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(57) ABSTRACT 

The invention provides a method of protecting an ion 
insertion material from the degradative effects of a liquid or 
gel-type electrolyte material by disposing a protective, Solid 
ion conducting, electrically insulating, layer between the ion 
insertion layer and the liquid or gel-type electrolyte material. 
The invention further provides liquid or gel-type electro 
chemical cells having improved durability having a pair of 
electrodes, a pair of ion insertion layerS Sandwiched between 
the pair of electrodes, a pair of Solid ion conducting layers 
Sandwiched between the ion insertion layers, and a liquid or 
gel-type electrolyte material disposed between the Solid ion 
conducting layers, where the Solid ion conducting layer 
minimizes or prevents degradation of the faces of the ion 
insertion materials facing the liquid or gel-type electrolyte 
material. Electrochemical cells of this invention having 
increased durability include Secondary lithium batteries and 
electrochromic devices. 
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METHOD OF PRODUCING A DURABLE 
ELECTROCHEMICAL CELL 

CROSS REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001) This is a 35 U.S.C. 121 divisional application of the 
co-pending 35 U.S.C. 111(a) application, Ser. No. 09/532, 
168, filed Mar. 21, 2000. 

CONTRACTUAL ORIGIN OF THE INVENTION 

0002 The United States Government has rights in this 
invention pursuant to Contract No. DE-AC36-99G010337 
between the United States Department of Energy and the 
Midwest Research Institute. 

BACKGROUND OF THE INVENTION 

0003) 1. Field of Invention 
0004. This invention relates generally to devices com 
prising ion insertion materials and methods for manufactur 
ing the Same, and more particularly to methods of protecting 
ion insertion or intercalation materials in electrochemical 
cells, Such as lithium ion batteries or electrochromic devices, 
to improve durability of Such materials. 
0005 2. Description of the State of the Art 
0006 Electrochemical cells find utility in numerous 
devices Such as lithium rechargeable batteries and electro 
chromic devices. Small-sized lithium rechargeable (second 
ary) batteries have been widely used as a power Sources for 
portable electronic equipment in the fields of office automa 
tion equipment, household electronic equipment, communi 
cation equipment and the like. Electrochromic devices are 
highly beneficial in a variety of practical applications where 
light modulation is desirable. These include, for example, 
alphanumeric displays for clocks, watches, computer moni 
tors, outdoor advertisement and announcement boards, and 
other types of displayS. In addition, an important application 
for the electrochromic devices of the present invention is 
light modulation in, for example, mirrors of variable reflec 
tance (as are used in Some automotive rearview mirrors), 
Sunglasses, automotive windshields, Sunroofs, and building 
windows. Both rechargeable lithium batteries and electro 
chromic devices operate on the principle of an electrochemi 
cal cell (also referred to as a galvanic cell). An electrochemi 
cal cell is a composite Structure containing a negative 
electrode (the cathode), a positive electrode (the anode) and 
an ion-conducting electrolyte interposed therebetween. 
0007. A conventional lithium rechargeable battery has a 
negative electrode (the cathode) comprising an active mate 
rial which releases lithium ions when discharging, and 
intercalates or absorbs lithium ions when the battery is being 
charged. The negative active materials commonly utilized in 
lithium ion batteries include niobium pentoxide, carbon, and 
Similar materials capable of intercalating lithium ions. The 
positive electrode (the anode) of a conventional lithium ion 
battery contains a Substance capable of reacting chemically 
or interstitially with lithium ions, Such as transition metal 
oxides, including Vanadium oxides, cobalt oxides, iron 
oxides, manganese oxide and the like. In general, the posi 
tive active material comprised by the positive electrode will 
react with lithium ions in the discharging Step of the battery, 
and release lithium ions in the charging Step of the battery. 
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Since both the anode and cathode materials of lithium ion 
batteries can intercalate lithium ions, the anode and cathode 
materials are often referred to as “ion insertion materials” or 
“intercalation materials.” The external faces of the anode 
and cathode lithium ion batteries are usually equipped with 
Some Structure or component to collect the charge generated 
by the battery during discharge and to permit connection to 
an external power Source during recharging. Conventional 
lithium ion batteries usually comprise a non-aqueous liquid 
or a solid polymer electrolyte, which has dissolved lithium 
Salt that is capable of dissociating to lithium ion(s) and an 
anions, Such as for example lithium perchlorate, lithium 
borohexafluoride, and other lithium salts that are soluble in 
the electrolyte utilized. During discharge, lithium ions from 
the anode pass through the liquid electrolyte to the electro 
chemically active material of the cathode, where the ions are 
taken up or absorbed with the Simultaneous release of 
electrical energy. During charging, the flow of ions is 
reversed So that lithium ions pass from the electrochemically 
active cathode material through the electrolyte and are 
plated back onto the anode. 
0008 Another example of an electrochemical cell is an 
electrochromic device, Such as those used on electrochromic 
windows. Conventional electrochromic windows comprise 
multi-layered devices, Similar to a lithium Secondary battery, 
comprising a pair of transparent electrodes Sandwiched 
between two transparent Substrates. A pair of ion-insertion 
materials, referred to as the electrochromic layer and an ion 
Storage layer, are Sandwiched between the pair of electrodes. 
The electrochromic layer of an electrochromic device is an 
electrochromic ion insertion material, which reversibly 
changes its color by the injection or extraction of ions as a 
result of an application of an electric potential. This revers 
ible color change in a material caused by an applied electric 
field or current is known as “electrochromism.” The ion 
Storage layer of an electrochromic device is an ion insertion 
material, which may or may not have electrochromic prop 
erties. An ion-conducting material (also known as an elec 
trolyte layer) is disposed between the electrochromic layer 
and the ion Storage layer. Positive ions are induced by the 
Voltage to move through the ion conducting material, i.e., 
electrolyte, in the direction from the ion Storage layer and 
toward the electrochromic layer. Upon application of a 
Voltage acroSS the electrochromic device, electrons flow 
through an external circuit in a direction from the electrode 
adjacent the ion Storage layer to the electrode adjacent the 
electrochromic layer. Simultaneously, a resulting current is 
conducted by ions, Such as lithium ions (Li) or hydrogen 
ions (H"). The positive ions are induced by the voltage to 
move through the ion conducting layer in the direction from 
the ion Storage layer and toward the electrochromic layer. 
0009. An example of an electrochromic material used in 
an electrochromic device is a tungsten oxide (WO) film. To 
color the WO film, a battery is connected between the pair 
of transparent conductive electrodes. When a negative Volt 
age is applied to one of the electrodes (the negative elec 
trode), electrons from the negative electrode and lithium 
ions from the lithium electrolyte are injected Simultaneously 
into the WO film. This ion injection process continues until 
the colorless WO is converted into the blue-colored 
LiWO. To bleach the blue-colored Li WO film, the polar 
ity is reversed So that the electrons and lithium ions are 
depleted from the LiWO film. Current flows until the 
entire film is restored to its original WO (colorless) state. 
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Thus, it is convenient to think of the coloring and bleaching 
process of an electrochromic device as the charging and 
discharging of a battery. Typically, for maximum efficiency, 
electrochromic devices include an electrochromic layer 
comprising an electrochromic material and an ion Storage 
layer comprising a “complementary electrochromic mate 
rial, i.e., an electrochromic layer that becomes colored upon 
positive ion insertion and an ion Storage material that 
becomes colored upon removal of positive ions. As a result 
of this type of complementary System, the electrochromic 
and ion Storage layers change color Simultaneously as a 
result of an applied Voltage to produces a more highly 
colored (darker) state. 
0.010 Electrochemical devices such as lithium secondary 
batteries and electrochromic devices can use either a Solid, 
liquid, or polymer gel-type electrolyte as the ion conducting 
layer, and therefore are referred to as either Solid-State, 
liquid or polymer gel (also known as gel-type) devices, 
respectively. The ion conducting layer must possess high 
ionic conductivity (i.e., conducts positive ions Such as Li' or 
H") and low electronic conductivity (does not conduct 
electrons). 
0.011 Solid-state electrochemical devices have solid thin 
film electrolytes made of So-called fast-ion conductor mate 
rials, in which either lithium or hydrogen ions diffuse 
readily. Examples of Such fast-ion conductor materials 
include LiN, LiNH, Li MTi (PO) and LiAlf. Dur 
ing the manufacture of Solid-State electrochemical devices, 
the solid electrolyte layer (which is disposed between the 
cathode and the anode) is deposited in a manner which often 
results unavoidably in the formation of "pinholes”. Pinholes 
are defects in the Solid electrolyte layer which act as electron 
“channels' between the cathode and the anode, Such as the 
electrochromic layer and the ion Storage layer in an elec 
trochromic device. Consequently, in an electrochromic 
device, if a pinhole is present in the Solid electrolyte layer, 
electrons will flow from the electrochromic layer, through 
the pinhole in the Solid electrolyte layer, and back to the ion 
Storage layer. Under this condition, known as “shorting, 
electrons do not remain in the electrochromic layer during 
applied Voltage; therefore, the electrochromic device cannot 
remain colored. Due to the inherent pinhole defects in the 
manufacture of Solid State electrochromic devices, it is 
difficult to Scale up these devices for larger applications, 
Such as for electrochromic windows. 

