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A silane compound is represented by the following Formula
1.

Formula 1

where R R®, R®, Ar%, Ar’, A, Ar?, L%, a, b, ¢, and d are as
defined in the specification.
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FIG. 1
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SILANE COMPOUND AND ORGANIC
ELECTROLUMINESCENCE DEVICE®

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Japanese Patent Application No.2014-047418, filed
onMar. 11,2014, in the Japanese Intellectual Property Office,
and entitled: “Silane Compound and Organic Electrolumi-
nescence Device,” is incorporated by reference herein in its
entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to a silane compound and an
organic electroluminescence device.

[0004] 2. Description of the Related Art

[0005] In recent years, organic electroluminescence
devices are a type of image display that has been actively
developed. In an organic electroluminescence device (here-
inafter referred to as an organic EL device), holes and elec-
trons injected from an anode and a cathode, respectively,
recombine in an emission layer such that light is emitted from
an organic light-emitting material of the emission layer.

SUMMARY

[0006] Embodiments are directed to a silane compound
represented by the following Formula 1:

[Formula 1]

8508
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[0007]
a substituted or unsubstituted alkyl group having 1 to 12

In the above Formula 1, R? to R® are independently

carbon atoms or a substituted or unsubstituted aryl group
having 4 to 18 carbon atoms, Ar” to Ar? are independently a
substituted or unsubstituted aryl group having 6 to 18 carbon
atoms or a substituted or unsubstituted heteroaryl group hav-
ing 5 to 18 carbon atoms, L“ is a substituted or unsubstituted
arylene group having 6 to 18 carbon atoms, a and b, as
subscripts of R” and R?, respectively, are independently an
integer from 0 to 4, and ¢ and d, as subscripts of R“ and L*,

respectively, are independently an integer from 0 to 3.

[0008] Ar® and Ar® may be independently a substituted or
unsubstituted aryl group having 6 to 13 carbon atoms.

[0009] Ar® and Ar® may be independently a substituent
selected from a phenyl group, a naphthalenyl group and a
biphenylyl group.

[0010]
is a substituted or unsubstituted aryl group having 6 to 13

The variable d as a subscript of L may be O or 1. L*

carbon atoms.

[0011]
tively, may be 0 or 1. R to R® may be independently a sub-

The variables a to ¢ as subscripts of R” to R?, respec-

stituted or unsubstituted alkyl group having 1 to 6 carbon
atoms or a substituted or unsubstituted aryl group having 4 to

12 carbon atoms.

[0012]
sented by the following Compounds 1 to 24:

The silane compound may be at least one repre-
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[0013] At least one hydrogen of the silane compound may
be substituted with one of a methoxy group, a phenoxy group,
a cyano group, a trifluoromethyl group and a fluoro group.
[0014] Embodiments are also directed to an organic elec-
troluminescence (EL) device including a silane compound in
at least one of a layer among organic layers between an anode
and an emission layer, and the emission layer. The silane
compound is represented by the following Formula 1:

[Formula 1]

[0015] In the above Formula 1, R” to R are independently
a substituted or unsubstituted alkyl group having 1 to 12
carbon atoms or a substituted or unsubstituted aryl group

Sofof

08 £

OO
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having 4 to 18 carbon atoms, Ar” to Ar? are independently a
substituted or unsubstituted aryl group having 6 to 18 carbon
atoms or a substituted or unsubstituted heteroaryl group hav-
ing 5 to 18 carbon atoms, ¢ is a substituted or unsubstituted
arylene group having 6 to 18 carbon atoms, a and b as sub-
scripts of R% and R?, respectively, are independently an inte-
ger from 0 to 4, and ¢ and d as subscripts of R” and L7,
respectively, are independently an integer from O to 3.
[0016] Ar”and Ar® may be independently a substituted or
unsubstituted aryl group having 6 to 13 carbon atoms.
[0017] Ar® and Ar” may be independently a substituent
selected from a phenyl group, a naphthalenyl group and a
biphenylyl group.

[0018] Thevariabled,asasubscriptof L%, maybeOor1.L*
may be a substituted or unsubstituted aryl group having 6 to
13 carbon atoms.

[0019] Thevariablesatoc, as subscripts of R“to R?, respec-
tively, may be 0 or 1. R to R may independently be a sub-
stituted or unsubstituted alkyl group having 1 to 6 carbon
atoms or a substituted or unsubstituted aryl group having 4 to
12 carbon atoms.

[0020] The silane compound may be at least one repre-
sented by the following Compounds 1 to 24:

808
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[0021] At least one hydrogen of the silane compound may
be substituted with one of a methoxy group, a phenoxy group,
a cyano group, a trifluoromethyl group and a fluoro group.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Features will becomeapparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0023] FIG. 1 illustrates a schematic cross-sectional view
depicting an organic EL device according to an embodiment;
and

[0024] FIG. 2illustrates a schematic diagram depicting the
structure of an organic EL device according to an embodi-
ment.

OO g

)

DETAILED DESCRIPTION

[0025] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.

[0026] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. In addition, it will also be understood that when a
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layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present.

[0027] 1. Silane Compound According to an Embodiment
[0028] A silane compound according to an embodiment is
a compound represented by the following Formula 1.

