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DESCRIPTION

BACKGROUND

[0001] Electrochromism is a phenomenon in which a material exhibits a reversible electrochemically-mediated change in an
optical property when placed in a different electronic state, typically by being subjected to a voltage change. The optical property
is typically one or more of color, transmittance, absorbance, and reflectance. One well known electrochromic material, for
example, is tungsten oxide (WO3). Tungsten oxide is a cathodic electrochromic material in which a coloration transition,

transparent to blue, occurs by electrochemical reduction.

[0002] Electrochromic materials may be incorporated into, for example, windows and mirrors. The color, transmittance,
absorbance, and/or reflectance of such windows and mirrors may be changed by inducing a change in the electrochromic
material.

[0003] One well known application of electrochromic materials, for example, is the rear view mirror in some cars. In these
electrochromic rear view mirrors, the reflectivity of the mirror changes at night so that the headlights of other vehicles are not
distracting to the driver.

[0004] While electrochromism was discovered in the 1960's, electrochromic devices still unfortunately suffer various problems
and have not begun to realize their full commercial potential.

[0005] The following documents are known from the prior art and relevant to the invention.

[0006] Patent application EP1696261A1 discloses a method of fabricating an electrochromic device, the method comprising
notably the step of lithiating the counter-electrode layer formed of tungsten-nickel oxide.

[0007] Patent application US2006/0035021A1 discloses a method of fabricating an electrochromic device where the substrate is
held vertically during the deposition process.

[0008] "Increasing yields and broadening markets: Process innovations in the manufacturing of energy-saving windows glazings”,
Final report, DOE award number: DE-FC26-99FT40647. This document discloses methods to decrease the number of defects in
electrochromic devices.

SUMMARY OF INVENTION

[0009] The present invention is directed to a method of fabricating an electrochromic device on an architectural glass substrate,
as defined in and by claim 1.

[0010] The inventors have observed that prior electrochromic devices frequently suffer from poor reliability and poor
performance. Some of the difficulties result from inappropriate design and construction of the devices. The inventors have
discovered, among other features described herein, that in order to improve device reliability two layers of an electrochromic
device, the counter electrode layer and the electrochromic layer, can each be fabricated to include defined amounts of lithium.
Further, the electrochromic device may be subjected to a multistep thermochemical conditioning operation to improve
performance. Additionally, careful choice of the materials and morphology of some components of the electrochromic device
provides improvements in performance and reliability. In some embodiments, all layers of the device are entirely solid and
inorganic.

[0011] Also described is an electrochromic window includes an architectural glass substrate and a stack disposed on the
substrate. The stack includes a (i) a tungsten oxide electrochromic layer, (ii) a solid inorganic lithium ion conducting layer, and (iii)
a nickel tungsten oxide counter electrode layer. The ion conducting layer separates the electrochromic layer and the counter
electrode layer.

[0012] Also described is an electrochromic window which includes an architectural glass substrate and a stack disposed on the
substrate. The stack includes a (i) a tungsten oxide electrochromic layer, (ii) a solid and inorganic lithium ion conducting layer,
and (ii) a substantially amorphous nickel tungsten oxide counter electrode layer. The ion conducting layer separates the
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electrochromic layer and the counter electrode layer.

[0013] In certain embodiments, a multistep thermochemical conditioning process in then performed that includes heating the
stack in an environment substantially free of components that react with one or more layers in the stack, and heating the stack in
an environment comprising an agent that reacts with one or more layers in the stack.

[0014] These and other features and advantages of the invention will be described in further detail below, with reference to the
associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The following detailed description can be more fully understood when considered in conjunction with the drawings in
which:

Figure 1 is a schematic cross-section of an electrochromic device manufactured in accordance with embodiments of the invention.

Figure 2 is a schematic cross-section of an electrochromic device in a bleached state manufactured in accordance with specific
embodiments of the invention.

Figure 3 is a schematic cross-section of an electrochromic device in a colored state manufactured in accordance with specific
embodiments of the invention.

Figure 4 is a schematic cross-section of an electrochromic device with a particle in the ion conducting layer causing a localized
defect in the device.

Figure 5Ais a schematic cross-section of an electrochromic device with a particle on the conductive layer prior to depositing the
remainder of the electrochromic stack.

Figure 5B is a schematic cross-section of the electrochromic device of Figure 5A, where a "pop off defect is formed during
electrochromic stack formation.

Figure 5C is a schematic cross-section of the electrochromic device of Figure 5B, showing an electrical short that is formed from
the pop off defect once the second conductive is deposited.

Figure 6A depicts a cross-sectional representation of an electrochromic window device in accord with the multistep process
description provided in relation to Figure 7A.

Figure 6B depicts a top view of an electrochromic device showing location of trenches cut into the device.
Figure 7A depicts a process flow describing a method of fabricating an electrochromic window.

Figures 7B - 7D depict steps of methods of fabricating an electrochromic stack which are part of the invention.
Figure 7E depicts a process flow for a conditioning process used to fabricate an electrochromic device.
Figure 8A depicts an integrated deposition system.

Figure 8B depicts an integrated deposition system in a perspective view.

Figure 8C depicts a modular integrated deposition system.

Figure 8D depicts an integrated deposition system with two lithium deposition stations.

Figure 8E depicts an integrated deposition system with one lithium deposition station.

DETAILED DESCRIPTION

ELECTROCHROMIC DEVICES
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[0016] A schematic cross-section of an electrochromic device 100 manufactured in accordance with some embodiments is shown
in Figure 1. The electrochromic device includes a substrate 102, a conductive layer (CL) 104, an electrochromic layer (EC) 106,
an ion conducting layer (IC) 108, a counter electrode layer (CE) 110, and a conductive layer (CL) 114. Elements 104, 106, 108,
110, and 114 are collectively referred to as an electrochromic stack 120. A voltage source 116 operable to apply an electric
potential across the electrochromic stack 120 effects the transition of the electrochromic device from, e.g., a bleached state to a
colored state. In other devices manufactured in accordance with other embodiments, the order of layers is reversed with respect
to the substrate. That is, the layers are in the following order: subsirate, conductive layer, counter electrode layer, ion conducting
layer, electrochromic material layer, conductive layer.

[0017] It should be understood that the reference to a transition between a bleached state and colored state is non-limiting and
suggests only one example, among many, of an electrochromic transition that may be implemented. Unless otherwise specified
herein, whenever reference is made to a bleached-colored transition, the corresponding device or process encompasses other
optical state transitions such nonreflective-reflective, transparent-opaque, etc. Further the term "bleached" refers to an optically
neutral state, e.g., uncolored, transparent or translucent. Still further, unless specified otherwise herein, the "color" of an
electrochromic transition is not limited to any particular wavelength or range of wavelengths. As understood by those of skill in the
art, the choice of appropriate electrochromic and counter electrode materials governs the relevant optical transition.

[0018] The electrochromic device reversibly can cycle between a bleached state and a colored state. In the bleached state, a
potential is applied to the electrochromic stack 120 such that available ions in the stack that can cause the electrochromic
material 106 to be in the colored state reside primarily in the counter electrode 110. When the potential on the electrochromic
stack is reversed, the ions are transported across the ion conducting layer 108 to the electrochromic material 106 and cause the
material to enter the colored state. A more detailed description of the transition from bleached to colored state, and from colored
to bleached state, is included below in the description of Figures 2 and 3, but first the individual layers of stack 120 will be
described in more detail in relation to Figure 1.

[0019] In certain embodiments, all of the materials making up electrochromic stack 120 are inorganic, solid (i.e., in the solid
state), or both inorganic and solid. Because organic materials tend to degrade over time, inorganic materials offer the advantage
of a reliable electrochromic stack that can function for extended periods of time. Materials in the solid state also offer the
advantage of not having containment and leakage issues, as materials in the liquid state often do. Each of the layers in the
electrochromic device is discussed in detail, below. It should be understood that any one or more of the layers in the stack may
contain some amount of organic material, but in many implementations one or more of the layers contains little or no organic
matter. The same can be said for liquids that may be present in one or more layers in small amounts. It should also be
understood that solid state material may be deposited or otherwise formed by processes employing liquid components such as
certain processes employing sol-gels or chemical vapor deposition.

[0020] Referring again to Figure 1, voltage source 116 is typically a low voltage electrical source and may be configured to
operate in conjunction with radiant and other environmental sensors. Voltage source 116 may also be configured to interface with
an energy management system, such as a computer system that controls the electrochromic device according to factors such as
the time of year, time of day, and measured environmental conditions. Such an energy management system, in conjunction with
large area electrochromic devices (i.e., an electrochromic window), can dramatically lower the energy consumption of a building.

[0021] Suitable glasses include either clear or tinted soda lime glass, including soda lime float glass. The glass may be tempered
or untempered. In electrochromic device 100 with glass, e.g. soda lime glass, used as substrate 102, there is a sodium diffusion
barrier layer (not shown) between substrate 102 and conductive layer 104 to prevent the diffusion of sodium ions from the glass
into conductive layer 104.

[0022] The optical transmittance (i.e., the ratio of transmitted radiation or spectrum to incident radiation or spectrum) of substrate
102 is about 40 to 95%, e.g., about 90-92%. The substrate may be of any thickness, as long as it has suitable mechanical
properties to support the electrochromic stack 120. While the substrate 102 may be of any size, in some embodiments, it is about
0.01 mm to 10 mm thick, preferably about 3 mm to 9 mm thick.

[0023] The substrate is architectural glass. Architectural glass is glass that is used as a building material. Architectural glass is
typically used in commercial buildings, but may also be used in residential buildings, and typically, though not necessarily,
separates an indoor environment from an outdoor environment. In certain embodiments, architectural glass is at least 20 inches
by 20 inches, and can be much larger, e.g., as large as about 72 inches by 120 inches. Architectural glass is typically at least
about 2 mm thick. Architectural glass that is less than about 3.2 mm thick cannot be tempered. In some embodiments of the
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invention , the substrate may still be tempered even after the electrochromic stack has been fabricated on the substrate. The
substrate can be a soda lime glass from a tin float line. The percent transmission over the visible spectrum of an architectural
glass substrate (i.e., the integrated transmission across the visible spectrum) is generally greater than 80% for neutral substrates,
but it could be lower for colored substrates. Preferably, the percent transmission of the substrate over the visible spectrum is at
least about 90% (e.g., about 90-92%). The visible spectrum is the spectrum that a typical human eye will respond to, generally
about 380 nm (purple) to about 780 nm (red). In some cases, the glass has a surface roughness of between about 10 and 30 nm.

[0024] On top of substrate 102 is conductive layer 104. one or both of the conductive layers 104 and 114 is inorganic and/or
solid. Conductive layers 104 and 114 may be made from a number of different materials, including conductive oxides, thin metallic
coatings, conductive metal nitrides, and composite conductors. Typically, conductive layers 104 and 114 are transparent at least
in the range of wavelengths where electrochromism is exhibited by the electrochromic layer. Transparent conductive oxides
include metal oxides and metal oxides doped with one or more metals. Examples of such metal oxides and doped metal oxides
include indium oxde, indium tin oxide, doped indium oxide, tin oxide, doped tin oxide, zinc oxide, aluminum zinc oxide, doped zinc
oxide, ruthenium oxide, doped ruthenium oxide and the like. Since oxides are often used for these layers, they are sometimes
referred to as "transparent conductive oxide" (TCQO) layers. Thin metallic coatings that are substantially transparent may also be
used. Examples of metals used for such thin metallic coatings include transition metals including gold, platinum, silver, aluminum,
nickel alloy, and the like. Thin metallic coatings based on silver, well known in the glazing industry, are also used. Examples of
conductive nitrides include titanium nitrides, tantalum nitrides, titanium oxynitrides, and tantalum oxynitrides. The conductive
layers 104 and 114 may also be composite conductors. Such composite conductors may be fabricated by placing highly
conductive ceramic and metal wires or conductive layer patterns on one of the faces of the substrate and then over-coating with
transparent conductive materials such as doped tin oxides or indium tin oxide. Ideally, such wires should be thin enough as to be
invisible to the naked eye (e.g., about 100um or thinner).

[0025] Commercially available substrates such as glass substrates contain a transparent conductive layer coating. Such
products may be used for both substrate 102 and conductive layer 104. Examples of such glasses include conductive layer
coated glasses sold under the trademark TEC Glass™ by Pilkington of Toledo, Ohio, and SUNGATE™ 300 and SUNGATE™ 500
by PPG Industries of Pittsburgh, Pennsylvania. TEC Glass™ is a glass coated with a fluorinated tin oxide conductive layer.

[0026] The same conductive layer can be used for both conductive layers (i.e., conductive layers 104 and 114).