0012 Liquid or gel-type electrochemical devices were 
developed to alleviate the “shorting problems associated 
with Solid State electrochemical devices. Liquid or gel-type 
electrochemical devices have a liquid or gel material as the 
ion conducting layer, which is typically formed by Sand 
Wiching the liquid or gel-type ion conducting material 
between the cathode and the anode after the electrochemical 
device has been assembled. Consequently, liquid electro 
chemical devices do not Suffer the drawback of pinholes as 
in Solid-State devices. Therefore, they are easier to Scale up 
than the Solid State devices. However, liquid or gel-type 
electrochemical devices are often leSS durable than Solid 
State devices, possibly due to degradation of the ion Storage 
layer and the electrochromic layer by the liquid electrolyte. 
AS the electrochromic and ion Storage layerS degrade, it 
becomes necessary to apply increasing amounts of Voltage 
or current to the device to achieve the same degree of color 
intensity. 
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0013 A need therefore exists for a liquid or gel-type 
electrochemical device that has increased durability and 
wherein the ion insertion materials do not Suffer from the 
degradative effects of being in contact with the liquid or 
polymer gel electrolyte as in conventional liquid or gel-type 
electrochemical devices. 

SUMMARY OF THE INVENTION 

0014) Accordingly, objects, features and advantages of 
the present invention are to provide an improved liquid or 
gel-type electrochemical cell based, for example, on lithium, 
which maintains its integrity over a prolonged life-cycle as 
compared to conventional liquid or gel-type electrochemical 
cells, and to provide a protective, Solid ion conducting layer 
between the ion insertion material(s) and the liquid or 
gel-type electrolyte, wherein the protective layers prevent 
degradation of the ion insertion materials. The protective 
layers are characterized by an ability to conduct positively 
charged ions but are poor electronic conductors. The pro 
tective layers are of a Sufficient thickness to restrict pen 
etration of the liquid electrolyte layer and consequently 
reduce or prevent degradation of the ion insertion layer(s). 
0015 Accordingly, it is a general object of this invention 
to provide for a method of protecting an ion insertion 
material having a Surface which faces a liquid or gel-type ion 
conducting material. 
0016 A more specific object of this invention is to 
provide a liquid or gel-type electrochemical device having 
increased durability. 
0017 Another specific object of the present invention is 
to provide a liquid or gel-type electrochemical device having 
improved cycling lifetime. 
0018. Another specific object of the present invention is 
to provide a liquid or gel-type electrochemical device having 
improved durability comprising a Solid ion conducting layer 
disposed between a ion insertion layer and a liquid or 
gel-type ion conducting layer. 
0019. Another specific object of the present invention is 
to provide a liquid or gel-type electrochromic device which 
is able to maintain a Substantially constant color intensity 
over time with repeated application of an electric current. 
0020. Another specific object of the present invention is 
to provide a liquid or gel-type electrochromic device having 
improved durability comprising a Solid ion conducting layer 
disposed between an ion-insertion layer and a liquid or 
gel-type ion conducting layer. 
0021 Another specific object of the present invention is 
to provide a method of manufacturing a liquid or gel-type 
electrochemical cell having increased durability. 
0022. Additional objects, advantages and novel features 
of this invention shall be set forth in part in the description 
that follows, and in part will become apparent to those 
skilled in the art upon examination of the following Speci 
fication or may be learned by the practice of the invention. 
The objects and advantages of the invention may be realized 
and attained by means of the instrumentalities, combina 
tions, and methods particularly pointed out in the appended 
claims. 

