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(57) ABSTRACT 

A method is disclosed for inhibiting oxygen and moisture 
penetration of a device comprising the steps of depositing a 
tin phosphate low liquidus temperature (LLT) inorganic 
material on at least a portion of the device to create a 
deposited tin phosphate LLT material, and heat treating the 
deposited LLT material in a substantially oxygen and mois 
ture free environment to form a hermetic seal; wherein the 
step of depositing the LLT material comprises the use of a 
resistive heating element comprising tungsten. An organic 
electronic device is also disclosed comprising a substrate 
plate, at least one electronic or optoelectronic layer, and a tin 
phosphate LLT barrier layer, wherein the electronic or 
optoelectronic layer is hermetically sealed between the tin 
phosphate LLT barrier layer and the substrate plate. An 
apparatus is also disclosed having at least a portion thereof 
sealed with a tin phosphate LLT barrier layer. 
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TIN PHOSPHATE BARRIER FILM, 
METHOD, AND APPARATUS 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a method for 
inhibiting oxygen and moisture penetration, and the Subse 
quent degradation of a device or apparatus. 
0003 2. Technical Background 
0004. The transport of oxygen or moisture through lami 
nated or encapsulated materials and the Subsequent attack of 
an inner material(s) represent two of the more common 
degradation mechanisms associated with many devices Such 
as, for example, light-emitting devices (OLED devices), 
thin-film sensors, and evanescent waveguide sensors. The 
operational lifetime of Such devices can be greatly increased 
if steps are taken to minimize the penetration of oxygen 
and/or moisture. 
0005 Existing efforts to extend the lifetime of such 
devices include gettering, encapsulation and extensive 
device sealing techniques. Common techniques for sealing 
devices, such as OLEDs, include the use of epoxies and 
inorganic and/or organic materials that form a hermetic seal 
upon curing by exposure to heating or to ultra-violet light. 
Although such seals provide some level of hermetic behav 
ior, they can be expensive and do not assure hermetic Seals 
will be maintained through prolonged operation. 
0006 Similar oxygen and moisture penetration problems 
are common in other devices, such as thin-film sensors, 
evanescent waveguide sensors, food containers and medi 
cine containers. Accordingly, there is a need to inhibit the 
penetration of oxygen and moisture into all such devices. 
This need and other needs are satisfied by the present 
invention. 

SUMMARY OF THE INVENTION 

0007. In a first aspect, the present invention provides a 
method of inhibiting oxygen and moisture penetration of a 
device, comprising the steps of depositing a tin phosphate 
low liquidus temperature inorganic material on at least a 
portion of the device to create a deposited low liquidus 
temperature inorganic material; and heat treating the depos 
ited low liquidus temperature inorganic material in a Sub 
stantially oxygen and moisture free environment to form a 
hermetic seal; wherein the step of depositing the low liqui 
dus temperature inorganic material comprises the use of a 
resistive heating element comprising tungsten. 
0008. In another aspect, the present invention provides a 
device produced by the methods of the present invention. 
0009. In another aspect, the present invention provides an 
organic electronic device comprising a Substrate plate; at 
least one organic electronic or optoelectronic layer, and a tin 
phosphate low liquidus temperature barrier layer, wherein 
the electronic or optoelectronic layer is hermetically sealed 
between the tin phosphate low liquidus temperature barrier 
layer and the Substrate plate. 
0010. In yet another aspect, the present invention pro 
vides an apparatus having at least a portion thereof sealed 
with a tin phosphate low liquidus temperature barrier layer. 
0011 Additional aspects of the invention will be set 
forth, in part, in the detailed description, figures and any 
claims which follow, and in part will be derived from the 
detailed description, or can be learned by practice of the 
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invention. It is to be understood that both the foregoing 
general description and the following detailed description 
are exemplary and explanatory only and are not restrictive of 
the invention as disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The accompanying drawings, which are incorpo 
rated in and constitute a part of this specification, illustrate 
certain aspects of the present invention and together with the 
description, serve to explain, without limitation, the prin 
ciples of the invention. 
0013 FIG. 1 is a schematic illustration of an exemplary 
process of forming a tin phosphate LLT barrier layer on at 
least a portion of a device, in accordance with one aspect of 
the present invention. 
0014 FIG. 2 is a schematic of an exemplary device onto 
which a tin phosphate LLT barrier layer has been formed, in 
accordance with another aspect of the present invention. 
0015 FIG. 3 illustrates the steady, stable, high deposition 
rate achievable for a tin pyrophosphate LLT starting material 
when utilizing a tungsten boat, in accordance with one 
aspect of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0016. The present invention can be understood more 
readily by reference to the following detailed description, 
examples, and claims, and their previous and following 
description. However, before the present device and/or 
methods are disclosed and described, it is to be understood 
that this invention is not limited to the specific devices 
and/or methods disclosed unless otherwise specified, as Such 
can, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular aspects only and is not intended to be limiting. 
0017 Disclosed are materials, compounds, compositions, 
and components that can be used for, can be used in 
conjunction with, can be used in preparation for, or are 
products of the disclosed method and compositions. These 
and other materials are disclosed herein, and it is understood 
that when combinations, Subsets, interactions, groups, etc. of 
these materials are disclosed that while specific reference of 
each various individual and collective combinations and 
permutation of these compounds may not be explicitly 
disclosed, each is specifically contemplated and described 
herein. For example, if a class of components A, B, and C 
are disclosed as well as a class of components D, E, and F 
and an example of a combination molecule, A-D is dis 
closed, then even if each is not individually recited, each is 
individually and collectively contemplated. Thus, in this 
example, each of the combinations A-E, A-F B-D, B-E, B-F, 
C-D, C-E, and C-F are specifically contemplated and should 
be considered disclosed from disclosure of A, B, and C, D, 
E. and F., and the example combination A-D. Likewise, any 
Subset or combination of these is also specifically contem 
plated and disclosed. Thus, for example, the Sub-group of 
A-E, B-F, and C-E are specifically contemplated and should 
be considered disclosed from disclosure of A, B, and C, D, 
E. and F; and the example combination A-D. This concept 
applies to all aspects of this disclosure including, but not 
limited to, steps in methods of making and using the 
disclosed compositions. Thus, if there are a variety of 
additional steps that can be performed it is understood that 
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each of these additional steps can be performed with any 
specific embodiment or combination of embodiments of the 
disclosed methods, and that each Such combination is spe 
cifically contemplated and should be considered disclosed. 
0018. The following description of the invention is pro 
vided as an enabling teaching of the invention in its currently 
known embodiment. To this end, those skilled in the relevant 
art will recognize and appreciate that many changes can be 
made to the various aspects of the invention described 
herein, while still obtaining the beneficial results of the 
present invention. It will also be apparent that some of the 
desired benefits of the present invention can be obtained by 
selecting some of the features of the present invention 
without utilizing other features. Accordingly, those who 
work in the art will recognize that many modifications and 
adaptations to the present invention are possible and can 
even be desirable in certain circumstances and are a part of 
the present invention. Thus, the following description is 
provided as illustrative of the principles of the present 
invention and not in limitation thereof. 

