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ABSTRACT

A multi-cell electrochromic device comprises a plurality of
solid-state
electrochromic cells _that are _arranged in an optical
_
alignment. Each electrochromlc cell is separated from an

adjacent electrochromic cell in the optical alignment by a
transparent conductive layer that is shared by the tWo adjacent
electrochromic cells.
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Metal Oxide or Polymer or Organic Molecule

(Colored)+xM++xe E ;Metal Oxide or Polymer or

Organic Molecule (Transparent).

BACKGROUND

[0001]

The subject matter disclosed herein relates to a

At the cathode, the folloWing reaction takes place:
Metal Oxide or Polymer or Organic Molecule

multi-cell electrochromic device. More particularly, the sub

(Transparent)+xM++xe’ E aMetal Oxide or Polymer or

ject matter disclosed herein relates to a solid-state multi-cell

Organic Molecule (Colored).

electrochromic device that provides a lighter Weight that con

in Which M is H", Li+ or Na", e is an electron, and x is an

ventional multi-cell electrochromic devices, improved inde
pendent cell properties, faster switching times, and more

integer.

uniform coloring in its colored state.
[0002] The ?eld of electrochromics is extensive and has
been developing over about the last forty years. In one appli
cation, an electrochromic coating is used for controlling the

exhibit variations in coloring due to non-uniform ?elds and
differential ion migration. This is especially true for large area

[0007]

Conventional single electrochromic cells often

glaZings in Which resistances of the conductive coating layers
cause voltage drops betWeen the center of the WindoW pane

amount of light and heat passing through the WindoW based

and the bus bars supplying the voltage.

on a user-controlled electrical potential that is applied across

the optical stack of the electrochromic coating. Not only can

[0008] In an effort to mitigate these dif?culties, tWo
approaches have been tried. US. Pat. No. 7,256,924 B2 to

an electrochromic coating reduce the amount of energy used
for room heating and/or air conditioning, an electrochromic

Guarr et al., Which is incorporated herein by reference, dis
closes tWo electrochromic cells in optical alignment. Each

coating can also be used for providing privacy. By sWitching
betWeen a clear state having an optical transmission of about
60-80% and a darkened state having an optical transmission
of between 01-10%, both energy ?oW into a room through a
WindoW and privacy provided by the WindoW can be con

cell is enclosed by substrates on each side so that for tWo cells,
a total of four substrates are required. Each cell is also

enclosed With top and bottom sealants and the cell cavity
contains at least one solvent or gel-like material. Electrical

poWer to the multi-cells is placed in series or in parallel With

trolled. The amount of glass used for various types of Win
doWs, such as skylights, aircraft WindoWs, residential and

the tWo cells.

commercial building WindoWs, and automobile WindoWs, is

closes a multi-cell electrochromic structure. This structure,
like the structures disclosed in US. Pat. No. 7,256,924 B2 to

on the order of one billion square meters per year. Accord

ingly, the potential energy saving provided by electrochromic
glaZing is substantial. See, for example, Solar Energy Mate
rials and Solar Cells, (1994) pp. 307-321.
[0003] Over the forty years that electrochromics have been
developing, various structures for electrochromic devices

have been proposed including, solution-phase electrochro
mic devices, solid-state electrochromic devices, gasochromic
devices, and photochromic devices.
[0004]

For example, a conventional electrochromic cell

generally is structured as folloWs: a substrate, a transparent

conductive layer, a counter electrode, an ion transport layer,
an electrochromic layer, and a transparent conductive layer.
Conventional cathodic materials, commonly referred to as
“electrochromic electrodes,” have included tungsten oxide

