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(57) ABSTRACT

An electroluminescent device includes: a substrate; an elec-
troluminescent layered structure disposed over the substrate
and including first and second electrode layers and an elec-
troluminescent material layer disposed between the first and
second electrode layers; and a moisture barrier layer in con-
tact with the electroluminescent layered structure for prevent-
ing moisture from diffusing into the electroluminescent lay-
ered structure. The moisture barrier layer includes at least two
inorganic films of a silicon-nitrogen-containing compound
and at least one polymer film interposed between the inor-
ganic films.

10 Claims, 3 Drawing Sheets
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1
ELECTROLUMINESCENT DEVICE
INCLUDING MOISTURE BARRIER LAYER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an electroluminescent device,
more particularly to an electroluminescent device including
at least one moisture barrier layer having inorganic films and
optionally at least one polymer film interposed between two
of the inorganic films.

2. Description of the Related Art

U.S. Pat. No. 7,733,008 discloses an organic light emitting
diode (OLED) that includes a substrate, an anode formed on
the substrate, a first moisture barrier layer formed on the
anode, a hole transport layer formed on the first moisture
barrier layer, an electroluminescent layer formed on the hole
transport layer, a second moisture barrier layer formed on the
electroluminescent layer, a cathode formed on the second
moisture barrier layer, and an encapsulation layer encapsu-
lating at least partially all of these layers. The thickness of the
first and second moisture barrier layers ranges from 1 nm to
20 nm. The first and second moisture barrier layers are made
from a polymer selected from polyimide, TEFLON®, and
parylene, and have a water vapor transmission rate (WVTR)
ranging from 0.1 g/m*/day to 50 g/m*/day at 95% RH (Rela-
tive Humidity) and 39° C.

U.S. Pat. No. 7,220,687 discloses an OLED that includes a
substrate, an anode formed on the substrate, an organic poly-
mer material layer formed on the anode and having a hole
transport film and an emissive film, a cathode formed on the
organic polymer material layer, and an encapsulation layer
deposited on the cathode. The thickness of the encapsulation
layer ranges from 50 nm to 2000 nm. The encapsulation layer
can be made from silicon nitride (Si;N,), silicon dioxide
(5iQ,), or silicon oxynitride (SiO,N,). Formation of the
encapsulation layer is performed by introducing precursor
sources together with hydrogen into a deposition chamber
during chemical vapor deposition. The introduction of hydro-
gen into the deposition chamber can improve the WVTR of
the encapsulation layer thus formed from about 1x10~> g/m*/
day (without hydrogen) to about a range between 1x1073
g/m*/day and 1x10™* g/m*/day (with hydrogen) at 90% RH
and 38° C. Although the use of hydrogen can reduce the
WVTR of'the encapsulation layer, the manufacturing costs of
the OLED may be considerably increased due to the use of
hydrogen in the manufacturing process.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide
an electroluminescent device that can overcome the aforesaid
drawback associated with the prior art.

According to one aspect of this invention, there is provided
an electroluminescent device that comprises: a substrate; an
electroluminescent layered structure disposed over the sub-
strate and including first and second electrode layers and an
electroluminescent material layer disposed between the first
and second electrode layers; and a moisture barrier layer in
contact with the electroluminescent layered structure for pre-
venting moisture from diffusing into the electroluminescent
layered structure. The moisture barrier layer includes at least
two inorganic films of a silicon-nitrogen-containing com-
pound and at least one polymer film interposed between the
inorganic films.

According to another aspect of this invention, there is
provided an electroluminescent device that comprises: a sub-
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strate; an electroluminescent layered structure disposed over
the substrate and including first and second electrode layers
and an electroluminescent material layer disposed between
the first and second electrode layers; and a moisture barrier
layer in contact with the electroluminescent layered structure
for preventing moisture from diffusing into the electrolumi-
nescent layered structure. The moisture barrier layer includes
a plurality of inorganic films of silicon carbonitride. The
inorganic films are stacked one above another. Assembly of
the inorganic films has a water vapor transmission rate of less
than 1x10™* g/m*/day at 75% RH and 25° C.

