektronenblockierschichten,
Lochblockierschichten, Lochinjektionsschichten,
Elektroneninjektionsschichten und Zwischenschichten

umfasst.

Strahlungsemittierende Vorrichtung nach einem der
vorhergehenden Ansprlche, wobei die organische,
funktionelle Schicht eine Emissionsschicht ist und mit

einem Emittermaterial dotiert ist.

Strahlungsemittierende Vorrichtung nach dem vorhergehenden
Anspruch, wobei das LUMO des Emittermaterials energetisch
niedriger als das LUMO des ersten, zweiten und dritten
Matrixmaterials ist und das HOMO des Emittermaterials
energetisch hdher als dags HOMO des ersten, zweiten und

dritten Matrixmaterials ist.

Strahlungsemittierende Vorrichtung nach einem der
vorhergehenden Ansprliche, wobei die Vorrichtung eine

organische Licht emittierende Vorrichtung ist.

Verfahren zur Herstellung einer strahlungsemittierenden
Vorrichtung gemifl den Ansprlchen 1 bis 9, mit den
Verfahrensschritten

A) Bereitstellen eines Substrats,

B) Anordnen einer ersten Elektrode auf dem Substrat,

C) Herstellen zumindest einer organischen Schicht auf der
ersten Elektrode, und

D) Anordnen einer zweiten Elektrode auf der zumindest
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11.

einen organischen Schicht,
wobei im Verfahrensschritt C) mindestens das erste
Matrixmaterial, das zweite Matrixmaterial und das dritte

Matrixmaterial gleichzeitig aufgebracht werden.

vVerfahren nach dem vorhergehenden Anspruch, wobei im
vVerfahrensschritt C) das erste Matrixmaterial, das zweilte
Matrixmaterial und das dritte Matrixmaterial durch

Aufdampfen aufgebracht werden.
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zusammenfassung

Strahlungsemittierende Vorrichtung

Es wird eine strahlungsemittierende Vorrichtung, umfassend
ein Substrat, eine erste Elektrode auf dem Substrat,
zumindest eine organische, funktionelle Schicht auf der
ersten Elektrode und eine zweite Elektrode auf der
organischen, funktionellen Schicht angegeben. Die organische,
funktionelle Schicht umfasst ein erstes, ein zweites und ein
drittes Matrixmaterial, wobei das erste Matrixmaterial eine
grdRere Bandlicke als das zweite und das dritte

Matrixmaterial aufweist.

Signifikante Figur 1
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1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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MULTIPLE DEPENDENT CLAIM Application Number Filing Date
FEE CALCULATION SHEET 19995457
S e it Guenter SCHVID
* May be used for additional claims or amendments
CLAIMS AS FILED AFTER FIRST AFTER SECOND * * *
AMENDMENT AMENDMENT
Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend
1 1 1 51
2 1 1 52
3 1 1 53
4 1 1 54
5 1 1 55
6 1 1 56
7 1 1 57
8 1 1 58
el 1 1 59
10 1 1 60
11 3 1 61
12 (1) 1 62
13 (1) 1 63
14 (1) 1 64
15 (1) 1 65
16 66
17 67
18 68
19 69
20 70
21 71
22 72
23 73
24 74
25 75
26 76
27 77
28 78
29 79
30 80
31 81
32 82
33 83
34 84
35 85
36 86
37 87
38 88
39 89
40 20
41 91
42 22
43 93
44 94
45 95
46 26
47 97
48 28
49 99
50 100
Total Indep 1 2 0
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Depend
N N N

SDC EX. 1002 - 176/325



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO. |
12/995,457 Guenter SCHMID 5367-611PUS

27799 | INTERNATIONAL APPLICATION NO. |

COHEN, PONTANI, LIEBERMAN & PAVANE LLP PCT/DE2009/000701

551 FIFTH AVENUE LA. FILING DATE PRIORITY DATE

SUITE 1210 05/18/2009 05/30/2008

NEW YORK, NY 10176
CONFIRMATION NO. 1889

371 FORMALITIES LETTER

U

NOTIFICATION OF MISSING REQUIREMENTS UNDER 35 U.S.C. 371
IN THE UNITED STATES DESIGNATED/ELECTED OFFICE (DO/EO/US)

The following items have been submitted by the applicant or the IB to the United States Patent and Trademark
Office as a Designated Office (37 CFR 1.494):

* Priority Document

+ Copy of the International Application filed on 11/30/2010

+ English Translation of the A filed on 11/30/2010

+ Copy of the International Search Report filed on 11/30/2010
* Preliminary Amendments filed on 11/30/2010

« Information Disclosure Statements filed on 11/30/2010

* Request for Immediate Examination filed on 11/30/2010

+ U.S. Basic National Fees filed on 11/30/2010

+ Assignee Statement for PGPUB filed on 11/30/2010

* Priority Documents filed on 11/30/2010

The applicant needs to satisfy supplemental fees problems indicated below.

The following items MUST be furnished within the period set forth below in order to complete the requirements for
acceptance under 35 U.S.C. 371:

+ Oath or declaration of the inventors, in compliance with 37 CFR 1.497(a) and (b), identifying the application by
the International application number and international filing date.

+ To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.492(h) of $130 for a non-small entity, must be submitted with the missing
items identified in this letter.

SUMMARY OF FEES DUE:

Total additional fees required for this application is $130 for a Large Entity:
+ $130 Surcharge.

ALL OF THE ITEMS SET FORTH ABOVE MUST BE SUBMITTED WITHIN TWO (2) MONTHS FROM THE
DATE OF THIS NOTICE OR BY 32 MONTHS FROM THE PRIORITY DATE FOR THE APPLICATION,
WHICHEVER IS LATER. FAILURE TO PROPERLY RESPOND WILL RESULT IN ABANDONMENT.

The time period set above may be extended by filing a petition and fee for extension of time under the provisions
of 37 CFR 1.136(a).

page 1 of 2

FORM PCT/DO/EO/905 (371 Formalities Notice)
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlL ocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

VALERIE A JACKSON

Telephone: (703) 756-1443

page 2 of 2

FORM PCT/DO/EO/905 (371 Formalities Notice)
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From the INTERNATIONAL BUREAU

PCT

SECOND AND SUPPLEMENTARY NOTICE

INFORMING THE APPLICANT OF THE
COMMUNICATION OF THE INTERNATIONAL EING HERMANN FISCHER "
APPLICATION (TO DESIGNATED OFFICES Ridlerstrasse 55 EINGANG
WHICH APPLY THE 30 MONTH TIME 80339 Manchen AT RawA S ge e TEch S FioH
LIMIT UNDER ARTICLE 22(1)) :
08 Okt, 2010

(FPCT Rule 47.1(¢))

Date of mailing ¢dayw/month/year) :
30 September 2010 (30.09.2010) Frist:.....

Applicani’s or agent's file refercnce

P2008,0612W0O IMPORTANT NOTICE
/ ' 2
Iternational application Na. Intemational filing dute (depvmonth/vear) Priority date (taymonth/vear) .
PCT/DE2009/000701 L/ 18 May 2009 (18.05.2009)/ 30 May 2008 (30.05.2008) e
Applicant

OSRAM OPTO SEMICONDUCTORS GMBH et al ~

1. ATTENTION: For any designated Office(s), for which the lime limit under Article 22(1), as in force from I April 2002 (30 months
from the priority date), does ot apply, pleasc see Form PCT/3/308(First Notice) issucd previously.

2. Notice is hereby given that the following designated Office(s), for which the lime limit under Article 22(1), a5 in force from 1 Appil
2002, does apﬁly, has/have requested that the communication of the intornational application, as provided for in Article 20, be
effected under Rule 93bis.1. The International Bureay has ¢fTected that communication on the date indicated belaw:

03 December 2009 (03.12.2009)

AU, AZ, BY, CN, CO, DZ, EP, HU, KG, KP, KR, MD, MK, MY, MZ, NA, NG, PG, RU, 8Y, T™, US

In accordance with Rule 47.1(c-bisX1), those Offices will aceept the ‘pmsent notice as conclusive evidence that the communication of
- the international application has duly taken place on the date of mai ing indicated above and no copy of the international application
i5 required to he ished by the applicant 1o the designated Office(s).

3. The following designated Offices, for which the time limit under Article 22(1), as in force from 1 April 2002, does apply, have ol
' i{ucﬂucgt;f_, als 4l the lime of mailmg of the present notice, that the communication of the intemational application be cifected under
ule 936i5.1

AE, AG, AL, AM, AQ, AP, AT, BA, BB, BG, BH, BR, BW, BZ CA CH, CR, CU, CZ, DK, DM, DO, EA, EC, EE, EG,
ES, Fl, GB, GD, GE, GH, GM, GT, HN, HR, ID, IL, IN, IS, JP, KE, KM, KN, KZ. LA LC LK LR, L8, LT, LY, MA,
ME, MG, MN, MW, MX, N|, NO, NZ, OA, OM, PH, PL. FT, RO, RS, SC, 8D, SE, 5G, BK, SL, SM, ST, 8V, TJ, N,
TR, TT, UA, UZ, VC, VN, ZA, ZM, ZW

In accordance with Rule 47,1(c-hisXii), those Offices acoept the present notice as conclusive cvidence that the Contracling State for

which that Office acts as a designated Office does not require the furnishing, under Article 22, by the applicant of 2 copy of the

international application.

4. TIME LIMITS for entry into the hational phase
For the desigrated or clected Office(s) listed above, the a;m]ical_)le. time limit for entering the national phasc will, subject to what is
szid in the fellowing paragraph, be 30 MONTHS from the priority date.

In practice, time Hnity other than the S0-month time limit will continue 10 apply, for various periods of time, in respect of certain
of the designated or clected Office(s) listed above. For regular updates on the applicable ime Mmits (30 or 31 maenths, or cther
time limit), Oflice by Office, refer to the PCT Gazette, the PCT Newsietier and the PCT' Applicant's Guide, Yolume U, National
Chapters, all available from WIPO's Internet site, at http://www.wipo. int/pct/en/index. htm!.

It 3g the applicant’s sol¢ responsibility to monitor all these time limits,

The International Burcau of WiPO Anthorized oflicer

34, chemin dJes Colombettes " - .
1211 Ganeva 20, Switzerland Agnes Wittmann RBQ!S

Facsimile No. +41 22 338 82 70 e-mail: pl&.p@wipy.int

Form PCT/IB/308(8ccond and Supplementary Notice) (January 2004)
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From the INTERNATIONAL BUREAY

PCT To:

NOTIFICATION OF TRANSMITTAL
OF COPIES OF TRANSLATION

OF THE INTERNATIONAL PRELIMINARY REPORT EPPING HERMANN FISCHER
ON PATENTADILITY PATENTANWALTSGESELLSCHAFT M&H
(CHAPTER 1 OR CHAPTERH Ridlerstrasse 55 ’
QF THE PATENT COOPERATION TREATY) 803320 Minchen 1!:5 INGANG
(PCT Rules 44bi5.3(c) and T2.2) ALLEMAGNE T Mttt S0 L LT
_ 21, Dez. 2010
Date of mailing (day/monti/vear}
16 December 2010 (16.12.2010)
LI L P
Ap‘“‘,":ﬁfgo"éﬁg&gﬁgﬂ“mw IMPORTANT NOTIFICATION )
Internationsl application No. International filing date (dawmonth/year)
PCT/DE2009/000701 18 May 2005 (18.05.2009)
Applicant -
OSRAM OPTO SEMICONDUCTORS GMBH et al
1. Transmittsl of the translation te the applicant
5] The Internationul Burcsu (ransmils herewith a copy of the English transiation of the international preliminary report om
- patentability (Chapter I).
(i

The International Bureau transmits herewith 2 capy of the English banslation of the international preliminary report on
potentability (Che?)tcr ).
2. Transmittal of the copy of the translation to the designated or clegted Offices.

The Inlernational Bureau notifies the applicant that vopics of that translation have been transmitted to the following designated or
elected Offices requiring such translation:

None

The following designated or elected Offices, having waived the requirement for such a trunsmittal at this time, will receive eopis of
that translation from the International Bureau only upen their request;

AE, AG, AL, AM, AO, AP, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH, CN, CO, CR, CU, €2, DK, DM,
DO, DZ, EA, EC, EE, EG, EF., ES, FI,'GB, GD, GE, GH, GM, GT, AN, HR, HU, ID! IL, IN; I8, JB, KE, K&, KM, KN,
KP, KR, KZ, LA LG, LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ. NA' NG, NI NO, N2,
OA, OM, PG, PH, PL, PT, RO, RS, RU, 8C,'SD, SE, §G, 8K, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA.
UG, US, UZ, VC, VN, ZA' ZM, ZW

3. Reminder regarding rranslation into (one of) the official language(s) of the clected Office(s).

The applicant is reminded thal, where & (runslation of the intemational application must be furnished to an elecied Office, that
translation must contain a translation of any annexes to the intemational preliminary report on patentubility (Chapter ).

It is the applicant’s responsibitity to pre : ire and furnish such translation directly to each elected Office concerned within the
applicable time limit (Rule 74,1). See Volume II of the PCT Applicant’s Guide for further detaile.

The Intemutiomal Buréau of WIPO Autherized officor

34, chamin des Colombettes . i '
1211 Geneva 20, Switzerland Agnes Wittmann-Regis

Facsimile No, 141 22 338 82 70 c-mail: po6. pei@Eiwino.int
Form PCT/IB/A3E (Janupary 2004)

SDC EX. 1002 - 180/325
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY

(Chapter | of the Patent Cooperation Treaty)
(PCT Rule 44bis)

See relevant information in Ferm P

Applicant’s or agent™s {ilc reference FOR FURTHER ACTION See item 4 below
P2008,0612W0

International application No. International filing dute (day/month/year) Pricrity dale (day/inonth/vear)
PCT/DE2009/000701 18 May 2009 {18,05.2009) 30 ng 2008 (30.05.2008)
International Patent Classification (8th ¢dition unless older cdition indieated)

CT/ISA/237

A%plicanl
OSRAM OPTO SEMICONDUCTORS GMBH

1. This international preliminary report on patentability (Chapter I) is issued by the Internalional Burean ont behalf of the
International Searching Authority under Rule 44 bis.1(a).
2. This REPORT consisls of 2 total of 8 sheets, including this cover sheel,

In the attached sheets, any relorence to the written opinion of the international Searching Authority should be reud as 2
reference to the international preliminary report on patentability (Chapler I) instead,

}‘;{ Box No. |
D Box No. II
D Box No.
D Box No. IV
Box No. V
[l Rox No. VI
]:l Hox No, VI
D Box No. VIR

the prionity date (Rule 445is .2

3. This report contains indications relating to the following ilems:

4. The Internaticnal Bureau will comumunicate this report (o designated Offices in uccordance with Rules 44bis 3(¢) and 93bis. |
bul not, except where the applicant makes an express reguest under Artiele 23(2), before the expiration of 30 months from

Basis of the report
Priornity

Non-establishment of apinjon with regard to novelty, inventive step and industrial
applicability

Lack of vnity of invention

Reasoncd statement under Article 35(2) with regard o novelty, inventive step or
industrial applicability, cilations and explanations supporting sich statement

Certain documents cited
Certain defects in the intemational application

Certain observations on the inlernational application

).