0023 To achieve the foregoing and other objects and in 
accordance with the purposes of the present invention, as 
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embodied and broadly described therein, an electrochemical 
cell of this invention comprises a pair of Substrates, a pair of 
electrodes Sandwiched between the pair of Substrates, a pair 
of ion-insertion layerS Sandwiched between the pair of 
electrodes, a pair of Solid ion conducting layerS Sandwiched 
between the ion insertion layers, and a liquid or gel-type ion 
conducting material disposed between the Solid ion conduct 
ing layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. The accompanying drawings, which are incorpo 
rated in and form a part of the Specifications, illustrate the 
preferred embodiments of the present invention, and 
together with the description Serve to explain the principles 
of the invention. 

0025) 
0.026 FIG. 1 is a diagrammatic cross-sectional view of a 
conventional (prior art) electrochemical cell comprising 
Separate Substrate, anode, and cathode layers, 

In the Drawings: 

0.027 FIG. 2 is a diagrammatic c cross-sectional view of 
an alternative conventional (prior art) electrochemical cell 
comprising a first Substrate layer which Serves as the anode, 
and a Second Substrate layer which Serves as the cathode; 
0028 FIG. 3 is a diagrammatic cross-sectional view 
showing one embodiment of a liquid or gel-type electro 
chemical cell according to this invention having a protective 
Solid ion conducting layer between each ion insertion layer 
and the liquid or gel-type electrolyte, and further comprising 
Separate Substrate, anode, and cathode layers, 
0029 FIG. 4 is a diagrammatic cross-sectional view 
showing an alternative embodiment of a liquid or gel-type 
electrochemical cell according to this invention having a 
protective Solid ion conducting layer between each ion 
insertion layer and the liquid or gel-type electrolyte, and 
further comprising a first Substrate layer which Serves as the 
anode, and a Second Substrate layer which Serves as the 
cathode, 
0030 FIG. 5 is a graph of capacity in uAh/cm versus 
cycle number for a vanadium oxide electrode coated with a 
protective Solid ion conducting layer of lithium aluminum 
fluoride (curve 100) and an uncoated vanadium oxide elec 
trode (curve 102); 
0031 FIG. 6 is a graph of capacity in uAh/cm versus 
cycle number for a vanadium oxide electrode coated with a 
protective Solid ion conducting layer of lithium phosphorous 
oxinitride material (curve 104) and an uncoated vanadium 
oxide electrode (curve 106); 
0032 FIG. 7 is a graph of capacity in uAh/cm versus 
cycle number for a tungsten oxide electrode coated with a 
protective Solid ion conducting layer of lithium aluminum 
fluoride (curve 108) and an uncoated tungsten oxide elec 
trode (curve 110); and 
0033 FIG. 8 is a graph of capacity in uAh/cm versus 
cycle number for a tungsten oxide electrode coated with a 
protective Solid ion conducting layer of a lithium phospho 
rous oxinitride material (curve 112) and an uncoated tung 
sten oxide electrode (curve 114). 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0034. This invention generally provides a novel method 
and Structure for inhibiting or preventing degradation of any 
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ion insertion material having a Surface that faces a liquid or 
gel-type electrolyte by inserting a protective Solid ion con 
ducting (electrolyte) layer between the ion insertion material 
and the liquid or gel electrolyte. This invention further 
provides liquid or gel-type electrochemical devices having 
increased durability, comprising a Solid ion conducting 
(electrolyte) layer disposed between the ion insertion mate 
rial and the liquid or gel-type electrolyte layers of the device. 
While the method and structures of this invention are not 
limited to applications to electrochemical cells, for conve 
nience of explanation the preferred embodiments of this 
invention will be described in reference to an electrochemi 
cal cell, with the understanding that it applies to electro 
chromic and other devices that comprise Similar materials or 
operate on Similar principles. 

0035). As shown in FIG. 1, a conventional (prior art) 
electrochemical cell 10 has a first electrode-equipped Section 
12, a Second electrode-equipped Section 14, and an ion 
conducting layer 16 therebetween. The first electrode 
equipped Section 12 is the anode during discharge of cell 10, 
and the Second electrode-equipped Section 14 is the cathode 
during discharge of cell 10. The first electrode-equipped 
section 12 includes substrate 17, electrode 18, typically of 
nickel, iron, aluminum, StainleSS Steel, and/or copper foil, 
and ion insertion material 20. When electrochemical cell 10 
is a lithium battery, the ion insertion material 20 comprises 
lithium, or compounds and alloys of lithium, and is often 
referred to in the art as the “negative electrode” or “anode'. 
When electrochemical cell 10 is an electrochromic device, 
the ion insertion material 20 typically comprises an electro 
chromic ion insertion material (discussed below) and is 
typically referred to as the electrochromic layer. 

0036) The second electrode-equipped section 14 includes 
Substrate 19, electrode 22, typically of aluminum, nickel, 
iron, StainleSS Steel, and/or copper, and ion insertion material 
24 which is usually different than ion insertion material 20 
in the first electrode-equipped section 12. When the elec 
trochemical cell 10 is a lithium battery, the ion insertion 
material 24 is often referred to as the “positive electrode' or 
“cathode'. When the electrochemical cell 10 is an electro 
chromic device, the ion insertion material 24 is typically 
referred to as the ion Storage layer. The ion insertion material 
24 in an electrochromic device may optionally be an elec 
trochromic ion insertion material which is complementary to 
the negative electrode (discussed below). The ion conduct 
ing or electrolyte material 16 is positioned between the ion 
insertion material 20 and the ion insertion material 24. 

0037. A variation of the above-described conventional 
(prior art) electrochemical cell 30 is shown in FIG. 2 and 
comprises a first electrode-equipped Section 36, a Second 
electrode-equipped Section 38, and an ion conducting layer 
16 therebetween. Section 36 comprises layer 32, which is 
both the first Substrate and the anode of device 30, and 
section 38 comprises layer 34 which is both the second 
substrate and the cathode of device 30. Layers 20 and 24 of 
device 30 are ion insertion materials as described above. 