[0027] Different conductive materials can be used for each conductive layer 104 and 114. For example TEC Glass™ is used for
substrate 102 (float glass) and conductive layer 104 (fluorinated tin oxide) and indium tin oxide is used for conductive layer 114.
As noted above, when employing TEC Glass™ there is a sodium diffusion barrier between the glass substrate 102 and TEC
conductive layer 104.

[0028] In some implementations, the composition of a conductive layer, as provided for fabrication, should be chosen or tailored
based on the composition of an adjacent layer (e.g., electrochromic layer 106 or counter electrode layer 110) in contact with the
conductive layer. For metal oxide conductive layers, for example, conductivity is a function of the number of oxygen vacancies in
the conductive layer material, and the number of oxygen vacancies in the metal oxide is impacted by the composition of the
adjacent layer. Selection criteria for a conductive layer may also include the material's electrochemical stability and ability to avoid
oxidation or more commonly reduction by a maobile ion species.

[0029] The function of the conductive layers is to spread an electric potential provided by voltage source 116 over surfaces of
the electrochromic stack 120 to interior regions of the stack, with very little ohmic potential drop. The electric potential is
transferred to the conductive layers though electrical connections to the conductive layers. In some embodiments, bus bars, one
in contact with conductive layer 104 and one in contact with conductive layer 114, provide the electric connection between the
voltage source 116 and the conductive layers 104 and 114. The conductive layers 104 and 114 may also be connected to the
voltage source 116 with other conventional means.

[0030] The thickness of conductive layers 104 and 114 is between about 5 nm and about 10,000 nm, between about 10 nm and
about 1,000 nm, between about 10 nm and about 500 nm. Where TEC Glass™ is used for substrate 102 and conductive layer
104, the conductive layer is about 400 nm thick. Where indium tin oxide is used for conductive layer 114, the conductive layer is
about 100 nm to 400 nm thick (280 nm in one embodiment). More generally, thicker layers of the conductive material may be
employed so long as they provide the necessary electrical properties (e.g., conductivity) and optical properties (e.g.,
transmittance). Generally, the conductive layers 104 and 114 are as thin as possible to increase transparency and to reduce
cost. Conductive layers can be substantially crystalline, or crystalline with a high fraction of large equiaxed grains
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[0031] The thickness of the each conductive layer 104 and 114 is also substantially uniform. Smooth layers (i.e., low roughness,
Ra) of the conductive layer 104 are desirable so that other layers of the electrochromic stack 120 are more compliant. In one
example, a substantially uniform conductive layer varies by no more than about £10% in each of the aforementioned thickness
ranges. In another example, a substantially uniform conductive layer varies by no more than about +5% in each of the
aforementioned thickness ranges. In another example, a substantially uniform conductive layer varies by no more than about +2%
in each of the aforementioned thickness ranges.

[0032] The sheet resistance (Rg) of the conductive layers is also important because of the relatively large area spanned by the
layers. In some examples, the sheet resistance of conductive layers 104 and 114 is about 5 to 30 Ohms per square. In some
examples, the sheet resistance of conductive layers 104 and 114 is about 15 Ohms per square. In general, it is desirable that the
sheet resistance of each of the two conductive layers be about the same. In one example, the two layers each have a sheet
resistance of about 10-15 Ohms per square.

[0033] Overlaying conductive layer 104 is a tungsten oxide electrochromic layer 106.

[0034] In some examples, the tungsten oxide is doped with one or more dopants such as lithium, sodium, potassium,
molybdenum, vanadium, titanium, and/or other suitable metals or compounds containing metals. Mixed oxides (e.g., W-Mo oxide,
W-V oxide) are also used in certain examples. An electrochromic layer 106 comprising a metal oxide is capable of receiving ions
transferred from counter electrode layer 110.

[0035] Tungsten oxide or doped tungsten oxide is used for electrochromic layer 106. In one example, the electrochromic layer is
made substantially of WOy, where "X' refers to an atomic ratio of oxygen to tungsten in the electrochromic layer, and x is between
about 2.7 and 3.5. It has been suggested that only sub-stoichiometric tungsten oxide exhibits electrochromism; i.e., stoichiometric
tungsten oxide WO3, does not exhibit electrochromism. In a more specific example, WOy,where x is less than 3.0 and at least
about 2.7 is used for the electrochromic layer. In another example, the electrochromic layer is WOx, where x is between about 2.7
and about 2.9. Techniques such as Rutherford Backscattering Spectroscopy (RBS) can identify the total number of oxygen atoms
which include those bonded to tungsten and those not bonded to tungsten. In some instances, tungsten oxide layers where xis 3
or greater exhibit electrochromism, presumably due to unbound excess oxygen along with sub-stoichiometric tungsten oxide. In
another example, the tungsten oxide layer has stoichiometric or greater oxygen, where xis 3.0 to about 3.5.

[0036] In certain examples, the tungsten oxide is crystalline, nanocrystalline, or amorphous. In some embodiments, the tungsten
oxide is substantially nanocrystalline, with grain sizes, on average, from about 5 nm to 50 nm (or from about 5 nm to 20 nm), as
characterized by transmission electron microscopy (TEM). The tungsten oxde morphology may also be characterized as
nanocrystalline using xray diffraction (XRD); XRD. For example, nanocrystalline electrochromic tungsten oxide may be
characterized by the following XRD features: a crystal size of about 10 to 100 nm (e.g., about 55nm. Further, nanocrystalline
tungsten oxide may exhibit limited long range order, e.g., on the order of several (about 5 to 20) tungsten oxide unit cells.

[0037] The thickness of the electrochromic layer 106 depends on the electrochromic material selected for the electrochromic
layer. In some examples, the electrochromic layer 106 is about 50 nm to 2,000 nm, or about 200 nm to 700 nm. In some
examples, the electrochromic layer is about 300 nm to about 500 nm. The thickness of the electrochromic layer 106 is also
substantially uniform. In one example, a substantially uniform electrochromic layer varies only about +10% in each of the
aforementioned thickness ranges. In another example, a substantially uniform electrochromic layer varies only about +5% in each
of the aforementioned thickness ranges. In another example, a substantially uniform electrochromic layer varies only about +3%
in each of the aforementioned thickness ranges.

[0038] Generally, in electrochromic materials, the colorization (or change in any optical property - e.g., absorbance, reflectance,
and transmittance) of the electrochromic material is caused by reversible ion insertion into the material (e.g., intercalation) and a
corresponding injection of a charge balancing electron. Typically some fraction of the ion responsible for the optical transition is
irreversibly bound up in the electrochromic material. As explained below some or all of the irreversibly bound ions are used to

compensate "blind charge” in the material. In most electrochromic materials, suitable ions include lithium ions (Li*) and hydrogen
ions (H") (i.e., protons). In some cases, however, other ions will be suitable. These include, for example, deuterium ions (D¥),
sodium ions (Na™), potassium ions (K*), calcium ions (Ca™), barium ions (Ba™), strontium ions (Sr**), and magnesium ions

(Mg*™). In accordance with the present invention, lithium ions are used to produce the electrochromic phenomena. Intercalation of
lithium fons into tungsten oxide (WO3. (0 <y < ~0.3)) causes the tungsten oxide to change from transparent (bleached state) to

blue (colored state).
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[0039] Referring again to Figure 1, in electrochromic stack 120, ion conducting layer 108 overlays electrochromic layer 106. On
top of ion conducting layer 108 is counter electrode layer 110. The counter electrode layer comprises materials that are capable
of serving as reservoirs of ions when the electrochromic device is in the bleached state. During an electrochromic transition
initiated by, e.g., application of an appropriate electric potential, the counter electrode layer transfers some or all of the ions it
holds to the electrochromic layer, changing the electrochromic layer to the colored state. Concurrently, in the case of NWO, the
counter electrode layer colors with the loss of ions.

[0040] Nickel-tungsten oxide is used in the counter electrode, which is complementary to WO3.

[0041] Doped formulations of this oxide may also be used, with dopants including, e.g., tantalum and tungsten. Because counter
electrode layer 110 contains the ions used to produce the electrochromic phenomenon in the electrochromic material when the
electrochromic material is in the bleached state, the counter electrode preferably has high transmittance and a neutral color when
it holds significant quantities of these ions.

[0042] In certain examples, the amount of nickel present in the nickel-tungsten oxide can be up to about 90% by weight of the
nickel-tungsten oxide. In a specific embodiment, the mass ratio of nickel to tungsten in the nickel-tungsten oxide is between about
4:6 and 6:4 (e.g., about 1:1). In one example, the NWO is between about 15% (atomic) Ni and about 60% Ni; between about 10%
W and about. 40% W; and between about 30% O and about 75% O. In another example, the NIWO is between about 30%
(atomic) Ni and about 45% Ni; between about 10% W and about 25% W, and between about 35% O and about 50% O. In one
example, the NWO is about 42% (atomic) Ni, about 14% W, and about 44% O.

[0043] When charge is removed from a counter electrode 110 made of nickel tungsten oxide (i.e., ions are transported from the
counter electrode 110 to the electrochromic layer 106), the counter electrode layer will turn from a transparent state to a brown
colored state.

[0044] The counter electrode morphology may be crystalline, nanocrystalline, or amorphous. Where the counter electrode layer
is nickel-tungsten oxide, the counter electrode material is amorphous or substantially amorphous. Substantially amorphous nickel-
tungsten oxide counter electrodes have been found to perform better, under some conditions, in comparison to their crystalline
counterparts. The amorphous state of the nickel-tungsten oxide may be obtained though the use of certain processing conditions,
described below. While not wishing to be bound to any theory or mechanism, it is believed that amorphous nickel-tungsten oxide
is produced by relatively higher energy atoms in the sputtering process. Higher energy atoms are obtained, for example, in a
sputtering process with higher target powers, lower chamber pressures (i.e., higher vacuum), and smaller source to substrate
distances. Under the described process conditions, higher density films, with better stability under UV/heat exposure are
produced.

[0045] The thickness of the counter electrode is about 50 nm about 650 nm, or about 100 nm to about 400 nm, preferably in the
range of about 200 nm to 300 nm. The thickness of the counter electrode layer 110 is also substantially uniform. In one example,
a substantially uniform counter electrode layer varies only about £10% in each of the aforementioned thickness ranges. In
another example, a substantially uniform counter electrode layer varies only about +5% in each of the aforementioned thickness
ranges. In another example, a substantially uniform counter electrode layer varies only about +3% in each of the aforementioned
thickness ranges.

[0046] The amount of ions held in the counter electrode layer during the bleached state (and correspondingly in the
electrochromic layer during the colored state) and available to drive the electrochromic transition depends on the composition of
the layers as well as the thickness of the layers and the fabrication method. Both the electrochromic layer and the counter
electrode layer are capable of supporting available charge (in the form of lithium ions and electrons) in the neighborhood of
several tens of millicoulombs per square centimeter of layer surface area. The charge capacity of an electrochromic film is the
amount of charge that can be loaded and unloaded reversibly per unit area and unit thickness of the film by applying an external

voltage or potential. In one example, a the WO3 layer has a charge capacity of between about 30 and about 150 mCfcm/micron.
In another example, the WO3 layer has a charge capacity of between about 50 and about 100 mC/emZimicron. In one example,
the NIWO layer has a charge capacity of between about 75 and about 200 mClcm2/micron. In another example, the NWO layer

has a charge capacity of between about 100 and about 150 mClemZ/micron.

[0047] In between electrochromic layer 106 and counter electrode layer 110, there is a solid inorganic lithium ion conducting
layer 108. lon conducting layer 108 serves as a medium through which ions are transported (in the manner of an electrolyte)
when the electrochromic device transforms between the bleached state and the colored state. Preferably, ion conducting layer
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108 is highly conductive to the relevant ions for the electrochromic and the counter electrode layers, but has sufficiently low
electron conductivity that negligible electron transfer takes place during normal operation. A thin ion conducting layer with high
ionic conductivity permits fast ion conduction and hence fast switching for high performance electrochromic devices.

[0048] When fabricated from a material and in a manner that produces relatively few defects, the ion conductor layer can be
made very thin to produce a high performance device. In various implementations, the ion conductor material has an ionic

conductivity of between about 108 Siemens/cm or ohm™! cm™ and about 109 Siemensfcm or ohm™ cm™ and an electronic

resistance of about 1011 ohms-cm.