Date of issuance of this report
05 December 2010 (06.12.2010)

Facsimile No. +41 22 338 82 70

The International Burean of WIPO

34, chemin des Calombeties ; :
1211 Geneva 20, Swilzeriund Agnes Wittmann-Regis

Authenized officer

e-tmail: 206, pet@wipo.int

Form PC1/1/373 (January 20043 -

SDC EX. 1002 - 181/325
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From the .
INTERNATION AL SEARCHING AUTHORITY

To:

+49 83 SBE32393 S.22

PATENT COOPERATION TREATY )‘Qq

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORI'Y

(PCT Rule 435¢5,1)

OSRAM OPTC SEMICONDUCTORS GMEH

e, See form PCT/ISA/210
Applicant’s or agent's file reference FOR FURTHER ACTION
P2008, 0612w0 Sue paragraph 2 below
International applicafion No. Irternational Rling date {daw/month/yvear) Priotity date (dawmonth/vear)
PCT/DE2009/000701 18.05.2009 30.05.2008
Internutional Patent Classification (IPC) or both national classtfication and IPC
HO1L51/50 .
Applicant

2 FURTHER ACTION

If # demand for international prcliminacy cxamination is made, this opimon will
International Preliminary Examining Authority (“IFEA™) exeept that this dees not appl

{his Inteamational Szarching Awthority will not be 20 considered.
It this opinion is, as provided above, enmsidered to bo a written opinion of thy IPEA,

PCTAS A/220 ot before the expiration of 22 months From the priority date, whichover ¢
For further options, see Form POTASA23,

3. For further details, 22 notes to Form POTISAL20.

L Thiz opinion contains indications relating to the fallowing items;
S . - |
£ Box No.l Easis of the opinion
D BoxNo. W Priority
D Box No_ITI Non-cstoblishment of opinion with regard 16 nuvedty, inventive step snd industrial spplicability
D Box Neo. IV Lack of unity of inveation
»X{ Box No. ¥ Reasoned statement undor Rule 43bix. 1¢a)(i) with regard to novelty, invertive step or industrial
applicability: citations and explanations wpporting sach statement
D Bax No. V] Certain documents cited
D Box No. VIl Certain defeets in the infernmtional application
D BoxNo. VI  Certain observations on the intevnationgd upplication

than this one to he the IPEA and the chosen IPLA has notified the Irternutional Bureao under Rule 66.1%is(h) that written opinions of

wiritten reply togother, where appropiiate, with ameadments, before the cxpiration of 3 months from the date of mailing of Form

he copsidered to be a wuitten apinion of the
y where the spplicant chaoses an Avlhority othee

the applicant is Invited 1o submit (o the IPEA a

xpices Jator,

Name and mailing address of the 1SAVEP Date of emmpletion of this vpinion

Facsimile No.

Awhorized officer

Telephoane No,

Form PCTASAI23? (cover sheel) (Aprdl 2007)

SDC EX. 1002 - 182/325
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. WRITTEN OPINION OF THE Frdemational application No.
’ INTERNATIONAL SEARCHING AUTHORITY PCT/DEZQ009/000701
Box Na. I Basis of this opinion

1. With regard to the langaage, this opinion has been cstablished on the basis of:
}I‘ ihe internalional application in the languuge in which it wag filed

D a Iransiation of the interwa(ivnal application into

v which is the language of a
translation furpished for the purposcs of intermational search (Rules 12.3¢a} and 23.1{k)).

This opinion has heen extablished taking into account the rectification of un olvious mistake guthomzed by or nolified to this
Ambority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or umine scd sequence disclosed in the infernatiomnal appliestion and necessary to the claimed
invention, this opinian has beer cdlablished on the basis of:

3. iype of material
D & sequence listing
D table(s) related to the sequence ligting
b.  format of material
[:I ©n paper
D in electronic form
c. time of fling/luraishing
D comdained in the inteenational application as fited
D filea} together with the intoroations] application in <fectronic form

D furnighed suhs::quaﬁi ly to this Authority for the purposes of search

In additien, in the case that more than one version or copy of a sequanee listing nnd/or table(s) velating thereto has been filsd or
furnished, the required statements that the information in the subsequent or sdditional copies is identical to that in the applieation as
filed or doeg not go beyond the npplication as filed, as appropriate, were furnished.

5 Additional comments:

Ferm PCTASA237 (Box No, 1} (April 2007)

SDC EX. 1002 - 183/325
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Internations: foati .
WRITTEN OPINION OF THE nternational application No

INTERNATIONAL SEARCHING AUTHORITY PCT/DE2008/000701

Box No. V Ressoned stalement under Rule 43bis.3(u)(i) with regard to novelty, inventive step ot indnstrial applicability;
citatlons and explenations supporting such statement

1. Statement

Novelty (N} Claims 2, 4, 5, 8-12, 14, 15 . YES
Claims l, 3, 6, 7, 13 NO

Inventive step (18) Clwms <2, 4, O R g8-11 ., 14, 15 YES
Claims 1! 3; 6! 7: 12r 13 NO

Industrial applicability (IA} Claims L™15 YES
Claimns NG

2. Citations and explanations:
1 Reference is made to the following document:

D1: US 2008/116536 Al (FORREST STEPHEN R [US] ;
YANG FAN [US]) 22 May 2008 (2008-05-22)

2 INDEPENDENT CLAIM 1

2.1 The present application fails to comply with the
requirements of PCT Article 33(1l) because the
subject matter of claim 1 is not novel (PCT
Article 33¢(2)).

Document Dl discloses {(the references between
parentheses re;ate to said document):

- an electronic device, comprising

- a substrate (Dl: figure 9%9a, reference sign 110),
-a first electrode (Dl: figure %a, reference sign
120},

— at least one organic, functional layer (D1:
paragraphs 19, 81-83, figure %h, reference signs
953a-d), and

- a second electrode (Dl:; figure %h, reference
sign 170),

— wherein the at least one organic, functional

layer is arranged between the first electrode and

Form PCTASAZST (Box No, V) (April 2007)

SDC EX. 1002 - 184/325
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WRITTEN OPINION OF THE Inteznarional spplieation No.

INTERNATIONAL SEARCHING AUTHORITY PCT/DEZ2008/000701

Box No.V Reasoned statement under Rute 43hix.1(a)@®) with regard to novelty, inventive step or industrial applicability;
citations and explonations supporting such statement

the second electrode, and wherein the at least one

organic, functional layer comprises at least a
first matrix material (Dl: paragraphs 81, 126,
figure %h, reference sign 953a and figure 19,
"donor material CuPc"), a second matrix material
(D): paragraphs 81, 126, figure 9%h, reference sign
953b and figure 19, "sensitizer SnPc") and a thirg
matrix material (Dl: paragraphs 81, 126, figure
Sh, reference sign 953c¢ and figure 19, "acceptor
material" Ce"),

— and the third matrix material has a lowest
unoccupied molecular orbital (LUMO) but is
energetically lower than the LUMO of the second
matrix material and the LUMO of the first matrix
material, and wherxein the second matrix material
has a highest occupied molecular orbital (HOMO)
that is energetically higher than the HOMO of the
first matrix material and the HOMO of the third

matrix material (Dl: figure 19).

2,2 Consequently the subject matter of claim 1 is not
novel (PCT Article 33(2)).

3 INDEPENDENT CLAIM 14

Document D1 is considered to be the prior art
closest Lo the subject matter of c¢laim 14 and
diécloses a methoed for producing an electronic
device according to e.g. ¢laim ] (see Dl: paragraphs
81~-83, figure 9%a-h}), wherein the components
rmentioned in section 2.1 are formed successively by

means of conventiocnal method steps.

Form PCT/ASA/237 (Box No. V) (April 2007

SDC EX. 1002 - 185/325
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- PEr—
WR N OPINION OF THE Tnternational application No,

INTERNATIONAL SEARCHING AUTHORITY PCT/DEZ2009/000701

Box No, V Ressoned stulement under Rule 43bis 1(a)(i) with repard 1o novelly, inventive step orindustrial spplicabitily;
citations and explanations supporling such statement

Therefore, the subject matter of claim 14 differs
from the method known from DI in that the three

matrix materials are applied simultaneously.

The subject matter of claim 14 is therefore novel

(PCT Article 33(2)).

The problem addressed in claim 14 of the present
invention can therefore be considered that of
providing an electronic devigce having any desired

ratio between hole transport and electron transport.

The scolution to this problem, as proposed in claim
14 of the present application, involves an inventive
step (PCT Article 33(3)) for the following reasons:

According to document Dl: paragraphs 26, 81-83, the
three matrix materials (Dl: figure 9h, reference
signs 953a-c) have t¢ be deposited successively in
order te ke able to form the thres matrices of the
nanocrystals, figure %h: reference signs 953a-c.
Simultaneous deposition of the three matrix
materials would destroy the growth of the crystals,
Consequently, & person skilled in the art would not

apply the above matrix materials simultanecusly.
Claim 15 is dependent on c¢laim 14 and therefore
likewise meets the requirements of the PCT in

respect of novelty and inventive step.

4 DEPENDENT CLAIMS 3, 6, 7, 12, 13

Foem PCTASA/Z37 (Box Na. V) {Apil 2007)

SDC EX. 1002 - 186/325
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCMING AUTHORITY PCT/DE2 0090 / 000701
Box Nu, ¥ Reasoned stslcment under Rule 43bia1(a)(i) with regard 1o novelly, inventive step or industrial applicability;

ditations and cxplanations supporting such siatement

Claims 3, 6, 7, 12, 13 do not contain any features
which, in combination with the features of any claim
to which they iefer, meef the requirements of the
PCT in respect of novelty and/or inventive step. The

reasons are s follows:

4.1 Document Dl: paragraphs 19-21, 81-83, 126, figures
9a~h, 19 also discloses the subject matter of claims
3, 6, 7, 13. Consequently, the subject matter of
claims 3, 6, 7, 13 is not novel (PCT Article 33(2)).

4.2 It is known Lhat owganic solar cells and organic
light-emitting diodes (OLEDs) have the same
construction and, by applying a voltage having
opposite polarity, it is possible for Lhe solar
cells (such as in D1: figure 10) to be operated as
an OLED, Consequently, the subject matter of claim
12 cannot be considered to be inventive (PCT Article
33(3)).

wn

DEPENDENT CLAIMS 2, 4, 5, 8-11

The combination of features in dependent claims 2,
4, 5, 8-11 is neither known nor obvious from the

available pricr-art. The reasons are as follows:

5.1 In the dye-sensitized solar cell from D1t figure %h,
the first matrix material plays the part of Lhe
donor (it can be regarded as a hole transport
material), the second matrix material plays the part

of the sensitizer, and the third matrix material

Yorm PCT718A/237 (Box No. V) (April 2007

SDC EX. 1002 - 187/325
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WRITTEN OPINION OF THE Irtcenational application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/DE2009/000701
Rox Nu. ¥V Reasoned statement ehder Rule 43hiz{a)(l) with regard o novelty, Inveniive step or industrial applicability;

citations and explanations supporting such siatement
plays the part of the acceptor (it can be regarded

as an electron Lransport material}). From the
available prior art it is not chviocus to a person
skilled in the art to modify these materials in such
a way that an electronic¢ device having the band

- structure or function described in claims 2, 4, 5,

8-11 could be c¢onstructed.

Form PCTASA3T (Box Nu, V) (April 2007)
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Aftorney's Docket Neo.
{Includes Reference to PCT international Applications) 5367-611PUS

As a balow named inventor, | hereby declare that;
My residence, post office address and citizenship are as stated below next to my name,

1 believe | am the original, first and sole inventor éif only one name is listed below) or an original, first and joint inventor (if plural names are listed
below) of the subject matter which is tlaimed an for which a patent is sought on the invention eniified:

ELECTRONIC DEVICE

the specification of which (check only one item helow)
[lis attached herelo
Ix] was fited as United States application
Serial No, 12/995.457
on _November 30, 2010
and was amanded by Preliminary Amendment filed concurrently with the application,

[ was filed as PCT intemational application
Number PCT/DE2009/000701

on 18 May 2009
and was amended under PCT Arlicle 18

ot __ (if applicable).

| hereby state that | have reviewed and understand e contents of the above-identified specification, including the claims, as amended by any
amendment specifically referred fo above,

 acknowledge the duty to disclose information which is material fo patentability 2s defined in 37 GFR 1,58, inciuding for continuation-in-part
applications, material information which became available between the filing date of the prior application and the national or PCT international
filing date of the t_:onﬂnuation—in—part appiication. :

| hereby claim foreign priority benefits under 35 U.S.C. 119(a)-{d) or (), or 365(b) of any foreign application(s) for patent, inventor's or plant

breader's rights cerificate(s), or 365(z) of any PCT intemational application which designated at least one country other {han the United

| States of America, listed below and have also identifled below, by ¢hecking the box, any foreign application for patent, inventor's or plant
blreeder‘s rights cerificate(s), or any PCT internafional application having a filing dale before that of the applicaion on which prierity is

claimed, :

PRIOR FOREIGN/PCT APPLICATIONS AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. 119:

Courlry Application Numbat. Date of Filing Priority Ciaimed
(ifPCT, indicate "PCTY) {day, month, year) Under 36U.3.C. 119
Germany ' 10 2008 025 820.8 30 May 2008 B YES INO
PCT PCT/DE2009/000701 18 May 2009 flYES X NQ
Germany 10 2008 030 361.4 22 August 2008 [} YES IO
lYES INO
NYES INQ
IYES No
fYES NG
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Altorrey's Docket No.
(Includes Reference fo PCT intemational Applications) 5367-611PUS
POWER OF ATTORNEY: As a named inventor,  hereby appoint the following attorney(s) and/or agent(s) at Cohen, Pontani,
Licberman & Pavane to grosecule this appfication and transact ali bisiness in the Patent and Trademark Office connected therewith
Customer number 27799
: Direct Telephone calls fo;
Send correspondenc to: COHEN PONTANI LIEBERMAN & PAVANE LLPat (“.?L“;:a”:é:fpef?”e number)
fhe address for the following customer Number: 27798 (212) 687—2?9?0
| hereby declare that all statements made herein of my own knowledge are frug end that all statements made on

information and belief are befieved fo be true; and further that these statements were made with the knowledge that williul false
statements and the like so made are punishabie by fine or imprisonment, or both, under §1001 of Title 18 of the United States Code
and that such williul false statements may jeopardize the validity of the application or any patent lssuing theraon,
204 Primary Citizenship Country:: Germany

Given Name:: Guenter

Middle Name::

Family Name:: SCHMID

City of Residence:: Hemhofen

Country of Residence:: Germany

Street of mailing address:: Lange Strasse 13

City of mailing address:: Hemhofen

Country of mailing address:; Germany -

Postal or Zip Code of mailing address:: | 91334
202 Primary Citizenship Country:: Germany

Given Name:: Ralf

Middle Name::

Family Name:: KRAUSE

City of Residence:: Ertangen

Country of Residence:: Germany

Stroet of mailing address:: Ratiborer Str. 10

City of mailing address:: Erlangen

Country of mailing address:: Germany

| Postal ot Zip Code of mailing address:: 91058
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attorney's Docket Ne.
{Includes Reference to PCT International Applications) R367-611PUS
203 Primary Citizenship Country: Germany

Given Name:: Stefan

Middle Name:: ‘

Family Name:: SEIDEL

City of Residence:: Nittendorf

Country of Residence:: Germany

Street of mailing address:: Bernsteinstralte 12

City of mailing address:: Nittendort

Country of mailing address:: Germany

Postal or Zip Code of malling addressz: | 93152
204 Primary Citizenship Country:: Germany

Given Name:: Oliver

Middle Name::

Family Name:: WEISS

Glty of Residence:: Possenheim

Country of Residence:: Germany

Street of mailing address::;

Schulstrasse 1

City of mailing address:: Dossenheim
Country of mailing address:: Germany
69221

Postal or Zip Code of mailing address::

SDC EX. 1002 - 195/325



COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attorney's Dogket No.
{includes Reference o PCT Intemational Applications) 5367-611PUS
205 Primary Citizenship Country:: Germany
Given Name: Christoph
Middle Name:; o
Family Name:: GAERDITZ
City of Residerice:: Regensburg
Country of Residence:: Germany
Street of mailing address:: Bischof-Konrad-Str, 2
City of maiting address:; Regensburg
Countyy of mailing address:: Germany
Postal or Zip Gode of miailing address;: | 93051
206 Primary Citizenship Country:; Fintand
Given Name:: Ruekka  Rilkka,
| Middie Name::
Family Name:: SUHONEN
City of Residence:: Edangen  Oulu
Country of Resldence:; GomEny  Tialuad ]
Stroet of mailing address:: P'almsanlange@ Valskacintie & Bb
City of mailing-address:: Erangen "0 14,
Country of mailing address:: Gemmany  Finlang,
Postal or Zip Codoe of malling address:: | 91054 9o, 30
COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Atiormey's Docket No.