[Formula 1]

[0029] In the above Formula 1,

[0030] R“to R® are independently a substituted or unsub-
stituted alkyl group having 1 to 12 carbon atoms or a substi-
tuted or unsubstituted aryl group having 4 to 18 carbon atoms,
[0031] Ar®to Ar?areindependently a substituted or unsub-
stituted aryl group having 6 to 18 carbon atoms or a substi-
tuted or unsubstituted heteroaryl group having 5 to 18 carbon
atoms,

[0032] L is a substituted or unsubstituted arylene group
having 6 to 18 carbon atoms,

[0033] aandb are independently aninteger from Oto 4, and
[0034] c and d are independently an integer from 0 to 3.
(Here. a, b, c, and d are the subscripts of R“, R® R® and L%,
respectively, indicating the number of the respective one of
R# R? R¢ and L. that are present.)

[0035] The silane compound represented by the above For-
mula 1 may include an arylamine group in the molecular
structure thereof. The silane compound represented by the
above Formula 1 may have hole transport properties and may
be appropriately used as a hole transport material in an
organic layer positioned between the anode and the emission
layer of an organic EL device.

[0036] The triplet energy of the silane compound repre-
sented by the above Formula 1 may be raised by the triph-
enylene skeleton. Accordingly, the restraining ability of the
diffusion of excited energy may be high such that the silane
compound may have a high restraining ability of the diffusion
of energy with respect to excited energy generated in an
emission layer and may prevent the diffusion of the excited
energy to an adjacent layer. In addition, the electron tolerance
of the triphenylene skeleton may be high. Accordingly, the
silane compound represented by the above Formula 1 may
have high electron tolerance with respect to electrons that
intrude from an emission layer to an organic layer and may
not deteriorate. In addition, a triphenylene group and an aryl
group or a heteroaryl group are combined and a silyl group
having asterically large volume. Accordingly, the silane com-
pound represented by the above Formula 1 may have high
electron blocking ability with respect to electrons that may
intrude from an emission layer to an organic layer and may
prevent the transfer of the electrons toward an anode. There-
fore, the silane compound represented by Formula 1 and
having the above properties may improve the emission prop-
erties and/or life of an organic EL device.

[0037] A silane compound represented by the above For-
mula 1 may have a high restraining ability with respect to the
diffusion of excited energy. Accordingly, the diffusion of the
excited energy from an emission layer may be restrained, and
the emission efficiency of an organic EL device may be
improved. In addition, the silane compound represented by

Sep. 17, 2015

the above Formula 1 may have high electron tolerance.
Accordingly, deterioration due to electrons that intrude from
the emission layer may be small. The silane compound may
have a high electron blocking ability. Accordingly, further
diffusion of electrons that intrude from the emission layer
may be prevented. Therefore, the silane compound repre-
sented by the above Formula 1 may improve the device life of
an organic EL device.

[0038] To improve the emission efficiency or device life of
an organic EL device, the silane compound represented by the
above Formula 3 may be included in at least one layer of
organic layers positioned between an emission layer and an
anode. For example, the silane compound represented by the
above Formula 1 may be included in at least one layer of
organic layers such as a hole injection layer and a hole trans-
port layer.

[0039] To effectively restrain the diffusion of excited
energy from an emission layer and block the intrusion of
electrons from the emission layer, the silane compound rep-
resented by the above Formula 3 may be included in an
organic layer (for example, a hole transport layer) adjacent to
the emission layer.

[0040] The silane compound represented by the above For-
mula 1 may be included in an emission layer. The silane
compound represented by the above Formula | may have a
high triplet energy level and high electron tolerance and may
be appropriately used as a phosphorescent host material not
deteriorated by electrons in an emission layer into which both
electrons and holes are injected.

[0041] In the above Formula 1, Ar® and Ar® may be inde-
pendently a substituted or unsubstituted aryl group having 6
to 13 carbon atoms. For example, Ar* and Ar” may be inde-
pendently one of a phenyl group, a biphenylyl group, and a
naphthalenyl group. The silane compound represented by the
above Formula 3 may include a triphenylene group having a
large volume. Accordingly, Ar® and Ar® may be one of the
phenyl group, the biphenylyl group and the naphthalenyl
group, which are not functional groups having a large vol-
ume, so as to decrease effects due to steric hindrance.
[0042] Inthe above Formula 1, d, representing the number
of -L? groups as represented by -(L%) -, may be O or 1. L* may
be a substituted or unsubstituted aryl group having 6 to 13
carbon atoms, as an example. In addition, in the above For-
mula 3, a to ¢, independently representing the number of
—R?* —R?, and —R* groups in —R%),, —(R?), and —(R")
~ maybe0or 1. R? to R may be independently a substituted
or unsubstituted alkyl group having 1 to 6 carbon atoms or a
substituted or unsubstituted aryl group having 4 to 12 carbon
atoms.

[0043] At least one hydrogen in the silane compound rep-
resented by the above Formula 1 may be substituted with a
methoxy group, a phenoxy group, a cyano group, a triftuo-
romethyl group or a fluoro group.

[0044] In the above Formula 1, the alkyl group may have
one of a linear chain, a branched chain and a cyclic shape.
Examples of the alkyl group may include, for example, a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a n-butyl group, a s-butyl group, an isobutyl group, a
t-butyl group, a n-pentyl group, a n-hexyl group, a n-heptyl
group, a n-octyl group, a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, a 4-methyl-
cyclohexyl group, a l-adamantyl group, a 2-adamantyl
group, a 1-norbornyl group, a 2-norbornyl group, etc.
[0045] 1Inthe above Formula 1, examples of the aryl group
may include, for example, a phenyl group, a 1-naphthyl
group, a 2-naphthyl group, a 1-anthryl group, a 2-anthryl
group, a 9-anthryl group, a 1-phenanthryl group, a 2-phenan-
thryl group, a 3-phenanthryl group, a 4-phenanthryl group, a
9-phenanthryl group, a 1 -naphthacenyl group, a 2-naphthace-
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nyl group, a 9-naphthacenyl group, a 1-pyrenyl group, a
2-pyrenyl group, a 4-pyrenyl group, a 2-biphenylyl group, a
3-biphenylyl group, a 4-biphenylyl group, a p-terphenyl-4-y1
group, a p-terphenyl-3-yl group, a p-terphenyl-2-yl group, a
m-terphenyl-4-v1 group, a m-terphenyl-3-yl group, a m-ter-
phenyl-2-yl group, a 3-fluoranthenyl group, a 2-fluorenyl
group, a 3-fluorenyl group, a 9,9-dimethyl-fluorenyl group, a
9,9-diphenyl-2-fluorenyl group, etc.