WO3 (most common), vanadium oxide V205, niobium oxide
Nb2O3 and iridium oxide IrO2. Anodic materials, commonly
referred to as “counter electrodes,” include nickel oxide NiO,

tungsten-doped nickel oxide, and iridium oxide IrO2. The ion
layer materials exhibit a poor electron conductor, but a good

ion conductor. Examples of ion layer materials include SiO2,

TiO2, A1203, and Ta2O5.
[0005] Various types of transparent conducting thin ?lms
have been employed for the ?rst and second transparent con

ducting layers, such as, indium tin oxide ITO, Which is the
most commonly used material. Other thin metal layers have
also been used, such as ?uorine-doped tin oxide, antimony

[0009]

Guarr et al., also has each individual cell encased With tWo
substrates (in this case, glass) and top and bottom sealants.
The cells are con?gured to alternatively color and bleach With
an applied electrical potential. In the disclosed Lynam et al.
structure, three substrates are required for tWo cells, and
Within the cells at least one liquid, gel or semi-solid electro
chromic is used.
[0010] US. Pat. No. 4,135,790 to Takahashi et al. discloses
a composite electrochromic cell that uses one colorant per

pair of transparent electrodes.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The subject matter disclosed herein is illustrated by
Way of example and not by limitation in the accompanying
?gures in Which like reference numerals indicate similar ele
ments and in Which:
[0012] FIG. 1 depicts a sectional vieW of a ?rst exemplary
embodiment of a solid-state electrochromic device according

to the subject matter disclosed herein;
[0013] FIG. 2 depicts a sectional vieW of a second exem
plary embodiment of a solid-state electrochromic device

according to the subject matter disclosed herein; and
[0014] FIG. 3 depicts a sectional vieW of a third exemplary
embodiment of a solid-state electrochromic device according
to the subject matter disclosed herein.

doped tin oxide, and ?uorine-doped aluminum oxide.

DETAILED DESCRIPTION

Regardless Which thin ?lm is used, conductivities of less than
about 20 Ohms/B are needed in order to produce a uniform

voltage betWeen the tWo conductive layers across the conduc
tive layers. Even loWer conductivities than about 20 Ohms/B
are needed for large panes of glass measuring 3-4 feet across.
[0006] If a voltage of betWeen 1-4 Volts is applied betWeen

the ?rst and second transparent conducting layers, the folloW
ing reactions take place. At the anode, the folloWing reaction

takes place:

US. Pat. No. 5,076,673 to Lynam et al. also dis

[0015] The Word “exemplary” is used herein to mean “serv
ing as an example, instance, or illustration.”Any embodiment
described herein as “exemplary” is not to be construed as

necessarily preferred or advantageous over other embodi
ments.

[0016]

The subject matter disclosed herein relates to a

multi-cell all-solid-state electrochromic device that provides
a light-Weight structure, is non-leaking because it is formed
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from solid-state materials, and includes the ability for each
individual cell to be powered independently from other cells
of the multi-cell device. Additionally, tWo coloring layers are
used per pair of transparent electrodes, Which decreases the
number of layers required for a given colorant level . A counter
electrode, such as NiOH, Which colors upon loss of the inser

tion ions (H+, Li+ or Na+), is used betWeen the transparent

conductive layer and the electron blocking layer (that is, the
ion layer, Which transmits ions, but blocks electrons). The
cathodic layer, such as WO3, colors When insertion ions (H+,
Li+ or Na+) are added. Both reactions occur simultaneously.
Ions such as H", Li+ or Na+ can move through the ion con

ductor layer and could be present as the ion conductor layer is
formed, for example, the ion conductor layer and Li+ are
co-sputtered When the ion conductor layer is formed. In a

Way, co-sputtering preloads the ion conductor layer With the
transportion and makes that layer perhaps more mobile to the
Li+ ions.