0019. In this specification and in the claims which follow, 
reference will be made to a number of terms which shall be 
defined to have the following meanings: 
0020. As used herein, the singular forms “a,” “an and 
“the include plural referents unless the context clearly 
dictates otherwise. Thus, for example, reference to a “low 
liquidus temperature inorganic material” includes aspects 
having two or more Such materials, unless the context 
clearly indicates otherwise. 
0021 “Optional or “optionally’ means that the subse 
quently described event or circumstance can or cannot 
occur, and that the description includes instances where the 
event or circumstance occurs and instances where it does 
not. For example, the phrase “optionally substituted com 
ponent’ means that the component can or can not be 
substituted and that the description includes both unsubsti 
tuted and Substituted components. 
0022 Ranges can be expressed herein as from “about 
one particular value, and/or to “about another particular 
value. When Such a range is expressed, another aspect 
includes from the one particular value and/or to the other 
particular value. Similarly, when values are expressed as 
approximations, by use of the antecedent “about, it will be 
understood that the particular value forms another aspect. It 
will be further understood that the endpoints of each of the 
ranges are significant both in relation to the other endpoint, 
and independently of the other endpoint. 
0023. As used herein, a “wt.%” or “weight percent” or 
"percent by weight of a component, unless specifically 
stated to the contrary, refers to the ratio of the weight of the 
component to the total weight of the composition in which 
the component is included, expressed as a percentage. 
0024. As used herein, unless specifically stated to the 
contrary, the terms "low liquidus temperature inorganic 
material”, “low liquidus temperature material, and “LLT 
material refer to a material with a melting point (T) or 
glass transition temperature (T) less than about 1.000° C. 
0025. As used herein, a “starting material refers to a 
material that will be evaporated and deposited onto a device. 
0026. As used herein, a “deposited material refers to a 
material that has been deposited on a device or apparatus. 
0027. As used herein, a “barrier layer refers to a her 
metic coating, and specifically herein a deposited tin phos 
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phate LLT material that has been heat treated to an tem 
perature effective to form a hermetic seal. 
0028. As briefly introduced above, the present invention 
provides an improved method for forming a tin phosphate 
LLT barrier layer on a device or apparatus. Among other 
aspects described in detail below, the inventive method 
comprises the deposition of a tin phosphate LLT starting 
material onto at least a portion of a device or apparatus to 
form a deposited LLT material, and heat treatment of the 
deposited tin phosphate LLT material to remove defects 
and/or pores and form a tin phosphate LLT barrier layer. 
0029. The tin phosphate LLT material can be deposited 
onto the device by, for example, thermal evaporation, co 
evaporation, laser ablation, flash evaporation, vapor-depo 
sition, electron beam irradiation, or a combination thereof. 
Defects and/or pores in the tin phosphate LLT material can 
be removed by a consolidation or heat treatment step to 
produce a pore-free or Substantially pore-free, oxygen and 
moisture impenetrable protective coating on the device. 
Although many deposition methods are possible with com 
mon glasses (i.e. those having high melting temperatures), 
the consolidation step is only practical with a tin phosphate 
LLT material where the consolidation temperature is suffi 
ciently low so as to not damage the inner layers in the 
device. In some aspects, the deposition step and/or heat 
treatment step take place in a vacuum, in an inert atmo 
sphere, or in ambient conditions depending upon the tin 
phosphate LLT materials composition. 
0030. With reference to the drawings, the flowchart of 
FIG. 1 illustrates the steps of an exemplary method 100 for 
forming a tin phosphate LLT barrier layer on a device. 
Beginning at steps 110 and 120, a device and a tin phosphate 
LLT Starting material are provided so that one can form the 
desired tin phosphate LLT barrier layer on a device. At step 
130, the tin phosphate LLT starting material is evaporated to 
deposit tin phosphate LLT material on at least a portion of 
the device. Depending on the specific material and deposi 
tion conditions, the deposited tin phosphate LLT material 
can contain pores and can be remain permeable to oxygen 
and moisture. At step 140, the deposited tin phosphate LLT 
material is heat treated to a temperature sufficient to remove 
pores, for example, a temperature approximately equal to the 
glass transition temperature of the deposited tin phosphate 
LLT material, and form a hermetic seal or tin phosphate LLT 
barrier layer, which can prevent oxygen and moisture pen 
etration into the device. 
0031. The steps of the exemplary method are not 
intended to be limiting and can be performed in various 
orders. For example step 110 can be performed before, after, 
or simultaneous to step 120. 
0032. Devices 
0033. The device of the present invention can be any such 
device where at least a portion of the device is sensitive to 
oxygen and/or moisture, for example, an organic-electronic 
device, such as an organic light emitting diode (“OLED'), a 
polymer light emitting diode (“PLED), or a thin film 
transistor, a thin film sensor; an optoelectronic device. Such 
as an optical Switch or an evanescent waveguide sensor, a 
photovoltaic device; a food container; or a medicine con 
tainer. 