[0046] In the above Formula 1, examples of the ‘arylene
group’ may include a divalent group derived from an aryl
group described above.

[0047] Inthe above Formula 1, examples of the heteroaryl
group may include, for example, a 1-pyrrolyl group, a 2-pyr-
rolyl group, a3-pyrrolyl group, a pyrazinyl group, a 2-pyridi-
nyl group, a 3-pyridinyl group, a 4-pyridinyl group, a 1-in-
dolyl group, a 2-indolyl group, a 3-indolyl group, a 4-indolyl
group, a S-indolyl group, a 6-indolyl group, a 7-indolyl
group, a 1-isoindolyl group, a 2-isoindolyl group, a 3-isoin-
dolyl group, a 4-isoindolyl group, a 5-isoindolyl group, a
6-1soindolyl group, a 7-isoindolyl group, a 2-furyl group, a
3-furyl group, a 2-benzofuranyl group, a 3-benzofuranyl
group, a 4-benzofuranyl group, a S-benzofuranyl group, a
6-benzofuranyl group, a 7-benzofuranyl group, a 1-isobenzo-
furanyl group, a 3-isobenzofuranyl group, a 4-isobenzofura-
nyl group, a S-isobenzofuranyl group, a 6-isobenzofuranyl
group, a 7-isobenzofuranyl group, a quinolyl group, a
3-quinolyl group, a 4-quinolyl group, a 5-quinolyl group, a
6-quinolyl group, a 7-quinolyl group, a 8-quinolyl group, a
1-isoquinolyl group, a 3-isoquinolyl group, a 4-isoquinolyl
group, a S-isoquinolyl group, a 6-isoquinolyl group, a 7-iso-
quinolyl group, a 8-isoquinolyl group, a 2-quinoxalinyl
group, a S-quinoxalinyl group, a 6-quinoxalinyl group, a
1-carbazolyl group, a 2-carbazolyl group, a 3-carbazolyl
group, a 4-carbazolyl group, a 9-carbazolyl group, a
1-phenanthridinyl group, a 2-phenanthridinyl group,
3-phenanthridinyl group, a 4-phenanthridinyl group,
6-phenanthridinyl group, a 7-phenanthridinyl group,
8-phenanthridinyl group, a 9-phenanthridinyl group, a
10-phenanthridinyl group, a 1-acridinyl group, a 2-acridinyl
group, a 3-acridinyl group, a 4-acridinyl group, a 9-acridinyl
group, a 1,7-phenanthroline-2-yl group, a 1,7-phenanthro-
line-3-yl group, a 1,7-phenanthroline-4-yl group, a 1,7-

[S-R -]
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phenanthroline-5-y1 group, a 1,7-phenanthroline-6-yl group,
a 1,7-phenanthroline-8-yl group, a 1,7-phenanthroline-9-yl
group, a 1,7-phenanthroline-10-yl group, a 1,8-phenanthro-
line-2-yl group, a 1,8-phenanthroline-3-yl group, a 1,8~
phenanthroline-4-y1 group, a 1,8-phenanthroline-5-yl group,
a 1,8-phenanthroline-6-yl group, a 1,8-phenanthroline-7-yl
group, a 1,8-phenanthroline-9-yl group, a 1,8-phenanthro-
line-10-y1 group, a 1,9-phenanthroline-2-yl group, a 1,9-
phenanthroline-3-yl1 group, a 1,9-phenanthroline-4-yl group,
a 1,9-phenanthroline-5-yl group, a 1,9-phenanthroline-6-yl
group, a 1,9-phenanthroline-7-yl group, a 1,9-phenanthro-
line-8-yl group, a 1,9-phenanthroline-10-yl group, a 1,10-
phenanthroline-2-yl group, a 1,10-phenanthroline-3-yl
group, a 1,10-phenanthroline-4-yl group, a 1,10-phenanthro-
line-5-yl group, a 2,9-phenanthroline-1-yl group, a 2,9-
phenanthroline-3-y1 group, a 2,9-phenanthroline-4-yl group,
a 2,9-phenanthroline-5-yl group, a 2,9-phenanthroline-6-yl
group, a 2,9-phenanthroline-7-yl group, a 2,9-phenanthro-
line-8-yl group, a 2,9-phenanthroline-10-yl group, a 2,8-
phenanthroline-1-y1 group, a 2,8-phenanthroline-3-yl group,
a 2,8-phenanthroline-4-yl group, a 2,8-phenanthroline-5-yl
group, a 2,8-phenanthroline-6-yl group, a 2,8-phenanthro-
line-7-yl group, a 2,8-phenanthroline-9-yl group, a 2.,8-
phenanthroline-10-yl group, a 2,7-phenanthroline-1-yl
group, a 2,7-phenanthroline-3-yl group, a 2,7-phenanthro-
line-4-yl group, a 2,7-phenanthroline-5-yl group, a 2,7-
phenanthroline-6-yl group, a 2,7-phenanthroline-8-yl group,
a 2,7-phenanthroline-9-y1 group, a 2,7-phenanthroline-10-yl
group, a 1-phenazinyl group, a 2-phenazinyl group, a 1-phe-
nothiazinyl group, a 2-phenothiazinyl group, a 3-phenothi-
azinyl group, a 4-phenothiazinyl group, a 10-phenothiazinyl
group, a 1-phenoxazinyl group, a 2-phenoxazinyl group, a
3-phenoxazinyl group, a 4-phenoxazinyl group, a 10-phenox-
azinyl group, a 2-o0xazolyl group, a 4-oxazolyl group, a 5-0x-
azolyl group, a 2-o0xadiazolyl group, a 5-oxadiazolyl group, a
3-furazanyl group, a 2-thienyl group, a 3-thienyl group,
1-dibenzofuranyl group, 2-dibenzofuranyl group, 3-dibenzo-
furanyl group, 4-dibenzofuranyl group, 1-dibenzothiophenyl
group, 2-dibenzothiophenyl group, 3-dibenzothiophenyl
group, 4-dibenzothiophenyl group, etc.