[0049] Examples of suitable ion conducting layers include silicates, silicon oxides, tungsten oxides, tantalum oxides, niobium
oxides, and borates. The silicon oxides include silicon-aluminum-oxide. These materials may be doped with different dopants,
including lithium. Lithium doped silicon oxides include lithium silicon-aluminum-oxide. In some examples, the ion conducting layer
comprises a silicate-based structure. In other examples, suitable ion conductors particularly adapted for lithium ion transport
include, but are not limited to, lithium silicate, lithium aluminum silicate, lithium aluminum borate, lithium aluminum fluoride, lithium
borate, lithium nitride, lithium Zirconium silicate, lithium niobate, lithium borosilicate, lithium phosphosilicate, and other such lithium-
based ceramic materials, silicas, or silicon oxides, including lithium silicon-oxide. Any material, however, may be used for the ion
conducting layer 108 provided it can be fabricated with low defectivity and it allows for the passage of ions between the counter
electrode layer 110 to the electrochromic layer 106 while substantially preventing the passage of electrons. According to the
invention nickel tungsten oxide is used for the counter electrode layer.

[0050] In certain examples, the ion conducting layer is crystalline, nanocrystalline, or amorphous. Typically, the ion conducting
layer is amorphous. In another example, the ion conducting layer is nanocrystalline. In yet another example, the ion conducting
layer is crystalline.

[0051] In some examples, a silicon-aluminum-oxide (SIAIO) is used for the ion conducting layer 108. In a specific example, a
silicon/aluminum target used to fabricate the ion conductor layer via sputtering contains between about 6 and about 20 atomic
percent aluminum. This defines the ratio of silicon to aluminum in the ion conducting layer. In some embodiments, the silicon-
aluminum-oxide ion conducting layer 108 is amorphous.

[0052] The thickness of the ion conducting layer 108 may vary depending on the material. In some embodiments, the ion
conducting layer 108 is about 10 nm to 100 nm thick, preferably about 10 nm to 60 nm thick. In some examples, the ion
conducting layer is about 15 nm to 40 nm thick or about 25 nm to 30 nm thick. The thickness of the ion conducting layer is also
substantially uniform. In one example, a substantially uniform ion conducting layer varies by not more than about £10% in each of
the aforementioned thickness ranges. In another example, a substantially uniform ion conducting layer varies by not more than
about + 5% in each of the aforementioned thickness ranges. In another example, a substantially uniform ion conducting layer
varies by not more than about +3% in each of the aforementioned thickness ranges.

[0053] lons transported across the ion conducting layer between the electrochromic layer and the counter electrode layer serve
to effect a color change in the electrochromic layer (i.e., change the electrochromic device from the bleached state to the colored

state). Depending on the choice of materials for the electrochromic device stack, such ions include lithium ions (Li*) and

hydrogen ions (H*) (i.e., protons). As mentioned above, other ions may be employed. These include deuterium ions (D), sodium

ions (Na*), potassium ions (K*), calcium ions (Ca**), barium ions (Ba**), strontium ions (Sr**), and magnesium ions (Mg*™).

[0054] As noted, the ion conducting layer 108 should have very few defects. Among other problems, defects in the ion
conducting layer may result in short circuits between the electrochromic layer and the counter electrode layer (described in more
detail below in relation to Figure 4). A short circuit occurs when electrical communication is established between oppositely
charged conductive layers, e.g. a conductive particle makes contact with each of two conductive and electrically charged layers
(as opposed to a "pin hole" which is a defect which does not create a short circuit between oppositely charged conductive layers).
When a short circuit occurs, electrons rather than ions migrate between the electrochromic layer and the counter electrode,
typically resulting in bright spots (i.e., spots where the window does not switch but instead, maintains the open circuit coloration
which is often much lighter than the colored state) at the location of the short when the electrochromic device is otherwise in the
colored state. The ion conducting layer is preferably as thin as possible, without any shorts between the electrochromic layer and
the counter electrode layer. As indicated, low defectivity in the ion conducting layer 108 (or elsewhere in the electrochromic
device) allows for a thinner ion conducting layer 108. lon transport between the electrochromic layer and the counter electrode
layer with electrochemical cycling is faster when using a thin ion conducting layer. To generalize, the defectivity criteria specified
herein may apply to any specific layer (ion conducting layer or otherwise) in the stack or to the stack as a whole or to any portion
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thereof. Defectivity criteria will be further discussed below.

[0055] The electrochromic device 100 may include one or more additional layers (not shown) such as one or more passive
layers. Passive layers used to improve certain optical properties may be included in electrochromic device 100. Passive layers for
providing moisture or scratch resistance may also be included in the electrochromic device 100. For example, the conductive
layers may be treated with anti-reflective or protective oxide or nitride layers. Other passive layers may serve to hermetically seal
the electrochromic device 100.

[0056] Figure 2 is a schematic cross-section of an electrochromic device in a bleached state (or transitioning to a bleached
state). The electrochromic device 200 includes a tungsten oxde electrochromic layer (EC) 206 and a nickel-tungsten oxide
counter electrode layer (CE)210. In some cases, the tungsten oxide electrochromic layer 206 has a nanocrystalline, or
substantially nanocrystalline, morphology. In some examples, the nickel-tungsten oxide counter electrode layer 210 has an
amorphous, or substantially amorphous, morphology. In some embodiments, the weight percent ratio of tungsten to nickel in the
nickel-tungsten oxide is about 0.40 -0.60

[0057] The electrochromic device 200 also includes substrate 202, conductive layer (CL) 204, ion conducting layer (IC) 208, and
conductive layer (CL) 214. In some embodiments, the substrate 202 and conductive layer 204 together comprise a TEC-Glass™.
As indicated, the electrochromic devices described herein, such as those of Figure 2, often find beneficial application in
architectural glass. Thus, , the substrate 202 is of the dimensions such that it may be classified as architectural glass. The
conductive layer 214 is indium tin oxide (ITO), the ion conducting layer 208 is a silicon-aluminum-oxde.

[0058] The voltage source 216 is configured to apply a potential to electrochromic stack 220 through suitable connections (e.g.,
bus bars) to conductive layers 204 and 214. The voltage source is configured to apply a potential of about 2 volts in order to
drive a transition of the device from one optical state to another. The polarity of the potential as shown in Figure 2 is such that the
ions (lithium ions in this example) primarily reside in the nickel-tungsten oxide counter electrode layer 210.

[0059] With tungsten oxide as the electrochromic layer and nickel-tungsten oxide as the counter electrode layer, the ratio of the
electrochromic layer thickness to the counter electrode layer thickness may be about 1.7:1 to 2.3:1 (e.g., about 2:1). The
electrochromic tungsten oxide layer is about 200 nm to 700 nm thick, or about 400 nm to 500 nm thick, The nickel tungsten oxide
counter electrode layer is about 100 nm to 350 nm thick, or about 200 nm to 250 nm thick, or is about 240 nm thick. Also, the
silicon-aluminum-oxide ion conducting layer 208 is about 10 nm to 100 nm thick, or about 20 nm to 50 nm thick.

[0060] As indicated above, electrochromic materials contain blind charge. The blind charge in an electrochromic material is the
charge (e.g., negative charge in the cases of tungsten oxide electrochromic material) that exists in the material as fabricated,
absent compensation by oppositely charged ions or other charge carriers. With tungsten oxide, for example, the magnitude of the
blind charge depends upon the excess oxygen concentration during sputtering of the tungsten oxide. Functionally, blind charge
must be compensated before the ions employed to transform the electrochromic material can effectively change an optical
property of the electrochromic material. Without prior compensation of the blind charge, ions supplied to an electrochromic
material will irreversibly incorporate in the material and have no effect on the optical state of the material. Thus, an electrochromic
device is typically provided with ions, such as lithium ions or protons, in an amount sufficient both to compensate the blind charge
and to provide a supply of ions for reversibly switching the electrochromic material between two optical states. In many known
electrochromic devices, charge is lost during the first electrochemical cycle in compensating blind charge.

[0061] In accordance with the present invention, lithium is present in the electrochromic stack 220 in an amount sufficient to
compensate the blind charge in the electrochromic layer 206 and then an additional amount of 1.5 to 2.5 times the amount used
to compensate the blind charge (by mass) in the stack (initially in the counter electrode layer 210 for example). That is, there is
1.5 to 2.5 times the amount of lithium needed to compensate the blind charge that is provided for reversible cycling between the
electrochromic layer 206 and the counter electrode layer 210 in the electrochromic stack 220. In some embodiments, there are
enough lithium in the electrochromic stack 220 to compensate the blind charge in the electrochromic layer 206 and then about
two times this amount (by mass) in the counter electrode layer 210 or elsewhere in the stack.

[0062] Figure 3 is a schematic cross-section of electrochromic device 200 shown in Figure 2 but in a colored state (or
transitioning to a colored state). In Figure 3, the polarity of voltage source 216 is reversed, so that the electrochromic layer is
made more negative to accept additional lithium ions, and thereby transition to the colored state. As shown, lithium ions are
transported across the ion conducting layer 208 to the tungsten oxide electrochromic layer 206. The tungsten oxide
electrochromic layer 206 is shown in the colored state. The nickel-tungsten oxide counter electrode 210 is also shown in the
colored state. As explained, nickel-tungsten oxide becomes progressively more opaque as it gives up (deintercalates) lithium ions.
In this example, there is a synergistic effect where the transition to colored states for both layers 206 and 210 are additive toward
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reducing the amount of light transmitted through the stack and substrate.

[0063] Electrochromic devices of the types described above are very reliable, often substantially more so than counterpart
devices of the prior art. Reliability may be characterized by various metrics. Some of these are described in ASTM E2141 - 06
(Standard Test Methods for Assessing the Durability of Absorptive Electrochromic Coatings on Sealed Insulating Glass Units). In
some specific cases, the devices are able to cycle between two distinct optical states (e.g., between bleached and colored) over
50,000 times while maintaining a ratio of the bleached Tjg to colored T,jg (also know as PTR or photopic transmission ratio) of >

4. The longevity of these electrochromic devices makes them suitable for use in applications where the electrochromic devices
are expected to be in place for tens of years. Furthermore, the electrochromic devices are able to cycle between bleached and
unbleached states without losing transmissivity in the bleached state and without degradation of the color or other property in the
unbleached state. In some cases, the high reliability of an electrochromic device

[0064] herein described is due in part to a design in which the thickness of the electrochromic layer and/or the thickness of the
counter electrode layer in a stack do not substantially change during electrochemical cycling of the electrochromic device from
their as deposited, post lithiation thickness (e.g., by no more than about 4%).

[0065] As indicated above, many electrochromic devices as described herein have a reduced number of defects; i.e.,
considerably fewer than are present in comparable prior devices. As used herein, the term "defect" refers to a defective point or
region of an electrochromic device. Defects may be caused by electrical shorts or by pinholes. Further, defects may be
characterized as visible or non-visible. In general, a defect in an electrochromic device does not change optical state (e.g., color)
in response to an applied potential that is sufficient to cause non-defective regions of the electrochromic device to color or
otherwise change optical state. Often a defect will be manifest as visually discernable anomalies in the electrochromic window or
other device. Such defects are referred to herein as "visible" defects. Other defects are so small that they are not visually
noticeable to the observer in normal use (e.g., such defects do not produce a noticeable light point when the device is in the
colored state during daytime). A short is a localized electronically conductive pathway spanning the ion conducting layer (e.g., an
electronically conductive pathway between the two TCO layers). A pinhole is a region where one or more layers of the
electrochromic device are missing or damaged so that electrochromism is not exhibited. Pinholes are not electrical shorts. Three
types of defects are of primary concern: (1) visible pinholes, (2) visible shorts, and (3) non-visible shorts. Typically, though not
necessarily, a visible short will have defect dimension of at least about 3 micrometers resulting in a region, e.g. of about 1 cmin
diameter, where the electrochromic effect is perceptibly diminished - these regions can be reduced significantly by isolating the
defect causing the visible short so that to the naked eye the visible short will resemble only a visible pinhole. A visible pinhole will
have a defect dimension of at least about 100 micrometers.

[0066] In some cases, an electrical short is created by a conductive particle lodging in the ion conducting layer, thereby causing
an electronic path between the counter electrode layer and the electrochromic layer or the TCO associated with either one of
them. In some other cases, a defect is caused by a particle on the substrate (on which the electrochromic stack is fabricated) and
such particle causes layer delamination

[0067] (sometimes called "pop-off') or the layers not to adhere to the substrate. Both types of defects are illustrated below in
Figures 4 and 5A - 5C. A delamination or pop-off defect can lead to a short if it occurs before a TCO or associated EC or CE is
deposited. In such cases, the subsequently deposited TCO or EC/CE layer will directly contact an underlying TCO or CE/EC layer
providing direct electronic conductive pathway. A few examples of defect sources are presented in the table below. The table
below is intended to provide examples of mechanisms that lead to the different types of visible and non-visible defects. Additional
factors exist which may influence how the EC window responds to a defect within the stack.