BRIEF DESCRIPTION OF THE DRAWINGS

In drawings which illustrate embodiments of the invention,

FIG.11is a schematic diagram of the first preferred embodi-
ment of an electroluminescent device according to the present
invention;

FIG. 2 is a schematic diagram of the second preferred
embodiment of an electroluminescent device according to the
present invention; and

FIG. 3 is a schematic diagram of the third preferred
embodiment of an electroluminescent device according to the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before the present invention is described in greater detail
with reference to the accompanying preferred embodiments,
it should be noted herein that like elements are denoted by the
same reference numerals throughout the disclosure.

FIG. 1 illustrates the first preferred embodiment of an
electroluminescent device 100 according to the present
invention. The electroluminescent device 100 can be an
OLED, and includes: a substrate 2; an electroluminescent
layered structure 3 disposed over the substrate 2 and includ-
ing first and second electrode layers 31, 32 and an electrolu-
minescent material layer 33 disposed between the first and
second electrode layers 31, 32; a first moisture barrier layer 4
in contact with the electroluminescent layered structure 3 for
preventing moisture from diffusing into the electrolumines-
cent layered structure 3; and a second moisture barrier layer 5
disposed over the electroluminescent layered structure 3. The
first moisture barrier layer 4 is interposed between the sub-
strate 2 and the electroluminescent layered structure 3. The
electroluminescent layered structure 3 is interposed between
the first and second moisture barrier layers 4, 5 so that envi-
ronmental moisture can be prevented from diffusing from two
opposite sides of the electroluminescent layered structure 3
into the electroluminescent layered structure 3.

The electroluminescent layered structure 3 further includes
a hole transporting layer 34 interposed between the first elec-
trode layer 31 and the electroluminescent material layer 33,
and an electron injection layer 35 interposed between the
second electrode layer 32 and the electroluminescent material
layer 33.

Each of the first and second moisture barrier layers 4, 5
includes at least two inorganic films 41, 51 of a silicon-
nitrogen-containing compound and at least one polymer film
42, 52 interposed between the inorganic films 41, 51.

In this embodiment, the silicon-nitrogen-containing com-
pound is silicon carbonitride (SiC.N,). Preferably, the
amount of silicon in the silicon carbonitride ranges from 30 to
52 atomic %, the amount of carbon in the silicon carbonitride
ranges from 37 to 56 atomic %, and the amount of nitrogen in
the silicon carbonitride ranges from 11 to 14 atomic %.
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Preferably, the polymer film 42, 52 is made from a plasma
polymerized polymer selected from polystyrene, poly-
methacrylate and polymethylmethacrylate.

Preferably, the substrate 2 is flexible, and is made from a
material selected from polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), polyethersulfone and poly-
imide (PD).

In this embodiment, the first and second electrode layers
31, 32 are in contact with the first and second moisture barrier
layers 4, 5, respectively.

Preferably, each of the inorganic films 41, 51 has a layer
thickness ranging from 100 nm to less than 1000 nm and the
polymer film 42, 52 has a layer thickness ranging from 100
nm to less than 1000 nm. The layer thicknesses of the inor-
ganic films 41, 51 and the polymer film 42, 52 may vary
according to the actual requirements.

Formation of each of the first and second moisture barrier
layers 4, 5 is preferably performed by plasma enhanced
chemical vapor deposition (PECVD). The first and second
moisture barrier layers 4, 5 thus formed can exhibit a WVTR
of less than 110~ g/m*/day at 75% RH and 25° C., and a
pin-hole density of less than 35/0.0379 mm?. It is noted that
the pin-hole density has a proportional relationship with the
water vapor transmission rate.

Formation of the inorganic films 41, 51 is performed by
introducing an inorganic source precursor into a PECVD
reactor (not shown). Formation of the polymer film 42, 52 is
performed by introducing a polymer source precursor into the
PECVD reactor.