[0048] In addition, examples of the silane compound rep-
resented by the above Formula 1 may include the Compounds
11024,

oaY

0
TP
COLO,

s



e Q@ L

90?“@ }L‘# ?Q?ﬁé ,0?*6

| Seve @MQ Ve oo

z@é PN @@@ Qﬂw@
0~ e O
Oﬁ



US 2015/0263298 A1l Sep. 17,2015
12

i o ~ | :
E5of S
EOg EO

S ‘
()
o

<O
O o

Me . O i
8P B
O - A O

Ve



Sep. 17, 2015

US 2015/0263298 A1l

13

-continued

19

0 O
o¥e
Orﬁ&é L
CQQ MQQ
O
e Moo



US 2015/0263298 A1l

[0049] As described above, the silane compound according
to an embodiment may include an arylamine group in the
molecular structure thereof and may have hole transport prop-
erties, so as to be appropriately used as a hole transport
material. The silane compound according to an embodiment
may have high restraining ability of energy diffusion and may
restrain the diffusion of excited energy from an emission
layer, such that the emission efficiency of an organic EL
device may be improved. In addition, the silane compound
according to an embodiment may have high electron toler-
ance and high electron blocking ability. Accordingly, the
deterioration of a hole transport layer due to electrons that
may intrude into the hole transport layer may be prevented,
and the diffusion of electrons into a hole injection layer may
be prevented. Accordingly, the device life of an organic EL.
device may be improved by the silane compound according to
an embodiment.

[0050] As described above, the silane compound according
to an embodiment may be used as a material of a hole trans-
port layer adjacent to an emission layer. When the silane
compound according to an embodiment is used in a hole
injection layer or an emission layer, the emission efficiency
and device life of an organic EL device may also be improved,
as in the case of using the material as a hole transport layer.

[0051]

[0052] Hereinafter, a synthetic method of a silane com-
pound according to an embodiment will be explained.

[0053] Silane compound F according to an embodiment
may be synthesized by a general synthetic method repre-
sented by the following Reaction 1.

1.2 Synthetic Method of Silane Compound

{Reaction 1
1) Li—19,—X
B
Cl—s&i—cCl -
2) R *
(;Rb)b\, Y i
A N

Sep. 17, 2015

-continued
[

Arf AF
Si—(L9) N/
. _
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[0054] As shown in Reaction 1, with respect to diphenyl-
chlorosilane A, a compound of B (in which respective termi-
nals of a (L%)d part are substituted with a halogen atom X and
L1) is applied. Then, in the same vessel, triphenylene deriva-
tive C substituted with a Li atom is applied to the reactant to
synthesize an intermediate of D. After that, by applying ary-
lamine E with respect to the intermediate of D, a silane
compound of F according to an embodiment may be synthe-
sized.

[0055] Inaddition, the above-described synthetic method is
only an embodiment, and other suitable synthetic methods of
making silane compound according to an embodiment may
be used.

[0056]

[0057] An organic EL device according to an embodiment
will be explained with reference to FIG. 1. FIG. 1 is a sche-
matic cross-sectional view of an organic EL device according
to an embodiment.

[0058] As shown in FIG. 1, the organic EL. device 100
according to an embodiment may include a substrate 102, an
anode 104 disposed on the substrate 102, a hole injection
layer 106 disposed on the anode 104, a hole transport layer
108 disposed on the hole injection layer 106, an emission
layer 110 disposed on the hole transport layer 108, an electron
transport layer 112 disposed on the emission layer 110, an
electroninjection layer 114 disposed on the electron transport
layer 112 and a cathode 116 disposed on the electron injection
layer 114.

[0059] 1In addition, the structure of the organic EL device
100 shown in FIG. 1 is only an embodiment, and the organic
EL device may have other suitable structures. For example,
the layers of the organic EL device 100 may be partially
omitted, and another layer may be added. In addition, each
layer of the organic EL device 100 may be formed of a
plurality of layers.

[0060] The substrate 102 may be, for example, a transpar-
ent glass substrate, a semiconductor substrate formed by
using silicon (Si), etc., or a flexible substrate of a resin, etc.

[0061] Theanode 104 may be disposed on the substrate 102
and may be formed by using, for example, ametal having high
work function, an alloy, a conductive compound, etc. For
example, the anode 104 may be formed using indium tin
oxide (ITO), indium zinc oxide (IZ0), etc.