Particle Location Worst Case Failure Effect
On float Pops off leaving pinhole Pinhole
OnTEC Pops off allowing ITO- Visible short
TEC short Voltage drop
OnEC Leakage across IC Visible short
Voltage drop
OnlIC Pops off leaving pinhole Pinhole
OnCE Pops off leaving pinhole Pinhole

[0068] An electrical short, even a non-visible one, can cause leakage current across the ion conducting layer and result in a
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potential drop in the vicinity of the short. If the potential drop is of sufficient magnitude it will prevent the electrochromic device
from undergoing an electrochromic transition in the vicinity of the short. In the case of a visible short the defect will appear as a
light central region (when the device is in the colored state) with a diffuse boundary such that the device gradually darkens with
distance from the center of the short. If there are a significant number of electrical shorts (visible or non-visible) concentrated in
an area of an electrochromic device, they may collectively impact a broad region of the device whereby the device cannot switch
in such region. This is because the potential difference between the EC and CE layers in such regions cannot attain a threshold
level required to drive ions across the ion conductive layer. In certain implementations described herein, the shorts (both visible
and non-visible) are sufficiently well controlled that the leakage current does not have this effect anywhere on the device. It
should be understood that leakage current may result from sources other than short-type defects. Such other sources include
broad-based leakage across the ion conducting layer and edge defects such as roll off defects as described elsewhere herein
and scribe line defects. The emphasis here is on leakage caused only by points of electrical shorting across the ion conducting
layer in the interior regions of the electrochromic device.

[0069] Figure 4 is a schematic cross-section of an electrochromic device 400 with a particle in the ion conducting layer causing a
localized defect in the device. Electrochromic device 400 includes the same components as depicted in Figure 2 for
electrochromic device 200. In the ion conducting layer 208 of electrochromic device 400, however, there is a conductive particle
402 or other artifact causing a defect. Conductive particle 402 results in a short between electrochromic layer 206 and counter
electrode layer 210. This short does not allow the flow of ions between electrochromic layer 206 and counter electrode layer 210,
instead allowing electrons to pass locally between the layers, resulting in a transparent region 404 in the electrochromic layer 206
and a transparent region 406 in the counter electrode layer 210 when the remainder of layers 210 and 206 are in the colored
state. That is, if electrochromic device 400 is in the colored state, conductive particle 402 renders regions 404 and 406 of the
electrochromic device unable to enter into the colored state. Sometimes the defect regions are referred to as "constellations”
because they appear as a series of bright spots (or stars) against a dark background (the remainder of the device being in the
colored state). Humans will naturally direct their attention to the constellations and often find them distracting or unattractive.

[0070] Figure 5Ais a schematic cross-section of an electrochromic device 500 with a particle 502 or other debris on conductive
layer 204 prior to depositing the remainder of the electrochromic stack. Electrochromic device 500 includes the same components
as electrochromic device 200. Particle 502 causes the layers in the electrochromic stack 220 to bulge in the region of particle
502, due to conformal layers 206-210 being deposited sequentially over particle 502 as depicted (in this example, layer 214 has
not yet been deposited). While not wishing to be bound by a particular theory, it is believed that layering over such particles,
given the relatively thin nature of the layers, can cause stress in the area where the bulges are formed. More particularly, in each
layer, around the perimeter of the bulged region, there can be defects in the layer, e.g. in the lattice arrangement or on a more
macroscopic level, cracks or voids. One consequence of these defects would be, for example, an electrical short between
electrochromic layer 206 and counter electrode layer 210 or loss of ion conductivity in layer 208. These defects are not depicted
in Figure 5A, however.

[0071] Referring to Figure 5B, another consequence of defects caused by particle 502 is called a "pop-off." In this example, prior
to deposition of conductive layer 214, a portion above the conductive layer 204 in the region of particle 502 breaks loose,
carrying with it portions of electrochromic layer 206, ion conducting layer 208, and counter electrode layer 210. The "pop-off” is
piece 504, which includes particle 502, a portion of electrochromic layer 206, as well as ion conducting layer 208 and counter
electrode layer 210. The result is an exposed area of conductive layer 204. Referring to Figure 5C, after pop-off and once
conductive layer 214 is deposited, an electrical short is formed where conductive layer 214 comes in contact with conductive layer
204. This electrical short would leave a transparent region in electrochromic device 500 when it is in the colored state, similar in
appearance to the defect created by the short described above in relation to Figure 4.

[0072] Pop-off defects due to particles or debris on substrate 202 or 204 (as described above), on ion conducting layer 208, and
on counterelectrode layer 210 may also occur, causing pinhole defects when the electrochromic device is in the colored state.
Also, if particle 502 is large enough and does not cause a pop-off, it might be visible when electrochromic device 500 is in the
bleached state.

[0073] The electrochromic devices are also scalable to substrates smaller or larger than architectural glass. An electrochromic
stack can be deposited onto substrates that are a wide range of sizes, up to about 12 by 12 inches, or even 80 by 120 inches.
The capability of manufacturing electrochromic devices of 20 by 20 inches allows the manufacture of electrochromic architectural
glass for many applications.

[0074] Even very small defects, ones that do not create noticeable points of light or constellations, can cause serious

performance problems. For example, small shorts, particularly multiple instances of them in a relatively small area, can cause a
relatively large leakage current. As a result, there may be a large local potential drop which prevents the electrochromic device
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from switching in the vicinity of the leakage current. Hence small defects can limit the scalability of electrochromic devices and
sometimes preclude deployment on architectural glass.

[0075] In one example, the number of visible pinhole defects is no greater than about 0.04 per square centimeter. In another
example, the number of visible pinhole defects is no greater than about 0.02 per square centimeter, and in more specific example,
the number of such defects is no greater than about 0.01 per square centimeter. Typically, the visible short-type defects are
individually treated after fabrication to leave short-related pinholes as the only visible defects. In one example, the number of
visible short related pinhole defects is no greater than about 0.005 per square centimeter. In another example, the number of
visible short-related pinhole defects is no greater than about 0.003 per square centimeter, and in more specific examples, the
number of such defects is no greater than about 0.001 per square centimeter. In one example, the total number of visible defects,
pinholes and short-related pinholes created from isolating visible short-related defects, is less than about 0.1 defects per square
centimeter, in another example less than about 0.08 defects per square centimeter, in another example less than about 0.045
defects per square centimeter (less than about 450 defects per square meter of window).

[0076] In some examples, the number of non-visible electrical short defects results in leakage currents of less than about 5

uA/cm2 at + 2V bias. These values apply across the entire face of the electrochromic device (i.e., there is no region of the device
(anywhere on the device) having a defect density greater than the recited value).

[0077] In some examples, the electrochromic device has no visible defects greater than about 1.6 mm in diameter (the largest
transverse dimension of the defect). In another example, the device has no visible defects greater than about 0.5 mm in diameter,
in another example the device has no visible defects greater than about 100 pm in diameter.

[0078] In some example, electrochromic glass is integrated into an insulating glass unit (IGU). An insulating glass unit consists of
multiple glass panes assembled into a unit, generally with the intention of maximizing the thermal insulating properties of a gas
contained in the space formed by the unit while at the same time providing clear vision through the unit. Insulating glass units
incorporating electrochromic glass would be similar to insulating glass units currently known in the art, except for electrical leads
for connecting the electrochromic glass to voltage source. Due to the higher temperatures (due to absorption of radiant energy
by an electrochromic glass) that electrochromic insulating glass units may experience, more robust ealants than those used in
conventional insulating glass units may be necessary. For example, stainless steel spacer bars, high temperature polyisobutylene
(PIB), new secondary sealants, foil coated PIB tape for spacer bar seams, and the like.

METHOD OF FABRICATING ELECTROCHROMIC WINDOWS

Deposition of the Electrochromic Stack

[0079] As mentioned in the summary above, the invention is directed to a method of fabricating an electrochromic window. The
method notably includes sequentially depositing on a substrate (i) an electrochromic layer, (ii) an ion conducting layer, and (iii) a
counter electrode layer to form a stack in which the ion conducting layer separates the electrochromic layer and the counter
electrode layer. The sequential deposition employs a single integrated deposition system having a controlled ambient
environment in which the pressure, temperature, and/or gas composition are controlled independently of an external environment
outside of the integrated deposition system, and the substrate does not leave the integrated deposition system at any time during
the sequential deposition of the electrochromic layer, the ion conducting layer, and the counter electrode layer. (Examples of
integrated deposition systems which maintain controlled ambient environments are described in more detail below in relation to
Figures 8A - E.) The gas composition may be characterized by the partial pressures of the various components in the controlled
ambient environment. The controlled ambient environment also may be characterized in terms of the number of particles or
particle densities. In certain embodiments, the controlled ambient environment contains fewer than 350 particles (of size 0.1

micrometers or larger) per mS. In certain embodiments, the controlled ambient environment meets the requirements of a class 100
clean room (US FED STD 209E). In certain embodiments, the controlled ambient environment meets the requirements of a class
10 clean room (US FED STD 209E). The substrate may enter and/or leave the controlled ambient environment in a clean room
meeting class 100 or even class 10 requirements.

[0080] The method of fabrication is integrated into a multistep process for making an electrochromic window using architectural

glass as the substrate. For convenience, the following description contemplates the method and its various embodiments in the
context of a multistep process for fabricating an electrochromic window, but methods of the invention are not so limited.
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Electrochromic mirrors and other devices may be fabricated using some or all of the operations and approaches described
herein.

[0081] Figure 6Ais a cross-sectional representation of an electrochromic window device, 600, in accord with a multistep process
such as that described in relation to Figure 7A. Figure 7A depicts a process flow describing a method, 700, of fabricating an
electrochromic window which incorporates electrochromic device 600. Figure 6B is a top view of device 600 showing the location
of trenches cut into the device. Thus, Figures 6A-B and 7A will be described together. One aspect of the description is an
electrochromic window including device 600 and another aspect of the description is a method, 700, of fabricating an
electrochromic window which includes device 600. Included in the following description are descriptions of Figures 7B - 7E.
Figures 7B - 7D depict specific methods of fabricating an electrochromic stack which is part of device 600. Figure 7E depicts a
process flow for a conditioning process used in fabricating, e.g., device 600.

[0082] Figure 6A shows a specific example of an electrochromic device, 600, which is fabricated starting with a substrate made of
glass 605 which optionally has a diffusion barrier 610 coating and a first transparent conducting oxide (TCO) coating 615 on the
diffusion barrier. Method 700 employs a substrate that is, for example, float glass with sodium diffusion barrier and antireflective
layers followed by a transparent conductive layer, for example a transparent conductive oxide 615. As mentioned above,
substrates suitable for devices of the invention include glasses sold under the trademarks TEC Glass® by Pilkington of Toledo,
Ohio, and SUNGATE® 300 and SUNGATE® 500 by PPG Industries, of Pittsburgh, Pennsylvania. The first TCO layer 615 is the
first of two conductive layers used to form the electrodes of electrochromic device 600 fabricated on the substrate.

[0083] Method 700 begins with a cleaning process, 705, where the substrate is cleaned to prepare it for subsequent processing.
As mentioned above, it is important to remove contaminants from the substrate because they can cause defects in the device
fabricated on the substrate. One critical defect is a particle or other contaminant that creates a conductive pathway across the IC
layer and thus shorts the device locally causing visually discernable anomalies in the electrochromic window. One example of a

cleaning process and apparatus suitable for the fabrication methods of the invention is Lisec™ (a trade name for a glass washing
apparatus and process available from (LISEC Maschinenbau Gmbh of Seitenstetten, Austria). Cleaning the substrate may include
mechanical scrubbing as well as ultrasonic conditioning to remove unwanted particulates. As mentioned, particulates may lead to
cosmetic flaws as well as local shorting within the device.

[0084] Once the substrate is cleaned, a first laser scribe process, 710, is performed in order to remove a line of the first TCO
layer on the substrate. In one embodiment, the resulting trench ablates through both the TCO and the diffusion barrier (although
in some cases the diffusion barrier is not substantially penetrated). Figure 6A depicts this first laser scribe french, 620. A trench is
scribed in the substrate across the entire length of one side of the substrate in order to isolate an area of the TCO, near one
edge of the substrate, which will ultimately make contact with a first bus bar, 640, used to provide current to a second TCO layer,
630, which is deposited on top of electrochromic (EC) stack 625 (which includes the electrochromic, ion conducting and counter
electrode layers as described above). Figure 6B shows schematically (not to scale) the location of trench 620. In the depicted
embodiment, the non-isolated (main) portion of the first TCO layer, on the diffusion barrier, ultimately makes contact with a
second bus bar, 645. Isolation trench 620 may be needed because, in certain embodiments, the method of attaching the first bus
bar to the device includes pressing it through the device stack layers after they are laid down (both on the isolated portion of the
first TCO layer and the main portion of the first TCO layer). Those of skill in the art will recognize that other arrangements are
possible for providing current to the electrodes, in this case TCO layers, in the electrochromic device. The TCO area isolated by
the first laser scribe is typically an area along one edge of the substrate that will ultimately, along with the bus bars, be hidden
when incorporated into the integrated glass unit (IGU) and/or window pane, frame or curtain wall. The laser or lasers used for the
first laser scribe are typically, but not necessarily, pulse-type lasers, for example diode-pumped solid state lasers. For example,
the laser scribes can be performed using a suitable laser from IPG Photonics (of Oxford Massachusetts), or from Ekspla (of
Vilnius Lithuania).