Examples of the inorganic source precursors for forming
the silicon-nitrogen-containing compound in the PECVD
reactor include 1,3,5-trimethyl-1,3,5-trivinyleyclotrisilane
(CoH, N4 Si,, VSZ), bis(dimethylamino)diethylsilane, N,N-
dimethyltrimethylsilylamine, and N-methyl-aza-trimethylsi-
lacyclopentane.

Preferably, formation of the inorganic films 41, 51 of the
silicon-nitrogen-containing compound through PECVD is
conducted at a substrate temperature ranging from room tem-
perature to about 300° C. Table 1 shows the relation between
the composition of each of the inorganic films 41, 51 of
SiC,N, and the substrate temperature used in forming the
inorganic films 41, 51 of SiC,N,, in the PECVD process.

TABLE 1
substrate Composition, atomic %
temperature, ° C. Si C N
25 305 55.5 14.0
100 48.6 39.5 11.9
200 490 39.2 11.8
300 513 37.0 11.7

FIG. 2 illustrates the second preferred embodiment of an
electroluminescent device 100 according to the present
invention. The second preferred embodiment differs from the
previous embodiment in that each of the first and second
moisture barrier layers 4, 5 includes five inorganic films 41,
51 of the silicon-nitrogen-containing compound and four
polymer films 42, 52 alternately disposed with the inorganic
films 41, 51. Each of the polymer films 42, 52 is interposed
between and is in contact with two adjacent ones of the
inorganic films 41, 51.

FIG. 3 illustrates the third preferred embodiment of an
electroluminescent device 100 according to the present
invention. The third preferred embodiment differs from the
previous embodiments in that each of the first and second
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moisture barrier layers 4, 5 includes three inorganic films 41,
51 of the silicon-nitrogen-containing compound, which are
stacked one above another. The polymer film 42, 52 is omitted
in this embodiment. Assembly of the inorganic films 41, 51
has a water vapor transmission rate (WVTR) of less than
1x107> g/m*/day at 75% RH and 25° C.

The following examples and comparative examples are
provided to illustrate the preferred embodiments of the inven-
tion, and should not be construed as limiting the scope of the
invention.

EXAMPLE
Example 1(E1)

Forming a SiC,N,/Polystyrene (PS)SiC,N,, Moisture
Barrier Layer on a Substrate

A polyethylene terephthalate (PET) substrate was used as
a deposition substrate and was mounted on a back plate in a
PECVD reactor (not shown). The electrode spacing of the
PECVD reactor was 20 mm. 1,3,5-trimethyl-1,3,5-trivinyl-
cyclotrisilane (CoH,, N,Si,, VSZ) was stored in a VSZ-stor-
ing container and was heated to generate a VSZ vapor that was
used as a SiC,N,, source precursor. The SiC,N, source pre-
cursor was continuously carried into the PECVD reactor
using an argon carrier gas so as to form a first SiC,N,, film
having a layer thickness of 100 nm on the PET substrate. The
flow rate of each of the SiC,N,, source precursor and the argon
carrier gas was 20 scci. The operating conditions of forming
the first SIC N film were as follows: an RF plasma was
generated using an RF power of 50 W (power density=0.15
W/cm?) and was introduced into the PECVD reactor; and the
reactor pressure and the substrate temperature of the PECVD
reactor were maintained at about 90 mTorr and about 25° C.,
respectively. Styrene monomer was stored in a polymer-stor-
ing container and was heated to generate a styrene vapor that
was used as a polymer source precursor. After formation of
the first SiC,N,, film on the PET substrate, the polymer source
precursor was continuously carried into the PECVD reactor
using the argon carrier gas so as to form a polystyrene (PS)
film having a layer thickness of 100 nm on the first SiC.N,
film. The flow rate of each of the polymer source precursor
and the argon carrier gas was 20 sccm. The operating condi-
tions for forming the polystyrene film were the same as those
for forming the first SiC,N, film. After formation of the poly-
styrene film on the first SiC, N, film, the SiC N, source pre-
cursor was again continuously carried into the PECVD reac-
tor using the argon carrier gas so as to form a second SiC,N,,
film having a layer thickness of 100 nm on the polystyrene
film. The flow rate of each of the SiC, N, source precursor and
the argon carrier gas was 20 sccm for forming the second
SiC,N, film. The operating conditions for forming the second
SiC,N,, film were the same as those for forming the first
SiC,N, film. Assembly of the first and second SiC,N, films
and the polymer film (i.e., SIC,N /PS(100 nm)/SiC,N,, mois-
ture barrier layer) thus formed has a WVTR of 7x10™> g/m?/
day at 75% RH and 25° C.