[0062] Thehole injection layer 106 may be disposed on the
anode 104 and may include, for example, 4,4',4"-tris[2-naph-
thyl(phenyl)aminoJtriphenylamine (2-TNATA), N,N,N'N'-
tetrakis(3-methylphenyl)-3,3'-dimethylbenzidine

(HMTPD), dipyrazino[2,3-£:2'3'-h]quinoxaline-2,3,6,7,10,
11-hexacarbonitrile (HAT(CN)y, etc.

2. Organic EL Device According to an Embodiment
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[0063] The hole transport layer 108 may disposed on the
hole injection layer 106 and may formed by including, for
example,  N.N'-bis(3-methylphenyl)-N,N'-diphenylbenzi-
dine  (TPD),  4,4'4"-tris(N-carbazolyljtriphenylamine
(TCTA), or N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine
(NPD).

[0064] Theemission layer 110 may be disposed on the hole
transport layer 108 and may be formed by including a host
material and a dopant material. The emission layer 110 may
be formed by doping 2.5,8,11-tetra-t-butylperylene (TBP) in
a host material including, for example, 9,10-di(2-naphthyl)
anthracene (ADN).

[0065] At least one organic layer of the hole injection layer
106 and the hole transport layer 108 positioned between the
emission layer 110 and the anode 104, or the emission layer
110 may include the silane compound according to an
embodiment. By including the silane compound according to
an embodiment, the emission efficiency or device life of the
organic EL device may be improved.

[0066] Theelectron transport layer 112 may be disposed on
the emission layer 110 and may be formed by using, for
example, tris(8-hydroxyquinolinato)aluminum (Alg,), 3-(4-
biphenylyl)-4-phenyl-5-(4-tert-butylphenyl)-4H-1,2,4-triaz-
ole (TAZ), etc.

[0067] Theelectron injection layer 114 may be disposed on
the electron transport layer 112 and may be formed using a
material including, for example, lithium fluoride (LiF),
sodium chloride (NaCl), cesium fluoride (CsF), lithium oxide
(Li,0), barium oxide (BaQ), etc.

[0068] The cathode 116 may be disposed on the electron
injection layer 114 and may be formed using a metal having
low work function, an alloy, a conductive compound, etc. For
example, the cathode 116 may be formed by using a metal
such as Al or a transparent material such as ITO, [Z0, etc.
[0069] In the organic EL device 100 shown in FIG. 1, the
anode 104, the emission layer 110, the electron transport
layer 112, the electron injection layer 114 and the cathode 116
may be formed by using suitable materials for an organic EL
device.

[0070] Each of the above-described thin layers of the
organic EL device 100 according to an embodiment may be
formed by selecting an appropriate layer forming method
such as vacuum evaporation, sputtering, various coatings, etc.
[0071] For example, an electrode layer such as the anode
104 and the cathode 116 may be formed by using an evapo-
ration method including an electron beam evaporation
method, a hot filament evaporation method, or a vacuum
evaporation method, or a plating method such as an electro-
plating method or an electroless plating method.

[0072] Inaddition, the organic layer such as the hole injec-
tion layer 106, the hole transport layer 108, the emission layer
110, the electron transport layer 112 and the electron injection
layer 114 may be formed by a physical vapor deposition
(PVD) method such as a vacuum deposition method, a print-
ing method such as a screen printing method or an ink jet
printing method, or a coating method such as a laser transfer
method or a spin coat method.

[0073] As described above, an example of the organic EL
device 100 according to an embodiment has been described.
[0074] The following Examples and Comparative
Examples are provided in order to highlight characteristics of
one or more embodiments, but it will be understood that the
Examples and Comparative Examples are not to be construed
as limiting the scope of the embodiments, nor are the Com-
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parative Examples to be construed as being outside the scope
of the embodiments. Further, it will be understood that the
embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

EXAMPLES

[0075] Hereinafter, a silane compound and an organic EL
device according to an embodiment will be particularly
explained referring to examples and comparative examples.
In addition, the following examples are illustrated as an
embodiment of the silane compound and the organic EL
device according to an embodiment.

Synthesis of Silane Compound
[0076] First, the silane compound according to an embodi-

ment will be explained referring to synthetic methods of
Compounds 1, 9, 11 and 19.

Synthesis of Compound 1

[0077] According to the following Reaction 2, Compound
1 was synthesized as a silane compound according to an
embodiment.

Reaction 2

1) Li Br

2)

Cl—8i—Cl
A

G

H

5%

o

—_—
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[0078] To diphenyldichlorosilane A (5.82 g, 23.0 mmol) in
adiethyl ether solution (150 mL), a 4-bromophenyl lithium G
solution was added dropwisely at —=78° C. In addition, the
4-bromopheny] lithium G solution was controlled by adding
a 1.6 M hexane solution of n-butyl lithium (14.4 mL, 23.0
mmol) to adiethyl ether solution (50 mL) of 1,4-dibromoben-
zene (5.43 g, 23.0 mmol) dropwisely and stirring for 1 hour.
[0079] Then, a 2-lithiotriphenylene H solution was added
dropwisely at -78° C. to the solution to which the 4-bro-
mophenyl lithium G solution was added dropwisely, followed
by stirring for 2 hours. In addition, the 2-lithiotriphenylene H
solution was controlled by adding a 1.6 M hexane solution of
n-butyl lithium (14.4 mL, 23.0 mmol) to a diethyl ether solu-
tion (50 mL) of 2-bromotriphenylene (7.07 g, 23.0 mmol)
dropwisely and stirring for 1 hour.