[0085] The laser trench is dug along a side of the substrate from end to end to isolate a portion of the first TCO layer; the depth
and width dimensions of trench 620 made via first laser scribe 710 should be sufficient to isolate the first TCO layer from the bulk
TCO once the device is subsequently deposited. The depth and width of the trench should be sufficient to prevent any remaining
particulates to short across the trench. In one embodiment, the trench is between about 300 nm and 500 nm deep and between
about 20 pm and 50 pm wide. In another embodiment, the trench is between about 350 nm and 450 nm deep and between about
30 pm and 45 pm wide. In another embodiment, the trench is about 400 nm deep and about 40 pm wide.

[0086] After the first laser scribe 710, the substrate is cleaned again (operation 715), typically but not necessarily, using cleaning

methods described above. This second cleaning process is performed to remove any debris caused by the first laser scribe.
Once cleaning operation 715 is complete, the substrate is ready for deposition of EC stack 625. This is depicted in process flow
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700 as process 720. As mentioned above, the method includes sequentially depositing on a substrate (i) an EC layer, (i) an IC
layer, and (iii) a CE layer to form a stack in which the IC layer separates the EC layer and the CE layer using a single integrated
deposition system having a controlled ambient environment in which the pressure and/or gas composition are controlled
independently of an external environment outside of the integrated deposition system, and the substrate does not leave the
integrated deposition system at any time during the sequential deposition of the EC layer, the IC layer, and the CE layer. In one
embodiment, each of the sequentially deposited layers is physical vapor deposited. In general the layers of the electrochromic
device may be deposited by various techniques including physical vapor depaosition, chemical vapor deposition, plasma enhanced
chemical vapor deposition, and atomic layer deposition, to hame a few. The term physical vapor deposition as used herein
includes the full range of art understood, PVD techniques including sputtering, evaporation, ablation, and the like. Figure 7B
depicts one embodiment of process 720. First the EC layer is deposited on the substrate, process 722, then the IC layer is
deposited, process 724, then the CE layer, process 726. The reverse order of deposition is also an embodiment of the invention,
that is, where the CE layer is deposited first, then the IC layer and then the EC layer. In one embodiment, each of the
electrochromic layer, the ion conducting layer, and the counter electrode layer is a solid phase layer. In another embodiment,
each of the electrochromic layer, the ion conducting layer, and the counter electrode layer includes only inorganic material.

[0087] It should be understood that while certain embodiments are described in terms of a counter electrode layer, an ion
conductor layer, and an electrochromic layer, any one or more of these layers may be composed of one or more sub-layers,
which may have distinct compositions, sizes, morphologies, charge densities, optical properties, etc. Further any one or more of
the device layers may have a graded composition or a graded morphology in which the composition or morphology, respectively,
changes over at least a portion of the thickness of the layer. In one example, the concentration of a dopant or charge carrier
varies within a given layer, at least as the layer is fabricated. In another example, the morphology of a layer varies from crystalline
to amorphous. Such graded composition or morphology may be chosen to impact the functional properties of the device. In some
cases, additional layers may be added to the stack. In one example a heat spreader layer is interposed between one or both TCO
layers and the EC stack.

[0088] Also, as described above, the electrochromic devices manufactured according to the invention utilize ion movement
between the electrochromic layer and the counter electrode layer via an ion conducting layer. In some embodiments these ions
(or neutral precursors thereof) are introduced to the stack as one or more layers (as described below in more detail in relation to
Figures 7C and 7D) that eventually intercalate into the stack. In some embodiments these ions are introduced into the stack
concurrently with one or more of the electrochromic layer, the ion conducting layer, and the counter electrode layer. In one
embodiment lithium is, e.g., sputtered along with the material used to make the one or more of the stack layers or sputtered as
part of a material that includes lithium (e.g., by a method employing lithium nickel tungsten oxide). In one embodiment, the IC layer
is deposited via sputtering a lithium silicon aluminum oxide target. In another embodiment, the Li is cosputtered along with silicon
aluminum in order to achieve the desired film.

[0089] Referring again to process 722 in Figure 7B, in one embodiment, depositing the electrochromic layer comprises
depositing WOy, e.g. where x is less than 3.0 and at least about 2.7. In this embodiment, the WOy has a substantially
nanocrystalline morphology. In some embodiments, the electrochromic layer is deposited to a thickness of between about 200 nm
and 700 nm. In one embodiment, depositing the electrochromic layer includes sputtering tungsten from a tungsten containing
target. In one such embodiment, a metallic tungsten (or tungsten alloy) target is used. In another embodiment (which may also
employ a metallic tungsten target) the sputter gas is an inert gas (e.g., argon or xenon) with some oxygen containing gas (e.g.,
molecular or atomic oxygen) present. This is part of the controlled ambient environment that may be present in a deposition
chamber or a station within a larger chamber. In one embodiment, the gas composition contains between about 30% and about
100% oxygen, in another embodiment between about 50% and about 80% oxygen, in yet another embodiment between about
65% and about 75% oxygen. In one embodiment, the tungsten containing target contains between about 80% and 100% (by
weight) tungsten, in another embodiment between about 95% and 100% tungsten, and in yet another embodiment between about
99% and 100% tungsten. In one embodiment, the gas composition is about 70% oxygen/30% argon and the target is metallic
tungsten of a purity of between about 99% and 100%. In another embodiment a tungsten oxide W(O) ceramic target is sputtered
with, e.g., argon. The pressure in the deposition station or chamber, in one embodiment, is between about 1 and about 75 mTorr,

in another embodiment between about 5 and about 50 mTorr, in another embodiment between about 10 and about 20 mTorr. In

one embodiment, the substrate temperature for process 722 is between about 100°C and about 500°C, in another embodiment
between about 100°C and about 300°C, and in another embodiment between about 150°C and about 250°C. The substrate
temperature may be measured in situ by, e.g., a thermocouple such as an infra-red thermo-couple (IR t/c). In one embodiment,

the power density used to sputter the EC target is between about 2 Watts/cm? and about 50 Watts/cm? (determined based on the
power applied divided by the surface area of the target); in another embodiment between about 10 Watts/cm? and about 20

Watts/cm2; and in yet another embodiment between about 15 Watts/cm? and about 20 Watts/cm2. In some embodiments, the
power delivered to effect sputtering is provided via direct current (DC). In other embodiments, pulsed DC/AC reactive sputtering is

13



DK/EP 2414891 T3

used. In one embodiment, where pulsed DC/AC reactive sputtering is used, the frequency is between about 20 kHz and about 400
kHz, in another embodiment between about 20 kHz and about 50 kHz, in yet another embodiment between about 40 kHz and
about 50 kHz, in another embodiment about 40 kHz. The above conditions may be used in any combination with one another to
effect deposition of a high quality tungsten oxide electrochromic layer.

[0090] In one embodiment, in order to normalize the rate of deposition of tungsten, multiple targets are used so as to obviate the
need for inappropriately high power (or other inappropriate adjustment to desired process conditions) to increase deposition rate.
The distance between the target and the substrate may also be important. In one embodiment, the distance between the target
(cathode or source) to the substrate surface is between about 35 mm and about 150 mm; in another embodiment between about
5 mm and about 130 mm; and in another embodiment between about 70 mm and about 100 mm.

[0091] It should be understood that while deposition of the EC layer is described in terms of sputtering from a target, other
deposition techniques are employed in some embodiments. For example, chemical vapor deposition, atomic layer deposition, and
the like may be employed. Each of these techniques, along with PVD, has its own form of material source as is known to those of
skill in the art.

[0092] Referring again to Figure 7B, operation 724, once the EC layer is deposited, the IC layer is deposited. In one
embodiment, depositing the ion conducting layer includes depositing a material selected from the group consisting of a tungsten
oxide, a tantalum oxide, a nicbium oxde, and a silicon aluminum oxde. In another embodiment, depositing the ion conducting
layer includes sputtering a target including between about 2% and 20% by weight of aluminum (remainder silicon) in an oxygen
containing environment to produce a layer of silicon aluminum oxide. In a more specific embodiment, the target is between about
5% and about 10% aluminum in silicon, in another embodiment, between about 7% and about 9% aluminum in silicon. In one
embodiment, the gas composition contains between about 15% and about 70% oxygen, in another embodiment between about
20% and about 50% oxygen, in yet another embodiment between about 25% and about 45% oxygen, in another embodiment
about 35% oxygen. In another embodiment, depositing the ion conducting layer includes depositing the ion conducting layer to a
thickness of between about 10 and 100 nm. In yet another embodiment, depositing the ion conducting layer includes depositing
the ion conducting layer to a thickness of between about 20 and 50 nm. In one embodiment, the power density used to sputter the

IC target is between about 1 Watts/cm? and about 20 Watts/cm? (determined based on the power applied divided by the surface
area of the target); in another embodiment between about 5 Watts/cm?2 and about 7 Watts/cm?; and in yet another embodiment

between about 6 Watts/cm? and about 6.5 Watts/cm?. In some embodiments, the power delivered to effect sputtering is provided
via direct current (DC). In other embodiments, pulsed DC/AC reactive sputtering is used. In one embodiment, where pulsed
DC/AC reactive sputtering is used, the frequency is between about 20 kHz and about 400 kHz, in another embodiment between
about 20 kHz and about 50 kHz, in yet another embodiment between about 40 kHz and about 50 kHz, in another embodiment
about 40 kHz. The pressure in the deposition station or chamber, in one embodiment, is between about 5 and about 40 mTorr, in

another embodiment between about 10 and about 30 mTorr, in another embodiment about 20 mTorr. In one embodiment, the

substrate temperature ranges for operation 724 are between about 20°C and about 200°C, in some embodiments between about
20°C and about 150°C, and it yet still other embodiments between about 25°C and about 100°C. The above conditions may be
used in any combination with one another to effect deposition of a high quality ion conducting layer.

[0093] Referring again to Figure 7B, operation 726, after the IC layer is deposited, the CE layer is deposited. According to the
invention, depositing the counter electrode layer includes depositing a layer of nickel tungsten oxide (NIWO), preferably
amorphous NIWO. In a specific embodiment, depositing the counter electrode layer includes sputtering a target including about
30 % (by weight) to about 70 % of tungsten in nickel in an oxygen containing environment to produce a layer of nickel tungsten
oxide. In another embodiment the target is between about 40% and about 60% tungsten in nickel, in another embodiment
between about 45% and about 55% tungsten in nickel, and in yet another embodiment about 51 % tungsten in nickel. In one
embodiment, the gas composition contains between about 30% and about 100% oxygen, in another embodiment between about
80% and about 100% oxygen, in yet another embodiment between about 95% and about 100% oxygen, in another embodiment

about 100% oxygen. In one embodiment, the power density used to sputter the CE target is between about 2 Watts/cm? and
about 50 Watts/cm? (determined based on the power applied divided by the surface area of the target); in another embodiment
between about 5 Watts/cm? and about 20 Watts/cm?; and in yet another embodiment between about 8 Watts/cm? and about 10

Watts/cmz, in another embodiment about 8 Watts/cm?. In some embodiments, the power delivered to effect sputtering is provided
via direct current (DC). In other embodiments, pulsed DC/AC reactive sputtering is used. In one embodiment, where pulsed
DC/AC reactive sputtering is used, the frequency is between about 20 kHz and about 400 kHz, in another embodiment between
about 20 kHz and about 50 kHz, in yet another embodiment between about 40 kHz and about 50 kHz, in another embodiment
about 40 kHz. The pressure in the deposition station or chamber, in one embodiment, is between about 1 and about 50 mTorr, in
another embodiment between about 20 and about 40 mTorr, in another embodiment between about 25 and about 35 mTorr, in
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another embodiment about 30 mTorr. In some cases, a nickel tungsten oxide NIWO ceramic target is sputtered with, e.g., argon
and oxygen. In one embodiment, the NIWO is between about 15% (atomic) Ni and about 60% Ni; between about 10% W and
about 40% W; and between about 30% O and about 75% O. In another embodiment, the NIWO is between about 30% (atomic) Ni
and about 45% Ni; between about 10% W and about 25% W; and between about 35% O and about 50% O. In one embodiment,
the NIWO is about 42% (atomic) Ni, about 14% W, and about 44% O. In another embodiment, depositing the counter electrode
layer includes depositing the counter electrode layer to a thickness of between about 150 and 350 nm; in yet another
embodiment between about 200 and about 250 nm thick. The above conditions may be used in any combination with one another
to effect deposition of a high quality NWO layer.