0038 A common problem associated with conventional 
liquid or gel-type electrochemical cells, Such as cells 10 and 
30 shown in FIGS. 1 and 2 wherein the ion conducting or 
electrolyte material 16 is a liquid or a gel, is degradation of 
faces 26 and 28 of the ion insertion materials 20 and 24, 
respectively. While not wishing to be bound by theory, the 
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inventors believe that degradation of conventional liquid and 
gel-type electrochemical devices 10, in which each ion 
insertion layer 20 and 24 is interfaced with the liquid or 
gel-type ion conducting layer 16, may occur as a result of 
chemical corrosion of the ion insertion materials 20 and 24, 
respectively, by the liquid or gel ion conducting layer 16. 
Such problems are obviated in accordance with this inven 
tion by the use of protective, Solid-State ion conducting 
layers interposed between the ion insertion materials and the 
liquid or gel-type ion conducting layer 16, wherein the 
Solid-State ion insertion materials act as protective layers 
between an ion insertion layer and a liquid or gel-type ion 
conducting layer to prevent corrosion or other degradative 
effects of the ion insertion layers. 
0039. One preferred embodiment of a liquid or gel-type 
electrochemical cell 40 with protective solid state ion con 
ductor or electrolyte layers 50, 52 according to this invention 
is shown in FIG. 3. This comprises a first electrode 
equipped Section 42, a Second electrode-equipped Section 
44, and a liquid or gel-type ion conducting layer 16 Sand 
wiched between the first electrode-equipped Section 42 and 
the Second electrode-equipped Section 44. First electrode 
equipped Section 42 of liquid or gel-type electrochemical 
cell 40 comprises first substrate 17, first electrode 18 dis 
posed on Substrate 17, a first ion insertion material 20 
disposed on first electrode 18 and having a face 26 on a side 
opposite to the first electrode 18, and a first protective solid 
ion conducting layer 50 disposed on face 26 of first ion 
insertion material 20. Second electrode-equipped Section 44 
of liquid or gel-type electrochemical cell 40 comprises 
second substrate 19, second electrode 22 disposed on Sub 
Strate 19, a Second ion insertion material 24 disposed on 
Second electrode 22 and having a face 28 on a side opposite 
to the Second electrode 22, and a Second protective Solid ion 
conducting layer 52 disposed on face 28 of Second ion 
insertion material 24. 

0040 First electrode-equipped section 42 and second 
electrode-equipped section 44 of electrochemical cell 40 of 
this invention are disposed in Spaced relation to one another 
Such that Solid ion conducting layerS 32 and 34 face each 
other and are separated by one or more spacers 35. The solid 
ion conducting layers 32 and 34 together with spacer(s) 35 
define a void which is filled with liquid or gel-type ion 
conducting material 16. 
0041 Electrochemical cell 40 of the present invention 
has significantly improved durability compared to conven 
tional liquid or gel-type electrochemical cell 10. The term 
“durability” as used herein refers to the ability to repeatedly 
cycle Voltage through an electrochemical cell while main 
taining the integrity of the electrochemical cell over a 
prolonged life-cycle. In reference to an electrochromic 
device, durability refers to the ability to repeatedly cycle 
Voltage through an electrochromic device without increased 
resistance to loss of optical properties (e.g., color intensity). 
In reference to a lithium rechargeable battery, durability 
refers to the ability to repeatedly cycle Voltage through a 
lithium rechargeable battery without a loSS of charge-dis 
charge capacity. In practice, a cycle life of greater than 107 
cycles is desirable for most applications. The term 
“improved durability” as used herein means that a liquid or 
gel-type electrochemical cell 40 of the invention has the 
ability to cycle with Voltage for a greater number of cycles 
with Significantly reduced loSS of charge-discharge proper 
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ties (when the electrochemical cell is a lithium battery) or 
without loss of optical properties (when the electrochemical 
cell is an electrochromic device) when compared to a 
conventional liquid or gel-type electrochemical cell 10. 
0042. A novel feature of the present invention, which 
improves the durability of electrochemical cell 40, is the 
incorporation of protective Solid State ion conducting layers 
50 and 52 in liquid or gel-type electrochemical cell. It was 
discovered that solid ion conducting layers 50 and 52 act as 
protective layers by preventing liquid or gel-type ion con 
ducting layer 16 from degrading first ion insertion material 
and Second ion insertion material 24, respectively, while Still 
allowing the flow of positive ions through liquid or gel-type 
electrolyte layer 16 to either the first or second ion insertion 
layers 50 and 52. Consequently, protective solid-state ion 
conducting layers 50 and 52 increase the durability of the 
electrochemical cell 40 (FIG. 3) of this invention by mini 
mizing or preventing degradation of ion insertion layers 20 
and 24, which is a common problem with conventional 
liquid or gel-type electrochemical cell 10 (FIG. 1). 
0043 Solid ion conducting layers 50 and 52 of electro 
chemical cell 40 preferably comprise one or more solid 
electrolyte material(s) (i.e., Solid ion conducting material(s)) 
that is/are an excellent conductor of a positively charged ion 
(e.g., Li or H) and a poor electric conductor (e.g., a poor 
conductor of negatively charged electrons). AS used 
throughout, the terms "electrolyte material” and “ion con 
ducting material” are interchangeable and refer to a Solid, 
liquid, or gel (polymer)-type material which conducts posi 
tive ions but does not conduct negative ions. Lithium ion 
(Li) conductors are a preferred material for Solid ion 
conducting layers 50 and 52, since lithium ion conductors 
generally have the combined features of high ionic conduc 
tivity with greater chemical stability than do other solid ion 
conductors, Such as hydrogen ion conductors. When elec 
trochemical cell 40 is an electrochromic device, the Solid ion 
conducting material for use as protective Solid ion conduct 
ing layers 50 and 52 is preferably transparent. Suitable 
materials for use as protective Solid ion conducting layerS 50 
and 52 include lithium aluminum fluoride (LiAlF), and 
lithium phosphorous OXinitride compounds including Li 
PON, where “x” is approximately equal to 2.8, the sum of 
“2y+3z' is approximately equal to 7.8, and “Z” has a value 
between 0.16 and 0.46. Such Li, PON compounds are 
described in U.S. Pat. No. 5,597,660 to Bates, et al., which 
is incorporated herein by reference. Other Suitable materials 
for the Solid ion conducting layer include, but are not limited 
to, LiI, Li WO, LiSO, LiIO, LiSiO, LiSiO5, LiAl 
SiO, Li (Sio, Geo)O, Li, GeO, LiAlCl4, Li-PO, LiN, 
LiS, LiO, Lisal.O., LisGaO, Li ZnO, LiAr(PO), 
LiHf(PO), LiInS, LiMgF and LiAlMgF. Solid ion con 
ducting layers 50 and 52 of liquid or gel-type electrochromic 
device 40 are preferably between about 500-5000 Ang 
Stroms thick. 