[0080] The reaction mixture thus obtained was stirred
while elevating the temperature to room temperature, fol-
lowed by stirring at room temperature for 8 hours further. A
small amount of methanol was added to the reaction mixture,
followed by stirring for 20 minutes. Then, water was added
thereto, and extraction with toluene was performed. The
organic layer thus extracted was dried with anhydrous mag-
nesium sulfate, concentrated, and the residue thus obtained
was separated by column chromatography to produce 2-(4-
bromophenyldiphenylsilyl)triphenylene 1 (885 g, 15.6
mmol, yield 68%) as an almost white powder.

[0081] 2-(4-bromophenyldiphenylsilyl)triphenylene 1
(5.46 g, 9.70 mmol), diphenylamine J (1.80 g, 10.7 mmol),
tris(dibenzylideneacetone)dipalladium(0) chloroform addi-
tion product (201 mg, 0.194 mmol (2 mol %)), and sodium-
t-butoxide (1.40 g, 14.5 mmol) were mixed in xylene (200
mL), followed by heating and refluxing for 10 hours. Water
was added to the reaction mixture, and extraction with tolu-
ene was performed. The organic layer thus extracted was
dried with anhydrous magnesium sulfate, concentrated, and
the residue thus obtained was separated by column chroma-
tography to produce Compound 1 (4.80 g, 7.10 mmol, yield
73%) as an almost white powder.

[0082] Synthesis of Compound 9

[0083] Compound 9 was synthesized by performing the
same procedure described for synthesizing Compound 1
except for replacing the diphenylamine ] with an amine com-
pound having a 4-cyano-biphenyl group and a phenyl group
bonded to nitrogen.

[0084] Synthesis of Compound 11

[0085] Compound 11 was synthesized by performing the
same procedure described for synthesizing Compound 1
except for replacing the diphenylamine ] with an amine com-
pound having a dibenzofuran group and a phenyl group
bonded to nitrogen.

16
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[0086]

[0087] Compound 18 was synthesized by performing the
same procedure described for synthesizing Compound 1
except for changing the substituent of the phenyl group in
diphenyldichlorosilane A to a biphenyl group.

[0088]

[0089] Organic EL devices according to exemplary
embodiments were manufactured by a vacuum deposition
method and the following procedure.

Synthesis of Compound 18

Manufacture of Organic EL Device

Example 1

[0090] First, after patterning and washing, an ITO-glass
substrate was surface treated with ozone. The thickness of an
ITO layer in the glass substrate was about 150 nm. After
treating with ozone, a layer was formed using 2-TNATA as a
hole injection material on the ITO layer to a thickness of
about 60 nm.

[0091] After that, a layer was formed using the above Com-
pound A (about 30 nm) as a hole transport material to obtain
a hole transport layer (HTL). A layer was formed by co-
depositing f-ADN doped with TBP in a ratio of 3% as an
emission material (a layer thickness of about 25 nm).

[0092] Then, a layer was formed using Alg3 as an electron
transport material to a layer thickness of about 25 nm. A layer
was formed using LiF as an electron injection material to a
layer thickness of about 1.0 nm, and a layer was formed using
aluminum (Al) as a cathode to a layer thickness of about 100
nm to manufacture an organic EL device 200 as illustrated in
FIG. 2.

Example 2

[0093] An organic EL device was manufactured by per-
forming the same procedure described in Example 1 except
for using Compound 9 instead of Compound 1.

Example 3

[0094] An organic EL device was manufactured by per-
forming the same procedure described in Example 1 except
for using Compound 11 instead of Compound 1.

Example 4

[0095] An organic EL device was manufactured by per-
forming the same procedure described in Example 1 except
for using Compound 18 instead of Compound 1.

Comparative Example 1

[0096] An organic EL device was manufactured by per-
forming the same procedure described in Example 1 except
for using the following Compound c1 instead of Compound
1. Compound cl is different from the silane compound
according to an embodiment in having a structure in which
one covalent bond forming a triphenylene skeleton is cleaved
from Compound 1.
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Comparative Example 2

[0097] An organic EL device was manufactured by per-
forming the same procedure described in Example 1 except
for using the following Compound ¢2 instead of Compound
1. Compound c2 is different from the silane compound
according to an embodiment in that an amine group is not
included in Compound 1.

c2

QQOOO

Comparative Example 3

[0098] An organic ELL device was manufactured by per-
forming the same procedure described in Example 1 except
for using the following Compound ¢3 instead of Compound
1. Compound c3 is different from the silane compound
according to an embodiment in that a covalent bond is formed
between Ar” and Ar?, such that an amine structure is substi-
tuted with a carbazole ring structure in Compound 1.

P5od

Comparative Example 4

[0099] An organic EL device was manufactured by per-
forming the same procedure described in Example 1 except

17
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for using the following Compound c4 instead of Compound
1. Compound c4 is N,N'-di(1-naphthyl)-N,N'-diphenylbenzi-
dine (a-NPD) and is a common hole transport material.

c4

[0100] A schematic diagram of an organic EL device 200
manufactured in Examples 1 to 4 and Comparative Examples
1to 4 is illustrated in FIG. 2. The organic EL device 200 thus
manufactured includes, a substrate 202, an anode 204 dis-
posed on the substrate 202, a hole injection layer 206 dis-
posed on the anode 204, a hole transport layer 208 disposed
on the hole injection layer 206, an emission layer 210 dis-
posed on the hole transport layer 208, an electron transport
layer 212 disposed on the emission layer 210, an electron
injection layer 214 disposed on the electron transport layer
212 and a cathode 216 disposed on the electron injection layer
214.