[0094] In one embodiment, in order to normalize the rate of deposition of the CE layer, multiple targets are used so as to obviate
the need for inappropriately high power (or other inappropriate adjustment to desired process conditions) to increase deposition
rate. In one embodiment, the distance between the CE target (cathode or source) to the substrate surface is between about 35
mm and about 150 mm; in another embodiment between about 45 mm and about 130 mm; and in another embodiment between
about 70 mm and about 100 mm.

[0095] It should be understood that while the order of deposition operations is depicted in Figure 7B (and implied in Figure 6A) to
be first EC layer, second IC layer, and finally CE layer, the order can be reversed in various embodiments. In other words, when
as described herein "sequential” deposition of the stack layers is recited, it is intended to cover the following "reverse" sequence,
first CE layer, second IC layer, and third EC layer, as well the "forward" sequence described above. Both the forward and reverse
sequences can function as reliable high-quality electrochromic devices. Further, it should be understood that conditions recited
for depositing the various EC, IC, and CE materials recited here, are not limited to depositing such materials. Other materials may,
in some cases, be deposited under the same or similar conditions. Further, non-sputtering deposition conditions may be
employed in some embodiments to create the same or similar deposited materials as those described in the context of Figures 6
and Figures 7.

[0096] Since the amount of charge each of the EC and the CE layers can safely hold varies, depending on the material used, the
relative thickness of each of the layers may be controlled to match capacity as appropriate. In one embodiment, the
electrochromic layer includes tungsten oxide and the counter electrode includes nickel tungsten oxide, and the ratio of
thicknesses of the electrochromic layer to the counter electrode layer is between about 1.7:1 and 2.3:1, or between about 1.9:1
and 2.1:1 (with about 2:1 being a specific example).

[0097] Referring again to Figure 7B, operation 720, after the CE layer is deposited, the EC stack is complete. It should be noted
that in Figure 7A, process operation 720 which refers to "depositing stack" means in this context, the EC stack plus the second
TCO layer (sometimes referred to as the "ITO" when indium tin oxide is used to make the second TCO). Generally "stack" in this
description refers to the EC-IC-CE layers; that is, the "EC stack." Referring again to Figure 7B, in one embodiment, represented
by process 728, a TCO layer is deposited on the stack. Referring to Figure 6A, this would correspond to second TCO layer 630
on EC stack 625. Process flow 720 is finished once process 728 is complete. Typically, but not necessarily, a capping layer is
deposited on the EC stack. In some embodiments, the capping layer is SIAIO, similar to the IC layer. In some embodiments, the
capping layer is depaosited by sputtering, similar to the conditions under which the IC layer is deposited. The thickness of a
capping layer is typically about 30 nm to 100 nm. In one embodiment, depositing the layer of transparent conductive oxde is
performed under conditions whereby the transparent conductive oxide has a sheet resistance of between about 10 and 30
ohms/square. In one embodiment as discussed above, the first and second TCO layers are of matched sheet resistance for
optimum efficiency of the electrochromic device. Ideally the first TCO layer's morphology should be smocth for better conformal
layers in the deposited stack. In one embodiment, a substantially uniform TCO layer varies only about +10% in each of the
aforementioned thickness ranges. In another embodiment, a substantially uniform TCO layer varies only about +5% in each of the
aforementioned thickness ranges. In another embodiment, a substantially uniform TCO layer varies only about 2% in each of the
aforementioned thickness ranges.

[0098] In certain specific embodiments, the second TCO layer 630 is deposited using some or all of the following conditions. The
recited conditions may be employed to form a thin, low-defect layer of indium tin oxide by sputtering a target containing indium
oxide in tin oxide, e.g. with an argon sputter gas with or without oxygen. In one embodiment, the thickness of the TCO layer is
between about 5 nm and about 10,000 nm, in another embodiment between about 10 nm and about 1,000 nm, In yet another
embodiment between about 10 nm and about 500 nm. In one embodiment, the substrate temperature for operation 728 is
between about 20 and about 300°C, in another embodiment between about 20 and about 250°C, and in another embodiment
between about 80 and about 225°C. In one embodiment, depositing the TCO layer includes sputtering a target including between
about 80% (by weight) to about 99% of InpO3 and between about 1% and about 20% SnOp using an inert gas, optionally with

oxygen. In a more specific embodiment, the target is between about 85% (by weight) to about 97% of InpO3 and between about
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3% and about 15% SnO2. In another embodiment, the target is about 90% of InpO3 and about 10% SnO2. In one embodiment,

the gas composition contains between about 0.1% and about 3% oxygen, in another embodiment between about 0.5% and about
2% oxygen, in yet another embodiment between about 1% and about 1.5% oxygen, in another embodiment about 1.2% oxygen. In

one embodiment, the power density used to sputter the TCO target is between about 0.5 Watts/cm? and about 10 Watts/cm?2
(determined based on the power applied divided by the surface area of the target); in another embodiment between about 0.5

Watts/cm2 and about 2 Watts/cmz; and in yet another embodiment between about 0.5 Watts/cm? and about 1 Watts/cmz, in

another embodiment about 0.7 Watts/cm2. In some embodiments, the power delivered to effect sputtering is provided via direct
current (DC). In other embodiments, pulsed DC/AC reactive sputtering is used. In one embodiment, where pulsed DC/AC reactive
sputtering is used, the frequency is between about 20 kHz and about 400 kHz, in another embodiment between about 50 kHz and
about 100 kHz, in yet another embodiment between about 60 kHz and about 90 kHz, in another embodiment about 80 kHz. The
pressure in the deposition station or chamber, in one embodiment, is between about 1 and about 10 mTorr, in another
embodiment between about 2 and about 5 mTorr, in another embodiment between about 3 and about 4 mTorr, in another
embodiment about 3.5 mTorr. In one embodiment, the indium tin oxide layer is between about 20% (atomic) In and about 40% In;
between about 2.5% Sn and about 12.5% Sn; and between about 50% O and about 70% O; in another embodiment, between
about 25% In and about 35% In; between about 5.5% Sn and about 8.5% Sn; and between about 55% O and about 65% O; and
in another embodiment, about 30% In, about 8% Sn; and about 62% O. The above conditions may be used in any combination
with one another to effect deposition of a high quality indium tin oxide layer. As mentioned, the EC stack is fabricated in an
integrated deposition system where the substrate does not leave the integrated deposition system at any time during fabrication
of the stack. In one embodiment, the second TCO layer is also formed using the integrated deposition system where the substrate
does not leave the integrated deposition system during deposition of the EC stack and the TCO layer. In one embodiment, all of
the layers are deposited in the integrated deposition system where the substrate does not leave the integrated deposition system
during deposition; that is, in one embodiment the substrate is a glass sheet and a stack including the EC layer, the IC layer and
the CE layer, sandwiched between a first and a second TCO layer, is fabricated on the glass where the glass does not leave the
integrated deposition system during deposition. In another implementation of this embodiment, the substrate is glass with a
diffusion barrier deposited prior to entry in the integrated deposition system. In another implementation the substrate is glass and
the diffusion barrier, a stack including the EC layer, the IC layer and the CE layer, sandwiched between a first and a second TCO
layer, are all deposited on the glass where the glass does not leave the integrated deposition system during deposition.

[0099] While not wishing to be bound by theory, it is believed that prior art electrochromic devices suffered from high defectivity
for various reasons, one of which is the integration of unacceptably high numbers of particles into the IC layer during fabrication.
Care was not taken to ensure that each of the EC layer, IC layer, and CE layer were deposited in a single integrated deposition
apparatus under a controlled ambient environment. In one process, the IC layer is deposited by a sol gel process, which is
necessarily performed apart from other vacuum integrated processes. In such process, even if the EC layer and/or the CE layer
are deposited in a controlled ambient environment, thereby promoting high quality layers, the substrate would have to be
removed from the controlled ambient environment to deposit the IC layer. This would normally involve passing the substrate
through a load lock (from vacuum or other controlled ambient environment to an external environment) prior to formation of the IC
layer. Passage through a load lock typically introduces numerous particles onto the substrate. Introducing such particles
immediately before the IC layer is deposited greatly increases the likelihood that defects will form in the critical IC layer. Such
defects lead to bright spots or constellations as discussed above.

[0100] As mentioned above, lithium may be provided with the EC, CE and/or IC layers as they are formed on the substrate. This
may involve, for example, co-sputtering of lithium together with the other materials of a given layer (e.g., tungsten and oxygen). In
certain embodiments described below the lithium is delivered via a separate process and allowed to diffuse or otherwise
incorporate into the EC, CE and/or IC layers.

Direct Lithiation of the Electrochromic Stack

[0101] As mentioned above, intercalation of lithium ions is responsible for switching the optical state of an electrochromic device
stack. It should be understood that the needed lithium may be introduced to the stack by various means. For example, lithium may
be provided to one or more of these layers concurrently with the deposition of the material of the layer (e.g., concurrent
deposition of lithium and tungsten oxide during formation of the EC layer). In some cases, however, the process of Figure 7B may
be punctuated with one or more operations for delivering lithium to the EC layer, the IC layer, and/or the CE layer. For example,
lithium may also be introduced via one or more separate lithiation steps in which elemental lithium is delivered without substantial
deposition of other material. Such lithiation step(s) may take place after deposition of the EC layer, the IC layer, and/or the CE
layer. According to invention, a lithiation of the nickel tungsten oxide counter electrode is at least performed. Alternatively (or in
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addition), one or more lithiation steps may take intermediate between steps performed to deposit a single layer. For example, a
counter electrode layer may be deposited by first depositing a limited amount of nickel tungsten oxide, followed by directly
depositing lithium, and then concluded by depositing additional amounts of nickel tungsten oxide. Such approaches may have
certain advantages such as better separating the lithium from the ITO (or other material of a conductive layer) which improves
adhesion and prevents undesirable side reactions. One example of a stack formation process employing a separate lithiation
operation is presented in Figure 7C. In certain cases, the lithiation operation(s) takes place during while the deposition of a given
layer is temporarily halted to allow lithium to be introduced before deposition of the layer is completed.

[0102] Figure 7C depicts a process flow, 720a, for depositing the stack onto a substrate in a manner analogous to process 720
of Figure 7A. Process flow720a includes depositing an EC layer, operation 722, depositing an IC layer, operation 724, and
depositing a CE layer, operation 726, as described in relation to Figure 7B. However, process flow 720a differs from 720 by the
addition of lithiation operations 723 and 727. In one embodiment, the lithium is physical vapor deposited using the integrated
deposition system where the substrate does not leave the integrated deposition system at any time during the sequential
deposition of the electrochromic layer, the ion conducting layer, the counter electrode layer, and the lithium.

[0103] In certain embodiments, lithium is deposited using a high voltage lithium cathode since there are not many secondary
electron emissions during lithium sputtering. In some embodiments, the power delivered to effect sputtering is provided via direct
current (DC). In other embodiments, pulsed DC/AC reactive sputtering is used. In one embodiment, where pulsed DC/AC reactive
sputtering is used, the frequency is between about 20 kHz and about 400 kHz, in another embodiment between about 100 kHz
and about 300 kHz, in yet another embodiment between about 200 kHz and about 250 kHz, in another embodiment about 220
kHz. A lithium target is used. In one embodiment the target is between about 80% (by weight) and 100% Li, in another
embodiment between about 90% and about 99% Li, in another embodiment about 99% Li. Typically, due to the extreme reactivity
of elemental lithium, lithiation is performed in an inert environment (e.g., argon alone). The power density used to sputter the

lithium target is between about 1 Watts/cm?2 and about 10 Watts/cm?2 (determined based on the deposition surface area of the
substrate); in another embodiment between about 2 Watts/cm? and about 4 Watts/cmz; in yet another embodiment between

about 2.5 Watts/lem2 and about 3 Watts/cmz; in another embodiment about 2.7 Wattsicm2. In one embodiment the lithium
sputtering is done at a pressure of between about 1 and about 20 mTorr, in another embodiment between about 5 and about 15
mTorr, in another embodiment about 10 mTorr. The above conditions may be used in any combination with one another to effect

deposition of a high quality lithiation process.