0034. In one aspect, the device is an OLED device that 
has multiple inner layers, including a cathode and an electro 
luminescent material, which are located on a Substrate. The 
Substrate can be any material Suitable for fabricating and 
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sealing a device. In one aspect, the Substrate is glass. In 
another aspect, the substrate can be a flexible material. In 
one aspect, the LLT material is deposited prior to the 
deposition of an organic electro-luminescent material. 
0035. In another aspect, the device is an organic elec 
tronic device comprising a Substrate, as described above, 
and at least one organic electronic or optoelectronic layer. In 
a further aspect, the device is coated with a tin phosphate 
LLT barrier layer, wherein the organic electronic or opto 
electronic layer is hermetically sealed between the substrate 
and the tin phosphate LLT barrier layer. In a further aspect, 
the hermetic seal is created by the deposition and heat 
treatment of a tin phosphate LLT material. 
0036. In another aspect, at least a portion of the device is 
sealed with a tin phosphate LLT material, wherein the tin 
phosphate LLT material comprises tin phosphate material. 
0037. With reference again to the drawings, FIG. 2 
depicts an exemplary cross-sectional side view of a device 
coated with a tin phosphate LLT barrier layer. The exem 
plary coated device 10 of FIG. 2 includes a substrate 40, an 
optoelectronic layer 20 that is sensitive to oxygen and/or 
moisture, and a tin phosphate LLT barrier layer 30 that 
provides a hermetic seal between the optoelectronic layer 20 
and environmental oxygen and moisture. 
0038 Tin Phosphate Low Liquidus Temperature Inor 
ganic Starting Material 
0039. In the present invention, the physical properties, 
Such as low glass transition temperature, of a low liquidus 
temperature inorganic material facilitate the formation of a 
hermetic Seal. In one aspect of the present invention, a tin 
phosphate low liquidus temperature inorganic starting mate 
rial, or LLT starting material, can be deposited onto a least 
a portion of a device and the deposited material heat treated 
at a relatively low temperature to obtain a pore-free or 
substantially pore-free barrier layer, without thermally dam 
aging the devices inner layer(s). It should be appreciated 
that the deposited and heat treated low liquidus temperature 
inorganic material can be used as a barrier layer on a wide 
variety of devices. 
0040. In one aspect, the tin phosphate LLT starting mate 