[0017]

According to the subject matter disclosed herein,

each cell of the multi-cell device is vacuum deposited in a
continuous fashion onto a substrate. Any deposition method

may be used, i.e., electron beam, AC sputtering, DC sputter
ing or CVD for deposition of the various layers. When
mounted in a WindoW glaZing, only tWo substrates are
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mic solid-state device 200 comprises a glass layer 201 and
tWo solid-state electrochromic cells 202 and 203 in series.
Electrochromic cell 202 comprises a transparent conductive

layer 204, an electrochromic (EC) layer 205 (cathode), an ion
conductor (IC) layer 206, a counter electrode (CE) layer 207
(anode), and a transparent conductive layer 208. Electrochro
mic cell 203 comprises transparent conductive layer 208, a
counter electrode (CE) layer 209 (anode), an ion conductor

(IC) layer 210, an electrochromic (EC) layer 211 (cathode),
and a transparent conductive layer 212.
[0022] Electrochromic cells 202 and 203 share transparent

conductive layer 208. Voltages V1 and V2 are respectively
applied betWeen conductive layer 204 and conductive layer
208, and conductive layer 208 and conductive layer 212.
Voltages Vl andV2 can be independently applied across elec
trochromic cells 202 and 203.
[0023] FIG. 3 depicts a sectional vieW of a second exem
plary embodiment of a solid-state electrochromic device 300

according to the subject matter disclosed herein. Electrochro
mic solid-state device 300 comprises a glass layer 301 and
tWo solid-state electrochromic cells 302 and 303 in series.
Electrochromic cell 302 comprises a transparent conductive

layer 304, a counter electrode (CE) layer 305 (anode), an ion

conductor (IC) layer 306, an electrochromic (EC) layer 307

required. Moreover, the subject matter disclosed herein mini

(cathode), and a transparent conductive layer 308. Electro

miZes color variation across the multi-cell device compared
to a single cell of an equivalent thickness (i.e., a better color

chromic cell 303 comprises transparent conductive layer 308,

uniformity because variations in color Will tend to cancel),
provides faster sWitching times than a conventional multi-cell
device if the electrochromic (EC) and counter electrode (CE)
layers are thinner than the EC and CE layers of a conventional

electrochromic device, and provides an increased privacy
factor (i.e., an overall loWer transmission).
[0018] In one exemplary embodiment of the subject matter
disclosed herein, the electrochromic structure is a symmetri
cal structure comprising a central transparent conductive
layer that acts as a common electrode adjoining adjacent
cells. One exemplary embodiment comprises a common

transparent conducting layer sandWiched betWeen tWo elec

a counter electrode (CE) layer 309 (anode), an ion conductor

(IC) layer 310, an electrochromic (EC) layer 311 (cathode),
and a transparent conductive layer 312. Electrochromic cells
302 and 303 share transparent conductive layer 308.
[0024] For electrochromic solid-state device 300, center
transparent conductive layer 308 does not need an external
electrical connection and it can be very thin, e.g., betWeen
10-100 nm of indium tin oxide ITO. For the third exemplary
embodiment, a primary function of transparent conductive
layer 308 is to block ions and to conduct electrons across the
tWo cells.

[0025] It should be understood that shared transparent con
ductive layer 308 should have the capability to block the

trochromic layers (cathodes). In yet another exemplary
embodiment, the transparent conducting layer is formed

appropriate ions When the appropriate voltages are applied

betWeen tWo counter electrodes (anodes).
[0019] FIG. 1 depicts a sectional vieW of a ?rst exemplary

applied voltages may need to be about tWice the applied
voltages for a single cell, such as a single cell of the exemplary
embodiments shoWn in FIGS. 1 and 2. It should be under
stood that shared transparent conductive layer 3 08 should not

embodiment of a solid-state electrochromic device 100

according to the subject matter disclosed herein. Electrochro
mic device 100 comprises a glass layer 101 and tWo solid
state electrochromic cells 102 and 103 in series. Electrochro

mic cell 102 comprises a transparent conductive layer 104, a
counter electrode (CE) layer 105 (anode), an ion conductor

(IC) layer 106, an electrochromic (EC) layer 107 (cathode),
and a transparent conductive layer 108. Electrochromic cell