[0104] In one embodiment, lithium is deposited on both the EC layer and the CE layer as depicted in dual lithiation process 720a.
After the EC layer is deposited as described above, operation 722, lithium is sputtered on the EC layer; see operation 723.
Thereafter, the IC layer is deposited, operation 724, followed by the CE layer, operation 726. Then lithium is deposited on the CE
layer; see operation 727. In one embodiment where, e.g., the EC layer is tungsten oxide and about twice as thick as a nickel
tungsten oxide CE layer, the total amount of lithium added to the stack is proportioned between the EC layer and the CE layer in a
ratio of about 1:3 to 2:3; that is, the EC layer is sputtered with 1/3 of the total lithium and the CE layer with about 2/3 of the total
lithium added to the stack. In a specific embodiment, the lithium added to the stack is proportioned between the EC layer and the
CE layer in a ratio of about 1:2.

[0105] In the depicted dual lithiation method, both the EC layer and the CE layer are lithiated. Without wishing to be bound by
theory, it is believed that by delivering lithium to both the EC layer and the CE layer, performance and yield are improved. The
relatively large volume change due to insertion of lithium ions into a depleted layer (as fabricate) during initial equilibration (from a
single lithiation on one side of the IC layer) is avoided. These volume changes, which are reported to be as large as 6% in
electrochromically active tungsten oxide initially devoid of lithium, can produce cracking and delamination of the stack layers.
Therefore, improvements can be realized by fabricating the stack with a dual lithiation process as described herein, which results
in less than 6% volume change in the electrochromic layer. In certain embodiments, the volume change is at most about 4%.

[0106] As explained above, the EC layer is treated with sufficient lithium to satisfy the requirements of the EC material irreversibly
bound lithium (to, e.g., compensate "blind charge"). The lithium needed for reversible cycling is added to the CE layer (which also
may have a blind charge). In certain embodiments, the lithium needed to compensate the blind charge can be titrated by
monitoring optical density of the EC layer as lithium is added since the EC layer will not substantially change color until sufficient
lithium has been added to fully compensate the blind charge.

[0107] One of ordinary skill in the art would appreciate that because metallic lithium is pyrophoric, i.e. highly reactive with
moisture and oxygen, that lithiation methods described herein where lithium might be exposed to oxygen or moisture are
performed either under vacuum, inert atmosphere or both. The controlled ambient environment of apparatus and methods of the
invention provides flexibility in lithium depositions, particularly where there are multiple lithiation steps. For example, where
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lithiation is performed in a titration process and/or among multiple steps in a stack layering, the lithium can be protected from
exposure to oxygen or moisture.

[0108] In certain embodiments, the lithiation is performed at a rate sufficient to prevent formation of a substantial thickness of
free lithium on the EC layer surface. In one embodiment, during lithiation of the EC layer, lithium targets are spaced sufficiently to
give time for lithium to diffuse into the EC layer. Optionally, the substrate (and hence the EC layer) is heated to between about
100°C and about 150°C to enhance diffusion of lithium into the EC layer. Heating may be done separately or in combination with
target spacing and substrate translation past the target(s). In some cases, the substrate is moved back and forth in front of a
sputtered lithium target in order to slow the delivery of lithium to the substrate and prevent accumulation of free metallic lithium on
the stack surface.

[0109] In some cases, the lithiation processes are performed with isolation protocols in place. In one example, isolation protocols
are performed with isolation valves within the integrated deposition system. For example, once a substrate is moved into a
lithiation station, isolation valves shut to cut off the substrate from other stations and for example, flush with argon or evacuate to
prepare for the lithiation. In another embodiment, the isolation is achieved by manipulating the controlled ambient environment,
e.g., by creating a flow dynamic in the controlled ambient environment via differential pressures in a lithiation station of the
integrated deposition system such that the lithium deposition is sufficiently isolated from other processes in the integrated
deposition system. In another embodiment, a combination of the aforementioned conditions are used. For example valves can
partially close (or the lithiation station can be configured so that the substrate entry and/or exit ports are minimized) and one or
more flow dynamics are used to further isolate the lithiation process from adjoining processes. Referring again to Figure 7C, after
the dual lithiation process as described in operations 722 - 727, the (second) TCO layer is deposited (operation 728) as
described above.

[0110] Figure 7D depicts another process flow, 720b, for depositing the stack onto a substrate. The process is analogous to
process flow 700 of Figure 7A. Process flow 720b includes depositing an EC layer (operation 722) depositing an IC layer
(operation 724) and depositing a CE layer (operation 726) as described in relation to Figure 7B. However, process flow 720b
differs from 720 because there is an intervening lithiation operation 727. In this embodiment of the process of stack deposition, all
the required lithium is added by delivering lithium to the CE layer and allowing the lithium to intercalate into the EC layer via
diffusion through the IC layer during and/or after stack fabrication. As mentioned, this may not avoid larger volume changes
associated with loading all the required lithium for the device on one side of the IC layer, as the dual lithiation process 720a does,
but it has the advantage of having one less lithium delivery step.

Multistep Thermochemical Conditioning

[0111] Referring again to Figure 7A, once the stack is deposited, the device is subjected to a multistep thermo-chemical
conditioning (MTC) process (see block 730). Typically, the MTC process is performed only after all layers of the electrochromic
stack have been formed. Some embodiments of the MTC process 730 are depicted in more detail in Figure 7E. Note that the MTC
process can be conducted entirely ex situ, i.e., outside of the integrated deposition system used to deposit the stack, or at least
partially in situ, i.e., inside the deposition system without e.g. breaking vacuum or otherwise moving the substrate outside the
controlled ambient environment used to fabricate the stack. In certain embodiments, the initial portions of the MTC process are
performed in situ, and later portions of the process are performed ex situ. In certain embodiments, portions of the MTC are
performed prior to deposition of certain layers, for example, prior to deposition of the second TCO layer.

[0112] Referring to Figure 7E, and in accordance with certain embodiments, the device is first thermally treated under non-
reactive conditions (e.g., under an inert gas). See block 732. In a specific embodiment, the device is heated at a temperature of
between about 200°C and about 350°C for between about 5 minutes and about 30 minutes. In certain embodiments, operation
732 is conducted at low pressure or vacuum. Without wishing to be bound by theory, it is believed that inert gas heating moves
any excess lithium from the EC layer to the CE layer, thus charging the CE layer with lithium (as indicated in some cases by the
CE layer's transparency increasing during this process). Next, the device is subjected to a thermal treatment under reactive
conditions. See block 734. In some embodiments, this involves annealing the device in an oxidizing atmosphere (e.g., oxygen and
inert gas at about 10-50 mTorr). In specific embodiments, the anneal is conducted at higher pressures than the non-reactive
thermal processing step (732). In a specific embodiment, the device is heated at a temperature of between about 200°C and
about 350°C for between about 3 minutes and about 20 minutes. While not wishing to be bound to theory, it is believed that the
oxidative anneal process improves the conductivity of the NIWO by forming a matrix of LipWO4 (which is a very good lithium ion
conductor) that encapsulates individual NIWO grains. NIWO embedded in a highly ionically conductive matrix facilitates rapid
optical transitions.
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[0113] Optionally, after the oxidative anneal, the device is heated in air (ex situ). In one embodiment, the device is heated at
between about 150°C and about 500°C for between about 1 minutes and about 60 minutes, in another embodiment at between
about 200°C and about 400°C for between about 5 minutes and about 30 minutes, process 736. It should be understood that the
MTC process may include two, three, or more separate and distinct operations. The three operations described here are
provided solely for purposes of exemplifying the process. Further, the process conditions presented here are appropriate for
architectural glass, but may have to be scaled for other applications, recognizing that the time to heat a device is dependent upon
the size of the device. After the MTC process is complete, the device is ready for further processing.

[0114] As mentioned above, additional layers may be needed for improved optical performance (e.g. anti-reflectives), durability
(due to physical handling), hermeticity, and the like. Addition of one or more of these layers is meant to be included in additional
embodiments to those described above.

Fabrication Process for Completion of the Device

[0115] Again referring to Figure 7A, a second laser scribe (block 740) is performed. Laser scribe 740 is performed across the
length of the substrate near the outer edge of the stack, on the two sides of the substrate perpendicular to the first laser scribe.
Figure 6B shows the location of the trenches, 626, formed by laser scribe 740. This scribe is also performed all the way through
the first TCO (and diffusion barrier if present) to the substrate in order to further isolate the isolated portion of the first TCO layer
(where the first bus bar will be connected) and to isolate the stack coating at the edges (e.g. hear a mask) to minimize short
circuits due to deposition roll off of the stack layers. In one embodiment, the trench is between about 25 pm and 75 pm deep and
between about 100 ym and 300 pm wide. In another embodiment, the trench is between about 35 pm and 55 ym deep and
between about 150 ym and 250 pm wide. In another embodiment, the trench is about 50 pm deep and about 150 pym wide.

[0116] Next, a third laser scribe, 745, is performed along the perimeter of the stack near the edge of the substrate opposite the
first laser scribe and parallel to the first laser scribe. This third laser scribe is only deep enough to isolate the second TCO layer
and the EC stack, but not cut through the first TCO layer. Referring to Figure 6A, laser scribe 745 forms a trench, 635, which
isolates the uniform conformal portions EC stack and second TCO from the outermost edge portions which can suffer from roll off
(e.g. as depicted in Figure 6A, the portion of layers 625 and 630 near area 650 isolated by cutting trench 635) and thus cause
shorts between the first and second TCO layers in region 650 near where the second bus bar will be attached. Trench 635 also
isolates roll off regions of the second TCO from the second bus bar. Trench 635 is also depicted in Figure 6B. One of ordinary
skill in the art would appreciate that laser scribes 2 and 3, although scribed at different depths, could be done in a single process
whereby the laser cutting depth is varied during a continuous path around the three sides of the substrate as described. First at a
depth sufficient to cut past the first TCO (and optionally the diffusion barrier) along a first side perpendicular to the first laser
scribe, then at a depth sufficient only to cut through to the bottom of the EC stack along the side opposite and parallel to the first
laser scribe, and then again at the first depth along the third side, perpendicular to the first laser scribe.

[0117] Referring again to process 700, in Figure 7A, after the third laser scribe, the bus bars are attached, process 750.
Referring to Figure 6A, bus bar 1, 640, and bus bar 2, 645, are attached. Bus bar 1 is often pressed through the second TCO
and EC stack to make contact with the second TCO layer, for example via ultrasonic soldering. This connection method
necessitates the laser scribe processes used to isolate the region of the first TCO where bus bar 1 makes contact. Those of
ordinary skill in the art will appreciate that other means of connecting bus bar 1 (or replacing a more conventional bus bar) with
the second TCO layer are possible, e.g., screen and lithography patterning methods. In one embodiment, electrical
communication is established with the device's transparent conducting layers via silk screening (or using another patterning
method) a conductive ink followed by heat curing or sintering the ink. When such methods are used, isolation of a portion of the
first TCO layer is avoided. By using process flow 700, an electrochromic device is formed on a glass substrate where the first bus
bar is in electrical communication with second TCO layer 630 and the second bus bar is in electrical contact with first TCO layer
615. In this way, the first and second TCO layers serve as electrodes for the EC stack.

[0118] Referring again to Figure 7A, after the bus bars are connected, the device is integrated into an IGU, process 755. The
IGU is formed by placing a gasket or seal (e.g. made of PVB (polyvinyl butyral), PIB or other suitable elastomer) around the
perimeter of the substrate. Typically, but not necessarily, a desiccant is included in the IGU frame or spacer bar during assembly
to absorb any moisture. In one embodiment, the seal surrounds the bus bars and electrical leads to the bus bars extend through
the seal. After the seal is in place, a second sheet of glass is placed on the seal and the volume produced by the substrate, the
second sheet of glass and the seal is filled with inert gas, typically argon. Once the IGU is complete, process 700 is complete. The
completed IGU can be installed in, for example, a pane, frame or curtain wall and connected to a source of electricity and a
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controller to operate the electrochromic window.

[0119] In addition to the process steps described in relation to the methods above, an edge deletion step or steps may be added
to the process flow. Edge deletion is part of a manufacturing process for integrating the electrochromic device into, e.g. a window,
where the roll off (as described in relation to Figure 6A) is removed prior to integration of the device into the window. Where
unmasked glass is used, removal of the coating that would otherwise extend to underneath the IGU frame (undesirable for long
term reliability) is removed prior to integration into the IGU. This edge deletion process is meant to be included in the methods
above as an alternative embodiment to those listed above.