rial has a glass transition temperature of less than about 
1000° C., preferably less than about 600° C., and more 
preferably less than about 400° C. 
0041. In another aspect, the tin phosphate LLT starting 
material is substantially free of fluorine, preferably contain 
ing less than one weight percent fluorine, and more prefer 
ably being free of fluorine. In another aspect, the tin phos 
phate LLT Starting material comprises tin, phosphorus, and 
oxygen. Exemplary tin phosphate LLT starting materials 
include, tin meta-phosphate, tin ortho-hydrogenphosphate, 
tin ortho-dihydrogenphosphate, tin pyrophosphate, or a mix 
ture thereof. It is preferred that the tin phosphate LLT 
starting material be a tin pyrophosphate. 
0042. It is understood that the stoichiometry of the depos 
ited tin phosphate LLT material can vary from that of the tin 
phosphate LLT starting material. For example, evaporation 
of a tin pyrophosphate can produce a deposited material that 
is depleted or enriched in phosphorus relative to tin pyro 
phosphate. In various aspects, the deposited tin phosphate 
LLT material can have a tin concentration that is lower than, 
equal to, or higher than that of the tin phosphate LLT starting 
material. It can be advantageous if the deposited tin phos 
phate LLT material has a tin concentration higher than that 
of the tin phosphate LLT starting material. It is preferable 
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that the deposited tin phosphate LLT material have a tin 
concentration at least as high as that of the tin phosphate 
LLT starting material. It is also preferable that the deposited 
tin phosphate LLT material have substantially the same low 
liquidus temperature as the tin phosphate LLT starting 
material. It is also preferable that the tin phosphate LLT 
starting material comprise divalent tin. 
0043. The tin phosphate LLT starting material of the 
present invention can be crystalline, amorphous, glassy, or a 
mixture thereof. In one aspect, the tin phosphate LLT 
starting material can comprise at least one crystalline com 
ponent. In another aspect, the tin phosphate LLT starting 
material can comprise at least one amorphous component. In 
yet another aspect, the LLT starting material can comprise at 
least one glassy component. 
0044. In one aspect, the tin phosphate LLT starting mate 
rial is a single tin phosphate LLT material Such as, for 
example, tin meta-phosphate, tin ortho-hydrogen phosphate, 
tin ortho-dihydrogen phosphate, or tin pyrophosphate. In 
another aspect, the tin phosphate LLT Starting material can 
comprise a mixture of components. In another aspect, the tin 
phosphate LLT starting material can comprise a glass, 
formed by mixing at least two tin phosphate LLT materials, 
heating the materials to fuse them together, and quenching 
the resulting mixture to form a glass. 
0045. The tin phosphate LLT starting material can further 
comprise a tin oxide. In one aspect, the tin oxide material 
can comprise from about 60 to about 85 mole percent of the 
tin phosphate LLT starting material. 
0046. The tin phosphate LLT starting material can further 
comprise additives and/or other low liquidus temperature 
materials. In one aspect, the tin phosphate LLT starting 
material comprises a niobium containing compound. In a 
further aspect, the tin phosphate LLT starting material com 
prises niobium oxide, at an amount from greater than 0 to 
about 10 weight percent, preferably at an amount from 
greater than 0 to about 5 weight percent, and more prefer 
ably at about 1 weight percent. 
0047. Tin phosphate LLT starting materials are commer 
cially available, for example, from Alfa Aesar, Ward Hill, 
Mass., USA. One of ordinary skill in the art should be able 
to readily select an appropriate tin phosphate starting mate 
rial. 
0048 Deposition of Tin Phosphate LLT Starting Material 
0049. In the present invention, the tin phosphate LLT 
starting material can be deposited onto at least a portion of 
a device by an evaporative process, such as thermal evapo 
ration. The evaporation and deposition steps of the present 
invention are not limited to any specific equipment or 
geometric arrangement. It should be noted that the evapo 
ration and deposition steps can be referred to a separate steps 
or as a combined step. Once a tin phosphate LLT starting 
material is volatilized, the evaporated material will typically 
deposit on Surfaces proximally located to the resistive heat 
ing element. Commonly used evaporation systems operate 
under vacuum at pressures, for example, from about 10 to 
about 10 Torr and are fitted with leads to provide electrical 
current to a resistive heating element. Evaporation can also 
be performed in an inert atmosphere to ensure Substantially 
oxygen and moisture free conditions are maintained 
throughout the evaporation, deposition, and sealing process. 
Unless required by the nature of the device to be coated, it 
is not necessary that the deposition and/or heat treatment 
environment be completely free of oxygen and moisture, 
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and so, the environment can be free of or substantially free 
of oxygen and moisture. A variety of resistive heating 
elements can be employed, including boats, ribbons, or 
crucibles. In a typical evaporation process, the tin phosphate 
LLT starting material can be placed in contact with the 
resistive heating element. Current, typically in the range of 
80 to 180 Watts, is subsequently passed through the resistive 
heating element, resulting in Volatilization of the tin phos 
phate LLT starting material. The power required to evapo 
rate a specific material will vary, depending on the material 
itself, the pressure, and the resistance of the heating element. 
The rate and length of time of a specific deposition will vary, 
depending upon the materials, deposition conditions, and the 
desired thickness of the deposited layer. Evaporation sys 
tems are commercially available, for example, from Kurt J. 
Lesker Company, Clairton, Pa., USA. One of ordinary skill 
in the art could readily select an evaporation system and the 
operating conditions necessary to deposit a tin phosphate 
LLT material. 
0050. In one aspect, a single layer of a tin phosphate LLT 
material can be deposited on at least a portion of a Substrate. 
In another aspect, multiple layers of the same or varying 
types of tin phosphate LLT material can be deposited over 
one or more inner layers, positioned on top of a Substrate. 
0051. In one aspect, the present invention comprises a 
resistive heating element comprised oftungsten. The geom 
etry of the evaporative system and of the resistive heating 
element can vary. In one aspect the resistive tungsten heating 
element is a boat. In another aspect, the resistive tungsten 
heating element is a ribbon. One of ordinary skill in the art 
should readily be able to select an appropriate evaporative 
system and resisting tungsten heating element. 
0052 Evaporation of a tin phosphate LLT starting mate 