Example 2(E2)

Forming a SiC,N /PS/SiC, N, Moisture Barrier Layer
on a Substrate

Preparation of the moisture barrier layer on the PET sub-
strate for Example 2 was similar to that of Example 1 except
for the layer thickness of the polystyrene film of Example 2.
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The layer thickness of the polystyrene film of Example 2 is
500 nm. The SiC N,/PS(500 nm)/SiC N, moisture barrier
layer thus formed has a WVTR of 3.8x10~° g/m*/day at 75%
RH and 25° C.

Example 3(E3)

Forming a (SiC,N,/PS),/SiC N, Moisture Barrier
Layer on a Substrate

Preparation of the moisture barrier layer on the PET sub-
strate for Example 3 was similar to that of Example 1, except
that after formation of the second SiC,N, film, three more
SiC,N,, films and three more polystyrene films were formed
under the same operating conditions as those of Example 1.
The five SiC,N,, films and the four polystyrene films were
alternatively formed. Bach of the five SiC N, films and the
four polystyrene films has a layer thickness of 100 nm. The
(SiC,N,/PS)./SiC, N, moisture barrier layer thus formed has
a WVTR of 8x10™> g/m*/day at 75% RH and 25° C. The
structure of (SiC,N,/PS), represents SiC,N /PS/SiC,N,/PS/
SiC, N /PS/SiC N, /PS.

Example 4(E4)

Forming a SiC N./SiC.N /SiC. N Moisture Barrier
Layer on a Substrate

Preparation of the moisture barrier layer on the PET sub-
strate for Example 4 was similar to that of Example 1, except
that the polystyrene film was replaced by a SiC,N, film. The
three SiC,N, films were formed successively in a manner that
after forming the first SiC,N,, film, introduction of the SiC,N,,
source precursor, the argon carrier gas and the RF plasma into
the PECVD reactor was stopped for a predetermined period
of time before deposition of the second SiC N film and that
after forming the second SiC,N,, film, introduction of the
SiC N, source precursor, the argon carrier gas and the RF
plasma into the PECVD reactor was stopped for another
predetermined period of time before deposition of the third
SiC,N,, film. Bach of the three SiC,N,, films has a layer thick-
ness of 100 nm. The SiC,N /SiC,N /SiC, N, moisture barrier
layer thus formed has a WVTR of 6x10~ g/m*/day at 75%
RH and 25° C., and a pin-hole density of 4/0.0379 mm>.

Comparative Example 1(CE1)

Forming a 8iC,N,, Moisture Barrier Layer on a Sub-
strate

The moisture barrier layer of Comparative Example 1
includes solely one SiC, N, film having a layer thickness of
100 nm. The operating conditions for forming the SiC,N,, film
of Comparative Example 1 were similar to those for forming
the first SiC,N, film of Example 1. The 100 nm SiCXNg
moisture barrier layer thus formed has a WVTR of 5x10™
g/m?/day at 75% RH and 25° C., and a pin-hole density of
42/0.0379 mm”>.