(Includes Referencs to PCT Intemational Applications)

§367-611PUS

SIGNATURE OF INVENTOR 20

1 SIGNATUREOF 1 OR SIGNATURE OF INVENTOR 203
73 /Y 20 w }%’“”W

DATE.J(Z/;(:/JW. DATE 066,4(4, 2070” DATE

SUGNAFURE OF INVENTOR 204 SIGNATURE OF INVENTOR 205 SIGNATUSE O NVENTOR 205
DATE DATE DATE
Additional inventor(s) name(s) & address(es) attached? [x] Yes [1No
4
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attorney's Docket No.
{Includes Reference to PCT international Applications) 5367-611PUS
207 Primary Citizenship Country:: Germany

Given Name:: Ulrich

Middie Name::

Family Name:: NIEDERMEIER

City of Residence:: Leibifing

Country of Residence:: Germany

Street of mailing address:: Oberwaiting 61

City of mailing address:: Leiblfing

Country of mailing address:: Germany

94339

Postal or Zip Code of mailing address::

COMBINED DECLARATION FOR PATENT APPLICATION AND PQWER OF ATTORNEY

Altorney's Docket No.

{Includes Reference to PCT Intemational Applications) 5367-611PUS
208 Primary Citizenship Country:: Poland

Given Name:: Fryderyk

Middle Name::

Family Name:: KOZLOWSKI

City of Residence:: Erlangen

Country of Residence:: Germany

Street of mailing address:: Wirzburger Ring 33

City of mailing address:: Erlangen

Country of mailing address:: Germany

91056

Postal or Zip Code of mailing address::

SIGNATURE OF INVENTOR 207

SIGNATURE OF INVENTOR 208

SIGNATURE OF INVENTOR 209

DATE DATE

DATE

SIGNATURE OF INVENTOR 210

SIGNATURE OF INVENTOR 211

SIGNATURE OF INVENTOR 212

DATE DATE

DATE
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attemay's Docket No.
(Inciudes Reference to PCT intemational Applications) 5367-611PUS

As a below named inventor, | hereby deciare that:
My residence, post office address and ¢itizenship are as slated below next to my Rame.

1 believe 1 am the original, first and sole inventor (if only one name is listed below) or an origina), first and joint inventer (if plural names are fisted
below) of the subject matter which is claimed and for which a patent s sought on the invention enlitied:

ELECTRONIC DEVICE

the specification of which {check only one item below)
[is attached herefo
{x] was filed as United States application
Serial No. 12/995 457
on _November 30, 2010
and was amended by Preliminary Amendment filed concurrenty with the application.
[l was filed as PCT intemational application
Number PCT/DE2009/000701

on 18 May 2009
and was amended under PCT Article 19

ot _ (if applicable},

I hereby state that | have reviewed and understand te contents of the abova-identifid specification, including the claims, 28 amended by any
amendment specifically referred to above.

t acknowledge the duty to disclose information which Is material fo patentability as defined in 37 CFR 1.66, including for continuation-in-part
applications, material information which became avallable between the filing date of the prior application and thie national or PCT infernational
filing date of the continuation-in-part application.

I hereby claim foreign priority benefits under 35 U.5.C. 119(a)-(d) or (f), or 365(b) of any foreign application(s} for patent, invenfor's of plant
breeder’s rights cedificate(s), or 365(a) of any PCT internationa! application which designated at least one country other than the United

| states of America, Bsted beiow and have ajso identified below, by checking the box, any foreign application for patant, inventor's or plant
blreeder's rights certificate(s), or any PCT international application having a filing date before that of the application on which priority s
claimed,

PRIOR FOREIGN/PCT APPLICATIONS AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. 119

Country Application Number. Dafe of Fifing Priority Claimed
{if PCT, indicate "PCT"Y - {gay, month, year) Under 35U.5.C, 119
Germany 10 2008 029 920.9 30 May 2008 X} YES fINO
PCT PCT/DEZ008/00070% 18 May 2009 fIYES KINO
Germany 10 2008 039 3614 22 August 2008 [X] YES {INO ]
{1 YES ONO
NYES JNO
I1YES INO
fYES [ING
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

Attomey's Docket Mo.

(Includes Reference to PCT International Applications}

5367-611PVS

POWER OF ATTORNEY: As a named inventor, | hereby appoini the following attorney(s) and/or agent(s) at Cohen, Ponfani,
Lisherman & Pavane to prosecule this application and transact all business in the Patent and Trademark Office connected therewith

Customer number 27799

Send correspondance to: COHEN PONTANI LIEBERMAN & PA VANE LLP at
the address for the following customer Number: 27799

Direct Telephone calls to:
(name and telephone number)
Thomas Langer
(212) 687-2770

| hereby deciare that all statements made herein of my own knowletige are frye and that all statements made on
information and belief are believed fo be true; and furiher that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both, under §1001 of Titte 18 of the Uniled Stales Code
and that such willful false statements may jeopardize the validity of the application or any patent issuing thereon.

Postal or Zip Code of mailing address::

204 Primary Citizenship Country:: Germany
Given Name:: Guenter
Middle Name::
Family Name:: SCHMID

N City of Residence:: Hemhofen
Country of Residence:: Germany
Street of mailing address:: Lange Strasse 13
P City of mailing address:: Hembofen

Country of mailing address:: Germany
Postal or Zip Code of mailing address:: | 91334

202 Primary Citizenship Country:: Germany
Given Name:: Ralf
Middie Name::
Famity Name:: KRAUSE
City of Residence:: Erlangen
Country of Residence:: Germany
Street of mailing address:: Ratiborer Str. 10
City of mailing address:: Eriangen
Country of mailing address:: Germany

91058
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

(Inciudes Reference to PCT International Applications)

Attorney's Dockel No.
BIBT-611PUS

203 Primary Citizenship Country:: Gemany
Given Name:: Stefan
Middle Name:. _
Family Name:: SEIDEL
City of Residence:: Nittendorf
Country of Residence:: Germany

Street of mailing address::

Bernsteinsiralte 12

City of mailing address:: Nittendorf
Country of mailing address:: Germany
Postal or Zip Code of mailing address:: | 93152

204 Primary Citizenship Country:: Germany
Given Name:: Cliver
Middle Name::
Family Name:: WEISS
City of Residence:: Dossenheim
Country of Residence:: Germany

. Street of mailing address:: Schulstrasse 1
City of mailing address:: Dossenheim
Country of mailing address:: Germany
69221

Postal or Zip Code of mailing address::
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205 Primary Citizenship Country:: Germany
| Given Name:: Christoph
Middie Name::
Family Name:: GAERDITZ
City of Residence:: Regensburg
Country of Residence:: Germany
Street of mailing address:: Bischof-Konrad-Str. 2
City of mailing address:: Regensburg
Country of mailing address:: Germany
Postat or Zip Code of mailing addressz: | 93051
206 Primary Citizenship Country:: Fintand
Given Name:: Ruekka Riikka
Middle Name::
Family Name:: SUHONEN
City of Residence:: Edangen Oulw
Country of Residence:: Gomany  Tinland
Street of mailing address:: Palmsanlangeda \ilskacintie b Bb
City of maiting address:: Brangen " (ulu
Country of mailing address:: Gemmany  Finkond
Postal or Zip Code of malling address:: | 91054 30630

COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

{Includes Reference to PCT Internationat Applications)

Atlomey's Docket No.
5367.611PUS

SIGNATURE OF INVENTOR 201

SIGNATURE CF INVENTOR 202

SIGNATURE OF INVENTOR 203

DATE DATE

DATE

oo | #.
SIGNATURE OF INVENTOR 204 n f!é | SIGNATURE OF INVENTOR 205
tLvE

SIGNATURE OF INVENTOR 206

DKTE 2 {2, 20O F | oate

DATE

Additional inventor(s) name(s) & address(es) attached? [x]Yes []No

4.
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COMEBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attorney's Docket No.
{Includes Reference to PCT International Applications) 5367-611PUS
207 Primary Citizenship Country:: Germany

Given Name:: Ulrich

Middle Name::

Family Name:: NIEDERMEIER

City of Residence:: Leiblfing

Country of Residence:: Germany

Street of mailing address:: Oberwalting 61

City of mailing address:: Leibifing

Country of mailing address:: Germany

Postal or Zip Code of mailing address:: | 94339
COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attoney's Docket No.
{Includes Reference to PCT International Applications) 5367-611PUS
208 Primary Citizenship Country:: Poland

Given Name:: Fryderyk

Middle Name::

Family Name:: KOZLOWSKI

City of Residence:: Erlangen

Country of Residence:: Germany

Street of mailing address:: Wiirzburger Ring 33

City of mailing address:: Erlangen

Country of mailing address:: Germany

91056

Postal or Zip Code of mailing address::

SIGNATURE OF INVENTOR 207

SIGNATURE OF INVENTOR 208

SIGNATURE OF INVENTOR 209

DATE DATE

DATE

SIGNATURE OF INVENTOR 210

SIGNATURE OF INVENTOR 211

SIGNATURE OF INVENTOR 212

DATE DATE

DATE
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Atiorney's Docket No.
(includes Reference to PCT international Applications) 5367-611PUS

As a below named inventor, | hereby declare that:
My residence, post office address and citizenship are as stated below next to my name,

| betieve | am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are fisted
below) of the subject matter which is claimed and for which a patent is sought on the invenition entifled:

ELecTRONIC DEVICE

the specification of which (check only one item below)
[iis attached hereto
[x] was filed as United States application
Serial No. 12/995 457
on _Novernber 30, 2010
and was amended by Preliminary Amendment fited concumently with the application.

[ was filed as PCT intemnational application
Number PCT/DE2009/000701

on _18 May 2009
and was amended under PCT Adicle 19

on_ (if applicable).

I hereby state that | have reviewed and understand the contents of the above-idenified specification, including the claims, s amended by any
amendment specifically referred to above.

{ acknowledge the duty to disclose information which is material to palentability as defined in 37 CFR 1.56, inciuding for continuation-in-part
applications, material information which became available between the filing date of the prior application and the hational er PCT international
filing date of the t_:enﬁnuation—in-part application. :

| hereby claim foreign priority henefits under 35 U.S.C. 119(a)-(d) or (f), or 365(b) of any foreign application(s} for patent, inventor's or plant
breeder's rights cerfificate(s), or 365(a) of any PCT infernational application which designated at least one country ofher than the United
States of Ametica, listed below and have also identified below, by ¢hecking the box, any foreign application for patant, inventor's or plant
blreeder's rights certificate(s), or any PCT internafional application having a filing date before that of the application on which priority is
claimed.

PRIOR FOREIGN/PCT APPLICATIONS AND ANY PRIORITY CLAIMS UNDER 36 U.S.C, 119:

Country Application Number. Date ¢f Filing Priority Claimed
{1 PCY, indicate "PCT"} - {day, month, year) Under 35 U.S.C. 119
Germany 10 2008 025 9209 30 May 2008 Ix] YES NO
PCT PCT/DE2009/000701 18 May 2009 YES BINO
Germany 10 2008 030 361.4 22 August 2008 BGYES INO
fIYES fINO
f1YES INC
I YES INO
[I YES NG
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COMRBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Aftorney's Docket No.
(Includes Reference fo PCT intemational Applications) 5367-611PUS
POWER OF ATTORNEY: As a named inventor, | hereby appoint the following attorney(s) andfor agent(s) at Cahen, Ponfani,
Licherman & Pavane to prosecute this application and transact all bosiness in the Patent and Trademark Office connected therewith
Customer number 27799
Direct Telephone calls to:
Send correspondence for COHEN PONTAN! LIEBERMAN & PAVANE LLPal m?.;“fmag’sdggfé’e“f“e numbei)
{he address for the following customer Number: 27799 (212) 687-2770
I hefeby declare that all statements made herein of my own knowletge are true and that al statements made on

information and bellef are belleved to be frue; and further that these statements were made with the knowledge that wiliful false
statements and the like so made are punishable by fine or imprisonment, or both, under §1001 of Title 18 of the Uniied States Code
and that such willful false statemenis may jeopardize the validity of the application or any patent issuing thereon.
201 Primary Citizenship Country:: Germany

Given Name:: Guenter

Middle Name::

Family Name:: SCHMID

City of Residence:: Hembofen

Country of Residence:: Germany

Street of mailing address:: l.ange Strasse 13

City of mailing address:: Hemhofen

Country of mailing address:: Germany

Postal or Zip Code of mailing address:: | 91334
202 Primary Citizenship Country:: Germany

Given Name:: Ralf

Middle Name::

Family Name:: KRAUSE

City of Residence:: Ertangen

Country of Residence:: Germany

Street of mailing address:: Ratiborer Str. 10

City of mailing address:: Eriangen

Country of mailing address:: Germany

Postal or Zip Cade of mailing address:: | 91058

2
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

{Includes Reference to PCT international Applications)

Attorney's Docket Na.
B367-611PUS

203 Primary Citizenship Country:: Germany
Given Name:: Stefan
Middie Name::
Family Name:: SEIDEL
City of Residence: Nittendorf
Country of Residence:: Germany

Street of mailing address::

Bernsteinsiralte 12

City of mailing address:: Nittendort
Country of mailing address:: Germany
Postal or Zip Code of mailing address:: | 93152

204 Primary Citizenship Country:; Germany
Given Name:: Oliver
Middle Name::
Family Name:: WEISS
City of Residence:: Dossenheim
Country of Residence:: Germany

 Street of mailing address:; Schuistrasse 1

City of mailing address:: Dossenheim
Country of mailing address:: Germany
Postal or Zip Code of mailing address:; | 89221
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205 Primary Citizenship Country:: Germany

Given Name:: - Christoph

Middle Name::

Family Name:: GAERDITZ

City of Residence:: Regensburg

Country of Residence:: Germany

Street of mailing address:: Bischof-Konrad-8tr, 2

Gity of maiting address:: Regensburg

Sountry of mailing address:: Germany

Postal ar Zip Gode of maiting address:: | 93051
206 Primary Citizenzhip Country:: Finland

Given Name:: Ruekka Ritkka,

Middle Name::

Family Name;: SUHONEN

City of Residence:: Edangenr  Oulu

Country of Residence:: GemmeRy  Finland

Street of mailing address:: Palmsanlange% Valskarintie 6 Bb

City of maifing address:: Ergngen (i

Country of maliing address:: Gemmany ¢ inland

Postal or Zip Code of mailing address:: | 91884 30,20
COMBINED DECLARATION FOR PATENT ARPLICATION AND POWER OF ATTORNEY _ Attomey's Docket No.
(Includes Reference 1o PCT inlemational Applications) 5367-511PUS
SIGNATURE OF INVENTOR 201 SIGNATURE OF INVENTOR 202 SG%WOR {q
- - PDeceu bec /456204 Q
SIGNATURE OF INVENTOR 204 suwwong-— dé SIGNATURE OF INVENTOR 206 |

—DATE i¢ Ix‘z'%@ 20{0 DATE
Additional inventor(s) name(s) & address{es) aftached? ] Yes [INo

-

% S From ID: +49 85 50032997 to: 6440 14:47 12/14.2010 [00:16:381 OK P.0O? 047

SDC EX. 1002 - 206/325



COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attorney's Docket No.
(Includes Reference to PCT Internaticnal Applications) 5367-611PUS
207 Primary Citizenship Country:: Germany

Given Name:: Ulrich

Middle Name::

Family Name:: NIEDERMEIER

City of Residence:: Leiblfing

Country of Residence:: Germany

Street of mailing address:: Oberwalting 61

City of mailing address:: Leibifing

Country of mailing address:: Germany

Postal or Zip Code of mailing address:: | 94339
COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Aftorney's Docket No,
(Includes Reference to PCT International Applications) 5367-611PUS
208 Primary Citizenship Country:: Poland

Given Name:: Fryderyk

Middle Name::

Family Name:: KOZLOWSKI

City of Residence:: Erlangen

Country of Residence:: Germany

Street of mailing address:: Wiirzburger Ring 33

City of mailing address:: Erlangen

Country of mailing address:: Germany

91056

Postal or Zip Code of mailing address::

SIGNATURE OF INVENTOR 207

SIGNATURE OF INVENTOR 208

SIGNATURE OF INVENTOR 209

DATE DATE

DATE

SIGNATURE OF INVENTOR 210

SIGNATURE OF INVENTOR 211

SIGNATURE OF INVENTOR 212

DATE DATE

DATE

SDC EX. 1002 - 207/325



ig-FEB-2811 14:26 EPPING HERMANN FISCHER +43 83 SBU32999 S.83

T

P2008,0612 US N / 2091 / 1984 / 2008P16497WOUS (SHS/WB)

COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attorney's Docket Ne.
{includes Reference to PCT International Applications) 5387-611PUS

As a below named inventor, | hereby declare that;
My residence, post office address and ¢itizenship are as stated below naxt to my name.