rial from a resistive tungsten heating element provides high, 
steady state, deposition rates that are difficult to achieve with 
other LLT Starting materials or deposition techniques. For 
example, a deposition rate as high as 15 A per second is 
attainable using a tin pyrophosphate LLT starting material 
and a small tungsten boat. The ability to deposit tin phos 
phate LLT starting materials at Such rates makes feasible the 
commercial fabrication of flexible substrates that are able to 
withstand high processing temperatures. 
0053 Properties of Deposited Tin Phosphate LLT Mate 
rial 
0054 The deposited tin phosphate LLT material can 
optionally further comprise a tin oxide. In one aspect, the 
deposited tin phosphate LLT material can comprise from 
about 60 to about 85 mole percent tin oxide. As described 
above, the specific chemical structure and stoichiometry of 
the deposited tin phosphate LLT material can vary from that 
of the tin phosphate LLT starting material. The presence of 
tin oxide in the deposited tin phosphate LLT material can 
result from the optional addition of a tin oxide material to the 
tin phosphate LLT starting material, or from chemical and/or 
Stoichiometric changes occurring during the deposition pro 
cess or on the surface of the device. 
0055. In one aspect, the deposited tin phosphate LLT 
material comprises divalent tin, a higher Valence tin com 
pound, for example, a Sn" compound, or a mixture of 
thereof. In one aspect, the presence of a Sn" compound in 
the deposited LLT material provides enhanced durability. 
0056. Evaporation of a tin phosphate LLT starting mate 

rial using a resistive tungsten heating element can lead to a 
chemical or physical reaction between the tin phosphate LLT 
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starting material and the resistive tungsten heating element, 
wherein at least a portion of the tungsten can be deposited 
together with the tin phosphate LLT starting material. In one 
aspect, the deposited tin phosphate LLT material comprises 
from greater than 0 to about 10 weight percent tungsten, 
preferably from about 2 to about 7 weight percent tungsten. 
In another aspect, a reaction between a tin phosphate LLT 
starting material. Such as for example, tin pyrophosphate, 
and a tungsten heating element results in the formation of a 
green glassy material which comprises tungsten. 
0057. In another aspect, the deposited tin phosphate LLT 
material can contain other materials to provide improved 
strength or resistance to permeability, or to alter the optical 
properties of the device. These materials can be evaporated 
together with the tin phosphate LLT starting material. In one 
aspect, the deposited tin phosphate LLT material can contain 
niobium, for example, in the form of niobium oxide. Nio 
bium oxide is commercially available from Alfa Aesar, Ward 
Hill, Massachusetts, USA. One of ordinary skill in the art 
could readily select an appropriate additional material. Such 
as a niobium oxide. In yet another aspect, the deposited tin 
phosphate LLT material comprises a tin phosphate, niobium, 
and tungsten. 
0.058 Heat Treatment and Formation of a Tin Phosphate 
LLT Barrier Layer 
0059 A heat treatment or annealing step minimizes 
defects and pores in the deposited layer of tin phosphate LLT 
material, allowing the formation of a hermetic Seal or tin 
phosphate LLT barrier layer. In one aspect, the heat treated 
tin phosphate LLT barrier layer is pore-free or substantially 
pore-free. The number and/or size of pores remaining in the 
heat treated tin phosphate LLT barrier layer should be 
Sufficiently low to prevent oxygen and moisture penetration. 
In one aspect, the heat treatment is performed under 
vacuum. In another aspect, the heat treatment step is per 
formed in an inert atmosphere. It should be appreciated that 
the heat treatment step can be performed in the same system 
and immediately Subsequent to the deposition step, or at a 
separate time and place provided that environmental condi 
tions are maintained to prevent oxygen and moisture intru 
sion into the device. 