0044 Similarly, liquid or gel-type ion conducting layer 
16 of electrochromic device 40 should also be an electrolyte 
material that has high ionic conductivity and low electric 
conductivity. Preferably, the liquid or gel-type ion conduct 
ing layer 16 is an excellent conductor of lithium ions (Li). 
When ion conducting layer 16 is a liquid electrolyte layer, 
the liquid electrolyte may be obtained by dissolving a 
lithium Salt in a Suitable Solvent-preferably a non-aqueous 
Solvent. Suitable lithium Salts for preparing ion conducting 
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liquid electrolyte material 16 include LiClO, LiBF, 
LiAlCL, LiCFSO, LiASF, LiCl, and other compounds 
known in the art which exhibit Similar ion conducting 
properties. Suitable non-aqueous Solvents for use in prepar 
ing liquid electrolyte material 16 include propylene carbon 
ate, tetrahydrofuran and its derivatives, acetonitrile, 1,3- 
dioxalane -methyl-2-pyrrolidone, Sulpholane 
methylformate, dimethyl Sulfate, Y-butyrolactone, 1,2- 
dimethoxyethane, and other non-aqueous Solvents which are 
known in the art which exhibit Similar properties. In one 
embodiment, ion conducting layer 16 is a liquid electrolyte 
material comprising LiClO dissolved in propylene carbon 
ate to form a 1 molar concentration. When electrolyte layer 
16 is a gel-type electrolyte material (also known in the art as 
a polymer gel electrolyte), the gel-type electrolyte material 
may be obtained by adding a conventional liquid electrolyte 
(e.g., lithium perchlorate dissolved in propylene carbonate) 
to a croSS-linkable polymer host which functions as a 
container for the liquid electrolyte material. Suitable poly 
mer hosts include, but are not limited to, polyacrylonitrile, 
poly(ethylene oxide), poly(methyl methacrylate), poly(Vi 
nylidene fluoride), poly(Vinylidene fluoride-co-hexafluoro 
propylene), polyethylene glycol, diacrylate, and trimethy 
lolpropane triacrylate. 
0.045. A necessary requirement in the selection of the 
Solid electrolyte material for use as Solid ion conducting 
layers 50 and 52 and the selection of liquid or gel-type 
electrolyte material 16 is that both the solid ion conducting 
material and liquid or gel-type electrolyte material has the 
same positive ion. That is, if the positive ion in the liquid or 
gel-type electrolyte material is a lithium ion (Li), then the 
positive ion in the Solid electrolyte material should also be 
a lithium ion (Li'). 
0.046 Referring again to electrochemical cell 40 of this 
invention as illustrated in FIG. 3, Solid ion conducting 
layers 50 and 52 are sandwiched between ion insertion 
layers 20 and 24. As used herein, the term “ion insertion 
material” refers to a mixed conductor (i.e., ionic and elec 
tric) in which positive and negative ions can be rapidly and 
reversibly inserted. That is, for charge neutrality of the ion 
insertion material, an electron (i.e., a negative ion) is 
inserted into the ion insertion material from the electrode 18 
or 20 whenever a positive ion (e.g., Li" or H") is inserted 
into the ion insertion material from the ion conducting layer 
16, and likewise an electron is extracted whenever a positive 
ion is extracted. Examples of ion-insertion materials which 
are suitable for ion insertion layers 20 and 24 in a lithium 
rechargeable battery include, but are not limited to, Li TiS, 
LiVOs, Li CoO, Li MnO, Li TiO, LiSnO and Li 
NiO. 
0047. An ion insertion material in an electrochromic 
device is an ion insertion material whose optical properties 
(e.g., degree of color change) depends Strongly on the 
number of inserted ions. Electrochromic ion insertion mate 
rials may thus be regarded as Storage batteries with a visible 
State of color change. Suitable electrochromic materials for 
ion insertion layers 20 and 24 when electrochemical cell 40 
is an electrochromic device include cathodic electrochromic 
materials, which take on color in a reduced State, and anodic 
electrochromic materials, which take on color in an oxidized 
state. Suitable materials for ion insertion layers 20 and 24 in 
an electrochromic device include, but are not limited to, 
transition metal oxides, transition metal Sulfides, transition 

Jun. 20, 2002 

metal oxySulfides, transition metal halides, Selenides, tellu 
rides, chromates, molybdates, tungStates, Vanadates, nio 
bates, tantalates, titanates, Stannates, etc. especially oxides, 
sulfides and stannates of metals of Groups IV-B, V-B, and 
VI-B, and oxides and Sulfides of Lanthanide Series metals, 
and more particularly, tungsten oxide, molybdenum oxide, 
titanium oxide, Vanadium oxide, niobium oxide, iridium 
oxide, rhodium oxide, nickel oxide, cerium oxide, copper 
Stannate, and cobalt tungState. Ion insertion layerS 20 and 24 
are each preferably between about 1000 to 10,000 angstroms 
thick, and more preferably between 1000-5000 angstroms 
thick. Preferably, when electrochemical cell 40 is an elec 
trochromic device, ion insertion layer 20 is tungsten oxide 
(WO) (which takes on color in a reduced state) and is about 
5000 angstroms thick, and ion insertion layer 24 is a 
complementary electrochromic ion insertion material, that 
is, an anodic electrochromic ion insertion material which 
takes on color in an oxidized State. Suitable anodic electro 
chromic ion insertion materials include V2O5, IrO2, and 
NiO. Preferably ion insertion layer 24 is VO and is about 
5000 angstroms thick. 
0048 Referring again to FIG. 3, ion insertion materials 
20 and 24 of electrochemical cell 40 are sandwiched 
between first and second electrodes 18 and 22. Suitable 
materials for first and second electrodes 18 and 22, for use 
in lithium rechargeable batteries include highly conductive 
metals. Such as aluminum, copper, nickel, platinum, and 
palladium. When electrochemical cell 40 is lithium 
rechargeable battery, first and second electrodes 18 and 22 of 
device 40 are preferably between 1000 A and 10,000 A 
thick. Suitable materials for first and second electrodes 18 
and 22 for use in liquid or gel-type electrochromic devices 
include highly conductive, transparent materials. Such as 
doped metal oxides, including tin oxides (SnO.F or 
SnO:Sb), indium-tin oxides (ITO) such as In-O:Sn, and 
Zinc oxides (ZnO:In, ZnO:Al), and ultrathin, transparent 
metallic films including, but not limited to, gold (Au), 
aluminum (Al), Silver (Ag), and copper (Cu). However, 
other Substrates of various kinds of materials may be used 
depending on the use of electrochemical cell 40. When 
electrochemical cell 40 is an electrochromic device, first and 
Second electrodes 18 and 22 of electrochemical cell 40 are 
preferably doped indium-tin oxide (ITO) and are between 
1000 and 5000 angstroms thick. Alternatively, when elec 
trochromic cell 40 is an electrochromic mirror device, a 
metallic reflector layer typically replaces one of the elec 
trodes 18 or 22. 