103 comprises transparent conductive layer 108, an electro
chromic (EC) layer 109 (cathode), an ion conductor (IC) layer
110, a counter electrode (CE) layer 111 (anode), and a trans

across the solid-state electrochromic device 300. (The

degrade in the appropriate applied voltages.) In most cases,
indium tin oxide ITO Will be suitable for shared transparent

layer 308. It is possible, hoWever, that if the applied voltages
are too large, the shared ITO may be reduced by the ions. In
such a situation, the indium tin oxide ITO could be sand
Wiched in tWo additional thin ion blocking layers, such as
TiN, C, etc ., and the additional thin ion blocking layers should

provide acceptable electron conductivity. Alternatively, the

parent conductive layer 112.

indium tin oxide ITO could be replaced altogether With a thin
layer composed of an ion blocking material that is suitable for

[0020]

the applied voltages.

Electrochromic cells 102 and 103 share transparent

conductive layer 108. Voltages V1 and V2 are respectively
applied betWeen conductive layer 104 and conductive layer
108, and conductive layer 108 and conductive layer 112.
Voltages Vl andV2 can be independently applied across elec
trochromic cells 102 and 103.
[0021] FIG. 2 depicts a sectional vieW of a third exemplary
embodiment of a solid-state electrochromic device 200

according to the subject matter disclosed herein. Electrochro

[0026] It should be understood that the order of layers
described for the third exemplary embodiment depicted in
FIG. 3 could be arranged in an alternative exemplary con?gu
ration in Which the electrochromic cell corresponding to cell
302 comprises a transparent conductive layer, an electrochro

mic (EC) layer (cathode), an ion conductor (IC) layer, a
counter electrode (CE) layer (anode), and a shared transpar
ent conductive layer, and the electrochromic cell correspond

US 2009/0323155 A1

ing to cell 303 comprises the shared transparent conductive
layer, an electrochromic (EC) layer (cathode), an ion conduc
tor (IC) layer, a counter electrode (CE) layer (anode) and a
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3. The multi-cell electrochromic device according to claim

2, Wherein the shared transparent conductive layer comprises

cally half of What Would be found in a conventional electro

at least one ion blocking layers.
4. The multi-cell electrochromic device according to claim
2, Wherein both the electrochromic layer and the counter
electrode become colored When a negative voltage is applied
betWeen the ?rst transparent layer and the shared transparent

chromic cell, that is, the thickness of the electrochromic lay

layer.

ers Would in the range of about 100-600 nm With about 400

5. The multi-cell electrochromic device according to claim
2, Wherein both the electrochromic layer and the counter
electrode become colorless When a positive voltage is applied
betWeen the ?rst transparent layer and the shared transparent

transparent conductive layer.
[0027] The thickness of the electrochromic (EC) layers for
the exemplary embodiments depicted in FIGS. 1-3 is typi

nm being a nominal thickness When WO3 is used. For the

counter electrode (CE) layer, the thickness Would be in the
range of about 100-600 nm With about 200 nm being a nomi

nal thickness When NiO is used. The ion conducting layer,
formed from, for example, SiO2, Would have a thickness in

layer.

the range of about 10-150 nm With a nominal thickness of

6. The multi-cell electrochromic device according to claim
2, further comprising a second electrochromic cell compris

about 50 nm. Additionally, a mobile ion of hydrogen, lithium

ing:

or sodium is added to one of more of the layers in the three

an electrochromic layer formed in direct contact With the

embodiments. In particular, lithium may be co-sputtered With
the oxide ion layer, the EC layer or the CE layer and/or

an ion conductor layer formed in contact With the electro

sputtered as sequential layers before, during and after the ion,
CE and/or EC layers. During deposition, the elemental

a counter electrode layer formed in contact With the ion

lithium is converted to lithium ions from reaction With the
residual molecules of Water in the oxide or from Within the

chamber atmosphere. Lithium is added, for example, With
SiO2 in a Li/Si ratio of 0.5 to 4.