[0101]

[0102] Theevaluation results of the organic EL devices 200
manufactured in Examples 1 to 4 and Comparative Examples
1 to 4 are illustrated in the following Table 1. In addition, for
the evaluation of the emission properties of the organic EL
devices 200 thus manufactured, a C9920-11 brightness light
distribution ~ characteristics measurement system of
HAMAMATSU Photonics Co. was used. The evaluation was
performed with current density of 10 mA/cm?, and half life
was measured at 1,000 cd/m>.

Evaluation Results

TABLE 1
Hole Current Emission
transport density ~ Voltage efficiency Life
materials (mA/em?) (V) (cd/A)  (LTs5q[h])
Example 1  Compound 10 8.6 6.8 2,300
1
Example 2 Compound 10 8.8 6.8 1,700
9
Example 3 Compound 10 8.8 6.9 2,000
11
Example 4 ~ Compound 10 8.5 6.5 1,800
18
Comparative Compound 10 9.5 5.9 900
Example I ¢l
Comparative Compound 10 10.1 43 900
Example 2 c2
Comparative Compound 10 8.8 5.5 700
Example 3 ¢3
Comparative Compound 10 8.1 53 1,200
Example 4 o4
[0103] Referring to Table 1, the organic EL devices using

Compounds 1, 9, 11 and 18, which are the silane compounds
according to the embodiments, as hole transport materials
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according to Examples 1 to 4 were found to have improved
emission efficiency and device life when compared to those
according to Comparative Examples 1 to 4.

[0104] Particularly, the organic EL. devices using Com-
pounds 1, 9, 11 and 18, as hole transport materials according
to Examples 1 to 4 were found to have a markedly increased
device life when compared to the organic EL device accord-
ing to Comparative Example 1 using Compound c1 having a
structure in which one covalent bond forming a triphenylene
skeleton is cleaved. In addition, the organic EL. devices of
Examples 1 to 4 were found to have decreased driving voltage
and markedly improved emission efficiency and device life
when compared to the organic EL device of Comparative
Example 2 using Compound ¢2 not including an amine struc-
ture. In addition, the organic EL devices of Examples 1 to 4
were found to have almost equal driving voltage and mark-
edly improved device life when compared to the EL device of
Comparative Example 3 using Compound ¢3 in which an
amine structure is substituted with a carbazole ring structure.
In addition, the organic EL devices of Examples 1 to 4 were
found to have a not much increased driving voltage and
improved emission efficiency and device life when compared
to the organic EL device of Comparative Example 4 using
Compound c4, which is a common hole transport material.

[0105] As shown from the above results, when a silane
compound according to an embodiment having a triph-
enylene skeleton having high planarity and an amine structure
having high hole transport ability is used as a hole transport
material in an organic EL device, the emission efficiency and
device life thereof may be improved without increasing the
driving voltage.

[0106] In the above-described examples, organic EL
devices using the silane compounds according to embodi-
ments as the hole transport materials have been explained. In
other implementations, the silane compound according to an
embodiment may also be used in other light-emitting devices
or light-emitting apparatuses. The organic EL device shown
in FIGS. 1 and 2 may be used in an organic EL display of an
active-matrix driving type as well as an organic EL display of
a passive-matrix driving type.

[0107] By way of summation and review, an organic EL,
device generally has a stacked configuration of an emission
layer and another layers such as a hole transport layer and an
electron transport layer for transporting holes or electrons and
having different properties. In a general organic EL device,
various compounds have been examined as the materials of
each layer to improve emission properties and realize long
life.

[0108] For example, an organic silane compound having a
triphenylene skeleton may be used as a phosphorescent host
compound of an emission layer.

[0109] However, the emission efficiency or life of an
organic EL device using the phosphorescent host compound
may be insufficient. Thus, a compound of a material capable
of further improving the emission efficiency or life of the
organic EL device is desirable.

[0110] The present disclosure in consideration of the
above-described defects provides a silane compound capable
of improving the emission efficiency or life of an organic EL
device, and an organic EL device using the silane compound.
[0111] In particular, upon close examination regarding
compounds included in an organic layer positioned between
an emission layer and an anode of an organic EL device to
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improve the emission properties or device life of an organic
EL device following knowledge has been obtained.

[0112] Particularly, it has been found that the emission
efficiency or device life of an organic ELL device may be
greatly improved when a compound having the following
properties (1) to (3) is included in the organic layer positioned
between an emission layer and an anode of the organic EL
device:

[0113] (1) A high restraining ability of the diffusion of
energy with respect to excited energy generated in an emis-
sion layer and the ability to prevent or hinder the diffusion of
the excited energy to an adjacent layer.

[0114] (2) A high electron tolerance with respect to elec-
trons that intrude from an emission layer to an organic layer
and resistance to deterioration.

[0115] (3) A high electron blocking ability with respect to
electrons that intrude from an emission layer to an organic
layer and the ability to prevent or hinder the transfer of the
electrons toward an anode.

[0116] Embodiments provide a silane compound capable
of improving the emission efficiency or life of an organic EL
device, and an organic EL device using the silane compound.
Accordingly to an embodiment, an organic EL device
includes the silane compound in at least one layer of organic
layers disposed between an anode and an emission layer to
address the above-described tasks. The emission efficiency
and life of the organic EL device may be improved by using
the silane compound having high restraining ability of the
diffusion of excited energy, high electron tolerance and high
electron blocking ability.

[0117] In another embodiment, an organic EL device
includes the silane compound in an emission layer to address
the above-described tasks. The emission efficiency and life of
the organic EL, device may be improved because the silane
compound has high restraining ability of the diffusion of
excited energy and high electron tolerance.

[0118] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope thereof as set forth in the following claims.