0060. The heat treatment step of the present invention 
comprises heating the device onto which a tin phosphate 
LLT material has been deposited. In one aspect, the tem 
perature to which the device and deposited tin phosphate 
LLT material are exposed is approximately equal to the glass 
transition temperature, or T of the deposited tin phosphate 
LLT material. In another aspect, the temperature to which 
the device and deposited tin phosphate LLT material are 
exposed is within approximately 50° C. of the glass transi 
tion temperature, or T of the deposited tin phosphate LLT 
material. In another aspect, the temperature to which the 
device and deposited tin phosphate LLT material are 
exposed is from about 200°C. to about 350° C., for example, 
200, 225, 250, 275, 300, 325, or 350° C. In yet another 
aspect, the temperature to which the device and deposited tin 
phosphate LLT material are exposed is from about 250° C. 
to about 270° C. It will be appreciated that the ideal time and 
temperature to which a device and deposited tin phosphate 
LLT material are exposed will vary, depending on factors 
Such as the composition of the deposited tin phosphate LLT 
material, the working temperature range of the components 
to be sealed, and the desired thickness and permeability of 
the hermetic seal. The heat treatment step can be performed 



US 2008/0048178 A1 

by any heating means that can achieve the desired tempera 
ture and maintain a Substantially oxygen and moisture free 
environment. In one aspect, the heat treatment step com 
prises heating the device with an infrared lamp positioned in 
the vacuum deposition chamber. In another aspect, the heat 
treatment step comprises raising the temperature of the 
vacuum deposition chamber in which the device is located. 
The heat treatment step can be performed separately from 
the deposition step, provided that a Substantially oxygen and 
moisture free environment is maintained. It is preferable that 
the heat treatment conditions be sufficient to allow the 
resulting device to meet desired performance criteria, Such 
as the calcium patch test described below. One of ordinary 
skill in the art could readily choose appropriate heat treat 
ment conditions to for a hermetic seal without damage to the 
device. 
0061 The thickness of the tin phosphate LLT barrier 
layer can be any such thickness required to provide the 
desired hermetic Seal. In one aspect, the tin phosphate LLT 
barrier layer is about 1 micrometer thick. In another aspect, 
the tin phosphate LLT barrier is about 2.5 micrometers thick. 
0062. In one aspect, the tin phosphate LLT barrier layer 

is at least partially transparent to radiation either emitted by 
or absorbed by the device. In another aspect, the tin phos 
phate LLT barrier layer is at least partially transparent to 
visible light. 
0063 Evaluation of Barrier Layer 
0064. The hermeticity of a tin phosphate LLT barrier 
layer can be evaluated using various methods to test the 
hermeticity of the tin phosphate LLT barrier layer to oxygen 
and/or moisture. In one aspect, the tin phosphate LLT barrier 
layer can be evaluated using a calcium patch test, wherein a 
thin calcium film is deposited onto a Substrate. A tin phos 
phate LLT barrier layer is then formed, sealing the calcium 
film between the tin phosphate LLT barrier layer and the 
substrate. The resulting device is then subjected to environ 
mental aging at a selected temperature and humidity, for 
example, 85°C. and 85% relative humidity. If oxygen and/or 
moisture penetrate the tin phosphate LLT barrier layer, the 
highly reflective calcium film will react, producing an easily 
identifiable opaque white crust. It is generally recognized in 
the display industry that calcium patch survival for about 
1,000 hours in an 85°C., 85% relative humidity environ 
ment indicates the hermetic layer can prevent oxygen and 
water permeation for at least about 5 years. 

EXAMPLES 

0065. To further illustrate the principles of the present 
invention, the following examples are put forth so as to 
provide those of ordinary skill in the art with a complete 
disclosure and description of how the devices and methods 
claimed herein are made and evaluated. They are intended to 
be purely exemplary of the invention and are not intended to 
limit the scope of what the inventors regard as their inven 
tion. Efforts have been made to ensure accuracy with respect 
to numbers (e.g., amounts, temperatures, etc.); however, 
Some errors and deviations can have occurred. Unless indi 
cated otherwise, percents are weight percent, and tempera 
ture is C. or is at ambient temperature. There are numerous 
variations and combinations of process conditions, e.g., 
component concentrations, temperatures, pressures and 
other reaction ranges and conditions that can be used to 
optimize the product purity and performance obtained from 
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the described process. Only reasonable and routine experi 
mentation will be required to optimize such process condi 
tions. 