1 elieve 1 am the original, first and sole inventor (if only one name is fisted below) or an origina), first and joint inventor (if plural names are listed
below) of the subject matter which is claimed and for which a patent is sought on the invention enfitied:

ELECTRONIC DEVICE

the specification of which (check only one item below)
{]is attached hereto
[x] was filed as United States application
Serial No. 12/995,457
on _November 30, 2010
and was amended by Preliminary Amendment filed concurrently with the application.

{1 was filed as PCT intemational application
Number PCT/DE2009/060701

on_18 May 2009
and was amended under PCT Articte 19

on _ (if applicable}.

I hereby state that | have reviewsd and understand the contents of the above-identified specification, including the ciaims, as amended by any
amendment specifically referred to above,

t acknowledge the duly to disclose information which is material to patentability as defined in 37 CFR 1.56, including for continuation-in-part
applications, material information which became available between the filing date of the prior application and the national or PCT international

filing date of the confinuation-in-part application.

| heraby claim foreign priority benefits under 35 U.S.C. 119(a)-(d) or (f), or 365(b) of any foreign application(s) for patent, inventor's of plant
breeder's rights certificate(s), or 365(a) of any PCT international application which designated at least one country other than the United

| states of America, listed below and have also identified below, by ¢hecking the box, any foreign application for patent, inventor’s or plant
breeder's rights certificate(s), or any PCT international application having a filing date before that of the application on which priority is
claimead.

FRIOR FOREIGN/PCT APPLICATIONS AND ANY PRIORITY CLAIMS UNDER 36 US.C, 119:

Country Application Number. Date of Filing Priority Claimed
{if PCT, indicate "PCT") . (day, month, year) Under 35 U.S.C. 119
Germany 10 2008 025 920.9 30 May 2008 IYES INC
PCT PCT/OE2009/000701 18 May 2009 AYES KINO
Germany 10 2008 035 361.4 22 August 2008 [x] YES [INO
[ YES NO
1YES [INO
11 YES e
[IYES fING

SDC EX. 1002 - 208/325
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EPPING HERMANN FISCHER

+49 B3 S8B32999

COMBINED DECLARATION FOR FATENT APPLICATION AND POWER OF ATTORNEY
{includes Reference to PCT International Applications}

Atipmey's Docket No.
5367-6{1PUS

POWER OF ATTORNEY: As a named inventor,
Lisberman & Pavane to prosacule this appt

} hereby appoint the following attorney(s) andfor agent(s) at Conen, Ponlani,
ication and transact ali bisiness in the Patent and Trademark Office connected therewith

Customer number 27799

Send correspondance to: COHEN PONTANI LIEBERMAN & PAVANE LLP at
the address for the following customer Number: 27798

Direct Telephone calls to:
(name and telephone number)
Thomas Langer
(212) 687-2770

—

I hereby declare that all statements made herein of my own knowletge are true and that all statements made on

information and belief are belleved to be $rue; and furiher that thes
statements and the like so made are punishable by fine or imprisonment, or both, under 31001 of Titlz 18 of the United States Code
and that such willful false statements may jeopardize the validity of the application or any patent issuing thereon,

e staternents were mads with the knowledge ihat willful false

S.84

201 Primary Citizenship Country:: Germany
Given Name:: Guenter
Middle Name::
Family Name:: SCHMID
City of Residence:: Hemhofen
Country of Residence:: Germany
Street of mailing address:: Lange Strasse 13
City of mailing address:: Hemhofen
Country of maifing address:: Germany
Postal or Zip Code of mailing address:: | 91334

202 Primary Citizenship Counfry:: Germany
Given Name:: Ralf
Middle Name::
Family Name:: KRAUSE

i City of Residence:: Erlangen
Country of Residence:: Germany
Street of mailing address:; Ratiborer Str. 10
Gity of mailing address:: Eriangen
Country of mailing address:: Germany
81058

Postal or Zip Code of mailing address::

SDC EX. 1002 - 209/325
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EPPING HERMRNN FISCHER

+49 BI SBB32399

COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY
(Inciudes Reference to PCT International Applications)

Attorney's Docket No.
5367-611PUS

203 Primary Citizenship Country:: Germany
Given Name:: Stefan
Middle Name::
Family Name:: SEIDEL
City of Residence:: Nittendorf
Country of Residence:: Germany
Street of mailing address:: Bemsteinstralte 12
City of mailing address:: Nittendort
Country of mailing address:: Germany
Postal or Zip Code of mailing address:: | 93152

204 Primary Citizenship Country:: Germany
Given Name:: Oliver
Middle Name::
Family Name:: WEISS
City of Residence:: Dessenheim
Country of Residence:: Germany

Street of mailing address:;

Schulstrasse 1

City of mailing address:: Dossenheim
Country of mailing address:; Germany
69221

Fostal or Zip Code of mailing address::

SDC EX. 1002 - 210/3‘25
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attomey's Docket Ne,
(nciudes Reference fo PCT Intemational Applications) S361-611°US
205 Primary Citizenship Country:: Germany

Given Name:: Christoph
B Middie Name::

Family Name:: GAERDITZ

City of Residence:: Regensburg

Country of Residence:: Gemany

Street of malling address:: Bischof-Konrad-Str. 2

City of mailing address;: Regensburg

Country of mailing address:: Germany

Postal or Zip Code of malling address:: | 9305

206 Primary Citizenship Country:: Finland

| Given Name:: | Ruekka  Ritkka
Middle Names:
Family Name:: SUHONEN
City of Residence:: | Erdeagen Oulun
Country of Residence:: Gemany  Tinland
Straet of mailing adiress:: Palmsanlangeda ilskacintie b Bb
City of maiiling address:: : Erangen " (ulu
Country of mailing address:: Gemany  Tinland,
postal or Zip Code of malling address:: 91084 9pudo

COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attomey’s Dacket No.
{includes Reference to PCT intemational Applications) 5367-811PUS
SIGNATURE QF INVENTOR 201 SIGNATURE OF INVENTOR 202 SIGRATURE OF INVENTOR 208
DATE DATE DATE
SIGHATURE OF INVENTOR 208 SIGNATURE OF INVENTOR 205 816 : OF | N TOR 208
?&m _'131’
DATE DATE DATE
! AS.0L.20M
Additional inventor(s) name(s) & address(es) aftached? ¥ Yes [INo

SDC EX. 1002 - 211/325



COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

Attomey's Docket No.

(Includes Reference to PCT International Applications) 5367-611PUS
207 Primary Citizenship Country:: Germany

Given Name:: Ulrich

Middle Name::

Family Name:: NIEDERMEIER

City of Residence:: Leiblfing

Country of Residence:: Germany

Street of mailing address:: Oberwalting 61

City of mailing address:: Leiblfing

Country of mailing address:: Germany

Postal or Zip Code of mailing address:: | 94339
COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Aftorney's Docket No.
(Includes Reference to PCT Intemational Applications) 5367-611PUS
208 Primary Citizenship Country:: Poland

Given Name:: Fryderyk

Middle Name::

Family Name:: KOZLOWSKI

City of Residence:: Erlangen

Country of Residence:: Germany

Street of mailing address:: Wiirzburger Ring 33

City of mailing address:: Erlangen

Country of mailing address:: Germany

91056

Postal or Zip Code of mailing address::

SIGNATURE OF INVENTCR 207

SIGNATURE OF INVENTOR 208

SIGNATURE OF INVENTOR 209

DATE DATE

DATE

SIGNATURE OF INVENTOR 210

SIGNATURE OF INVENTOR 214

SIGNATURE OF INVENTOR 212

DATE DATE

DATE

SDC EX. 1002 - 212/325
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pPz008,0612 US N / 2091 / 13884 / 2008P16497TWOUS (SHS/WE)

COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attorney's Docket Ne.
(Inciudes Reference to PCT Internafional Applications) 5367-611PUS

As a below named inventor, | hereby declare that:

My residence, post office address and cilizenship are as stated below next to my name.

1 befieve 1 am the original, first and solg inventor (if only one name is listed betow) or an original, first and jointinventor {if plural names are listed
below) of the subject matter which is claimed and for which a palent is soughton the tnvention entifled:

ELECTRONIC DEVICE

ihe specification of which (check only one item below)
{}is attached herelo
[ was filed as United States application
Serial No. 12/995 457
on _November 30, 2010

and was amended by Preliminary Amendment filed concumently with the applicadon.

{l was fited as PCT intemational application
Number PCT/DEZ008/000704

on 18 May 2009
and was amended under PCT Ardicle 19

on __ (if applicable).

I hersby state that | have reviewed and understand the contents of the above-identified specification, including the claims, 25 amended by any
amendment specifically referred to above.

t acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.86, including for continuation-in-part
applications, material information which became available between the filing date of the prior application and the national or PCT international
fiting date of the continuation-in-part appiication.

| hereby claim foreign priority benefis under 35 U.S.C. 119(a)-(d} or (f), or 365(b}) of any foreign applicalion{s) for patent, inventor's or plant
breeder's rights cerdificate(s), or 365(a) of any PCT internalional application which designated at least one country other than the United
States of America, listed belaw and have also identified below, by checking the box, any Toseign application for patent, nwventor's or plant
breeder's rights certilicate(s), or any PCT internaliona! appfication having a filing date before that of the appficafion on which priority is
claimed.

PRIOR FOREIGN/PCT APPLICATIONS AND ARY FRIOQRITY CLAIMS UNDER 35 US.C, 11

Country Application Number. Date of Fifing Priority Claimsd
{if PCT, indicate "PCT") {day, month, year) Under 35 U.S.C. 119
Germany 10 2008 025 920.9 30 May 2008 [x] YES INO
PCT PCT/DE2009/000701 18 May 2009 (i YES INO
Germany 10 2008 0348 361.4 22 August 2008 X YES [INO
f1YES INO
YES INO
[ YES f1NO
[ YES 1ING

SDC EX. 1002 - 213/325
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Afimey's Docket No.
(includes Reference fo PCT International Applications} 5367-611PUS
POWER OF ATTORNEY: As a named inventor, ! hereby appoint the folfowing attorney(s) andfor agent(s) at Cahen, Pontan,
Lisherman & Pavane to prosecute this application and transact ali business in the Patent and Trademark Office connected therewith
Customer number 27799
Diregl Telephone calls to:
Send correspondence to: COHEN PONTANI LIEBERMAN & PAVANE LLpat | (name and telephione number)
fhe address for the following customer Number: 27799 Thomas Langer
9 ' (212) 687-2770
| hereby declare that all statements made herein of my own knowledge are true and that al statements made on

information and belief are befieved to be true; and further that these statements were made with the knowladge that willful false
statements and the like so made are punishable by fine or imprisonment, of both, under §1001 of Title 18 of the United States Code
and that such willful false statements may jeopardize the validity of the applicafion or any patent issuing fhereon.
201 Primary Citizenship Country:: CGermany

Given Name:: Guenter

Middle Name::

Family Namne:: SCHMID

City of Residence:: Hemhofen

Country of Residence:: Germany

Street of mailing address:: Lange Strasse 13

City of mailing address:: Hemhofen

Country of maffing address:: Germany

Postal or Zip Code of mailing address:: | 91334
202 Primary Citizenship Country:: Germany

Given Name:: Ralf

Middle Name::

Family Name:: KRAUSE

City of Residence:: Erlangen

Country of Residence:: Germany

Street of mailing address:: Ratiborer Str. 10

City of mailing address:; Erlangen

Gountry of mailing address:: Germany

Postal or Zip Code of mailing address:: | 91058

SDC EX. 1002 - 214/325
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EPPING HERMANN FISCHER

+43 83 SBa32999

COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY
(Includes Reference fo FCT International Apptications)

Attorney's Docket No.
5367-611PUS

203 Primary Cifizenship Country:: Germany
Given Name:: Stefan
Middle Name::
Family Name:: SEIDEL
City of Residence:: Nittendorf
Country of Residence:: Germany
Street of mailing address:: Bermsteinstrale 12
City of mailing address:: Nittendorf
Country of mailing address:: Germany
Postal or Zip Code of mailing address:: | 93152

204 Primary Cifizenship Country:: Germany
Given Name:: Oliver
Middle Name::
Family Name:: WELSS
City of Résidenc_e:: Dossenheim
Country of Residence:: Germany

~Street of mailing address::

Schulstrasse 1

City of mailing address:: Dossenheim
Country of maifing address:: Germany
69221

Postal or Zip Code of mailing address::

SDC EX. 1002 - 215/325



COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attorney's Docket No.
{Includes Reference to PCT Intemational Applications) 5367-611PUS
205 Primary Citizenship Country:: Germany
Given Name:: Christoph
Middle Name::
Family Name:: GAERDITZ
City of Residence:: Regensburg
Country of Residence:: Germany
Street of mailing address:: Bischof-Konrad-Str. 2
City of mailing address:: Regensburg
Country of mailing address:: 7 Germany
Postal or Zip Code of mailing address:: | 93051
206 Primary Citizenship Country:: Finland
Given Name:: Ruekka Ritkka,
Middie Name::
Family Name:: SUHONEN
City of Residence:: Erangen  Oulw

Country of Residence;;

Gemery  Tinlaond

Strget of mailing address::

Pélmsanlangﬂ‘iﬁ Vilskacintie b Bb

City of mailing.address:: Briangen " (),
Country of malfing address::: Gemmaty  Finlond
Postal or Zip Code of mailing address:: | 91884 90030

COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

Attorney's Docket No.

{Includes Reference to PCT International Applications)

5367-611PUS

SIGNATURE OF INVENTOR 201

SIGNATURE OF INVENTOR 202

SIGNATURE OF INVENTOR 203

DATE

DATE

DATE

SIGNATURE OF INVENTOR 204

SIGNATURE QF INVENTOR 205

SIGNATURE OF INVENTOR 206

DATE

DATE

DATE

Additional inventor(s) name(s) & address(es) attached? [x] Yes []No

SDC EX. 1002 - 216/325
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

=

18

Attorney's Docket No.

(Inchedes Reforencs ko PCT ntemational Applications) 5367-611PUS
207 Primary Citizenship Country:: Germany

Given Name:: Virich

Middle Name::

Family Name:: NIEDERMEIER

City of Residence:: Leiblfing

Country of Residence:: Germany

Street of mailing address:: Oberwatting 61

City of maiting address:: Leibifing

Country of mailing address:: Germany

Postal or Zip Gode of mailing address:: | 94339
COMBINED DEGLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attomey's Dotket No.
(Includes Reference t PCT intemational Applications) 5R6THTIPUS
208 Primary Gitizenship Country: Poland

Given Name:: Fryderyk

Middie Name::

Family Name:: KOZLOWSKI

City of Residence:: “Erlangen

Counfry of Residence:: Germany

Street of mailing address:: Wirzburger Ring 33

City of mailing address:; Edangen

Country of maifing address:: Germany

Postal or Zip Code of mailing address:: | 91 056

SIGNATURE OF NVENTOR 206 SIGNATURE OF INVENTOR 209

U™ Oedowing
_cmbawﬁ AS 2040 DATE . oATE

SIGNATURE OF INVENTOR 210 SIGNATURE OF INVENTCR 211 SIGNATURE OF INVENTOR 212

PATE DATE PATE

5.