0049 Referring again to FIG. 3, first and second elec 
trodes 18 and 22 of electrochemical device 40 are sand 
wiched between Substrates 17 and 19. Suitable Substrates 17 
and 19 when electrochemical device 40 is a lithium 
rechargeable battery may be transparent or non-transparent 
and include glass, polymers, and thin plastic Substrates. 
Suitable Substrates 17 and 19 when electrochemical device 
40 is an electrochromic device, one or both Substrates 17 
and/or 19 is transparent, and substrates 17 and 19 are 
preferably glass or plastic Substrates. Alternatively, resins 
Such as polymethylmethacrylate, polycarbonate, and the like 
may be used. 
0050 Referring again to FIG. 3, the assembly of elec 
trochemical cell 40 of this invention will be described. For 
the Sake of Simplicity, but meant to be limiting, the assembly 
will be described for the assembly of an electrochromic 
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device. Electrochromic device 40 may be assembled by first 
separately preparing sections 42 and 44 of the device 40. To 
assemble Section 42, a film of transparent conducting mate 
rial is deposited on Substrate 17 to form first electrode 18. 
The deposition method for forming electrode 18 may be any 
film-forming methods known in the art, Such as Vacuum 
deposition, Sputtering, ion plating, chemical vapor deposi 
tion, Screen printing, Sol-gel deposition, and the like. Next, 
ion insertion layer 20 comprising an electrochromic material 
is formed by depositing electrochromic material Such as 
vanadium oxide (VOs) onto electrode 18 by any of the 
film-forming techniques described above. Next, Solid ion 
conducting layer 50 is deposited onto ion insertion layer by 
depositing a Solid electrolyte Such as LiAlF, or Li PON, 
onto ion insertion layer 20 by known deposition techniques. 
For example, a layer of Li, PON may be deposited by 
radio-frequency (rf) magnetron Sputtering of a Li-PO, target 
in a nitrogen atmosphere as described in U.S. Pat. No. 
5,597,660 which is incorporated herein by reference, to 
complete Section 12 Due to the nature of the deposition 
proceSS for forming Solid ion conducting layer 50, pinholes 
may occur in Solid ion conducting layer 50 of device 40. 
However, as will be described below, such pinholes are not 
detrimental to device 40. 

0051) Section 44 of electrochromic device 40 is then 
assembled in a manner similar to that described above for 
the assembly of Section 42, with the exception that ion 
insertion material 24 of Section 44 is either an electrochro 
mic material that is complementary to ion insertion material 
20, or ion insertion material 24 may be a non-electrochromic 
ion insertion material Such as magnesium fluoride (MgF2), 
tin oxide (SnO), or silicon dioxide (SiO). 
0.052 Once sections 42 and 44 of device 40 have been 
assembled, Sections 42 and 44 are positioned parallel to one 
another with first and Second protective Solid ion conducting 
layers 50 and 52 facing each other and spaced apart by one 
or more spacers 35 around the perimeter edges of layers 50 
and 52. Spacer(s) 35 is typically a polymer, and serves not 
only to Separate Sections 42 and 44, but also to contain liquid 
or gel-type ion conducting material 16. Other Suitable mate 
rials for use as Spacer(s)35 include tape, polymers contain 
ing glass beads, and other materials known to those skilled 
in the art. Spacer(s) 35, together with protective solid ion 
conducting layerS 32 and 34, define a Space for containing 
liquid or gel-type ion conducting material 16. After Sections 
42 and 44 are joined, a hole is drilled either through section 
42 or section 44 to the space defined by layers 50, 52, and 
Spacer(s)35. A vacuum is applied to the hole to evacuate the 
defined Void, and then liquid or gel-type ion conducting 
material 16 is injected into the voided Space and the hole is 
Sealed. 

0053. The above-described method of assembling elec 
trochemical device 40 is merely exemplary and is not 
intended to be limiting. Thus, other methods known in the 
art may be utilized to assemble electrochromic device 40 of 
this invention. In addition, the method of assembly 
described above is not limited to the assembly of electro 
chromic devices, but the above described method as well as 
other methods known in the art, may be utilized to assembly 
electrochemical devices 40 of this invention comprising 
protective solid ion conducting layers 50 and 52. For 
example, the method described by Lee et al. (Electrochemi 
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cal and Solid-State Letters (1999) 2:425), which is incor 
porated herein by reference, may also be employed for 
assembling device 40. 
0054) To operate electrochromic device 40 described 
above, two leads (not shown) are connected to transparent 
conducting electrode layerS 18 and 22 to provide an electric 
potential and circuit acroSS electrochromic device 40 which 
is necessary to cause electrochromic layer 20 and ion 
insertion layer 24 to change color during an applied Voltage. 
The leads in turn may be connected to a polarity reversing 
Switch, which allows for the polarity of the charge acroSS the 
electrochromic device 40 to be reversed, thereby changing 
the electrochromic layers from colored to colorless, or Vice 
WCS. 