INTEGRATED DEPOSITION SYSTEM

[0120] As explained above, an integrated deposition system is employed to fabricate electrochromic devices on architectural
glass. As described above, the electrochromic devices are used to make IGUs which in turn are used to make electrochromic
windows. The term "integrated deposition system" means an apparatus for fabricating electrochromic devices on optically
transparent and translucent substrates. The apparatus has multiple stations, each devoted to a particular unit operation such as
depositing a particular component (or portion of a component) of an electrochromic device, as well as cleaning, etching, and
temperature control of such device or portion thereof. The multiple stations are fully integrated such that a substrate on which an
electrochromic device is being fabricated can pass from one station to the next without being exposed to an external environment.
Integrated deposition systems of the invention operate with a controlled ambient environment inside the system where the
process stations are located. A fully integrated system allows for better control of interfacial quality between the layers deposited.
Interfacial quality refers to, among other factors, the quality of the adhesion between layers and the lack of contaminants in the
interfacial region. The term "controlled ambient environment" means a sealed environment separate from an external environment
such as an open atmospheric environment or a clean room. In a controlled ambient environment at least one of pressure and gas
composition is controlled independently of the conditions in the external environment. Generally, though not necessarily, a
controlled ambient environment has a pressure below atmospheric pressure; e.g., at least a partial vacuum. The conditions in a
controlled ambient environment may remain constant during a processing operation or may vary over time. For example, a layer
of an electrochromic device may be deposited under vacuum in a controlled ambient environment and at the conclusion of the
deposition operation, the environment may be backfiled with purge or reagent gas and the pressure increased to, e.g.,
atmospheric pressure for processing at another station, and then a vacuum reestablished for the next operation and so forth.

[0121] In one example, the plurality of deposition stations are aligned in series and interconnected and operable to pass the
substrate from one station to the next without exposing the substrate to an external environment. The plurality of deposition
stations comprise (i) a first deposition station containing a target for depositing an electrochromic layer; (ii) a second deposition
station containing a target for depositing an ion conducting layer; and (iii) a third deposition station containing a target for
depositing a counter electrode layer. The system also includes a controller containing program instructions for passing the
substrate through the plurality of stations in @ manner that sequentially deposits on the substrate (i) an electrochromic layer, (ii)
an ion conducting layer, and (iii) a counter electrode layer to form a stack in which the ion conducting layer separates the
electrochromic layer and the counter electrode layer. In one example, the plurality of deposition stations are operable to pass a
substrate from one station to the next without breaking vacuum. The plurality of deposition stations are configured to deposit the
electrochromic layer, the ion conducting layer, and the counter electrode layer on an architectural glass substrate. The integrated
deposition system includes a substrate holder and transport mechanism operable to hold the architectural glass substrate in a
vertical orientation while in the plurality of deposition stations. In yet another example, the integrated deposition system includes
one or more load locks for passing the substrate between an external environment and the integrated deposition system. In
another example, the plurality of deposition stations include at least two stations for depositing a layer selected from the group
consisting of the electrochromic layer, the ion conducting layer, and the counter electrode layer.

[0122] The integrated deposition system includes one or more lithium deposition stations, each including a lithium containing
target. In one example, the integrated deposition system contains two or more lithium deposition stations. In one example, the
integrated deposition system has one or more isolation valves for isolating individual process stations from each other during
operation. In one example, the one or more lithium deposition stations have isolation valves. In this document, the term "isolation
valves" means devices to isolate depasitions or other processes being carried out one station from processes at other stations in
the integrated deposition system. In one example, isolation valves are physical (solid) isolation valves within the integrated
deposition system that engage while the lithium is deposited. Actual physical solid valves may engage to totally or partially isolate
(or shield) the lithium deposition from other processes or stations in the integrated deposition system. In another example, the
isolation valves may be gas knifes or shields, e.g., a partial pressure of argon or other inert gas is passed over areas between
the lithium deposition station and other stations to block ion flow to the other stations. In another example, isolation valves may be
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an evacuated regions between the lithium deposition station and other process stations, so that lithium ions or ions from other
stations entering the evacuated region are removed to, e.g., a waste stream rather than contaminating adjoining processes. This
is achieved, e.g., via a flow dynamic in the controlled ambient environment via differential pressures in a lithiation station of the
integrated deposition system such that the lithium deposition is sufficiently isolated from other processes in the integrated
deposition system. Again, isolation valves are not limited to lithium deposition stations.

[0123] Figure 8A, depicts in schematic fashion an integrated deposition system 800. In this example, system 800 includes an
entry load lock, 802, for introducing the substrate to the system, and an exit load lock, 804, for removal of the substrate from the
system. The load locks allow substrates to be introduced and removed from the system without disturbing the controlled ambient
environment of the system. Integrated deposition system 800 has a module, 806, with a plurality of deposition stations; an EC
layer deposition station, an IC layer deposition station and a CE layer deposition station. In the broadest sense, integrated
deposition systems of the invention need not have load locks, e.g. module 806 could alone serve as the integrated deposition
system. For example, the substrate may be loaded into module 8086, the controlled ambient environment established and then the
substrate processed through various stations within the system. Individual stations within an integrated deposition systems can
contain heaters, coolers, various sputter targets and means to move them, RF and/or DC power sources and power delivery
mechanisms, etching tools e.g. plasma etch, gas sources, vacuum sources, glow discharge sources, process parameter monitors
and sensors, robotics, power supplies, and the like.

[0124] Figure 8B depicts a segment (or simplified version) of integrated deposition system 800 in a perspective view and with
more detail including a cutaway view of the interior. In this example, system 800 is modular, where entry load lock 802 and exit
load lock 804 are connected to deposition module 806. There is an entry port, 810, for loading, for example, architectural glass
substrate 825 (load lock 804 has a corresponding exit port). Substrate 825 is supported by a pallet, 820, which travels along a
track, 815. In this example, pallet 820 is supported by track 815 via hanging but pallet 820 could also be supported atop a track
located near the bottom of apparatus 800 or a track, e.g. mid-way between top and bottom of apparatus 800. Pallet 820 can
translate (as indicated by the double headed arrow) forward and/or backward through system 800. For example during lithium
deposition, the substrate may be moved forward and backward in front of a lithium target, 830, making multiple passes in order to
achieve a desired lithiation. Pallet 820 and substrate 825 are in a substantially vertical orientation. The vertical orientation helps
to prevent defects because particulate matter that may be generated, e.g., from agglomeration of atoms from sputtering, will tend
to succumb to gravity and therefore not deposit on substrate 825. Also, because architectural glass substrates tend to be large, a
vertical orientation of the substrate as it traverses the stations of the integrated deposition system enables coating of thinner
glass substrates since there are less concerns over sag that occurs with thicker hot glass.

[0125] Target 830, in this case a cylindrical target, is oriented substantially parallel to and in front of the substrate surface where
deposition is to take place (for convenience, other sputter means are not depicted here). Substrate 825 can translate past target
830 during deposition and/or target 830 can move in front of substrate 825. The movement path of target 830 is not limited to
translation along the path of substrate 825. Target 830 may rotate along an axis through its length, translate along the path of the
substrate (forward and/or backward), translate along a path perpendicular to the path of the substrate, move in a circular path in
a plane parallel to substrate 825, etc. Target 830 need not be cylindrical, it can be planar or any shape necessary for deposition
of the desired layer with the desired properties. Also, there may be more than one target in each deposition station and/or targets
may move from station to station depending on the desired process.

[0126] Integrated deposition system 800 also has various vacuum pumps, gas inlets, pressure sensors and the like that establish
and maintain a controlled ambient environment within the system. These components are not shown, but rather would be
appreciated by one of ordinary skill in the art. System 800 is controlled, e.g., via a computer system or other controller,
represented in Figure 8B by an LCD and keyboard, 835. One of ordinary skill in the art would appreciate that various processes
involving data stored in or transferred through one or more computer systems may be employed. These apparatus and
processes may be employed to deposit electrochromic materials of methods of the invention and apparatus designed to
implement them. The control apparatus may be specially constructed for the required purposes, or it may be a general-purpose
computer selectively activated or reconfigured by a computer program and/or data structure stored in the computer. The
processes presented herein are not inherently related to any particular computer or other apparatus. In particular, various
general-purpose machines may be used with programs written in accordance with the teachings herein, or it may be more
convenient to construct a more specialized apparatus to perform and/or control the required method and processes.

[0127] As mentioned, the various stations of an integrated deposition system may be modular, but once connected, form a
continuous system where a controlled ambient environment is established and maintained in order to process substrates at the
various stations within the system. Figure 8C depicts integrated deposition system 800a, which is like system 800, but in this
example each of the stations is modular, specifically, an EC layer station 806a, an IC layer station 806b and a CE layer station
806¢c. Modular form is not necessary, but it is convenient, because depending on the need, an integrated depasition system can
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be assembled according to custom needs and emerging process advancements. For example, Figure 8D depicts an integrated
deposition system, 800b, with two lithium deposition stations, 807a and 807b. System 800b is, e.g., equipped to carry out
methods of the invention as described above, such as the dual lithiation method described in conjunction with Figure 7C. System
800b could also be used to carry out a single lithiation method, e.g. that described in conjunction with Figure 7D, for example by
only utilizing lithium station 807b during processing of the substrate. But with modular format, e.qg. if single lithiation is the desired
process, then one of the lithiation stations is redundant and system 800c, as depicted in Figure 8E can be used. System 800c
has only one lithium deposition station, 807.

[0128] Systems 800b and 800c also have a TCO layer station, 808, for depositing the TCO layer on the EC stack. Depending on
the process demands, additional stations can be added to the integrated deposition system, e.g., stations for cleaning processes,
laser scribes, capping layers, MTC, etc.
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Patentkrav

1. Fremgangsmade til fremstilling af et elektrokromisk apparat pa et arkitekto-

nisk glassubstrat, hvilken fremgangsmade omfatter:

(a) aflejring af et wolframoxid-elektrokromisk lag,

(b) aflejring af et fast uorganisk lithiumion-ledende lag,

(c) aflejring af et nikkel-wolframoxid-modelektrodelag til reversibel udveks-

ling af lithiumioner med det elektrokromiske lag under brug af det elektrokro-
10 miske apparat, og

(d) lithiering af nikkel-wolframoxid-modelektrodelaget med metallisk lithium,

hvorved (a) - (d) frembringer en stabel pa substratet, hvori det ionledende

lag adskiller det elektrokromiske lag og modelektrodelaget,

hvorved fremgangsmaden omfatter fremstilling af det elektrokromiske appa-
15 rat i et integreret aflejringssystem, som omfatter flere aflejringsstationer om-

fattende en lithiumaflejringsstation, som har et metallisk lithiumindeholdende

mal, og som hver er helliget aflejring af en speciel komponent, eller en del

af en komponent af det elektrokromiske apparat, hvorved de flere aflejrings-

stationer er fuldt integreret, saledes at det arkitektoniske glassubstrat pas-
20 serer fra en station til den nzeste uden at blive udsat for et eksternt miljg, og

hvorved det integrerede aflejringssystem omfatter en substratholder og

transportmekanisme, séledes at det arkitektoniske glassubstrat holdes i en

lodret orientering, medens det er i de flere aflejringsstationer, og

hvorved meengden af metallisk lithium, som aflejres i stablen, er en maengde,
25 der er tilstrackkeligt til at kompensere den blinde ladning i det elektrokromi-

ske lag og en yderligere maengde pa 1,5 til 2,5 gange den vaegtmaengde,

der anvendes til at kompensere den blinde ladning i det elektrokromiske lag.

2. Fremgangsmade ifglge krav 1, hvorved det metalliske lithium, som aflejres

30 under trin (d) er fysisk damp, som aflejres.
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3. Fremgangsmade ifglge krav 1, hvorved det wolframoxid-elektrokromiske
lag, det faste uorganiske lithiumion-ledende lag og nikkel-wolframoxid-modelek-

trodelaget hver omfatter udelukkende uorganisk materiale.

4. Fremgangsmade ifolge krav 1, hvorved (a) omfatter aflejring af det wolfram-

oxid-elektrokromiske lag til en tykkelse pa imellem 200 nm og 700 nm.

5. Fremgangsmade ifalge krav 1, hvorved (b) omfatter aflejring af det faste uor-
ganiske lithiumion-ledende lag til en tykkelse pa imellem 10 nm og 100 nm.

6. Fremgangsmade ifolge krav 1, hvorved det faste uorganiske lithiumion-le-
dende lag omfatter et materiale udvalgt fra gruppen bestdende af wolframoxid,

en tantaloxid, en niobiumoxid og en siliciumaluminiumoxid.

7. Fremgangsmade ifolge krav 1, hvorved nikkel-wolframoxid-modelekirodela-
get er i alt veesentligt amorft.

8. Fremgangsmade ifelge krav 1, hvorved (c) omfatter aflejring af nikkel-wol-
framoxid-modelektrodelaget til en tykkelse pé imellem 150 nm og 350 nm.

9. Fremgangsmade ifolge krav 1, hvorved forholdet imellem tykkelserne af det
wolframoxid-elekirokromiske lag og nikkel-wolframoxid-modelektrodelaget er
imellem 1,7:1 0g 2,3:1.

10. Fremgangsmade ifalge krav 1, og som yderligere omfatter aflejring af et lag
af transparent ledende oxid pa stablen af lag.
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