Comparative Example 2(CE2)

Forming a SiC,N, Moisture Barrier Layer on a Sub-
strate

Preparation of the moisture barrier layer on the PET sub-
strate of Comparative Example 2 was similar to that of Com-
parative Example 1, except for the layer thickness of the

10

20

25

40

45

50

60

65

6

SiC,N, film. The layer thickness of the SiC,N,, film of Com-
parative Example 2 is 200 nm. The 200 nm SiC N, moisture
barrier layer thus formed has a WVTR of 4x107* g/m*/day at
75‘?/% RH and 25° C., and a pin-hole density of 35/0.0379
mm”.

By forming a plurality of the inorganic films 41, 51 and
optionally at least one polymer film 42, 52 interposed
between two of the inorganic films 41, 51 in the electrolumi-
nescent device 100 of this invention, the aforesaid drawback
associated with the prior art can be alleviated.

While the present invention has been described in connec-
tion with what are considered the most practical and preferred
embodiments, it is understood that this invention is not lim-
ited to the disclosed embodiments but is intended to cover
various arrangements included within the spirit and scope of
the broadest interpretation and equivalent arrangements.

What is claimed is:

1. An electroluminescent device comprising:

a substrate;

an electroluminescent layered structure disposed over said

substrate and including first and second electrode layers
and an electroluminescent material layer disposed
between said first and second electrode layers; and

a first moisture barrier layer in contact with said electrolu-

minescent layered structure for preventing moisture
from diffusing into said electroluminescent layered
structure;

wherein said first moisture barrier layer includes at least

two inorganic films of a silicon-nitrogen-containing
compound and at least one polymer film interposed
between said inorganic films;

wherein said polymer film is made from a plasma polymer-

ized polymer selected from polystyrene, polymethacry-
late and polymethylmethacrylate;

wherein said first moisture barrier layer has a water vapor

transmission rate of less than 1x107> g/m*/day at 75%
RH and 25° C.

2. The electroluminescent device of claim 1, wherein said
silicon-nitrogen-containing compound is silicon carboni-
tride.

3. The electroluminescent device of claim 2, wherein the
amount of silicon in said silicon carbonitride ranges from 30
to 52 atomic %, the amount of carbon in said silicon carbo-
nitride ranges from 37 to 56 atomic %, and the amount of
nitrogen in said silicon carbonitride ranges from 11 to 14
atomic %.

4. The electroluminescent device of claim 1, wherein said
substrate is made from a material selected from polyethylene
terephthalate, polyethylene naphthalate, polyethersulfone
and polyimide.

5. The electroluminescent device of claim 1, further com-
prising a second moisture barrier layer, said first moisture
barrier layer being interposed between said substrate and said
electroluminescent layered structure, said electrolumines-
cent layered structure being interposed between said first and
second moisture barrier layers.

6. The electroluminescent device of claim 5, wherein said
second moisture barrier layer has a structure the same as that
of said first moisture barrier layer.

7. The electroluminescent device of claim 5, wherein said
first and second electrode layers are in contact with said first
and second moisture barrier layers, respectively.

8. The electroluminescent device of claim 1, wherein said
substrate is flexible, said first moisture barrier layer being
deposited on said substrate through plasma enhanced chemi-
cal vapor deposition.
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9. An electroluminescent device comprising:
a substrate;
an electroluminescent layered structure disposed over said
substrate and including first and second electrode layers
and an electroluminescent material layer disposed 5
between said first and second electrode layers; and
a moisture barrier layer in contact with said electrolumi-
nescent layered structure for preventing moisture from
diffusing into said electroluminescent layered structure;
wherein said moisture barrier layer includes a plurality of 10
inorganic films of silicon carbonitride, said inorganic
films being stacked one above another; and
wherein assembly of said inorganic films has a water vapor
transmission rate of less than 1x10~2 g/m?/day at 75%
RHand 25° C. 15
10. The electroluminescent device of claim 9, wherein the
amount of silicon in said silicon carbonitride ranges from 30
to 52 atomic %, the amount of carbon in said silicon carbo-
nitride ranges from 37 to 5 atomic %, and the amount of
nitrogen in said silicon carbonitride ranges from 11 to 14 20
atomic %.