:
]
x S From ID: +19 §9 50032999 fo! 6440 14:47 12-14-7010 [03:10:38] OK P.o08,047

SDC EX. 1002 - 217/325
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P2008,0612 US N / 2091 / 1984 / 2008P16497WQOUS {SHS/WB)

COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY
(Includes Reference fo PCT international Applications)

Atforney’s Docket No,
5367-611PUS

As a below named inventor, | hereby declare that:
My residence, post office address and cilizenship are as stated below next 1o my name,

1 believe | am the original, first and sole inventor (if only one name is fisted below) or an ariginal, first and joint inventor {if piural names are fisted

below) of the subject matter which is claimed and for which a patent is sought on the invention eniitied:

ELecTRONIC DEVICE

the specification of which (check only ong item below)
[{is attached hereto )
fx] was filed as United States application -
Serial No. 12/995,457
on _November 30, 2010

and was amended by Preliminary Amendment filed concurrently wilh the application.

[l was fited as PCT intemational application
Number PCT/DE2009/000701

on 18 May 2009
and was amended under PCT Article 18

on _ (if applicable},

heraby state that | have reviewed and understand the contents of the above-identified specification, including the claims, as amended by any

amendment specifically raferred {0 above.

I acknowledge the duty to disclose informafion which is material to patentability as defined in 37 CFR 1.66, inciuding for continuation-in-part
applications, material information which became available between the filing date of the prior application and the national or PCT infernational

filing date of the continuation-in-part applicafion.

 hereby claim foreign priority benefits under 35 U.S.C. 119(a)-{d) or (1), or 365(b} of any foreign application(s} for patent, inveniors! or plant
breeder's fights certificate(s), or 365(a) of any PCT international application which designated at least one country ofher than the United
States of America, listed below and have also identified below, by checking the box, any foreign application for patent, inventor's or plant
breeder's rights certificate(s), or any PCT international application having a filing date before that of the application on which priority is

claimed,

PRIOR FOREIGN/PCT APPLICATIONS AND ARY PRIORITY CLAIMS UNDER 35 U.S.C. 119

Country Application Number. Date of Filing - Prigrify Claimed
(¥ PCT, indicate "PCT") (day, month, year) Under 35 U.S.C. 119
Germany ' 10 2008 025 §20.9 30 May 2008 [x] YES JNO
PCT PCT/DE2008/000701 18 May 2006 f1YES XINO
Germany 10 2008 039 3614 22 August 2008 IX}YES iNO
{1 YES [NO
L 1 YES INO
1YES ING
[I YES [INO

SDC EX. 1002 - 218/325
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Atiorney's Docket No.
{Includes Reference to PCT International Applicatians) 5367-611PUS
POWER OF ATTORNEY: As a named inventor, | hereby appoint the following attorney(s) andlor agent(s) at Cohen, Pontani,
Lisherman & Pavane to prosecute this application and transact all business in the Patent and Trademark Office connected therewith
Customer number 27799
Direct Telephone calls to:
Send correspondence to: COHEN PONTANI LIEBERMAN & PAVANE LLP at (”$§]“§ma;5dt§:f9§°ne number)
the address for the following customer Number: 27799 (212) 687—2?%’0
| hergby declare that all statements made herein of my own knowladge are frue and that all statements made on

inforemation and beliet are believed to be frue; and further that these statements were made with the knowledge that wilitul faise
statements and the fike so made are punishable by fine or imprisonment, or both, under §1001 of Title 18 of the Unilad States Code
and that such willful false statements may jeopardize the validity of the applicafion or any pafent issuing thereon.
201 Primary Citizenship Country:: Germany

Given Name:: Guenter

Middle Name::

Family Name:: SCHMID

—

City of Residence:: Hemhofen

Country of Residence:: Germany

Street of mailing address:: Lange Strasse 13

City of mailing address:: Hemhofen

Country of mailing address:: Germany

Postal or Zip Code of mailing address:: | 91334
202 Primary Citizenship Country:: Germany

Given Name:: Ralf

Middle Name::

L Family Name:: KRAUSE

City of Residence:: Erlangen

Country of Residence:: Germany

Street of mailing address:: Ratiborer Str. 10

City of mailing address:: Erfangen

Country of mailing address:: Germany

Postal or Zip Code of mailing address:. 91028

SDC EX. 1002 - 219/325
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+43 83 SUB329599

COMEINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attorney's Docket No.
(Includes Reference fo PCT International Appfications) 5367-811PUS
203 Primary Citizenship Country:: Germany

Given Name:: Stefan

Middle Name:: :

Family Name:: SEIDEL

City of Residence:: Nittendorf

Country of Residence:: Germany

Street of mailing address::

Bernsteinstralte 12

City of mailing address:: Nittendorf
Country of mailing address:: Germany
Postal or Zip Code of mailing address:; | 93152

204 Primary Citizenship Country:: Germany
Given Name:: Oliver
Middle Name::
Family Name:: WEISS
City of Résidenqe:: Dessenheim
Country of Residence:: Germany

 Street of mailing address:;

Schulstrasse 1

Postal or Zip Code of mailing address::

City of mailing address:: Dossenheim
Country of mailing address:: Germany
69221

SDC EX. 1002 - 220/325



COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attorney's Docket No.
(Includes Reference to PCT International Applications) 5367-611PUS
205 Primary Citizenship Country:: Germany
Given Name:: Christoph
Middle Name::
Family Name:: GAERDITZ
City of Residence:: Regensburg
Country of Residence:: Germany
Street of mailing address:: Bischof-Konrad-Sir. 2
City of mailing address:: Regensburg
Country of mailing address:: | Germany
Postal or Zip Code of mailing address;: | 93051
206 Primary Citizenship Country:: -Finfand
Given Name:; Ruekka Rikka,
Middie Name::
Family Name;: SUHONEN
City of Residence:: Edangen  Oulu

Country of Residence::

Gemany  Tinlaad

Street of mailin_g address::

P’aimsanlangﬂﬁ \fa\s'sg'o\rirvﬁe b Bb

City of mailingaddress:: Brtangen "¢yl
Country of mailing address:: Gemmany  Finland,
Postal or Zip Code of mailing address:; | 81884  9p.30

COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

{includes Reference to PCT International Applications)

Attomey's Docket No.
5367-611PUS

SIGNATURE OF INVENTOR 201

SIGNATURE OF INVENTOR 202

SIGNATURE OF INVENTOR 203

DATE

DATE

DATE

SIGNATURE OF INVENTOR 204

SIGNATURE OF INVENTOR 205

SIGNATURE OF INVENTOR 206

DATE

DATE

DATE

Additional inventor(s) name(s) & address{es) attached? [x] Yes []No

SDC EX. 1002 - 221/325
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EFFING HERMANN FISCHER

+43 89 SBE32399

COMBINED DECLARATION FOR PATENf APPLICATION AND FOWER OF ATTORNEY Attorney's Dogket No,
{inciudes Reference to PCT Intemational Applications) 5367-511PLS
207 Primary Citizenship Country:: Germany
Given Nams:: Ulrich.
Middle Name::
Family Name:: NIEDERMEIER
City of Residence:: Leibifing
Country of Residence:: Germany
Streét of mailing address:: Oberwalting 61
City of mailing address: Leibifing
Country of maiting address=: Germany
Postal of Zip Gode of talling address:: | 94339
COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY Attorney’s Dotket No.
{Incfudes Referenca to PCT Intemational Applications) 5367-611PUS
208 Ptimary Citizenship Country:: Poland
Giveh Name:: Fryderyk
Middle Name:: "
' Family Name:: KOZL.OWSKI
City of Residence: Eriangen
Country of Residence:; Germany
Street of mailing address:: Worzburger Ring 33
City of mailing address:: Eriangen
Gountry of mailing address:; ' Gefma")‘_’
Postal or Zip Code of mailing addressz; | 91056

SIGNATURE QF INVENTOR 207

SIGNATURE OF INVENTOR 203 Y N
A A s

SIGNATURE OF INVENTOR 209

A A AL
DATE DATE : DATE
A SV TN
SGNATURE OF VENTOR 210 SIGNATURE OF INVENTOR 211 SIGNATURE CF INVENTOR 212
DATE DATE DATE
5-

SDC EX. 1002 - 222/325
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO. |
12/995,457 Guenter Schmid 5367-611PUS
27799 | INTERNATIONAL APPLICATION NO. |
Cozen O'Connor PCT/DE2009/000701
277 Park Avenue, 20th floor LA. FILING DATE PRIORITY DATE
NEW YORK, NY 10172 05/18/2009 05/30/2008

CONFIRMATION NO. 1889
371 ACCEPTANCE LETTER

O A

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a
Designated / Elected Office (37 CFR 1.495), has determined that the above identified international application has
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United
States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

02/18/2011 02/18/2011
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), DATE OF COMPLETION OF ALL
(c)(2) and (c)(4) REQUIREMENTS 35 U.S.C. 371 REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35
U.S.C. 371 (c)(1), (¢)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE
IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the
international application (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all
correspondence to the Group Art Unit designated thereon.

The following items have been received:

+ Copy of the International Application filed on 11/30/2010

+ English Translation of the A filed on 11/30/2010

+ Copy of the International Search Report filed on 11/30/2010
* Preliminary Amendments filed on 11/30/2010

« Information Disclosure Statements filed on 11/30/2010

+ Oath or Declaration filed on 02/18/2011

* Request for Immediate Examination filed on 11/30/2010

+ U.S. Basic National Fees filed on 11/30/2010

+ Assignee Statement for PGPUB filed on 11/30/2010

* Priority Documents filed on 11/30/2010

page 1 of 2

FORM PCT/DO/EO/903 (371 Acceptance Notice)
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

VALERIE A JACKSON

Telephone: (703) 756-1443
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
12/995.,457 02/18/2011 1110 5367-611PUS 15 2
CONFIRMATION NO. 1889
27799 FILING RECEIPT
Cozen O'Connor
577 Park Avenue, 20th floor R TR
000000049389222

NEW YORK, NY 10172
Date Mailed: 08/19/2011

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)

Guenter Schmid, Hemhofen, GERMANY;

Ralf Krause, Erlangen, GERMANY;

Stefan Seidel, Nittendorf, GERMANY

Oliver Weiss, Dossenheim, GERMANY;

Christoph Gaerditz, Regensburg, GERMANY;

Riikka Suhonen, Oulu, FINLAND;

Ulrich Niedermeier, Leiblfing, GERMANY;

Fryderyk Kozlowski, Erlangen, GERMANY;
Assignment For Published Patent Application

OSRAM Opto Semiconductors GmbH, Regensburg, GERMANY
Power of Attorney: The patent practitioners associated with Customer Number 27799

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/DE2009/000701 05/18/2009

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

GERMANY 10 2008 025 920.9 05/30/2008

GERMANY 10 2008 039 361.4 08/22/2008

If Required, Foreign Filing License Granted: 08/17/2011

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/995,457

Projected Publication Date: 12/01/2011
page 1 of 3
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Non-Publication Request: No

Early Publication Request: No
Title

Electronic Device

Preliminary Class
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
page 2 of 3
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 12/995,457
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (0}, o (<)) N/A N/A N/A N/A 330
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 430
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 220
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 15 minus 20= OR |« 52 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 2 minus 3 = x 220 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 980
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/995,457 02/18/2011 Guenter Schmid 5367-611PUS
CONFIRMATION NO. 1889
27799 PUBLICATION NOTICE
Cozen O'Connor
277 Park Avenue, 20th floor IR A
000000051237526

NEW YORK, NY 10172

Title:Electronic Device

Publication No.US-2011-0291080-A1
Publication Date:12/01/201 1

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
12/995,457 02/18/2011 Guenter Schmid 5367-611PUS-299873.000 1889
27799 7590 04/04/2013 | |
EXAMINER
Cozen O'Connor
277 Park Avenue, 20th floor HO, ANTHONY
NEW YORK, NY 10172
| ART UNIT | PAPER NUMBER |
2815
| NOTIFICATION DATE | DELIVERY MODE |
04/04/2013 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):
patentsecretary @cozen.com

patentdocket@cozen.com
patentsorter @cozen.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

12/995,457 SCHMID ET AL.
Office Action Summary Examiner AriUnit
ANTHONY HO 2815

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 30 November 2010.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5 Claim(s) 1-15is/are pending in the application.
5a) Of the above claim(s) ______is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)X Claim(s) 1,3,6.7.12 and 13 is/are rejected.
8)X] Claim(s) 2.4.5.8-11.14 and 15 is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway

program at a participating intellectual property office for the corresponding application. For more information, please see
hito/iwww. useto.qovipatents/init_svenis/pph/indsx.isp or send an inquiry to PPHisedoack@uspio.aoy.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().
a)[J Al b)[] Some * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. _____
3.[]] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) |:| Notice of References Cited (PTO-892) 3) D Interview Summary (PTO-413)
Paper No(s)/Mail Date.

2) & Information Disclosure Statement(s) (PTO/SB/08) 4) |:| Other:

Paper No(s)/Mail Date 11/30/2010, 12/2/2010.

U.S. Patent and Trademark Office
PTOL-326 (Rev. 09-12) Office Action Summary Part of Paper No./Mail Date 20130322
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Application/Control Number: 12/995,457 Page 2
Art Unit: 2815

DETAILED ACTION

Priority
1. Receipt is acknowledged of papers submitted under 35 U.S.C. 119(a)-(d), which

papers have been placed of record in the file.

Information Disclosure Statement
2. The information disclosure statement (IDS) submitted on November 30, 2010
was filed after the mailing date of the instant application on November 30, 2010. The
submission is in compliance with the provisions of 37 CFR 1.97. Accordingly, the
information disclosure statement is being considered by the examiner.
3. The information disclosure statement (IDS) submitted on December 2, 2010 was
filed after the mailing date of the instant application on November 30, 2010. The
submission is in compliance with the provisions of 37 CFR 1.97. Accordingly, the

information disclosure statement is being considered by the examiner.

Claim Objections
4. Claim 15 is objected to because of the following informalities: Claim 15 recites a
method according to claim 1, however claim 1 pertains to an electronic device while

claim 15 pertains to a method. Appropriate correction is required.
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Application/Control Number: 12/995,457 Page 3
Art Unit: 2815

Claim Rejections - 35 USC § 102
5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States
only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

6. Claims 1, 3, 6, 7, 12, and 13 are rejected under 35 U.S.C. 102(e) as being
anticipated by Forrest et al (US PUB 2008/0116536).

In re claim 1, Forrest et al discloses an electronic device, comprising: a substrate
(i.e. Figure 9a, reference sign 110), a first electrode (i.e. Figure 9a, reference sign 120),
at least one organic, functional layer (i.e. paragraphs 0019, 0081-0083, Figure 9h,
reference signs 953a-d), and a second electrode (i.e. Figure 9h, reference sign 170),
wherein the at least one organic functional layer is located between the first electrode
and the second electrode, and wherein the at least one organic functional layer has at
least a first matrix material (i.e. paragraphs 0081, 0126, Figure 9h, reference sign 953a
and Figure 19, “donor material CuPc”), a second matrix material (i.e. paragraphs 0081,
0126, Figure 9h, reference sign 953b and Figure 19, “sensitizer SnPc”), and a third
matrix material (i.e. paragraphs 0081, 0126, Figure 9h, reference sign 953c and Figure
19, “acceptor material Ceo”), and the third matrix material has a Lowest Unoccupied
Molecular Orbital (LUMO), which is energetically lower than the LUMO of the second

matrix material and the LUMO of the first matrix material, and wherein the second
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Application/Control Number: 12/995,457 Page 4
Art Unit: 2815

matrix material has a Highest Occupied Molecular Orbital (HOMO), which is
energetically higher than the HOMO of the first matrix material and the HOMO of the
third matrix material (i.e. Figure 19).