What is claimed is:

1. A silane compound represented by the following For-
mula 1:

Formula 1

wherein, in the above Formula 1,

R? to R are independently a substituted or unsubstituted
alkyl group having 1 to 12 carbon atoms or a substituted
or unsubstituted aryl group having 4 to 18 carbon atoms,
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Ar”to Ar? are independently a substituted or unsubstituted
aryl group having 6 to 18 carbon atoms or a substituted
or unsubstituted heteroaryl group having 5 to 18 carbon
atoms,

L? is a substituted or unsubstituted arylene group having 6
to 18 carbon atoms,

aand b as subscripts of R* and R”, respectively, are inde-
pendently an integer from 0 to 4, and

c and d as subscripts of R and L, respectively, are inde-
pendently an integer from 0 to 3.

2. The silane compound as claimed in claim 1, wherein Ar”
and Ar” are independently a substituted or unsubstituted aryl
group having 6 to 13 carbon atoms.

OQ Si

C

O
s

e

:@
0500
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3. The silane compound as claimed in claim 1, wherein Ar®
and Ar” are independently a substituent selected from a phe-
nyl group, a naphthalenyl group and a biphenylyl group.

4. The silane compound as claimed in claim 1, wherein:

das asubscript of L is O or 1, and

L“ 1s a substituted or unsubstituted aryl group having 6 to

13 carbon atoms.

5. The silane compound as claimed in claim 1, wherein:

atoc as subscripts of R? to R”, respectively, are 0 or 1, and

R to R” are independently a substituted or unsubstituted

alkyl group having 1 to 6 carbon atoms or a substituted
or unsubstituted aryl group having 4 to 12 carbon atoms.

6. The silane compound as claimed in claim 1, wherein the
silane compound is at least one represented by the following
Compounds 1 to 24:

() : 0
O si N

& i)% %2

0 4
0'0

Si
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7. The silane compound as claimed in claim 1, wherein at
least one hydrogen of the silane compound is substituted with
one of a methoxy group, a phenoxy group, a cyano group, a
trifluoromethyl group and a fluoro group.

8. Anorganic electroluminescence (EL) device comprising
a silane compound in at least one of a layer among organic
layers between an anode and an emission layer, and the emis-
sion layer,

the silane compound being represented by the following
Formula 1:

[Formula 1]

wherein, in the above Formula 1,

R? to R“ are independently a substituted or unsubstituted
alkyl group having 1 to 12 carbon atoms or a substituted
or unsubstituted aryl group having 4 to 18 carbon atoms,

Ar”to Ar? are independently a substituted or unsubstituted
aryl group having 6 to 18 carbon atoms or a substituted
or unsubstituted heteroaryl group having 5 to 18 carbon
atoms,

L“1is a substituted or unsubstituted arylene group having 6
to 18 carbon atoms,

aand b as subscripts of R and R?, respectively, are inde-
pendently an integer from O to 4, and

¢ and d as subscripts of R and L%, respectively, are inde-
pendently an integer from 0 to 3.

9. The organic EL device as claimed in claim 8, wherein
Ar* and Ar? are independently a substituted or unsubstituted
aryl group having 6 to 13 carbon atoms.

10. The organic EL device as claimed in claim 8, wherein
Ar® and Ar” are independently a substituent selected from a
phenyl group, a naphthalenyl group and a biphenylyl group.

11. The organic EL device as claimed in claim 8, wherein:

d as asubscript of L*is O or 1, and

L“is a substituted or unsubstituted aryl group having 6 to
13 carbon atoms.

12. The organic EL device as claimed in claim 8, wherein:

atoc as subscripts of R? to R, respectively, are O or 1, and

R? to R are independently a substituted or unsubstituted
alkyl group having 1 to 6 carbon atoms or a substituted
or unsubstituted aryl group having 4 to 12 carbon atoms.

13. The organic EL device as claimed in claim 8, wherein
the silane compound is represented by at least one of the
following Compounds 1 to 24:
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14. The organic EL device as claimed in claim 8, wherein
at least one hydrogen of the silane compound is substituted
with one of a methoxy group, a phenoxy group, a cyano
group, a trifluoromethyl group and a fluoro group.

I S I T



patsnap

TRBR(F) ERLEMRENEBUR R HEG

[F(RE)F US20150263298A1 RF(REH) A 2015-09-17

RiES US14/641729 RiEH 2015-03-09

FRBREE AR =EETRERAH

BE (LRI A(X) = EDISPLAY CO. , LTD.

LR BFHEFAN)AGR) =EDISPLAY CO., LTD.

#RI&BAA TAKADA ICHINORI

DN TAKADA, ICHINORI

IPCH%£5 HO1L51/00 CO7F7/08

CPCH %5 HO01L51/0094 H01L51/5012 CO7F7/0814 CO7F7/0818 CO7F7/0805 CO7F7/081 CO7F7/0812 HO1L51

/0054 HO1L51/0059 HO1L51/0061 HO1L51/0073 HO1L51/5056

k51X 2014047418 2014-03-11 JP
SNEBEEE Espacenet USPTO
RER)

BERCEYWHETR1KX R, HEPRa ,Rb ,Rc ,Ara ,Arb ,Arc ,
Ard ,La ,a,b, cHdanizeAHHRFTE L,



https://share-analytics.zhihuiya.com/view/beb9d804-b46d-4569-a19f-d5d96732667f
https://worldwide.espacenet.com/patent/search/family/054069926/publication/US2015263298A1?q=US2015263298A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150263298%22.PGNR.&OS=DN/20150263298&RS=DN/20150263298