Example 1 

Stable Deposition of Tin Pyrophosphate 

0066. In a first example, a tin pyrophosphate LLT mate 
rial was deposited onto a silicon wafer by thermal evapo 
ration. Pellets of tin pyrophosphate (Alfa Aesar, Ward Hill, 
Mass., USA) were prepared with a home-made pill press and 
stored in a 100° C. oven. The tin pyrophosphate pellets were 
placed in a 3 inch by 0.75 inch tungsten boat (S7-010W. 
available from R.D. Mathis, Long Beach, Calif., USA), 
clamped between the two copper leads of an evaporative 
system. The vacuum chamber of the evaporator System was 
evacuated to an ultimate pressure of between 10° and 10 
Torr, and the silicon wafer positioned out of the evaporation 
plume path. The power was adjusted to approximately 20 
Watts and held for approximately 30 minutes to allow the tin 
pyrophosphate and tungsten boat to react. When current was 
applied, stable deposition rates as high as 15 A per second 
were achieved. 

Example 2 

Formation of LLT Barrier from Tin Pyrophosphate 

0067. In a second example, a tin pyrophosphate LLT 
material was deposited onto a calcium patch test device. 
Pellets of tin pyrophosphate were prepared and evaporated 
as in Example 1. The power was adjusted to 20 Watts and 
held for 30 minutes to allow the tin pyrophosphate and 
tungsten boat to react. Power was then increased to deliver 
80 to 125 Watts to the tungsten boat. During evaporation, a 
residual gas analyzer monitored the vacuum chamber envi 
ronment. As depicted in FIG. 3, a relatively low concentra 
tion of background gasses was present during evaporation. 
After an initial period, the power was adjusted to achieve a 
stable deposition rate of between 10 and 15 A per second, at 
which time the test device was positioned in the evaporation 
plume path to deposit the LLT material. 
0068. After approximately 2 micrometers of LLT mate 
rial were deposited, power to the resistive boat was stopped 
and an infrared lamp turned on, raising the temperature of 
the deposited layer to approximately 260° C. (bulk tin 
pyrophosphate glass has a glass transition temperature of 
approximately 247° C.). This temperature was maintained 
for 2 hours, effectively sintering the deposited layer and 
forming an impermeable layer. The test device was then 
Subjected to an accelerated aging test as described in 
Example 4. 

Example 3 

Addition of Niobium Pentoxide 

0069. In a third example, a calcium patch test device, as 
in Example 2, was prepared and sealed with a LLT material. 
In this example, one mole percent of niobium pentoxide was 
added to the starting tin pyrophosphate material, prior to 
evaporation. Similar deposition rates to those of Example 2 
were achieved. The test device was then subjected to an 
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accelerated aging test as described in Example 6, the results 
of which are detailed in Table 1. 

Example 4 

Calcium Patch Accelerated Testing 

0070. In still another example, a calcium patch test 
device was prepared. The test device consisted of a Corning 
1737 glass substrate (approximately 1 millimeter thick and 
2.5 inches square), onto which a 100 nanometer thick 
calcium film (approximately 1 inch by 0.5 inch) was depos 
ited, and onto which a 200 nanometer thick aluminum layer 
(approximately 1 inch by 0.5 inch) was deposited. The test 
device was affixed to moveable platform in the vacuum 
deposition chamber. 
0071. The calcium patch test device was subsequently 
sealed with a deposited tin pyrophosphate LLT material. The 
sealed device was then exposed to conditions designed to 
mimic long term operation of a device. Such as an OLED. 
Industry standard conditions for accelerated aging require a 
device to withstand 1000 hours in an 85° C. and 85% 
relative humidity environment. Upon exposure to moisture 
or oxygen, by permeation through the LLT layer, the calcium 
reacts and changes from a highly reflective film to an opaque 
white crust. Optical photographs were acquired at regular 
time intervals to quantify the evolution of the test device and 
thus, determine the hermetic strength of the LLT layer. Table 
1 below details calcium patch experiments on devices pre 
pared as in examples above. The samples detailed in Table 
1 are not necessarily the specific samples prepared in 
Examples 1-4, but were prepared in the same manner. 

TABLE 1. 