0055 As discussed above, since the Solid protective ion 
conducting layers 50 and 52 are formed in the same manner 
as a Solid electrolyte layer in a conventional Solid-State 
electrochemical cell, Some pinholes may be present in the 
protective solid electrolyte layers 50 and/or 52 of liquid or 
gel-type electrochemical cell 40 of this invention. Surpris 
ingly, it was discovered by the inventors that Solid protective 
ion conducting layers 50 and 52 need not be free of pinholes 
to provide Sufficient protection to ion insertion layerS 20 and 
24. Any pinholes present in the Solid protective ion con 
ducting layers 50 and/or 52 were discovered to be, at the 
most, minimally detrimental to the performance of liquid or 
gel-type electrochemical cell 40. Referring to FIG. 3, if for 
example a pinhole (not shown) was present in Solid ion 
conducting layer 50, only a pinhole-sized amount of liquid 
electrolyte 16 would pass through the Solid ion conducting 
layer 50 and come in contact with face 26 of ion insertion 
layer 20. Consequently, only a pinhole-sized area of degra 
dation may occur on face 26, which would not cause the 
dramatic deterioration of liquid or gel-type electrochemical 
cell 40, which is a common occurrence in conventional 
liquid or gel-type electrochemical cells 10 (FIG. 1). While 
not wishing to be bound by any theory, the inventors believe 
that degradation of conventional liquid or gel-type electro 
chemical cells, such as cell 10 shown in FIG. 1, may occur 
as a result of chemical corrosion of faces 26 and 28 ion 
insertion layers 20 and 24, respectively, by the liquid or 
gel-type ion conducting material 16. This is due to the fact 
that, in conventional liquid or gel-type electrochemical cells 
10, the liquid or gel-type electrolyte layer 16 is in contact 
with the entire Surface of faces 26 and 28 of ion insertion 
layers 20 and 24, respectively. Therefore, whereas in con 
ventional liquid or gel-type electrochemical cells 10 the 
liquid or gel electrolyte layer 16 can eventually degrade the 
entire face of ion insertion layers 20 and 24 at the liquid 
electrolyte/ion insertion layer interface, the novel design of 
electrochemical cell 40 avoids this degradation problem 
observed with conventional electrochemical cells 10 in that 
electrochemical cell 40 of this invention has protective solid 
ion conducting layers 50 and 52 interposed between ion 
insertion layerS 20 and 24, respectively, and liquid or gel 
type electrolyte layer 16. Protective solid ion conducting 
layers 50 and 52 are thick enough to prevent liquid or 
gel-type electrolyte 16 from contacting ion insertion layers 
20 and 24, while still allowing the flow of positive ions such 
as Li" from ion insertion layer 20 to ion insertion layer 24 
during discharge of cell 40, and similarly to allow the flow 
of the positive ions in the reverse direction (from ion 
insertion layer 24 to ion insertion layer 20) when the cell 40 
is being charged. 
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0056 FIG. 4 illustrates an alternative embodiment of this 
invention, which is an improvement over conventional elec 
trochemical cell 30 illustrated in FIG. 2. Electrochemical 
cell 70 of FIG. 4 comprises first electrode-equipped section 
74, Second electrode-equipped Section 78, and a liquid or 
gel-type ion conducting layer 16 Sandwiched therebetween. 
First and second electrode-equipped sections 74 and 78 are 
separated by spacers 35 as described above. First electrode 
equipped Section 74 comprises a first electrode 32, a first ion 
insertion material 20 disposed on first electrode 32 and 
having a face 26 on a side opposite to the first electrode 32, 
and a first protective Solid ion conducting layer 50 disposed 
on face 26 of first ion insertion material 20. Second elec 
trode-equipped Section 78 comprises Second electrode 34, a 
Second ion insertion material 24 disposed on Second elec 
trode 34 and having a face 28 on a Side opposite to the 
Second electrode 34, and a Second protective Solid ion 
conducting layer 52 disposed on face 28 of Second ion 
insertion material 24. Thus, the primary difference between 
electrochemical cell 40 of FIG. 3 and electrochemical cell 
70 of FIG. 4 is that electrode 32 of electrochemical cell 70 
functions both as the Substrate and electrode 17 and 18 of 
electrochemical cell 40 (FIG. 3), and likewise electrode 34 
of electrochemical cell 70 (FIG. 4) functions both as the 
Substrate and electrode 19 and 22 of electrochemical cell 30. 
Electrochemical cell 70 of this invention has increased 
durability compared to conventional electrochemical cell 30 
due to the presence of protective Solid ion conducting layers 
50 and 52 for the reasons explained above. 

0057. As discussed above, this invention in general pro 
vides a method of protecting any ion insertion layer from the 
degradative effects of a liquid or gel-type electrolyte by 
inserting a protective Solid ion conducting layer between the 
ion insertion layer and the liquid or gel-type electrolyte 
layer. Consequently, the Scope of this invention includes 
methods of protecting ion insertion layers in devices other 
that those described in FIGS. 3 and 4, and further includes 
any device having a protective Solid ion conducting layer 
disposed between an ion insertion layer and a liquid or 
gel-type electrolyte layer. 

0.058 FIG. 5 compares the charge/discharge capacity of 
a protected Vanadium oxide (VOs) electrode of this inven 
tion with an unprotected electrode. In FIG. 5, curve 100 
represents the ion insertion behavior of a V2O5 ion insertion 
layer coated with a thin film of protective Solid ion con 
ducting layer lithium aluminum fluoride (LiAlF). Curve 
102 represents the ion insertion behavior of an uncoated 
V.O., electrode. Both electrodes were tested in a liquid or 
gel-type electrochemical cell comprising 1 M LiCI0 in 
propylene carbonate as the liquid or gel-type electrolyte. 
Curve 100 shows that, for a V-Os electrode coated with a 
protective Solid electrolyte film, the capacity remains Sub 
Stantially constant over repeated cycling of the electrode. In 
contrast, the V2O5 electrode which does not have a protec 
tive coating, represented by curve 102, loses capacity with 
repeated cycling. FIG. 6 Summarizes the results of a similar 
experiment in which the durability of a V-Os electrode of 
this invention coated with a protective film of a lithium 
phosphorous oxinitride material (LiPON) (curve 104) 
was compared to an unprotected V2O5 electrode (curve 106). 
As shown in FIG. 6, the Li, PON-coated V-Os electrode 
(curve 104) had substantially improved durability compared 
to the unprotected V-Os electrode (curve 106). 
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0059. As a further illustration of the increased durability 
of liquid or gel-type electrochemical cell of the present 
invention, FIG. 7 shows a comparison of the charge/dis 
charge capacity for lithium ions of two different tungsten 
oxide (WO) electrodes. Curve 108 represents the ion inser 
tion behavior of a WO electrode of this invention coated 
with a protective solid electrolyte thin film of LiAlf, and 
curve 110 represents the ion insertion behavior of an 
uncoated WO electrode. Again, the capacity of the elec 
trode coated with a protective solid electrolyte film of 
LiAlF, (curve 108) remained substantially constant over 
repeated cycling of the electrode. In contrast, the VOs 
electrode which did not have a protective coating, repre 
Sented by curve 110, lost capacity with repeated cycling. 
FIG. 8 shows a comparison of the charge/discharge capacity 
for lithium ions of a tungsten oxide (WO) electrode of this 
invention coated with a thin film of the protective solid ion 
conducting layer a lithium phosphorous OXinitride (Li 
PON) (curve 112), and an uncoated WOs electrode (curve 
114). 