[0028]

According to the subject matter disclosed herein, all

three exemplary embodiments disclosed above can each have
more than tWo cells, thereby providing a further increase in

the sWitching speed, loWer overall optical transmission and
more uniform coloration. That is, the subject matter disclosed
herein can be extended to multi-cell solid-state electrochro

mic devices having any number of a plurality of solid-state
electrochromic cells. Further, it should be understood that the

glass layer, depicted at the “top” of the optical stack in each of
FIGS. 1-3, could be positioned at the “bottom” of the optical
stack.

[0029] Although the foregoing disclosed subject matter has
been described in some detail for purposes of clarity of under

standing, it Will be apparent that certain changes and modi?
cations may be practiced that are Within the scope of the

appended claims. Accordingly, the present embodiments are
to be considered as illustrative and not restrictive, and the
subject matter disclosed herein is not to be limited to the

details given herein, but may be modi?ed Within the scope

and equivalents of the appended claims.
What is claimed is:

1. A multi-cell electrochromic device, comprising a plural
ity of solid-state electrochromic cells arranged in an optical
alignment, each electrochromic cell being separated from an
adjacent electrochromic cell in the optical alignment by a
transparent conductive layer that is shared by the tWo adjacent
electrochromic cells.
2. The multi-cell electrochromic device according to claim
1, Wherein a ?rst electrochromic cell comprises:
a ?rst transparent conductive layer;
a counter electrode layer formed in contact With the ?rst

transparent conductive layer;
an ion conductor layer formed in contact With the counter

electrode layer;
an electrochromic layer formed in contact With the ion

conductor layer; and
the shared transparent conductive layer formed in contact
With the electrochromic layer.

shared transparent conductive layer;

chromic layer;
conductor layer; and
a second transparent conductive layer formed in direct
contact With counter electrode layer.
7. The multi-cell electrochromic device according to claim

6, Wherein each electrochromic layer comprises one of tung
sten oxide WO3, vanadium oxide V205, niobium oxide

Nb2O3 and iridium oxide lrO2,
Wherein each counter electrode layer comprises one of
nickel oxide NiO, tungsten-doped nickel oxide, and iri
dium oxide lrO2, and
Wherein each ion conductor layer comprises one of silicon
oxide SiO2, titanium oxide TiO2, aluminum oxide

A1203, and tantalum oxide Ta2O5.
8. The multi-cell electrochromic device according to claim
7, Wherein at least one of the electrochromic layer, the ion
conductor layer, and the counter electrode layer further com
prises insertion ions comprising at least one of H+, Li+ and
Na+

9. The multi-cell electrochromic device according to claim

7, further comprising a ?rst voltage applied betWeen the ?rst
transparent conductive layer and the shared transparent con
ductive layer; and
a second voltage applied betWeen the shared transparent
conductive layer and the second transparent conductive

layer.
10. The multi-cell electrochromic device according to
claim 9, Wherein the ?rst and second voltages differ from each
other.
11. The multi-cell electrochromic device according to
claim 9, Wherein the ?rst and the second voltages are substan
tially the same voltages.
12. The multi-cell electrochromic device according to
claim 2, further comprising a second electrochromic cell

comprising:
a counter electrode layer formed in contact With the shared

transparent conductive layer;
an ion conductor layer formed in contact With the counter

electrode layer;
an electrochromic layer formed in contact With the ion

conductor layer; and
a second transparent conductive layer formed in contact

With the electrochromic layer.
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13. The multi-cell electrochromic device according to
claim 9, wherein each electrochromic layer comprises one of
tungsten oxide W03, vanadium oxide V205, niobium oxide