Calcium Patch Accelerated Aging Test 

Sample Starting LLT Material Heat Treatment Aging Test 

Ex. 2 Sn-P2O7 -260° C. 2 hrs Passed 
Ex. 2 duplicate Sn-P2O7 -260° C. 2 hrs Passed 
Ex. 3 Sn-P-O-, + 1% NbOs ~260° C. (2 hrs Passed 

0072 Examination of the data in Table 1 indicates that 
barrier layers formed from the evaporation of tin pyrophos 
phate using a tungsten heating element yielded good her 
metic seals when heat treated to temperatures near the glass 
transition temperature of the LLT material for a period of 2 
hours. An additional film was prepared according to 
Example 3, wherein the tin phosphate LLT starting material 
included 1 mole percent niobium pentoxide. Table 1 illus 
trates the ability to achieve good hermetic Seals using a tin 
phosphate LLT material when a deposited film is heat treated 
to a temperature near the glass transition temperature of the 
LLT material. 
0073. Throughout this application, various publications 
are referenced. The disclosures of these publications in their 
entireties are hereby incorporated by reference into this 
application in order to more fully describe the compounds, 
compositions and methods described herein. 
0.074 Various modifications and variations can be made 
to the compounds, compositions and methods described 
herein. Other aspects of the compounds, compositions and 
methods described herein will be apparent from consider 
ation of the specification and practice of the compounds, 
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compositions and methods disclosed herein. It is intended 
that the specification and examples be considered as exem 
plary. 

What is claimed is: 
1. A method of inhibiting oxygen and moisture penetra 

tion of a device, comprising the steps of 
a. depositing a tin phosphate low liquidus temperature 

inorganic material on at least a portion of the device to 
create a deposited low liquidus temperature inorganic 
material; and 

b. heat treating the deposited low liquidus temperature 
inorganic material in a Substantially oxygen and mois 
ture free environment to form a hermetic seal; 

wherein the step of depositing the low liquidus tempera 
ture inorganic material comprises the use of a resistive 
heating element comprising tungsten. 

2. The method of claim 1, wherein the tin phosphate 
material comprises tin meta-phosphate, tin ortho-hydrogen 
phosphate, tin ortho-dihydrogen phosphate, tin pyrophos 
phate, or a mixture thereof. 

3. The method of claim 1, wherein the tin phosphate low 
liquidus temperature inorganic material further comprises a 
tin oxide. 

4. The method of claim 1, wherein the tin phosphate low 
liquidus temperature inorganic material comprises from 
about 60 mole percent to about 80 mole percent SnO. 

5. The method of claim 1, wherein the tin phosphate low 
liquidus temperature inorganic material is substantially free 
of fluorine. 

6. The method of claim 1, wherein the tin phosphate low 
liquidus temperature inorganic material further comprises a 
niobium compound. 

7. The method of claim 1, wherein the device comprises 
at least one of: 

an organic-electronic device; 
a thin-film sensor, 
an optoelectronic device; 
a photovoltaic device; 
a food container; or 
a medicine container. 
8. The device produced by the method of claim 1. 
9. An organic electronic device comprising: 
a Substrate plate; 
at least one organic electronic or optoelectronic layer, and 
a tin phosphate low liquidus temperature barrier layer, 

wherein the electronic or optoelectronic layer is her 
metically sealed between the tin phosphate low liquidus 
temperature barrier layer and the substrate plate. 

10. The organic electronic device of claim 9, wherein the 
tin phosphate low liquidus temperature barrier layer com 
prises tin meta-phosphate, tin ortho-hydrogen phosphate, tin 
ortho-dihydrogen phosphate, or a mixture thereof. 

11. The organic electronic device of claim 9, wherein the 
tin phosphate low liquidus temperature barrier layer com 
prises tin pyrophosphate. 

12. The organic electronic device of claim 9, wherein the 
tin phosphate low liquidus temperature barrier layer further 
comprises a tungsten compound. 

13. The organic electronic device of claim 12, wherein the 
tin phosphate low liquidus temperature barrier layer com 
prises from greater than 0 to about 10 weight percent 
tungsten. 
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14. The organic electronic device of claim 9, wherein the 
tin phosphate low liquidus temperature barrier layer further 
comprises a niobium compound. 

15. An apparatus having at least a portion thereof sealed 
with a tin phosphate low liquidus temperature barrier layer. 

16. The apparatus of claim 15, wherein the tin phosphate 
low liquidus temperature barrier layer comprises tin meta 
phosphate, tin ortho-hydrogen phosphate, tin ortho-dihydro 
gen phosphate, or a mixture thereof. 

17. The apparatus of claim 15, wherein the tin phosphate 
low liquidus temperature barrier layer comprises tin pyro 
phosphate. 

Feb. 28, 2008 

18. The apparatus of claim 15, wherein the tin phosphate 
low liquidus temperature barrier layer further comprises a 
tungsten compound. 

19. The apparatus of claim 18, wherein the tin phosphate 
low liquidus temperature barrier layer further comprises a 
niobium compound. 

20. The apparatus of claim 15, wherein the tin phosphate 
low liquidus temperature barrier layer further comprises a 
niobium compound. 