In re claim 3, Forrest et al discloses wherein the second matrix material has a
LUMO which is energetically higher than the LUMO of the third matrix material, and a
HOMO which is energetically higher than the HOMO of the third matrix material (i.e.
paragraphs 0019-0021, 0081-0083, 0126, Figures 9a-9h, 19).

In re claim 6, Forrest et al discloses wherein the third matrix material comprises
an electron transport material (i.e. paragraphs 0019-0021, 0081-0083, 0126, Figures
9a-9h, 19).

In re claim 7, the recitation “wherein the organic functional layer is selected from
a group which comprises emission layers, electron transport layers, hole transport
layers, electron blocking layers, hole blocking layers, hole injection layers, electron
injection layers, and intermediate layers” in the claim specifies an intended use or field
of use and is treated as nonlimiting since it has been held that in device claims,
intended use must result in a structural difference between the claim invention and the
prior art in order to patentably distinguish the claim invention from the prior art. If the
prior art structure is capable of performing the intended use, then it meets the claim. In
re Casey, 152 USPQ 235 (CCPA 1967); In re Otto, 136 USPQ 458, 459 (CCPA 1963).
A claim containing a recitation with respect to the manner in which a claimed apparatus

is intended to be employed does not differentiate the claimed apparatus from a prior art
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Application/Control Number: 12/995,457 Page 5
Art Unit: 2815

apparatus if the prior art apparatus teaches all the structural limitations of the claim. Ex
parte Masham, 2 USPQ2d 1647 (Bd. Pat. App. & Inter. 1987).

In re claim 12, the recitation “which is constructed as a radiation-emitting device”
in the claim specifies an intended use or field of use and is treated as nonlimiting since
it has been held that in device claims, intended use must result in a structural difference
between the claim invention and the prior art in order to patentably distinguish the claim
invention from the prior art. If the prior art structure is capable of performing the
intended use, then it meets the claim. /n re Casey, 152 USPQ 235 (CCPA 1967); Inre
Otto, 136 USPQ 458, 459 (CCPA 1963). A claim containing a recitation with respect to
the manner in which a claimed apparatus is intended to be employed does not
differentiate the claimed apparatus from a prior art apparatus if the prior art apparatus
teaches all the structural limitations of the claim. Ex parte Masham, 2 USPQ2d 1647
(Bd. Pat. App. & Inter. 1987).

In re claim 13, the recitation “wherein the device is selected from a group which
comprises an organic light-emitting device, a solar cell, and a transistor” in the claim
specifies an intended use or field of use and is treated as nonlimiting since it has been
held that in device claims, intended use must result in a structural difference between
the claim invention and the prior art in order to patentably distinguish the claim invention
from the prior art. If the prior art structure is capable of performing the intended use,
then it meets the claim. In re Casey, 152 USPQ 235 (CCPA 1967); In re Otto, 136
USPQ 458, 459 (CCPA 1963). A claim containing a recitation with respect to the

manner in which a claimed apparatus is intended to be employed does not differentiate
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Application/Control Number: 12/995,457 Page 6
Art Unit: 2815

the claimed apparatus from a prior art apparatus if the prior art apparatus teaches all
the structural limitations of the claim. Ex parte Masham, 2 USPQ2d 1647 (Bd. Pat. App.

& Inter. 1987).

Allowable Subject Matter
7. Claims 2, 4, 5, 8-11, 14, and 15 are objected to as being dependent upon a
rejected base claim, but would be allowable if rewritten in independent form including all

of the limitations of the base claim and any intervening claims.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ANTHONY HO whose telephone number is (571)270-
1432. The examiner can normally be reached on Monday to Friday: 1:30PM - 10:00PM.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Kenneth Parker can be reached on 571-272-2298. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 12/995,457 Page 7
Art Unit: 2815

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
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Attorney Docket # 5367-611PUS - 299873.000 Patent

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Examiner: HO, Anthony
In re Application of Group Art: 2815

Guenter SCHMID et al.
Serial No.: 12/995,457
Filed: February 18, 2011

For:  Electronic Device

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
INFORMATION DISCLOSURE STATEMENT
SIR:

In compliance with the duty of disclosure under 37 C.F.R. §1.56 and in accordance
with the practice under 37 C.F.R. §§1.97 and 1.98, the Examiner's attention is directed to the
documents listed on the enclosed Form PTO/SB/0SA. Copies of the listed non-US documents are
also enclosed.

Enclosed is a copy of an English Translation of an Office Action dated December
20, 2012 issued in the corresponding Taiwanese Patent Application No. 098116998. References not
appearing on the attached Form PTO/SB/0S8A were submitted to the USPTO in a previously filed
IDS.

This information is being submitted subsequent to the later of three months after the
filing date of the present application or the mailing of the first Office Action on the merits, but

before the mailing of a final Action or the Notice of Allowance.
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In accordance with 37 C.F.R §§1.97(g) and (h), the filing of this Information
Disclosure Statement should not be construed as a representation that a search has been made or
that information cited is, or is considered to be, material to patentability as defined in §1.56(b),
or that any cited document listed or attached is (or constitutes) prior art. Unless otherwise
indicated, the date of publication indicated for an item is taken from the face of the item and
Applicants reserve the right to prove that the date of publication is in fact different.

Submitted herewith is the amount of $180 in payment of the required fee under 37
C.F.R. § 1.17(p). Any additional fees or charges required at this time may be charged to our
U.S. patent and Trademark Office Deposit Account No. 503111.

It is respectfully requested that the above information be considered by the Examiner
and that a copy of the enclosed Form PTO/SB/08a be returned indicating that such information has
been considered.

Respectfully submitted,

COZEN O’CONNOR

By /Alphonso A. Collins/
Alphonso A. Collins
Reg. No. 43,559
277 Park Avenue
New York, New York 10172
(212) 883-4900

Dated: April 17,2013
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Attorney Docket # 5367-611PUS -299873.000 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Examiner: HO, Anthony

In re Application of Group Art: 2815
Guenter SCHMID et al. Confirmation # 1889

Serial No.: 12/995,457

Filed: February 18, 2011

For:  Electronic Device

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
AMENDMENT

SIR:
PETITION

Applicants hereby petition for a one-month extension of the original shortened statutory
response period set in the Office Action of April 4, 2013. Submitted herewith is the amount of $200
in payment of the government fee for a one-month extension of time so that the period for response
is extended to August 4, 2013 (Sunday).

RESPONSE
In response to the Office Action dated April 4, 2013, please amend the above-identified

application as follows:
Amendments to the Claims are reflected in the listing of claims which begins on page 2
of this paper.

Remarks/Arguments begin on page 6 of this paper.

LEGAIL\6728660\1
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application.

Listing of Claims:

1. (Currently amended) An electronic device, comprising:

a substrate;

a first electrode;

at least one organic functional layer; and

a second electrode, wherein the at least one organic functional layer is located between
the first electrode and the second electrode, and wherein the at least one organic functional layer
has at least a first matrix material, a second matrix material, and a third matrix material, and the
third matrix material has a Lowest Unoccupied Molecular Orbital (LUMO), which is
energetically lower than the LUMO of the second matrix material and the LUMO of the first
matrix material, and wherein the second matrix material has a Highest Occupied Molecular
Orbital (HOMO), which is energetically higher than the HOMO of the first matrix material and
the HOMO of the third matrix material,

wherein the organic functional layer is an emission layer and is doped with at least one

emitter material.

2. (Previously presented) The electronic device according to claim 1, wherein the first matrix
material has a LUMO which is energetically higher than the LUMO of the second matrix
material and the LUMO of the third matrix material, and a HOMO which is energetically lower
than the HOMO of the second matrix material and the HOMO of the third matrix material.

3. (Previously presented) The electronic device according to claim 1, wherein the second matrix
material has a LUMO which is energetically higher than the LUMO of the third matrix material,
and a HOMO which is energetically higher than the HOMO of the third matrix material.

4. (Previously presented) The electronic device according to claim 1, wherein the first matrix

material has a charge carrier mobility which is lower than the charge carrier mobilities of the

second and third matrix materials.
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5. (Previously presented) The electronic device according to claim 1, wherein the second matrix

material comprises a hole transport material.

6. (Previously presented) The electronic device according to claim 1 wherein the third matrix

material comprises an electron transport material.

7. (Previously presented) The electronic device according to claim 1, wherein the organic
functional layer is selected from a group which comprises emission layers, electron transport
layers, hole transport layers, electron blocking layers, hole blocking layers, hole injection layers,

electron injection layers, and intermediate layers.

Claim 8. (Canceled)

9. (Previously presented) The electronic device according to claim 1, wherein the emitter

material in the emission layer has a concentration of < 10 wt%.

10. (Previously presented) The electronic device according claim 1, wherein the concentration

of the emitter material in the emission layer has a gradient.

11. (Currently amended) The electronic device according to claim [[8]] 1, wherein the LUMO of
the emitter material is energetically lower than the LUMO of the first, second, and third matrix
materials, and the HOMO of the emitter material is energetically higher than the HOMO of the

first, second, and third matrix materials.

12. (Previously presented) The electronic device according to claim 1, which is constructed as a

radiation-emitting device.
13. (Previously presented) The electronic device according to claim 1, wherein the device is

selected from a group which comprises an organic light-emitting device, a solar cell, and a

transistor.
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14. (Previously presented) A method for the production of an electronic device according to
claim 1, comprising the steps of:

A) preparation of a substrate;

B) preparation of a first electrode and a second electrode; and

C) placement of at least one organic functional layer between the first electrode and the
second electrode,

wherein in method step C), at least the first matrix material, the second matrix material,

and the third matrix material are simultaneously applied.

15. (Currently amended) A method according to claim [[1]] 14, wherein in the method step C),
the first matrix material, the second matrix material, and the third matrix material are applied by

evaporation coating.

16. (New) An electronic device, comprising:

a substrate;

a first electrode;

at least one organic functional layer; and

a second electrode, wherein the at least one organic functional layer is located between
the first electrode and the second electrode, and wherein the at least one organic functional layer
has at least a first matrix material, a second matrix material, and a third matrix material, and the
third matrix material has a Lowest Unoccupied Molecular Orbital (LUMO), which is
energetically lower than the LUMO of the second matrix material and the LUMO of the first
matrix material, and wherein the second matrix material has a Highest Occupied Molecular
Orbital (HOMO), which is energetically higher than the HOMO of the first matrix material and
the HOMO of the third matrix material,

wherein the first matrix matrial has a LUMO which is energetically higher than the
LUMO of the second matrix material and the LUMO of the third matrix material, and a HOMO
which is energetically lower than the HOMO of the second matrix material and the HOMO of

the third matrix material.
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17. (New) An electronic device, comprising:

a substrate;

a first electrode;

at least one organic functional layer; and

a second electrode, wherein the at least one organic functional layer is located between
the first electrode and the second electrode, and wherein the at least one organic functional layer
has at least a first matrix material, a second matrix material, and a third matrix material, and the
third matrix material has a Lowest Unoccupied Molecular Orbital (LUMO), which is
energetically lower than the LUMO of the second matrix material and the LUMO of the first
matrix material, and wherein the second matrix material has a Highest Occupied Molecular
Orbital (HOMO), which is energetically higher than the HOMO of the first matrix material and
the HOMO of the third matrix material,

wherein the first matrix material has a charge carrier mobility which is lower than the

charge carrier mobilities of the second and third matrix materials.
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REMARKS/ARGUMENTS

Claims 2, 4, 5, 8-11, 14 and 15 have been indicated by the Examiner as being allowable if
suitably rewritten in independent form.

Allowable claim 8 (now canceled) has been incorporated into claim 1 from which it was
directly dependent. Thus, claim 1 is in condition for allowance.

Claims 2-7 and 9-15 are dependent, either directly or indirectly, from claim 1. Thus, these
claims are in condition for allowance.

Independent claim 16 has been added. It is a combination of claim 1 and allowable claim 2.
Thus, claim 16 is in condition for allowance.

Independent claim 17 has been added. It is a combination of claim 1 and allowable claim 4.
Thus, claim 17 is in condition for allowance.

Prompt allowance of this application is respectfully solicited.

It is believed that no fees or charges are required at this time in connection with the present
application. However, if any fees or charges are required at this time, they may be charged to our
Patent and Trademark Office Deposit Account No. 503111.

Respectfully submitted,

COZEN O’CONNOR

By __ /Thomas Langer/
Thomas Langer
Reg. No. 27,264
277 Park Avenue
New York, New York 10172
(212) 883-4900

Dated: August 5, 2013
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Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 319 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 319 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5§ U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)
12/995,457 SCHMID ET AL.
: I H i i AlA (First Inventor to
Notice of Allowability /E’,;?rﬂ'gm o 2{;‘1 g"" File) Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWARBILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to amendment filed August 5, 2013.
OA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [ An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-7 and 9-17. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see hitp://www usplc.govipatents/inil_events/gph/index.jsp or send an inquiry to PPHisedback@ysplo.aoy .

4. X Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)X Al b)[JSome *c)[] None of the:
1. X Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [0 Notice of References Cited (PTO-892) 5. [] Examiner's Amendment’Comment

2. { Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 4/17/2013

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 05-13) Notice of Allowability Part of Paper No./Mail Date 20130808
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Application/Control Number: 12/995,457 Page 2
Art Unit: 2815

DETAILED ACTION
This is in response to amendment to application no. 12/995,457 filed on April 17, 2013.
Claims 1-7 and 9-17 are presented for examination.

Claim 8 has been cancelled.

Information Disclosure Statement
1. The information disclosure statement (IDS) submitted on April 17, 2013 was filed
after the mailing date of the Non-Final Rejection on April 4, 2013. The submission is in
compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure

statement is being considered by the examiner.

Allowable Subject Matter
2. Claims 1-7 and 9-17 are allowed.
3. The following is an examiner’s statement of reasons for allowance: The prior arts
of record do not disclose or suggest at least the limitations of “an electronic device
wherein the organic functional layer is an emission layer and is doped with at least one
emitter material” as recited in claim 1, “an electronic device wherein the first matrix
matrial has a LUMO which is energetically higher than the LUMO of the second matrix
material and the LUMO of the third matrix material, and a HOMO which is energetically
lower than the HOMO of the second matrix material and the HOMO of the third matrix

material” as recited in claim 16, and "an electronic device wherein the first matrix

SDC EX. 1002 - 269/325



Application/Control Number: 12/995,457 Page 3
Art Unit: 2815

material has a charge carrier mobility which is lower than the charge carrier mobilities of
the second and third matrix materials" as recited in claim 17.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ANTHONY HO whose telephone number is (571)270-
1432. The examiner can normally be reached on Monday to Friday: 1:30PM - 10:00PM.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Kenneth Parker can be reached on 571-272-2298. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 12/995,457 Page 4
Art Unit: 2815

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Anthony Ho/
Primary Examiner, Art Unit 2815
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PTO/SB/08A (04-03)

Approved for use through 04/30/2003. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number

Substitute for Form 1449/PTO Complete lfKnown
Application Number 12/995,457

INFORMATION DISCLOSURE [ g Dae February 18, 2011
STATEMENT BY APPLICANT | amedlnventor | Guenter SCHMID

(Use as many sheets as necessary) Art Unit 2815
Examiner Name HO, Anthony
Sheet 1 of 1 Attorney Docket 5367-611PUS - 299873.000
U.S. PATENT DOCUMENTS
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where Relevant
Initials* No. ! Number-Kind-Code 2 MM-DD-YYYY Applicant of Cited Document Pass.ages or Relevant
umber ]mf,ﬂ,,) Figures Appear
US-
US-
US-
US-
US-
US-
US-
US-
US-
US-
US-
US-
US-
US-
US-
FOREIGN PATENT DOCUMENTS
Examiner Cite Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines, T®
Initials* No.! T e MM-DD-YYYY Applicant of Cited Document Where Relevant Passages or
Country Code” Number Relevant Figures Appear
Kind-Code * ko™ & PP
TW 200746898 12-16-2007 Kondakova et al. Abs.
TW 543342 07-21-2003 Seo et al. Abs.
Sigminer JAnthony Ho/ Contired 0610872073

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant. * Applicant’s unique citation designation number (optional). > See Kinds Codes of USPTO Patent Documents at
www.uspto.gov or MPEP 901.04. *Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). ¢ For Japanese patent documents, the indication of the year of
the reign of the Emperor must precede the serial number of the patent document. * Kind of document by the appropriate symbols as indicated on the document under WIPO Standard
ST. 16 if possible. ¢ Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this
form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, Washington,
DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, Washington, DC 20231.