Nb2O3 and iridium oxide lrO2,
Wherein each counter electrode layer comprises one of

nickel oxide NiO, tungsten-doped nickel oxide, and iri
dium oxide lrO2, and
Wherein each ion conductor layer comprises one of silicon

oxide SiO2, titanium oxide TiO2, aluminum oxide
A1203, and tantalum oxide Ta2O5.
14. The multi-cell electrochromic device according to
claim 13, Wherein at least one of the electrochromic layer, the

ion conductor layer, and the counter electrode layer further
comprises insertion ions comprising at least one of H+, Li+
and Na+
15. The multi-cell electrochromic device according to

claim 13, further comprising a voltage applied betWeen the
?rst transparent conductive layer and the second transparent

conductive layer.
16. The multi-cell electrochromic device according to
claim 1, Wherein a ?rst electrochromic cell comprises:
a ?rst transparent conductive layer;
an electrochromic layer formed in contact With the ?rst

transparent conductive layer;
an ion conductor layer formed in contact With the electro

chromic layer;
a counter electrode layer formed in contact With the ion

conductor layer; and
the shared transparent conductive layer formed in contact
With the counter electrode layer.
17. The multi-cell electrochromic device according to
claim 16, Wherein the shared transparent conductive layer
comprises at least one ion blocking layers.
18. The multi-cell electrochromic device according to
claim 16, further comprising a second electrochromic cell

comprising:
a counter electrode layer formed in direct contact With the

shared transparent conductive layer;
an ion conductor layer formed in contact With the counter

electrode layer;
an electrochromic layer formed in contact With the ion

conductor layer; and
a second transparent conductive layer formed in direct
contact With electrochromic layer.
19. The multi-cell electrochromic device according to
claim 18, Wherein each electrochromic layer comprises one

of tungsten oxide WO3, vanadium oxide V205, niobium
oxide Nb2O3 and iridium oxide lrO2,
Wherein each counter electrode layer comprises one of

nickel oxide NiO, tungsten-doped nickel oxide, and iri
dium oxide lrO2, and
Wherein each ion conductor layer comprises one of silicon

oxide SiO2, titanium oxide TiO2, aluminum oxide
A1203, and tantalum oxide Ta2O5.
20. The multi-cell electrochromic device according to
claim 19, Wherein at least one of the electrochromic layer, the
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ion conductor layer, and the counter electrode layer further
comprises insertion ions comprising at least one of H+, Li+
and Na+
21. The multi-cell electrochromic device according to

claim 19, further comprising a ?rst voltage applied betWeen
the ?rst transparent conductive layer and the shared transpar
ent conductive layer; and
a second voltage applied betWeen the shared transparent
conductive layer and the second transparent conductive

layer.
22. The multi-cell electrochromic device according to
claim 21, Wherein the ?rst and second voltages differ from
each other.
23. The multi-cell electrochromic device according to
claim 21, Wherein the ?rst and the second voltages are sub
stantially the same voltages.
24. The multi-cell electrochromic device according to
claim 16, further comprising a second electrochromic cell

comprising:
an electrochromic layer formed in contact With the shared

transparent conductive layer;
an ion conductor layer formed in contact With the electro

chromic layer;
a counter electrode layer formed in contact With the ion

conductor layer; and
a second transparent conductive layer formed in contact

With the counter electrode layer.
25. The multi-cell electrochromic device according to
claim 24, Wherein each electrochromic layer comprises one

of tungsten oxide W03, vanadium oxide V205, niobium
oxide Nb2O3 and iridium oxide lrO2,
Wherein each counter electrode layer comprises one of

nickel oxide NiO, tungsten-doped nickel oxide, and iri
dium oxide lrO2, and
Wherein each ion conductor layer comprises one of silicon

oxide SiO2, titanium oxide TiO2, aluminum oxide
A1203, and tantalum oxide Ta2O5.
26. The multi-cell electrochromic device according to
claim 25, Wherein at least one of the electrochromic layer, the

ion conductor layer, and the counter electrode layer further
comprises insertion ions comprising at least one of H+, Li+
and Na+
27. The multi-cell electrochromic device according to

claim 25, further comprising a voltage applied betWeen the
?rst transparent conductive layer and the second transparent

conductive layer.
28. The multi-cell electrochromic device according to
claim 2, further comprising a substrate, and
Wherein the ?rst transparent conductive layer is formed in
contact With the substrate.
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