EXAMPLES 

0060) 1. Preparation of Thin Films of V.O. Protected 
with LiAlF, or Li PON, 
0061 Thin films of VO were deposited by thermal 
evaporation of V2O5 powders. The base pressure for the 
deposition process was typically 10 mbar. The solid elec 
trolyte, LiAlf, was also deposited by conventional thermal 
evaporation of the corresponding powder. The Solid elec 
trolyte, Li PO.N., was deposited by RF magneton Sputter 
ing of a Li-PO, target in a nitrogen atmosphere. 
0062 Each electrode was cycled at a constant current 
between preset Voltage limits. Glass beaker-type test cells 
were used to evaluate the electrochemical properties of the 
Vanadium oxide half-cells. In these half-cell experiments, 
the Setup consists of a VOs film as the working electrode, 
lithium metal foil as the counter electrode and reference 
electrode, and 1M LiCIO propylene carbonate as the elec 
trolyte. FIG. 5 compares the charge/discharge capacity for 
lithium ions versus cycle number of a Vanadium oxide 
electrode of this invention coated with LiAlF (curve 100) to 
the capacity Versus cycle number of an uncoated Vanadium 
oxide electrode (curve 102). Curve 100 shows that, for a 
V.O., electrode coated with a protective solid electrolyte film 
of LiAlf, the capacity remains Substantially constant over 
repeated cycling of the electrode. In contrast, the VOs 
electrode which does not have a protective coating, repre 
Sented by curve 102, loses capacity with repeated cycling. 
0063 FIG. 6 compares the charge/discharge capacity for 
lithium ions versus cycle number of a Vanadium oxide 
electrode of this invention coated with Lipon TM (curve 104) 
to the capacity verSuS cycle number of an uncoated vana 
dium oxide electrode (curve 106). Curve 104 shows that, for 
the V-Os electrode coated with a protective Solid electrolyte 
film of LiPON, the capacity remains Substantially con 
Stant over repeated cycling of the electrode. Again, the VOs 
electrode which does not have a protective coating, repre 
Sented by curve 106, loses capacity with repeated cycling. 
0064. 2. Preparation of Thin Films of WO Protected with 
LiAlF, or Li, PON, 
0065. Thin films of WO were deposited by thermal 
evaporation of WO powders. The base pressure for the 
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deposition process was typically 10 mbar. The solid elec 
trolyte, LiAlf, was also deposited by conventional thermal 
evaporation of the corresponding powder. The Solid elec 
trolyte, Li PON, was deposited by RF magneton Sputter 
ing of a Li-PO, target in a nitrogen atmosphere. 
0.066 Each electrode was cycled at a constant current 
between preset Voltage limits. Glass beaker-type test cells 
were used to evaluate the electrochemical properties of the 
tungsten oxide half-cells. In these half-cell experiments, the 
Setup consists of a WO film as the working electrode, 
lithium metal foil as the counter electrode and reference 
electrode, and 1M LiCIO propylene carbonate as the elec 
trolyte. FIG. 7 shows a comparison of the cycling capacity 
of two different tungsten oxide (WO) electrodes. Curve 108 
represents a WO electrode of this invention coated with a 
protective solid electrolyte thin film of LiAlf, and curve 
110 represents an uncoated WO electrode. Again, the 
capacity of the electrode coated with a protective Solid 
electrolyte film of LiAlF (curve 108) remained substan 
tially constant over repeated cycling of the electrode. In 
contrast, the V2O5 electrode which did not have a protective 
coating, represented by curve 110, lost capacity with 
repeated cycling. 
0067 FIG. 8 shows a comparison of the cycling capacity 
of a tungsten oxide (WO) electrode of this invention coated 
with a protective solid electrolyte thin film of LiPON, 
(curve 112), and an uncoated WO electrode (curve 114). 
Again, the capacity of the WO coated with the protective 
Solid ion conducting layer is improved over the uncoated 
WO, 
0068 The foregoing description is considered as illustra 
tive only of the principles of the invention. Further, since 
numerous modifications and changes will readily occur to 
those skilled in the art, it is not desired to limit the invention 
to the exact construction and process shown as described 
above. Accordingly, all Suitable modifications and equiva 
lents may be resorted to falling within the Scope of the 
invention as defined by the claims which follow. 
0069. The words “comprise,”“comprising”, “include, 
*including,” and “includes” when used in this specification 
and in the following claims are intended to Specify the 
presence of Stated features, integers, components, or Steps, 
but they do not preclude the presence or addition of one or 
more other features, integers, components, Steps, or groups 
thereof. 

The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 
1. A method of producing a durable electrochemical cell, 

comprising: 
(a) preparing a first electrode-equipped section by the 
method comprising: 
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(i) depositing a first ion insertion material on a first 
conducting material, and 

(ii) depositing a first Solid ion conducting material on 
Said first ion insertion material; 

(b) preparing a second electrode-equipped Section by the 
method comprising 

(i) depositing a second ion insertion material on a 
Second conducting material; and 

(ii) depositing a second Solid ion conducting material 
on Said Second ion insertion material; 

(c) disposing said first electrode-equipped section on said 
Second electrode-equipped Section, wherein Said first 
Solid ion conducting material is parallel to and Spaced 
apart from Said Second Solid ion conducting material by 
a plurality of Spacers, wherein Said first Solid ion 
conducting material, Said Second ion conducting mate 
rial, and Said plurality of Spacers define a void; and 

(d) inserting a liquid or gel-type ion conducting material 
into Said Void. 

2. The method of claim 1, wherein said first and second 
Solid ion conducting layers are lithium aluminum fluoride. 

3. The method of claim 1, wherein said first and second 
Solid ion conducting layers are lithium phosphorous OXini 
tride. 

4. The method of claim 1, wherein said first ion insertion 
layer is a cathodic electrochromic material 

5. The method of claim 1, wherein said second ion 
insertion layer is an anodic electrochromic material. 

6. The method of claim 1, wherein said first ion insertion 
layer is Selected from the group consisting of transition 
metal oxides, transition metal Sulfides, transition metal 
Oxysulfides, transition metal halides, Selenides, tellurides, 
chromates, molybdates, tungStates, Vanadates, niobates, tan 
talates, titanates, Stannates. 

7. The method of claim 6, wherein said first ion insertion 
layer is tungsten oxide. 

8. The method of claim 1, wherein said second ion 
insertion layer is Selected from the group consisting of 
V.O.s, IrO, and NiO. 

9. The method of claim 8, wherein said second ion 
insertion layer is VOs. 

10. The method of claim 1, wherein said first and second 
solid electrolyte layers have a thickness of about 1000 to 
5000 Angstroms. 

11. The method of claim 1, further comprising, prior to 
Step (a)(i), depositing said first conducting material on a first 
Substrate, and prior to step (b)(i), depositing Said Second 
conducting material on a Second Substrate. 

k k k k k 