If you need assistance in completing the form, call 1-800-PT0-9199 (1-800-786-9199) and select S)EchEX 1002 - 272/325
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

BIB DATA SHEET
CONFIRMATION NO. 1889

SERIAL NUMBER FILINgAgrrE 371(c) CLASS GROUP ART UNIT ATTORN'\IJE(\)(.DOCKET
12/995,457 02/18/2011 257 2815 5367-611PUS-299873.040
RULE
APPLICANTS

Guenter Schmid, Hemhofen, GERMANY;
Ralf Krause, Erlangen, GERMANY;

Stefan Seidel, Nittendorf, GERMANY;

Oliver Weiss, Dossenheim, GERMANY;
Christoph Gaerditz, Regensburg, GERMANY;
Riikka Suhonen, Oulu, FINLAND;

Ulrich Niedermeier, Leiblfing, GERMANY;
Fryderyk Kozlowski, Erlangen, GERMANY;

** CONTINUING DATA *+*+essssmiimiinbiohbikins
This application is a 371 of PCT/DE2009/000701 05/18/2009

*k FOREIGN APPLICATIONS kkkkhkdkhkhkhhhkhkhhkhkkhkhkkd
GERMANY 10 2008 025 920.9 05/30/2008
GERMANY 10 2008 039 361.4 08/22/2008

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

08/17/2011
Foreign Priorty ciaimed W ves Lo STATEOR | SHEETS | TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met b Yes LI No Metafter COUNTRY [DRAWINGS [ CLAIMS CLAIMS
Aoowiodged | BamersSgam— | s GERMANY 5 15 2
ADDRESS

Cozen O'Connor

277 Park Avenue, 20th floor
NEW YORK, NY 10172
UNITED STATES

TITLE
Electronic Device

|Q All Fees
|0 1.16 Fees (Filing)

FEES: Authority has been given in Paper |
FILING FEE - :
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT [0 1.17 Fees (Processing Ext. of fime) I

1110 No. for following: |EI 1.18 Fees (Issue)
|EI Other
|0 Credit

BIB (Rev. 05/07).
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 12995457 SCHMID ET AL.
ANTHONY HO 2815
CPC- SEARCHED
Symbol Date Examiner
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED

Class Subclass Date Examiner

257 40, e51.001 3/22/2013 AH

SEARCH NOTES

Search Notes Date Examiner

consult related PCT case 3/22/2013 AH

conduct EAST search 3/22/2013 AH

considered IDS filed 4/17/2013 8/8/2013 ah

INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
257/40 40, e51.001 8/8/2013 ah

U.S. Patent and Trademark Office

Part of Paper No. : 20130808
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 15995457 SCHMID ET AL.

ANTHONY HO 2815
CPC
Symbol Type Version
CPC Combination Sets
Symbol Type Set Ranking Version
NONE

Total Claims Allowed:
16

(Assistant Examiner) (Date)
/ANTHONY HO/
Primary Examiner.Art Unit 2815 08/08/2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No. 20130808
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 15995457 SCHMID ET AL.
ANTHONY HO 2815
US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
257 40 Hlo|1|L 35/24 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
257 E51.001
NONE
Total Claims Allowed:
16
(Assistant Examiner) (Date)
/ANTHONY HO/
Primary Examiner.Art Unit 2815 08/08/2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Part of Paper No. 20130808
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 15995457 SCHMID ET AL.
ANTHONY HO 2815
O Claims renumbered in the same order as presented by applicant O CPA O T.n. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 9

9 10

10 1

11 12

12 13

13 14

14 15

15 16

16 17
NONE

Total Claims Allowed:
16
(Assistant Examiner) (Date)
/ANTHONY HO/
Primary Examiner.Art Unit 2815 08/08/2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Part of Paper No. 20130808
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 12995457 SCHMID ET AL.
Examiner Art Unit
ANTHONY HO 2815
v Rejected - Cancelled Non-Elected A Appeal
= Allowed + Restricted Interference o) Objected
[0 cClaims renumbered in the same order as presented by applicant O cpPa O T.D. O R.1.47
CLAIM DATE
Final Original |03/22/2013|08/08/2013
1 1 v =
2 2 o -
3 3 v =
4 4 o -
5 5 o -
6 6 v =
7 7 v =
8 o
8 9 o -
9 10 o -
10 11 o -
11 12 v =
12 13 v =
13 14 o -
14 15 o -
15 16 -
16 17 -

U.S. Patent and Trademark Office

Part of Paper No. : 20130808
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REQUEST Serial Number 12/995,457

FOR Filing Date February 18, 2011
CONTINUED EXAMINATION (RCE) First Named Inventor | SCHMID, Guenter
TRANSMITTAL 781
Group Art Unit 815
Subsection (b) of 35 USC §132, effective on May 29.
2000, provides for continued examination of an utility or Examiner Name HO, ANTHONY
plant application filed on or after June 8, 1995,
See The American inventors Protection Act of 1999 (AIPA). Attorney Docket 5367-611 PUS\299873

This is a Request for Continued Examination (RCE) under 37 C.F.R. § 1.114 of the above-identified application.
Note: 37 C.F.R, § 1.114 is effective on May 29, 2000. If the above-identified application was filed prior to May 29, 2000 applicant may wish
to consider filing a continued prosecution application (CPA) under 37 C.F.R. § 1.53(d) (PTQ/SB/29) instead of a RCE to be eligible for the patent
term adjustment provisions of the ATPA. See Changes to Application Examination and Provisional Application Practice, Interim Rule, 65 Fed. Reg.
14865 (Mar. 20, 2000), 1233 Off. Gaz. Pat, Office 47 (April 11, 2000), which established RCE practice.

1. Submission required under 37 C.F.R. § 1.114

a.[] Previously submitted
i. []  Consider the amendment(s)/reply under 37 C.F.R. § 1.116 previously filed on . (Any unentered amendment(s)
referred to above will be entered).
ii. []  Consider the arguments in the Appeal Brief or Reply Brief previously filed on
iii.[]  Other
b. [x] Enclosed
i. [ Amendment/Reply
ii.[]  Affidavit(s)/Declaration(s)
iii.[x] Information Disclosure Statement (IDS)
iv.[]  Other

2. Miscellaneous

a. [] Suspension of action of the above-identified application is requested under 37 C.F.R. § 1.103(c) for a period
of months. (Period of suspension shall not exceed three months; Fee under 37 C.F.R. § 1.17(I) required)
b.[] Other
3. Fees
The RCE fee under 37 C.F.R. 1.17(¢) is required by 37 C.F.R. 1.114 when the RCE is filed.
a. [x] The Director is hereby authorized to charge the following fees, or credit any overpayments, to Deposit
Account No.: 503111.
i. [x] RCE fee required under 37 C.F.R.§ 1.17(e), if not already paid by check
ii. [ ] Extension of time fee (37C.F.R. §§ 1.136 and 1.17), if not already paid by check
iii.[]  Small Entity Status is being claimed for this application.
vi.[]  Other
b.[] Please charge our deposit account No. 503111 in the amount of $
c. [x] Payment by credit card - in the amount of $1,200.00

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED
Name (PrintType) | Edward M. Weisz Registration No. (Attorney/Agent) | 37,257
Signature /Edward M. Weisz/ Date | November 8, 2013

CERTIFICATE OF MAILING OR TRANSMISSION

[ hereby certify that this correspondence is e-filed, addressed to: Commissioner For Patents, Mail Stop RCE, P.O. Box 1450,
Alexandria, VA 22313-1450, or facsimile transmitted to the U.S. Patent and Trademark Office on: November 8, 2013

Name (PrinvType) | Edward M. Weisz
Signature /Edward M. Weisz/ Date | November 8, 2013

LEGAL\17623884\1
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Attorney Docket # 5367-611PUS\299873 Patent

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of Examiner: HO, ANTHONY
Group Art: 2815
Schmid, Guenter et al.

Serial No.: 12/995,457
Filed: February 18,2011

For: ELECTRONIC DEVICE

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

SIR;

In compliance with the duty of disclosure under 37 C.F.R. § 1.56 and in accordance
with the practice under 37 C.FR. §§ 1.97 and 1.98, the Examiner's attention is directed to the
documents listed on the enclosed Form PTO/SB/08a. Copies of the listed non-US documents are
also enclosed.

Enclosed is a copy of a Japanese Letters Patent dated March 15, 2013 issued in the
corresponding Japanese Patent No. 5222397.

It is respectfully requested that the above information be considered by the Examiner
and that the copy of the enclosed Form PTO/SB/08a be returned indicating that such information

has been considered.

LEGAL\7618387\1 14560.0001.000/299873.000
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In accordance with 37 C.F.R §§1.97(g) and (h), the filing of this Information
Disclosure Statement should not be construed as a representation that a search has been made or
that information cited is, or is considered to be, material to patentability as defined in §1.56(b),
or that any cited document listed or attached is (or constitutes) prior art. Unless otherwise
indicated, the date of publication indicated for an item is taken from the face of the item and
Applicants reserve the right to prove that the date of publication is in fact different.

If any fees or charges are deemed required at this time in connection with the

application, the same may be charged to our Patent and Trademark Office Deposit Account No.

503111.

Respectfully submitted,
COZEN O’CONNOR

By _ /Edward M. Weisz/
Edward M. Weisz
Reg. No. 37,257
277 Park Avenue
New York, New York 10172
(212) 883-4900

Dated: November 8, 2013

LEGAL)M 7618387\1 14560.0001.000/299873.000
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PTO/SB/08A (04-03)

Approved for use through 04/30/2003. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number

Substitute for Form 1449/PTO Comp lete if Known
INFORMATION DISCLOSURE Application Number 12/995,457
Filing Date February 18, 2011
STATE(%EEE; SE‘I aﬁel;galr;)ICANT First%\l'flmed Inventor Schmieg,y Guenter
Art Unit 2815
Examiner Name HO, ANTHONY
Sheet 1 of 1 Attorney Docket 5367-611PUS\299873
U.S. PATENT DOCUMENTS
Ex?u.ninsr Citel Document Number Publication Date Name of Platcntee or Pages, Columns, Lines, Where Relevant
Initials No. Number’ﬁi‘; nd)-Co G T ] MM-DD-YYYY Applicant of Cited Document Past{aggherse ;)11'X Rp]c)lee;ant
US-
US-
US-
US-
US-
FOREIGN PATENT DOCUMENTS
Examiner | Cite Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines, ¢
Initials* | No.' Country Code™ Number™ MM-DD-YYYY Applicant of Cited Document Where Relev.ant Passages or
Kind-Code 3 if kmown Relevant Figures Appear
AA | JP 2002-260861 | 09-13-2002 | Young et al. Abs.
AB | JP 2002-305085 | 10-18-2002 | Seo et al. Abs.
AC | JP2002-313583 | 10-25-2002 | Seo et al. Abs.
AD | JP 2004-526284 | 08-26-2004 | Thompson et al. Abs.
AE | JP 2005-108726 | 04-21-2005 | Hamada et al. Abs.
AF | JP 2005-108727 | 04-21-2005 | Hamada et al. Abs.
AG | JP 2005-514754 | 05-19-2005 | Thompson et al. Abs.
AH | JP 2006-128636 | 05-18-2006 | Nariyuki et al. Abs.
Al | JP2006-165525 | 06-22-2006 | Liu et al. Abs.
AJ | JP 2006-228936 | 08-31-2006 | Ise Abs.
AK | JP 2010-510675 | 04-02-2010 | Chai et al. Abs.
Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. 1 Applicant’s unique citation designation number (optional). 2 See Kinds Codes of
USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For

Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the
appropriate symbols as indicated on the document under WIPQO Standard ST. 16 if possible. 6 Applicant is to place a check mark here if English language Translation
is attached. This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commissioner for Patents, Washington, DC 20231.

LEGALNM7618387\1 14560.0001.000/299873.000
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Attorney Docket # 5367-611PUS\299873

Patent

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of
Schmid, Guenter et al.
Serial No.:  12/995,457
Filed: February 18,2011

For: ELECTRONIC DEVICE

Group Art: 2815

REQUEST FOR CORRECTION OF FILING RECEIPT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

SIR:

Attached is a copy of the official filing receipt received from the U.S. Patent and

Trademark Office in the above-identified application.

There is an error in:
[X] Applicants’ name and/or address
1 Title
[ Filing Date
[ Serial Number
[ Priority Data (country, number, date)
0 Other [pls specify]
which should read as follows under “Applicants”:

Ruekka Suhonen, Oulu, FINLAND

LEGAL\17625013\1
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A copy of the filing receipt is submitted herewith on which the requested change is

entered.

It is respectfully requested that a corrected filing receipt be issued.

Respectfully submitted,
COZEN O’CONNOR

By /Edward M. Weisz/
Edward M. Weisz
Reg. No. 37,257
277 Park Avenue
New York, New York 10172
(212) 883-4900

Dated: November §, 2013

LEGAL\17625013\1 SDC EX. 1002 - 285/325



UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address; COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWWR.USPLO.gOY
APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL RECD ATTY.DOCKET.NO TOT CLAIMSRIND CLAIMS
12/995,457 02/18/2011 1110 5367-611PUS 15 2
CONFIRMATION NO. 1889
27799 FILING RECEIPT

Cozen O'Connor

577 park Avanye, 20 oo T T

NEW YORK, NY 10172
Date Mailed: 08/19/201 1

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course, Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Recelpt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Guenter Schmid, Hemhofen, GERMANY;
Ralf Krause, Erlangen, GERMANY;
Stefan Seidel, Nittendorf, GERMANY:;
QOliver Weiss, Dossenheim, GERMANY;
Christoph Gaerditz, Regensburg, GERMANY:;

RuyekKg --—HikkaSuhonen, Oulu, FINLAND;
Ulrich Niedermeier, Leiblfing, GERMANY;
- Fryderyk Kozlowski, Erlangen, GERMANY;

Assignment For Published Patent Application
OSRAM Opto Semiconductors GmbH, Regensburg, GERMANY

Power of Attorney: The patent practitioners associated with Customer Number 27799

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/DE2009/000701 05/18/2009

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see hitp://www.uspto.gov for more information.)

GERMANY 10 2008 025 920.9 05/30/2008

GERMANY 10 2008 039 361.4 08/22/2008

If Required, Foreign Filing License Granted: 08/17/2011

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/995,457

Projected Publication Date: 12/01/2011
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Non-Publication Request: No

Early Publication Request: No
Title

Electronic Device
Preliminary Class

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents”) for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in spegcific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
page 2 of 3 ’
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 GFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFRb5.13 or5.14,

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3
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Electronic Patent Application Fee Transmittal

Application Number: 12995457

Filing Date: 18-Feb-2011

Title of Invention: ELECTRONIC DEVICE

First Named Inventor/Applicant Name: Guenter Schmid

Filer: Thomas Langer/Sheri Michals/ Edward M. Weisz
Attorney Docket Number: 5367-611PUS-299873.000

Filed as Large Entity

U.S. National Stage under 35 USC 371 Filing Fees

Sub-Total in

Description Fee Code Quantity Amount USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Miscellaneous:
Request for Continued Examination 1801 1 1200 1200
Total in USD ($) 1200
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Electronic Acknowledgement Receipt

EFSID: 17351125
Application Number: 12995457
International Application Number:
Confirmation Number: 1889

Title of Invention:

ELECTRONIC DEVICE

First Named Inventor/Applicant Name:

Guenter Schmid

Customer Number:

27799

Filer:

Thomas Langer/Sheri Michals/ Edward M. Weisz

Filer Authorized By:

Thomas Langer

Attorney Docket Number:

5367-611PUS-299873.000

Receipt Date: 08-NOV-2013
Filing Date: 18-FEB-2011
Time Stamp: 12:57:57

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment

yes

Payment Type

Credit Card

Payment was successfully received in RAM

$1200

RAM confirmation Number

10887

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

File Name

File Size(Bytes)/
Message Digest

Multi
Part /.zip

Pages
(if appl.)

oD

C EX100Z2-2917

25



Request for Continued Examination

68272

1 (RCE) rce.PDF no 1
a0d3a027a78d27ee32e28ff963be43840f35)
73ce
Warnings:
This is nota USPTO supplied RCE SB30 form.
Information:
Inf tion Discl Stat t (IDS) 129593
nformation Disclosure Statemen .
2 Form (5B08) ids.PDF no 3
85ac17d8302639bf3c914b6509a8ceco44c
de510
Warnings:
Information:
This is notan USPTO supplied IDS fillable form
Lett Patent_JP_5222397_B2 1895339
3 Non Patent Literature eHers_ratentJr_ - no 10
_pdf.pdf
78abdf19e7c4be25aa2641bf63387cf71¢eb)
b74d
Warnings:
Information:
X 1283326
. JP_2002_260861_with_Abstrac
4 Foreign Reference no 12
t_pdf.pdf
20d7043138d86373fa4c555a6ea9dedf62ec
2a32
Warnings:
Information:
X 2993519
. JP_2002_305085_with_Abstrac
5 Foreign Reference no 24
t_pdf.pdf
aded58%M cedf206ab494d7ad83e063¢7956]
d92aa
Warnings:
Information:
X 4522212
. JP_2002_313583_with_Abstrac
6 Foreign Reference no 35
t_pdf.pdf
d296d9895d2f690bchd 34153358885 164a
b4c98c
Warnings:
Information:
X 3343554
. JP_2004_526284_with_Abstrac
7 Foreign Reference no 66
t_pdf.pdf
86d21126884b65296ac31fb4defdfd86coc2)
e8d8
Warnings:
Information:
X 1220136
. JP_2005_108726_with_Abstrac
8 Foreign Reference no 20
t_pdf.pdf
0d5f26f091b5d4bc024abd5425e7af1da7c|
be31
Warnings:
Information:
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X 1326991
. JP_2005_108727_with_Abstrac
9 Foreign Reference no 22
t_pdf.pdf
69d5965d1dd0686f72¢78f5032a5036ee05
9278d
Warnings:
Information:
X 3780078
. JP_2005_514754_with_Abstrac
10 Foreign Reference no 42
t_pdf.pdf
£319981049ee453c4d15b49dd57d0f6c659
ec57
Warnings:
Information:
X 2362813
. JP_2006_128636_with_Abstrac
11 Foreign Reference no 31
t_pdf.pdf
b23a57f8381c8462bb27a824e9302308bf8
e874b
Warnings:
Information:
X 1528276
. JP_2006_165525_with_Abstrac
12 Foreign Reference no 18
t_pdf.pdf
94149772cd0ec6730c2cf2236581df05e1eb
dd0a
Warnings:
Information:
X 1938447
. JP_2006_228936_with_Abstrac
13 Foreign Reference no 25
t_pdf.pdf
a20db9f45b3acl c4cacf2236d9d071e71363)]
Warnings:
Information:
X 1362558
. JP_2010_510675_with_Abstrac
14 Foreign Reference no 22
t_pdf.pdf
8169f46374f99c5794747e21b57af5d88c2b)
6438
Warnings:
Information:
194929
15 Request for Corrected Filing Receipt request_corr_fr.PDF no 5
fd024c0c5cf9188d4610424¢3274916692bl
d55f
Warnings:
Information:
30653
16 Fee Worksheet (SB06) fee-info.pdf no 2
0ec3aaa’789237d959e6d2210ed0f596b5 34|
32fc7
Warnings:
Information:
Total Files Size (in bytes); 27980696

SDC EX. 1002 - 293/325



This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
27799 7590 02/20/2014
Cozen O'Connor HO, ANTHONY
277 Park Avenue, 20th floor
NEW YORK, NY 10172 | ART UNIT PAPERNUMBER |
2815
DATE MAILED: 02/20/2014
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. |  CONFIRMATION No.
12/995,457 02/18/2011 Guenter Schmid 5367-611PUS-299873.000 1889

TITLE OF INVENTION: ELECTRONIC DEVICE

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $960 $0 $0 $960 05/20/2014

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commlssmner for Patents

P.O.Box 1

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

27799 7590 02/20/2014
Cozen O'Connor
277 Park Avenue, 20th floor
NEW YORK, NY 10172

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
12/995.,457 02/18/2011 Guenter Schmid 5367-611PUS-299873.000 1889
TITLE OF INVENTION: ELECTRONIC DEVICE
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 05/20/2014
| EXAMINER | ART UNIT CLASS-SUBCLASS |
HO, ANTHONY 2815 257-040000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO.

FIRST NAMED INVENTOR

| ATTORNEY DOCKET NO. CONFIRMATION NO. |

12/995.457

27799

Cozen O'Connor
277 Park Avenue, 20th floor
NEW YORK, NY 10172

Guenter Schmid

5367-611PUS-299873.000 1889

| EXAMINER |

HO, ANTHONY

| ART UNIT PAPER NUMBER |

2815

DATE MAILED: 02/20/2014

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 319 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 319 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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12/995,457 SCHMID ET AL.
: IH i i AlA (First Inventor to
Notice of Allowability /E’,;?rﬂ'gﬁr\( o g; ;’"" File) Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to RCE filed November 8, 2013.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-7 and 9-17. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see hifp:/fwww, usplc.govipatents/inil_events/gph/index.jsp or send an inquiry to PPHisedback@usplo.goy .

4. [ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a) Al b)[J Some *c)[] None of the:
1. [X] Certified copies of the priority documents have been received.
2. [ Cettified copies of the priority documents have been received in Application No.
3. [] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [0 Notice of References Cited (PTO-892) 5. [X] Examiner's Amendment/Comment

2. X Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 4/17/2013, 11/8/2013

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20131111
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Application/Control Number: 12/995,457 Page 2
Art Unit: 2815

DETAILED ACTION

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Continued Examination Under 37 CFR 1.114
2. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after allowance or after an Office
action under Ex Parte Quayle, 25 USPQ 74, 453 O.G. 213 (Comm'r Pat. 1935). Since
this application is eligible for continued examination under 37 CFR 1.114, and the fee
set forth in 37 CFR 1.17(e) has been timely paid, prosecution in this application has
been reopened pursuant to 37 CFR 1.114. Applicant's submission filed on November 8,

2013 has been entered.

Information Disclosure Statement
3. The information disclosure statement (IDS) submitted on April 17, 2013 was filed
after the mailing date of the Notice of Allowance on August 19, 2013. The submission is
in compliance with the provisions of 37 CFR 1.97. Accordingly, the information
disclosure statement is being considered by the examiner.
4. The information disclosure statement (IDS) submitted on November 8, 2013 was

filed after the mailing date of the Notice of Allowance on August 19, 2013. The
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Application/Control Number: 12/995,457 Page 3
Art Unit: 2815

submission is in compliance with the provisions of 37 CFR 1.97. Accordingly, the

information disclosure statement is being considered by the examiner.

Allowable Subject Matter

5. Claims 1-7 and 9-17 are allowed.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ANTHONY HO whose telephone number is (571)270-
1432. The examiner can normally be reached on Monday to Friday: 1:30PM - 10:00PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Kenneth Parker can be reached on 571-272-2298. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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Primary Examiner, Art Unit 2815
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an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/995.457 05/13/2014 8723164 5367-611PUS-299873.000 1889
27799 7590 04/23/2014

Cozen O'Connor
277 Park Avenue, 20th floor
NEW YORK, NY 10172

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 319 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Guenter Schmid, Hemhofen, GERMANY
Ralf Krause, Erlangen, GERMANY;

Stefan Seidel, Nittendorf, GERMANY;

Oliver Weiss, Dossenheim, GERMANY;
Christoph Gaerditz, Regensburg, GERMANY;
Ruekka Suhonen, Oulu, FINLAND;

Ulrich Niedermeier, Leiblfing, GERMANY;
Fryderyk Kozlowski, Erlangen, GERMANY;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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PTO/AIA/96 (08-12)

Approved for use through 11/30/2020. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: PICTIVA DISPLAYS INTERNATIONAL LIMITED
Application No./Patent No.: 12/995,457/8,723,164
Titled: ELECTRONIC DEVICE
PICTIVA DISPLAYS INTERNATIONAL LIMITED ad Corporation

Filed/Issue Date: February 18, 201 1/May 13, 2014

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s}, of the patent application/patent identified above, to the current assignee as follows:

1 From: Inventors To: OSRAM OPTO SEMICONDUGTORS GMBH

The document was recorded in the United States Patent and Trademark Office at

Reel 025832 , Frame 0196 , or for which a copy thereof is attached.

5> From: OSRAM OPTO SEMICONDUCTORS GMBH 1, OSRAM OLED GMBH

The document was recorded in the United States Patent and Trademark Office at
Reel 037567 , Frame 0993 , or for which a copy thereof is attached.

[Page 1 of 2]
This collectionof information is required by 37CFR 3.73(b). The informationis required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application.Confidentiality isgoverned by 35U.5.C. 122 and37 CFR 1.11and 1.14.This collection is estimated to take 12 minutes to complete, including
gathering,preparing, and submitting the completed applicationform to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should besent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETEDFORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA22313-1450 .

If you need assistance in completing the form, call 1-800-PT(0-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 11/30/2020. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: OSRAM GMBH To: PICTIVA DISPLAYS INTERNATIONAL LIMITED

The document was recorded in the United States Patent and Trademark Office at

Reel 066394 , Frame 0251 , or for which a copy thereof is attached.
4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

|:| As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Richard J. Botos/ June 11, 2024
Signature Date

Richard J. Botos 32,016

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requiresthat you begiven certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirementsof the Act, please be advised that: (1)the general authority for the collectionof this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;and (3) the principalpurpose for whichthe
informationis used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
toa patent application or patent. If you do not furnishthe requested information, the U.S. Patent and Trademark
Officemay not be able to process and/or examine yoursubmission, which may result in termination of proceedings
orabandonment of the application or expiration of the patent.

Theinformation provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need forthe information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecordrelated to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further,a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. Arecordfrom this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTO/AIA/123 (08-12)
Approved for use through 09/30/2025. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

\Juder the Papenwork Reduction Act of 1999, no persens are required fo respond fo a collection of information unless it displavs a valid OMB confrol number.
Patent Number 8.723.164
CHANGE OF Issue Date 05/13/2014
CORRESPONDENCE ADDRESS _
Patent Application Number 145,995 457
Address to: Filing Date 02/18/2011
Mail Stop Post Issue First Named Inventor
Commissioner for Patents Guenter Schmid
P.O. Box 1450
KAIexandria, VA 22313-1450 nggxr/ Docket 5367-611PUS-299873.000 /

Please change the Correspondence Address for the above-identified patent to:

The address associated with Customer Number: 192641
OR

Firm or

Individual Name
Address
City State ZIP
Country
Telephone Email

This form cannot be used to change the data associated with a Customer Number. To change the data associated with an
existing Customer Number use "Request for Customer Number Data Change" (PTO/SB/124).

This form will not affect any "fee address" provided for the above-identified patent. To change a "fee address" use the "Fee
Address Indication Form" (PTO/SB/47).

| am the:

Patentee.

If the Patentee was not the applicant for patent (37 CFR 1.42), then a Statement under 37 CFR 3.73(c)
(Form PTO/AIA/96 or equivalent) is enclosed or was filed on . See 37 CFR 3.71.

v Attorney or agent of record. Registration Number 32,016

Patent practitioner acting in a representative capacity whose correspondence address is the correspondence
address of record. Notice has been given to the patentee or owner. Registration Number 32,016

/Richard J. Botos/

Signature

Typed or Rich B

Printed Name Hi© ard J. Botos

Date  June 11,2024 Telephone (908) 738-1770

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.
Submit multiple forms if more than one signature is required, see below*.

*Total of 4 forms are submitted.

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an
information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OMB Control
Number. The OMB Control Number for this information collection is 0651-00**. Public burden for this form is estimated to average ** hour per response, including
the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the information
collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this burden to the
Chief Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email InformationCollection@uspto.gov.
DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. If filing this completed form by mail, send to: Commissioner for Patents, P.O. Box
1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. The United States
Patent and Trademark Office (USPTO) collects the information in this record under authority of 35
U.S.C. 2. The USPTO’s system of records is used to manage all applicant and owner information
including name, citizenship, residence, post office address, and other information with respect to
inventors and their legal representatives pertaining to the applicant's/owner’s activities in connection
with the invention for which a patent is sought or has been granted. The applicable Privacy Act
System of Records Notice for the information collected in this form is COMMERCE/PAT-TM-7 Patent
Application Files, available in the Federal Register at 78 FR 19243 (March 29, 2013). https://
www.govinfo.gov/content/pkg/FR-2013-03-29/pdf/2013-07341. pdf

Routine uses of the information in this record may include disclosure to: 1) law enforcement, in the
event that the system of records indicates a violation or potential violation of law; 2) a Federal, state,
local, or international agency, in response to its request; 3) a contractor of the USPTO having need
for the information in order to perform a contract; 4) the Department of Justice for determination of
whether the Freedom of Information Act (FOIA) requires disclosure of the record; 5) a Member of
Congress submitting a request involving an individual to whom the record pertains, when the
individual has requested the Member’s assistance with respect to the subject matter of the record; 6)
a court, magistrate, or administrative tribunal, in the course of presenting evidence, including
disclosures to opposing counsel in the course of settlement negotiations; 7) the Administrator,
General Services Administration (GSA), or their designee, during an inspection of records conducted
by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations and any
other relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to make
determinations about individuals; 8) another federal agency for purposes of National Security review
(35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)); 9) the Office of
Personnel Management (OPM) for personnel research purposes; and 9) the Office of Management
and Budget (OMB) for legislative coordination and clearance.

If you do not furnish the information requested on this form, the USPTO may not be able to process
and/or examine your submission, which may result in termination of proceedings, abandonment of the
application, and/or expiration of the patent.

Additional Uses

Additional USPTO uses of the information in this record may include disclosure to: 1) the International
Bureau of the World Intellectual Property Organization, if the record is related to an international
application filed under the Patent Cooperation Treaty; 2) the public i) after publication of the
application pursuant to 35 U.S.C. 122(b), ii) after issuance of a patent pursuant to 35 U.S.C. 151, iii) if
the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open
to public inspections, or an issued patent, or iv) without publication of the application or patent under
the specific circumstances provided for by 37 CFR 1.14(a)(1)(v)-(vii), and/or 3) the National Archives
and Records Administration, for inspection of records.
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Doc Code: PA..
Document Description: Power of Attorney

PTO/AIA/82A (07-13)

Approved for use through 11/30/2014. OMB 0651-0051
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is

directed, the Power of Attorney will not be recognized in the application.

Application Number 12/995,457

Filing Date February 18, 2011

First Named Inventor Guenter Schmid

Title ELECTRONIC DEVICE

Art Unit 2815

Examiner Name ANTHONY HO

Attorney Docket Number | 5367-611PUS-299873.000

SIGNATURE of Applicant or Patent Practitioner

Signature /Richard J. Botos/

Date (Optional)

June 11, 2024

Name Richard J. Botos

Registration
Number

32,016

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

more than one applicant, use multiple forms.

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If

V *Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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